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ABSTRACT

The major roof pendants of the eastern
Sierra Nevada, including the Bishop Creek,
Pine Creek, Mount Morrison, Deadman Pass,
Gull Lake, and part of the Northern Ritter
Range and Log Cabin Mine pendants, are
composed of continental-margin rocks rang-
ing in age from Middle(?) Cambrian to mid-
dle(?) Permian. This group of pendants ap-
parently is separated from all other exposures
of Paleozoic rocks by faults, forming a geo-
logic and geographic entity here referred to as
the Morrison block. Here, for the first time, a
common stratigraphy, consisting of 10 forma-
tional units, one named herein, is recognized
throughout the pendants of the Morrison
block, providing a basis for new correlations
and regional interpretations.

Middle(?) Cambrian through Ordovician
rocks of the Morrison block compare closely
with rocks exposed south of Miller Mountain
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during the Late Devonian—Early Mississippian
Antler orogeny at a considerable distance to the
west. Later, in post-Early Permian time, rocks
of the Morrison block were deformed, rocks of
the Antler belt were emplaced against the Mor-
rison block, and the facies boundaries and
structural belts defined here were offset on
northwest-trending dextral faults.

Nevada pendants can now be correlated with
rocks in surrounding areas, they are separated
from them by faults, inferred faults beneath
more recent deposits, or faults thought to have
been present prior to intrusion of Mesozoic
granitic rocks. These rocks therefore are inter-
preted to form a discrete structural block, al-
though they do not constitute a terrane as defined
by Howell et al. (1985). We refer to these rocks
collectively as the Morrison block because the
most complete stratigraphic sequence is exposed
Paleozoic metasedimentary rocks are presentthe Mount Morrison pendant. The concept of
in numerous roof pendants and wall-rock septa ime Morrison block is somewhat similar to that
the eastern Sierra Nevada of east-central Califasf the Owens terrane proposed by Nokleberg
nia. These rocks have been mapped and generdllp83), but we believe that differences in the de-
described in a number of previous investigationginition would be large enough to cause confu-
but the regional stratigraphy, lateral variationssion if the name Owens terrane or block were
and correlation with strata in other areas have napplied here. The Morrison block includes pen-
been previously documented. As a result, the pdants that we have mapped and studied in detalil,
leogeographic and tectonic significance of thesacluding the Bishop Creek pendant (Fig. 2),
rocks has remained unclear. New mapping adount Morrison pendant (Fig. 3), Gull Lake
stratigraphic investigations throughout the easpendant (Fig. 4), and part of the Log Cabin Mine

INTRODUCTION

in west-central Nevada, suggesting paleogeo-ern Sierra Nevada have shown that a consistgmndant (Fig. 5). It also includes areas that we
graphic continuity along an originally linear  stratigraphy, representing a common geologibave studied in less detail, including the Pine
belt. In both areas rocks of this age are repre- history, is present in a series of pendants exten@reek, part of the Northern Ritter Range, and
sented by deep-water, continental-margin se- ing about 115 km northwestward from the southbeadman Pass pendants, and several smaller
guences that contrast significantly with the ern end of the Bishop Creek pendant to just southutcrops including a limestone mass south of
dominantly platform deposits in the White- of Conway Summit (Fig. 1). The stratigraphy ofConway Summit, calcareous sandstone near Big
Inyo Range to the east. Devonian rocks, these pendants can be correlated with or linkesprings Campground, shale near Arcularius
which in the Morrison block are represented by facies with continental-margin rocks in westRanch, and limestone in the hills south of Bishop
by a submarine-fan system, can be traced into central Nevada, miogeoclinal rocks in the White¢Fig. 1). Rocks in the Big Pine Creek pendant
submarine channels in the western Inyo Inyo Range to the east, and eugeoclinal rocks {ifFig. 1) are not included in the Morrison block
Mountains and thence onto the shelf in the the Roberts Mountains allochthon (Antler belt) tdoecause the rocks exposed there are very similar
eastern Inyo Mountains, providing a tie be- the west (Fig. 1). These relationships provide @ coeval rocks in the White-Inyo Range, and
tween these areas. basis for a better understanding of the nature tiiey are older than any rocks in the other roof

Eugeoclinal rocks now composing the Antler the North American continental margin duringpendants, making comparison impossible.
belt are distal equivalents of rocks in the Mor- Paleozoic time, and allow recognition of facie®Rocks in the Big Ram Mine area northwest of
rison block that were deposited and deformed belts that can be employed in restoration of thimdependence (Fig. 1) also are excluded from the
original early Paleozoic continental margin.  Morrison block because they compare most
- . Although Paleozoic rocks in the eastern Sierralosely with rocks of the central Inyo Mountains.
*E-mail: stevens@geosunl.sjsu.edu.

Data Repository item 9952 contains additional material related to this article.

GSA BulletinJune 1999; v. 111, no. 6; p. 919-933; 16 figures.

919



STEVENS AND GREENE

REGIONAL SETTING

Pz rocks of the Roberts
Today the Morrison block is located betwet Mountains allochthon
the mostly shallow-water lower Paleozoic mi
geoclinal rocks to the east in the White-Iny
Range and deep-water eugeoclinal rocks regf
sented by the Roberts Mountains allochth
(Antler belt) to the west (Fig. 1). Although thes
three rock sequences are now separated from
another by faults, their original relative positior
are thought to be unchanged because rocks o
Morrison block are transitional between those
the eugeocline and the miogeocline. Many of 1
rocks of the Morrison block are eugeoclinal

character, but they are intercalated with beds
sequences of beds composed of sediment der
from the miogeocline.

The pendants of the Morrison block genera
are relatively small, representing only fragments
the original depositional systems mostly destroy
by intrusion of the Sierra Nevada batholith. Orig
nal bedding features, mostly parallel bedding w
uncommon cross bedding, generally are well p
served, especially in the highly siliceous units a
in interbedded limestone and chert sequenc
metamorphism has not obliterated the origir
character of the rocks. Pelitic rocks in the Mot
Morrison pendant some distance from any plut
contain biotite, muscovite, quartz, K-feldspar, al
andalusite or cordierite, the mineral compositis
yielding maximum pressures of 2.0-2.2 kbar
temperatures of 600—-615 °C (data of J. Ferry
S. Sorensen, 1988, personal commun.).

The nature of deformation of the pendants t
been controversial. The section in the Mou
Morrison pendant was interpreted by Russell ¢

Pz rocks of the
Morrison block

Other Pz
parautochthonous rocks

Mine pendant

N Gull Lake
\ Ppendant

PN =706 /
isopleth

Nokleberg (1977) as being structurally thicken 5 ﬁ‘: ®
by isoclinal folding, and the oldest regional d pendenc
formation was stated by them and by Noklebe 119°w| 118°W|-: - e\

and Kistler (1980) to have been Devonian a

Mississippian in age. Wise (1996) analyzed t.. Figure 1. Regional index map showing locations mentioned in the text and the distribution of
structure of the Mount Morrison pendant ancPaleozoic (Pz) and Mesozoic (Mz) rocks in eastern California (modified from Bateman, 1992).
concluded that only one folding event is recogAR—Arcularius Ranch; BR—Big Ram Mine; BS—Big Springs Campground; CD—Casa Dia-
nizable and that the section was thickened tblo; CP— Chocolate Peak; CS—Conway Summit; DP—Deadman Pass pendant; GL-RF sz—
thrust faulting in Late Devonian(?) time. StevenGem Lake—Rosy Finch shear zone; HSB—hills south of Bishop; L-Cf—Laurel-Convict fault, an
and Greene (1997) indicated that thrust faults iexposed part of IBB3 of Kistler (1993); LPf—late Paleozoic fossils; Ma—Mazourka Canyon;
the Mount Morrison pendant involve Early Per-Mi—Miller Mountain; MR—Mammoth Rock; PH—Poverty Hills; RMa— interpreted margin

mian rocks and that some thrusts are truncated of Roberts Mountains allochthon; SL—Sherwin Lakes; TR—Tinemaha Reservoir. Note that out-
the Laurel-Convict fault, which is intruded by acrops of rocks of the Morrison block at Big Springs Campground, Chocolate Peak, Conway Sum-
225 + 16 Ma dike (Greene et al., 1997b), sucmit, and hills south of Bishop are so small they can not be separated from other units on the scale
gesting that most deformation was post—Earlof this map.

Permian and pre—Late Triassic.

PREVIOUS WORK IN THE by Bateman (1965) and Bateman and MoorRoss (1964) formally described 10 formations
MORRISON BLOCK (1965), the Mount Morrison pendant was studef the 27 Paleozoic units they mapped.

ied by Rinehart and Ross (1964), and the Log The ages of most rocks in the Morrison block

Rocks in the Morrison block have been stud€abin Mine and Gull Lake pendants weréave been poorly known. The exception was the

ied and mapped in various degrees of detail. @fiapped by Kistler (1966). In all these studie®Mount Morrison pendant, where Rinehart and

the four major pendants we have studied extemformal rock units were used, except in thdRoss (1964) reported on fossils from 21 locali-

sively, the Bishop Creek pendant was mappedount Morrison pendant, where Rinehart andies; more recently, Willahan (1991) recovered
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diagnostic conodonts from two previously poorlybe primarily the result of rapid facies changes, isome parts of the section, limestone may com-
dated formations in this pendant. The only otheshown by our work to be the result of structurgbose as much as 30% of the rocks. Conodont
significant fossils previously reported were graprepetition. In several places fragments of variousample 13732, collected by Ketner (1998) from

tolites from the Bishop Creek pendant (Moorestratigraphic units have been folded or faulted intthe upper part of this unit, has yielded conodonts
and Foster, 1980; Frazier et al., 1986) and thehat Rinehart and Ross (1964) interpreted to bedicating an age close to that of the Cambrian-

Log Cabin Mine pendant (Stewart, 1985). normal stratigraphic sequences (e.g., in Seveh&rdovician boundary. Because this unit consists
Cliff, Fig. 6). At numerous localities, however, in- of very fine grained, thin-bedded, dark-colored

STRATIGRAPHY OF THE tact stratigraphic sections are preserved (e.g., thggillite and limestone lacking a fauna other than

MORRISON BLOCK ridge north of Convict Lake in the Mount Morri- conodonts, it is interpreted as a moderately deep-
son pendant, Fig. 7) and provide the framewonkwater deposit formed far from a sediment source.

Introduction for unraveling the complex structural relations ifThis unit is conformably overlain by the Salty Pe-
more deformed areas. The stratigraphic columierson member. The upper contact is placed be-

Our work in the Morrison block supports theutilized here is shown in Figure 8. low the lowest limestone unit in this part of the

use of 8 of the 10 formations originally defined in section with a minimum thickness of 4 m.

the Mount Morrison pendant by Rinehart andviount Aggie Formation

Ross (1964). These are, from older to younger, the Salty Peterson Member

Mount Aggie Formation, the Convict Lake Forma- The Mount Aggie Formation, the oldest unit
tion, the Mount Morrison Sandstone, the Brightecognized in the Morrison block, was named by This member of the Mount Aggie Formation,
Dot Formation, the Mount Baldwin Marble, theRinehart and Ross (1964). This unit, which hadamed herein for a prospect in the eastern part of
Mildred Lake Hornfels, the Lake Dorothy Horn-not been reported previously beyond the Mourthe Bishop Creek pendant (Fig. 2), also has been
fels, and the Bloody Mountain Formation. Morrison pendant, is now also recognized in thelentified in the Mount Morrison pendant and in
The Hilton Creek Marble of Rinehart and Ros8ishop Creek pendant. It is characterized bthe hills south of Bishop. It differs from the
(1964) is here interpreted to be a structural rep@500 m or more (Rinehart and Ross, 1964) d@uzztail Spring member in containing lime-
tition of the Mount Baldwin Marble. The Buzz- very dark gray, laminated to thin-beddedstone-rich units consisting of alternating beds of
tail Spring Formation of Rinehart and Rossiliceous argillite interbedded with variablepure limestone, 2—8 cm thick, and argillaceous
(1964) is interpreted to be equivalent to rocks irmmounts of thin-bedded, medium gray, finelimestone, 1-2 cm thick, commonly light and
cluded in the lower part of the type section of thgrained limestone, and brown-weathering, vergark gray, respectively. In the Bishop Creek pen-
Mount Aggie Formation, so we herein reduce thdark gray argillite. The statement of Rinehart andant there are at least two major limestone units
rank of this unit to an informal member of theRoss (1964) that the Mount Aggie Formatiorwithin the member (Fig. 2); the upper limestone
Mount Aggie Formation. In addition, we herecontains calcareous quartz sandstone is incorreist. 110 m thick. The base of the Salty Peterson
subdivide rocks of the Mount Aggie FormationThe large exposure of calcareous sandstonernmember is not exposed there, but its thickness is
overlying the Buzztail Spring member into theupper McGee Creek in the Mount Morrison pengreater than 200 m. On the ridge northwest of
informally named Salty Peterson and Coyotdant (Fig. 3), believed by Rinehart and Ros€onvict Lake in the Mount Morrison pendant
Ridge members. We restrict the name Convigii964) to belong to the Mount Aggie Formationthis unit is 34 m thick. Conodonts from sample
Lake Formation and propose a new formationdbr example, actually is an infold of the muchl3762, collected by Keith Ketner (1996, per-
name, Aspen Meadow Formation, for rocks thagounger Mount Morrison Sandstone. sonal commun.) nearby, indicate an age close to
Rinehart and Ross (1964) originally included in In the type section northwest of Convict Lakethat of the Cambrian-Ordovician boundary.
the upper part of the Convict Lake Formationthe Mount Aggie Formation can be divided into This unit probably was deposited in an envi-
The Mount Morrison Sandstone is here restrictettiree informal members. From older to youngeronment similar to that of the Buzztail Spring
to the unbroken calcareous sandstone interval hey are the Buzztail Spring member, the Saltspnember (i.e., relatively deep water, far from
the lower part of the original type section, and thBeterson member, and the Coyote Ridge membshore), but at a time when argillaceous material

name Sevehah Group is formally proposed to in- was not continuously available. Limestone beds
clude the Mount Morrison Sandstone and thBuzztail Spring Member thin rapidly northwestward from the Bishop
overlying Squares Tunnel Formation, a unit orig- Creek pendant, suggesting increasingly deeper

inally named for rocks in the western Inyo Moun- The name Buzztail Spring Formation was prowater farther from shore in a northwest direction.
tains (Stevens et al., 1996). This latter unit is nowosed by Rinehart and Ross (1964) for a highly The Salty Peterson member is conformably
correlated with rocks included in the upper parfiolded and faulted stratigraphic sequence on tlwverlain by the Coyote Ridge member of the
of the original type section of the Mount Morri- north side of lower McGee Creek (Fig. 3). We corMount Aggie Formation. The upper contact, ex-
son Sandstone, as well as various other unitslate these rocks with the lowest unit of the Mouniosed both along Coyote Creek in the Bishop
mapped by Rinehart and Ross (1964). Aggie Formation exposed at its type section ne&@reek pendant and on the ridge northwest of
In this paper we describe the new and revisedonvict Lake and therefore lower the rank of th€onvict Lake in the Mount Morrison pendant, is
units discussed above, and redescribe previouddyzztail Spring to member and assign it to thplaced above the highest limestone more than
named units for which we have made new obseount Aggie Formation. This member has beef.5 m thick.
vations. Permian units younger than the Mountlentified only in the Mount Morrison pendant.
Baldwin Marble are not redescribed here becauseOn the ridge northwest of Convict Lake, theCoyote Ridge Member
we have few new data to report. Buzztail Spring member consists of 600+ m
Revisions of lower Paleozoic units are necegWise, 1996) of alternating beds of dark gray This member of the Mount Aggie Formation
sary because the complicated distribution of difargillite, commonly one to a few centimeterds named for exposures east of Coyote Ridge
ferent lithologic units in the Mount Morrison pen-thick, and very fine grained, medium bluish-grayalong Coyote Creek in the Bishop Creek pen-
dant, interpreted by Rinehart and Ross (1964) tomestone, generally a few centimeters thick. Imlant (Fig. 2). It has been identified only in the
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Geologic Map of the
Coyote Ridge Area,
Bishop Creek Pendant

to Bishop
ll
1

Figure 2. Geologic map of most
of the Bishop Creek pendant.
This figure represents new map-
ping for this project, incorporat-
ing some data from Bateman
(1965). Marble subunits in the
Mount Aggie Formation belong
to the Salty Peterson member;
rocks above the higher limestone '(
subunit belong to the Coyote
Ridge member.
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Bishop Creek pendant, where it is 186 m thickhe Cambrian-Ordovician boundary have beeabove the highest thinly banded, cherty rocks that

and in the Mount Morrison pendant, where it isecovered from the underlying Salty Petersotypify this member.

94 m thick. This member is characterized by aimember and Early (but not earliest) Ordovician

ternating 0.5—1-cm-thick beds of black and orgraptolites have been recovered from the overlyzonvict Lake Formation (Restricted)

ange or black and white chert and siliceouig Convict Lake Formation. The lack of a fauna

argillite, similar to some sequences in the lowen the thinly bedded cherty rocks that compose The Convict Lake Formation was named by

part of the Buzztail Spring member. most of this member suggests deposition in Rinehart and Ross (1964) for a unit consisting of
No fossils have been recovered from this uniquiet, deep-water environment. two parts: a thick lower part, consisting predomi-

but its age is considered to be Early Ordovician This unit is concordantly overlain by the Con-nantly of dark gray argillite and hornfels with

because conodonts representing a time closewviat Lake Formation. The upper contact is placedome very dark gray slate and medium gray,
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Figure 3. Geologic map of the Mount Morrison pendant. Figure is based on the map of Rinehart and Ross (1964) with extensivemepping
and reassignment of many rock units. Mapping of Wise (1996) was incorporated in the northeastern part of the area.

siliceous quartzite, and a much thinner upper paBeds of dark gray, cherty argillite with phosphatiet al. (1986) reported on nine other collections.
consisting of light-colored calcareous hornfelslenses and blebs are common near the top of tBeiring the course of this study, we (including
Here, we restrict the name Convict Lake Formdermation in both the Log Cabin Mine and BishoSan Jose State University students) discovered 10
tion to the thick lower part of the unit as describe@reek pendants. The Convict Lake Formation, aditional localities. From the Log Cabin Mine
by Rinehart and Ross (1964), and reassign the ustricted here, is 336 m thick in its type sectiopendant, one graptolite was reported by Stewart
per part to the newly named Aspen Meadown the ridge north of Convict Lake (Figs. 3 and 7)(1985), another locality was discovered during
Formation because both units are mappable, eas-Graptolites are well represented in the Convighe present work with the help of Stan Finney,
ily separated and identified, and important for cottake Formation and all known graptolite locali-and probable graptolites were recovered from a
relation within several of the eastern Sierrdies inthe Morrison block are in this unit. Rineharthird area. Graptolites also were collected from
Nevada pendants. The Convict Lake Formatiomnd Ross (1964) reported graptolites from severalcks assigned to the Convict Lake Formation
as redefined here, is widely exposed in the Morrif their map units, but our mapping shows that aftear Arcularius Ranch (Fig. 1).
son block, occurring throughout the eastern paof their localities, except locality D, are within the  Graptolites in the Mount Morrison pendant rep-
of the Mount Morrison pendant and in the BishoiConvict Lake Formation. We believe that localityresent at least zones 6 to 15 (Early to Late Ordovi-
Creek, Log Cabin Mine, Northern Ritter RangeD was mislocated by Rinehart and Ross (1964jan) of Berry (1960). In the Bishop Creek pen-
and Deadman Pass pendants, as well as near Because Upper Devonian conodonts occur dant the fossils span graptolite zones 3—7 to at least
cularius Ranch. about the same stratigraphic level. We found ormone 14 and probably 15, and rocks from near Ar-
The Convict Lake Formation as restricted heraew graptolite locality in the Mount Morrison cularius Ranch have yielded zone 5 graptolites.
consists primarily of dark gray, commonly rusty-pendant and two new localities yielding probabld@he Convict Lake Formation, therefore, represents
weathering argillite and fine-grained siliceougyraptolites. all except the earliest part of the Ordovician.
hornfels with some very dark gray slate and resis- Graptolites are most humerous in the Bishop The presence of pelagic graptolites, the only
tant ribs of medium- to coarse-grained, mediur€reek pendant. Moore and Foster (1980) rdessils recovered from the Convict Lake Forma-
to light gray-weathering, noncalcareous quartzitgorted graptolites from two localities, and Frazietion, and the regularly banded, dark-colored,
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119° Jos'W

argillaceous rocks suggest deposition in rathe
deep, probably oxygen-deficient water. The
quartzites, of which several in the Mount Morri-
son pendant appear to be channel-form, probat
filled channels on a deep-water, sand-poor sul
marine fan.

The Convict Lake Formation is conformably
overlain by the Aspen Meadow Formation ex
cept on McGee Mountain, where it is uncon:
formably overlain by the Mount Morrison
Sandstone. The upper contact is placed belc
the lowest sequence of light-colored, thin:
bedded, calc-silicate beds of the overlying As
pen Meadow Formation.

Geologic Map of the
Gull Lake Pendant

L 1 L )
0 km 2
Undifferentiated

granitic rocks {Mesozoic)
7] Squares Tunnel Fm
2 (Upper Devonian)

7 Mount Morrison Sandstone
1 (Middle Devonian)

E Aspen Meadow Fm
(Silurian?-Lower Devonian?)

Aspen Meadow Formation

The name Aspen Meadow Formation is pro
posed herein for a distinctive 150-m-thick unit o
thinly banded, light-colored calcareous hornfel:
and fine-grained, siliceous rocks widely expose
in the Bishop Creek, Mount Morrison, Deadmar
Pass, Gull Lake, Northern Ritter Range, and Lo
Cabin Mine pendants. The type section on th
ridge above Aspen Meadow in Bishop Creel
Canyon (Fig. 2) consists mostly of very light gray

tov/vn of
EB June Lake

/ \ bedding

and light green hornfels in bands about 5 an \ O\éeerdlg:':ged
1 cm thick, respectively (Fig. 9). The type sectiol - N
is described in detail in the Data Reposifory. g F antictine
No fossils have been recovered from the A< @ Iak;\\ paved
pen Meadow Formation, but a Silurian to Early ob,, Measured
\/‘ section

119° [05'W

Devonian age is inferred from the ages of the el
closing rocks. Deposition is interpreted to havi
been in relatively deep, quiet water far from shor  Figure 4. Geologic map of the Gull Lake pendant. The outcrop pattern is based on the map of
because the unit is typically very thin beddecKistler (1966), but all of the Paleozoic rocks were remapped for this project.

very fine grained, and mostly undisturbed by a

infauna.

The Aspen Meadow Formation is con-Meadow Formation is placed at the base of thend the upper Squares Tunnel Formation. The
formably overlain by the Mount Morrison Sand-lowest calcareous sandstone in the Mount Morrstratigraphic complexities within this unit are il-
stone except in the Bishop Creek pendant, whesen Sandstone or black argillite or chert of thiustrated in Figure 10.
the Mount Morrison Sandstone is not present arfsiquares Tunnel Formation where the Mount

the Aspen Meadow Formation is conformablyMorrison Sandstone is missing. Mount Morrison Sandstone (Restricted)

overlain by the Squares Tunnel Formation. In the

McGee Mountain area the Aspen MeadovBevehah Group The Mount Morrison Sandstone was named
Formation is missing due to submarine channel- by Rinehart and Ross (1964) for rocks exposed

ing prior to deposition of the Mount Morrison A thick sequence of calcareous quartz sana@n the summit and east flank of Mount Morrison.
Sandstone. The upper contact of the Aspestone and sandy limestone complexly interbeddéthe Mount Morrison Sandstone has been recog-
with black argillite and chert, commonly contain-nized in the Gull Lake, Deadman Pass, Northern
1GSA Data Repository item 9952, supplemental_ng light gray, phosphatic blebs gnd Ier!ses, oveRitter R_ange, and Log Cqbln Mine pendapts, as
data, is available on request from Documents SecretafieS the Aspen Meadow Formation. This succesvell as in the Mount Morrison pendant. It is not
GSA, P.O. Box 9140, Boulder, CO 80301. E-mail:sion is here named the Sevehah Group. represented in the Bishop Creek pendant due to
editing@geosociety.org. Web: http://www.geosociety The most distinctive rock type in the Sevehahondeposition. A very thin unit exposed near
-0rg/pubsfftpyrs.htm. Data Repository item contains de o 1 js calcareous quartz sandstone. Such safiihemaha Reservoir at the foot of the Inyo
scriptions of measured sections and faunal lists for all pa- inth . f d . . hich . f |
leontologic samples, including 2 from the Mount Aggiestqnes int geastern Sierran roof pendants are Meuntains (F_|g. 1)_, which consists of conglom-
Formation, 25 from the Convict Lake Formation, 5 fromstricted to this group, so the name Sevehah Groepate essentially identical to that in the Mount
the Mount Morrison Sandstone, 4 from the Squares Turzan be utilized in areas of incomplete stratigraMorrison Sandstone exposed on McGee Moun-
][‘e' F?f:mi/ltlon’tler?dm ‘th?w Bnbglm 1D]9t Fomag‘l)”’dl“phy where calcareous quartz sandstone, not dain, also is assigned to this formation.
rom the Mount balawin Marbole, rom tne oloody _. s . . .
Mountain Formation, 1 from the Vaughn Gulch I_ime_5|gnable toa specmc'formatlon, crops Qut. The The typg secﬂ_on of the Mour_n Morrison Sand-
stone, 1 from the Kearsarge Formation, and 1 from the€vehah Group consists of two formations: thstone originally included a unit of hornfels and

Keeler Canyon Formation(?). lower Mount Morrison Sandstone (restricted)narble almost 100 m thick. Here we consider this
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pended in the sandstone (Fig. 11). Dish structures
(Fig. 12) are present in a medium-grained sand-
stone at the southwest end of Convict Lake, and
small- and medium-scale cross-bedding has been
observed elsewhere.

On McGee Mountain a quite different facies of
Mount Morrison Sandstone, 575 m thick, is com-
posed of medium- to coarse-grained, calcareous
sandstone, containing variable amounts of float-
ing lithoclasts (generally dark-colored argillite or
chert), and conglomerate with clasts of medium
gray limestone, black chert, rust-weathering
argillite, and light brown or light gray sandstone
and calcareous siltstone as much as 1 m across in
a coarse-grained, calcareous, quartz-sandstone
matrix (Fig. 13). About one-third of the unit is
composed of conglomerate. Sandstone lenses to
4 m long, probably erosional remnants left by re-
peated cut and fill, occur within some of the con-
glomerate sequences. Conodonts are rare in the
Mount Morrison Sandstone. One assemblage
from a clast in the lower part of the unit at McGee
Mountain is Emsian (Early Devonian) in age.
Another assemblage from a limestone turbidite at
the top of the Mount Morrison Sandstone near
Tinemaha Reservoir is Givetian (late Middle De-
vonian) in age, and a third assemblage from sam-
ple 13756 collected by Keith Ketner from the
Convict Lake area is reported to be Middle De-
vonian to early Frasnian (early Late Devonian)
(Anita Harris, 1999, personal commun.). The
most likely age of the Mount Morrison Sand-
stone, therefore, apparently is Givetian.

Stevens et al. (1995) interpreted the Mount
Morrison Sandstone as representing a deep-water,
submarine-fan system on the basis of the close as-
sociation of this unit with black argillite and chert
of a deep-water aspect, and sedimentary features,
including dish structures, ripple laminations at the
tops of some beds, and numerous large chert and
argillite clasts floating in sandstone. Each sand-
stone bed, typically massive and as thick as sev-
eral meters, probably represents a single sedi-
ment-gravity flow.

The Mount Morrison Sandstone is con-
formably overlain by the Squares Tunnel Forma-
tion. The upper contact is placed below the lowest

Figure 5. Geologic map of the southeastern part of the Log Cabin Mine pendant. This figure black chert or argillite unit in the Sevehah group.

utilized original mapping of Kistler (1966), but the Paleozoic rocks along the eastern part of the

pendant were completely remapped. Lenses of calcareous sandstone in western part of pendai®quares Tunnel Formation

could belong to the McGee member of the Squares Tunnel Formation rather than Mount Mor-

rison Sandstone as shown.

The Squares Tunnel Formation was named by
Stevens et al. (1996) for Upper Devonian rocks in
the western Inyo Mountains near Independence

unit and the overlying sandstone and argillite tthis definition the Mount Morrison Formation (Fig. 1). At the type locality the Squares Tunnel
be part of the overlying Squares Tunnel Formasonsists of 177 m of fine- to coarse-grained, lighformation is composed of dark gray to black
tion. Thus, we restrict the name Mount Morrisorto medium gray, calcareous, bimodal quartargillite and chert commonly with light gray phos-
Formation to the lower unbroken succession afandstone in beds one to many meters thicghatic blebs or stringers 2 to 8 mm thick and 2 to
calcareous quartzite in the type section expos@&lack chert or argillite clasts, mostly about 0.3 cm long. This unit is now recognized in the Log
along the ridge northwest of Convict Lake. Bycm, but to 25 cm across, commonly are suscabin Mine pendant where it is 280 m thick, in
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the Coyote Creek pendant where itis 120 m thic
and in the Gull Lake, Mount Morrison, Deadmal
Creek, and Northern Ritter Range pendants.
In the Morrison block, the Squares Tunng
Formation consists of black chert and argillite wit
light gray, phosphatic blebs, generally intercalate
with individual beds to thick sequences of calcar:
ous sandstone. The exception is the Bishop Cre
pendant, where this type of sandstone is lacki
Conglomerate composed largely of black che
clasts in a calcareous sandstone matrix also cg
poses a substantial part of a 200-m-thick calcal ]
ous sandstone unit within the Squares Tunn
Formation on McGee Mountain. This unit i
herein named the McGee Mountain Member.
Conodonts and radiolarians from the Squarg
Tunnel Formation in the Inyo Mountains (Steve
et al., 1996) and conodonts from the McGe
Mountain Member indicate that this formation i
in part, at least, Famennian (Late Devonian) if:
age. The presence of black, radiolaria-bearir
chert and argillite suggests deposition in rela
tively deep water. The calcareous sandstones
similar to those in the Mount Morrison Sand
stone, and are similarly interpreted as submarin
fan deposits. Figure 6. View to west of Sevehah Cliff, Mount Morrison pendant showing complexly folded
The Squares Tunnel Formation is concordantand faulted Convict Lake, Aspen Meadow, Mount Morrison, and Squares Tunnel formations.
overlain by the Bright Dot Formation in both theThese rocks originally were mapped as the informally named sandstone and hornfels of Seve-
Log Cabin Mine and Bishop Creek pendants. Ihah Cliff (Rinehart and Ross, 1964).
the Mount Morrison pendant, rocks typical of the
McGee Mountain Member of the Squares Tunni
Formation and the overlying Bright Dot Forma:
tion are interbedded. The contact between the C
formations is placed above the highest blag == s
chert, very dark gray argillite, or calcareous san(
stone of the Squares Tunnel Formation.

Bright Dot Formation

The Bright Dot Formation, named by Rineha
and Ross (1964), is here recognized in the Mo
Morrison, Bishop Creek, Pine Creek, and Lo
Cabin Mine pendants. Rocks in the Pine Creg
pendant that we place in this unit originally wer
assigned to the Mildred Lake Formation b &% ;
Bateman (in Rinehart and Ross, 1964), probabj.
on the basis of a supposed syncline (Batemg #5
1965). The structure in the Pine Creek pendal %
appears synclinal from a distance, but a coffe it
glomerate-filled channel on the west limb of th¢
supposed syncline shows that the west-dippi
rocks are upright rather than overturned, a
therefore underlie rather than overlie the Mour
Baldwin Marble farther west.

The lower part of the Bright Dot Formation ig
marked by beds of fine-grained sandstone. High
in the section Rinehart and Ross (1964) reportec  Figure 7. View to north of ridge north of Convict Lake showing the type sections of the Mount
300-450-m-thick unit of microgranular, mus-Aggie Formation (OEMA), Convict Lake Formation (OCL), and Mount Morrison Sandstone
covite-rich, siliceous hornfels and metachert, ove(DMM) (restricted). Beds are overturned and dip steeply to the east. SDAM—Aspen Meadow
lain by 150-300 m of well-layered siliceous anFormation.
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(Greene and Schweickert, 1995); and a large

Approx. . . . ) limestone mass near Conway Summit (Fig. 1).
Age Unit thickness (m) Lithology and inferred depositional environment The Mount Baldwin Marble consists of almost
Bloody * Massive to thick-bedded siliceous and calc-silicate pure, medium to dark gray to bluish-gray, fine-
c Mountajn 1200+ hornfels; dar_k reddish-brown-weathering, rare grained to very coarse grained marble. Black
®© Formation conglomeratic interbeds. Base of stope. . ;
= chert in nodules or nodular beds is locally abun-
é hil:ifeolzfmhy 300 Thin-bedded, banded, siliceous hornfels. Base of slope. dant in the lower part of the formation.
Mildred Lake 150- Light gray, massive, siliceous horntels. . FOS_S”S re_porjted by Rl_nehart and Ross (19_64)’
Hornfels 300 Relatively deep water, hemipelagic. including crinoidal debris, corals, and brachio-
Penn.| MountBaldwin i 150 Gray, fossiliferous marble. Shallow-water carbonate platform. pods, were interpreted by them to be Early Penn-
Bright Dot * 450+ - Dark gray siliceous hornfels; locally contains andalusite, Sylvaman n age.Wlllahan (1991) recovered Mor-
Miss. Fc’)‘f’maﬁ;n 00, | muscovite, and chert-pebble conglomerate. Shallowing- rowan (Early Pennsylvanian) conodonts from two
upward sequence, dominantly or entirely marine. samples near the base of the formation, and dur-
o - - - - ing this study, two additional samples from near
=3 gu_E_ 1000+7? Black chert with phosphatic nodules. Deep water, hemipelagic. the type locality yielded identifiable conodonts.
s 2l5e mtcf&%; 0'200 Calcareous quartz sandstone. Submarine fan. . o
e |o]z¢ = ‘ . . . One sample from the middle of the formation is
§ E = 2854+ Black chert with phosphatic nodules. Deep water, hemipelagic. late Atokan—early Desmoinesian (Middle Penn-
3 g Mt. Morrison | 50- Calcareous quartz sandstone; massive, fine to sylvanian) in age, and the other, collected from the
570 i i i . .
w | Sandstone 4 coarse grained, light gray. Submarine fan. uppermost 2 m of the formation, yielded an As-
S Aspen Meadow 80- Greer_l and white banded ca'lcsilicgte hornfels. selian (early Early Permian) fauna. Thus, the
ilurian| Formation 150 Relatively deep water, hemipelagic. . .
= - ¥ — — - Mount Baldwin Marble spans earliest Pennsyl-
& Convict * Dark gray siliceous argillite, slate, and quartzite; . i p . . The f
2 Lake Fm %] 340 graptolites common. Sand-poor submarine fan or apron. vanian to ear 'e_St ermian time. The fauna, con-
) £ ] coyote o sisting of a variety of shallow-water calcareous
| O || Ridge Mbr 190 | Laminated siliceous argillite. Deep water, hemipelagic. fossils, and the rocks, composed of thick-bedded,
‘ @ | Salty *| 30- Thick interbeds of limestone and argillite. i it _
= | B | Peterson Mor | 200+ | moderately deep water, hemipelagic. pure limestone, suggest deposition on a shallow.
s |2 % water, carbonate bank. The contact between the
= o | Buzztail Thinly interbedded, alternating dark gray argillite and i 1 il
'E | Springs Mbr [ 1400+ thinly bedded blue-gray limestone. Limestone less Mount Baldwin Marble and the overlying Mil
8 3 common in lower part. Deep water, hemipelagic. dred Lake Hornfels is sharp but conformable.
=

Post-earliest Permian Formations
Figure 8. Stratigraphy of the Morrison block. Thicknesses are approximate due to original vari-
ability and unresolved structural complications in some areas. Asterisks indicate fossil collections. Rinehart and Ross (1964) divided the post-
earliest Permian section in the Mount Morrison
pendant, the top of which is not exposed, into
calcareous hornfels in layers 1 cm to 1 m thicka shallow-water, carbonate-bank accumulatiorthree formations; from older to younger, these
Several calcareous lenses associated with chette Bright Dot Formation probably represents are the Mildred Lake Hornfels, the Lake
and limestone-pebble conglomerate (Willaharshallowing-upward sequence. Dorothy Hornfels, and the Bloody Mountain
1991) in the upper part of the formation have The Bright Dot Formation appears to be overFormation. These units, which were described
yielded a largely reworked conodont fauna includain concordantly by the Mount Baldwin Marble,by Rinehart and Ross (1964) and Willahan
ing Lower, Middle, and Upper Devonian andalthough Wise (1996) stated that the contact {4991), consist primarily of fine-grained
Lower and Upper Mississippian forms (Willahanunconformable. The upper contact is placed ailiceous hornfels that locally are interbedded
1991). In the Bishop Creek pendant there are see base of the lowest limestone in the Mounwith coarse-grained debris-flow deposits bear-

eral beds of fine-grained conglomerate composéhldwin Marble. ing rare shallow-marine fossils. These rocks
largely of black chert clasts. The Bright Dot suggest a depositional environment at or near
Formation probably is entirely Mississippian inMount Baldwin Marble the base of a submarine slope.

age as itis underlain by Upper Devonian and over-

lain by Lower Pennsylvanian rocks. This formation was named by Rinehart ancREGIONAL CORRELATIONS AND

The nature of the depositional environment dRoss (1964) for a 189-m-thick section of marbldNTERPRETATIONS
the Bright Dot Formation is obscure. SedimentargWillahan, 1991) in the Mount Morrison pen-
structures other than parallel laminae and smalbnt; Bateman (in Rinehart and Ross, 1964) cor- Rocks temporally correlative with those of the
scours in sandstone at the base of the section hagkated a similar marble unit in the Pine Creekorrison block are exposed to the east in west-
not been noted. Fossil-bearing, debris-flow dependant with it. Rocks here assigned to theentral Nevada and the White-Inyo Range, and to
posits near the top of the section in the Mouri¥lount Baldwin Marble, in addition to the locali- the west in the Saddlebag Lake, western Log
Morrison pendant suggest deposition in a marirtees mentioned in Rinehart and Ross (1964), incabin Mine, and Northern Ritter Range pendants
environment near the base of a moderately steelude outcrops near the mouth of McGee Creelg-ig. 1). Previously, with minimal dating of poorly
slope, and a conglomerate-filled channel in theamed Hilton Creek Marble by Rinehart andinderstood stratigraphic units and differences in
Pine Creek pendant may have formed subaerialiRoss (1964); banded, very coarse-grained markflcies, relationships between the Paleozoic rocks
Because the underlying Squares Tunnel Forman Chocolate Peak; fossiliferous lenses of alterexf the Morrison block and those in these other ar-
tion is interpreted as a relatively deep-water déimestone trapped along the Gem Lake shea&as were unclear. Now that the stratigraphy of the
posit, and the overlying Mount Baldwin Marble iszone in the Northern Ritter Range pendaritlorrison block has been clarified and most units
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have been relatively well dated, the paleogeg
graphic significance of the various lithofacies ca
be interpreted with confidence.
The oldest unit in the Morrison block, the
Mount Aggie Formation, correlates lithologi-
cally and temporally with the Emigrant Forma
tion in west-central Nevada and rocks mapped
Emigrant Formation by Nelson (1966) in thq
White Mountains (Fig. 14). The upper part of the
Mount Aggie Formation has yielded conodont
suggesting an age close to that of the Cambri
Ordovician boundary and the Emigrant Forma
tion has been dated as Middle to Late Cambrig
(Albers and Stewart, 1972). The age of the tog
of these two formations is very similar; grapto
lite-bearing rocks immediately overlying the
Mount Aggie and Emigrant Formations repre
sent graptolite zones 4 or 5 and zones 3-8,
spectively, according to William Berry (1996,
personal commun.). The fine-grained, thin-bed
ded Mount Aggie and Emigrant Formations
which contrast greatly with the shallow-wate
dolomite, limestone, and shale (Monola Forma
tion through Tamarack Canyon Dolomite) tha Figure 9. Typical interbedded light gray and light to medium green calcareous hornfels in the
accumulated concurrently in the White-InycAspen Meadow Formation. Photograph of an outcrop in the type section in the Bishop Creek
Range, define an important facies boundary thpendant. Knife (right center) is 9 cm long.
represents the Middle to Upper Cambrian she
margin of western North America (Fig. 15).
The highest member of the Mount Aggie Gull Lake
Formation, the siliceous, thin-bedded Coyot| —aeoc [, pendant
Ridge member, is similar lithologically to the scale 20 km
lower part of the Lower Ordovician Al Rose For- approx. horizontal scale
mation in the western Inyo Mountains below
beds that have yielded zone 4-6 graptolite
(Ross, 1966). The Coyote Ridge member occu MecGee Mountain
below graptolite zone 4 or 5, so it may correlat Mt. Morrison pendant
temporally, as well as lithologically, with beds of
the lower Al Rose Formation. Bishop Creek
The deep-water Convict Lake Formation in th pendant
Morrison block and the lithologically similar Pal-
metto Formation in west-central Nevada hav
yielded graptolites representing at least zone 5
15 (within the Lower Ordovician to very high in
the Ordovician rocks) and zones 3-8 to zone 1
respectively (William Berry, 1996, personal com:
mun.). Thus, both units are of essentially ident|
cal age. Coeval units in the western Inyo Mour  Figure 10. Stratigraphic cross section of the Sevehah Group from the Bishop Creek to the Log
tains were deposited primarily in shallow waterCabin Mine pendant.
The upper part of the Al Rose Formation, whicl
has yielded zone 4-6 graptolites, and the Barr
Spring Formation, which contains zone 12 grapesition of both the Convict Lake and Palmettaepresents part or all of the Silurian—-Lower
tolites (William Berry, 1996, personal commun.),Formations was characterized by slow accumul®evonian interval. This and younger Paleozoic
are coeval with the lower and middle parts of théon of clay and silica occasionally interrupted byunits of the Morrison block have no temporal
Convict Lake and Palmetto Formations. Thehe influx of almost pure quartz sand. This sandquivalents in either the parautochthonous rocks
Middle Ordovician Johnson Spring Formation, almost surely represents the distal edge of the Eof west-central Nevada or the White Mountains
Eureka Quartzite equivalent in the western Inyceka sand sheet that spread over the miogeoclibecause of post-Paleozoic erosion. In the western
Mountains (Ross, 1966), and the lower, Late Oras far west as the western Inyo Mountainklyyo Mountains temporally equivalent units in-
dovician part of the Ely Springs Dolomite (Stevens, 1986, 1991). clude the upper part of the shallow-water Ely
(Miller, 1975) correlate with the upper parts of The Convict Lake Formation is overlain by theSprings Dolomite, the overlying Vaughn Gulch
the Convict Lake and Palmetto Formations. Demeep-water Aspen Meadow Formation, whichLimestone, which contains transported reefal de-

Log Cabin Mine
pendant

Squares Tunnel Formation

Squares Tunnel Formation

Aspen Meadow Formation
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Figure 11. Coarse-grained, calcareous Figure 12. Dish structures in medium-
sandstone with “floating” argillite and chert  grained sandstone in the Mount Morrison
clasts in the Mount Morrison Sandstone. Pho- Sandstone. Photograph is of a displaced
tograph of an outcrop along trail west of Con-  block along trail west of Convict Lake. Knife
vict Lake, Mount Morrison pendant. Knife is  is 9 cm long.

9 cm long.

bris, and, to the northwest, the basinal Sunday The Squares Tunnel Formation, from whic 7t
Canyon Formation. A contemporaneous carboframennian (Late Devonian) fossils have been
ate-platform unit, the Hidden Valley Dolomite, iscovered, is present in both the Morrison block a
widely exposed in the southern Inyo Mountainshe western Inyo Mountains. The Lost Burrc
and farther east (Stevens, 1986). Evidently thiSormation was deposited concurrently ontheca Figure 13. Conglomerate composed
was a time of high calcium carbonate productivbonate platform in the eastern Inyo Mountainslargely of chert clasts in a coarse-grained
ity on the shelf between times (Ordovician and The type section of the Squares Tunnel Formisandstone matrix, Mount Morrison Sand-
Middle Devonian) of less carbonate productiontion in the western Inyo Mountains is composestone. Photograph is of an outcrop on McGee
The Mount Morrison Sandstone in the Morri-entirely of black radiolarian-bearing chert ancMountain in Mount Morrison pendant.
son block probably is of Givetian (late Middle De-shale. In the Morrison block; this unit consists oKnife is 9 cm long.
vonian) age and more or less temporally equivamajor submarine-fan complex composed of ce
lent to the thin, quartz-rich Lippincott Member ofcareous sandstone and conglomerate encasec. ...
the Lost Burro Formation (McAllister, 1974; deep-water chert and argillite similar to that in theegional slope in this region was reversed from
Leatham et al., 1994) deposited on the shelf in thgpe Squares Tunnel Formation. This submarinéhat during early Paleozoic time. The source of
eastern Inyo Mountains and areas farther eafin complex originated in a manner similar to thdtmestone turbidites in the Inyo Mountains, how-
Snow (1992) pointed to a widespread unconfornef the older Mount Morrison Sandstone. ever, probably was not the Mount Baldwin car-
ity represented mostly by nondeposition on the The Mississippian Bright Dot Formation in bonate platform, but rather a carbonate shelf rep-
shelf in this part of the section, and Leatham et @he Morrison block is approximately equivalentesented by the widespread Bird Spring
(1994) indicated that older rocks were subaeriallyn age and lithology to the Kearsarge FormatioRormation and equivalent units to the east (Stone
exposed prior to deposition of the Lippincotiand Rest Spring Shale in the western Inyand Stevens, 1988).
Member. Thus, it seems probable that at this tinfdountains (Stevens et al., 1996). The Bright Dot The general age and lithology of post-Mount
excess amounts of quartz sand were available Bormation in the Bishop Creek pendant includeBaldwin Marble Permian units in the Morrison
the shelf. Channels in the western Inyo Mountaires few beds of fine-grained, chert-pebble conblock, including the Mildred Lake Hornfels, the
near Independence (Fig. 1) that are cut into lowgtomerate composed of clasts similar to, butake Dorothy Hornfels, and the Bloody Moun-
Eifelian rocks and are filled with Famennian (Latesmaller than, those in the Kearsarge Formatiotain Formation, suggest correlation with the
Devonian) radiolarian chert (Stevens et al., 199Gjhe source of chert pebbles in the Inyo Mountower Permian Lone Pine Formation (lower part
are interpreted to have acted as conduits throutdins, and perhaps most of those in the Morrisaof the Owens Valley Group) in the southern Inyo
which quartz sand was funneled from the shelf tolock as well, apparently was not the Antler beltMountains. The presence of sediment-gravity-
the developing submarine fan in the Morrisonwhich was west of the Morrison block, but waglow deposits not only in the Lone Pine Forma-
block. The distinctive Givetian conglomerate thainstead an uplifted block postulated to have bedion (Stone and Stevens, 1987), but also in the
composes much of the Mount Morrison Sandstorexposed during Mississippian time between thiglorrison block, suggests generally deep-water
near Tinemaha Reservoir (Fig. 1) probably reprédorrison block and the Inyo Mountainsdeposition in a topographically diverse region.
sents the back fill of a major submarine channg(Stevens, 1995; Stevens et al., 1997).
Another channel, interpreted as a continuation of The Mount Baldwin Marble, a carbonate-RELATIONSHIP TO THE ANTLER BELT
that at Tinemaha Reservoir, is present at McGg#atform accumulation that ranges from Early
Mountain. There the channel, which has cut olRennsylvanian to Early Permian in age, is coeval Rocks representing the Antler orogenic belt
the Aspen Meadow Formation and much of theith the Keeler Canyon Formation, a thick se{Roberts Mountains allochthon) have been rec-
underlying Convict Lake Formation, is filled with quence of limestone turbidites in the Inyo Mounegnized in both west-central Nevada and in the
a thick series of sandstone and conglomeratiains (Stevens, 1991). Thus, at this time, or prob&ierra Nevada north and west of the Morrison
rocks similar to those at Tinemaha Reservoir.  bly before, during Mississippian time, theblock (Figs. 1 and 15). In the Saddlebag Lake
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Rocks of Roberts
Mountains Allochthon

pendant, Antler-belt rocks consist of highly de- Autochthonous and
formed, interleaved units of phosphatic chert
shale, siltstone, and argillite with isolated bodie

. 1 C Nevac
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Pm Bloody Mountain Fm
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limestone (Schweickert and Lahren, 1987, 1993 e / . e

7

Age

that probably are Ordovician to Devonian in age
These rocks are overlain by as much as 30 m Lone Pine Lake Dorothy Hornfels
Permian conglomerate, correlated with the Dia | Formation | idred Lake Horofel
blo Formation in west-central Nevada, and prob Keeler Canyon Fm | Mt Baldwin Marble
Rest Spring Shale
Kearsarge Fm Bright Dot Fm
Squares Tunnel Fm_| gqyares Tunnel Fm

P
able Triassic rocks correlated with the Candelari M
Formation, also in Nevada (Schweickert anc
Lahren, 1987). The Antler belt contains most o D
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Mt. Motrison Ss

the rock types represented in the lower Paleozo Vaughn Gulch Ls Aspen Mcw Interleaved Interleaved
section in the Morrison block, including calcare- Ely Springs Dol Ordovician Ordovician
TR lohnson Spring Fm| through through
ous quartzite indicative of the Sevehah Grou| Barrel Spring Fm i Devonian Devonian
; . Convict Lake Fm Palmetto Fm
submarine-fan deposits. The allochthonous rock Badger Flat Ls rocks rocks
of the Antler belt, however, are much more de Al Rose Fm ? ? ?
. Tamarack Cyn Dol

formed and contain fewer calcareous rocks. On U{ Lead Guich Fm Mt. Aggie Fm . F

. . — j t
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rocks in this region is the presence of interbedde € M| Monola Fm e~
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firmed in rocks of the Morrison block, but was L z:::m‘s/ﬂ:r Fm Harkless Fm
reported by Schweickert and Lahren (1987) ir Poleta Fm | Poleta Fm
rocks assigned to the Antler belt in the Saddlebe Campito Fm Campito Fm
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Lake pendant. The upper Paleozoic section in tr
Antler belt also is exceedingly different from that
in the Morrison block. More than 2500 m of fine-  Figure 14. Correlation of units in the Morrison block with those in west-central Nevada and
grained upper Paleozoic rocks are present in tthe White-Inyo Mountains, and rocks of the Roberts Mountains allochthon in the Sierra Nevada
Mount Morrison pendant (Rinehart and Rossand west-central Nevada. In Morrison block, Mount Morrison Sandstone and Squares Tunnel
1964; Willahan, 1991), whereas only the thin DiFormation make up the Sevehah Group.
ablo Formation represents this age span in tl _
Antler belt. Miller Mountain is close to or at the position orig-from roughly north-south in central Nevada to
Using these criteria, the contact betweemmally suggested by Stewart and Poole (1974)oughly east-west in west-central Nevada (Figs. 1
Antler-belt rocks and the Morrison block can bélhus, the lower Paleozoic rocks south of Milleland 15). Wetterauer (1977) coined the term Mina
constrained to be east of that part of the SaddIstountain, including the Emigrant and Palmettaleflection to describe the change in orientation of
bag Lake pendant where deformed eugeoclinBbrmations, and the similar Mount Aggie andhese features, which has been variably ascribed
rocks, including basalt, are overlain by Permia€onvict Lake Formations in the Morrison blockto oroclinal folding in the region (Albers, 1967),
conglomerate, and west of the eastern Log Cabéme here considered to originally have been part taf an original bend in the orientation of the conti-
Mine pendant, where Morrison-block rocks crogghe same facies belt. In addition, we suggest thaéntal margin (Oldow, 1984), to dextral displace-
out. In the Northern Ritter Range pendant, ththe Antler-belt rocks deformed during the Antlerment on east-west—trending faults (Stewart,
contact between the allochthonous Antler betirogeny were far from their present location at985), and to dextral displacement on northwest-
and its autochthon was mapped by Greene (1998pt time, and that they were emplaced into theirending faults (Kistler, 1993).
and Greene et al. (1997a). present position against the Morrison block in Observations made during this study suggest
The position of the frontal trace of the Robertpost-middle Permian time, perhaps during ente us that the change in orientation of the facies
Mountains allochthon in west-central Nevada hgslacement of the Golconda allochthon in the earlgnd structural belts is not an original feature of
been controversial. Schweickert and Lahrepart of the Triassic (Schweickert and Lahrerthe continental margin. The similarity of the
(1987) and others placed it south of all exposurd®87). Two lines of reasoning support this interlithologic units between the east-west-trending
of Ordovician black shale, whereas Stewart angretation: (1) the Antler belt contains an upper P&ontinental-margin sequence in west-central
Poole (1974), Stewart (1980), and Stevens et d&ozoic sequence so different from that in th&levada and the more or less north-south—trend-
(1997) placed it in the Miller Mountain areaMorrison block that it is highly unlikely that they ing segment in the Sierra Nevada is most easily
(Fig. 15). Employing the criteria used for the roofvere deposited anywhere close to one anothexplained by deposition along an originally
pendants, we place the contact between the mamed (2) there is no structural evidence that ties tis¢raight margin. Especially important is the posi-
or less intact lower Paleozoic sequence on thdorrison block closely to the Antler belt in pre-tion of the major Middle to Late Devonian sub-

south slope of Miller Mountain, which is similar Early Permian time. marine channel and fan complex in the Sierra
to that in the Morrison block in the Sierra Nevada, Nevada that is more consistent with an originally
and the north side of Miller Mountain, where theDISPLACEMENT AND ROTATION OF straight margin. If the Mina deflection had been
highly disturbed lower Paleozoic rocks (StewarrACIES AND STRUCTURAL BELTS an original feature, the main channel at McGee
1984), including amygdaloidal greenstone, are Mountain (5a in Fig. 15) would have been lo-

unconformably overlain by the Permian Diablo Both facies and structural belts and theated essentially on a peninsula rather than in the
Formation. The position of this boundary inSr=0.706 isopleth apparently change orientatiohight in west-central Nevada (within the Mina
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I
m Undifferentiated Rocks of Roberts
Mz and Cz rocks Mountains allochthon
Extent of Roberts
Mountains allochthon

Parautochthonous N \
Pz rocks

772224 Mz volcanic rocks

. Cambrian- -
Ordovician .|
facies boundary

Figure 15. Generalized geologic map of east-central California and west-central Nevada showing major structural features inedlin our recon-
struction, locations of places referred to in the text, and data points important for recognition of the position of a major Midd and Upper Cambrian
facies boundary. Pz is Paleozoic, Mz is Mesozoic, and Cz is Cenozoic. Pendants are: BC—Bishop Creek; BP—Big Pine Creek; LC—Loig Gibe;
MM—Mount Morrison; NR— Northern Ritter Range; SL—Saddlebag Lake. Faults or shear zones are: Cf—Coaldale fault; D-F— Death Val-
ley—Furnace Creek fault zone; Ef—Excelsior fault; GL-RF sz—Gem Lake—Rosy Finch shear zone; TF—Tinemaha fault. Mi—Miller Mountaj
Tn—Tonopah; Ga—southeastern margin of Golconda allochthon; RMa and pRMa—our placement and an alternative placement, respectiyely
the southeastern margin of Roberts Mountains allochthon. 1—Roberts Mountains allochthon (Ordovician-Devonian rocks); 2—paraultisonous
Lower Cambrian units including Poleta(?) Formation; 3—basinal Ordovician(?) rocks; 4, 8, 9—shallow-water Middle and Upper Cambriarocks
(e.g., Tamarack Canyon Dolomite); 5—Ordovician moderately deep-water rocks including Badger Flat Limestone and Middle Devoniatmarine
channel; 5a—offset Middle and Upper Devonian submarine channel present at 5. 6—Pennsylvanian Keeler Canyon Formation; 7, 10, 12den
ately deep-water Middle and Upper Cambrian Emigrant Formation; 11—deep-water Ordovician Palmetto Formation; 13—shallow-water Uyer
Cambrian Nopah Formation. Based primarily on Bateman (1992) and Albers and Stewart (1972).

deflection), where it would be expected to have Stewart (1985, 1988) showed that the Death Kistler (1993) considered the Laurel-Convict
been located. Valley—Furnace Creek fault zone displaces twéault in the Mount Morrison pendant to be an ex-
If the facies and structural belts have been réower Cambrian facies boundaries by aboytosed segment of the IBB3 upon which consider-
oriented, displacement would have been accor85 km (and considerably more if facies lines arable right-lateral displacement had occurred, on
plished by dextral displacement on faults and/astraightened out) along the northern part of thine basis of offset of the;Sr0.706 isotopic iso-
rotation of crustal blocks. Previously proposedault zone near the Mina deflection (Fig. 15). Irpleth farther north. We have shown (Greene et al.,
strike-slip faults in the area that could have prddeath Valley, the amount of displacement is aboui997b), however, that the latest displacement on
duced the Mina deflection are the Death Val80 km (Stevens et al., 1991). Restoration of abotlie Laurel-Convict fault was sinistral and pre-lat-
ley—Furnace Creek fault zone, the Intrabatholithiz0 km of dextral faulting and rotation straightengst Triassic in age. This fault, therefore, did not ac-
Break 3 (IBB3), the Tinemaha fault, the Coaldaleut the major Middle(?) Cambrian—Ordovician recommodate the dextral displacement indicated by
fault, and the Excelsior fault (Fig. 15). gional facies boundary recognized here (Fig. 159ffset of the S= 0.706 isopleth (Fig. 1). A cryp-
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tic fault in Owens Valley, called the Tinemahasistent stratigraphy. Ten formations have bes
fault by Stevens et al. (1997) (Fig. 15), howevemapped in the four largest pendants, and are r
could account for both the 65 km of apparent dexegnized also in many of the smaller pendants.
tral displacement of the Sr 0.706 isopleth and ~ The lower Paleozoic rocks in the Morrisor
the apparent displacement of a major Middlélock and those in west-central Nevada are ve
Devonian submarine channel from Tinemahaimilar, and are deep-water equivalents of tt
Reservoir at the foot of the Inyo Mountains tovell-known miogeoclinal rocks of the White-
McGee Mountain in the Sierra Nevada (5 and 5#&yo Range to the east. The new understanding
respectively, Figs. 15 and 16). Displacement otihe nature of this deep-water facies belt con
this fault apparently is constrained as pre—latgined with recognition of an early Mesozoic faul
Late Triassic in age because the Wheeler Crestth a large amount of dextral displacement i
Granodiorite of late Late Triassic age (Batemarthe Owens Valley area suggests to us that the ¢
1992) lies across the inferred fault trace. tinental margin originally was linear and north
The Coaldale fault of Stewart (1985), basedortheast trending. We propose, therefore, th |
on the apparent termination of the Death Valthe present configuration of facies and structur
ley—Furnace Creek and Owens Valley—Whitdelts in the Mina deflection is due mainly tc
Mountains faults and 60—-80 km of displacemeriflesozoic and Cenozoic dextral displaceme! |
of the eastern edge of a sandy limestone faciasd rotation of crustal blocks.
(Sevehah Group) in the region, probably is not West of the region under consideration, th |}
important because after displacement on thdistal parts of the lower Paleozoic deposition:
Tinemaha fault is restored, rocks of the Sevehalystem represented by the rocks of the Morrist |
Group are no longer displaced. The Excelsidslock were deformed into the Antler orogenit |
fault, proposed by Stewart (1985) as an eadbelt during the Late Devonian to Early Mississig
trending dextral fault, is difficult to evaluate be-pian Antler orogeny. The contrast between th:  Figure 16. Restored structural and facies
cause it would cut pre-Tertiary outcrop belts at apper Paleozoic rocks of the Morrison block andelts in west-central Nevada and east-central
low angle. those overlying the deformed lower PaleozoicCalifornia. See Figure 15 for numbers and
We suggest that the original trends of both farocks in the Antler belt, and the minimal effectsabbreviations.
cies and structural belts in the region weref the Antler orogenic event on the rocks of the
slightly west of south, and we interpret most oMorrison block, however, suggest that these tw: o
the apparent change in orientation of these belttocks were far apart during most of Paleozoigate':r‘]ae”éih%bld?stfr’i’cfg?i?grﬁg? ﬁg?séeenoﬁg}g;"gﬁ'\?gy()f
to be due to dextral displacement of about 65 kitime. These two quite different blocks most likely  Professional Paper 470, 208 p.

on the Tinemaha fault and about 70 km of dextravere juxtaposed between Early Permian arfgpteman, P.C., 1992, Plutonism in the central part of the Sierra
Nevada batholith, California: U.S. Geological Survey

facies
boundary

displacement i_nvolving faulting and rotation o_fLate Triassic time. Professional Paper 1483, 186 p. .

the east-trending segment of the Antler belt in Bateman, P. C., and Moore, J. G., 1965, Geologic map of the

westernmost Nevada related to displacement #%CKNOWLEDGMENTS Mount Goddard quadrangle: U.S. Geological Survey Ge-
ologic Quadrangle map GQ-429, scale 1:62 500.

the Death Valley—Furnace Creek fault zone far- Berry, W. B. N., 1960, Graptolite faunas of the Marathon region,

ther south. This zone of deformation may have This work was supported by National Science  West Texas: University of Texas Publication 6005, 179 p.
razier, M., Stevens, C. H., Berry, W. B. N., Smith, B., and

been active thfou_ghout much of Mesozoic _anu_ndation grant EAR-9218174 to Stevens. \_l\fe Varga, R., 1986, Relationship of the Sierra Coyote Creek
well as Cenozoic time (e.g., Stewart, 1988), wittare indebted to Charles Sandberg and Scott Ritter, pendant to the adjacent Inyo Mountains, east-central Cal-

a considerable amount of deformation in this rexho identified the conodonts in our collections,  ifornia: Geological Society of America Abstracts with
. . . L - . . g Programs, v. 18, p. 106.
gion having occurred in early Mesozoic timeWilliam Berry and Stan Finney, who identified greene, D. C., 1995, The stratigraphy, structure, and regional

Restoration of a total of 135 km of dextral disthe graptolites, and William Oliver, who identified tectonic significance of the Northern Ritter Range pen-
placement of the frontal trace of the Antler althe corals. Keith Ketner provided data on three ~dant eastem Sierra Nevada, California [Ph.D. dissert.

. . . . K X Reno, University of Nevada, 270 p.
lochthon involving faulting and rotation straight-conodont samples near Convict Lake. We thankreene, D. C., and Schweickert, R. A., 1995, The Gem Lake

ens out that trace (Fig. 16) and the apparedames Wise, who helped with some of the field Shegzong Cretaceogls dextral transspresiilon ir(\jth% qufr’th-
margin of the North American sialic crust. We rework and provided some detailed information on S e 5onde Einpagis‘ifggm erra Nevada, Laliior
alize, however, that other solutions for restoratiothe geology of the McGee Mountain area, angreene, D. C., Schweickert, R. A., and Stevens, C. H., 1997a,

of the original trends are possible. This northeastina Pelley, who helped measure most of the Tgeo'f?%iegz ?ﬁﬁiﬁ?ﬁﬁ'?ﬁ. s”ggmznl r;’i{‘hde”,:‘% r‘;"rf;tsgltft“eﬁr‘f
trending mid-Paleozoic North American conti-stratigraphic sections. Robert B. Miller reviewed %ange pendant, eastern %ierra Nevada, California: Geo-

nental margin, as reconstructed here (Fig. 16an early version of the manuscript and Paul Stone  logical Society of America Bulletin, v. 109, p. 1294-1305.

; ; ; reene, D. C., Stevens, C. H., and Wise, J. M., 1997b, The Lau-
appears to have been truncated west of the regiand Sandra Wyld provided very valuable reviewS rel.Convict fault, eastern Sierra Nevada, California: A

under consideration, probably during late Palemf the manuscript. Permian-Triassic left-lateral fault, not a Cretaceous intra-
zoic time (e.g., Stone and Stevens, 1988). batholithic break: Geological Society of America Bul-
letin, v. 109, p. 483-488.
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