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ABSTRACT

Approximately 900 m of Lower Ordovician to Upper
gjlurian rocks provide a record of supratidal, inter-
tidal and subtidal deposition at the Nopah Range,
invo County, California. These rocks formed near the
eaé:ern edge of the Cordilleran miogeocline as carbo-
nates of the Pogonip Group, Ely Springs Dolomite and
Hidden Valley Dolomite, and a thin interval of ter-
rigenous quartz of the Eureka Quartzite. Although
macrofossils are not common, abundant conodonts were
collected from the Pogonip, Ely Springs and Hidden
valley. No samples were collected from the Eureka.
The Pogonip is Early to Medial Ordovician (Conodont
Faunas E and older to 5 or younger); the Eureka is
Medial Ordovician (spans all or part of Faunas 5 to
9); the Ely Springs is Late Ordovician (Faunas 107 to
127); and the Hidden Valley is late Early to earliest
Late Silurian (S. celloni and P. amorphognathoides,
and possibly younger Biozones). The stratigraphic
section at the Nopah Range provides an excellent
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example of strata that are transitional from cratonic
margin paleoenvironments to the east and shelfal to
shelf-basin paleoenvironments farther west.

INTRODUCTION

Ordovician and Silurian strata are well exposed
at the northwestern end of the Nopah Range, where they
comprise a section approximately 900 m thick.
Regionally, the location and lithologies represent the
carbonate assemblage of the Cordilleran miogeocline
(Stewart & Poole, 1974). The rocks were deposited
.near the eastern margin of the miogeocline close to
the Early Paleozoic craton (Fig. 1), but the original
geographic position of the area has been altered by
displacement along right lateral strike-separation
faults and west-dipping thrust faults., Dolomiti-
zation, silicification and low-grade regional meta-
morphism have altered some of the original deposi-
tional fabrics of these allochthonous rocks but much

1E9°VV

T | S—
100 200Km

THRUST FAULTS (WEST DIPPING) STRIKE SEPARATION FAULTS

e el L

I PSS 4 d
7
' 7 #
I | P . yd
SHELF-BASIN TO SHELFAL CRATONIC MARGIN
SLOPE
LOCALITIES
CALIF. NEVADA _
A- NOPAH RANGE
B- RED ROCK CANYON
1- MONITOR RANGE AREA
2- EGAN RANGE
) 3- GROOM DISTRICT
36'N L4- NEVADA TEST SITE

) © NOPAH RANGE
TO RED ROCK CANY

RM - ROBERTS MOUNTAINS FC - FURNACE CREEK

LC - LEE CANYOM DV - DEATH VALLEY

K - KEYSTONE SV - STEWART VALLEY
LV - LAS VEGAS

5- INYO MOUNTAINS

6- PANAMINT RANGE

7- STATE LINE AREA

8- FRENCHMAN MOUNTAINS

lgure 1. Location map for areas discussed in text.

Point A represents the northern Nopah Range, site of the

-ield trip stop. Cratonic margin rocks are dominated by light gray, cryptalgal dolostones; shelfal rocks have
4 variety of light to dark gray, fossiliferous dolostones and brown quartzites; shelf-basin “ocks are dark gray,
fossiliferous, and are commonly allodapic. Offsets along major faults have not been reconstructed; apparent
offsets of facies are only approximate (plus or minus 10 Km).
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(1976) considered lower Middle Ordovician fibrous

conodonts such as Leptochirognathus along with

Multioistodus and hyaline prioniodids to represent

littoral to shallow shelf depositional regimes.

In comparison, the Lower Ordovician and lower
Middle Ordovician rocks at Red Rock Canyon are pre-

i

dominantly cryptalgal dolostones with intervals of
cherty, bioturbated and occasionally bioclastic dolo-
stone. These rocks are cratonic margin deposits rep-
resenting subtidal to intertidal cryptalgal banks and
tidal channels, supratidal algal flats, and possibly
shallow subtidal lagoons (?). Of note is the absence
of fibrous conodonts in these rocks.
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indicated in meters. Right column represents Midcontinent Conodont Faunas (Sweet & Bergstrém, 1971).
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detail remains.

In one of the early studies of the Paleozoic
rocks in the southern Great Basin, Hazzard (1937)
described a composite section of Precambrian through
Upper Paleozoic rocks from the Nopah Range. Ordo-
vician through Devonian rocks are best exposed along
his sections E-E' and F-F' , which are essentially
the study area for this field trip stop (Figs. 2 and
3). Lithologic characteristics allowed recognition
of the "Pogonip (?) dolomite'", "Eureka quartzite" and
"Ely Springs (?) dolomite", which represent formations
of Ordovician age named earlier from the central
Great Basin (King, 1878; Hague, 1883 and 1892;
Westgate & Knopf, 1932). Silurian (?) rocks were
unnamed, but have subsequently been assigned to the
Hidden Valley Dolomite (Wilhelms, 1963; Miller, 1976)
of the Death Valley area (McAllister, 1952). The
Devonian System is represented by the "Sultan dolo-

mite", originally named by Hewett (1931) for rocks in =

the Goodsprings District, east of the Nopah Range.
Zenger (this volume) considers the rocks to more
closely resemble the Lost Burro Formation of the Death
Valley area (McAllister, 1952)., His usage will be
followed herein.

ORDOVICIAN SYSTEM

Pogonip Group

Lithology and Age

Hazzard (1937) described 1040 feet (315 m) of
light- to medium-gray dolostone, sandy and silty dolo-
stone and minor amounts of limestone and limy shale
for the formation. Most distinctive in outcrop is the
yellow to orange-brown weathered surface and the
abundance of terrigenous clastics in the carbonates.”
Three large-scale field units are recognized:

(1) Lower, brownish gray weathered cherty dolostone
(units 9A and 9B of Hazzard); (2) Middle, medium-gray
weathered dolostone with thin intervals of dark-gray
dolostone, limestone, and sandy dolostone (units 9C
and 9D of Hazzard); (3) Upper, light-gray to orange-—
brown weathered dolostone and sandstone containing
abundant fossils (units 9D and 9E of Hazzard). These
lithologies suggest the section is similar to the
Goodwin Limestone and Antelope Valley Formation, but
with the lack of detailed study the rocks are assigned
to the Pogonip Group undivided.

Macrofossils, collected by Hazzard and identified
by E. Kirk and G. A. Cooper (Hazzard, 1937, p. 323),
occur within the upper 65 m of the section and include
Hesperonomia sp., Mitrospira longwelli Kirk, Recep-
taculites sp., Fuconia? sp., Liospira sp., Orthis sp.,
Ctenodonta sp., and Maclurites sp. Age of these
fossils was considered "high Canadian to Chazyan.
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Figure 2. Photograph of the northwestern
end of the Nopah Range. Rock units range
from Lower Ordovician to Mississippian and
include: A) units 2 and 3 of the Pogonip
Group; B) light gray Eureka Quartzite;

C) dark gray unit 1 and light gray unit 2
of the Ely Springs Dolomite; D) medium gray
undifferentiated Hidden Valley Dolomite;

E) banded appearing Lost Burro Formation.

Preliminary sampling for conodonts indicates that
abundant well preserved specimens occur in the lower
and upper units, but only a few were found in the
middle unit (Fig. 4). A sample 95 m above the base
of unit 1 contains Drepanodus, Oistodus, Prioniodus
evae, Scolopodus, Triangulodus and other taxa that are
tentatively considered equivalent to Midcontinent
Faunas 1, 2 or 3 of Sweet and others (1971). The
upper 50 m of unit 3 contain abundant fibrous taxa
including Leptochirognathus, Multioistodus, and
Polycaulodus along with hyaline Drepancdus, Oistodus,
Prioniodus and others. These genera appear to cor-
respond with Faunas 4 and 5 of Sweet and others (1971).
Thus the Pogonip Group in the Nopah Range represents
the lower and middle parts of the Champlainian Series.
No samples have been collected from the lower 90 m of
the section, but these strata probably represent at
least part of Early Ordovician time.

Strata containing Midcontinent Province taxa of
equivalent age have been described by Harris and
others (1979) from the Egan Range, Groom Rang=, and
Nevada Test Site in Nevada and from the Funeral
Mountains in California (Fig. 1). These strata have
been assigned to the Kanosh Shale and Lehman For-
mation (Egan Range) and the Antelope Valley Limestone
(Groom Range, Nevada Test Site and Funeral Mountains).
In contrast, rocks approximately 20 km east and south- ‘
east of the Nopah Range and represented by 10 measured
sections of the Mountain Springs Formation, do not |
contain Faunas 3 to 8 (Miller & Zilinsky, 1981; Miller, v
unpublished data). A section in the Spring Mountains 1
(location B on Fig. 1) at Red Rock Canyon, which was ‘
described by Miller & Zilinsky (1981), contains 182 m |
of strata that have Early Ordovician conodont Faunas f
A - E of Ethington & Clark (1971) and Medial Ordo-
vician conodont Faunas 1 and 2 (Sweet and others, |

|

1971). : :

Depositional Environments

Field unit 1 contains a basal laminated, brownish
gray weathered, medium— to coarse—crystalline dolo-
stone, Overlying rocks contain angular brown
weathered chert clasts (2 to 6 cm) and dolostone
clasts (up to 20 cm); the dolostone clasts are light- |
gray, brown, and medium-gray (Fig. 5). These rocks a
represent shallow subtidal talus or reef (?) flank
deposits. Unit 2 has not been studied in detail.

Field unit 3 contains abundant terrigenous silt- |
to fine-sand quartz in coarse-crystalline brownish
weathered dolostone with small-scale, low-angle cross-
stratification, oncoids, and abundant fossils. These
features suggest a shallow subtidal shelf paleoen—
vironment (Figs. 6A and 6B). Byrnes (1968, p. 378) :
noted that receptaculitaceans associated with other ;
cryptalgal structures were restricted to shallow
marine, tropical environments. Bergstrdm and Carnes
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Eureka Quartzite

The Eureka Quartzite is a very distinctive lith-

#, ologic unit that crops out in much of the Great Basin.

The rocks are generally fine-grained, well-sorted,
supermature quartz arenite (Klein, 1975, p. 146) that
is 40 to 200 m thick (Ketner, 1968; Klein, 1975).
Other quartz arenites occur within the Ordovician
System in the Great Basin; all are Medial Ordovician
in age, represent shallow-water deposits, and were
derived from Cambrian sandstones in what is now
western Canada (Ketner, 1968, p. B176). Klein (1975)
summarized characteristics of six sections of the
Eureka, including a locality at the Nopah Range. He
interpreted the rocks to represent tidalite deposits
that formed under shallow tide-dominated conditions.

At the Nopah Range, the Eureka is sandwiched
between intertidal to shallow subtidal carbonates of
the underlying Pogonip Group and overlying Ely Springs
Dolomite, Hazzard (1937, Fig. 3b, units 10A and 10B)
measured eight meters of "Dense, massive, fine-grained
white to light-gray quartzite which weathers reddish-
to yellowish-brown...". These basal few meters con-
tain layers of dolomitic quartzite and thin discon-
tinuous lenses of light-gray dolostone. This inter-—
val is transitional with the underlying sandy dolo-
stones of the Pogonip. No evidence of an unconfor-
mity between the two formations has been recognized;
a similar conformable contact was reported for
sections in central and southern Nevada and eastern
California by Ross (1964A; 1964B) and Harris and
others (1979).

The lower third of the formation is fine-grained,
thin- to medium-bedded, and weathers reddish brown.
Poorly developed low-angle tabular cross-strati-
fication occurs at a few locations (Fig. 7). The

s, middle and upper beds are fine-grained, thick-bedded

to massive and have well developed, large scale,
tabular cross-stratification.

No macrofossils have been reported from the
section in the Nopah Range and no samples have been
processed for conodonts. Hazzard (1937, p. 324)

Figure 4. Conodonts from the Pogonip Group.

294 m (Figs. a-k): a, b, f, prioniodiform elements;
a, e, cordylodiform elements; d, drepanodiform ele-
ment; g, tetraprioniodiform? element; h, oistodi-—
form element; i, Polycaulodus? sp.; j, unidentified
element; k, trichonodelliform element.

267 m (Figs. 1-v): 1, m, n, Muléioistodus spp.;
0, u, Leptochirognathus sp.; p, Protopanderodus
sp.; r, v, drepanodiform elements; q, Tetraprion-
todus? sp.; s, scolopodiform? element; t, oistodi-
form element.

127 m (Figs. w-a'): w, x, Prioniodus evae Lindstrém,
oepikodiform element; y, Oistodus multicorrigatus
Harris; z, drepanodiform element; a', oistodiform
element.

95 m (Figs. b'-h'): b', Triangulodus? sp.;

c', Seolopodus cornutiformis? Branson & Mehl;

d', Juanognathus? sp.; e' Oistodus Longiramis
Lindstrém; £', g', h', Prioniodus evae Lindstrdm,
oepikodiform and oistodiform elements.

assigned the rocks to the '"Middle" Ordovician. Evi-
dent from conodonts in underlying and overlying rocks
reported herein, the Eureka is younger than Fauna 5
of medial Champlainian age (represented by the upper
part of the Pogonip) and older than Fauna 9 (?) or 10
of late Champlainian to early Cincinnatian age (rep-
resented by the lower part of the Ely Springs). Ross
(1964B), Ketner (1968) and Harris and others (1979)
considered the base of the Eureka diachronous on a
regional scale. In north to south sections in Nevada
and eastern California, that parallel the depositional
strike of the miogeocline, the base of the formation
is slightly younger to the south. In east to west
sections, perpendicular to strike, the base is con-
siderably younger to the west. As reported by Harris
and others (1979) the age of the oldest Eureka cor-—
responds to Fauna 6, but may be as young as Fauna 8.
The top of the formation ranges from basal Fauna 7(2)

Figure 5. Pogonip Group. Dolostone of field unit 1.
Brown weathered, with abundant angular chert and dolo-
stone clasts, Hammer is 26 cm long.
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Figureé 6A, 6B. Pogonip Group, field unit 3. 6A: grayish brown, coarse-grained dolostone tnat contains abundant

transported crinoid debris and other fossil fragments.

long.

to the middle of Fauna 9 (7); however, there is a lack
of reported diagnostic conodonts in the lower beds of
the Ely Springs (Miller, 1976; Harris and others,
1979).

The clean, well-sorted, fine-grained quartz aren-
ite contains cross-beds in the lower and middle parts
of the section. Thin dolomitic sandstone and dolo-
stone stringers and lenses occur at the base and top
of the section. Small dark-brown weathered domal
structures that may represent hummocky cross—strata-
fication or cryptalgal mounds occur near the top of
the massive interval and are similar to stromatolite?
structures reported in southeastern Nevada by
Langenheim & Horn (1978). Lithologic characteristics
and age relationships described by Ross (1964A, 1964B,
and 1977); Ketner (1968); Klein (1975) and Harris and
others (1979) indicate the Eureka was deposited by
tidal currents. Transported and reworked quartz sand
prograded southward and westward over carbonates of
the Pogonip. This apparent regressive succession may
have been followed by exposure and subaerial erosion
during late Medial Ordovician time.

Figure 7. Eureka Quartzite. Brown weathering, fine-
grained quartz arenite with minor amounts of dolo-
mite., Note low-angle, tabular cross—stratification
and possible mud chips (above hammer handle to left).
Hammer is 26 cm long.

Lens cap is 54 mm wide, 6B: gray, medium- to very coarse-
grained dolostone; large Receptaculites sp. Note small oncoids to left of tip of hammer handle. Hammer is 26 cm

Ely Springs Dolomite

-

Lithostratigraphy

Hazzard (1937, unit 11A) described 243 m of dolo-
stone that he assigned to the Ely Springs. Miller
(1976) reported 363 m in the same area. Discrepancy
in these thicknesses may be the result of unrecognized
structural features. In outcrop the rocks form a
distinctive very dark gray band that grades upward to
medium and light gray dolostones (Fig. 2, unit C).

The basal three meters of the formation consist of
interbedded grayish brown weathered dolostone and
stringers of sandy dolostone; these rocks form a
transitional interval above the Eureka Quartzite.
Overlying rocks (field unit 1) are dark-gray weather—
ed, fine-grained, fetid dolostones and interbedded
medium-gray, fine- to medium-grained dolostones. The
dark gray rocks contain dark-brown weathered chert as
nodules and stringers that develop parallel to bed-
ding (Fig. 8). The medium gray beds contain bioclas-

Figure 8. Ely Springs Dolomite, field unit 1. Medium
gray, fine- to medium-grained dolestone with abundant
nodular chert; some rugose coral fragments and

crinoid debris. Lens cap is 54 mm wide.

-




bands disappear upsection. The middle subunit is a
massive, very fine-grained, bluish gray weathered
dolostone (Fig. 10B). The upper subunit is a light-
gray weathered, medium— to coarse-grained bioclastic
dolostone approximately five meters thick (Fig. 10C).
This bioclastic unit consists of crinoid plates and
columnals (round in outline with star-shaped or round
lumens) and brachiopod (?) fragments. Grain size
decreases up section. Insoluble residues from 71
samples range from 0.1 to 98.4 percent, with a median
of 0.6 percent (Zenger, personal communication, 1981).
The upper contact is gradational with the brownish
gray weathered cherty dolostones of the Hidden Valley
Dolomite. '

Biostratigraphy

Macrofossils collected by Hazzard 15 to 22 m
above the base of the formation and identified by Kirk
and Cooper (in Hazzard, 1937, p. 326) include brach-
iopods Zygospira sp., Platystrophia sp., Dalmanella
sp., and Rhynchotrema argenturbica White. These were
considered Late Ordovician (Richmondian) in age.
Streptelasmid corals and Halysites (Catenipora) aff.
C. jacovickii Fischer de Waldheim (Fig. 9A) also in-
dicate a Late Ordovician age for the lower two-thirds
of the formation.

Conodonts occur throughout the formation but are
most abundant in the dark gray lower part (Fig. 11).
Just above the base are specimens of Belodina, Plecto-

9A: Specimen of Halysites (Catenipora) aff. C. dina furcata, and drepanodiform elements that are no
Jjacovickii Fischer de Waldheim. Specimen approxi- _older than Midcontinent Fauna 9 of Sweet and others
mately 70 mm wide. 9B: Compound stromatolite (1971). Slightly higher in the section apparatuses
(laterally linked hemispheroids, LLH of Logan and of Aphelognathus, Oulodus, Plectodina, and Pseudo-
others, 1964). See Miller & Walch (1977, Fig. 4A). belodina, along with panderodiform and drepanodiform
mmlote current scour on upper surface of specimen. Lens elements closely resemble Faunas 10 and 11. These
P is 54 mm wide. taxa continue to within 50 m of the top of the section

= - and indicate the formation is Cincinnatian in age
(Miller, 1976). Based on regional conodont collec-

tic, mostly crinoidal debris; some beds contain trans- tions, Harris and others (1979) indicated that the Ely
ported allochems including rugose corals (streptel- Springs is latest Ordovician (Faunas 11 and 12) in
asmids?), oncoids, and rare tabulate corals (caten- central and southern Nevada and in the Funeral Moun-—
iporids, Fig. 9A). Laminated cyanophyte mats and tains of eastern California. Other sections of the
domal stromatolites occur at some intervals (Fig. 9B). formation in southeastern California have been de-—
Evidence of horizontal feeding burrows and very rare seribed by Miller (1975, 1976). Conodont taxa pro-
specimens of Receptaculites sp. occur near contacts vided evidence that the base of the formation may be
between the dark and medium gray beds. diachronous, and represents late Champlainian time in
Field unit 2 consists of three subunits. The the Inyo Mountains and Cincinnatian time farther east-
lower subunit is medium-gray weathered, fine-grained, ward. It is noteworthy that in these more westward
massive dolostone that contains faint color banding sections at least the upper 30 m contain conodonts of

(Fig. 10A). This unit becomes lighter and the color Early Silurian (Llandoverian) age, thus indicating

Figures 10A, 10B, 10C. Ely Springs Dolomite, field unit 2. 10A: Light-gray, fine-grained dolostome; color band-
ing. Hammer is 26 cm long. 10B: Light-gray, fine- to medium-grained dolostone; mottled, and contains dolostone
clasts? and crinoid debris. Lens cap is 54 mm wide. 10C: Light-gray, very coarse-grained dolostone that con-
tains crinoid debris and brachiopod? fragments. Coin is 19 mm wide.



Figure 11. Conodonts from the Ely Springs Dolomite.
65 m (Figs. a-g): a-d, f, g, Aphelognathus sp.
apparatus; e, Belodina sp.

50 m (Figs. h-y): h, i, Panderodus sp.; j, m, dre-
panodiform elements; k, 1, Panderodus sp.; n, 0, 4, S,
Oulodus sp. apparatus; p, r, Plectodina sp. apparatus;
t-w, Aphelognathus sp. apparatus; X, y, unidentified
elements.

33 m (Figs. z-1'): =z, c' Pseudobelodina? sp. appara-—
tus; a', b', d', e', f', Aphelognathus sp. apparatus;
g', h', i', k', Panderodus spp.; j', oistodiform ele-
ment; 1', drepanodiform element.

that the upper boundary is also diachronous, becoming
youngar westward.

Unit 3 of the Mountain Springs Formation in Red
Rock Canyon, approximately 50 km east of the Nopah
Range, is 67 m thick and contains Upper Ordovician
conodonts (Miller & Zilinsky, 1981). This unit is
temporally equivalent to at least part of the Ely
Springs at the Nopah Range, but is much thinner and
bounded by unconformities.

Paleoenvironments

The alternating lower dark-gray beds and medium-—
gray beds in field unit 1 of the Ely Springs repre—
sent poorly developed cyclic deposits. Fetid, dark-
gray, fine-grained, cherty beds lack fossils or evi-
dence of bioturbation and represent carbonate mud that
accumulated in quiet water with possibly anoxic sub-—
strates. The medium gray layers containing transpor-—
ted fossils, oncoids, stromatolites (isolated hemi-
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spheres and laterally-linked-hemispheres of Logan and
others, 1964; Fig. 9B) and burrows are indicative of
sediments that accumulated under shoal water condi-
tions, which periodically were influenced by tidal or
storm-generated currents. These depositional envir-
onments formed as restricted lagoons or bays and
associated shoals or tidal channels near the eastern
(cratonal) edge of the Cordilleran shelf.

The three subunits of field unit 2 contain few
obvious diagnostic features. The lower two light- to
medium-gray subunits may represent intertidal or, more
likely, supratidal deposits; absence of evaporites
may reflect the more humid tropical conditions of
equatorial paleolatitudes of this area during Ordo-
vician time. In the upper subunit bioclastic debris
is very prominent and consists of crinoid plates and
stems up to 1.5 cm in diameter (Fig. 10C); size of
the bioclastic fragments decreases toward the top.
This unit represents a high energy (storm?) deposit
and indicates that crinoid gardens and normal marine
conditions existed in close proximity to this area.

Eastward at Red Rock Canyon, the 67 m of Upper
Ordovician Mountain Springs Formation are medium-gray
fine-grained, vuggy weathered dolostone. Thin lenses
and stringers of fine-grained pelmatozoan debris occur
in the lower and upper parts of the section, and thin,
medium- to dark-gray bands occur near the top. These
rocks represent intertidal to supratidal paleoen-—
vironments that existed on a craton or cratonic margin
setting, and they are bounded by unconformities.

Evidence for regional shallowing in latest Ordo-
vician and earliest Silurian is widespread in the
southern Great Basin (Miller, 1975; Miller & Walch,
1977) and could represent the response to worldwide
lowering of sea level resulting from glaciation in
the southern Hemisphere (Lenz, 1976). The pervasive
dolomitization of Ordovician rocks in the southern
Great Basin, in the absence of widespread evidence
for supratidal evaporite deposition, suggests that
the dolomite formed by diagenetic replacement. A
model for regional dolomitization by subsurface fresh-
water mixing during episodes of regression in the
southern Great Basin was proposed by Dunham & Olson
(1978). As discussed by Miller their model can be
applied to the Ely Springs and Mountain Springs.
Emergence of the craton and cratonic margin, beginning
in latest Ordovician and continuing through Silurian
and Early Devonian time, provided a recharge area for
fresh water. This eastern source for groundwater is
reflected in decreasing dolomitization of strata west-
ward (northern Inyo Mountains and Bullfrog Hills).

SILURIAN SYSTEM
Hidden Valley Dolomite
Introduction

Rocks assigned to the Silurian System in the
Nopah Range were reported by Hazzard (1937, p. 326,
units 12A and 12B; 1954). He recognized 102 m at the
northern end of the range and noted a decrease in
thickness southward; these rocks are absent one kilo-
meter south of his section F-F', Miller (1976, 1978)
described 146 m of dolostone and assigned the rocks
to the Hidden Valley Dolomite. Contact between the
Hidden Valley and underlying Ely Springs appears
gradational; the rocks change from gray weathered
dolostone upward to brownish gray weathered, cherty
dolostone. Two field units are recognized in this
section: Unit 1 (82 m thick) consists of brownish
weathered and medium- to dark-gray weathered, cherty,
fossiliferous dolostone; Unit 2 (64 m thick) is very



Figures 12A, 12B. Dolostones of the Hidden Valley Dolomite, field unit 1. 12A: Brownish gray, fine—grained
dolostone with intraformational chert and dolostone clasts and some transported fossils. Hammer is 26 cm long.
12B: Brownish gray, fine-grained dolostone; chert as nodules parallel to bedding; silicified rugose and
tabulate corals. Hammer is 26 cm long.

light-gray weathered, thick-bedded to massive, un-
fossiliferous dolostone.

Lithostratigraphy

Unit 1 contains a thin interval of brownish gray,
finely crystalline dolostone that grades upward into
cherty dolostone. The chert consists of breccia
clasts 2 to 6 cm in diameter. Silicified fossils
include two species of Favosites, Halysites, and

ugose coral fragments. Other clasts include large,

ilty, brown weathered, cross-stratified dolostone
\Fig. I2A). Overlying rocks lack these breccias and
contain stringers and thin intervals of nodular
chert (Fig. 12B); crinoid debris and silicified
corals occur in patches. The corals appear to be in,
or close to their original growth positions. Fossils
and chert decrease upsection and the rocks become
light-gray, thick-bedded dolostones with faint color
banding. The uppermost rocks of this unit are very
dark-gray, finely crystalline, unfossiliferous dolo-
stone that contain irregular-shaped light to medium
gray patches. The uppermost bed is a thin sedimen-
tary breccia.

The contact between units 1 and 2 is poorly ex-
posed and is recognized by an abrupt color change.

Figure 13. Hidden Valley Dolomite, field unit 2,
Very light-gray, fine-grained, massive dolostone that
lacks macrofossils. Hammer is 26 cm long.

The sedimentary breccia of unit 1 is overlain by very
light-gray weathered dolostone. Although considered
conformable (Hazzard, 1937; Miller, 1976, 1978;
Miller & Walch, 1977; Poole and others, 1977) the
abrupt nature of the color change and associated sed-
imentary breccia provide evidence for a possible
hiatus between the two units. Unit 2 is very light-
gray, finme- to medium-crystalline, thick-bedded to
massive, sucrosic dolostone (Fig. 13). Rare small
chert nodules and crinoid fragments occur near the
base of the unit. Insoluble residues for both units

‘range from 0.2 to 18.2 percent, with a median of 1.0

percent (Zenger, 1981, personal communication).

Overlying rocks are light-gray to reddish brown
weathered dolomitic quartzites and quartzites that
represent the basal unit of the Lost Burro Formation
(= Sultan limestone of Hazzard, 1937, 1954; see
Zenger, this volume). The contact appears grada-
tional, with a gradual increase in terrigenous quartz
content of the dolostones. In contrast, this contact
was considered unconformable by Hazzard (1937, 1954),
Wilhelms (1963), Boucot and others (1969), and Miller
(1978). Resolution of the nature of the contact
awaits further study.

Biostratigraphy

Macrofossils collected from the lower unit by
Hazzard (1937, 1954), Haug (1981), and Miller (un-
published data) include Halysites sp., Favosites spp.,
Syringopora sp., rugose corals, articulate brach-
iopods (pentamerids?), and crinoid debris. These
fossils are Silurian (undivided) in age. Conodonts
are abundant in the lower unit and provide detailed
age information (Miller, 1978), which is summarized
below (Fig. 14). Simple cone taxa are not described,
but are the most abundant specimens in the collection.
The taxonomy of Early Silurian conodonts is currently
in a state of flux and for this report I follow the
usage of Barrick & Klapper (1976) and Miller (1978).

The basal 20 m of the section contains fragments
of the Distacodus kentuckyensis apparatus, a Hadro-
gnathus sp. apparatus, and form species Ambalodus sp.,
Trichonodella papilio Nicoll & Rexroad, and Spatho-
gnathodus polinclinatus Nicoll & Rexroad. Miller
(1978) listed fragments of apparatus B of Walliser
(1964). On this evidence the base of the Hidden
Valley is assigned to the Spathognathodus celloni Bio-
zone of late Llandoverian age. No lower or middle
Llandovery rocks are recognized in the Nopah Range,
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Figure 14. Conodonts from the Hidden Valley Dolomite.

100 m (Figs. a-g): a, Lonchodina sp.; b, Delotaxis?

.sp. (Diadelognathus element); ¢, d, e, Ozarkodina ex-

cavata? (Branson & Mehl) apparatus; f, g, Panderodus
serratus apparatus of Cooper (1975).

71 m (Figs. h, i, j): h, Distomodus kentuckyensis
apparatus of Cooper (1975); i, apparatus C of
Walliser (1964) = Pterospathodus; j, Diadelognathus
nicolli Aldridge.

20 m (Figs. k-n): k, m, n, Aulacognathus spp.; 1,
Distomodus kentuckyensis Branson & Branson (element).
4 m (Figs. o-w): o, Spathognathodus manitoulensis
Pollock, Rexroad & Nicoll (element); p, r, apparatus
B of Walliser (1964); q, Hadrognathus sp. apparatus;
s, Carniodus sp.; t, Trichonodella papilio Nicoll &
Rexroad; u, Ozarkodina hanoverensis Nicoll & Rexroad;
v, Distomodus sp.; w, Neoprioniodus planus Walliser.
0 m (Figs. x-c'): x, y, Distomodus sp., apparatus;
z, Hadrognathus? sp.; a', Trichonodella papilio
Nicoll & Rexroad; b', Ambalodus sp.; c', Spatho-
gnathodus sp.

but upper Llandovery strata occur approximately 50 m
above the last conodont-bearing stratum of Late Ordo-
vician age (Fauna 11 or 12?) in the Ely Springs
Dolomite. Conodonts of the S. celloni Biozone con—
tinue to 62 m above the base of the section. Above
62 m, specimens of Apparatus C (Pterospathodus
amorphognathoides Walliser), Pterospathodus pennatus
(Walliser), and Delotaxis petila (Nicoll & Rexroad)
indicate the P. amorphognathoides Biozone of late
Llandoverian to early Wenlockian age. This biozone
is represented from 62 to 82 m above the base of the
formation and is terminated at the contact between
units 1 and 2. Taxa in the lower 18 m of unit 2 in—
clude few diagnostic forms that are assigned to the
apparatuses Delotaxris sp. and Ozarkodina exzcavata?.
Simple cone taxa are also present. These rocks are
considered Late Silurian (Wenlockian or Ludlqz;an) in
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age, but are not assigned to a biozone.

Strata of equivalent age in the southern Great
Basin include other outcrops of the Hidden Valley,
the base of the Roberts Mountains Formation, the
lower part of the Vaughn Gulch Limestone, and unit 3
of the Ely Springs Dolomite in the Inyo Mountains
(Miller, 1975, 1976, 1978; Miller & Walch, 1977).
Eastward from the Nopah Range, in the Spring Moun-
tains, no Silurian rocks have been recognized (Gans,
1974; Miller & Zilinsky, 1981).

Paleocenvironments

Unit 1 of the Hidden Valley represents shallow
water platform palacenvironments (Miller & Walch,
1977; Miller, 1978). Haug (1981) described the sec—
tion at the Nopah Range as representing a shoaling
upwards succession including silicified reef talus
with fossils and dolostone clasts at the base, grading
upward into strata representing patch reefs and inter
reef channels; this interval is topped by dark-gray
dolostone representing restricted shelf conditions.
Little work has been done on unit 2; the overall
lithologic characteristics and absence of fossils
suggests shallow, restricted paleoenvironments.

REGIONAL CORRELATION AND PALEOGEOGRAPHY
Red Rock Canyon Area

The thickness of Lower Ordovician to Lower De-
vonian strata at the Nopah Range exceeds 900 m. For
comparison, equivalent rocks 150 km northwestward in
the Panamint Range (west side of Death Valley) are
1255 m thick (McAllister, 1952). 1In contrast, less
than 50 km eastward (eastern Spring Mountains) the
equivalent section is only 295 m thick and slightly
farther southeastward (Stateline area) the section is
less than 50 m thick. Comparison of the Nopah section
with that at Red Rock Canyon provides good documen-
tation of a change from shelfal paleoenvironments
eastward to cratonic margin paleoenvironments (Fig.
I5).

The stratigraphic succession at Red Rock Canyon
(Fig. 15, location B) is thinner than equivalent
shelfal rocks. The Lower Ordovician part of the
section consists of intraformational carbonate
breccias, laminated, domal and thrombolitic cryptal-
gal beds, extensively burrowed intraclastic beds, and
thin bioclastic beds. These rocks contain conodonts
of Faunas A through E (Early Ordovician age) and
Faunas 1 and 2 (early Medial Ordovician age). Depo-
sitional features and absence of macrofossils signify
a complex of peritidal and shallow subtidal conditions;
possible supratidal rocks are present, but lack diag-
nostic textures. At some sections other than Red
Rock Canyon, collapse breccias have been recognized
that document the development of karst weathering
during the Early Paleczoic (Medial Ordovician?).

Overlying rocks are mottled, light- to medium—
gray dolostones that show evidence of bioturbation
and, except for crinoid debris, lack macrofossils.
Conodonts from this interval represent latest Medial?
Ordovician and Late Ordovician Faunas 9 (?) to 11.
Contact with the underlying strata represents a dis-
conformity as noted by solution features and an ir-
regular surface. On a regional scale, different
lithologic units occur below the contact, and these
indicate variable depths of erosion into the Lower
Ordovician strata. The rocks represent intertidal
to shallow subtidal, but possibly restricted paleo-
environments.

The top of this interval is-characterized by
another disconformity containing solution features
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represent a cratonic margin paleotectonic setting.

Compare with Gans (1974).
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Figure 15. Comparison of the Nopah Range Ordovician and Silurian section with other sections to the east that

The rocks are 900 m thick at the

- Nopah Range, 295 m thick at Red Rock Canyon (eastern Spring Mountains), and only 35 m thick at the State Line

area.
1.

3. Thickness from Miller (unpublished data). 4.

is upper Medial Devonian (Zenger, this volume) but may be older.

is Late Devonian in age (Harrington, 1982).

—

and having irregular topographic expression. Over-—
lying strata are generally light-gray dolostone and
limy dolostone. Some intervals are very coarse grain-
ed and contain brachiopod fragments. The upper part
of this unit contains alternating beds of light- and
dark-gray dolostone; some contain cryptalgal (?) lam-
inations. The upper beds form a gradational contact
with overlying dark-gray, stromatoporoid-bearing
dolostones of the Ironside Member of the Sultan Lime-
stone. Conodonts from this unit have been identified
to generic level only (Polygnathus, Ieriodus, Hin-
deodella, and Pandorina?) and are cousidered no
older than late Early Devonian, but could be as

young as early Late Devonian. These rocks represent
subtidal to intertidal and possibly supratidal paleo-
environments.

Ordovician to Devonian Depositional Patterns

Recognition of conodonts in these rocks has pro-
vided good chronostratigraphic cdorrelation among the
various shelfal and cratonic margin lithosomes in the
southern Great Basin. The paleogeographic distribu-
tion of depositional enviromnments coupled with the
recognition of two major unconformities provides a
good record of Early Paleozoic tramsgression and re-
gression.

During Early Ordovician to early Medial Ordo-
vician time (Conodont Faunas A-E, 1 and 2), shallow

Thicknesses from Hazzard (1937) and Miller (1976, 1978).
Base of Lost Burro Formation (=Sultan limestone of Hazzard)

Edge of the shelf (hinge line of various authors) 'is-approximately 40 km southeast of the Nopah Range.

2. Thicknesses from Miller & Zilinsky (1981).

5. Ironside Member of the Sultan Limestone

seas covered the area from what is now the Nopah Range
eastward to Red Rock Canyon. In the Nopah Range, fore
reef talus accumulated in a shallow shelf setting;
these rocks were covered by normal marine subtidal
sediments containing Receptaculites, gastropods,
conodonts, and crinoid debris. Thin stringers of in-
terbedded terrigenous quartz sand were transported by .
longshore currents. Eastward a thinner succession was
developing as a complex of cyanophyte banks and
shoals, intertidal channels, and possibly supratidal
environments. Regression and subsequent erosion
occurred during Medial Ordovician at Red Rock Canyon;
westward at the Nopah Range carbonate deposition was
supplanted by an influx of terrigenous quartz fol-
lowed by erosion in late Medial Ordovician time.

These clastic rocks represent clean, extensively
winnowed sediments that were deposited in nearshore,
intertidal conditions. This complex closely re-
sembles idealized standard facies 6, 7, and 8 (edge
of platform, open platform, and restricted platform)
of Wilson (1975). At Red Rock Canyon emergence was
followed by erosion and development of karst features
(Miller, unpublished data).

In early Late Ordovician time (Fauna 10), east-—
ward transgression allowed the development of shallow
shelf environments and carbonaté deposition resumed
at the Nopah Range. Dark-gray, chert-bearing, fetid
dolostones indicate anoxic bottom conditions; lighter
gray beds containing abundant reworked organisms in-



dicate storm transport. Thin intervals of burrowed
strata suggest temporary oxygenated conditions de-
veloped during the influx of allochthonous sediments.,
Eastward at Red Rock Canyon, transgression covered
the Medial Ordovician erosion surface and carbonates
were deposited. Although not well documented, re-
gional shallowing occurred during late Late Ordo-
vician (Faunas 11 and 12?), and these conditions may
have continued into early Silurian time.

Occurrence of abundant corals as patch reefs,
echinoderm debris and conodonts all indicate open
platform conditions existed at the Nopah Range dis-
trict during late Early Silurian time (S. celloni and
P. amorphognathoides Biozones). Although removed by
subsequent erosion, Silurian rocks may have been de—
posited eastward to Red Rock Canyon. Beginning in
early Late Silurian time (Wenlockian), regional re-
gression shifted restricted platform environments
westward to the Nopah Range and exposed the eastern
areas. Continued regression exposed the Nopah Range
section during Late Silurian and older rocks were
eroded. The overlying quartz sand~bearing rocks of
the Lost Burro Formation were considered Medial
Devonian in age by Boucot and others (1969), but may
be as old as Early Devonian (Zenger, this volume).
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APPENDIX
Synopsis of Field Trip Stop

The following description indicates the strati-
graphic position of lithologic and paleontologic
characteristerics within the 900 m thick section of
Ordovician and Silurian rocks at the Nopah Range.

- -

1. Contact of upper unit Hidden Valley with
Lost Burro Formation. Change from very-

LosT light-gray dolostone to light-gray, brown
BURRO weathered, silty dolostone. Considered
FM unconformable, but appears gradational in

this area.

evseriee]

—
HIDDEN VALLEY DOLOMITE

2. Abrupt change from lower unit to upper unit
of Hidden Valley; possible unconformity

?%53 (Fig. 13).
i 3. Silicified fossils and chert near base of
Hidden Valley; represents patch reefs and

underlying reef talus (Figs. 12A, 12B).
ELY SPRINGS DOLOMITE ’

4. Light-gray upper dolostone of the Ely

Springs. Represents supratidal(?) deposits.
ﬂ Note top, coarse grained bioclastic layer
(Figs. 10a, 10B, 10C).

Unit 2

5. Alternating medium and dark-gray dolostones
of the Ely Springs. Stromatolites, onco-
lites, and abundant bioclastic debris.
Chert nodules near base. Cyclic deposits
in restricted lagoons and tidal to shelf
areas (Figs. 8, 9A, 9B).

Stromatolites(?) near top of Eureka.

Cross-stratification in middle part of
Eureka

Gradational contact of Eureka with under-
lying Pogonip Group.

POGONIP GROUP

Unit 319. Abundant gastropods and Receptaculites in
LD ) upper red-brown unit of Pogonip; note
A abundant quartz silt and layers of
7 oncoids (Figs. 6A, 6B).
77
Unit 2

/rg 10. Reddish brown, silty dolostones contain—

ing dolostone-chert breccias and chert

nodules in unit 1 of the Pogonip (Fig. 5).
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