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PHYSICAL STRATIGRAPHY AND TRILOBITE BIOSTRATIGRAPHY
OF THE CARRARA FORMATION (LOWER AND MIDDLE CAMBRIAN)
IN THE SOUTHERN GREAT BASIN

By ALLisoN R. PALMER and RoBERT B. HALLEY

ABSTRACT

The Carrara Formation consists of three complete and one partial
clastic—carbonate sedimentary cycles totaling about 400 meters in thick-
ness and spanning the time from the upper part of the Olenellus Zone of
Early Cambrian age to the lower part of the Glossopleura Zone of Middle
Cambrian age. It represents the regional transition from dominantly
clastic Early Cambrian miogeoclinal sedimentation to dominantly car-
bonate Middle and Late Cambrian miogeoclinal sedimentation and can
be recognized over an area of about 36,000 square kilometers in south-
ern Nevada and adjacent parts of southeastern California. Nine mem-
bers can be distinguished between the underlying Zabriskie Quartzite
and the overlying massive carbonate rocks of the Bonanza King Forma-
tion. These are, from the oldest to youngest: Eagle Mountain Shale,
Thimble Limestone, Echo Shale, Gold Ace Limestone, Pyramid Shale,
Red Pass Limestone, Pahrump Hills Shale, Jangle Limestone, and Des-
ert Range Limestone. The Lower-Middle Cambrian boundary falls
within the lower part of the Pyramid Shale Member. The Thimble and
Gold Ace Limestone Members are tongues of the Mule Spring Lime-
stone of the Inyo Mountains region to the west. The younger parts of
the formation are replaced to the west by predominantly thin bedded
deeper water carbonate and clastic facies of the Emigrant or Monola
Formations.

Within the Carrara Formation, the sedimentary cycles are compared
with Grand Cycles described from the southern Canadian Rocky
Mountains. Each cycle begins with clastics and grades upward to in-
creasingly clean carbonates before being terminated by an abrupt re-
turn to clastic sedimentation. Carbonate rocks predominate in western
and northwestern exposures of the formation and form tongues with
diachronous bases and nearly synchronous tops that extend eastward
into a region of predominantly clastic sedimentation. The carbonate
sediments can be grouped into two subtidal lithofacies, lime mudstone
and oolite, and one intertidal and supratidal lithofacies, an algal-
boundstone lithofacies. The time and space relationships of these
lithofacies, as well as comparisons with Holocene analogs, provide data
to support the suggestion that Grand Cycles reflect changes in rates of
subsidence within a miogeocline.

Although the Carrara Formation is not richly fossiliferous, it contains
the most complete representation of stratigraphically documented
North American trilobite faunas that span the Lower-Middle Cambrian
boundary. These trilobites represent part or all of four assemblage
zones. The oldest faunas represent the upper part of the Olenellus Zone,
and three locally useful zonules help to identify the lower part of the
Eagle Mountain Shale and the Thimble Limestone Members and the
lower part of the Pyramid Shale Member. The next younger
“Plagiura-Poliella” assemblage zone is poorly fossiliferous and is found
in the upper part of the Pyramid Shale Member and lower part of the
Red Pass Limestone Member. Trilobites from the upper part of the Red
Pass Limestone Member to the lower part of the Jangle Limestone
Member represent the Albertella assemblage zone. These show the exis-

tence of three contemporaneous biofacies with very few shared trilo-
bites. A deeper water biofacies on the west is characterized by Ogygopsis;
arich shelf-edge biofacies is characterized by abundant representatives
of the Zacanthoididae; and an eastern restricted shelf biofacies is
characterized by low-diversity faunas including Albertella and Mexicella.
The Desert Range Limestone Member includes trilobites from the
lower part of the Glossopleura Zone. The biostratigraphic problems
created by the spatial distribution of the trilobites are discussed.

The trilobite fauna includes more than 95 species representing at
least 38 genera. Special attention is given to problems of classification
within the Olenellidae, Zacanthoididae, and some Ptychopariida. New
taxa are Bristolia anteros 1. sp., B. fragilis n. sp., Olenellus arcuatus n. sp., 0.
brachyomma n. sp., O. cylindricus n. sp., 0. euryparia n. sp., 0. multinodus n.
Sp., Peachella brevispina n. sp., Poliella lomataspis n. sp., Oryctocephalus
nyensis n. sp., Albertella longwelli n. sp., A. spectrensis n. sp., Albertellina
aspinosa n. gen., n. sp., Albertelloides rectimarginatus n. sp., Mexicaspis
radiatus n. sp., Paralbertella n. gen., Ptarmiganoides crassaxis n. sp., P.
hexacantha n. sp., Zacanthoides variacantha n. sp., Caborcella pseudaulax n.
sp., C. reducta n. sp., Elrathina antiqua n. sp., Eoptychoparia piochensis n.
sp., Kochiellina groomensis n. gen., n. sp., K. janglensis n. sp., Mexicella
grandoculus n. sp., Nyella immoderata n. gen., n. sp., Plagiura extensa n. sp.,
P. minor n. sp., P. retracta 1. sp., Syspacephalus longus n. sp., S. obscurus n.
sp., Volocephalina connexa n. gen., n. sp., and V. contracta n. sp.

INTRODUCTION

The Carrara Formation is a unit of heterogeneous,
primarily marine sediments, averaging about 400 m in
thickness, that forms the transition between pre-
dominantly quartzitic Lower Cambrian rocks and pre-
dominantly calcareous Middle and Upper Cambrian
rocks in the southern Great Basin in southern Nevada
and southeastern California (fig. 1). The formation in-
cludes nine members, either of limestone or terrigenous
clastic rocks, forming an intertonguing and interlayered
complex whose time-space relationships are the subject
of the physical stratigraphy part of this report, written by
Halley. The formation ranges in age from late Early
Cambrian through the early part of the Middle Cambrian
Glossopleura Zone. Trilobites are the biostratigraphically
important fossils in the formation and their systematics,
biostratigraphy, and biofacies analysis are described by
Palmer.

Structurally uncomplicated sections through the Car-
rara Formation are excellently exposed in many moun-

1



2 CARRARA FORMATION, SOUTHERN GREAT BASIN

tain ranges in the southern Great Basin; a list of the places
where sections of the Carrara Formation have been
studied follows:

Location Source
Azure Ridge ......... Unpublished measured section by Art
Richards, Ben Bowyer, and Robert
Cohenour, March 7, 1957.
Belted Range ........ This report; Ekren and others, 1971.
Bare Mountain ....... Cornwall and Kleinhampl, 1961; measured

sections by Bates, 1965.

Cucomungo Canyon .. This report; Stewart, 1970.

Delamar Mountains. .. Unpublished measured section by Allison R.
Palmer, 1970.

Dublin Hills.......... Measured section by Bates, 1965.

Desert Range ........ This report; Stewart and Barnes, 1966.

Echo Canyon This report; Hunt and Mabey, 1966; meas-

(Funeral Mountains). ured sections by J. F. McAllister, unpub-

lished data, 1963; Bates, 1965; and P. R.
Rose, unpublished data, 1969.

Eagle Mountain ...... This report; Stewart, 1970; measured sections
by Bates, 1965.

Frenchman Mountain . Pack and Gale, 1971.

Goldfield Hills ....... Stewart, 1970.
Groom Range ........ This report; Barnes and Christiansen, 1967.
Highland Range...... Merriam, 1964.
Inyo Mountains ...... This report; Nelson, 1962, 1965.
Jangle Ridge ......... Johnson and Hibbard, 1957; Barnes and
Palmer, 1961; Barnes, Christiansen, and
Byers, 1962.
Last Chance Range ... This report; Stewart, 1965.
Las Vegas Range ..... This report; Stewart, 1970.
Miller Mountain ...... This report; Nelson and Durham, 1966.
Marble Mountains .... This report; Stewart, 1970; Hazzard and
Mason, 1936.
Nopah Range ........ This report.
Northern Panamint Bates, 1965.
Mountains.
Southern Panamint Bates, 1965.
Mountains.

Paymaster Canyon .... This report; Albers and Stewart, 1962;
Stewart, 1970.

Pahrump Hills ....... This report; Bates, 1965.

Pioche District ....... Merriam, 1964.

Providence Mountains This report; Stewart, 1970; Hazzard, 1954.

Pyramid Peak ........ This report.

Northern Resting Bates, 1965.
Springs Range.

Southern Resting This report; Bates, 1965.

Springs Range.
Salt Spring Hills ... .. .. Bates, 1965.
Spectre Range ... .... Burchfiel, 1964.
Striped Hills ......... This report.
Silurian Hills ......... Kupfer, 1960; Stewart, 1970.
Sheep Mountain....... This report; Hazzard and Mason, 1953.

Spring Mountains . ... This report.

Titanothere Canyon .. This report; Reynolds, 1971; Bates, 1965.
Ubehebe Crater ...... This report.

Winters Pass ......... This report; Stewart, 1970.

Study of the stratigraphy and faunas of the formation
was begun in 1960 by Palmer in conjunction with prob-

lems related to the mapping of Bare Mountain, Nev., by
Cornwall and Kleinhampl (1961). At that time, brief re-
connaissance visits were also made to the Nevada Test
Site and to the Desert Range. Following a more extended
series of visits to the Resting Springs Range, Eagle
Mountain, Striped Hills, Groom Range, Desert Range,
and Bare Mountain in 1961, enough material had been
obtained to begin a preliminary study of the systematics
of the trilobites. Further fieldwork in 1963 and 1964
included a study of sections in Titanothere Canyon, Echo
Canyon, Cucomungo Canyon, the southern Last Chance
Range, Dublin Hills, Salt Spring Hills, and Belted Range,
in addition to revisiting some previously studied areas.
This work established the basic regional stratigraphic
framework of the Carrara Formation.

Other activities interrupted study of the Carrara
stratigraphy and faunas until 1969 when the study was
resumed and expanded to include a detailed
sedimentologic-environmental analysis. This assignment
was undertaken by Halley with support from National
Science Foundation Grant A020318 to Palmer. All major
sections were remeasured during 1971 and 1972, and
extensive samples for petrographic analysis were col-
lected. All the stratigraphically controlled trilobite col-
lections from earlier work have been placed in the con-
text of Halley’s sections and are summarized on plate 17.
The results of this joint effort at stratigraphic and
paleontologic analysis of rocks and fossils of the Carrara
Formation are documented in the remainder of this
paper.

The Carrara Formation was chosen for detailed
sedimentologic-faunal analysis for several reasons. Re-
gional paleogeography for the Cambrian of North
America shows that, in general, a broad belt of generally
shallow marine carbonate sediments occupied the outer
part of the Cambrian continental shelf. This belt was
flanked on its seaward side by silty clastics and dark
siliceous thin-bedded carbonates presumably charac-
teristic of deeper waters and on its landward side by
predominantly shallow marine noncarbonate clastics.
Together, these generalized lithofacies form sedimen-
tary belts that have been designated as the Carbonate Belt
and Outer and Inner Detrital Belts (Palmer, 1960, 1972;
Robison, 1960). Only in the Carrara Formation is it possi-
ble to analyze the depositional environments of indi-
vidual units of the Carbonate Belt across the facies strike
in sufficient detail to relate them to the environments in
the adjacent Inner and Outer Detrital Belts and to a
dynamic model that might explain their origin.

Results of sedimentologic analysis show that the carbo-
nate belt included carbonate islands near its oceanward
(western) margin at specific times and that the vertical
and lateral shifts in carbonate and noncarbonate
lithofacies within the Carrara Formation most probably
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FIGURE 2.—Nomenclatural history of the rocks now included within the Carrara Formation.

Range (Burchfiel, 1964), and the Pahrump Hills, Salt
Spring Hills, Dublin Hills, Eagle Mountain, Funeral
Mountains, Grapevine Mountains, and Panamint
Mountains (Bates, 1965). Wright and Troxel (1966) rec-
ognized the Carrara Formation in the Silurian Hills of
California; Hunt and Mabey (1966) used this formation
name throughout the Death Valley region; Stewart and
Barnes (1966) reported the formation in the Desert
Range of Nevada; and Stewart (1965) extended recogni-
tion of the formation to the southern Last Chance Range
of California. Barnes and Christiansen (1967) described
the Carrara Formation in the Groom Range, Nev., super-
seding the nomenclature derived from the Pioche district
and used there by Humphrey (1945). Stewart (1970), in a
regional study of the upper Precambrian and Lower
Cambrian clastic rocks of the southern Great Basin, de-
scribed the lower part of the Carrara Formation and its
stratigraphic relationships to equivalent formations east
and west of the Carrara outcrop area. Ekren and others

(1971) described intervals in the Belted Range of the
northern Nellis Bombing Range, Nye County, Nev., that
are equivalent to and in part like the Carrara Formation
but seem to be transitional between the Carrara Forma-
tion and correlative strata to the west. The study area of
this paper and the locations of sections discussed in the
text are illustrated in figure 1. The history of the various
stratigraphic nomenclatures applied to the Carrara For-
mation and their relation to the present nomenclature
are shown in figure 2.

Surrounding the area in which the Carrara Formation
can be identified are four areas that contain correlative
strata that have been described and named (fig. 1). To the
northeast, in the Highland Range and vicinity, units cor-
relative with the Carrara Formation are the Pioche Shale,
the Lyndon Limestone, and the Chisholm Shale (Mer-
riam, 1964). To the east, in French Mountain and the
Grand Canyon, the correlative rocks are the Tapeats
Sandstone and the Bright Angel Shale (McKee and Res-
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ser, 1945); where the Lyndon Limestone is recognized at DESCRIPTION OF MEMBERS

the top of the Bright Angel Shale (as at Frenchman
Mountain), the overlaying shale is the Chisholm Shale,
South of the Carrara area, the correlative strata are the
Latham Shale, the Chambless Limestone, and the Cadiz
Formation in the Providence and Marble Mountains of
California (Hazzard and Mason, 1936; Hazzard, 1954;
Stewart, 1970). Finally, to the northwest, stratigraphic
units correlative with the Carrara Formation include part
of the Saline Valley Formation, the Mule Spring Lime-
stone, and the Monola Formation (Nelson, 1962, 1965),
or the lower part of the Emigrant Formation (Albers and
Stewart, 1962; Stewart, 1965). Details of correlation of
members of the Carrara Formation with these forma-
tions are discussed below and shown in figure 3.

The basic data for this study are stratigraphic mea-
surements and descriptions from 36 locations where the
Carrara Formation or correlative strata are exposed.
Subdivision of the Carrara Formation is based on 23
sections which lie within the area in which the formation
is typically developed (fig. 1).

Nine members can be recognized within the Carrara
Formation over most of the study area. They are, in
ascending order: Eagle Mountain Shale Member, Thim-
ble Limestone Member, Echo Shale Member, Gold Ace
Limestone Member, Pyramid Shale Member, Red Pass
Limestone Member, Pahrump Hills Shale Member,
Jangle Limestone Member, and Desert Range Limestone
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Chance Range 21 km to the southeast. In particular, the
upper beds of the Saline Valley Formation have their
counterpart in the Emigrant Pass Member in the south-
ern Last Chance Range.

The Emigrant Pass Member is here removed from the
Carrara Formation to become the uppermost member of
the Zabriskie Quartzite because the member is lithologi-
cally more like the underlying Zabriskie than the overly-
ing Carrara. Also, the depositional environment of the
member may resemble that of the Zabriskie Quartzite
which is also at least in part intertidal in origin (Barnes
and Klein, 1975). Finally, the contact between the Zabris-
kie Quartzite and the Carrara Formation is more con-
sistent when set at the top of the last prominent quartzite
bed below the thick shales or limestones of the Carrara
Formation. This change precludes the necessity of hav-
ing to assign transitional beds arbitrarily to either the
Carrara Formation or the Zabriskie Quartzite when the
lower shaly unit of the Emigrant Pass Member is either
absent or not exposed.

MEMBERS OF THE CARRARA FORMATION

Figures 5 and 6 show the areal distribution and re-
gional changes in thickness of each of the members of the
Carrara Formation. Their individual lithological and
faunal characteristics are discussed on the following

pages.

EAGLE MOUNTAIN SHALE MEMBER

The Eagle Mountain Shale Member comprises the first
major shale and siltstone accumulations above the mas-
sive quartzites of the Zabriskie and is here considered to
be the basal member of the Carrara Formation. It is
named for its thickest development at its type locality on
the west side of Eagle Mountain, Inyo County, Calif. (fig.
54).

The Eagle Mountain Shale Member is typically a green
to gray-brown, slope-forming, silty shale. Locally, ma-
roon color is related to obvious oxidation zones along
fractures. Interbedded with the shale are thin beds (1-10
cm) of terrigenous or carbonate silt- and sand-size mate-
rial. The quartz sand interbeds are usually lenses a few
meters in length. One 8-cm-thick graded bed occurs at
Echo Canyon and has coarse sand and granules at the
base. Such terrigenous clastic interbeds are more com-
mon at the base of the member. In the upper half of the
Eagle Mountain Shale Member carbonate interbeds pre-
dominate. These are again lensoidal and thin bedded and
consist of echinoderm and trilobite fragment packstones
with a muddy carbonate and terrigenous matrix. Occa-
sional “floating” quartz sand occurs in these limestone

interbeds. Typical lithologies of the Eagle Mountain
Shale Member are illustrated in figure 7.

The upper contact of the Eagle Mountain Shale
Member is placed at the base of the first limestone ledges
greater than 0.5 m thick in the Carrara Formation and is
readily recognized in most sections of the formation. The
Eagle Mountain Shale Member is almost twice as thick at
Eagle Mountain as at any other section. It is not recog-
nized in the Nopah Range because the overlying Thimble
Limestone Member is missing and the Eagle Mountain
Shale Member cannot be separated from the Echo Shale
Member. Farther to the east and north, beds that corre-
late with the Eagle Mountain Shale Member lie in the
upper Tapeats Sandstone at Frenchman Mountain, the
Latham Shale in the Marble Mountains, and the Pioche
Shale at Pioche, Nev. (fig. 3).

Westward, in the southern Last Chance Range, the
Eagle Mountain Shale Member is replaced by limestone
assigned to the lower part of the generally overlying
Thimble Limestone Member. The lowermost limestone
unit here assigned to the Thimble Limestone Member
lies directly upon the Zabriskie Quartzite. These lime-
stones consist of stromatolitic bioherms that are well
laminated only in their lower parts. The laminated parts
of the bioherms are as much as 20 cm high and 30 cm
wide, but the bioherms as a whole are 2 m wide and as
much as 0.5 m high. Individual bioherms are separated
by thin-bedded pelloidal calcarenite. Two other types of
limestones occur higher in the part of the Thimble
Limestone Member that is correlative with the Eagle
Mountain Shale Member at this locality. These are an
unusual pisolite bed and a thin-bedded fine-grained pre-
sumed pelletal calcarenite with ripple marks,
microcross-laminations, and rare trilobite and oncolite
grains. The latter limestone lithology is typical of the
remainder of the Thimble Limestone Member here and
throughout the region.

At Cucomungo Canyon in the northern Last Chance
Range, the Carrara Formation was not recognized by
Stewart (1971), and beds correlative with the Eagle
Mountain Shale Member are included in the upper few
meters of the Saline Valley Formation (fig. 3). Farther to
the northwest, at Paymaster Canyon, this interval is not
recognizable and the transition to the stratigraphy of the
White-Inyo Mountain region is complete.

FAUNAL CHARACTERISTICS

This member is generally poorly fossiliferous. In the
Titanothere Canyon and Echo Canyon sections, green
micaceous siltstones in the basal few meters of the
member have yielded two olenellid species, Olenellus ar-
cuatus n. sp. and O. cylindricus n. sp., which characterize
the O. arcuatus Zonule, and O. nevadensis (Walcott), which
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is also found in the Bristolia Zonule in the overlying
Thimble Limestone Member. Locally, thin limestone
interbeds in the upper part of the member yield rep-
resentatives of the Bristolia Zonule, which characterizes
the overlying Thimble Limestone Member.

THIMBLE LIMESTONE MEMBER

This member conformably overlies the Eagle Moun-
tain Shale Member. It is overlain by the Echo Shale
Member, and is recognized throughout the area indi-
cated in Figure 64. This unit is best exposed at its type
locality on the west side of Titanothere Canyon (fig. 1),
below Thimble Peak from which its name is derived, in
the Grapevine Mountains, Calif.

The Thimble Limestone Member is characterized by
black, brown, and orange thin-bedded argillaceous
dolomitic limestone which varies in argillaceous content
throughout the study area. The base of the member is
placed at the base of the first limestone ledge in the
Carrara Formation thicker than 0.5 m. Typically, lime-
stones of the member are bedded on the scale of 1-10 cm.
Each bed is a couplet consisting of a lower dark-gray
limestone part and an upper orange argillaceous or
dolomitic part. The lower part of each couplet contains
trilobite debris, quartz silt, and argillaceous orange
“rip-up” limestone or dolomite pebbles. In the Striped
Hills and Resting Springs Range each couplet is a graded
bed, the lower gray part consisting of a fine calcarenite
that overlies an erosion surface and grades into the over-
lying orange argillaceous upper part. Small-scale current
structures are common. In the eastern sections the
limestones are relatively barren of fossil debris, but onco-
lite, hyolithoid, echinoderm, and trilobite fragments be-
come more common northwestward. Oolite grainstones
are interbedded in this unit in the southern Last Chance
Range and at Titanothere Canyon, and in correlative
beds within the Cucomungo Canyon and Paymaster Ca-
nyon sections; at Paymaster Canyon this interval also
contains pelletoid fenestral limestones. At Echo Canyon
in the Funeral Mountains the member contains a bed of
low-relief stromatolites. These are subovate—in plain
view, 20-30 cm long, 3-5 cm high—and are composed of
a well-laminated continuous exterior and a discontinuous
“digitate” interior.

The Thimble Limestone Member is an extremely
widespread, relatively thin unit throughout most of the
Carrara Formation. It is absent in the northern Resting
Springs Range and sections to the southeast (fig. 64) and
reaches a thickness of more than 50 m in the north and
west. At Paymaster Canyon and Cucomungo Canyon, the
thickness of apparently correlative beds within the Mule
Spring Limestone is estimated conservatively at more
than 50 m. The eastward correlatives of the Thimble
Limestone Member are clastic sediments which lie in the
Tapeats Sandstone at Frenchman Mountain, the Pioche
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Shale of the Delamar and Highland Ranges, and the
Latham Shale of the Marble Mountains.

FAUNAL CHARACTERISTICS

This member typically has abundant and diverse
olenellid trilobites and rare associated ptychopariid trilo-
bites which characterize the Bristolia Zonule. Locally, as
many as nine distinct olenellid species have been recov-
ered from a few meters of beds. The total known fauna
includes: Bristolia anteros n. sp., B. bristolensis n. sp., B.
fragilis n. sp., Olenellus clarki (Resser), O. euryparia n. sp.,
0. fremonti? (Walcott), O. howelli? Meek, O. puertoblancoen-
sis (Lochman), Peachella brevispina n. sp., P. iddingsi (Wal-
cott), and two undetermined species of ptychopariid
trilobites.

ECHO SHALE MEMBER

This member is a green micaceous platy shale that
separates the Thimble and Gold Ace Limestone Mem-
bers of the Carrara Formation. Itis named for exposures
at the “Narrows” of Echo Canyon, its type locality (fig. 1),
and is separately recognized only where both overlying
and underlying limestone members are present. This
unit is similar to the Eagle Mountain Shale Member,
although somewhat more calcareous and at some
localities consisting of interbedded shale and limestone.
The more calcareous intervals are brown or orange. This
member becomes more silty in the Desert Range and
Jangle Ridge sections.

The geometry of the Echo Shale member resembles
that of the earlier Eagle Mountain Shale Member in that
it thins northwestward from the maximum thickness in
the Striped Hills area (fig. 5B). To the northwest this
shale thins to zero at Paymaster and Cucomungo Can-
yons and is represented by an argillaceous interval of the
Mule Spring Limestone. The eastward equivalents of the
Echo Shale Member lie in the Tapeats Sandstone at
Frenchman Mountain, the Pioche Shale of the Delamar
and Highland Ranges, and the Latham Shale of the Mar-
ble Mountains (fig. 3).

FAUNAL CHARACTERISTICS

This member is generally unfossiliferous. A single col-
lection from the Titanothere Canyon section in the
Grapevine Mountains yielded a few specimens identified
as Olenellus clarki (Resser) and Olenellus sp. undet. 1.

GOLD ACE LIMESTONE MEMBER

This name is applied to the “conspicuous dark-gray
cliff-forming algal limestone” (Cornwall and
Kleinhampl, 1961) at the top of the second unit from the
bottom of the Carrara Formation in the canyon 0.8 km
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northwest of Carrara Canyon, near the Gold Ace mine,
Bare Mountain quadrangle, Nye County, Nev. (the type
section of both the Carrara and the Gold Ace). It is
primarily a burrowed oncolitic lime mudstone that be-
comes increasingly argillaceous toward the east and in-
creasingly “clean” toward the west. The lower contact is
somewhat gradational with the underlying Echo Shale
Member through a series of argillaceous limestones. The
contact with the overlying Pyramid Shale Member is very
sharp.

The bulk of the Gold Ace Limestone Member is a
microspar limestone, presumed to have been a lime
mudstone or a pelleted lime mudstone when deposited.
Although this unit forms massive cliffs where it is thick, it
is composed of thin- to medium-bedded limestones de-
fined by irregular slightly argillaceous dolomitic bur-
rowed horizons. In contrast to the Thimble Limestone
Member, most of the upper part of the Gold Ace Lime-
stone Member does not separate along the boundaries of
these thin beds (because they are not as argillaceous) and
does not weather into flaggy or platy pieces. The
monotony of the extremely homogeneous lime
mudstone is interrupted by a variety of burrows, both
open (calcite spar filled) and sediment filled, by recrystal-
lized and unrecrystallized oncolites, and by sparse
skeletal wackestone and mudstones. The burrow mot-
tling and the frequency of skeletal fragments and onco-
lites increase northwestward, within the study area, and
also southeastward, beyond the study area, in the
Chambless Limestone of the Providence and Marble
Mountains. Dolomite normally accounts for less than 15
percent of the Gold Ace Limestone Member. It is con-
fined largely to some burrows, some oncolites, and some
irregular coarsely crystalline patches of calcite.

At Paymaster Canyon, the upper 50 m of the Mule
Spring Limestone, the westward correlative of the Gold
Ace Limestone Member, is dolomite. Although dolomiti-
zation has obliterated many of the primary depositional
features of this interval, oncolites, skeletal fragments,
and some seidmentary structures, such as small crossbeds
and fenestral fabrics, can be recognized. This partly
dolomitized section is important because it and the sec-
tion in the Goldfield Hills area are the only places where
peritidal lithologies occur in beds correlative with the
Gold Ace Limestone Member. A minor amount of oolite
also occurs in the base of the interval at Paymaster Can-
yon that is correlative with the Gold Ace Limestone
Member.

In eastern sections the Gold Ace Limestone Member
thins and pinches out. Concomitant with this thinning is
an increase in the terrigenous content of the limestone, a
change in color from the usual dark gray or black to
orange brown, and a change in weathering to a rubbly
ledge-forming limestone.

CARRARA FORMATION, SOUTHERN GREAT BASIN

The Gold Ace Limestone Member is absent in the
Pahrump Hills and the Resting Springs Range in the
eastern part of the outcrop area of the Carrara Forma-
tion and in the Belted Range to the north. It thickens
northwestward across the study area (fig. 6B), and cor-
relative parts of the Mule Spring Limestone in Paymaster
Canyon, Cucomungo Canyon, and the Inyo Mountains
are more than 80 m thick. In other areas, beds approxi-
mately correlative with the Gold Ace Limestone Member
are the Combined Metals Member of the Pioche Forma-
tion in the Delamar and Highland Ranges, the Chambless
Limestone of the Marble and Providence Mountains, and
the uppermost beds of the Tapeats Sandstone at
Frenchman Mountain. Fieldwork in 1975, however,
proved that trilobites of the Olenellus multinodus Zonule
occur in the upper beds of the Combined Metals Member
of the Pioche Formation in the Delamar Range and that
the top of this member is thus slightly younger than the
top of the Gold Ace Limestone Member.

FAUNAL CHARACTERISTICS

Although this member is moderately fossiliferous, it
rarely yields identifiable specimens. Fragments of trilo-
bites can be seen on many weathered surfaces, but only
two small collections, both from the Titanothere Canyon
section of the Grapevine Mountains, were obtained. One
included only Olenellus puertoblancoensis (Lochman) and
O. howelli? (Meek), one of two species pairs recognized
within the olenellid assemblages of the Carrara Forma-
tion. The other included only fragments of an un-
described olenellid with unusual granular surface or-
namentation, Olenellus sp. undet. 1.

PYRAMID SHALE MEMBER

This member is named for exposures at its type local-
ity, the west base of Pyramid Peak (fig. 1) in the Funeral
Mountains, Calif. It overlies the Gold Ace Limestone
Member and underlies the Red Pass Limestone Member.
Where the Gold Ace Limestone Member is absent, the
Pyramid Shale Member is inseparable from the Echo
Shale Member.

The member is primarily a green shale interbedded
with brown and maroon siltstone and shale with minor
amounts of quartzite and limestone. It is generally more
shaly toward the base and more silty toward the top.
Throughout much of the study area the base of the
member is a fossiliferous fissile green and brown mica-
ceous shale (fig. 84). The predominant fossils are dis-
articulated and rarely complete trilobites scattered on
bedding surfaces. Some beds of bioclastic debris occur in
this lower part. These are accumulations of transported
or winnowed trilobite and echinoderm debris forming
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beds in the east where the underlying Gold Ace Lime-
stone Member is absent, contain the distinctive associa-
tion of olenellids characteristic of the Olenellus multinodus
Zonule. This fauna typically includes four species:
Olenellus clarki (Resser), O. fremonti Walcott, O. gilberti
(Meek), and O. multinodus n. sp. Rare ptychopariid trilo-
bites and Olenellus brachyomma n. sp. have also been found
in the lower part of this member. Olenellus multinodus n.
sp. has been found at Frenchman Mountain in the basal
part of the Bright Angel Shale in association with the
unusual olenellid Biceratops nevadensis Pack and Gayle
(1971).

The remainder of this member is generally un-
fossiliferous. However, in the western sections, in the
Groom and Belted Ranges, a thin limestone unit in the
middle of the member has yielded the earliest Middle
Cambrian trilobites found within the Carrara Formation.
These constitute the Poliella lomataspis Zonule and in-
clude Poliella lomataspis n. sp. and undetermined kochas-
pid trilobites. Shales immediately overlying this lime-
stone in the Belted Range yielded Syspacephalus longus n.
sp., Oryctocephalus nyensis n. sp., and Pagetia sp. Aside
from those occurrences only a single specimen question-
ably identified as Mexicella? stator (Walcott) was found on
a float piece from the middle part of this member in the
Titanothere Canyon section in the Grapevine Mountains.

RED PASS LIMESTONE MEMBER

This member overlies the Pyramid Shale Member con-
formably and is the only limestone member of the Car-
rara Formation that has no limestone correlatives in sur-
rounding areas. The member was named by Reynolds
(1971) for Red Pass, about 1 km east of the Titanothere
Canyon section (fig. 1), the type locality for the member,
in the Grapevine Mountains, Calif.

The Red Pass Limestone Member generally forms a
prominent cliff and consists of burrowed, oncolitic, and
skeletal-fragment lime mudstones, oolite, and a variety of
laminated lime mudstones and fenestral limestones. The
oncolitic or skeletal-fragment lime mudstones are identi-
cal to those in the Gold Ace Limestone Member, but
much less abundant. Oolite, however, is much more
abundant in this member and comprises the bulk of the
member in eastern sections. The laminated lime
mudstone and fenestral limestones form a relatively thin
cap of very light gray or white limestone at the top of this
member in western sections. In more easterly sections the
lime mudstones and oolites of the Red Pass Limestone
Member are interbedded with green and brown calcare-
ous shales, and the member forms a less prominent fea-
ture.

The base of the Red Pass Limestone Member is placed
at the first limestone bed 0.5 m thick or thicker above the

Pyramid Shale Member. This somewhat arbitrary contact
generally defines the base of the limestone body although
some shale beds may lie above it. The upper contact is
placed at the abrupt limestone-shale or limestone-
siltstone contact with the overlying Pahrump Hills Shale
Member in many centrally located sections, such as
Pyramid Peak, Titanothere Canyon, Echo Canyon, and
the Desert Range. In western sections, such as the south-
ern Last Chance Range, the upper boundary is put at the
contact between the clean cliff-forming limestones of the
Red Pass Limestone Member and overlying argillaceous
recessive-weathering limestones of the Pahrump Hills
Shale Member.

The thickness of the Red Pass Limestone Member
shows a general increase toward the northwest (fig. 6C)
comparable to the limestone members lower in the sec-
tion. The member is present in every section of the Car-
rara Formation, but it is absent to the east at Sheep
Mountain, Frenchman Mountain, and Azure Ridge, and
itis not clearly developed to the northeast in the Delamar
and Highland Ranges. Southward, a single 1-m-thick
oolite bed in the middle of the Cadiz Formation of the
Providence and Marble Mountains may be the last rem-
nant of the Red Pass Limestone Member in this area. The
westward correlatives of the Red Pass Limestone Member
lie in the Emigrant and Monola Formations of Esmeralda
County, Nev., and Inyo County, Calif., respectively (fig.
3).

FAUNAL CHARACTERISTICS

The Red Pass Limestone Member is poorly fossilifer-
ous at most localities. However, both its upper and lower
beds have yielded trilobites. The lower beds are domi-
nated by trilobites of the Kochaspid Zonule of the
“Plagiura-Poliella” Zone. These include: Fieldaspis? sp.,
Kochaspis augusta (Walcott), K. liliana (Walcott), Kochiel-
lina groomensis n. gen., n. sp., K. janglensis n. gen., n. sp.,
Plagiura extensa n. sp., P. retracta n. sp., P. cf. P. cercops
(Walcott), Schistometopus sp., and two undetermined
ptychopariid trilobites.

The upper few meters of the member are locally rich in
trilobites of the Zacanthoidid Zonule of the Albertelia
Zone (p. 59) in the Groom Range and the Nevada Test
Site. Three collections yielded a total of 21 species of
trilobites as well as several species of molluscs. Although
the fauna from these beds is remarkably similar to that of
the Naomi Peak Tongue of the Twin Knobs Formationin
northern Utah and southeastern Idaho, the units are not
correlative (Palmer and Campbell, 1975). Rather, this
zonule is the local expression of a distinctive trilobite
biofacies that characterizes the ocean-facing margin of
the carbonate shelf throughout the time represented by
the Albertella Zone (fig. 36). The trilobites from these beds
are: Albertelloides mischi Fritz, Kootenia germana Resser,
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Nyella granosa (Resser), N. clinolimbata (Fritz), N. immod-
erata n. sp., Oryctocephalina? maladensis (Resser), Oryc-
tocephalites typicalis Resser, Pachyaspis gallagari Fritz,
Pagetia resseri Kobayashi, Paralbertella bosworthi (Walcott),
Peronopsis lautus (Resser), Poliella germana (Resser), Ptlar-
miganotdes crassaxis n. sp., P. hexacantha n. sp., Zacanthoides
cf. Z. alatus (Resser), Z. variacantha n. sp., and five inde-
terminate ptychopariid species.

The boundary between the “Plagiura-Poliella” and Al-
bertella Zones falls somewhere within the Red Pass
Limestone member.

PAHRUMP HILLS SHALE MEMBER

This member is named for exposures above the Red
Pass Limestone Member and below the Jangle Limestone
Member at its type locality in the Pahrump Hills (fig. 1),
northwest of Pahrump, Nye County, Nev. This is the
uppermost predominantly terrigenous clastic member
beneath hundreds of meters of Middle and Upper Cam-
brian limestones and dolomites. The Pahrump Hills
Shale Member consists of tan siltstones, red and green
mudstones, and shales, with minor amounts of argillace-
ous limestone and fine-grained sandstone. Its lower
contact with the Red Pass Limestone Member is usually
sharp and easily defined. Its upper contact with the
Jangle Limestone Member is more gradational and is
placed at the base of the first dark oolite or lime
mudstone thicker than 2 m.

The most common lithology in the lower half of the
Pahrump Hills Shale Member is an orange-brown
carbonate-cemented siltstone (fig. 104). This thin-
bedded siltstone is usually laminated with thin fine sand
laminations along which the bed may part causing the
rock to appear as a sandstone on bedding surfaces. Load
casts are common along the undersides of these siltstone
beds. At several western localities where this lithology
overlies the cap of fenestral limestones in the Red Pass
Limestone Member, the siltstone is mudcracked and
contains rare salt-crystal casts, tracks, and trails (figs.
10B-F). Southeastward in the southern Resting Springs
and Nopah Ranges, the basal lithology of the Pahrump
Hills Shale Member is a brown silty calcareous shale con-
taining echinoderm fragments. In the Groom Range the
lowest bed of the Pahrump Hills Shale Member is a black
papery fossiliferous shale. An identical black shale occurs
above the Red Pass Limestone Member in the Belted
Range, although the Pahrump Hills Shale Member is not
recognized there because the remainder of the member is
replaced by thin-bedded limestones of the Emigrant(?)
Formation.

The upper half of the member consists of a
heterogeneous sequence of red, brown, and green
mudstones and shales, chloritic and cryptalgal lime-
stones, thin chloritic oolites, and pelloidal limestones.

The red mudstones, in particular, form a series of dis-
tinctive beds that thicken southeastward from Echo
Canyon.

The Pahrump Hills Shale Member forms a saddle-
shaped three-dimensional unit (fig. 5D) which thickens
both to the northeast and the southwest. The member
thins to the northwest and somewhat less to the southeast,
as do the underlying shale members.

A general lithologic change occurs northwestward in
the Pahrump Hills Shale Member toward increasing
amounts of limestone. At Bare Mountain and in the
southern Last Chance Range the Pahrump Hills Shale
Member is largely replaced by limestone. This change
reflects the intertonguing transition westward of the
Pahrump Hills Shale Member with limestones that are
assigned to the Jangle Limestone Member.

Farther west, beds correlative with the Pahrump Hills
Shale Member are included with the Emigrant and
Monola Formations. To the east the correlative clastics
are believed to be beds of red and maroon sandstones,
siltstones, and shales in the Bright Angel Shale below the
Lyndon Limestone at Frenchman Mountain and Sheep
Mountain, at least part of the A-shale member of the
Pioche Shale in the Highland Range, and the upper red
siltstones, sandstones, and shales of the Cadiz Formation
in the Marble Mountains (fig. 3).

FAUNAL CHARACTERISTICS

The Pahrump Hills Shale Member is poorly fossilifer-
ous, but collections from different areas contain elements
of both the Zacanthoidid and Albertella-Mexicella Zonules
of the Albertella Zone. The trilobites identified from west-
ern sections of this member in the Groom and Grapevine
Ranges and the Nevada Test Site include: Albertelloides
rectimarginatus n. sp., Caborcella pseudaulax n. sp., C. re-
ducta n. sp., Chancia cf. C. venusta (Resser), Kootenia ger-
mana Resser, Pachyaspis gallagari Fritz, Pagetia resseri
Kobayashi, Syspacephalus obscurus n. sp., Volocephalina con-
nexa n. gen., n. sp., Zacanthoides? sp., and one indetermi-
nate species each of a ptychopariid and a corynexochid
trilobite. These have their strongest affinities with the
faunas of the Zacanthoidid Zonule.

Collections from sections in the Desert and Spectre
Ranges in the central part of the study area include:
Albertella longwelli n. sp., A. spectrensis n. sp., Albertellina
aspinosa n. gen., n. sp., Mexicella grandoculus n. sp., M.
mexicana Lochman, Nyella granosa (Resser), Plagiura minor
n. sp., and Volocephalina connexa n. gen., n. sp. These
collections have their greatest affinities with the faunas of
the Albertella-Mexicella Zonule.

In the Belted Range, thin-bedded limestones correla-
tive with the lower beds of the Pahrump Hills Shale
Member yield a rich assemblage of trilobites of the
Ogygopsis Zonule of the Albertella Zone. The fauna in-
cludes: Chancia? maladensis (Resser), Elrathina antigua n.
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The thickness of the Desert Range Limestone Member
varies considerably and inconsistently throughout the
Carrara study area. It is often involved in faulting be-
tween the Bonanza King and the Carrara Formations,
which precludes or distorts thickness measurements.
Also, even where unfaulted, the Desert Range Limestone
Member is gradational into the overlying Bonanza King
Formation, and the contact is arbitrarily placed at a point
where generally more argillaceous limestones of the Car-
rara Formation become indistinguishable from those of
the Bonanza King Formation. For these reasons, no
isopach map of this interval has been plotted. The base of
the Desert Range Limestone Member is easily recognized
and is placed at the top of the cliff-forming Jangle
Limestone Member. Usually this point corresponds to an
abrupt break in slope and a color change from white or
light gray to dark gray or brown.

The westward correlatives of the Desert Range
Limestone Member in Esmeralda County lie within the
Emigrant Formation. In the Inyo Mountains it is not
known if the correlative rocks lie in the upper part of the
Monola Formation or in the lower part of the Bonanza
King Formation. To the southeast, correlatives probably
lie within the upper part of the Cadiz Formation of Haz-
zard and Mason (1936). To the east and north the cor-
relative unit is the Chisholm Shale (fig. 3).

FAUNAL CHARACTERISTICS

This member includes thin beds rich in the dis-
articulated remains of species of Glossopleura at many
localities. Additional trilobites are rare and the faunal
diversity is characteristically low. Decent specimens are
difficult to obtain from rocks of this member without
heating and rapid chilling to loosen the matrix.

The faunas of this member are characteristic for only
the lower part of the Glossopleura Zone. The time span for
the entire zone includes both the Desert Range Lime-
stone Member and at least 150 m of limestones in the
lower part of the overlying Bonanza King Formation.
The trilobite fauna from the Desert Range Limestone
Member includes: Glossopleura walcotti Poulsen, G. lodensis
(Clark), Alokistocarella? cf. A. brighamensis (Resser), and at
least four other specifically indeterminate ptychopariid
trilobites.

REGIONAL LITHOSTRATIGRAPHIC
RELATIONS

Wheeler and Mallory (1956) addressed the problem of
lateral and vertical distributions of rock bodies that trans-
cend formation and facies boundaries. Their solution
was to create the term, “lithosome,” to denote rock masses
essentially uniform in lithologic character that have in-

tertonguing relationships with adjacent masses of
differing lithology. In a regional sense, the members of
the Carrara Formation are tongues of lithosomes
(fig. 11).

One limestone lithosome is formed by the Mule Spring
Limestone with tongues extending eastward to form the
Thimble and Gold Ace Limestone Members. A younger
limestone lithosome is recognized in the southern Last
Chance Range where the Pahrump Hills Shale Member is
largely replaced by argillaceous limestone joining the
Red Pass and Jangle Limestone Members. To the east
and intertonguing with the limestone lithosomes lies a
terrigenous clastic lithosome, which represents deposits
of the Inner Detrital Belt of Palmer (1960); this is com-
posed of the Eagle Mountain, Pahrump Hills, and Echo
Shale Members of the Carrara Formation, the Latham
Shale, the Cadiz Formation, the Bright Angel Shale, the
Pioche Shale, and the Chisholm Shale. A model explain-
ing these relationships is suggested on p. 51.

LITHOFACIES DESCRIPTION AND
INTERPRETATION

During the past 20 years, descriptions of a number of
Holocene carbonate sedimentary environments have
provided a framework for interpreting ancient carbonate
rocks. The classic areas of carbonate study have become
the Florida and Bahama Platforms, the south coast of the
Persian Gulf, Shark Bay in Western Australia, the Cam-
peche Bank of Mexico, and the Great Barrier Reef of
Australia. Several of these areas have aspects in common
with the patterns of carbonate sedimentation within the
Carrara Formation.

Three types of limestones displaying primary deposi-
tional textures dominate the carbonates of the Carrara
Formation and characterize distinctive lithofacies. These
are (following the classification of Dunham, 1962) (1) the
lime-mudstone lithofacies—burrowed and current-
laminated pelletal lime mudstone, oncolite and skeletal-
fragment lime mudstones, and oncolite and skeletal-
fragment wackestones, packstones, and minor
grainstones; (2) the oolite grainstone facies—oolite
grainstone, skeletal-fragment and oncolite grainstones
and packstones, intraclast grainstones, and minor
amounts of cryptalgal limestone; and (3) the algal bound-
stone facies—a variety of cryptalgalaminites, fenestral-
fabric limestones, intraclast grainstones, stromatolites,
and pelletal mudstones. Subdivision of the algal bound-
stones follows the classification of Aitken (1967) for
cryptalgal carbonates. Limestones displaying fenestral
fabrics (Tebutt and others, 1965) are lime mudstones or
pelletal lime mudstones containing unsupported spar-
filled voids and are equivalent to dismicrites of Folk
(1959) and the bird’s-eye limestone of Shinn (1968). Al-
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though a great variety of fenestral fabrics exists in the
Carrara limestones, no attempt has been made to differ-
entiate them in the present study. The areal and strati-
graphic distribution of the rocks of each lithofacies in
each of the limestone members are shown in figures
31-33.

Diagenetic changes, rather than metamorphic altera-
tions, account for the majority of postdepositional
changes of the carbonate rocks of the Carrara Formation.
Locally, metasomatic lead and zinc ores and marbles and
hornfels occur along faults and near intrusives, but they
bear no information concerning the depositional history
of the formation. Some diagenetic effects, on the other
hand, do bear directly on the depositional history of the

Carrara Formation, and their presence and absence will
be discussed in some detail.

In general, diagenetic fabrics can be recognized and
differentiated from primary depositional features. How-
ever, the timing and mechanism of formation of many of
these diagenetic features is beyond the scope of this work
and only the more obvious will be considered here.

THE LIME-MUDSTONE LITHOFACIES

The lime-mudstone lithofacies of the Carrara Forma-
tion is composed predominantly of low-magnesium cal-
cite. Other minerals which occur in the lime mudstone
include quartz, dolomite, chlorite, micas and clay miner-
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array of sedimentologic criteria that identify these envi-
ronments in ancient limestones. Often it is difficult to
separate sediments deposited in the intertidal zone from
those deposited in the supratidal zone and both are
lumped together as peritidal deposits. Algally laminated
pelletal mudstones, stromatolites, fenestral limestones,
mudcracks, crusts, and flat-pebble conglomerates
characterize the intertidal and supratidal zones of south-
ern Florida (Ginsburg, 1957; Gebelein, 1971), Andros
Island, Bahamas (Shinn and others, 1965, 1969; Gebe-
lein, 1973), the Abu Dhabi area of the Persian Gulf (Ken-
dall and Skipwith, 1968), and Shark Bay, Western Au-
stralia (Logan and others, 1970). In addition, the Persian
Gulf and Shark Bay areas are in regions whose annual
rainfall is less than 22 c¢cm per year, and the peritidal
deposits include well-developed evaporites.

The algal-boundstone lithofacies of the Carrara For-
mation and the peritidal deposits of south Florida and the
Bahamas share all the common features of peritidal car-
bonates as well as the special textural features of their
fenestral limestones. Molds of very large algal filaments
resembling those in figure 29D have been recognized in
fresh and brackish water algal marshes (Shinn and
others, 1969, p. 1211; Monty, 1967, 1972). These fea-
tures are restricted to humid areas of moderate rainfall
where brackish and fresh water stand for long periods of
time during the year.

In contrast, major differences exist between the algal-
boundstone lithofacies of the Carrara Formation and the
peritidal deposits of the Persian Gulf and Shark Bay.
Although evidence for some evaporites (in the form of
salt-crystal casts) exists in the Pahrump Hills Shale
Member, no evidence was found for massive evaporite
deposition. Furthermore, in the highly saline waters of
Shark Bay, high-relief stromatolites are well developed
(Logan, 1961; Logan and others, 1964). Although high-
relief stromatolites are common in many Cambrian
limestones, they are conspicuously rare in limestones of
the Carrara Formation.

Thus, the near absence of evaporites and high-relief
stromatolites and the presence of large algal-filament
molds associated with the typical features of desiccation
and exposure characteristic of Holocene peritidal envi-
ronments strongly suggest that algal-boundstone
lithofacies of the Carrara Formation accumulated as a
peritidal deposit in a rather humid environment perhaps
comparable to the Bahamas and south Florida where the
annual rainfall is 100-150 cm.

The absence of peritidal features in the Emigrant and
Monola Formations to the west—and in many of the
eastern sections of the Carrara Formation—suggests that
the peritidal deposits in the Carrara Formation formed as

local low-carbonate islands on the western half of a car-
bonate platform.

SPATIAL RELATIONS OF THE
CARBONATE LITHOFACIES

The limestone and shale members of the Carrara For-
mation reflect the dynamic interaction between pre-
dominantly western limestone lithosomes and pre-
dominantly eastern terrigenous clastic lithosomes. The
key to understanding this interaction lies in the correct
interpretation of the spatial relations of the depositional
environments represented by the lime-mudstone, oolite,
and algal-boundstone lithofacies. Although faunal con-
trol within the Carrara Formation is an adequate aid for
identification and correlation of the members, it is insuf-
ficient for correlation of lithofacies within members. The
consistent presence of trilobites of the Olenellus multinodus
Zonule just above the top of the Gold Ace Limestone
Member, and trilobites of the Glossopleura Zonule just
above the top of the Jangle Limestone Member, together
with the sharply defined stratigraphic tops to all the
limestone members, suggests that the tops of the mem-
bers are approximately synchronous throughout the
study region. Thus, the regional distribution of the three
carbonate lithofacies in the upper part of each of the
limestone members probably reflects the real areal dis-
tribution of these lithofacies (fig. 31).

The lime-mudstone, oolite, and algal-boundstone
lithofacies appear, respectively, to be deposits of a shal-
low protected subtidal carbonate platform, a subtidal
platform-interior sand blanket (perhaps east of an oolite
shoal), and peritidal zones around islands that formed on
the western part of the carbonate platform. Although the
three environments represented by the carbonate
lithofacies did not coexist during all the time represented
by the deposition of the Carrara Formation—or even of
one limestone member—each of the environments
coexisted with one or more of the others for significant
periods of time.

Rocks of the algal-boundstone lithofacies are restricted
both geographically and stratigraphically. They are
found primarily in the western exposures of the lime-
stone members or their western correlatives, and they are
usually found only in the upper beds of these units. The
algal-boundstone lithofacies certainly coexisted with the
lime-mudstone lithofacies. Most of the sediment in the
peritidal zone (algal-boundstone lithofacies) does not
originate in this environment. The sediment originates as
carbonate mud or pelleted mud in the adjacent subtidal
areas and is transported to the peritidal zone catastrophi-
cally. Hardie and Ginsburg (1971) have shown that al-
gally laminated sediments in the intertidal zone of An-
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dros Island are deposited only following major storms,
perhaps as seldom as three times a year. Thus, any peri-
tidal carbonate deposit requires a contemporaneous
nearby subtidal carbonate-mud-producing area. The
subtidal protected mud platform adjacent to Andros Is-
land is the source of sediment for the Holocene tidal flats
on its west side. By analogy with the Holocene, the sedi-
ments of the lime-mudstone facies of the Carrara For-
mation were the probable source materials for the peri-
tida] algal-boundstone facies.

Proof of this relationship is found at Pyramid Peak in
the Funeral Mountains, Calif. There, the algal-
boundstone cap of the Red Pass Limestone Member con-
sists of a fenestral limestone that grades laterally, over a
distance of about 40 m, through a medium-bedded
crossbedded rounded intraclast conglomerate into a
thin-bedded lime mudstone (fig. 33). The intraclast con-
glomerate contains lithologies similar to those of the ad-
jacent fenestral limestone. The intraclasts are sur-
rounded by a well-developed zoned rim cement similar to
that of many beach-rock cements (Moore, 1971, 1973;
Taylor and Illing, 1971).

The stratigraphic distribution of the oolite and lime-
mudstone lithofacies in the Red Pass Limestone Member
at different localities strongly suggests that sediments of
both these lithofacies coexisted at various times and that
the oolite lithofacies predominated in the more westerly
sections (fig. 32). A similar although less distinct areal
relationship for these lithofacies existed for the other
limestone members (fig. 32).

The oolite and algal-boundstone lithofacies are locally
interbedded in the Jangle Limestone Member. The
lithofacies probably coexisted locally. Exposures showing
a lateral transition, comparable to that between the
algal-boundstone and lime-mudstone lithofacies, have
not been seen.

DEPOSITIONAL MODEL

The members of the Carrara Formation constitute
four complete, and one partial, generalized asymmetrical
sedimentary cycles composed of marine shale-limestone
member-pairs. Each cycle begins with terrigenous clas-
tics, shows a gradual upward change to increasingly
cleaner carbonate sediments, and is terminated by an
abrupt return to terrigenous clastic sedimentation. Such
asymmetrical cycles on vertical scales of tens to hundreds
of meters have been described as Grand Cycles in the
Cambrian and Ordovician sequences of the southern
Canadian Rocky Mountains (Aitken, 1966). The model
proposed here for the genesis of the cycles in the Carrara
Formation, which are comparable to the smaller Grand

Cycles of Aitken, is probably applicable to other Cam-
brian and Ordovician Grand Cycles.

The key to the model is the pattern of lithofacies re-
lationships that develops in the upper contact areas of
each of the limestone members of the Carrara Forma-
tion. The abrupt appearance of peritidal deposits in the
upper and western parts of the limestone members
marks a striking contrast in style of deposition to the tens
of meters of subtidal carbonates and terrigenous clastics
deposited below. This event seems also to be correlated
with a rapid westward spread of terrigenous clastic sedi-
ments. Both phenomena could be explained by invoking
a marine regression caused by sea-level lowering or basi-
nal uplift. However, some facts are inconsistent with this
interpretation, and other evidence suggests that it is un-
likely. In a region which must have undergone net crustal
subsidence to accumulate hundreds of meters of
shallow-marine sediments—and at a time when the
paleogeographic history of western North America in-
volved inundation of the continental interior—sea-level
lowering or basinal uplift (both of which represent rever-
sals of long-term trends) would be anomalies. Further-
more, both basinal uplift and sea-level lowering, unless
they ceased as soon as carbonate islands and associated
peritidal deposits formed, would have led to dis-
conformities and to associated vadose sedimentary fea-
tures or solution phenomena. These were searched for
and not found within the Carrara Formation. The model
proposed below for the production of the Grand Cycles
of the Carrara Formation is based on variation in the rate
of basin subsidence (or sea-level rise). This model ex-
plains more of the observed data than models invoking
tectonic emergence or eustatic sea-level fall. It can be best
understood if Holocene controls on the appearance,
migration, and disappearance of depositional environ-
ments similar to those of the Carrara Formation are con-
sidered.

In all areas of Holocene peritidal carbonate-mud ac-
cumulation, the active area of carbonate-mud generation
is only a few kilometers wide at most, and it is usually
much less. Very wide accumulations of peritidal deposits
develop through progradation—the seaward accretion
of shorelines by continued sedimentation in the intertidal
and supratidal zone. Only through progradation could
the peritidal deposits of the Carrara Formation reach the
areal extent illustrated by the distribution of the algal-
boundstone lithofacies (fig. 31). The widespread de-
velopment of a thin stratigraphic interval representing
this lithofacies near the top of the Red Pass Limestone
Member in the west, and its eastward interfingering with
subtidal lime mudstone, suggests that it resulted from a
single progradational event away from a carbonate island
that developed near the western margin of the subtidal
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carbonate platform. Numerous interbeds of the algal-
boundstone lithofacies and the lime-mudstone lithofacies
in the more westerly exposures of the Jangle Limestone
Member suggest that these peritidal deposits may have
originated as a series of islands that appeared, coalesced,
and disappeared or remained with subtidal channels and
protected mud areas between them. Most of the sediment
for the construction of these islands probably came from
the broad shallow carbonate-mud-producing platform to
the east of the islands, although some sediment may have
been supplied initially from their westward side. If a
complete barrier was established, all the sediment for
eastward progradation must have come from the shallow
subtidal carbonate-mud platform to the east.

The appearance and progradation of peritidal de-
posits over subtidal carbonates and clastics in the Carrara
Formation is similar to Holocene sedimentary records
resulting from progradation of peritidal sequences in the
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Persian Gulf and the Bahama Islands. In these areas
progradation began after a rapid decrease in the rate of
sea-level rise. The change in the rate of sea-level rise was
almost an order of magnitude, from about 10 m per
1,000 years to 1-2 m per 1,000 years (Bloom, 1971). At
Abu Dhabi in the Persian Gulf the progradation started
about 4,000 years B.P. (Evans and others, 1969). On the
west side of Andros Island in the Bahamas, the progra-
dation may have started as much as 7,000 years B.P.
(Gebelein, 1973).

The most recent change in rate of sea-level rise is
related to melting of the Pleistocene ice cap. However, an
apparent decrease in the rate of sea-level rise could also
be caused by continuous sedimentation and a decrease in
the rate of tectonic subsidence. Whatever the cause, de-
crease in the rate of sea-level rise does not drastically
increase the absolute rate of sedimentation; it only in-
creases the apparent rate of sediment supply by decreas-
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FIGURE 32.—Stratigraphic sections of Jangle, Red Pass, Gold Ace, and Thimble Limestone Members of Carrara Formation, showing details of
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1) from the basal beds of the Pyramid Shale Member.
However, the distinctive structure of the posterior partof
the cephalon distinguishes O. arcuatus from all other
olenellids in the Carrara Formation.

BRISTOLIA ZONULE

In almost every section of the Carrara Formation, thin
often yellow bioclastic limestones or bedding planes of
fine-grained limestones within or below the Thimble
Limestone Member yield a diverse assemblage of olenel-
lids. The most characteristic forms are species of Bristolia,
an olenellid with unusually advanced genal spines, and
Peachella, an olenellid with swollen genal spines. The
other species are relatively less striking, but most are
widespread throughout the area. The richest localities
have yielded as many as 9 distinct olenellid species from a

few meters of beds, and the total number of olenellid
species from this interval is at least 11. The specimens in
this interval are commonly broken, and often only the
distinctive fishhook spines of Bristolia and the swollen
genal spines of Peachella, which resemble large smooth
ostracods, can be recognized. However, some samples
from the Titanothere Canyon section in the Grapevine
Mountains yielded excellent silicified specimens includ-
ing the striking ontogenetic series of Bristolia anteros n. sp.
shown on plate 1, figures 1-8.

Many elements of the Bristolia Zonule have been col-
lected from the Latham Shale in the Marble Mountains
southeast of the study area and from the lowest beds of
the Pioche Shale in the Pioche and Eureka mining dis-
tricts to the north. They are also presentin the upper part
of a thin-bedded zone within the Mule Spring Limestone,
about 60 m above its base, in the Cucomungo Canyon
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section of the northern Last Chance Range (pl. 17) im-
mediately to the west of the study area, where they dem-
onstrate the dramatic westward increase in thickness of
the Lower Cambrian carbonate facies as the Echo and
Eagle Mountain Shale Members are replaced by lime-
stone.

OLENELLUS MULTINODUS ZONULE

Clay shales in the lower 10 m of the Pyramid Shale
Member throughout the area of study yield a diverse
assemblage of olenellids, often partly articulated, and
characterized by the distinctive small species, O. mul-
tinodus n. sp. The trilobites are commonly flattened and
are frequently distorted slightly by postdiagenetic de-
formation of the less competent shales near the contact
with the underlying Gold Ace Limestone Member. This is
the youngest recognizable Early Cambrian zonule in
Western United States. The occurrence of O. multinodus
in the southern Canadian Rocky Mountains (Norford,
1962), in a comparable stratigraphic position, indicates
that this species had wide distribution in the Cordilleran
region.

In two sections in the Delamar Range, at Delamar,
Nev., and west of Oak Spring Summit on U.S. Highway
93, north of the study area in Lincoln County, Nev., the
O. multinodus fauna occurs within the Combined Metals
Member of the Pioche Formation. The evidence from
this area demonstrates that the top of the Combined
Metals Member is distinctly younger than the top of the
Gold Ace Member of the Carrara Formation, even
though the two units occupy very similar homotaxial
positions. In the Delamar Range, the O. multinodus fauna
occurs in shales above a prominent ledge-forming
limestone several meters thick that occupies the position
of the Gold Ace Limestone Member and immediately
below a thin limestone 10-20 cm thick. The thin lime-
stone bed is immediately overlain by shales bearing only
ptychopariid trilobites. Northward, in the type area of
the Pioche Formation, the Combined Metals Member
includes considerably more limestone and the
ptychopariid-bearing shales immediately overlie several
meters of olenellid-bearing limestone at the top of the
member. The O. multinodus fauna, which seems to be
confined to shales, has not been identified there, but the
change from olenellid to non-olenellid-bearing beds in-
dicates that the top of the member must be con-
temporaneous with the thin limestone overlying the
O. multinodus fauna to the south and thus younger than
the top of the Gold Ace Limestone Member.

O. multinodus has also been collected from a thin lime-
stone bed immediately above the Chambless Limestone
in its type area in the Marble Mountains of California
southeast of the study area. The Bristolia fauna is found in

the underlying Latham Shale in the same area, thus dem-
onstrating unequivocally the correlation of the Cham-
bless Limestone with the Gold Ace Limestone Member
(fig. 3).

“PLAGIURA-POLIELLA” ZONE

The lowermost Middle Cambrian beds of the Carrara
Formation, in the upper part of the Pyramid Shale
Member and the lower part of the Red Pass Limestone
Member, are the most poorly fossiliferous of the fossil-
bearing parts of the Carrara Formation. This is also true
for equivalent beds in other parts of the Cordilleran
region and accounts for the principal contrasts in the
biostratigraphic schemes of Rasetti (1951) and Lochman
and Wilson (1958). Neither of their zonal schemes is
really appropriate for the Carrara Formation although
the correlations shown in figure 35 indicate approximate
equivalence of the two faunal units within this interval to
parts of Rasetti’s zones in southern Canada. Because the
existing zonal nomenclature is inappropriate and the
fauna preservation is generally poor, this interval in the
Carrara Formation is assigned to the “Plagiura-Poliella”
Zone, which states its stratigraphic position without im-
plying any common or characteristic genera.

POLIELLA LOMATASPIS ZONULE

A thin limestone unit in the Pyramid Shale Member of
the Nevada Test Site, and an equivalent bed in the Belted
Range in the northwestern part of the study area have
yielded a small fauna characterized by Poliella lomataspis
n. sp. and indeterminate kochaspid trilobites. This is the
oldest Middle Cambrian faunule in the Carrara Forma-
tion, and it is isolated from the younger Kochaspid
Zonule above by about 70 m of essentially unfossiliferous
shales. It is also separated from the youngest olenellid-
bearing beds below by at least 50 m of unfossiliferous
shales. Thus, in the Carrara Formation, the nature of the
Lower-Middle Cambrian boundary cannot be deter-
mined. The limestone containing trilobites of the
P. lomataspis Zonule has a stratigraphic position similar to
that of the Susan Duster Limestone Member of the
Pioche Shale in the Pioche district, Nevada, and may
correlate with that member.

In the Belted Range, the shales immediately above the
P. lomataspis Zonule yield a small contrasting fauna con-
sisting of an oryctocephalid, a pagetiid, and a smooth
simple ptychopariid—all representatives of long-ranging
groups within the early Middle Cambrian. This as-
semblage is of no apparent immediate biostratigraphic
value.
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KOCHASPID ZONULE

The lower part of the Red Pass Limestone Member
locally yields small assemblages of trilobites generally
characterized by one or more species of kochaspid trilo-
bites. (Kochaspid trilobites defined on p. 99.) Such trilo-
bites are not restricted to this interval, but they are most
common here. In the Echo Canyon section of the Funeral
Mountains, Calif., a single specimen of Plagiura, very
possibly P. cercops (Walcott) (pl. 6, fig. 22), has been col-
lected from beds within the Kochaspid Zonule. This
strengthens the correlation of these beds with Rasetti’s
Plagiura-Kochaspis Zone in the southern Canadian Rocky
Mountains. In the Groom Range and the Nevada Test
Site, small trilobites representing a new species here re-
ferred to Plagiura are remarkably similar to an un-
described species shown to me by N. P. Suvorova of the
Paleontological Institute, Academy of Sciences, Moscow,
U.S.S.R,, in 1968. Her specimens came from the Olek-
minskiy horizon of the Lena Stage along the Lena River
in Siberia. According to a recent summary of Siberian
biostratigraphy (Repina, 1974), the Olekminskiy beds are
believed to correlate with the upper part of the Olenellus
Zone in North America. Thus, the significance of these
trilobites for intercontinental correlation is still to be re-
solved.

ALBERTELLA ZONE

This zone contains the richest and most diverse as-
semblages of trilobites in the Carrara Formation. It in-
corporates three different zonules (fig. 35) whose con-
trasts seem to reflect important biofacies differences.
These units are in part spatially distinct but con-
temporaneous (Ogygopsis Zonule, Zacanthoidid Zonule)
and in part only incompletely overlapping in time and
space (Zacanthoidid Zonule, Albertella-Mexicella Zonule).
(See also the section, “Paleoecology.”)

OGYGOPSIS ZONULE

The most strikingly distinct faunal unit within the A7-
bertella Zone is found in the 25 m of beds immediately
above the Red Pass Limestone Member in the Belted
Range, Nev. (pl. 17). This faunal unit is characterized by
abundant specimens of Ogygopsis, some of the earliest
agnostids known from western North America—orycto-
cephalid, pagetiid, and simple ptychopariid trilobites.
One of the ptychopariids is a new species of Elrathina (pl.
15, figs. 1-3), a genus previously thought to characterize
beds of the Bathyuriscus-Elrathina Zone, two zones higher
in the regional Middle Cambrian biostratigraphy. Also
notable in the Ogygopsis beds is the complete absence of
any Zacanthoididae, which are common elements of
contemporaneous beds to the east and southeast of the

Belted Range. The biostratigraphic and physical correct-
ness of the stratigraphic position of the Ogygopsis Zonule,
however, is undoubted. Several of the agnostid, pagetiid,
and oryctocephalid species from the Ogygopsis Zonule are
found in Albertella-Zone faunas in eastern Nevada (Fritz,
1968) and the northern Utah-southeastern Idaho area
(Resser, 1939b; Robison and Campbell, 1974). Com-
parison of the Belted Range section with the nearby sec-
tions of the Groom Range and the Nevada Test Site (pl.
17) shows the physical basis for correlation.

Every occurrence of Ogygopsis and associated trilobites,
however, must be carefully examined before age deter-
minations are made. In the spring of 1973, a visit was
made to Cambrian exposures in the Narrows, near Cur-
rant, Nye County, Nev., north of the study area at the
southern end of the White Pine Range. There, a unit with
a rich assemblage of trilobites, including Ogygopsis, is
found just above a prominent cliff-forming limestone.
However, below this limestone we found shales bearing
Paralbertella, a zacanthoidid trilobite typical of the Alber-
tella Zone and the lower part of the Pahrump Hills-Jangle
Grand Cycle. Thus, the cliff-forming limestone is proba-
bly the equivalent of either the Jangle or Lyndon Lime-
stones, and the Ogygopsis beds there are probably con-
temporaneous with the basal beds of the Glossopleura
Zone! Ogygopsis is also common in association with simple
ptychopariids, oryctocephalids, and olenellids in beds
slightly older than any of the fossiliferous invervals of the
Carrara Formation, within the Saline Valley Formation
to the west of the study area (Palmer, 1964).

In each of these instances, Ogygopsis and associated
trilobites are found in black limestone or black limy beds
within black shales or siltstones and often as complete
individuals. This is also true in the Canadian Rocky
Mountains where Ogygopsis characterizes beds within the
western exposures of the Stephen Formation (Rasetti,
1951), within the Metaline Limestone in eastern
Washington (McLaughlin and Enbysk, 1950), in the Kin-
zers Formation in southeastern Pennsylvania (Campbell,
1971), and in the Taconic region of eastern New York
(Bird and Rasetti, 1968).

Each of these occurrences is near the ocean-facing side
of the Carbonate Belt of North America. This suggests
that the occurrence of Ogygopsis, typically associated with
agnostids, pagetiids, oryctocephalids, and simple
ptychopariids, represents a special habitat related to the
carbonate platform edge. Assemblages with Ogygopsis can
be used for precise correlation within the early half of the
Middle Cambrian perhaps only at the species level.

ZACANTHOIDID ZONULE

The uppermost beds of the Red Pass Limestone
Member, and a few beds in the upper part of the Pah-
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rump Hills Shale Member, particularly in the western
and northwestern parts of the study area, have yielded
rich associations of trilobites with the greatest species
diversity of any collections in the Carrara Formation.
Most of these collections contain one or more species of
Zacanthoididae, in contrast to their general absence in
the contemporaneous and also highly diverse faunas of
the Ogygopsis Zonule and in the low diversity faunas of the
Albertella-Mexicella Zonule. Whereas the contrast with the
Ogygopsis Zonule is reasonably clear cut, that with the
Albertella-Mexicella Zonule is more qualitative. The qual-
itative difference is stressed here because it reflects a
subtle biofacies difference that is of considerable impor-
tance for regional biostratigraphy (Palmer and
Campbell, 1976).

The faunas of the Zacanthoidid Zonule contain a large
number of species and genera in common with faunas of
the Albertella Zone described from east-central Nevada
(Fritz, 1968), northern Utah and southeastern Idaho
(Resser, 1939b), and the southern Canadian Rockies
(Rasetti, 1951).

ALBERTELLA-MEXICELLA ZONULE

The upper part of the Pahrump Hills Shale Member
and the lower part of the overlying Jangle Limestone
Member in the central and eastern parts of the study area
yield small collections generally characterized by species
of either or both Albertella (s.s.) and Mexicella. These
faunas are much more comparable to the faunas of the
Albertella Zone in the Caborca area of Mexico (Lochman,
in Cooper and others, 1952), and the Grand Canyon
region of Arizona (McKee and Resser, 1945), than they
are to the Albertella Zone faunas containing Zacan-
thoididae that are cited just previously. Regional signifi-
cance of these contrasts is discussed under “Paleoecol-

”»

ogy.
GLOSSOPLEURA ZONE AND ZONULE

In almost every section of the Carrara Formation, one
or more thin beds within the Desert Range Limestone
Member will yield a coquina of trilobites dominated by a
species of Glossopleura. Because the matrix of these bedsis
often very tight, few good specimens can be obtained
unless the rocks are first heated and then chilled rapidly
to loosen the matrix.

The diversity of the species assemblages in this interval
is consistently low, suggesting, in line with the postulated
biofacies relationships of the underlying Albertella Zone
faunas (fig. 36), that the Glossopleura fauna of the Desert
Range Limestone Member represents the restricted shelf
biofacies of this time.

Evidence that the Glossopleura-bearing interval in the
Carrara Formation is properly designated as the Glosso-
pleura Zonule is provided by an important collection with
specimens of Glossopleura from a thin-bedded silty unit
about 150 m above the base of the Bonanza King Forma-
tion, which overlies the Carrara Formation, in the Striped
Hills section, Nevada (pl. 17). The trilobites from this
collection (7199-CO) are illustrated on plates 15 and 16.
They demonstrate that the Glossopleura-bearing part of
the Carrara Formation represents only the oldest part of
the Glossopleura Zone and that this zone has a consider-
able stratigraphic thickness thatis not generally apparent
because few sections in the Great Basin region have fos-
siliferous horizons representing more than one restricted
part of the zone.

The faunas of the Glossopleura Zone and Zonule in the
southern Great Basin share practically no genera or
species with the older parts of the Carrara Formation.
Thus, the evolutionary significance of the Glossopleura
fauna is uncertain. The fact that Glossopleura is a long-
eyed corynexochid and thatit is associated elsewhere with
Zacanthoides provides a basis for relating the Glossopleura
fauna to earlier corynexochid-rich Middle Cambrian
faunas rather than later, corynexochid-poor faunas. If a
consensus is ever reached about stage subdivision of the
North American Middle Cambrian, the interval between
the top of the Olenellus Zone and the top of the Glosso-
pleura Zone, which characteristically yields collections
with one or more long-eyed corynexochids, would be a
likely candidate for the earliest Middle Cambrian stage.

PALEOECOLOGY

Even though the Carrara Formation is not richly fos-
siliferous, recognition of the spatial distribution of the
principal physical environments permits a few observa-
tions of possible paleoecological significance. These con-
cern the associations of particular trilobite assemblages
with particular depositional environments.

The rocks of Early Cambrian age show a subtle contrast
between the olenellids recovered from the oncolitic and
burrowed lime mudstone of the Gold Ace Limestone
Member and those from argillaceous limestones of the
Thimble and shales of the Eagle Mountain and Pyramid
which represent distinctly muddier and probably very
slightly deeper environments. The species pair of
Olenellus gilberti Meek and O. clarki (Resser) is present and
is generally common in the Bristolia Zonule in the Eagle
Mountain and Thimble Members and in the O. multinodus
Zonule in the base of the Pyramid Member. However, in
the stratigraphically intervening oncolitic and burrowed
lime-mudstone environment of the Gold Ace Limestone
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TaBLE 1.—Summary of classification of Early and Middle Cambrian trilobites
of Carrara Formation—Continued

Order |Superfamily | Family Genus

Type

Ptychopariid sp. undet.
Ptychopariid sp. undet.
Ptychopariid sp. undet.
Ptychopariid sp. undet.
Ptychopariid sp. undet.
Prychopariid sp. undet.
Ptychopariid sp. undet.
Prychopariid sp. undet.
Prychopariid sp. undet.
Prychopariid sp. undet. 10

Ptychopariid sp. undet. 11

Ptychopariid sp. undet. 12

Ptychopariid pygidium undet. 1
Ptychopariid pygidium undet. 2
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Ptychopariida—Continued

SYSTEMATIC PALEONTOLOGY

The classification of the Early and Middle Cambrian
trilobites of the Carrara Formation is summarized in
table 1. The taxa are listed in the order that they appear
on the following pages. A diagnosis or description is
provided for each species and for new genera. Lack of
discussion of a supraspecific taxon indicates acceptance
of this taxon as it is constituted in “Part O” of the
“Treatise of Invertebrate Paleontology” (Harrington and
others, 1959) unless otherwise indicated. Bergstrom
(1973) has recently reviewed the suprageneric classifica-
tion of trilobites and has made some valuable revisions at
the ordinal level. In this paper, the orders are used in the
sense of Bergstrom. Most descriptive terms used here
were defined or illustrated in Harrington and others
(1959, p. 42, 44, 46, 47, 117-126).

Allillustrated specimens have been given U.S. National
Museum catalog numbers and are deposited in the col-
lections of that institution. The collection numbers are
recorded in the Cambrian-Ordovician locality catalogs of
the U.S. Geological Survey.

All figures on the plates show the exterior of the exo-
skeleton unless otherwise specified. All dimensions in the
vertical plane that includes the axis of symmetry of the
trilobite are sagittal dimensions, those in planes parallel
to the sagittal plane are exsagittal dimensions, and those
in a vertical plane at right angles to the sagittal plane are
transverse dimensions. Particular dimensions on all parts
were measured as straight-line distances between fur-
rows or from margins to furrows as described earlier
(Palmer, 1965, p. 23).

Order OLENELLIDA Resser
Family OLENELLIDAE Vogdes

Genus BRISTOLIA Harrington

Bristolia Harrington, 1956, p. 59; Poulsen, C., in Harrington and others,
1959, p. 192, Poulsen, V., 1964, p. 9.

Type species.—Mesonacis bristolensis Resser, 1928, p. 7, pl.
2, figs. 5-8.

Diagnosis.—Olenellidae with slender, elongate,
hourglass-shaped glabella reaching to inner edge of an-
terior border. Anterior glabellar lobe hemispherical,
about as wide as occipital ring, remaining lobes moder-
ately to well defined by glabellar furrows. Occipital ring
has median node at posterior margin. Ocular lobes ele-
vated, generally unfurrowed, relatively short; line con-
necting posterior tips crosses glabella anterior to occipital
ring. Genalspines moderately to very strongly advanced.

Discussion.—The hourglass-shaped glabella extended
to the anterior border, the short ocular lobes and the
advanced genal spines distinguish species of this genus
from other late Early Cambrian olenellids. Some species
of Olenellus may have slightly advanced genal spines, but
the glabella generally does not reach the anterior border.
If it does, it is neither as slender nor as constricted at its
midlength as that of Bristolia species (pl. 1, figs. 13, 19; pl.
2, fig. 14).

Bristolia anteros n. sp.
Plate 1, figures 1-13

Olenellus gilberti Meek (part). Walcott, 1886, pl. 20, fig. 1f; 1891, pl. 86,
fig. 1f; 1910, pl. 37, fig. 9; pl. 41, fig. 8.

Description.—Moderately small olenellids, width of
largest observed cephalon about 17 mm exclusive of
genal spines. Cephalon, without genal spines, subquad-
rate in outline; sagittal length about two-thirds width
between intergenal angles at posterior margin; anterior
margin gently curved forward in front of glabella. Genal
spines of mature specimens slender, tapered, rounded in
cross section, project laterally and slightly forward from
anterolateral parts of cephalon, then curve strongly
backward so that tips are subparallel to axis and posterior
to posterior cephalic margin. Lateral margin of cephalon
approximately perpendicular to posterior margin. In-
tergenal angle strongly rounded; lateral border just an-
terior to rounded intergenal angle has slight swelling
representing vestige of immature intergenal spine.
Cephalic border strongly convex in cross section, well
defined around entire margin on mature specimens by
deep furrow, interrupted at intergenal angle by in-
tergenal ridge on larger immature specimens (pl. 1, figs.
8, 11).

Glabella long, extended to inner edge of anterior bor-
der, defined at sides by changes in exoskeletal slope.
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Anterior glabellar lobe hemispherical, strongly elevated
above extraocular region; width slightly greater than
basal glabellar width and about one-third posterior
cephalic width; posterior part continuous laterally with
ocular lobes. Remainder of glabella indistinctly defined
laterally, hourglass-shaped, width at middle glabellar
segment (L2) slightly less than three-fourths basal
glabellar width. Three glabellar furrows present, exclu-
sive of occipital furrow; anterior furrow (S3) represented
by dimples or transverse slots on glabella posterior to
intersection of ocular lobe with anterior glabellar lobe;
middle and preoccipital furrows (S2, S1) slotlike distally,
shallow across top of glabella; middle furrow transverse;
slots of preoccipital furrow directed posterolaterally
from side of glabella. Occipital furrow slotlike at side of
glabella, shallow across top. Occipital ring gently convex,
with low median node adjacent to posterior margin.

Ocular lobe short, arcuate, unfurrowed, strongly ele-
vated above cheek, top level with top of anterior glabellar
lobe. Line connecting posterior tips of ocular lobes passes
over occipital furrow (S1) or posterior part of middle
glabellar lobe (L2). Tips separated from glabella by dis-
tance approximately equal to transverse width of ocular
Iobe. Although eye surfaces seem to be perfectly pre-
served on some small holaspids (pl. 1, fig. 12) individual
facets are not discernible and the entire surface is
smooth.

Extraocular cheeks gently downsloping; distance from
ocular lobe to lateral margin about one-fourth width of
cephalon on line through ocular lobes.

Thorax, pygidium, and hypostome unknown.

Ornamentation minimal, consists of fine bertillon
markings (pl. 1, fig. 10) on top of glabella, anterior bor-
der, and genal spines, and extremely faint fine granula-
tion on infraocular cheeks, observable only on delicately
preserved specimens.

Ontogeny—A small suite of silicified specimens rep-
resenting the five developmental stages described for
other olenellids (Palmer, 1957) is available for B. anteros.
The first two stages, prior to the appearance of genal
spines, are generally similar to those of Olenellus. They
differ in having the glabella touching the anterior border
and generally more prominent ocular lobes (pl. 1, figs. 1,
2). In the third stage, the genal spines of B. anteros appear
slightly in advance of the intergenal spines rather than
adjacent to them as in Olenellus (pl. 1, fig. 3). The suc-
ceeding stages show a gradual anterior progression of the
genal spines to their full holaspid condition (pl. 1, figs.
4-9, 11). A strong intergenal ridge persists into the early
holaspid stage separating the posterior and lateral border
furrows; but in larger holaspids these furrows are joined
at the intergenal angle, and the only vestige of the in-
tergenal ridge and spine is a slight swelling of the lateral
cephalic border. This series clearly demonstrates that the

anterolateral cephalic spines of Bristolia are homologous
with the genal spines of Olenellus and not an exaggerated
development of the anterior border spines of the imma-
ture stages.

Discussion.—This species differs from all others in the
genus in the mature holaspid position of the genal spines.
In B. insolens, these spines are directed strongly forward
analogous to antennae. In all other species, the genal
spines are directed posterolaterally. The most similar
species is B. bristolensis (Resser) which has consistently
wider extraocular cheeks in addition to posterolaterally
directed genal spines.

Occurrence—Common (>40 cephala), upper part of
Bristolia Zonule. California: 4144-CO, 7183-CO,
Titanothere Canyon scction, Grapevine Mountains;
4161-CO, 7180-CO, Cucomungo Canyon section, Last
Chance Range. Nevada: 3101-CO, 4152-CO, Echo Can-
yon section, Funeral Mountains; 3694-CO, 3786-CO,
Nevada Test Site; 6399-CO, Desert Range.

Bristolia bristolensis (Resser)

Plate 1, figures 14-19

Olenellus howelli Meek (part). Walcott, 1884, pl. 9, fig. 15; pl. 21, figs. 8, 9.

Olenellus gilberti Meek (part). Walcott, 1886, pl. 20, figs. 1a, 1k, 11; 1891,
pl. 86, figs. 1a, 1k, 11; 1910, pl. 37, figs. 16, 18, 19.

Mesonacis bristolensis Resser, 1928, p. 7, pl. 2, figs. 5-8.

Olenellus bristolensis (Resser). Riccio, 1952, p. 30, pl. 7, figs. 1, 2, 5; pl. 8,
figs. 1-11.

Bristolia bristolensis (Resser). Harrington, 1956, p. 59, text fig. 1D.

Description—Moderately large olenellids, width of
largest observed cephalon about 40 mm exclusive of
genal spines. Cephalon, without genal spines, subpenta-
gonal in outline; sagittal length equal to or slightly
greater than one-half width between intergenal angles at
posterior margin; anterior margin gently curved, cur-
vature continued onto genal spine with no or only very
slight deflection. Genal spine slender, tapered, oval in
cross section, directed posterolaterally in broad curve
from point about opposite glabellar midlength; posterior
tip subparallel to axis and opposite anterior part of
thorax. Lateral margin of cephalon generally perpen-
dicular to posterior margin although angle may decrease
laterally nearly to 45° on extreme variants (pl. 1, figs. 16,
18). Intergenal angles strongly rounded; short sharp in-
tergenal spine may be retained just anterior to corner
(pl. 1, fig. 17). Cephalicborder extremely narrow in front
of glabella, broadens laterally; well defined by broad
shallow border furrow around entire cephalic margin.

Glabella long, extended to inner edge of anterior bor-
der. Anterior glabellar lobe hemispherical, strongly ele-
vated above extraocular region; width about equal to
basal glabellar width and about one-fourth of cephalic
width between intergenal angles; posterior part con-
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nected to ocular lobes by slight change in slope. Remain-
der of glabella hourglass shaped, defined at sides by
shallow axial furrows, narrowest at preoccipital furrow
(S1). Three glabellar furrows present anterior to occipital
furrow: anterior furrow (83) slightly curved posteriorly,
continuous across glabella between junctures with ocular
lobes; middle furrow (S2) nearly straight across top of
glabella, not connected to axial furrows; preoccipital fur-
row (S1) continuous across glabella in gentle posteriorly
directed curve, deepest adjacent to axial furrows. Occip-
ital furrow deep adjacent to axial furrows, barely appa-
rent across top of glabella. Occipital ring has median
node adjacent to posterior margin.

Ocular lobe short, arcuate, line connecting posterior
tips passes over top of glabella at or just posterior to
preoccipital furrow (S1). Upper surface rises slightly
posteriorly relative to tip of glabella (pl. 1, fig. 15); post-
erior tips at same elevation as top of glabella. Very shal-
low longitudinal furrow barely apparent near and paral-
leling lateral margin of lobe. Posterior tips separated
from sides of glabella by distance less than width of ocular
lobe.

Extraocular cheeks gently downsloping; distance from
ocular lobe to lateral margin about one-third width of
cephalon at intergenal angles. Faint, narrow intergenal
ridge apparent on some specimens.

Thorax, pygidium, and hypostome unknown.

Ornamentation minimal, consists of faint bertillon
markings on tops of glabella and ocular lobes and caecal
venation of the extraocular cheeks of some specimens.

Discussion.—All the specimens assigned to B. bristolensis
from the limestones in the Carrara Formation have a
slight deflection of the anterior margin at the base of the
genal spine which is absent on specimens illustrated by
Resser (1928) and Riccio (1952) from the Latham Shale in
the Marble Mountains. The differences between speci-
mens from the two lithotopes are considered here to be
subspecific, possibly reflecting their different habitats.

B. bristolensis differs from B. anteros n. sp. and B. insolens
(Resser) by lacking anterolaterally directed genal spines
and by having relatively wider extraocular cheeks. The
latter character as well as more anteriorly placed ocular
lobes distinguish it from B. groenlandicus (Poulsen) and
B. kentensis (Poulsen). Differences with B. fragilis n. sp. are
discussed under that species.

Occurrence.—Moderately rare (20 cephala), lower part
of Bristolia Zonule. California: 3673-CO, 3674-CO, Re-
sting Springs Range; 3677-CO, 3678-CO, Eagle Moun-
tain; 4144-CO, Titanothere Canyon section, Grapevine
Mountains; 4153-CO, Echo Canyon section, Funeral
Mountains; 7179-CO, Cucomungo Canyon section, Last
Chance Range.

Bristolia fragilis n. sp.
Plate 2, figures 1-6

Description.—Moderate-sized olenellids, width of
largest observed cephalon about 30 mm exclusive of
genal spines. Cephalon, without genal spines, trans-
versely subelliptical in outline, with straight posterior
margin. Sagittal length about equal to width between
intergenal angles at posterior margin; anterior margin
broadly and evenly curved; very slightly deflected out-
ward at base of genal spine. Genal spine directed post-
erolaterally in broad curve from point about opposite
occipital furrow (S0) or preoccipital lobe (L1); tip slightly
hooked. Lateral cephalic margin behind genal spines
forms acute angle with lateral projection of posterior
margin, joins posterior margin through broad curve at
intergenal angle. Cephalic border narrow in front of
glabella, well defined around entire margin by shallow
border furrow.

Glabella long, extended to inner edge of anterior bor-
der. Anterior glabellar lobe hemispherical, strongly ele-
vated above extraocular region; width about equal to
basal glabellar width and about one-fourth width be-
tween intergenal angles; posterolateral part separated
from ocular lobes by shallow, anterolaterally directed
furrow. Remainder of glabella hourglass shaped, defined
at sides by shallow axial furrows, narrowest at pre-
occipital furrow (S1). Three glabellar furrows present
anterior to occipital furrow: anterior furrow (S3) rep-
resented by pits or short transverse slots adjacent to ocu-
lar lobes, connected across top of glabella by very shallow
furrow; middle furrow (S2) not connected to axial
furrows—on large mature specimens, represented by
short transverse distal slots connected by shallow furrow;
preoccipital furrow (S1) deep adjacent to axial furrows,
posterolaterally directed, straight, barely apparent across
top of glabella. Occipital furrow deep adjacent to axial
furrows, barely apparent across top of glabella. Occipital
ring has median node adjacent to posterior margin.

Ocular lobe moderately short, arcuate, unfurrowed;
line connecting posterior tips passes over preoccipital
segment (L1). Upper surface of lobe elevated above top
of glabella, rises slightly posteriorly. Posterior tip close to
glabella. Interocular cheek present only opposite post-
erior part of ocular lobe; anterior part of ocular lobe
adjacent to laterally expanded glabellar segment (L3).

Extraocular cheeks gently downsloping often with
well-developed radial caecal venation. Distance from
ocular lobe to lateral border furrow at genal angle slightly
more than one-third intergenal width of cephalon.

Ornamentation, except for radial caecae on extra-
ocular cheeks not apparent.

Discussion.—This species differs from all others in the
genus by the comparatively slight advance of the genal
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spines. The angularity of the intergenal angle is variable
and some specimens are difficult to distinguish from
variants of B. bristolensis which have an obtuse intergenal
angle. Similar individuals of the two species can generally
be separated on two characters: the anterior glabellar
turrow (S3) of B. bristolensis is of more uniform depth
than that of B. fragilis; and the intergenal angle of B.
bristolensis is less smoothly curved. Generally, also, the
interocular cheek of B. fragilis is more restricted than that
of B. bristolensis. Although these differences are qualita-
tive, the two species are generally easily distinguished by
differences in their genal regions.

B. fragilis is a characteristic associate of B. anteros in the
upper part of the Bristolia Zone in beds generally younger
than those with B. bristolensis.

Occurrence.—Moderately common (>25 cephala),
upper part of Bristolia Zonule. California: 4144-CO,
7183-CO, Titanothere Canyon section, Grapevine
Mountains; 4152-CO, Echo Canyon section, Funeral
Mountains. Nevada: 3694-CO, 3786-CO, Nevada Test
Site; 6399-CO, Desert Range.

Genus OLENELLUS Billings

Olenellus Billings, 1861, p. 11; Walcott, 1910, p. 311 [synonymy to date];
Resser, 1928, p. 3; Bell, 1931, p. 1-22; Poulsen, 1932, p. 35; 1959,
p. 192; Resser and Howell, 1938, p. 217; Lake, 1937, p. 236;
Stérmer, 1939, p. 242; Shimer and Shrock, 1944, p. 613; Kindle
and Tasch, 1948, p. 135; Riccio, 1952, p. 29, 33; Hupé, 1953, p. 73;
Shaw, 1955, p. 790; Raw, 1957, p. 149; Pokrovskaya, 1959, p. 157;
Suvorova, N. P., in Chernysheva, 1960, p. 62; Fritz, 1972, p. 11;
Robison and Hintze, 1972, p. 5.

Fremontia Raw, 1935, p. 243; Harrington, 1956, p. 57; Poulsen, 1959,
p. 192.

Mesonacis Walcott, 1885, p. 328; 1910, p. 261 [synonymy to date];
Resser, 1928, p. 5; Bell, 1931, p. 1-22; Kobayashi, 1935, p. 117.

Paedeumias Walcott, 1910, p. 304; Raw, 1927, p. 137; 1935, p. 242;
Raymond, 1928b, p. 169; Resser, 1928, p. 4; Bell, 1931, p. 1-22;
Poulsen, 1932, p. 36; 1959, p. 192; Resser and Howell, 1938,
p- 225; Shimer and Shrock, 1944, p. 615; Lermontova, 1951, p. 46;
Riccio, 1952, p. 30; Best, 1952, p. 15; Palmer, 1957, p. 124, 126;
Suvorova, N. P., in Chernysheva, 1960, p. 62; Opik, 1961, p. 419;
Cowie, 1968, p. 13.

Type species —Olenus thompsoni Hall, 1859, p. 59, fig. 1.

Discussion.—Fritz (1972) has recently given a full de-
scription of Olenellus and has discussed its scope. He has
regrouped into Olenellus, with good justification, species
formerly segregated into Paedeumias and Fremontia, be-
cause the supposedly definitive characteristics of those
genera intergrade among the large number of olenellid
species now known, and consistent criteria for their rec-
ognition are not apparent. Synonymization of Fremontia
with Olenellus was also suggested by Robison and Hintze
(1972).

The diversity of forms now included within Olenellus is

well illustrated by the olenellids from the Carrara For-
mation where 12 species are assigned to the genus.
Species characteristics are based on combinations of
cephalic features— particularly those of the glabella,
ocular lobes, cephalic border, and genal regions. How-
ever, morphologic variability within these species is gen-
erally greater than variability within most nonolenellid
species. This is most easily noted in details of cephalic
outline, ocular lobe length, pattern of glabellar furrows,
and form of the genal regions. Variability of the genal
regions and in cephalic border width, and some of the
variability in ocular lobe length, seem to be biologic, but
some of the variability of specimens, particularly in
shales, is related to diagenetic flattening or tectonic dis-
tortion. Because of these factors, small proportional
differences are only considered to be valid discriminatory
characteristics if they are consistently observed on a
number of associated specimens.

In this report, the systematics within Olenellus are de-
liberately conservative. Although separation of the
species described here into several genera might be pos-
sible, the present approach has been chosen because bio-
logically meaningful or stratigraphically useful subsets of
the species within the genus in the Carrara Formation are
not apparent. This difficulty in supraspecific discrimina-
tion represents an important aspect of evolutionary sys-
tematics of trilobites that has perhaps not yet been fully
appreciated.

Cambrian and Early Ordovician time appears to have
been a time of gradual development of distinctness in
intermediate-level (genus, family) supraspecific taxa. In
the Early Cambrian, species can generally be satisfactor-
ily discriminated, but genera and families are much dis-
puted. In Middle Cambrian and early Late Cambrian
time, genera are more distinct, but families are still dis-
puted. Only by the later part of Late Cambrian time are
family level taxa generally recognizable with some con-
stancy. In post-Cambrian time, and particularly post-
Early Ordovician time, taxa assigned the rank of super-
families and orders become readily identifiable. This in-
crease in effective taxonomic distance at increasingly
higher taxonomic levels may reflect the gradual stabiliza-
tion of shallow marine environments during Cambrian
and Ordovician time.

A particularly difficult problem in taxonomy of the
olenellids has been caused by differing interpretations of
the value to be placed on minor but consistent differences
in cephalic border width between generalized olenellids,
such as those illustrated on plate 3. The specimens iden-
tified here as Olenellus gilberti Meek and O. clarki (Resser)
are found together in most collections from shales of the
Carrara Formation and their axial cephalic features are
essentially identical. However, O. clarki is characterized
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by a narrower cephalic border than O. gilberti, which
results also in a slightly longer preglabellar area. In addi-
tion, its genal spines are rarely advanced, and its in-
tergenal spines, when observed, point directly posteriorly
rather than posterolaterally.

Narrow- and broad-bordered olenellids are found as-
sociated not only in the Carrara Formation, but alsoin the
Pioche Shale in Nevada (Palmer, 1957), the Parker Slate
in Vermont (Walcott, 1910), and the Kinzers Formation
in Pennsylvania (Fritz, 1972). Taxonomic placement of
these narrow- and broad-bordered forms has ranged
from separate genera (Paedeumias and Olenellus) (Resser
and Howell, 1938; Lochman, Christina, in Cooper and
others, 1952; Palmer, 1957) to variants of a single species
(Fritz, 1972).

Although in the past I have supported separate recog-
nition for Paedewmias, so much is now known about the
variety of cephalic features of olenellids that it seems
inappropriate to continue to assign so much taxonomic
weight to the cephalic border. The more realistic and
problematic taxonomic choice now is between interpret-
ing narrow- and broad-bordered forms as congeneric
species (often but not always as species pairs), or as sub-
specific, perhaps dimorphic, variants.

Dimorphism is favored by the common association of
narrow- and broad-bordered forms which have indis-
tinguishable axial characteristics as described above. It is
strengthened by the fact that pairs of such forms from
different stratigraphic levels or different sedimentary
environments may have minor but consistent axial
differences. For example, the species that I identified as
O. gilberti and O. clarki from the Combined Metals
Member of the Pioche Shale in Nevada (Palmer, 1957,
pl. 19, figs. 19, 20) both have very long ocular lobes that
reach nearly to the posterior border furrow. In speci-
mens from the Carrara Formation that are assigned to
these species, however (pl. 3, figs. 3, 8), posterior tips of
the ocular lobes are clearly separated from the posterior
border furrow and can usually be connected by a line that
passes over the anterior half of the occipital ring. In
addition, the shorter eyed forms identified here as O.
gilberti and O. clarki are found both below and above the
Gold Ace Limestone Member of the Carrara Formation,
whereas long-eyed forms here identified as O. puerto-
blancoensis (Lochman) and Olenellus howelli? (Meek) are
found in the intervening limestones of the Gold Ace
Limestone Member, suggesting a possible environmental
control of the associated pairs.

Several observations, however, provide counter argu-
ments favoring recognition of broad- and narrow-
bordered forms as separate species. Although mor-
phologic pairs are common, they are not characteristic of
all large species suites of Olenellus. For example,

O. euryparia n. sp. and O. multinodus n. sp. have no similar
associated species. Also, some distinctive and widespread
narrow-bordered species, such as O. nevadensis (Walcott),
have no broad-bordered associates. Perhaps the most
significant evidence against dimorphism is provided by
olenellid ontogenies.

On the basis of an earlier study of silicified onto-
genetic suites of associated narrow- and broad-
bordered forms from the Pioche region, Nevada
(Palmer, 1957), arguments favoring dimorphism could
have been made by interpreting the “Paedeumias”-type
immatures (low cephalic relief; slender intergenal spines)
and associated Olenellus-type immatures (strong cephalic
relief; broad, ventrally open intergenal spines) as di-
morphs. However, discovery of a sample with beautifully
silicified immature olenellids in the northern Delamar
Mountains, Nev., substantially weakens that interpreta-
tion. In that sample, forms typical of “Paedeumias” and
Olenellus can be easily distinguished and all developmen-
tal stages described from the Pioche region can be recog-
nized. However, all individuals in developmental stages
I-11I in the Pioche samples had procranidial spines;
whereas a substantial number of specimens from stages
I-1II of both “Paedeumias” and Olenellus in the sample
from the northern Delamar Mountains lack procranidial
spines. Thus, the “dimorphs” seem to be dimorphic!

The evidence given in the preceding two paragraphs is
considered sufficient to raise doubts about interpreting
broad- and narrow-bordered species pairs as dimorphs.
In this report they are recognized as separate species.

Olenellus arcuatus n. sp.
Plate 2, figures 11, 12

Description.—Small olenellids; width of cephalon of
largest observed specimen about 15 mm. Cephalon sub-
crescentic in outline, both anterior and posterior margins
curved forward. Genal angle acute, located posterior to
transverse line through occipital ring, has short sharp
posteriorly directed genal spine. Narrow cephalic border
defined by shallow lateral and posterior border furrows.
Intergenal spine not apparent.

Glabella elongate, separated from anterior border by
narrow preglabellar area. Frontal lobe prominent, sub-
hemispherical, well marked at sides by narrow axial fur-
rows; width between one-third and one-half greater than
width at occipital ring and slightly less than one-third
greatest width of cephalon. Posterior part of glabella
slender, slightly constricted at middle glabellar segment
(L2). Three glabellar furrows present: anterior (S3) and
middle (S2) furrows nearly straight, anterior furrow
deepest at distal ends; preoccipital furrow (S1) directed
inward in a gentle posteriorly directed curve from axial
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furrows. Occipital furrow apparent only adjacent to axial
furrows. Occipital ring and at least glabellar segments L1
and L2 have low axial nodes.

Ocular lobes divergent, crescentic, short, well defined,
posteriorly tapered. Ocular furrow not apparent. Line
connecting tips of ocular lobes passes over anterior part
of preoccipital segment. Intraocular cheek moderately to
strongly convex transversely, wider than ocular lobe,
forms distinct swollen areas adjacent to glabellar seg-
ments L1 and L2.

Extraocular cheek gently convex, has very faint vestige
of intergenal ridge directed posterolaterally from tip of
ocular lobe. Distance between ocular lobe and lateral
margin between one-third and one-fourth maximum
cephalic width.

Ornamentation, except for axial nodes, not apparent.

Discussion.—This species is distinguished from all other
olenellids by the strongly curved posterior cephalic mar-
gin and short genal spines. The configuration of the
glabella and ocular lobes is most similar to the younger
species, O. multinodus n. sp., and both species have axial
nodes on glabellar segments. The morphologic
similarities and stratigraphic differences indicate that
these species probably form a phyletic subgroup within
Olenellus.

Occurrence.—Rare, O. arcuatus Zonule. California:
3148-CO (2 cephala), Echo Canyon section, Funeral
Mountains; 4146-CO (5 cephala), Grapevine Mountains.

Olenellus brachyomma n. sp.
Plate 2, figures 7, 8

Description.—Small olenellids; width of largest ob-
served cephalon about 15 mm. Cephalon semicircular in
outline with marginal curvature continued into slender
posterolaterally directed genal spines that originate at
posterolateral cephalic corners. Posterior margin
straight, directed slightly posterolaterally from occipital
ring. Border narrow, defined by shallow border furrows
that are deepest along anterior margin. Intergenal spine
short, sharp, posterolaterally directed, close to base of
genal spine.

Glabella elongate, extended nearly to anterior border
furrow; preglabellar area extremely narrow. Frontallobe
subcircular in outline, not noticeably inflated, separated
from extraocular cheeks by change in exoskeletal slope;
top at same level as remainder of glabella; width about
equal to transverse width of occipital ring. Remainder of
glabella narrowest at middle glabellar segment (L2),
poorly defined at sides by changes in exoskeletal slope.
Three glabellar furrows present: anterior furrow (S3)
shallow, curved slightly posteriorly, continuous between
inner ends of ocular lobes; middle furrow (S2) rep-
resented only by isolated, slightly transverse pits on

glabella; preoccipital furrow (S1) moderately deep at
sides of glabella, very shallow across top, very slightly
curved posteriorly. Occipital furrow deep at sides of
glabella, shallow across top. Occipital ring has prominent
median node adjacent to posterior margin.

Ocular lobe short, arcuate, unfurrowed, sloped in-
ward, and not clearly differentiated from intraocular
cheek; line connecting tips of ocular lobes passes over top
of glabella at preoccipital furrow (S1).

Intraocular cheeks about as wide as ocular lobe.

Extraocular cheeks gently convex, downsloping; dis-
tance from ocular lobe to border furrow at genal angle
slightly less than one-third width of cephalon between
intergenal spines.

External surfaces of most parts of cephalon smooth;
genal spines thickly covered with granules on well-
preserved specimens (pl. 2, fig. 8).

Discussion.—The combination of a glabella not quite
reaching the anterior border furrow, short unfurrowed
ocular lobes, granular genal spines at the posterolateral
corners of the cephalon, and pattern of glabellar furrows
serves to distinguish this species from other olenellids. It
is most similar to the larger species, O. fremonti Walcott,
and differs principally by having a narrow preglabellar
area and by having a less variable relationship between
the genal and intergenal spines and the posterolateral
corner of the cephalon.

Occurrence.—Locally common, Olenellus Zone, im-
mediately above Gold Ace Limestone Member. Nevada:
3696-CO, 7194-CO (10 cephala), Desert Range.

Olenellus clarki (Resser)
Plate 3, figures 1-5

Paedeumias clarki Resser, 1928, p. 9, pl. 3, figs. 1, 2; Riccio, 1952, p. 33,
pl. 9, figs. 1-4.

Olenellus gilberti Meek (Part). Walcott, 1884, pl. 21, fig. 14; 1886, pl. 20,
fig. 4; 1891, pl. 85, fig. 1d.

Description.—Moderately large olenellids; width of
largest observed cephalon about 50 mm. Cephalon semi-
circular in outline, nearly flat; marginal curvature con-
tinuous onto short slender genal spine located at or
slightly in advance of posterolateral cephalic corner.
Posterior margin nearly straight, slightly deflected for-
ward distal to position of intergenal spines on some
specimens. Intergenal spine usually not apparent on
holaspid cephala. Cephalic border narrow, wirelike, well
defined by border furrow around entire cephalic margin.

Glabella elongate, separated from frontal border by
preglabellar area that is generally two to four times
longer sagittally than the border. Frontal lobe subcircular
to sagittally subovate in outline, not inflated; width about
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equal to width of occipital ring; separated from extra-
ocular cheeks by change in exoskeletal slope. Remainder
of glabella defined at sides by shallow axial furrows, nar-
rowest at preoccipital furrow (S1). Three glabellar fur-
rows present: anterior and middle furrows (S3 and S2)
generally represented by isolated deep transverse slots
not connected across top of glabella; preoccipital furrow
(S1) and occipital furrow subparallel, deep at sides of
glabella, not connected across top. Occipital ring has
small axial node adjacent to posterior margin.

Ocular lobes slender, arcuate, elongate; line connect-
ing tips passes over occipital furrow (S0) or adjacent parts
of preoccipital or occipital segments (L1, L0). Shallow
ocular furrow present, parallel to outer margin of ocular
lobe for entire length of lobe. Intraocular cheek about as
wide as ocular lobe opposite preoccipital furrow, narrows
to about half this width between tip of ocular lobe and
glabella.

Extraocular cheek broad, gently convex. Narrow pre-
glabellar median ridge present on some specimens. Dis-
tance from ocular lobe to border furrow at genal angle
about equal to, or slightly greater than, transverse width
of occipital ring.

Ornamentation consists of faint bertillon markings on
the glabella and extraocular cheeks of some specimens
(pl. 3, fig. 5). Most specimens appear smooth.

Discussion.—This species is most similar to O. gilbert:
Meek with which it is often associated. It differs by having
a somewhat greater sagittal length to the preglabellar
area, a wirelike cephalic border, and generally less ad-
vanced genal spines. However, because of distortion of
many specimens in shales, it is sometimes difficult to
assign particular individuals to either species with con-
fidence. The moderately long ocular lobes, clearly sep-
arated from both the axial and posterior border furrows
at their tips, distinguish this species from other similar
species of Olenellus.

Occurrence—Rare to common throughout most of the
Olenellus Zone, >50 cephala. California: 2304-CO,
3097-CO, 4152-CO, Echo Canyon section, Funeral
Mountains; 3676—CO, Resting Springs Range; 3681-CO,
Eagle Mountain; 3698-CO, 4144-CO, 7184a,b—CO,
Titanothere Canyon section, Grapevine Mountains;
4168-CO, Salt Spring Hills; 4640-CO, Avwatz Pass.
Nevada: 1034-CO, 1995-CO, 3694-CO, 3786-CO,
3787—-CO, Nevada Test Site; 7192-CO, Desert Range.

Olenellus cylindricus n. sp.
Plate 2, figures 9, 10, 13, 14

Description.—Moderate to large olenellids; width of
largest observed cephalon about 40 mm between in-
tergenal angles. Cephalon semicircular in outline with
marginal curvature continued into slender, posterolater-

ally directed, generally slightly advanced, genal spine.
Lateral margin behind genal spine straight, makes an
angle of 45° or less with lateral projection of straight
posterior margin. Border well defined all around
cephalon by shallow narrow border furrow. Intergenal
spine short, sharp, laterally directed, poorly preserved on
many specimens, located slightly anterior to intergenal
angle.

Glabella elongate, not quite reaching anterior border,
leaving narrow preglabellar area. Frontal lobe expanded,
subcircular in outline, defined by shallow anterior axial
furrows; width about one-third greater than width at
occipital ring. Posterior part of glabella moderately de-
fined by shallow axial furrows, sides subparallel or
slightly convergent opposite occipital and preoccipital
segments and only slightly divergent anterior to pre-
occipital segment. Three glabellar furrows present: an-
terior furrow (S3) shallow, sinuous, deepest adjacent to
inner ends of ocular lobes; middle furrow (S2) not con-
nected to axial furrows, represented by shallow trans-
verse slots connected by shallower transglabellar furrow;
preoccipital furrow (S1) deep adjacent to axial furrows,
shallow across top of glabella. Occipital furrow similar in
form and depth to preoccipital furrow. Occipital ring has
axial node adjacent to posterior margin.

Ocular lobe crescentic, posteriorly tapered, upper sur-
face not preserved on specimens studied. Intraocular
cheek about as wide as ocular lobe. Line connecting post-
erior tips of ocular lobes passes over preoccipital segment
(L1).

Extraocular cheeks gently convex; distance from ocu-
lar lobe to border furrow at base of genal spine about
one-fourth width of cephalon between intergenal angles.

Ornamentation not preserved on specimens studied.

Discussion.—This species is most similar to O. euryparia,
and its relations are discussed under that species. The
relatively short ocular lobes well separated from the
glabella, generally advanced genal spines, and narrow
preglabellar area combine to distinguish this species from
other similar olenellids.

Occurrence.—Common, O. arcuatus Zonule. California:
4146-CO (12 cephala), Grapevine Mountains.

Olenellus euryparia n. sp.
Plate 2, figures 15-18

Olenellus fremonti Walcott, 1910, pl. 37, figs. 1, 4, 5 (only).

Description.—Moderate to large olenellids; width of
largest observed cephalon about 50 mm between in-
tergenal angles. Cephalon transversely subpentagonal in
outline, moderately rounded in front of glabella, gently
curved laterally, with curve continuing along slender
posteriorly directed genal spine. Lateral margin behind
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genal spine straight, makes angle of 45° or more with
lateral projection of straight posterior margin. Border
well defined by continuous anterior, lateral, and pos-
terior border furrows. Intergenal spine short, sharp, lat-
erally directed; present on even largest cephala; located
at or slightly anterior to intergenal angle. Glabella elon-
gate, anteriorly expanded, extended to inner edge of
anterior border. Frontal lobe hemispherical, strongly
elevated above adjacent extraocular cheeks, defined at
sides by narrow shallow anterior axial furrows; trans-
verse width about one-fourth more than transverse width
of occipital ring. Remainder of glabella defined at sides
by narrow, shallow axial furrows; narrowest at glabellar
segment L2. Three glabellar furrows present anterior to
occipital furrow: anterior furrow (S3) deep adjacent to
inner end of ocular lobe, shallow across top of glabella;
middle furrow (52) nearly straight, deepest at distal ends,
curved slightly backward laterally behind distally ex-
panded glabellar lobe (L3); preoccipital furrow (S1) deep
at sides of glabella, directed inward and backward, shal-
low across top. Occipital furrow nearly straight, deep
distally, shallow across top of glabella. Occipital ring has
moderately large axial node adjacent to posterior mar-
gin.

Ocular lobe slender, arcuate, separated from glabellar
lobe L3 by shallow furrow. Ocular furrow apparent only
near glabellar end of ocular lobe, connected to axial fur-
row so that only inner part of ocular lobe is connected to
frontal glabellar lobe. Line connecting posterior tips of
ocular lobes passes over anterior part of preoccipital
glabellar segment (L2). Intraocular cheeks slightly nar-
rower than ocular lobe, moderately to strongly convex
transversely forming a ridge that merges posteriorly with
extraocular cheek (pl. 2, fig. 18).

Extraocular cheek gently convex, downsloping; dis-
tance from ocular lobe to lateral border furrow at base of
genal spine between one-third and one-fourth width of
cephalon between intergenal spines.

Ornamentation consists of strong bertillon markings
on glabella and weak bertillon markings on anterior bor-
der and genal spines; all other parts lack distinct or-
namentation; surface of mold smooth.

Discussion.—This distinctive olenellid is distinguished
from all other species by having advanced genal spines,
laterally directed intergenal spines on specimens of all
sizes, and a hemispherical frontallobe on the glabella that
reaches to the inner edge of the anterior border. The
most similar species is O. altifrontatus Fritz (1972) from the
upper part of the Bonnia-Olenellus Zone in the Sekwi
Formation of the Mackenzie Mountains in the north-
western part of the Northwest Territories, Canada.
However, O. euryparia has narrower and more convex
intraocular cheeks, slightly shorter ocular lobes, less slot-
like lateral parts to the glabellar furrows, and bertillon

markings rather than granules on the external surface of
the glabella. In addition, O. altifrontatus has axial nodes on
several glabellar segments; whereas none are apparent
on O. euryparia.

Among the Carrara faunas, O. euryparia is most similar
0 O. cylindricus n. sp., differing principally by having the
glabella extended to the anterior border and more con-
stricted at the middle segment (L2) and by having the
middle glabellar furrow (S2) continuous across the entire
glabella. O. cylindricus is also a slightly older species.

Occurrence.—Locally common, upper part of Bristolia
Zonule (?). California: 3680-CO (> 20 cephala), Eagle
Mountain.

Olenellus fremonti Walcott
Plate 3, figures 14-17

Olenellus fremonti Walcott, 1910, p. 320, pl. 37, fig. 2 (only); Riccio, 1952,
p- 30, pl. 7, fig. 6.

Maesonacis fremonti (Walcott). Resser, 1928, p. 6, pl. 1, figs. 3-9; pl. 2, fig.
9; pl. 3, fig. 8.

?Olenellus (Fremontia) fremonti Walcott. Lochman, Christina, in Cooper
and others, 1952, p. 91, pl. 18, figs 4-5.

Description.—Large olenellids; width of largest ob-
served cephalon about 80 mm. Cephalon semicircular in
outline, gently convex; marginal curvature continuous
onto moderately long slightly advanced genal spine.
Posterior margin nearly straight between rounded in-
tergenal angles; deflected forward at varying angles to
base of genal spine. Intergenal spine not apparent on
holaspid specimens. Cephalic border flattened, well de-
tined along lateral and anterior margins by continuous
border furrow, less well defined along posterior margin.

Glabella elongate, extended to anterior border furrow.
Frontal lobe subcircular to sagittally subovate in outline,
not inflated; width slightly greater than width of occipital
ring; separated from extraocular cheeks by change in
exoskeletal slope. Remainder of glabella defined at sides
by shallow axial furrows, slightly constricted at pre-
occipital furrow (S1). Three glabellar furrows present:
anterior furrow (S3) curved backward, shallow, con-
nected across top of glabella; middle furrow (S2) straight
or slightly curved backward, shallow, not connected to
axial furrows, but connected across top of glabella; pre-
occipital furrow (S1) directed inward and backward from
axial furrows, connected across top of glabella. Occipital
furrow nearly straight, deepest at sides of glabella, not
clearly connected across top. Occipital ring has small axial
node adjacent to posterior margin.

Ocular lobes short; ocular furrow barely apparent
parallel to outer margin of lobe; line connecting tips of
lobes passes over preoccipital furrow (S1) or middle
glabellar segment (L2). Intraocular cheek about as wide
as ocular lobe.
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Extraocular cheek broad, gently convex. Distance from
ocular lobe to border furrow at genal spine about one-
third width of cephalon at intergenal angles.

Ornamentation consists of very faint bertillon mark-
ings on glabella and extraocular cheeks of some speci-
mens. Most specimens appear smooth.

Discussion.—When Walcott, in 1910, described this
species, he included it in a large number of previously
illustrated specimens that had been identified as O. gil-
berti Meek or O. howelli Meek in earlier publications (Wal-
cott, 1884, 1886, 1891). The type locality is given as
locality 52, Prospect Mountain, Eureka, Nev. Resser
(1928) placed fremonti in Mesonacis and restricted it to the
specimen from locality 52 illustrated on plate 37, figure 2
by Walcott (1910) and a specimen from the Resting
Springs Range (Walcott, 1910, pl. 37, fig. 1). By so revis-
ing the species, he automatically designated the specimen
from locality 52 as the holotype, all other specimens from
this locality being removed from the species. This speci-
men seems to be essentially the same as the much better
preserved specimens from the Marble Mountains as-
signed by Resser to Mesonacis fremonti.

The species is similar to the associated Bristolia bris-
tolensis from which it differs by having the glabella barely
constricted at the preoccipital furrow and by having the
genal spines less strongly advanced. It differs from other
species of Olenellus by the following combined charac-
teristics: glabella reaching the anterior border furrow,
short ocular lobes whose tips are well separated from the
glabella, and slightly advanced genal spines.

In October 1971 I'located all but three of the specimens
assigned by Walcott (1910, pl. 37) to O. fremonti in the
collections of the U.S. National Museum and I
reexamined them. In addition, specimens identified by
Lochman (1952) as O. (Fremontia) fremonti were
reexamined. Among Walcott’s specimens, those he
showed on plate 37, figures 1, 4, and 5 represent O.
euryparia n. sp.; figure 2 is the holotype; figure 3 isa form
lacking advanced genal spines and possibly represents
Wanneria, although it is in a recrystallized limestone and
its surface is not preserved; figures 6, 20, 21, and 22 are
indeterminate parts; figure 7 is not well enough pre-
served to see critical cephalic characteristics and has genal
spines more like those of Bristolia fragilis n. sp. than O.

fremonti; figures 8, 10, and 11 represent an undescribed
species related to Bristolia anteros n. sp.; figure 9, and
figure 8, plate 41, are of a specimen of Bristolia anteros
n. sp.; figure 14 represents another undescribed species
with a glabellar and ocular lobe structure like that of
Bristolia anteros but lacking advanced genal spines; figures
16, 18, and 19 represent Bristolia bristolensis (Resser); and
figure 17 represents still a third undescribed species
more closely resembling O. euryparia than O. fremonti and
characterized by narrow extraocular cheeks. The speci-

mens in figures 12, 13, and 15 could not be located.

Lochman (in Cooper and others, 1952) illustrated two
specimens assigned to this species. One (Lochman, in
Cooper and others, 1952, pl. 18, fig. 5) is too incomplete
for specific identification, although it does have a short
eye and the glabella reaches the border furrow. The
other (Lochman, in Cooper and others, 1952; pl. 18, fig.
4) has much narrower extraocular cheeks than O. fremont:
and also has a well-developed intergenal spine close to the
genal spine.

Of the specimexns assigned here to O. fremonti, the
specimen from the Salt Spring Hills (pl. 3, fig. 17) agrees
in all respects with the Marble Mountains and Eureka
district specimens. The specimens from the Funeral
Mountains are tectonically distorted but have no clear-cut
features to distinguish them from O. fremonti.

Occurrence—Rare throughout most of the Olenellus
Zone (=10 cephala). California: 2304-CO, Funeral
Mountains; 3676-CO, Resting Springs Range; 4168-CO,
Salt Spring Hills.

Olenellus gilberti Meek
Plate 3, figures 6-13

Olenellus gilberti Meek, 1874, in White, 1874, p. 7; White, 1877, p. 44,
pl. 2, fig. 3a; (part) Walcott, 1886, p. 170, pl. 19, figs. 2, 2a, 2b; pl.
21, figs. 1, 1a; 1891, pl. 84, figs. 1, 1a; pl. 85, figs. 1b, 1¢; 1910, p.
324, pl. 36, figs. 1, 2, 3, 6; Shimer and Shrock, 1944, pl. 253, figs.
2,3.

?POlenellus gilberti Meek. Peach, 1894, p. 671, pl. 32, figs. 9, 10; Best,
1952, p. 17, pl. 1, figs. 13-17; Norford, 1962, p. 6, pl. 1, figs. 8, 9;
Fritz, 1968, p. 193, pl. 36, figs. 26-28.

Olenellus truemani Walcott. Lochman, in Cooper and others, 1952, pl. 18,
figs. 9, 10 (only).

Description.—Large olenellids; width of largest ob-
served cephalon about 80 mm. Cephalon semicircular in
outline, nearly flat; marginal curvature continuous onto
short slender genal spine located slightly in advance of
posterolateral cephalic corner. Posterior margin nearly
straight from occipital ring to intergenal spine, then de-
flected slightly forward to base of genal spine. Intergenal
spine short, sharp, laterally directed, present on speci-
mens of all sizes. Cephalic border well defined around
entire cephalic margin by moderately deep border fur-
row. Inner margins of anterior and lateral parts of bor-
der rise abruptly and steeply from border furrow;
peripheral parts of border flattened.

Glabella elongate, separated from frontal border by
preglabellar area as wide or wider than anterior border.
Frontal lobe subcircular in outline, not inflated; width
about equal to width of occipital ring; separated from
extraocular cheeks by abrupt change in exoskeletal slope.
Remainder of glabella defined at sides by shallow axial
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furrows narrowest at preoccipital furrow (S1). Three
glabellar furrows present: anterior furrow (S3) deep,
curved, not generally connected across top of glabella;
preoccipital furrow (S1) deep at sides of glabella, directed
inward and backward from axial furrow, generally not
connected across top of glabella. Occipital furrow deep at
sides of glabella, directed nearly straight inward from
axial furrow, not connected across top of glabella. Occip-
ital ring has small axial node adjacent to posterior mar-
gin.

Ocular lobes slender, arcuate, elongate; line connect-
ing tips passes over occipital furrow (S0) or adjacent parts
of preoccipital or occipital segments (L1, LO). Shallow
ocular furrow present, parallel to outer margin of ocular
lobe for entire length of lobe. Intraocular cheek about as
wide as ocular lobe opposite preoccipital furrow, narrows
to about half this width between tip of ocular lobe and
glabella.

Extraocular cheek broad, gently convex. Narrow pre-
glabellar median ridge present on some specimens. Dis-
tance from ocular lobe to border furrow at genal angle
equal to or slightly more than transverse width of occipi-
tal ring.

Ornamentation consists of extremely faint bertillon
markings on the glabella of some specimens. Most speci-
mens appear smooth.

Discussion.—The original group of specimens iden-
tified by Meek as 0. gilberti from a collection in the Pioche
Hills, Nev., includes an association of O. gilberti and O.
clarki. Specimens of both species were illustrated as O.
gilberti by Walcott, who also included Meek’s species O.
howelli within his concept of O. gilberti. All available
specimens assigned to O. gilberti by Walcott and earlier
workers were reexamined, and the synonymy reflects my
conclusions. O. howelli has long ocular lobes that reach
nearly to the posterior border furrow; and it occurs in a
crystalline limestone, which in the Pioche region can only
be the Combined Metals Member of the Pioche Shale.
This member is partly equivalent to the Gold Ace Limes-
tone Member of the Carrara Formation. In both units,
the olenellid species are characterized by long ocular
lobes, and the constancy of those features suggests that
they reflect real population differences, interpreted here
to be of specific value.

O. gilbert: is restricted to forms sharing the characteris-
tics of the broad-bordered specimens of the type lot. It is
distinguished from other species of Olenellus by the com-
bined features of a narrow preglabellar field, by slightly
advanced genal spines, by ocular lobes moderately long,
but clearly terminating anterior to the posterior border
furrow, and by a slightly flattened moderately broad
border. It is most difficult to distinguish from the as-
sociated species, O. clarki (Resser). The difficulties of
discrimination between forms assigned to these two

species are mentioned in the opening discussion of the
genus Olenellus.

In addition to the Nevada and California specimens
assigned to O. gilberti, several of the specimens identified
by Lochman (1952) as O. truemani have the characteristics
of 0. gilberti and are included here in its synonymy.

Occurrence —Rare to common throughout most of the
Olenellus Zone (>50 cephala). California: 2304-CO,
3097-CO, Funeral Mountains; 3676-CO, Resting
Springs Range; 3681-CO, Eagle Mountain; 3698-CO,
4144-CO, 7184-CO, Titanothere Canyon section,
Grapevine Mountains; ?3148-CO, 4152-CO, Echo Ca-
nyon section, Funeral Mountains; 4168-CO, Salt Spring
Hills. Nevada: 1034-CO, 1995-CO, 3786-CO, 3787-CO,
Nevada Test Site; 4433-CO, Belted Range.

Olenellus howelli? Meek
Plate 4, figure 16

Olenellus howelli Meek, 1874, in White, 1874, p. 8; White, 1877, p. 47, pl.
2, figs. 4a,b.

Olenellus gilberti Meek (part). Walcott, 1886, pl. 18, figs. 1, 1a; 1891, pl.
84, figs. 1b,c; 1910, pl. 36, figs. 4, 4a; Palmer, 1957, pl. 114, pl. 19,
figs. 1-3, 6, 11, 12, 15, 16, 19.

Discussion.—A relatively small broad-bordered olenel-
lid is associated with the narrow-bordered species
O. puertoblancoensis (Lochman) and has all other features,
including the distinctively long ocular lobes, essentially
the same as that species. The basic morphologic charac-
ters are shared with the single large olenellid cephalon
described as Olenellus howelli by Meek. The reasons for
removing O. howelli from the synonymy of O. gilberti
where it has been placed since 1886, have already been
discussed in the section on O. gilberti. The differences
between the holotype and the two specimens from the
Carrara Formation may be due wholly to the size differ-
ence of the specimens. The frontal lobe of the glabella
enlarges with increasing size in most olenellids, and the
lesser gap between the front of the glabella and the bor-
der in the large specimen may be explained by this obser-
vation. However, without more specimens from either
the type region or the Carrara Formation, the species
identification of the Carrara specimens must remain

tenuous. ) _
Occurrence.—Rare, Olenellus Zone. California:

4145-CO (1 cephalon), Titanothere Canyon section,
Grapevine Mountains.

Olenellus multinodus n. sp.
Plate 4, figures 1-9

Olenellid trilobite, undescribed, Norford, 1962, p. 6, pl. 1, fig. 3.

Description.—Small olenellids; width of largest ob-
served cephalon about 20 mm. Cephalon semicircular in
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outline; anterior margin evenly curved with curvature
continuing along short slender posterolaterally directed
genal spine; posterior margin nearly straight to in-
tergenal angle, then directed slightly anterolaterally to
base of slightly advanced genal spine. Narrow border well
defined by broad shallow border furrow along entire
cephalic margin. Intergenal spine short, posterolaterally
directed.

Glabella elongate, extended nearly to anterior border;
preglabellar area very narrow. Frontal lobe prominent,
subhemispherical, strongly elevated above extraocular
cheeks, defined at sides by abrupt change in exoskeletal
slope; width between one-third and one-half greater than
transverse width of occipital ring and about one-third
width of cephalon between intergenal spines. Posterior
part of glabella slender, slightly constricted opposite
middle glabellar furrow (82), axial furrows present only
opposite middle glabellar segment (L2). Three glabellar
furrows present: anterior furrow (S3) marked only by
pits adjacent to juncture of ocular lobe and frontal
glabellar lobe; middle furrow (S2) deep at sides of
glabella, very shallow across top; preoccipital furrow (S1)
slightly curved posteriorly, deep at sides of glabella,
shallow across top. Occipital furrow essentially the same
as preoccipital furrow. Preoccipital segment merges lat-
erally with intraocular cheek. Occipital ring has short
axial spine at posterior margin. Single axial nodes de-
creasing in height from back to front are present on
glabellar segments L1, L2, and L3.

Ocular lobes divergent, crescentic, short, prominent,
without ocular furrows. Line connecting tips of ocular
lobes passes over anterior part of preoccipital segment
(L1) or preoccipital furrow (S1). Intraocular cheek wider
than ocular lobes, on some specimens has two low swell-
ings.

Extraocular cheeks gently convex; distance from ocu-
lar lobe to border furrow at genal angle slightly more
than one-fourth width of cephalon between intergenal
spines. Low narrow intergenal ridge present on some
specimens extending from posterior tip of ocular lobe in
sigmoid curve to border adjacent to intergenal spine.

Ornamentation consists of bertillon markings on
glabella and ocular lobes, in addition to axial nodes on
glabella.

Discussion.—This species is distinguished from all other
olenellids by having strong glabellar relief and axial
nodes on three glabellar segments; short divergent
prominent unfurrowed ocular lobes; and slightly ad-
vanced, relatively short genal spines. Most samples col-
lected show some evidence for tectonic deformation (pl.
4, figs 2, 3).

The most similar species is O. arcuatus n. sp. which
differs by having a strongly curved posterior cephalic
margin and much shorter genal spines.

A fragmentary partial thorax from the northern Del-
amar Range (pl. 4, figs. 7, 8) shows this species to have an
extremely large macropleural third thoracic segment and
a gradual transition from prothoracic to opisthothoracic
segments. There is no indication of the axial spine usually
found on the 15th thoracic segment, but this could be an
artifact of imperfect preservation. The specimen has 17
opisthothoracic segments with no indication that the
terminal segment is preserved. If additional specimens
show similar thoracic peculiarities, O. multinodus and
probably also O. arcuatus should be removed from
Olenellus and placed in a new genus.

In addition to its occurrences in the Carrara
Formation—always in the shales overlying the Gold Ace
Limestone Member—O. multinodus has been collected in
shales within the Combined Metals Member of the Pioche
Shale in Nevada near Delamar and north of U.S. High-
way 93 west of the Oak Spring Summit crossing of the
Delamar Range (p. 58), and in a 2.5-cm limestone bed
immediately above the Chambless Limestone in the Mar-
ble Mountains of southeastern California. A specimen
assignable to this species (pl. 4, fig. 6) has been illustrated
by Norford (1962) from a locality described by Mountjoy
(1962) and 10 m above the top of the predominantly
quartzitic Gog Group in Jasper Park, western Alberta,
Canada.

Occurrence—Common (>40 cephala), O. multinodus
Zonule. California: 2304-CO, 3097-CO, Echo Canyon
section, Funeral Mountains; 3676-CO, Resting Springs
Range; 3681-CO, Eagle Mountain; 3698-CO, 7184-CO,
Titanothere Canyon section, Grapevine Mountains.
Nevada: 3696-CO, Desert Range; 7221-CO, 7224-CO,
Delamar Range.

Olenellus nevadensis (Walcott)
Plate 4, figures 10, 13, 17

Olenellus gilberti Walcott (part). Walcott, 1884, pl. 9, fig. 16; 1886, pl. 19,
fig. 2g; 1891, pl. 85, fig. le.

Callavia? nevadensis Walcott, 1910, p. 285, pl. 38, fig. 12.

Pacdeumias nevadensis (Walcott). Resser, 1928, p. 9, pl. 3, figs. 3-7;
Riccio, 1952, p. 33, pl. 9, figs. 5, 6.

Description.—Moderately large olenellids; width of
largest observed cephalon about 65 mm. Cephalon
semicircular in outline, nearly flat; marginal curvature
continuous onto short slender genal spine at posterolat-
eral corner. Posterior margin straight, deflected very
slightly forward distal to short sharp intergenal spine that
is located near genal spine. Narrow convex cephalic bor-
der well defined by narrow border furrow around entire
cephalon.

Glabella tapered forward, relatively short, separated
from anterior border by distance varying between one-
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sixth and one-half sagittal glabellar length. Frontal lobe
subconical, defined by abrupt change in slope. Remain-
der of glabella widest at occipital ring, tapers very slightly
forward to ocular lobes. Three glabellar furrows present:
anterior furrow (S3) represented by moderately deep,
elongate slots directed inward and backward from inner
ends of ocular lobes, may or may not be connected across
top of glabella by shallow furrow; middle furrow (S2)
represented consistently by isolated deep transverse
slots; preoccipital furrow (S1) deep at sides of glabella,
directed backward and inward, either connected by
shallow furrow or not connected across top of glabella.
Occipital furrow deep at sides of glabella, not connected
across top. Occipital ring has small median node adjacent
to posterior margin.

Ocular lobes long, slender, arcuate, not furrowed; di-
rected posterolaterally from posterolateral parts of
frontal lobe; line connecting tips passes over occipital or
preoccipital segment (L0, L1). Intraocular cheek about
equal in width to ocular lobe.

Extraocular cheek broad, gently convex; distance from
ocular lobe to lateral border furrow on line parallel to
posterior border between one-third and one-fourth
posterior width of cephalon. Very narrow preglabellar
median ridge apparent on some specimens.

Discussion.—This species is distinguished from other
species of Olenellus by its anteriorly tapered glabella well
separated from the anterior border and by the con-
figuration of its glabellar furrows. The statement by Wal-
cott (1910) that the species is characterized by short ocu-
lar lobes resulted from an erroneous reconstruction of
the type cephalon which added extra length. The ocular
lobes reach nearly to the occipital furrow on most speci-
mens and farther posteriorly on others.

Specimens possibly representing this species have been
found associated with O. multinodus n. sp. in the northern
Delamar Range, but they have a complete occipital fur-
row unlike the forms illustrated from the Death Valley
region and in the Marble Mountains to the south. They
are also significantly younger than the more characteris-
tic specimens.

Occurrence—Rare (=5 cephala), Bristolia Zonule and
underlying beds of the lowermost part of Carrara For-
mation. California: 3148—-CO, Echo Canyon section,
Funeral Mountains; 4144-CO, Titanothere Canyon sec-
tion, Grapevine Mountains. Nevada: 7193-CO, Desert
Range.

Olenellus puertoblancoensis (Lochman)
Plate 4, figures 11, 14

Paedeumias puertoblancoensis Lochman, in Cooper and others, 1952, p.
94, pl. 19, figs. 9-16.

Paedeumias clarki Resser. Palmer, 1957, pl. 19, figs. 4, 5, 10, 14, 17, 20.

Olenellus puertoblancoensis (Lochman). Fritz, 1972, pl. 17, figs. 1-7.
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Discussion.—Two small collections from the
Titanothere Canyon section in the Grapevine Mountains,
Calif., have yielded a few cephala of a species-pair similar
to Olenellus gilberti—Olenellus clarki except for long ocular
lobes that extend to or nearly to the posterior border
furrow adjacent to the occipital ring, isolating the in-
traocular cheek. The narrow-bordered forms agree in all
essential details with specimens from the Buelna Forma-
tion near Caborca, Mexico, described by Lochman as
Paedeumias puertoblancoensis and are assigned to that
species. The broad-bordered forms are assigned to O.
howelli? Meek discussed in a preceding section. A silicified
ontogenetic sequence from the Highland Range (Palmer,
1957) that was assigned to Paedeumias clarki Resser rep-
resents a long-eyed form differing in this respect from P.
(now Olenellus) clarki, and it should be assigned to O.
puertoblancoensis. Both Lochman and Fritz gave full de-
scriptions of this species.

Occurrence.—Rare, Olenellus Zone. California:
4144-CO, 4145-CO (3 cephala), Titanothere Canyon
section, Grapevine Mountains.

Olenellus sp.
Plate 4, figures 12, 15

Discussion.—A single fragmentary cephalon represents
an unusual olenellid characterized by well-developed
granular ornamentation on the glabella, ocular lobes,
and border. The ocular lobes are long; a line connecting
their tips passes over the occipital ring. The anterior
margin is broken but the front of the glabella is pre-
served, suggesting that a short preglabellar area was
present. The nature of the genal spine is not known, but it
was located at the posterolateral cephalic corner, and a
well-developed laterally directed intergenal spine is adja-
cent to it.

No other olenellid has the granular ornamentation and
long ocular lobes characterizing this species, but the sole
specimen is too incomplete for formal naming.

Occurrence.—Rare, Olenellus Zone. California:
7184-CO (1 cephalon), Titanothere Canyon section,
Grapevine Mountains.

Genus PEACHELLA Walcott

Peachella Walcott, 1910, p. 342; Shimer and Shrock, 1944, p. 615;
Poulsen, C., 1932, p. 35; Poulsen, C., in Harrington and others,
1959, p. 192.

Type species.—Olenellus iddingsi Walcott, 1884, p. 28, pl.
9, fig. 12.

Diagnosis.—Olenellidae with generally effaced cephalic
furrows. Cephalon semicircular in outline. Glabella elon-
gate, extended to inner edge of anterior border. Ocular
lobes short, close to glabella. Genal spines short, swollen.
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Discussion.—This is the easiest of all olenellid genera to
recognize because of the swollen genal spines and gener-
ally featureless cephalon. Good specimens are rare, but
the swollen genal spines are moderately common (pl. 5,
fig. 5) and permit specific identification of fragments in
the absence of whole cephala.

Peachella brevispina n. sp.
Plate 5, figures 1-3

Description.—Moderately small olenellids, length of
largest observed cephalon about 12 mm. Cephalon
semicircular in outline with short, swollen, posterolater-
ally directed genal spines. Glabella long, extended to
inner edge of anterior border, poorly defined by slight
changes in exoskeletal slope, breadth nearly constant.
Glabellar and occipital furrows not apparent. Ocular
lobes short, unfurrowed, close to glabella, poorly dif-
ferentiated from frontal lobe and intraocular cheek; line
connecting posterior tips passes over glabella at point
about two-thirds of glabellar length from anterior end of
glabella. Occipital ring seems to lack distinct axial node
adjacent to posterior margin. Extraocular cheeks gently
downsloping to cephalic margin. Anterior and lateral
borders poorly defined by shallow, narrow border fur-
row; lateral border furrow continues along inner base of
genal spine to posterior margin. Posterior border furrow
not clearly defined.

External surfaces of all parts of cephalon smooth.

Discussion.—This species differs from all other olenel-
lids by its poor development of cephalic furrows, by short
ocular lobes, and by short, swollen, and posterolaterally
directed genal spines. The latter character distinguishes
it from P. iddingsi (Walcott).

Occurrence—Moderately rare (=15 cephala), Bristolia
Zonule. California: 3679-CO, Eagle Mountain;
4167-CO, Dublin Hills.

Peachella iddingsi (Walcott)
Plate 5, figures 4-9

Olenellus iddingsi Walcott, 1884, p. 28, pl. 9, fig. 12; Walcott, 1886, p.
170, pl. 19, fig. 1.

Peachella iddingsi (Walcott). Walcott, 1910, p. 343, pl. 40, figs. 17-19;
Shimer and Shrock, 1944, pl. 254, fig. 17.

Description.—Moderately small olenellids, length of
largest observed cephalon about 12 mm. Cephalon
semicircular in outline with moderately short posteriorly
directed sausage-shaped genal spines at posterolateral
corners. Glabella long, extended to inner edge of an-
terior border, poorly defined by slight changes in exos-
keletal slope, narrowest at about midlength. Glabellar
and occipital furrows barely apparent even after whi-

tening. Ocular lobes short, unfurrowed, close to glabella,
poorly differentiated from frontal lobe of glabella and
intraocular cheek; line connecting posterior tips passes
over glabella slightly posterior to glabellar midlength
and, where apparent, over middle glabellar segment
(L2). Occipital ring has median node adjacent to pos-
terior margin. Extraocular cheeks gently downsloping to
shallow lateral border furrow. Posterior border furrow
defined faintly only near genal angle. Anterior border
narrow, begins to broaden posteriorly into swollen genal
spine opposite anterior glabellar lobe. Posterior border
wider than anterior border near genal angle at position of
immature intergenal spine. Extremely faint intergenal
ridge present on some specimens.

External surfaces of all parts of cephalon smooth.

Discussion.—This species is easily distinguished from all
other olenellids by its short ocular lobes, posteriorly di-
rected sausage-shaped genal spines, and poor develop-
ment of cephalic furrows. The shape and direction of the
genal spines distinguishes P. iddingsi from P. brevispina n.
sp.

A small suite of silicified specimens from the
Titanothere Canyon section includes immature cephala
with a more distinctly defined glabella and glabellar fur-
rows, and with a short intergenal spine adjacent to the
genal spine (pl. 5, fig. 6).

Occurrence.—Moderately common (<20 cephala),
Bristolia Zonule. California: 3675-CO, Resting Springs
Range; 4144~-CO, 7183-CO, Titanothere Canyon sec-
tion, Grapevine Mountains; 4152-CO, Echo Canyon sec-
tion, Funeral Mountains; 4290-CO, Funeral Mountains;
4161-CO, Cucomungo Canyon section, Last Change
Range. Nevada: 3694—CO, 38786—CO, 3787—CO,
Nevada Test Site; 7193—CO, Desert Range.

Order MIOMERA Jaekel
Superfamily AGNOSTOIDEA Salter
Family QUADRAGNOSTIDAE Howell

This family assignment is used here in the sense of
Opik (1961) and has been discussed by me earlier
(Palmer, 1968, p. 23). The ordinal and superfamily des-
ignations, are those recommended by Jell (1975, p. 14).

Genus PERONOPSIS Corda

Peronopsis Corda in Hawle and Corda, 1847, p. 115; Palmer, 1968, p. 31
(for synonymy to date).

Type species.—Battus integer Beyrich, 1845, p. 44, pl. 1,
fig. 19.

Discussion.—Robison (1964) presented a good recent
diagnosis of this genus to which the specimens described
below conform in all respects.



76

Peronopsis bonnerensis (Resser)
Plate 12, figures 11, 15

Agnostus bonnerensis Resser 1938b, p. 6, pl. 1, figs. 16, 17; Resser, 1939a,
p- 8, pl. 2 figs. 24-26.
Agnostus lautus Resser, 1939b, p. 25, pl. 2, figs. 16-18.

Description.—Cephalon moderately convex trans-
versely and longitudinally. Glabella well defined by nar-
row furrows. Anterior lobe bluntly rounded at front,
separated from remainder of glabella by straight trans-
verse furrow. A second glabellar furrow may be marked
by shallow notches at the sides of the glabella. Basal lobes
simple. Axial node indistinct. Border narrow, well de-
fined, of constant breadth; sagittal length about one-
third sagittal length of undivided preglabellar field.

Pygidium with axis well defined, bluntly pointed pos-
teriorly, reaching nearly to inner part of border; postax-
ial furrow absent. First axial segment weakly defined by
shallow transaxial furrow. Axial node situated in position
of second segment which is only faintly outlined on ex-
foliated specimens. Border well defined, with short
poorly developed posterolateral border spines.

Discussion.—Recent work by Campbell (1974) in south-
eastern Idaho demonstrated that the differences be-
tween P. bonnerensis (Resser) and P. lautus (Resser) are
attributable to both preservation and to infraspecific
variability; Campbell suggested that P. lautus be suppres-
sed as a junior synonym of P. bonnerensis. The specimens
from the Carrara Formation conform in all respects to
specimens of this species described from southeastern
Idaho.

P. bonnerensis (Resser) is most similar to P. brighamensis
(Resser). It differs by having more weakly developed
pygidial spines and a slightly longer pygidial axis, and by
lacking a well-developed transverse furrow at the back of
the second axial segment.

Occurrence —Moderately rare, Albertella Zone. Zacan-
thoidid Zonule: Nevada: 3766-CO (3 cephala, 2 pygidia),
Nevada Test Site. Ogygopsis Zonule: Nevada: 4437-CO
(1 weathered complete individual, 3 cephala, 7 pygidia),
4438-CO (4 cephala, 4 pygidia), both from Belted Range.

Peronopsis? sp.
Plate 12, figure 7

Discussion.—A single agnostid pygidium, associated
with P. bonnerensis (Resser), differs from that species by
having an axis that is well defined and crossed by two
deep complete transverse furrows. The posterior lobe is
pointed posteriorly and is separated from the border by a
distance slightly greater than the border width. There is
no clear postaxial furrow. A large axial node on the
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second axial segment deflects the furrow outlining the
posterior margin slightly backward on the axial line. The
border has a slight angulation in the posterolateral area
of the pygidium, but no clear border spine is present. The
surface of the exoskeleton is smooth.

The axial structure of this species is like that of
Peronopsis brighamensis (Resser), but it differs by lacking
well-developed border spines. Without more material, a
specific identification for this specimen is not possible. It
has many characteristics of species of Ptychagnostus, and
Robison (written commun., 1972) believed that P.
brighamensis is a species transitional between the two gen-
era. Without knowledge of the associated cephalon,
specific and perhaps even generic identification of this
pygidium is uncertain.

Occurrence—Rare, Albertella Zone, Ogygopsis Zonule.
Nevada: 4437-CO (1 pygidium), Belted Range.

Superfamily EODISCOIDEA Richter
Family EODISCIDAE Raymond

Genus MACANNAIA Jell

Macannaia Jell, 1975, p. 71.

Type species.—Pagetia maladensis Resser, 1939b, p. 25, pl.
2, figs. 4, 5.

Discussion.—This genus was recently proposed by Jell
with M. maladensis (Resser) as its type. The material from
the Carrara Formation conforms to the type species in all
respects and contributes no new information about the
genus. The superfamily and family designation are those
recommended by Jell (1975, p. 14).

Macannaia maladensis (Resser)
Plate 12, figures 8, 12

Pagetia maladensis Resser, 1939b, part, p. 25, pl. 2, figs. 4 (cranidium in
lower center, pygidium in upper center), 5 (cranidium in upper
right); Rasetti, 1966a, p. 508, pl. 60, figs. 8-18; Fritz, 1968, p. 190,
pl. 43, figs. 14-16.

Pagetia (Mesopagetia) maladensis Resser, Kobayashi, 1944, p.64, pl.2 fig.
4a (only).

Macannaia maladensis (Resser), Jell, 1975, p. 72

Discussion.—This distinctive species is characterized by
abulbous posterior part of the axial lobe of the pygidium,
a subrectangular glabella, and a moderately deep pre-
glabellar axial furrow. Only a few specimens have been
found in the Carrara Formation, but they agree in all
respects with the excellent description given by Rasetti
(1966).

Occurrence.—Moderately common, Albertella Zone,
Ogygopsis Zonule. Nevada: 4436-CO (>10 cranidia, 2
pygidia), 4437-CO (1 cranidium), both from the Belted
Range.
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Genus PAGETIA Walcott

Pagetia Walcott, 1916b, p. 407; Cobbold, 1931, p. 462; Lermontova, E.
V., in Vologdin, 1940, p. 121; Richter and Richter, 1941, p- 17;
Kobayashi, 1943, p. 40; Kobayashi, 1944, p. 63; Shimer and
Shrock, 1944, p. 615; Rasetti, 1945, p- 315; Lermontova, 1951, p.
36; Howell, B. F., in Harrington and others, 1959, p- 189; Pok-
rovskaya, N. V., in Chernysheva, 1960, p- 55; Yegorova, 1961, p.
215; Yegorova, L. 1., and others, in Khalfin, 1955, p- 104;
Poletaeva, O.K., in Khalfin, 1960, p- 154; Repina and others, 1964,
p- 253; Lazarenko, N.P., in Demodikov and Lazarenko, 1964, p-
176, Rasetti, 1966a, p. 503; Rasetti, 1967, p. 59; Palmer, 1968, p.
35; Jell, 1970, p. 304; Jell, 1975, p. 30.

Type species.—Pagetia bootes Walcott, 1916b, p. 408, pl.
67, figs. 1, la-f.

Discussion.—Jell (1975) thoroughly described and dis-
cussed the characteristics of this well-known genus, and
the Carrara specimens conform in all observable features
with the description given in his paper. The family and
superfamily designations are also those recommended by
Jell (1975, p. 14).

Pagetia resseri Kobayashi
Plate 12, figures 16-20, 23-26

Pagetia clytia Resser (not Walcott), 1939b, p. 25, pl. 2, figs. 6-8.

Pagetia (Eopagetia) resseri Kobayashi, 1944, p. 37.

Pagetia resseri Kobayashi, 1943, p. 40; Kobayashi, 1944, p. 64; Rasetti,
1966a, p. 509, pl. 60, figs. 19-25; Fritz, 1968, p. 192, pl. 38, figs. 8,
9.

Discussion.—Rasetti (1966) gave a thorough description
of this species, with which the Carrara specimens agree in
all respects. This species is easily distinguished from
other North American species by having deep pleural
furrows on the pygidium and by generally having pits
rather than slots developed in the cranidial border.

One sample of this species has abundant silicified indi-
viduals of all growth stages and a rare example of the free
cheek. Immature cranidia are characterized by promi-
nent elongate swellings on the fixed cheeks, and the
glabella is depressed between them. These are essentially
comparable to some of the early forms of P. ocellata (Jell,
1970), which is the only other Pagetia for which the early
stages have been described. The free cheek is a subrec-
tangular plate divided into an outer border and inner
ocular platform by a narrow nearly straight border fur-
row.

Occurrence.—Common, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3547-CO (>20 silicified cranidia and
pygidia, 1 free cheek), 3766-CO (>20 cranidia and
pygidia preserved in limestone), both from Nevada Test
Site.

Pagetia rugosa Rasetti
Plate 12, figures 9, 13

Pagetia maladensis Resser (part), 1939b, p. 25, pl. 2, figs. 4 (pygidium
upper right corner), 5 (cranidia upper left, upper center, lower
right).

Pagetia rugosa Rasetti, 1966 p. 509, pl. 60, figs. 1-7.

Pagetia arenosa Fritz, 1968, p. 189, pl. 43, figs. 10-11.

Discussion.—Rasetti recognized that Resser had in-
cluded two species in his concept of P. maladensis. This
species was characterized by its pitted and roughened
ornamentation and by pygidia lacking a bulbous pos-
terior part to the axis. Fritz, who completed his man-
uscript before Rasetti’s paper appeared, acknowledged
in a footnote that his species arenosa was a synonym for
P. rugosa. The specimens from the Carrara Formation
have the typical ornamentation and morphology of this
species and add nothing to the excellent description
given by Rasetti.

Occurrence.—Moderately common, Albertella Zone,
Ogygopsis Zonule. Nevada: 4436-CO (5 cranidia, 6
pygidia), 4437-CO (4 cranidia, 2 pygidia), 4438-CO (12
cranidia, 7 pygidia), all from Belted Range.

Pagetia sp.
Plate 12, figures 10, 14

Discussion.—Associated with P. resseri Kobayashi is a
second species of Pagetia represented by a few pygidia
and possible associated cranidia. The pygidia have five
distinctly defined axial rings, each with an axial node, and
the pleural regions lack any trace of furrows. The
cranidia, if properly associated, have the slots in the bor-
der typical of many species of Pagetia but have distinctly
defined palpebral lobes. The combination of cranidial
and pygidial features is unlike that of any other described
North American species of Pagetia. However, without
more material, the evidence for association of cranidia
and pygidia is weak; and no name is proposed at this time.

Occurrence.—Rare, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3766-CO (3 cranidia, 3 pygidia),
Nevada Test Site.

Order CORYNEXOCHIDA Kobayashi

Although the Orders Corynexochida and
Ptychopariida are used here is the sense of Bergstrém
(1973), they seem to be taxa of lesser rank than the
Olenellida and Miomera. Whereas the Olenellida and
Miomera each have their own peculiar morphologies and
their own distinctive ontogenetic development, the
Corynexochida and Ptychopariida have essentially the
same kind of ontogenetic development and lack con-
sistently clear-cut morphologic differences. For example,
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oryctocephalid trilobites are as different from most
corynexochids, such as Albertella or Kootenia, in cephalic
and pygidial structure as they are from ptychopariids,
but they are Included with the corynexochids in all major
classifications. Without a comprehensive review of at
least the Cambrian trilobites, which is far beyond the
scope of this paper, I do not have a satisfactory alternative
suggestion to offer regarding the suprageneric relation-
ships of the nonagnostid and nonolenellid trilobites.
Bergstrém (1973) has made an important contribution to
this problem, but much more work remains to be done
before a fully satisfactory classification of Cambrian
trilobites above the generic level can be prepared.

Family DOLICHOMETOPIDAE Walcott
Genus GLOSSOPLEURA Poulsen

Glossopleura Poulsen, C., 1927, p. 268; Resser, 1935, p. 29; Kobayashi,
1942, p. 159; Palmer, 1954, p. 67; Poulsen, C., in Harrington and
others, 1959, p. 224; Poulsen, V., 1964, p. 25.

Sonoraspis Stoyanow, in Cooper and others, 1952, p. 50.

Type species.—Dolichometopus boccar Walcott, 1916, p.
363, pl. 53, figs. 1, la{.

Discussion.—This is a clear-cut genus that has been fully
described earlier (Palmer, 1954) except for the hypos-
tome. It is characterized by cranidia with long palpebral
lobes and a glabella that reaches to the anterior margin
and by semicircular to subovate generally broad bor-
dered nonspinose relatively large pygidia. Several col-
lections from the Carrara Formation that are rich in
disarticulated specimens include a number of hypos-
tomes that are as distinctive for the genus as the cranidia.
The anterior body is anteriorly expanded as in many
Corynexochida; but the distinctive and characteristic
difference is that there is no differentiation of a separate
rostral part, and the anterior margin is strongly deflected
dorsally. When the cranidium is reassembled, the sagittal
profile forms a continuous curve from the dorsal part of
the anterior lobe to the ventral part of the hypostome
without interruption by any marginal flange.

Glossopleura tuta Resser
Plate 16, figures 21-24

Glossopleura tuta Resser, in McKee and Resser, 1945, p. 196, pl. 26, figs.
5, 6.

Description.—A species of Glossopleura with glabella not
clearly differentiated from anterior part of fixed cheek;
only barely differentiated by broad shallow depression
opposite posterior part of cheek. Occipital furrow broad,
very shallow, poorly defined. Palpebral lobes well de-
fined by abrupt change in slope of exoskeleton, situated
below level of interocular area.

Free cheek has broad flat border as wide as or wider
than the ocular platform. Lateral and posterior border
furrows shallow, connected at genal angle. Genal spine
flat, tapered; length more than twice length of posterior
section of facial suture. Inner spine angle broad, evenly
curved.

Pygidium semicircular in outline; anterior margin
nearly straight. Axis lacks any indication of transverse
furrows. Border broad, poorly defined, flat, downslop-
ing; width slightly less than twice greatest width of pleural
platform.

Discussion.—This species has been known previously
only from a single pygidium from the Grand Canyon.
Comparison of the specimens of Glossopleura from the
southern Great Basin with those described from
elsewhere in North America and housed in the col-
lections of the U.S. National Museum showed essential
identity between the specimen described by Resser as
Glossopleura tuta and the specimens described above,
which were obtained from the lowest bed of a thin-
bedded silty limestone member overlying the basal 120-
meter-thick massive limestone member of the Bonanza
King Formation. This species is not really a part of the
fauna of the Carrara Formation, but is illustrated here
because it proves that the range zone of Glossopleura is
represented only by its lower part within the Carrara
Formation.

Occurrence.—Common, uppermost Glossopleura
Zone. Nevada: 7199-CO (>10 pygidia, 1 free cheek, 1
cranidium, many fragments), Striped Hills.

Glossopleura lodensis (Clark)
Plate 16, figures 1-5, 9, 10

Bathyuriscus howelli lodensis Clark, 1921, p. 6.
Dolichometopus? lodensis (Clark). Resser, 1928, p. 10, pl. 3, fig. 9.
Glossopleura lodensis (Clark). Resser, 1935, p. 34.

Description.—Cranidium elongate, subrectangular in
outline. Glabella long, low, slightly expanded anteriorly;
sides partly defined by distinct change in slope of exo-
skeleton from occipital ring only as far forward as a pair
of shallow pits situated slightly anterior to the anterior
ends of the palpebral lobes; anterior end not differ-
entiated from remainder of cranidium. Occipital furrow
broad, shallow; occipital ring simple with low poorly de-
fined axial node adjacent to posterior margin. Fixed
cheeks narrow, gently convex; width, exclusive of pal-
pebral lobes, slightly less than one-half basal glabellar
width. Palpebral lobes long, arcuate, situated slightly
below surface of cheek; anterior end close to glabella; line
connecting posterior tips passes slightly anterior to oc-
cipital furrow. Posterior limbs not completely known.

Free cheek has broad flat border, slightly wider than
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pleural platform at anterior sutural margin. Lateral bor-
der furrow shallow, distinct, joined with broader and less
distinct posterior border furrow at genal angle. Genal
spine flat, broad-based, tapered to a sharp point; length
slightly more than length of posterior section of facial
suture. Inner spine angle very obtuse, gently curved.

Thorax consists of seven thoracic segments lacking
axial nodes or spines. Pleural furrows well defined.
Pleural tips sharp; spine of fifth segment seems slightly
larger than others.

Pygidium semicircular in outline. Axis prominent, ele-
vated above downsloping pleural regions, defined by
change in slope of exoskeleton. Three or four obscure
ring furrows observable in oblique lighting. Border
poorly defined, downsloping, slightly concave; width
slightly greater than greatest width of pleural platform.
Pleural furrows obscure or absent; when present, extend
onto border.

External surfaces of best preserved specimens show an
extremely faintly shagreened surface. Most specimens
appear smooth.

Discussion.—This species has never been adequately
described. Its cranidium is characterized particularly by
having relatively short palpebral lobes. The combined
features described for the pygidium serve to distinguish
this species from others in Glossopleura. The most similar
described species is Glossopleura mckeei Resser, from the
Grand Canyon, which has a smooth pygidium and
slightly longer palpebral lobes.

Occurrence.—Common, Glossopleura Zonule. Califor-
nia: 3682—CO (2 pygidia, 3 fragmentary cranidia), Eagle
Mountain. Nevada: ?3690-CO (1 fragmentary
cranidium, 2 free cheeks, 5 fragmentary pygidia, many
scraps), Striped Hills. California: 7198-CO (>10
cranidia, pygidia, free cheeks, abundant scraps), Eagle
Mountain.

Glossopleura walcotti C. Poulsen
Plate 16, figures 6-8, 11-19

Glossopleura walcotti Poulsen, C., 1927, p. 268, pl. 16, figs. 20-30; V.
Poulsen, 1964, p. 25, pl. 1, figs. 2-4.

Glossopleura expansa Poulsen, C., 1927, p. 269, pl. 16, figs. 31, 32.

Glossopleura sulcata Poulsen, C., 1927, p. 272, pl. 16, fig. 39.

Discussion.—This species has been well described by the
Poulsens. It is characterized by cranidia with moderately
well developed axial furrows and a distinctly expanded
anterior end of the glabella. The associated pygidia have
a moderately to poorly defined border about as wide as
the widest part of the pleural platform, three or four
shallow ring furrows and pleural furrows, and faint axial
swellings on the anterior three to five axial rings. The
pygidial shape varies from semicircular to elliptical. The
external surface on well-preserved specimens may be

smooth, faintly shagreened, or bear fine scattered pits.
One pygidium in the Carrara fauna (pl. 16, fig. 15) has
obscure low scattered granules on the pleural regions.

Pygidia of this species can be distinguished from those
of other Glossopleura species by the combined presence of
low axial swellings, shallow ring furrows and shallow
pleural furrows, and a border about as wide as the widest
part of the pleural platform.

Occurrence.—Common, Glossopleura Zonule. Nevada:
3544—CO (1 cranidium, 1 free cheek, 1 pygidium), Desert
Range; 3545-CO (1 cranidium, 3 pygidia, 1 hypostome,
numerous scraps), Nevada Test Site; 3767-CO (5
pygidia, 2 free cheeks), Nevada Test Site. California:
3684-CO (2 cranidia, 2 pygidia), Eagle Mountain;
4142-CO (>10 cranidia and pygidia, 6 free cheeks, 2
hypostomes), Titanothere Canyon section, Grapevine
Mountains; 4155-CO (8 cranidia, 3 free cheeks, 2
pygidia, 1 hypostome, numerous scraps), Echo Canyon
section, Funeral Mountains; 4156—CO (5 cranidia, 5 free
cheeks, 19 pygidia, 1 hypostome, numerous scraps), Echo
Canyon section, Funeral Mountains.

Genus POLIELLA Walcott

Bathyuriscus (Poliella) Walcott, 1916b, p. 349.

Poliella Walcott. Raymond, 1928a, p. 310; Resser, 1935, p. 43;
Kobayashi, 1942, p. 153; Poulsen, C., in Harrington and others,
1959, p. 226; Fritz, 1968, p. 206.

Type species.—Bathyuriscus (Poliella) anteros Walcott,
1916b, p. 349, pl. 46, fig. 5.

Discussion.—The concept of Poliella as a long-eyed
corynexochid characterized by a small poorly segmented
pygidium seems to have been consistently applied by all
authors who have assigned species to the genus. How-
ever, as pointed out by Fritz (1968), the genus includes, at
present, species with, as well as, without axial spines on
the occipital ring and thoracic segments. If it should
become desirable to split the genus, those species with
axial spines should be retained.

Poliella germana (Resser)
Plate 11, figures 1-8

Ptarmigania germana Resser, 1939b, pl. 7, figs. 16-20.

Poliella germana (Resser), Fritz, 1968, p. 207, pl. 37, figs. 1-9.
Dolichometopsis potens Resser, 1939b, p. 36, pl. 6, figs. 17-20 (only).
Dolichometopsis gravis Resser, 1939b, p. 36, pl. 7, figs. 6-9 (only).
Ptarmigania agrestis Resser, 1939b, p. 39, pl. 7, figs. 1, 2.
Ptarmigania altilis Resser, 1939b, p. 40, pl. 7, figs. 3, 4 (only).
Ptarmigania dignata Resser, 1939b, p. 41, pl. 8, figs. 1, 2, 4-7 (only).

Discussion.—Fritz (1968) gave a good description of this
species and clarified the assignments of many of the
specimens described and excessively split by Resser
(1939b). In addition to the species placed in synonymy
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with P. germana, Fritz reassigned to P. germana nontype
specimens of two other Resser species from the same
report: Dolichometopsis comis (Resser, 1939b, pl. 4, left
cranidium of fig. 24); and Ptarmigania sobrina (Resser,
1939b, pl. 7, fig. 13, pygidium only; figs. 14, 15). The
cranidia described as Dolichometopsis gravis by Resser
(1939b) should also be assigned to P. germana. This
species is distinguished from all others in the genus by
having a nondenticulate pygidial margin and by having
two or three shallow pleural furrows continuing onto the
inner edge of the pygidial border. It is distinguished, in
addition, from the slightly older P. lomataspis n. sp. in the
Carrara Formation by having a less well developed occip-
ital spinule, a well-developed border furrow on the free
cheek, a narrower pygidial border, and a less distinct
pitted ornamentation.

Occurrence.—Common, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3695-CO (>10 pygidia), Nevada Test
Site; 4440-CO (>10 cranidia, 1 free cheek, >10 pygidia),
Groom Range.

Poliella lomataspis n. sp.
Plate 6, figures 1-5, 12

Description.—Cranidium, exclusive of posterior limbs,
elongate, subrectangular, moderately convex trans-
versely and longitudinally; anterior margin gently
curved; no anterior arch. Glabella elongate, expanded
slightly forward, reaches nearly to anterior margin; sides
nearly straight, defined by abrupt change in slope; an-
terior end bluntly rounded; anterolateral glabellar cor-
ners strongly rounded. Only posterior pair of glabellar
furrows apparent, moderately deep, strongly oblique.
Occipital furrow deep, straight. Occipital ring broad,
nearly flat, with low axial keel terminating in short slen-
der spine at posterior margin; sagittal length of occipital
ring slightly more than one-fourth sagittal glabellar
length. Frontal area consists only of narrow, flat, or
slightly concave border about 0.1 length of glabella exclu-
sive of occipital ring. Fixed cheeks gently convex, hori-
zontal; palpebral lobe elongate, arcuate, well defined by
palpebral furrow paralleling margin of lobe; width of
palpebral lobe about 0.3 greatest width of palpebral area;
width of palpebral area at anterior end of palpebral lobe
about one-fourth width of glabella on line connecting
anterior ends of palpebral lobes. Posterior limb short,
abruptly deflected downward behind palpebral lobe;
distal part slightly longer than proximal part. Posterior
border furrow broad, shallow; posterior border has slight
posterior expansion behind palpebral lobe. External sur-
faces of all parts except posterior limb and border cov-
ered with shallow coarse pits observable only on best
preserved specimens.

Course of anterior section of facial suture slightly di-
vergent forward from palpebral lobes to border, then

curved inward to intersect anterior margin impercepti-
bly. Course of posterior section of facial suture gently
convex outward from palpebral lobe to posterior margin.

Free cheek elongate, nearly flat; border not clearly
defined. Lateral margin gently curved; curvature con-
tinued onto base of slender flattened genal spine situated
at posterolateral cephalic corner. Length of spine at least
twice length of posterior section of facial suture.

Pygidium broad, subovate in outline; sagittal length
about 0.6 greatest width. Axis well defined, convex, ta-
pered posteriorly, bluntly rounded, reaches to inner
edge of broad concave poorly defined border; two shal-
low ring furrows present behind articulating furrow;
anterior one or two segments may have low poorly de-
fined axial node. Posterior margin straight or slightly
indented behind axis. Pleural platforms gently convex,
crossed by two widely spaced, gently curved, pos-
terolaterally directed shallow pleural furrows. Extremely
faint interpleural furrows on one specimen extend
straight laterally, nearly forming the diagonal of a rec-
tangle bounded by the pleural furrows, the axis, and the
border. External surface of axis and pleural fields cov-
ered with shallow pitted ornamentation identical to that
of the cranidium.

Discussion.—This species is most like P. germana (Res-
ser). Itdiffers by having a stronger pitted ornamentation,
wider pygidial border and pleural furrows confined to
the pleural platform. The free cheek also lacks a distinct
border furrow. Poorly preserved tiny silicified specimens
in the type collection are not distinguishable from the tiny
individuals of P. cf. P. lomataspis described next.

Occurrence.—Common, “Plagiura-Poliella” Zone, P.
lomataspis Zonule. Nevada: 4434-CO (>10 cranidia, 2
free cheeks, 5 pygidia), Belted Range.

Poliella cf. P. lomataspis n. sp.
Plate 6, figures 6-10

Discussion.—Abundant small silicified specimens of a
species of Poliella are present in one collection. The
largest cranidium is only 2 mm long, and other parts are
comparably small. The cranidium has a narrow border in
front of the glabella, a short occipital spine and short
distal parts to the posterior limbs, which lack intergenal
spines. The free cheek is narrow and lacks a well-defined
border. The genal spine is about equal in length to the
posterior section of the facial suture. Thoracic segments
have deep pleural furrows and short or long axial spines.
The pygidium is simple, has one well-defined axial ring,
and a semicircular to subquadrate shape. The axis is
prominent and wider than the pleural regions; it extends
about two-thirds the sagittal length of the pygidium. A
fine granular ornamentation is apparent on the axial
region of the glabella, thoracic segments, and pygidium.
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Despite the fact that this species is represented by many
well-preserved parts, it is difficult to assess its charac-
teristics relative to other species of Poliella because there
are no larger holaspids. It seems to be most similar to P.
lomataspis n. sp. from a correlative horizon. However,
until larger holaspids can be found, an effective specific
identification cannot be made.

Occurrence.—Common, “Plagiura-Poliella” Zone, P.
lomataspis Zonule. Nevada: 3790-CO, (>20 cranidia, 3
free cheeks, 5 pygidia), Jangle Ridge area, Nevada Test
Site.

Family DORYPYGIDAE Kobayashi
Synonym: OGYGOPSIDIDAE Rasetti, 1951, p. 190

In this report Ogygopsis is included in the Dorypygidae
rather than separately assigned to its own monotypic
family as has been done in the past. When Rasetti (1951)
proposed the Ogygopsididae, he was reacting to an ex-
tremely unrealistic assignment of Ogygopsis to the
Asaphidae by earlier authors. He stressed differences in
hypostomal structure and the apparent uniqueness of the
cephalic and pygidial combination as reasons for naming
a new monotypic family. However, much new knowledge
has been obtained about trilobite morphology, and the
hypostomal structure among closely related genera
seems to be quite variable. (Compare in this report pl. 9,
figs. 6, 11 with pl. 10, figs. 5, 13, 20.) Also, species of
Ogygopsis from the Lower Cambrian have a small number
of pygidial segments, approaching those of typical
Dorypygidae; and at least one undescribed species with a
tull complement of border spines similar to Kootenia is
known from the Lower Cambrian of western Nevada.
Ogygopsis also shares with other dorypygids a comparable
nearly isopygous condition and consequently a thorax
that barely diminishes in width backward. Its thorax also
has a relatively small number (<10) of thoracic segments.
Thus, the reasons for separately distinguishing Ogygopsis
at the family level no longer seem compelling, and it is
included here with Bonnia and Kootenia in the
Dorypygidae.

Genus BONNIA Walcott

Corynexochus (Bonnia) Walcott, 1916b, p. 325

Bonnia Walcott. Raymond, 1928a, p. 309; Resser, 1936, p. 6; Resser,
1937b, p. 44; Lermontova, 1940, p. 142; Lochman, 1947, p. 68;
Rasetti, 1948a, p. 14; Lermontova, 1951, p. 118; Pokrovskaya,
1959, p. 135; Poulsen, C., in Harrington and others, 1959, p. 217;
Suvorova, N. P., in Chernysheva, 1960, p. 80; Yegorova, 1961, p.
225; Demokidov and Lazarenko, 1964, p. 207; Suvorova, 1964, p.
143; Repina, in Repina and others, 1964, p. 300; Palmer, 1964, p.
5; Rasetti, 1966b, p. 43; Palmer, 1968, p. 46 Fritz, 1972, p. 31.

Type species—Bathyurus parvulus Billings, 1861.

Discussion.—This genus has been described or diag-
nosed many times and has elicited little difference of
opinion about its characteristics. The specimens from the
Carrara Formation contribute no new information about
the genus.

Bonnia spp.
Plate 5, figures 10, 11

Discussion.—Two specimens of Bonnia have been iden-
tified in collections from the Carrara Formation, which
attests to the rarity of this genus in the southern Great
Basin. One of the specimens is an immature form (pl. 5,
fig. 11) that is distorted but shows a strongly expanded
glabella and moderately distinct posterior glabellar fur-
rows. This does not resemble any other Cordilleran rep-
resentatives of the genus, but it is too small to adequately
compare with other forms. The other specimen (pl. 5, fig.
10) is very similar to Bonnia columbensis Resser in all crani-
dial proportions. However, it has extremely faint bertil-
lon markings on the glabella and lacks any distinct
granules which are said by Fritz (1972, p. 33) to charac-
terize this species. In the absence of associated parts, an
adequate specific designation cannot be given.

Occurrence—Very rare (2 cranidia), Bristolia Zonule
and Gold Ace Limestone Member. California: 7181-CO,
Cucomungo Canyon section, Last Chance Range.
Nevada: 3646-CO, Nevada Test Site.

Genus KOOTENIA Walcott

Bathyuriscus (Kootenia) Walcott, 1889, p. 446.

Kootenia Walcott, 1925, p. 92; Kobayashi, 1935, p. 156; Lermontova, E.
V., in Vologdin, 1940, p. 139, Shimer and Shrock, 1944, p. 613;
Rasetti, 1948b, p. 332; Thorslund, 1949, p. 4; Lermontova, 1951,
p- 122; Palmer, 1954, p. 64; Hupé, 1955, p. 91; Ivshin, 1957, p. 37;
Poulsen, C., in Harrington and others, 1959, p. 218; Suvorova, N.
P., in Chernysheva, 1961, p. 126; Lazarenko, 1962, p. 60; Palmer,
1968, p. 47; Zhuravleva and others, 1970, p. 34; Palmer and
Gatehouse, 1972, p. 18; Fritz, 1972, p. 35.

Notasaphus Gregory, 1903, p. 155; Whitehouse, 1939, p. 241.

Type species.—Bathyuriscus (Kootenia) dawsoni Walcott,
1889, p. 446.

Discussion.—The material from the Carrara Formation
does not add any new information to the diagnosis and
discussion of this widespread and well-known genus
given earlier (Palmer, 1968).

Kootenia germana Resser
Plate 11, figures 22-24, 27-30

Kootenia germana Resser, 1939b, p. 49, pl. 9, figs. 19-24
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Description —Cranidium subquadrate in outline, gently
to moderately convex transversely and longitudinally.
Glabella prominent, sides subparallel, extended forward
onto border. Glabellar furrows not apparent. Occipital
furrow deep, straight, and deepest distally. Occipital ring
convex, has short slender posteriorly directed axial spine.
Frontal area barely apparent on axial line. Fixed cheeks
gently convex, downsloping; width of palpebral area
slightly less than one-half basal glabellar width. Palpebral
lobe small, defined by shallow glabellar furrow, situated
about opposite glabellar midlength, connected to an-
terolateral corner of glabella by barely discernable ocular
ridge. Posterior limb subtriangular; transverse length
about equal to basal glabellar width. External surface
variably ornamented. Glabella has concentric “finger-
print” pattern of ridges either well defined or barely
apparent even after whitening. Fixed cheeks may be
obscurely pitted, distinctly granular, or roughened.
There is no apparent correlation of intensity of or-
namentation with size.

Thorax composed of seven segments. Each pleuron
has deep pleural furrow that terminates near tip. Each
segment bears short axial spine and short pleural spine.

Pygidium semicircular in outline, moderately convex
transversely and longitudinally. Axis prominent, barely
tapered posteriorly, extended to inner edge of moder-
ately well defined border. Three distinct complete ring
furrows and a faint incomplete fourth furrow present
behind articulating furrow. No axial nodes or spines
present. Pleural fields crossed by four straight shallow
pleural furrows that terminate in slightly deeper areas of
border furrow. Border nearly flat, bears six pairs of short
slender border spines; posterior pair shorter than adja-
cent pair. Ornamentation consists of closely spaced fine
granules that vary in intensity from moderately distinct to
obscure; border spines generally retain distinct granular
ornamentation.

Discussion.—This species is most similar to K. brevispina
Resser which differs primarily by having shorter and
more sawtoothlike border spines. The short closely
spaced posterior pair of border spines seems to be par-
ticularly distinctive of K. germana, but a monographic
review of the 107 species presently assigned to this genus
will be needed to establish the ultimate validity of this
observation. This is the only species of Kootenia so far
obtained from the Carrara Formation.

Occurrence.—Common, Albertelle Zone, Zacanthoidid
Zonule. Nevada: 3692—-CO (>10 cranidia and pygidia, 3
articulated specimens), Groom Range; (>10 cranidia and
pygidia), Nevada Test Site; 4440-CO (> 10 cranidia and
pygidia), Groom Range. Rare, 3547-CO (3 pygidia),
Nevada Test Site.

Genus OGYGOPSIS Walcott

Ogygopsis Walcott, 1889, p. 446; Walcott, 1916b, p. 375; Raymond,
1912, p. 116; Shimer and Shrock, 1944, p. 613; Rasetti, 1951, p.
190; Rasetd, F., in Harrington and others, 1959, p. 219; Palmer,
1964, p. 6.

Taxioura Resser, 1939b, p. 62; Shimer and Shrock, 1944, p. 617;
Romanenko, E. B., in Khalfin, 1960, p. 187.

Type species —Ogygia klotzi Rominger, 1887, p. 12, pl. 1,
fig. 1.

Discussion.—This genus has been described in detail
earlier (Palmer, 1964), and the specimens from the Car-
rara Formation conform to this description in all re-
spects.

Ogygopsis typicalis (Resser)
Plate 12, figures 1-4

Taxioura typicalis Resser, 1939b, p. 62, pl. 14, figs. 6~14; Shimer and
Shrock, 1944, pl. 259, figs. 23, 24.

Description—Cephalon semicircular in outline, gently
to moderately convex transversely and longitudinally,
bears moderately long slender posterolaterally directed
genal spines. Cranidium subtrapezoidal in outline, an-
terior margin gently curved. Glabella long, well defined
at sides and front by change in slope of exoskeleton; sides
slightly bowed outward; anterior end strongly rounded,
glabellar furrows not apparent. Occipital furrow straight,
deep distally, shallow over axialline. Occipital ring gently
convex, without node or spine. Frontal area consists only
of flat border; sagittal length between one-seventh and
one-eighth sagittal length of glabella exclusive of occipital
ring. Fixed cheeks gently convex, horizontal; width of
palpebral area about one-half basal glabellar width. Pal-
pebral Jobe gently curved, well defined by shallow pal-
pebral furrow, situated slightly posterior to glabellar
midlength; exsagittal length about one-third sagittal
glabellar length exclusive of occipital ring. Ocular ridge
narrow, low, extended inward and forward from palpeb-
ral lobe to anterolateral part of glabella. Posterior limb
long, pointed; transverse length slightly greater than
basal glabellar width. Course of anterior section of facial
suture slightly divergent forward from palpebral lobe;
course of posterior section evenly curved, directed
strongly posterolaterally from palpebral lobe to posterior
margin.

Hypostome moderately to strongly convex; posterior
lobe and maculae poorly defined. Lateral and posterior
margins have well-developed border that is flared ven-
trally opposite junction of anterior and posterior lobes.
Anterior wings short, blunt.

Free cheek narrow, with border defined by lateral bor-
der furrow only anterior to base of slender genal spine;
length of spine slightly greater than length of posterior
section of facial suture.
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Thorax composed of eight segments. Axis tapered
backwards, but width of thorax remains nearly constant.
Pleurae each bear broad deep pleural furrow and short
slender posterolaterally directed pleural spine.

Pygidium semicircular in outline, gently convex trans-
versely and longitudinally. Axis long, slender, slightly
tapered, well defined by changes in slope of exoskeleton,
reaches nearly to border and connected to it by short
postaxial ridge; width of axis at anterior margin about
one-fifth anterior pygidial width. Eight complete shallow
ring furrows and a ninth partial ring furrow present
behind articulating furrow. Pleural regions crossed by
seven or eight deep gently curved pleural furrows that
reach to inner edge of narrow well-defined slightly con-
vex border. Very shallow poorly defined interpleural
furrows present between most pleural furrows. Border
bears distinct short slender anterolateral spines analo-
gous to those of thoracic segments; nubs of one or two
additional pairs of spines apparent on many specimens;
posterior margin with slight median indentation.

Ornamentation consists of very delicate anastomosing
ridges forming an irregular mesh on most surfaces, ap-
parent only on well-preserved specimens after whiten-
ing.

Discussion.—This species is represented by numerous
disarticulated specimens and several articulated indi-
viduals without free cheeks in several collections from the
upper part of the Belted Range section. It agrees in all
respects with the abundant material of this species from
the upper part of the Naomi Peak Limestone Member of
the Langston Formation of Maxey (1958) in northeastern
Utah and southeastern Idaho. The presence of only one
distinct anterolateral pair of pygidial spines, and seven or
more pleural furrows, distinguishes this species from all
others in the genus.

Occurrence—Common, Albertella Zone, Ogygopsis
Zonule. Nevada: 4436-CO (>10 cranidia and pygidia, 1
free cheek), 4437-CO (3 partly articulated individuals,
>10 cranidia and pygidia), 4438-CO (5 partly articulated
individuals, >20 cranidia and pygidia), all from Belted
Range.

Family ORYCTOCEPHALIDAE Beecher
Genus ORYCTOCEPHALINA Lermontova

Oryctocephalina Lermontova, E. V., in Vologdin, 1940, p. 137; Cher-
nysheva, 1960, p. 82; Yegorova, L. 1., and others, in Khalfin, 1960,
p. 198; Shergold, 1969, p. 47.

Type species.—Oryctocephalina reticulata Lermontova, in
Vologdin, 1940, p. 137, pl. 42, figs. 3, 3a,b.

Discussion. —Chernysheva (1962) in her monograph of
the Oryctocephalidae concluded that the type species of
Oryctocephalina, represented only by cranidia, is a proper
member of Oryctocephalus. Shergold (1969) revived this

genus for oryctocephalids characterized particularly by
few pygidial segments and by sinuous axial furrows out-
lining the glabella. However, the pygidium is only known
for the Australian species, O. lancastroides Shergold. Until
a comparable pygidium is found for O. reticulata, the
content and character of this genus must remain un-
certain.

Oryctocephalina? maladensis (Resser)
Plate 12, figures 21, 22, 27

Oryctocephalus maladensis Resser, 1939b, p. 45, pl. 3, figs. 7-9; Fritz, 1968,
p. 202, pl. 41, figs. 25-27.

Discussion—This species has been adequately de-
scribed and figured by both Resser and Fritz. The Car-
rara specimens agree in all details with the specimens
described earlier.

Shergold (1969, p. 47) placed this species un-
equivocally in Oryctocephalina because of the sinuous na-
ture of the axial furrows on the cranidium. Oryc-
tocephalina is characterized by having small poorly differ-
entiated pygidia, which might explain why a pygidium
has never been found for O. maladensis, although it is
represented by many cranidia. Until the pygidium is
identified, any generic assignment for this species within
the Oryctocephalidae should be tentative.

Occurrence.—Moderately common, Albertella Zone,
Zacanthoidid Zonule. Nevada: 3766—CO (>10 cranidia),
Nevada Test Site.

Genus ORYCTOCEPHALITES Resser

Onyctocephalites Resser, 1939b, p. 44; Shimer and Shrock, 1944, p. 613;
Rasetti, F., in Harrington and others, 1959, p. 220; Chernysheva,
1962, p. 24; Shergold, 1969, p. 28.

Type species—Oryctocephalites typicalis Resser, 1939b, p.
45, pl. 3, figs. 1-6.

Discussion.—Resser and Rasetti have given good de-
scriptions or diagnoses of this genus. The Carrara speci-
mens are identical in all respects with the type species.

Shergold (1969, p. 17) made the ad hoc decision that
the pygidium of the type species of Oryctocephalus should
be in Oryctocephalites and that it is not congeneric with the
associated cranidium, although he stated that the
cranidium of Oryctocephalites is of “Oryctocephalus-type.”
Inasmuch as this statement could be reversed, he has by
implication synonymized Oryctocephalus and Oryctocepha-
lites. However, Oryctocephalus has at least two transglabel-
lar furrows while Oryctocephalites has only one. No evi-
dence from the type collection of Oryctocephalus exists to
support the assumption that the pygidium and
cranidium are not congeneric, and until such evidence is
presented, their generic separation and the resulting im-
plications do not seem justified.
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Oryctocephalites typicalis Resser
Plate 13, figures 14

Oryctocephalites typicalis Resser, 1939b, p. 45, pl. 3, figs. 1-6; Shimer and
Shrock, 1944, pl. 257, figs. 14, 15; Fritz, 1968, p. 202, pl. 41, figs.
9-11; Shergold, 1969, text figs. 9a—f.

Description.—Cranidium subtrapezoidal in outline,
gently to moderately convex transversely and longi-
tudinally, anterior margin moderately curved. Glabella
elongate, subelliptical in outline, well defined by deep
axial and preglabellar furrows, anterior end bluntly
rounded, extended onto inner edge of flat narrow bor-
der. Three pairs of glabellar furrows present; posterior
pair consists of pits separated from axial furrow, but
connected across glabella; anterior two pairs represented
only by pits or short transverse slots isolated from axial
furrows. Occipital furrow straight, deep. Occipital ring
miderately convex, bears small axial node adjacent to
occipital furrow. Frontal area consists of narrow flat bor-
der; sagittal length about 0.1 sagittal length of glabella
exclusive of occipital ring. Distal part of border defined
by shallow border furrow that curves backward near an-
te~olateral part of glabella. Fixed cheek moderately con-
vex, horizontal; width of palpebral area about two-thirds
or slightly more than two-thirds basal glabellar width.
Palpebral lobe gently curved, well defined by palpebral
furrow; line connecting posterior tips passes over pre-
occipital furrow; exsagittal length about 0.4 sagittal
length of glabella exclusive of occipital ring. Ocular ridge
barely apparent even after whitening. Posterior limb has
straight deep posterior border furrow; distal part barely
extended beyond palpebral lobe. Course of anterior sec-
tion of facial suture nearly straight forward from palpe-
bral lobe; course of posterior section slightly divergent
posterolaterally behind palpebral lobe.

Pygidium, exclusive of border spines, semicircular in
outline, gently convex transversely and longitudinally;
sagittal length about one-half anterior width. Axis nar-
rower than pleural regions, well defined, gently tapered
backward to fourth axial segment and then more strongly
tapered nearly to point at posterior margin. Three com-
plete ring furrows present posterior to articulating fur-
row; an additional ring furrow less well defined. Pleural
regions lack a defined border, crossed by four deep
straight pleural furrows that extend nearly to margin.
Shallow interpleural furrows present outlining posterior
edge of macropleural segment. Other interpleural fur-
rows very shallow or absent. Border bears five pairs of
spines; anterior three pairs of equal length, short; fourth
pair long, slender, posteriorly directed; fifth pair short-
est, slightly convergent posteriorly.

External surfaces of all parts smooth.

Discussion.—This species is characterized by the relative
sizes, orientation, and number of the pygidial border

spines. The three anterior pairs of spines are shorter than
those of the Australian species described by Shergold
(1969), and the macropleural spines are slightly diver-
gent rather than parallel or convergent; the interpleural
furrows on the pygidium are not well developed as they
arein Q. incertus Chernysheva (1962) from Siberia; and O.
typicalis has five rather than four border spines as in O.
resseri Rasetti (1957).

One cranidium (pl. 13, fig. 1) shows much less well
developed glabellar furrows than is typical for the species
but agrees in all other details, and it is considered to
illustrate the range of variability within this species.

Occurrence—Common, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3766-CO (>10 cranidia and pygidia),
Nevada Test Site.

Genus ORYCTOCEPHALUS Walcott

Oryctocephalus Walcott, 1886, p. 210; Reed, 1910, p. 10; Kobayashi,
1935, p. 146; Lermontova, E. V_, in Vologdin, 1940, p. 136; Shimer
and Shrock, 1944, p. 615; Palmer, 1954, p. 68; Rasetti, F., in
Harrington and others, 1959, p. 220; Suvorova, N. P, and Cher-
nysheva, N. E., in Chernysheva, 1960, p. 82; Yegorova, L. I,
and others, in Khalfin, 1960, p. 198; Chernysheva, 1962, p. 11;
Shergold, 1969, p. 15; Zhuravleva and others, 1970, p. 37.

Type species.—Onryctocephalus primus Walcott, 1886, p.
210, pl. 29, figs. 3, 3a.

Discussion.—Shergold (1969) has presented a good re-
cent discussion of this genus and its species content. He
restricted the genus to species with six pairs of pygidial
spines and arbitrarily concluded that the five-spined
pygidium associated with the cranidium of the type
species should be assigned to Oryctocephalites. He also
recognized two informal subgeneric groups, one with a
macropleural fourth pair of pygidial spines and one
lacking clear macropleural spine development. O. nyensis
n. sp. belongs to the group lacking macropleural pygidial
spines.

Oryctocephalus nyensis n. sp.
Plate 6, figures 13-15

Description—Cranidium, exclusive of distal parts of
posterior limbs, transversely subquadrate; anterior mar-
gin nearly straight; sagittal length about two-thirds width
between palpebral lobes. Glabella well defined by deep
narrow axial furrow, very shghtly tapered forward,
bluntly rounded, reaches to inner edge of narrow convex
anterior border that is well defined laterally by deep
border furrow; sides nearly straight; sagittal glabellar
length slightly more than 1.5 times basal glabellar width.
Occipital furrow represented by deep pits connected by
shallow furrow. Occipital ring simple. Glabellar furrows
represented by three pairs of deep pitsisolated from axial
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furrows; two posterior pairs connected across glabella by
shallow furrow. Additional faint furrows present adja-
cent to axial furrows at junction with ocular ridges.
Frontal area consists only of narrow border. Fixed cheeks
as wide as glabella, crossed by narrow well-defined ocular
ridges that diverge only slightly laterally from parallelism
with anterior margin. Palpebral lobes long, gently
curved, and well defined by narrow palpebral furrow,
midlength located slightly posterior to glabellar mid-
length; exsagittal length about 0.4 sagittal glabellar
length exclusive of occipital ring. Posterior limb has
well-developed border furrow; transverse length slightly
greater than basal glabellar width.

Thorax composed of at least nine segments. Each seg-
ment has well-developed diagonal pleural furrow and
long slender posterolaterally directed spine. Length of
spine relative to transverse length of pleural region in-
creases posteriorly.

Pygidium moderately large, transversely subovate in
outline, has well-defined posteriorly tapered axis with at
least four ring furrows posterior to articulating furrow.
Pleural regions crossed by four deep pleural furrows
reaching to posterior margin between marginal spines.
Interpleural furrows present, shallow. Six pairs of slen-
der tapered border spines present; anterior four pairs
equal in length, fifth pair intermediate in length; sixth
pair shortest.

Discussion.—This species differs most strikingly from
all other Oryctocephalus species by having the pygidial
spines long and slender and the fourth pair not modified.
Evaluation of more subtle distinctions must await more
material.

Occurrence.—Rare, “Plagiura-Poliella” Zone. Nevada:
4435-CO (1 cranidium, 2 pygidia, 1 thorax), Belted
Range.

Genus THORACOCARE Rebison and Campbell
Thoracocare, Robison and Campbell, 1974, p. 273.

Type species —Vistoia? minuta Resser (Part), 1939a, p. 21,
pl. 2, fig. 2 only.

Discussion.—This remarkable small corynexochid
trilobite recently redescribed and clarified by Robison
and Campbell is represented in the Carrara Formation
only by pygidia. The distinctive small size, pygidial out-
line, short and tapered axis, and pleural furrows deepest
near the margin easily distinguish this from all other
associated trilobites.

Thoracocare idahoensis (Resser)
Plate 12, figure 5

Tonkinella idahoensis Resser, 1939b, p. 45, pl. 2, fig. 10.
Thoracocare idahoensis (Resser), Robison and Campbell, 1974, p. 279,
figs. 3a-g.

Description—Pygidium small, semicircular, gently con-
vex transversely and longitudinally. Axis low, defined by
shallow axial furrows, tapered backward, extending
about two-thirds sagittal length of pygidium, consisting
of four or five obscurely defined axial rings; greatest
width about one-fourth greatest width of pygidium.
Pleural regions have 12 pairs of poorly defined equally
spaced radiating furrows best seen along pygidial mar-
gins. Posterior pleural furrows parallel to pygidial axis.
Border smooth.

Discussion.—The tiny pygidia, less than 3 mm wide, that
represent this species conform in all respects to a tiny
form described by Resser (1939b) from southeastern
Idaho as Tonkinella idahoensis. Although the pygidium has
superficial resemblances to Tonkinella, it lacks the strong
and regular development of pleural furrows and the
distinctively scalloped pygidial margin of that genus.
Robison and Campbell (1974) assigned this species to a
remarkable tiny corynexochid genus Thoracocare. T.
idahoensis differs from the only other species presently
assigned to the genus, T. minuta (Resser), by having more
clearly developed ring furrows on the axis and by having
its width and length respectively one-fourth instead of
one-third, and two-thirds instead of three-fourths, the
width and length of the pygidium.

Occurrence—Rare, Albertella Zone, Ogygopsis Zonule.
Nevada: 4437-CO (2 pygidia), 4438-CO (1 pygidium),
both from Belted Range.

Oryctocephalid sp. undet.
Plate 12, figure 6

Discussion.—A single weathered pygidium from the
Belted Range represents an undescribed oryctocephalid
species. The axis and pleural fields are too poorly pre-
served to see the development of the furrows and
character of segmentation, but the outline is well pre-
served and shows seven pairs of border spines. The
fourth spine is macropleural as in many oryctocephalids,
but there are three pairs of spines behind the macro-
pleural spines. All described oryctocephalids with the
fourth spine macropleural have two or fewer posterior
spines behind the macropleural segment. Formal naming
of this species is deferred until better material is available.

Occurrence—Rare, Albertella Zone, Ogygopsis Zonule.
Nevada: 4438-CO (1 pygidium), Belted Range.

Family ZACANTHOIDIDAE Swinnerton

The Zacanthoididae, as constituted in the “Treatise on
Invertebrate Paleontology” (Harrington and others,
1959, p. 227), includes a variety of corynexochid forms
characterized by variously spinose pygidia and by a long,
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slender glabella that is slightly expanded anteriorly. The
Dolichometopidae (Harrington and others, 1959, p. 220)
contain many forms having cranidia similar to the
Zacanthoididae but generally lacking spinose pygidia.
One exception has been Ptarmiganoides, which has a
strongly spinose pygidial margin. Restudy of specimens
of Ptarmiganoides in the collections of the U.S. National
Museum and new material from the Carrara Formation
shows that Ptarmiganoides cranidia have posterior limbs
with distinct intergenal spines (pl. 11, fig. 18) comparable
to those of Zacanthoides and Paralbertella n. gen. and un-
like any of the typical genera of the Dolichometopidae.
On the basis of total morphology, Ptarmiganoides is here
assigned to the Zacanthoididae.

In the future, perhaps the small-eyed genera, such as
Albertella and Vanuxemella, that are now included in the
Zacanthoididae should be removed to a separate family
or subfamily, leaving the main body of the Zacan-
thoididae to be typified then also by long arcuate palpeb-
ral lobes. Such modification should be a part of a com-
plete reevaluation of the entire Order Corynexochida
that is beyond the scope of this report.

Genus ALBERTELLA Walcott

Albertella Walcott, 1908, p. 18: Resser, 1936, p. 1; Rasetti, 1951, p. 147;
Rasetti, F., in Harrington, 1959, p. 227.

Type species —Alberiella helena Walcott, 1908, p. 19, pl. 2,
figs. 1-4.

Description.—Small to medium-sized corynexochid
trilobites; sagittal length probably not exceeding 50 mm.
Cranidium subtrapezoidal in outline, gently convex
transversely and longitudinally; anterior margin gently
rounded. Glabella elongate, reaches nearly to anterior
margin, well defined, sides subparallel or slightly ex-
panded anteriorly, straight or concave. Four pairs of
shallow glabellar furrows may be present. Occipital fur-
row straight, generally shallow. Occipital ring simple,
axial node may be present at posterior margin. Frontal
area extremely narrow, undivided. Fixed cheeks gently
convex, horizontal, or slightly downsloping; width, in-
cluding palpebral lobes, generally less than half basal
glabellar width. Palpebral lobes generally small, well
separated from glabella, situated opposite or slightly an-
terior to glabellar midlength. Ocular ridge poorly de-
veloped. Posterior limbs broad, triangular. Posterior
border furrow shallow, straight. Course of anterior sec-
tion of facial suture subparallel, slightly convergent, or
slightly divergent anterior to eyes. Course of posterior
section of facial suture gently convex.

Hypostome and rostral plate fused; rostral area usually
not clearly differentiated.

Free cheek narrow, with moderately to poorly defined

gently convex border and long slender cylindrical genal
spine continuing curvature of cheek margin.

Thorax composed of seven segments. Third segment
macropleural in all known species. Axis prominent, as
wide as or wider than pleurae.

Pygidium subquadrate, width usually greater than
length. Axis prominent, reaches to or nearly to posterior
margin, composed of four or five variably defined seg-
ments and terminal part. Pleural regions with pleural or
interpleural furrows defining three or four segments
variably defined. Margin bears pair of long slender
spines directed posterolaterally. Spines not clearly re-
lated to pleural segments. Posterior margin between
spines curved posteriorly.

External surfaces of all parts smooth or covered with
fine closely spaced granules.

Discussion.—Walcott included in Albertella two distinct
kinds of trilobites that are now each represented by sev-
eral species. One species group, typified by A. helena
Walcott, has cranidia with small- to moderate-sized pal-
pebral lobes well separated from the glabella, generally
broad triangular posterior limbs, a third macropleural
segment on the thorax, genal spines not strikingly ad-
vanced, the hypostome and rostral plate fused but not
clearly differentiated, and pygidial border spines that are
widely divergent and not clearly related to particular
pleural segments of the pygidium. The second species
group, typified by 4. bosworthi Walcott, has cranidia with
long palpebral lobes that have the anterior end close to
the glabella, narrow posterior limbs, a fourth macro-
pleural segment on the thorax of the one species known
with articulated parts, free cheeks indicating advanced
genal spines, hypostome and rostral plate fused but
strongly differentiated, and a distinctive pygidial struc-
ture in which the anterior bands of the first three seg-
ments are accentuated as ridges and generally merge
laterally with the pygidial border at the base of pygidial
spines much less laterally divergent than in the first
species group. Most species of the bosworthi group have
axial nodes on the pygidial segments that are lacking or
weakly developed on species of the helena group.

Rasetti (1951, p. 148) noted these differences but chose
to retain both groups within Albertella. Fritz (1968) iden-
tified a third related group of species with cranidial
characters much like the bosworthi group and with similar
pygidial pleurae. However, in this group (Albertelloides),
the pygidial spines are located much more posteriorly,
there is consistent development of an occipital spine, and
the free cheeks have large genal spines that are not ad-
vanced.

In order to be consistent in ranking the differences
between the three groups of species, either Albertelloides
should become a subgenus of Albertella because it is closer
to the bosworthi group than the bosworthi group is to the
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helena group, or the three groups should be recognized as
separate but related genera. Use of subgenera creates
cumbersome nomenclature, and the range of morphol-
ogy that would be included in the genus would be much
greater than that of most other corynexochoid genera.
Thus, in this report, the three groups are treated as
related genera.

Albertella must be retained for the group of generally
small-eyed forms with normal pygidial pleura that in-
cludes the type species. In addition to the species de-
scribed in this report, this group includes the following
species: A. helena Walcott (synonyms: A. nitida Resser, A.
sampsoni Resser, A. ressensis Resser), A. microps Rasetti, A.
proveedora Lochman, and A. schenki Resser. Of these
species, only A. helena, which has longer eyes than the
others, approaches the bosworthi group, here included in
a new genus, Paralbertella, and then only in cranidial
structure. The species included in Paralbertella are: P.
bosworthi (Walcott) (synonym: Albertella stenorhachis
Rasetti), P. declivis (Rasetti), P. limbata (Rasetti), P. rob-
sonensis (Resser), P. eiloitys (Fritz), P. lata (Fritz), and P.
Judithi (Fritz). Albertelloides includes A. mischi Fritz, A. pan-
dispinata Fritz, A. maladensis (Resser), A. dispar (Resser),
and A. rectimarginatus n. sp. Although the three genera
have approximately the same time range, species of Al-
bertella s. s. are rarely found in association with either
Paralbertella or Albertelloides and they seem to have a more
landward distribution.

Albertella longwelli n. sp.
Plate 9, figures 1-3, 6, 7, 9, 10

Description.—Cranidium subtrapezoidal in outline,
gently convex transversely and longitudinally, sagittal
length about two-thirds width between tips of posterior
limbs, anterior margin gently and evenly curved. Glabella
low, elongate, expanded forward, reaches nearly to an-
terior margin, sides slightly concave; basal glabellar width
about seven-eighths width at anterior end. Glabellar fur-
rows barely apparent; postertor pair strongly oblique.
Posterior end of glabella poorly defined by axial furrows.
Occipital furrow shallow, straight. Occipital ring gently
convex, without node or spine. Frontal area reduced to
wirelike border in front of glabella. Fixed cheeks gently
convex, downsloping; width exclusive of palpebral lobe
slightly less than one-half basal glabellar width. Palpebral
lobe small, situated slightly anterior to glabellar mid-
length; exsagittal length about one-fourth sagittal
glabellar length exclusive of occipital ring. Palpebral fur-
row shallow. Ocular ridge barely apparent, strongly
oblique to axial furrow. Posterior limb broad, triangular;
transverse length slightly less than basal glabellar width.
Course of anterior section of facial suture nearly straight

forward in front of palpebral lobe and then curved
evenly inward to intersect anterior margin near an-
terolateral cranidial corner. Course of posterior section
of facial suture directed posterolaterally behind palpe-
bral lobe and curved evenly backward to posterior mar-

gin.

Free cheek narrow; border gently convex, separated
from ocular platform by shallow border furrow; width of
border uniform, slightly less than length of anterior
sutural margin of ocular platform; ocular platform ex-
pands posteriorly. Lateral margin gently curved, con-
tinuous with very long slender genal spine; length of
spine about three times length of posterior sutural mar-
gin. Junction of posterior margin of cheek with inner
margin of spine nearly a right angle.

Rostral plate and hypostome fused, not clearly differ-
entiated.

Pygidium, exclusive of border spines, short, wide;
sagittal length slightly more than one-half anterior width.
Axis prominent, transversely convex, crest nearly flat,
tapered very slightly posteriorly, rounded at tip, ex-
tended nearly to posterior margin. Two shallow straight
complete ring furrows present posterior to articulating
furrow; a partial third furrow barely apparent. Rings
without nodes or spines. Pleural fields narrow, triangu-
lar, crossed by three broad shallow pleural furrows. In-
terpleural furrow between first and second segments
barely apparent near axis. Border differentiated from
pleural field by lack of furrows, produced pos-
terolaterally into pair of very long slender border spines;
length of spines more than three times sagittal length of
axis. Posterior margin between spines curved posteriorly.
Posterior part of border strongly depressed.

External surfaces of all parts covered with very fine,
barely apparent, granules.

Discussion.—This species differs from all others in the
genus except A. microps Rasetti by having only three ring
furrows developed on the axis of the pygidium. It differs
from A. microps by lacking any trace of axial nodes.
Among the Carrara species, it is most like 4. schenki Res-
ser, but it consistently has fewer ring furrows and pleural
furrows on the pygidium, the glabella is less well defined,
and a narrow cranidial border is present.

Occurrence.—Moderately common, Albertella Zone,
Albertella-Mexicella Zonule. Nevada: 1616—-CO (>20
cranidia, 4 free cheeks, 5 pygidia), Spring Mountains.
California: 4154-CO (1 cranidium, 2 free cheeks, 5
hypostome-rostral plates, 1 pygidium, all silicified), Echo
Canyon section, Funeral Mountains; 4165-CO (3
cranidia, 1 hypostome-rostral plate, 2 free cheeks, 6
pygidia, all silicified), Eagle Mountain.
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Albertella schenki Resser
Plate 9, figures 13-15, 17, 18

Albertella schenki Resser, in McKee and Resser, 1945, p. 195, pl. 20,
fig. 18.

Description—Cranidium subtrapezoidal in outline,
gently convex tranversely and longitudinally, sagittal
length about three-fourths width between tips of pos-
terior limbs, anterior margin gently and evenly curved.
Glabella low, elongate, expanded forward, sides concave,
reaches nearly to anterior margin and merges with barely
perceptible wirelike anterior border; basal glabellar
width about three-fourths width at anterior end. Glabel-
lar furrows barely apparent, posterior pair strongly
oblique. Glabella well defined at sides by narrow shallow
axial furrows. Occipital furrow straight, moderately deep
across top of glabella, barely apparent distally. Occipital
ring gently convex, without node or spine. Fixed cheeks
gently convex, downsloping; width, exclusive of palpe-
bral lobe, slightly less than one-half basal glabellar width.
Palpebral lobe small, poorly defined, located slightly an-
terior to glabellar midlength; exsagittal length about
one-fifth sagittal glabellar length exclusive of occipital
ring. Ocular ridge barely apparent, strongly oblique to
axial furrow. Posterior limb broad, triangular; transverse
length about equal to basal glabellar width. Course of
anterior section of facial suture nearly straight forward in
front of palpebral lobe, curved inward to intersect an-
terior margin near anterolateral cranidial corner. Course
of posterior section directed posterolaterally behind pal-
pebral lobe and curved evenly backward to posterior
margin.

Free cheek moderately wide, lateral margin and pos-
terior sutural margin subparallel. Lateral and posterior
borders gently convex, separated from gently convex
ocular platform by broad shallow, continuous border
furrow; width of border at anterior end about equal to
length of anterior sutural margin of ocular platform.
Ocular platform expands posteriorly. Lateral margin
continuous with long slender genal spine; length of spine
more than twice length of posterior section of facial su-
ture. Angle between posterior margin of free cheek and
inner spine margin slightly less than 90°.

Hypostome and rostral plate fused, not clearly differ-
entiated.

Pygidium, exclusive of border spines, subquadrate;
sagittal length about two-thirds anterior width. Axis
prominent, transversely convex, crest nearly flat, tapered
slightly posteriorly, rounded at tip, extended nearly to
posterior margin. Three shallow straight complete ring
furrows present posterior to articulating furrow; a partial
fourth furrow barely apparent. Rings without nodes or
spines. Pleural fields narrow, triangular, crossed by four
subparallel broad shallow pleural furrows. Border

differentiated from pleural field by lack of furrows, pro-
duced posterolaterally into pair of long slender border
spines at least twice sagittal length of axis. Posterior mar-
gin between spines strongly curved backward, and con-
cave in transverse cross section.

External surfaces of all parts smooth.

Discussion—This species has been known previously
only from a pygidium from the Grand Canyon section.
The pygidia in the Carrara Formation are indistinguish-
able from the Grand Canyon specimen, and the as-
sociated cranidia, cheeks, and hypostome-rostral plates
provide much additional information about the mor-
phology of the species. The most similar species is Alber-
tella proveedora Lochman (in Cooper and others, 1952)
which differs by having one more axial segment on the
pygidium and by having distinctly longer and more pos-
teriorly placed palpebral lobes. If the free cheek of 4.
proveedora is correctly assigned, it has an obtuse rather
than slightly acute angle between the inner spine margin
and the posterior cheek margin. The most similar species
in the Carrara Formation is 4. longwelli which has a dis-
tinctly differentiated anterior border and one less axial
segment on the pygidium.

Occurrence.—Common, Albertella Zone, Albertella-
Mexicella Zonule. Nevada: 3543-CO (>20 cranidia, 5
hypostome-rostral plates, 5 free cheeks, 8 pygidia),
Desert Range.

Albertolla spectrensis n. sp.
Plate 9, figures 4, 5, 8, 11, 12, 16

Description.—Cranidium subtrapezoidal in outline,
moderately convex transversely and longitudinally,
gently rounded anteriorly. Glabella moderately convex
transversely, gently convex longitudinally, straight-
sided, well defined by narrow axial and preglabellar fur-
rows, slightly expanded forward, reaches to narrow up-
turned border. Glabellar furrows barely apparent. Oc-
cipital furrow straight, moderately deep. Occipital ring
gently convex, has small axial node adjacent to posterior
margin. Fixed cheek gently convex, horizontal; width,
exclusive of palpebral lobe, slightly more than one-half
basal glabellar width. Palpebral lobe moderately small,
situated about opposite glabellar midlength; exsagittal
length between one-third and one-fourth sagittal glabel-
lar length exclusive of occipital ring. Ocular ridge mod-
erately distinct, forms acute angle with axial furrow.
Deep pit developed in axial furrow anterior to intersec-
tion of ocular ridge at anterolateral corner of glabella.
Posterior limb triangular; transverse length about equal
to basal glabellar width. Posterior border furrow straight,
moderately deep. Course of anterior section of facial
suture straight forward from palpebral lobe, strongly
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curved around anterolateral corner of cranidium.
Course of posterior section divergent posterolaterally
behind palpebral lobe and curved evenly to posterior
margin.

Free cheek narrow. Lateral and posterior borders
gently convex, well defined by shallow continuous border
furrow; width of border at anterior end about equal to
width of sutural margin of ocular platform. Ocular plat-
form expanded slightly posteriorly. Lateral margin con-
tinuous with long slender genal spine. Angle between
posterior margin and inner spine greater than 90°.

Hypostome and rostral plate fused; rostral part forms
distinct angle with hypostomal part on axial line.

Pygidium, exclusive of border spines, subquadrate;
sagittal length slightly less than anterior width. Axis
prominent, transversely convex, nearly flat in profile,
tapered slightly posteriorly; tip strongly rounded,
reaches nearly to posterior margin. Three shallow
straight complete ring furrows posterior to articulating
furrow; a fourth incomplete ring furrow also present.
Each of the first three or four segments has a low axial
node. Pleural fields subtriangular, narrow, crossed by
two or three weak pleural furrows. Border distinguished
from pleural field by lack of furrows, produced laterally
into long slender border spine more than three times
sagittal length of axis. Posterior margin between border
spines strongly curved posteriorly, slightly depressed.

All dorsal surfaces covered with fine granular or-
namentation.

Discussion.—This species is not represented by material
as well preserved or abundant as the other species from
the Carrara Formation. Nevertheless, it differs from both
A. longwelli n. sp. and A. schenki Resser by having a well-
defined upturned cranidial border, slightly larger more
posteriorly placed eyes, an occipital node, an obtuse angle
between the posterior margin of the free cheek and the
inner spine margin, a distinct differentiation of the junc-
tion between the hypostome and rostral plate, and axial
nodes on the pygidial segments. The only other species of
Albertella s. s. with axial nodes are 4. nitida Resser and A4.
microps Rasetti. 4. nitida has much larger palpebral lobes,
narrower fixed cheeks and posterior limbs, advanced
genal spines, and a more regular spacing of the pleurai
furrows on the pygidium. A. microps has deeper glabellar
furrows and a smaller number of axial segments on the
pygidium; the pleural furrows on the pygidium are un-
evenly spaced; and only the cranidium has granular or-
namentation.

Occurrence.—Moderately common, fragmentary, Al-
bertella Zone, Albertella-Mexicella Zonule. Nevada:
4169-CO (7 cranidia, 2 free cheeks, 3 hypostomes, >10
pygidia, mostly silicified), Spectre Range; 7195-CO (1
cranidium), Desert Range. California: 4159-CO (2

cranidia, 2 cheeks, 2 pygidia), Pyramid Peak section, Fu-
neral Mountains.

Genus ALBERTELLINA n. gen.

Type species—Albertellina aspinosa n. sp.

Description—Moderately small corynexochid trilobites,
length of largest known specimens probably about 30
mm. Cephalon subsemicircular in outline, with long
flattened genal spines extending backward from pos-
terolateral corners. Cranidium, excluding posterior
limbs, elongate subrectangular in outline. Glabella long,
low, narrow, straight sided, expanded forward, extended
onto inner part of flat or slightly concave border; well
defined at sides and anterior by changes in slope of exo-
skeleton; anterior end bluntly rounded. Four pairs of
shallow glabellar furrows variably developed, generally
obscure. Occipital furrow shallow, deepest distally. Oc-
cipital ring incomplete on all known specimens. Frontal
area short, flat, or slightly concave, undivided; sagittal
length slightly less than one-eighth sagittal length of
glabella exclusive of occipital ring; outer part has zone of
low coarse anastomosing ridges generally parallel to an-
terior margin. Palpebral area of fixed cheek gently con-
vex, horizontal, greatest width more than half basal
glabellar width. Palpebral lobe long, slender, curved, well
defined by broad shallow palpebral furrow, continuous
with low, poorly defined ocular ridge; situated opposite
posterior half of glabella; exsagittal length between 0.4
and 0.5 sagittal length of glabella exclusive of occipital
ring. Posterior limb moderately slender, spatulate; distal
tip strongly rounded; transverse length about equal to
basal glabellar width. Posterior border furrow broad,
shallow. Anterior section of facial suture slightly diver-
gent forward from palpebral lobe; posterior section
divergent-sinuous. No intergenal spine.

Hypostome and rostral plate fused. Rostral part well
defined by abrupt change in slope of exoskeleton.

Free cheek moderately narrow, gently convex, with
broad flat border about equal to anterior width of ocular
platform. Lateral border furrow shallow, not clearly con-
tinuous with deeper posterior border furrow which con-
tinues onto long flattened genal spine and extends nearly
to tip. Genal spine not advanced.

Pygidium subtrapezoidal in outline, with sides slightly
tapered posteriorly and with both anterolateral and pos-
terolateral corners rounded. Posterior margin has slight
median inbend. Axis prominent, tapered posteriorly,
strongly rounded at rear, well defined by abrupt changes
in slope of exoskeleton. Two or three very shallow ring
furrows variably developed. Pleural regions crossed by
variably developed raised anterior pleural bands of first
three pleural segments that continue onto flattened bor-
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der. No distinct border furrow. Lateral and posterior
margins without spines.

Ornamentation consists of extremely fine granules on
lateral and posterolateral parts of pygidial border. Other
parts appear smooth.

Discussion.—This genus constitutes the third genus of a
group including Albertelloides and Paralbertella. 1t differs
from both of those genera most strikingly in lacking
pygidial spines. It differs further from Paralbertella by the
lack of advanced genal spines and from Albertelloides by
the lack of a narrow furrow along the outer margin of the
free cheek. The development of the anterior bands of the
pygidial pleural segments is more variable and less strong
than in either Albertelloides or Paralbertella.

Albertellina aspinosa n. sp.
Plate 10, figures 1-6

Discussion—Because this is the only species at present
in Albertellina, the generic description and discussion of
affinities also suffice for the species.

Occurrence—Moderately common, Albertella Zone,
Albertella-Mexicella Zonule. Nevada: 4169-CO (2
pygidia), Spectre Range; 7195-CO (4 cranidia, 1 hypos-
tome, 4 free cheeks, 8 pygidia), Desert Range.

Genus ALBERTELLOIDES Fritz
Albertelloides Fritz, 1968, p. 214.

Type species —Albertelloides mischi Fritz, 1968, p. 215, pl.
38, figs. 1-7.

Description—Moderate-sized corynexochids, length
probably not exceeding 60 mm. Cephalon semicircular,
with long broad-based flat curved genal spines extending
backward from posterolateral corners. Glabella long,
low, narrow, moderately well defined at sides and front
by abrupt change in slope of exoskeleton; sides slightly
concave; anterior end slightly wider than base. Four pairs
of short lateral glabellar furrows present, posterior pair
deepest and distinctly curved; others straight. Occipital
furrow short, deep, slotlike at sides of glabella; shallow
across axis. Occipital ring subtriangular, flat, extended
into short slender occipital spine. Frontal area short, flat,
undivided. Palpebral area of fixed cheek gently convex,
horizontal, greatest width more than half basal glabellar
width. Palpebral lobe long, slender, curved, well defined
by palpebral furrow, situated opposite posterior half of
glabella; anterior end connected to moderately distinct
ocular ridge. Posterior limb slender, slightly expanded
laterally; posterior margin nearly straight. Posterior bor-
der furrow well defined. Anterior section of facial suture
slightly divergent anteriorly; posterior section strongly
divergent, sinuous. Intergenal spine present on some
small individuals, absent on cranidia longer than 5 mm.

Hypostome and rostral plate fused; rostral part dis-
tinctly defined by narrow furrow.

Free cheek narrow. Ocular platform gently convex,
about as wide as flat border that is well defined by narrow
lateral border furrow and continues into long flat curved
genal spine. Posterior part of lateral margin and inner
margin of spine bear narrow raised edges well defined by
shallow furrows.

Thorax composed of eight segments; width of each
pleural region, exclusive of spines, about equal to width
of axis. Spines known only for last three segments; spines
short, subequal in length, rounded in cross section.

Pygidium subquadrate in outline. Axis long, elevated,
well defined, reaches nearly to posterior margin; bears
two or three distinct ring furrows and one or two addi-
tional obscure furrows. Axial rings simple. Pleural re-
gions triangular, crossed by three distinct broad pleural
furrows and two narrow shallow interpleural furrows.
Anterior bands of first three segments prominent,
ridgelike. Border nearly flat; bears pair of slender pos-
teriorly or posterolaterally directed border spines whose
bases are about opposite end of axis.

Discussion.—The material representing this genus
from the Carrara Formation adds information about the
thorax, free cheek, and ventral morphology and proves
the correctness of the association of cranidium and
pygidium described by Fritz. The intergenal spines men-
tioned by Fritz as characteristic of the genus, are limited
to small specimens, as in Paralbertella n. gen., and are not
found on large specimens.

Albertelloides differs from Albertella by having long eyes,
slender posterior limbs, eight rather than seven thoracic
segments, ridgelike development of the anterior bands of
the first three pleural segments on the pygidium, and
pygidial border spines that are not strongly advanced.
Differences from the more closely related genera Paral-
bertella n. gen. and Albertellina n. gen. are given in the
discussions of those genera.

Albertelloides mischi Fritz
Plate 10, figures 7-13

Albertelloides mischi Fritz, 1968, p. 215, pl. 38, figs. 1-7.

Discussion.—Fritz has given a good description of the
cranidium and pygidium of this species. The free cheek
and hypostome-rostral plate are not distinguishable at
present from A. rectimarginatus n. sp. and are described
with that species. A partly preserved complete specimen
that proves the association of cranidium and pygidium of
this genus—whereas Resser (1939b) had assigned the
pygidia to the ptychopariid genus Kochaspis—is question-
ably identified as A. mischi.

This species is characterized by having moderately
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long and slender pygidial spines directed nearly straight
posteriorly, and the posterior margin between the spines
is slightly convex posteriorly. The axis of most specimens
has only one obscure ring furrow present behind the
three distinct anterior ring furrows. The only distinct
ornamentation on this species is on the pygidial spines,
which are granular on smaller specimens and obscurely
marked by anastomosing ridges on some larger speci-
mens. The occipital furrow of uniform width and depth
described by Fritz is found only on small cranidia. On
most cranidia, the axial part of the furrow is quite shal-
low.

Occurrence.—Moderately common, Albertella Zone,
Zacanthoidid Zonule. Nevada: 3766-CO (> 10 cranidia, 2
free cheeks, 2 hypostome-rostral plates, >10 pygidia);
3484-CO (1 pygidium, one partially articulated speci-
men), both from Nevada Test Site.

Albertelloides rectimarginatus n. sp.
Plate 10, figures 14-20

Description —Cranidium low, broad, gently convex
transversely and longitudinally; width between palpebral
lobes about equal to sagittal length exclusive of occipital
spine. Glabella long, low, gently convex transversely and
longitudinally, well defined at sides and front by abrupt
changes in slope of exoskeleton; sides slightly concave;
anterior end expanded; anterior width slightly greater
than basal glabellar width. Four pairs of glabellar furrows
present; posterior pair deep, short, strongly curved post-
eriorly, with shallow short anterior bifurcation; other
pairs shallow, narrow, straight. Occipital furrow has deep
distal slots and shallow axial part except on small speci-
mens where depth is more uniform. Occipital ring has
slender spine of unknown length. Frontal area flat, nar-
row, undivided; anterior margin has slight raised rim
that is continuous with narrow lateral wirelike raised
margin of free cheek. Sagittal length of frontal area gen-
erally between one-sixth and one-seventh sagittal glabel-
lar length exclusive of occipital ring. Fixed cheeks have
broad palpebral area and narrow part anterior to distinct
ocular ridge. Transverse width of anterior part generally
about one-third basal glabellar width. Palpebral area
gently convex, nearly horizontal; greatest width, exclu-
sive of palpebral lobe, about three-fourths basal glabellar
width. Palpebral lobe long, narrow, arcuate, well defined
by palpebral furrow, shaped like an inverted comma,
situated opposite posterior half of glabella and at or
slightly below level of palpebral area; line between post-
erior tips passes over or just anterior to axial part of
occipital furrow; anterior end continuous with ocular
ridge. Exsagittal length of palpebral lobe slightly more
than one-half sagittal length of glabella exclusive of oc-
cipital ring. Posterior limb slender, posterior border fur-

row broad, deep, straight, approximately equally divided
into distal and proximal parts by tip of palpebral lobe.
Posterior border of limb widens distally. Course of an-
terior section of facial suture slightly divergent forward
and then gently curved across frontal area to intersect
margin near anterolateral cranidial corners. Posterior
section of facial suture strongly divergent behind palpeb-
ral lobe, then directed posterolaterally to intersect
cephalic margin near base of genal spine. External sur-
face smooth.

Hypostome and rostral plate fused into single piece.
Rostral plate gently convex in sagittal plane, well defined
by anteriorly curved furrow at junction with strongly
convex anterior body of hypostome. Posterior body
small, low, well defined by transverse furrow. Maculae
prominent on posterior part of anterior body.

Free cheek moderately narrow, with gently curved lat-
eral margin continuous with margin of long nearly flat
genal spine. Border nearly flat, about equal in width to
ocular platform, defined by shallow lateral border fur-
row that is continuous with very short section of posterior
border furrow at genal angle adjacent to posterior
sutural margin. Genal spine has narrow, wirelike inner
and outer margins defined by narrow furrows. External
surface of spine is weakly ornamented with anastomosing
venations and becomes increasingly granular towards tip.
Length of spine nearly three times length of posterior
sutural margin.

Pygidium subquadrate; sagittal length about three-
fourths anterior width. Sides subparallel or slightly con-
vergent posteriorly. Posterior border spines moderately
short, sharp; length about equal to sagittal length of first
two axial segments. Posterior margin between spines
straight or curved slightly forward. Axis prominent,
strongly convex transversely, sides subparallel, posterior
end bluntly rounded, high, extended nearly to posterior
margin. Axis bears three distinct ring furrows posterior
to articulating furrow and generally two additional
obscure furrows and a terminal piece. Axial rings without
nodes or spines. External surface smooth except for
granular ornamentation on surface of spines.

Discussion.—This species differs from all others as-
signed to the genus by having the pygidial spines short
and directed nearly straight posteriorly and by having
five axial segments. Pygidia are most like A. maladensis
(Resser), which is the only other named species with the
posterior margin straight or curved forward between the
pygidial spines, but A. rectimarginatus consistently has one
additional well-defined ring furrow on the axis. The
cranidia are distinguished from those of A. misch: by
having a sagittally longer frontal area and a wider an-
terior part to the fixed cheek. On A. mischi the sagittal
length of the frontal area is about one-ninth the sagittal
glabellar length exclusive of the occipital ring, and the
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width of the anterior part of the fixed cheek is only about
one-fourth the basal glabellar width.

Occurrence.—Moderately common, Albertella Zone,
Zacanthoidid Zonule. Nevada: 3547-CO (>10 cranidia, 2
hypostome-rostral plates, 3 free cheeks, >10 pygidia);
3483-CO (1 pygidium, 2 cranidia); both from Nevada
Test Site.

Genus FIELDASPIS Rasetti

Fieldaspis Rasetti, 1951, p. 159; in Harrington and others, 1959, p. 227.

Type species —Fieldaspis furcata Rasetti, 1951, p. 159, pl.
15, figs. 1-8.

Discussion —Rasetti (1951; Rasetti, in Harrington and
others, 1959) presented good illustrations and dis-
cussions of the characteristics of this genus. Isolated
cranidia are not generically separable from those of sev-
eral other zacanthoidid genera, and the generic charac-
teristic is in the pygidial structure which characteristically
has a pair of posterolaterally directed spines or lobes. He
also noted (Rasetti, 1957) the difficulty of distinguishing
isolated pygidia of Fieldaspis from those of ptychopariids,
such as Kochaspis and Schistometopus. Thus, without a large
suite of associated parts, or an articulated specimen, a
pygidium with paired spines that is not identical with one
whose associations are already known cannot be generi-
cally identified.

Fieldaspis? sp.
Plate 6, figure 16

Discussion —A single fragment of the left pleural re-
gion of a trilobite pygidium, viewed from below, may
represent a species of Fieldaspis. The specimen has two
pairs of well-developed pleural and interpleural furrows,
of which the interpleural furrows are narrower and
deeper, and a less well developed third set of pleural and
interpleural furrows. The pygidium was subquadrate in
outline with a broad nearly straight posterior margin
between a pair of long slender posterolaterally directed
spines. All these characteristics agree with those of Fiel-
daspis superba Rasetti from the Plagiura-Kochaspis Zone of
the Canadian Rocky Mountains. However, the specimen
is too incomplete to do more than suggest the possible
presence of Fieldaspis, and perhaps F. superba, in the
Plagiura-Kochaspis Zone of the southern Great Basin.

Occurrence.—Rare (1 specimen), “Plagiura-Poliella”
Zone. California: 4139-CO, Titanothere Canyon section,
Grapevine Mountains.

Genus MEXICASPIS Lochman
Mexicaspis Lochman, 1948, p. 455.

Type species.—Mexicaspis stenopyge Lochman, 1948, p.
455, pl. 69, figs. 1-11.

Diagnosis.—Small to moderate-sized corynexochid
trilobites; maximum length probably not exceeding 30
mm. Cranidium gently convex transversely and lon-
gitudinally, anterior margin moderately and evenly
rounded. Glabella low, poorly furrowed, slightly ex-
panded forward, reaches nearly to anterior margin. Oc-
cipital ring gently convex, expanded backward, with or
without axial spine. Fixed cheeks gently convex, moder-
ately broad; width of palpebral area between one-half
and three-fourths basal glabellar width. Palpebral lobes
moderately long, situated slightly posterior to glabellar
midlength. Posterior limbs short, blunt.

Free cheek has narrow pleural platform and large
broad curved genal spine developed from posterolateral
margin; spine at least five times length of posterior sec-
tion of facial suture.

Pygidium moderately to strongly convex transversely.
Axis prominent, sides subparallel; first segment well de-
fined by deep ring furrow, usually has axial node. Re-
mainder of axis long, obscurely furrowed; tip stands
steeply above posterior margin. Pleural regions moder-
ately to poorly defined. Border bears two or three pairs of
border spines; posterior pair usually largest.

Discussion.—Lochman (1948) gave a good description
of this genus based on the material of two very similar
species from northern Mexico. The Carrara species de-
scribed below has a cranidium that conforms fully to
Mexicaspis and a pygidium with its axial structure essen-
tially like that of the type species, but with a third pair of
spines intercalated between the analogs of the spines of
M. stenopyge Lochman. Free cheeks can also be associated
with the Carrara specimens. The pygidial differences are
not considered sufficient to justify generic separation of
the species, and the diagnosis given above has been mod-
ified to accommodate the morphologic range shown by
the pygidia and the new information about the free
cheek.

Mexicaspis radiatus n. sp.
Plate 10, figures 22-25

Description.—Cranidium subquadrate in outline, gently
convex transversely and longitudinally, moderately and
evenly rounded at front. Glabella low, expanded an-
teriorly, reaches nearly to anterior margin, well defined
by abrupt changes in slope of exoskeleton. Glabellar fur-
rows poorly developed; only posterior oblique pair mod-
erately distinct. Occipital ring broad, gently convex;
sagittal length about one-third sagittal length of remain-
der of glabella. Occipital furrow moderately deep,
straight. Fixed cheeks gently convex, slightly downslop-
ing; width of palpebral area about 0.6 basal glabellar
width. Palpebral lobe moderately long, narrow, curved,
well defined by palpebral furrow, situated slightly pos-
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terior to glabellar midlength and well separated from
glabella; exsagittal length between 0.4 and 0.5 sagittal
glabellar length exclusive of occipital ring. Posterior limb
short, blunt; transverse length about equal to basal
glabellar width; length of distal part less than halflength
of proximal part. Posterior border furrow broad, shal-
low, straight.

Free cheek consists of small ocular platform separated
by moderately deep border furrow from broader gently
convex border that continues backward into large curved
genal spine. Length of spine slightly more than five times
length of posterior section of facial suture; angle between
posterior margin of cheek and inner margin of spine
moderately obtuse.

Pygidium, exclusive of border spines, subsemicircular
in outline; sagittal length slightly less than anterior width.
Axis prominent, sides subparallel; end strongly rounded,
overhangs posterior margin. First axial segment well de-
fined by deep ring furrow, bears small axial node of
variable prominence. Two additional very shallow ring
furrows present anterior to long terminal part. Pleural
fields subtriangular; greatest width less than that of axis.
Two shallow pleural furrows present extending to inner
edge of moderately well defined border. Border bears
three pairs of broad-based border spines; anterior pair
laterally directed, relatively small; middle pair pos-
terolaterally directed, intermediate in size; posterior pair
largest, directed nearly straight posteriorly; spacing of
spines nearly uniform around margin.

External surfaces of all parts have obscure finely
granular ornamentation visible only after whitening of
best preserved specimens.

Discussion.—This species is easily distinguished from all
othérs in the genus by having three pairs of pygidial
border spines. The massive genal spines and axial node
on the first axial segment of the pygidium suggest a
relationship between this species and species of Ptar-
miganoides. However, the pygidial border spines of all
species of Ptarmiganoides are slender rather than broad-
based, and the genal spine is advanced rather than at the
posterolateral cephalic corners.

Occurrence.—Common, Albertella Zone, Albertella-
Mexicella Zonule(?). California: 4141-CO ( 10 cranidia, 3
free cheeks, 10 pygidia), Titanothere Canyon section,
Grapevine Mountains; 7197-CO (>10 cranidia, 1 free
cheek, >10 pygidia), Eagle Mountain.

Genus PARALBERTELLA n. gen.

Type species.—Albertella bosworthi Walcott, 1908, p. 22,
pl. 1, figs. 4-6 (only).

Description.—Moderate-sized corynexochid trilobites,
length probably not exceeding 60 mm. Cephalon trans-

versely subpentagonal in outline, anterior margin
straight or gently rounded, genal spines distinctly ad-
vanced from posterior margin. Cranidium elongate,
gently convex transversely and longitudinally. Glabella
long, well defined at sides and front by axial and pre-
glabellar furrows, moderately convex transversely,
gently convex longitudinally, sides subparallel, anterior
end bluntly rounded. Four pairs of shallow lateral fur-
rows present, posterior pair generally deepest and
strongly oblique to axial furrow. Occipital furrow
straight, occipital ring has small axial node adjacent to
posterior margin. Frontal area short, flat. Fixed cheek
gently convex, horizontal; width of palpebral area about
one-half or slightly more than one-half basal glabellar
width. Palpebral lobe long, arcuate, situated opposite
posterior half of glabella, well defined by palpebral fur-
row that is continuous along ocular ridge to axial furrow.
Anterior end of palpebral lobe near glabella; posterior
end opposite or posterior to occipital furrow. Posterior
limb long, slender, posterior border expands distally;
specimens less than 5 mm long show vestiges of in-
tergenal spines. Course of anterior section of facial su-
ture moderately to strongly divergent forward from pal-
pebral lobes; course of posterior section directed nearly
straight laterally.

Free cheek crescentic in outline with well-defined bor-
der furrow and long genal spine projecting pos-
terolaterally from posterior margin.

Hypostome and rostral plate fused.

Thorax composed of seven segments. Axis prominent,
usually wider than pleurae. Fourth segment macro-
pleural.

Pygidium elongate, semielliptical in outline exclusive
of pair of advanced lateral border spines. Axis promi-
nent, tapered posteriorly, reaches nearly to inner edge of
narrow pygidial border, connected to border by narrow
postaxial ridge. Five to seven distinct ring furrows
present posterior to articulating furrow; most segments
have low axial nodes. Pleural regions flat or gently con-
vex, characterized by prominent ridgelike development
of anterior bands of first three pleural segments. The
ridges generally converge laterally to merge with pygidial
border at base of border spine. Posterior margin behind
lateral spines strongly curved posteriorly, usually down-
sloping.

Discussion.—This genus includes those species for-
merly assigned to Albertella that have long eyes, slender
posterior limbs, anteriorly divergent facial sutures, a
fourth macropleural segment on the thorax, strongly
advanced lateral border spines on the pygidium, a nar-
row and well-defined posterior pygidial border, and the
anterior bands of the first three pygidial segments de-
veloped as ridges and merged laterally with the border at
the base of the pygidial spine. The most similar genus is
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Albertelloides, which differs by having a strong occipital
spine, broad genal spines that are not advanced, eight
instead of seven thoracic segments, fewer axial segments
on the pygidium, a less well defined posterior pygidial
border, and pygidial spines that are not strongly ad-
vanced.

Paralbertolla besworthi (Walcott)
Plate 9, figures 19-25

Albertella bosworthi Walcott, 1908, p. 22, pl. 1, figs. 4-6 (only); Burling,
1916, p. 470, fig. 2a; Walcott, 1917, p. 38, pl. 7, figs. 3-3c (only);
Rasetti, 1951, p. 149, pl. 17, figs. 1-9.

Albertella similaris Resser, 1936, p. 2.

PAlbertella stenorhachis Rasetti, 1951, p. 155, pl. 18, figs. 18-21.

Discussion.—This species has been well illustrated and
has been discussed by Rasetti. The Carrara material is
well preserved in limestone and seems to differ in no
important respects from the shale and limestone material
from British Columbia. The species differs from others
in the genus by having the anterior margin curved and
the frontal area slightly upturned on the cranidium, by
having commonly five axial segments and pleural fur-
rows on the pygidium together with a pleural region only
slightly narrower than the axis, and by having long
curved pygidial border spines. The examples of fused
hypostomes and rostral plates in the sample from the
Carrara Formation provide the first information about
this structure for P. bosworthi. The rostral area is strongly
distinguished from the hypostomal area by a deep curved
furrow and by its ornamentation of terrace lines. The
anterior lobe is strongly distinguished from the posterior
lobe by a deep transverse furrow.

Study of the type collections of the U.S. National
Museum suggests that 4. stenorhachis Rasetti may be no
more than an extreme variant of A. bosworthi. I could not
find consistent criteria for discrimination of these forms.

Occurrence —Moderately common, Albertella Zone,
Zacanthoidid Zonule. Nevada: 3766—CO (>10 cranidia, 2
hypostome-rostral plates, >10 pygidia), Nevada Test
Site.

Genus PTARMIGANOIDES Rasetti

Ptarmiganoides Rasetti, 1951, p. 178; Poulsen, C., in Harrington and
others, 1959, p. 226.

Type species.—Ptarmiganoides bowensis Rasetti, 1951, p.
179, pl. 20, figs. 1-8.

Description.—Moderate- to large-sized corynexochid
trilobites; maximum length probably not exceeding 90
mm. Cephalon semicircular in outline with well-
developed long genal spines, sometimes advanced in
front of genal angle. Cranidium elongate, gently to mod-
erately convex transversely and longitudinally; anterior
margin gently rounded. Glabella long, low, expanded

slightly forward, extended nearly to anterior margin.
Glabellar furrows shallow; four pairs usually present.
Occipital ring with or without long axial spine. Fixed
cheek gently to moderately convex, horizontal; width,
exclusive of palpebral lobes, between 0.3 and 0.6 basal-
glabellar width. Palpebral lobe long, slender, anterior
end near glabella, posterior end about opposite or
slightly anterior to occipital furrow. Posterior limb long,
slender, bears distinct intergenal spine on posterolateral
part of tip. Course of anterior section of facial suture
slightly divergent forward in front of palpebral lobe.
Course of posterior section strongly divergent behind
palpebral lobe.

Free cheek always has distinct border furrow, other
features variable. Genal spine at or anterior to pos-
terolateral corner of cephalon, slender or broad, gener-
ally long.

Pygidium, exclusive of border spines, semicircular in
outline. Axis prominent, as wide as or wider than pleural
fields, always has strong vertical axial spine on first seg-
ment; other segments may have axial spines or nodes.
Pleural regions crossed by one to three shallow pleural
furrows that continue onto inner part of border and have
abroad pit atinner margin of border. Border bears three
to five pairs of long slender border spines.

External surfaces of most species show some degree of
granular ornamentation.

Discussion.—Although the description of this genus by
Rasetti (1951) is adequate, a new description has been
presented because additional information is now availa-
ble concerning the posterior limbs, free cheeks, and
structure of the pygidial margin. Rasetti (1951) proposed
the genus Ptarmiganoides for the species from the Naomi
Peak Limestone Member of the Langston Formation that
Resser (1939b) assigned to Dolichometopsis, and included a
new species from the Canadian Rocky Mountains. Both
Rasetti (1951) and Lochman (in Cooper and others,
1952) concluded that Resser had misunderstood the re-
lation of the Langston species of “Dolichometopsis” to the
specimens described as Dolichometopsis by C. Poulsen
(1927) from Lower Cambrian rocks of Greenland, al-
though Lochman considered Resser’s species all to be-
long to Ptarmigania. Ivshin (1957) reviewed the published
material of Resser, Rasetti, and Lochman and concluded
that there was insufficient reason to separate Ptar-
miganotdes from Ptarmigania. However, C. Poulsen (in
Harrington and others, 1959) recognized both genera,
and Fritz (1968) referred several species to Ptarmiganoides
without comment about the problem of generic distinc-
tion. He did, however, note that some of Resser’s speci-
mens of “Dolichometopsis” were referable to Poliella rather
than Ptarmiganoides.

In this report, Ptarmiganoides is considered as a genus
distinct from Piarmigania primarily because it has three
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or more pairs of slender pygidial border spines. Cranidia
and free cheeks of both genera are not consistently dis-
tinguishable, nor can they be separated from those of
Paralbertella n. gen. and some other long-eyed
corynexochids without knowledge of associated pygidia.
When the whole trilobite is known, pygidia typical for
Ptarmigania have one pair of anterolateral border spines
and only nubs of one or two additional spines and can be
easily distinguished from the multispinose pygidia of
Ptarmiganoides. At the present time, grouping of
corynexochid species into genera based only on cephalic
features, as proposed by Ivshin, would seem to obscure
important differences between species groups.

Because of the great confusion caused by excessive
splitting of species in the Langston Formation by Resser
(1939b), and inadequate evaluation of their morphology,
the current generic assignment for the holotype of each
species of Ptarmigania and Dolichometopsis in that paper is
presented here.

Present Name Name in Resser (1939b)

Ptarmiganoides propinqua
(Resser)

Dolichometopsis propinqua
comis
communis
gregalis
lepida
mansfieldi
media
poulseni
stella
Ptarmigania sobrina
aurita
Ptarmigania exigua Resser Ptarmigania exigua
ornata
natalis
Poliella germana (Resser) Ptarmigania germana
altilis
agrestis
dignata
Dolichometopsis potens
gravis

As noted in the discussion of Poliella germana, not all
paratypes of Resser’s “species” were conspecific with
their holotypes. Instead of 21 species assigned to 2 gen-
era, there are now considered to be 3 species of 3 genera.
The three species are: Poliella germana (Resser), already
revised by Fritz (1968); Ptarmiganoides propinqua (Resser),
chosen from 11 names because its syntype series contains
the most representative specimens for the species; and
Ptarmigania exigua Resser. P. germana has smooth or pit-
ted ornamentation, lacks fixigenal spines and has a

pygidium that lacks border spines; P. propinqua has a
weakly granular ornamentation and four pairs of slender
pygidial spines; and P. exigua has a well-developed
granular ornamentation and only one pair of short pygi-
dial spines and several nubs of additional spines. With
this reduction in names, Ptarmiganoides now includes six
species: P. bowensis Rasetti, P. propinqua (Resser), P. bi-
spinosa (Lochman), P. araneicauda Fritz, and the two new
species from the Carrara Formation described later in
this report.

Ptarmiganoides crassaxis n. sp.
Plate 11, figures 12, 13, 17, 18

Description.—Cranidium questionably assigned to this
species elongate, moderately convex transversely and
longitudinally, gently to moderately rounded at front;
width between palpebral lobes equal to or greater than
sagittal length exclusive of occipital spine. Glabella long,
moderately convex transversely, expanded slightly for-
ward, reaches nearly to anterior margin, moderately to
strongly rounded at front, well defined by abrupt
changes in exoskeletal slope along sides and by narrow
preglabellar furrow. Glabellar furrows shallow; posterior
two pairs best developed; posterior pair strongly oblique
to glabellar margin. Occipital furrow straight, of uniform
depth on small forms, shallowest on axial line of large
forms. Occipital ring gently convex, produced pos-
teriorly into slender occipital spine; length, including
spine, about three-fourths sagittal length of glabella.
Frontal area very narrow, about one-tenth sagittal length
of glabella exclusive of occipital ring. Fixed cheeks gently
convex, horizontal; width of palpebral area slightly more
than one-half basal glabellar width. Palpebral lobe long,
arcuate, well defined by palpebral furrow, situated oppo-
site posterior half of glabella, connected to glabella by
oblique, moderately well defined ocular ridge; exsagittal
length greater than one-half sagittal glabellar length on
small specimens, slightly less than one-half sagittal
glabellar length on large specimens; width of cheek op-
posite anterior end between one-third and one-fourth
basal glabellar width. Posterior limb slender, bears well-
developed posterolateral fixigenal spine. Course of an-
terior section of facial suture nearly straight forward
from palpebral lobe. Course of posterior section strongly
divergent behind palpebral lobe.

Free cheek has broad nearly flat border that expands
slightly posteriorly and is separated from the ocular plat-
form by a shallow furrow of uniform depth that is curved
and continuous with the posterior border furrow. Genal
spine long, slender, flattened, slightly advanced so that
inner spine angle is slightly acute; length about five times
length of short posterior section of facial suture. Surfaces
of ocular platform and border covered with moderately
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coarse granules. Lateral margin also has oblique terrace
lines which form anteriorly directed V-shapes in anterior
part.

Pygidium, exclusive of border spines, subsemicircular
in outline; sagittal length slightly greater than one-half
anterior width. Axis large, strongly convex transversely,
reaches nearly to posterior margin, two ring furrows
present. Anterior axial ring well defined by deep first
ring furrow, bears large axial spine. Second ring furrow
relatively shallow; second axial ring without node or
spine. Width of axis almost three times width of narrow
triangular pleural field. Pleural field crossed by only one
distinct pleural furrow. Inner margin of border has
broad shallow depressions between bases of border
spines. Four moderately long slender posteriorly di-
rected border spines present.

External surfaces of cranidium covered with strongly
developed granular ornamentation: Granular or-
namentation on pygidium obscure.

Discussion.—This species is represented by only a few
specimens, and the correctness of the association of
cranidia and pygidia is not certain. For that reason, the
pygidium is the designated holotype. The cranidia are
very similar to that of Ptarmigania exigua Resser, although
the largest specimen has a much more strongly rounded
anterior margin. The pygidium has all the characteristics
of Ptarmiganoides and differs from all other species in the
genus by having a very broad axis and poor development
of pleural furrows.

Occurrence —Moderately rare, Albertella Zone, Zacan-
thoidid Zonule. Nevada: 3766—CO (b cranidia, 1 free
cheek, 2 pygidia), Nevada Test Site.

Ptarmiganoides hexacantha n. sp.
Plate 11, figures 9-11, 14-16

Description.—Cranidium elongate, gently convex
transversely and longitudinally, anterior margin gently
rounded. Glabella long, low, very slightly expanded an-
teriorly, bluntly rounded at front, well defined by axial
and preglabellar furrows. Only posterior pair of oblique
lateral glabellar furrows distinctly developed. Occipital
furrow deep distally, shallow across axial line. Occipital
ring flat, with position of occipital node marked by four
tiny pits; no occipital spine. Frontal area undivided, flat,
short; sagittal length between one-seventh and one-tenth
sagittal length of glabella exclusive of occipital ring. Fixed
cheeks gently convex, horizontal; width of palpebral area
about 0.6 basal glabellar width. Palpebral lobe slender,
arcuate, well defined by narrow palpebral furrow that
continues across cheek to glabellar furrow outlining
posterior edge of oblique ocular ridge; width of cheek at
anterior end of palpebral lobe about one-third basal
glabellar width. Posterior limb slender, transverse length
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about equal to basal glabellar width; border furrow deep,
straight; distinct intergenal spine directed pos-
terolaterally from tip.

Free cheek has narrow crescentic ocular platform of
more or less constant breadth separated from broad
gently convex border by well-defined evenly curved bor-
der furrow. Border produced into broad-based long
curved genal spine that originates opposite midlength of
eye. Angle between posterior cheek margin and inner
spine margin acute. Length of spine more than five times
length of posterior section of facial suture.

Pygidium, exclusive of border spines, semicircular in
outline; sagittal length about one-half greatest width.
Axis broad, strongly convex transversely, strongly
rounded posteriorly, reaching to inner edge of poorly
defined gently convex border. First axial ring well de-
fined by first ring furrow and bears large subvertical axial
spine; a second shallow ring furrow may be present.
Pleural regions downsloping, subtriangular, about as
wide as axis at anterior margin, crossed by two shallow
pleural furrows that continue onto border and a third
pleural furrow represented only by broad pit in position
of poorly defined inner margin of border. Border bears
three pairs of short pointed spines; posterior pair sepa-
rated by gap slightly wider than axis.

Ornamentation consists of scattered very faint
granules on glabella and palpebral lobes, and either
granules or pits on fixed cheeks; genal spine has closely
spaced granules; pygidium obscurely ornamented with
faint granules on axis and border spines.

Discussion.—This species is distinguished from all
others in the genus by having only three pairs of border
spines on the pygidium. It differs, in addition, from P.
propinqua (Resser) and P. araneicauda Fritz by lacking an
occipital spine on the cranidium. The distinctive free
cheek is similar to that of P. araneicauda and also to that of
Ptarmigania rossensis (Walcott), the type species of Ptar-
migania, and it emphasizes the close relationship of Ptar-
migania and Ptarmiganoides.

Occurrence.—Moderately common, Albertella Zone,
Albertella-Mexicella Zonule(?). California: 4141-CO (6
cranidia, 5 free cheeks, 7 pygidia), Titanothere Canyon
section, Grapevine Mountains. Rare, Zacanthoidid
Zonule. Nevada: 3695-CO (1 pygidium), Nevada Test
Site.

Genus ZACANTHOIDES Walcott

Zacanthoides Walcott, 1888, p. 165; Kobayashi, 1935, p. 123; Shimer and
Shrock, 1944, p. 619; Palmer, 1954, p. 69; Rasetti, F., in Har-
rington and others, 1959, p. 227.

Type species.—Embolimus spinosa Rominger, 1887, p. 15,
pl. 1, fig. 3.
Discussion.—This genus has already been fully de-
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scribed and illustrated by me and by Rasetti. The Cararra
species agree with earlier diagnoses and descriptions in
all essential features.

Zacanthoides variacantha n. sp.
Plate 11, figures 19-21

Description.—Cranidium subtrapezoidal in outline,
gently convex transversely and longitudinally, anterior
margin very slightly curved; width between palpebral
lobes slightly greater than sagittal length of cranidium
including occipital ring. Glabella low, long, sides sub-
parallel, anterior end bluntly rounded, well defined all
around by abrupt changes in slope of exoskeleton. Four
pairs of glabellar furrows present; all pairs short and
deep on larger cranidia, less deep on small cranidia.
Occipital furrow of uniform depth on small specimens,
shallow in axial region of larger specimens. Occipital ring
has small axial node adjacent to posterior margin. Frontal
area sagittally long for the genus, strongly expanded
forward, bears wide plectrum whose posterolateral mar-
gin extends in an irregular curve inward from anterolat-
eral corner of cranidium to anterolateral corner of
glabella; sagittal length about one-third sagittal length of
glabella exclusive of occipital ring. Fixed cheeks flat,
horizontal; width of palpebral area three-fourths basal
glabellar width on small specimens, slightly less than
two-thirds basal glabellar width on large specimens. Pal-
pebral lobe very long, crescentic, well defined by deep
narrow palpebral furrow, slightly upsloping laterally,
anterior end continuous with ocular ridge and near an-
terior end of glabella; posterior tip opposite anterior part
of occipital ring. Posterior limb very slender, posterior
margin curved; distal tip with well-developed fixigenal
spine. Course of anterior section of facial suture strongly
divergent forward from palpebral lobe; course of pos-
terior section almost perpendicular to axis of cranidium.

Pygidium, exclusive of border spines, semielliptical in
outline; sagittal length about three-fourths anterior
width. Axis prominent, tapered posteriorly, bears four
distinct ring furrows posterior to articulating furrow;
axial rings without nodes or spines. Pleural region gently
convex, subtriangular, slightly narrower than axis with
only one distinct pleural furrow. Border poorly defined,
flat, narrower than pleural field, bears one long pair of
anterior marginal spines and three or four pairs of very
short more posterior spinules.

External surfaces of cranidium and pygidium covered
with closely spaced very fine granules barely apparent
even after whitening.

Discussion —This species has all the typical features of
Zacanthoides: anteriorly divergent facial sutures, long
palpebral lobes, posterior fixigenal spines, and semi-
elliptical multispinose pygidium. Its closest relative, how-
ever, is a group of “species” described by Resser (1939b)

from the Naomi Peak Limestone Member of Maxey
(1958) of the Langston Formation and assigned to
Prozacanthoides. Resser’s concept of Prozacanthoides was
not based on the type species. Study of a large suite of
paratype material of this species, Prozacanthoides stis-
singensis, shows this to be a corynexochid with relatively
short palpebral lobes, subparallel anterior sections to the
facial sutures, subtriangular posterior limbs on the
cranidium, and three strong pairs of lateral border spines
on the pygidium of which the posterior pair, which is
widely separated, is the longest. None of the 14 species
assigned to Prozacanthoides, except the genotype, is prop-
erly identified, and the particular 5 “species” described
by Resser (1939b) from a single collection in the Naomi
Peak Limestone all conform fully to the characteristics of
Zacanthoides. In addition, their differences are only mat-
ters of preservation and the single name Z. alatus (Resser)
is recommended here for the specimens named by Resser
as Prozacanthoides alatus, decorosus, exilis, optatus, and
aequus. This is the only other species of Zacanthoides with a
plectrum, and it differs from Z. variacantha n. sp. by
having an occipital spinule and only weak development
of the glabellar furrows on the cranidium and by having
only three ring furrows and poor development of the
anterior pair of large border spines on the pygidium. The
strong development of only the anterior pair of border
spines and the cranidial plectrum distinguish Z. var-
iacantha n. sp. from all others assigned to Zacanthoides.

Occurrence.—Moderately common, Albertella Zone,
Zacanthoidid Zonule. Nevada: 3766-CO (8 cranidia, 5
pygidia), Nevada Test Site.

Zacanthoides cf. Z. alatus (Resser)
Plate 11, figures 25, 26

Prozacanthoides alatus Resser, 1939b, p. 26, pl. 3, figs. 10-12.

Discussion.—Two cranidia of a species of Zacanthoides
with a plectrum differ from Z. variacantha n. sp. by lack-
ing strong development of the glabellar furrows on large
specimens. The fixed cheeks are less than one-half the
basal glabellar width, and the surface is distinctly or-
namented by fine granules. The presence of an occipital
spinule cannot be determined—the axial margin on the
illustrated specimen is broken as if one might have been
present. These specimens may be representative of Z.
alatus (Resser), but a certain identification cannot be
made without additional material. The reasons for the
change in generic assignment for alatus are discussed
under Z. variacantha n. sp.

A single pygidium (pl. 11, fig. 26) of general zacan-
thoidid morphology from the same collection as the
cranidia may also belong to this species. The prominent
axis is imperfectly preserved but shows at least two ring
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furrows posterior to the articulating furrow. The nearly
flat pleural regions are narrower than the axis and show
three pleural furrows and two shallow interpleural fur-
rows. The pleural furrows are accentuated by the raised
anterior bands of the segments. The border bears three
pairs of short sharp border spines, with the anterior pair
being the largest. This pygidium differs from the
pygidium of Z. variacantha n. sp. by having strong pleural
furrows, by having only three pairs of border spines, and
by having the anterior pair of spines much shorter. With-
out more material, it is not even reasonably certain that
this pygidium and the cranidia are conspecific.

Occurrence.—Rare, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3695-CO (2 cranidia, 1 pygidium),
Nevada Test Site.

Zacanthoides? sp.
Plate 6, figure 11

Discussion.—A single fragment of the left half of a
pygidium showing three slender border spines, narrow
pleurae crossed by three pleural furrows, and an axis
with two distinct ring furrows has the general shape of
pygidia generally assigned to Zacanthoides. 1t is the only
other trilobite found associated with abundant specimens
of Syspacephalus obscurus n. sp. in beds assigned to the
Plagiura-Kochaspis Zone.

Occurrence.—Rare, Albertella Zone. California:
4140-CO (1 fragmentary pygidium), Titanothere Can-
yon section, Grapevine Mountains.

Corynexochid cranidium undet. 1
Plate 16, figures 20, 25

Discussion —A peculiar corynexochid, possibly related
to Glossopleura, is represented by three specimens in the
youngest collection from the Glossopleura Zone. It is
characterized by a narrow elongate nearly straight sided
glabella whose length, exclusive of the poorly differ-
entiated occipital ring, is about twice its width. A narrow
flat undivided frontal area is present only directly in
front of the glabella; the anterolateral parts reach to the
facial sutures. The anterior end of the glabella has a
poorly defined median depression. The palpebral lobes
are long, narrow, and situated opposite the posterior
two-thirds of the glabella; a line connecting the posterior
tips passes over the midlength of the occipital ring. The
posterior limbs are not known. The external surfaces of
all parts appear smooth.

Withoutassociated parts, this species is notidentifiable.
The long slender anterior part of the glabella, anterior
glabella depression, flat frontal area, and long arcuate
palpebral lobes distinguish this from all known
corynexochid species.

Occurrence.—Rare, uppermost Glossopleura Zone,

Bonanza King Formation. Nevada: 7199-CO (3
cranidia), Striped Hills.

Corynexochid pygidium undet. 1
Plate 9, figure 26

Description—Pygidium subquadrate in outline, gently
convex transversely and longitudinally; sagittal length
slightly more than one-half anterior width. Axis slender,
sides subparallel, reaches nearly to posterior margin. All
ring furrows obscure. Pleural regions undifferentiated;
only first pleural furrow distinctly developed. Two pairs
of marginal spines present; anterior pair small, pos-
terolaterally directed, developed from anterolateral cor-
ners of pygidium; posterior pair moderately long, di-
rected straight posteriorly, continuous with straight
pygidial sides; margin between posterior pair of spines
nearly straight. External surface smooth.

Discussion —This distinctive species is known only from
three specimens in two collections and no other parts can
be associated with it. It is somewhat suggestive of Mex:-
caspis diffuntoensis Lochman (in Cooper and others, 1952),
but it lacks the good definition of the first axial segment
and has a narrower and less prominent axis. Without
more knowledge of the whole trilobite, its generic and
familial affinities are indeterminate.

Occurrence—Rare, Albertella Zone, Albertella-Mexicella
Zonule. Nevada: 1616-CO (2 pygidia), Spring Moun-
tains. California: 4166-CO (1 pygidium), Resting Springs
Range.

Corynexochid pygidium undet. 2
Plate 10, figure 21

Discussion.—A single pygidium closely resembles and is
probably congeneric with a pygidium identified as
Athabaskia sp. by Rasetti (1951, p. 156, pl. 22, fig. 12). The
species is characterized by a prominent slender axis
bearing three ring furrows and by pleurae crossed by
three furrow-pairs composed of a pleural furrow and
slightly shallower interpleural furrow thatare subparallel
to each other and closer to each other than to the furrows
of the adjacent pair. A single more posterior pleural
furrow is also present. Both pleural and interpleural
furrows extend onto the moderately narrow poorly de-
fined pygidial border.

The fact that the furrows extend across the pleural
platform and onto the pygidial border probably influ-
enced the generic identification of Rasetti’s specimen.
However, I reexamined the type species of Athabaskia, A.
ostheimeri Raymond, and this has a markedly different
structure in the pleural regions of the pygidium. The
interpleural furrows are present only near the pygidial
axis and are nearly perpendicular to it, while the pleural
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furrows extend diagonally posterolaterally across each
pleuron so that the anterior band expands distally and
the posterior band tapers distally rather than maintain-
ing a uniform breadth. These structural differences indi-
cate a morphologic difference of at least generic rank.
Without sure knowledge of associated parts, this species
is not assignable to any described genus.

Occurrence.—Rare, Alberiella Zone, Zacanthoidid
Zonule. Nevada: 3547-CO (1 pygidium), Nevada Test
Site.

Order PTYCHOPARIIDA Swinnerton

This order of trilobites, whether recognized in the
restricted sense of Bergstrom (1973) or in the more inclu-
sive sense of the trilobite volume of the “Treatise on
Invertebrate Paleontology” (Harrington and others,
1959), still provides the greatest problems for su-
prageneric classification among all the trilobites. In the
early part of the Cambrian this problem is particularly
acute because most of the ptychopariid trilobites are
rather generalized forms for which there are still no
consistently recognized suprageneric taxa. For this rea-
son, the ptychopariid genera are presented here in al-
phabetical order. However, at least one suprageneric
grouping might be recognized among them.

The genera Caborcella, Kochaspis, Kochiellina, Nyella,
and Schistometopus are all characterized by a prominent
tapered glabella with several pairs of moderately to
strongly developed glabellar furrows and by a tendency
for the glabellar sides to be very slightly concave opposite
the second pair of glabellar furrows. (See pl. 8, figs. 3, 8;
pl. 13, figs. 6-8; pl. 14, figs. 6, 7.) These trilobites also
generally have moderately wide fixed cheeks, distinct
narrow ocular ridges, and granular ornamentation. This
cranidial morphology seems typical for trilobites only
from Glossopleura Zone and older North American Mid-
dle Cambrian beds. These trilobites, which share strati-
graphic proximity as well as considerable axial similarity,
probably represent a genetically related group of forms
for which a meaningful family designation could be
made. At several places in this report, trilobites of this
group are referred to as kochaspid trilobites. Differences
in structure of the frontal area and the associated
pygidium provide the most useful characters for dis-
crimination of kochaspid genera.

In the “Treatise on Invertebrate Paleontology” (Har-
rington and others, 1959), Kochaspis and Caborcella are in
different superfamilies, and Schistometopus was left with-
out family assignment. Some other possibly related gen-
era, such as Kochiella and Kochina, are in still a different
suprageneric taxon. Nyella and Kochiellina are new gen-
era. Until a thorough revision of the Cambrian
Ptychopariida is undertaken, I prefer to consider the

kochaspids to be an informal grouping to be evaluated in
the light of the larger context of all ptychopariid groups.

Genus ALOKISTOCARE Lorenz

Alokistocare Lorenz, 1906, p. 62; Walcott, 1916a, p. 182; Resser, 1935, p.
4; Rasetti, 1951, p. 202; Palmer, 1954, p. 71, Poulsen, V., 1958, p.
11; Howell, B. F., in Harrington and others, 1959, p. 238;
Lazarenko, 1962, p. 65; Kobayashi, 1962, p. 51; Demokidov and
Lazarenko, 1964, p. 213; Yegorova and Savitskiy 1969, p. 237;
Robison, 1971, p. 802.

Amecephalus Walcott, 1924, p. 53; Walcott, 1925, p. 65; Rasetti, 1951, p.
202; Kobayashi, 1962, p. 51; Poulsen, V., 1964, p. 41; Fritz, 1968, p.
227.

Strotocephalus Resser, 1935, p. 45.

Type species. —Conocephalites subcoronatus Hall and Whit-
field, 1877, p. 237, pl. 2, fig. 1.

Discussion.—Robison (1971) has given the most recent
complete description for this genus. At present, Alokisto-
care includes more than 57 named species, and almost
every author seems to have a slightly different view of the
morphology and morphologic limits of species assignable
toit. Since the time of Walcott (1924), attempts have been
made to discriminate a second genus, Amecephalus, from
the group of micropygous Middle Cambrian ptycho-
pariids with long frontal areas that are generally poorly
differentiated into a flat or concave border and gently
convex brim and that often bear a poorly defined low
median swelling. Arguments both for (Resser, 1935, p. 4;
Palmer, 1954, p. 71) and against (Rasetti, 1951, p. 202;
Poulsen, V., 1958, p. 11; Poulsen, V., 1964, p. 41; Fritz,
1968, p. 227) suppression of Amecephalus have been
presented. Most recently, Robison (1971) suppressed
Amecephalus again, but pointed out the need for a
thorough revision of this problematical complex of trilo-
bites. The Carrara Formation contains generally frag-
mentary remains of several different trilobites belonging
to this complex. Because the material is mostly in-
adequate for detailed study, the specimens are treated
here with open nomenclature, pending a separate inten-
sive study of the whole Alokistocare complex.

Alokistocare sp. 1
Plate 15, figure 18

Discussion.—This species is the most typical rep-
resentative of the genus in the Carrara Formation. It is
represented only by a few incomplete cranidia which
have an obscurely furrowed glabella, a flaring frontal
area; a concave poorly defined border slightly longer
sagittally than the brim, and a low medium swelling lo-
cated at the inner margin of the border and extending
slightly backward onto the brim. The shallow border
furrow passes over the posterior part of this swelling
without deflection. The specimens are exfoliated and
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have anastomosing veins on the brim and fixed cheeks.
No indication of any other ornamentation is present.
The median swelling on the frontal area distinguishes
this species from others found in the Carrara Formation.
Occurrence.—Rare, Glossopleura Zonule. California:
7198-CO (3 cranidia), Eagle Mountain.

Alokistocare sp. 2
Plate 15, fig. 22

Discussion.—A single incomplete cranidium represents
a species of Alokistocare that is easily distinguishable from
the other species in the Carrara Formation by its dis-
tinctive ornamentation. The glabella, fixed cheeks be-
hind the ocular ridges, and anterior part of the poorly
differentiated concave border are covered with low
closely spaced intergrown poorly defined granules, so
that in some lightings the intergranular spaces are em-
phasized and give the area a pitted appearance. The
frontal area has scattered large low granules that are also
preserved on the internal mold. All other species of
Alokistocare so far observed in the Carrara Formation lack
granular ornamentation.

Occurrence.—Rare, uppermost Glossopleura Zone.
Nevada: 7199-CO (1 cranidium), Striped Hills.

Genus ALOKISTOCARELLA Resser

Alokistocarella Resser, 1938a, p. 57; Howell, B. F., in Harrington and
others, 1959, p. 238.

Type species—Alokistocarella typicalis Resser, 1938a, p.
57, pl. 7, fig. 43.

Discussion.—At the time when this genus was first
proposed, it was not adequately described and was
characterized by Resser (1938) as intermediate “between
Alokistocare, Amecephalina, and Ehmaniella.” Subsequently,
without further discussion of generic characteristics,
eight species from various Middle Cambrian collections
have been assigned to it. In the absence of any clearly
stated concept for the genus, various authors have
stressed different morphologic features when relating
their species to A. typicalis. The result of this is an
amorphous genus of limited utility. Nevertheless, the
species described below share many features of cranidial
morphology, particularly those of glabellar shape and
structure of the frontal area, with 4. typicalis Resser or 4.
brighamensis Resser, both from the early part of the Mid-
dle Cambrian, and are more like these species in cranidial
morphology than any other described American early
Middle Cambrian simple ptychopariids. Until a better
means is found for adequately evaluating generic re-
lationships of species such as these, the generic identifi-
cation is only tentative.
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Alokistocarella? cf. A. brighamensis Resser
Plate 15, figures 9-14

Alokistocarella brighamensis Resser, 1939b, p. 53, pl. 13, figs. 17, 18.

Description.—Small simple ptychopariids with sagittal
length of largest known cranidium about 15 mm.
Cranidium subquadrate in outline, gently and evenly
rounded at anterior margin, gently to moderately convex
transversely and longitudinally. Glabella low, tapered
forward, bluntly rounded anteriorly, unfurrowed, de-
fined at sides and front by shallow lateral and pre-
glabellar furrows; anterior end less well defined than
sides. Occipital furrow shallow, straight, slightly deeper
at sides than across top. Occipital ring simple, with mod-
erately distinct median axial node. Frontal area sub-
equally divided into gently convex downsloping brim and
flat or slightly concave border by slight change in slope of
exoskeleton; sagittal length of frontal area about two-
thirds sagittal length of glabella exclusive of occipital
ring. Fixed cheeks gently convex, horizontal, or slightly
upsloping; width of palpebral area about one-half basal
glabellar width. Palpebral lobe poorly defined, continu-
ous with slope of palpebral area situated about opposite
glabellar midlength; exsagittal length slightly less than
one-half sagittal length of glabella exclusive of occipital
ring. Posterior limb moderately broad exsagittally,
bluntly terminated, crossed by moderately deep pos-
terior border furrow; transverse length about equal to
basal glabellar width. Course of anterior section of facial
suture slightly divergent forward from palpebral lobe to
sharply curved anterolateral corner of cranidium,
merged imperceptibly with anterior margin. Course of
posterior section of facial suture divergent-sinuous.

Free cheek has lateral margin moderately curved; lat-
eral border poorly defined, flat, and slightly narrower
than ocular platform; and flat genal spine of unknown
length.

Pygidium possibly representing this species strongly
convex transversely and longitudinally. Axis low, poorly
defined, tapered posteriorly, bears one prominent ring
furrow and two or three additional obscure furrows.
Pleural regions strongly convex, margins depressed,
border represented only by poorly defined anterolateral,
less strongly depressed marginal area.

External surfaces of all parts either smooth or
obscurely shagreened.

Discussion.—This species differs from all species
presently assigned to Alokistocarella except A. brighamensis
Resser by its low cranidial relief. The fixed cheek of 4.
brighamensis is slightly wider than that of the Carrara
specimens, and the palpebral Iobes seem to be situated
slightly more posteriorly. Because all samples of these
trilobites are small, the differences may not be significant.
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Specimens possibly of this species from the Striped |
Hills section (USGS colln. 3690-CO) differ from those in
the Echo Canyon section (USGS colln. 4155-CO) which
were used for the description, by having a slightly better
definition of the front of the glabella, a narrower and
more distinctly concave border, and slightly longer pos-
terior limbs. The associated free cheeks are essentially
identical in both samples. Until more material is obtained
of both brighamensis and the Carrara forms, the degree of
relationship of the samples must remain uncertain.

Occurrence.—Moderately rare, Glossopleura Zonule.
California: 4155-CO (8 cranidia, 1 free cheek, 3 pygidia),
Echo Canyon section, Funeral Mountains. Nevada:
3690-CO (2 cranidia, 1 free cheek), Striped Hills section.

Alokistocarella? sp.
Plate 15, figures 17, 21

Discussion.—A simple ptychopariid represented by sev-
eral cranidia and a pygidium, all exfoliated, represents a
species unlike any others from the Cordilleran early
Middle Cambrian. The cranidia range in size from 3 mm
to about 8 mm and are characterized by an anteriorly
tapered bluntly rounded glabella bearing four pairs of
moderately distinct glabellar furrows and well defined by
narrow lateral and preglabellar furrows. The frontal area
is subequally divided by a narrow border furrow into a
nearly flat and slightly downsloping brim and a slightly
convex border. The fixed cheeks are moderately convex
and horizontal and bear moderately large palpebral lobes
situated opposite the posterior half of the glabella; the
width of the palpebral area is about one-half the basal
glabellar width, and the exsagittal length of the palpebral
lobé is about one-half the sagittal glabellar length exclu-
sive of the occipital ring. The form of the posterior limbs
is not known. Internal molds have strongly developed
caecal venation on the brim, and some specimens have a
granular axial region indicating that this part is probably
also granular on the external surface. One fragmentary
specimen with part of the external surface preserved has
a smooth border, brim, and fixed cheek.

This species is like Alokistocarella typicalis Resser in most
features except for the frontal area. 4. typicalis lacks a
distinct separation of brim and border, and the border
area is concave rather than slightly convex. An associated
incomplete pygidium is essentially the same as Alokis-
tocarella? cf. A. brighamensis Resser. Small cranidia have
the glabellar furrows and border furrow accentuated.
Without more knowledge of details of ornamentation,
structure of the posterior limb, and other associated parts
of this generalized form, its identification and relation-
ships must remain uncertain.

Occurrence.—Moderately common, Glossopleura
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Zonule. Nevada: 3544-CO (1 cranidium), Desert Range;
3545-CO (2 cranidia), 3767-CO (11 cranidia, 1
pygidium), both from Nevada Test Site.

Genus CABORCELLA Lochman

Caborcella Lochman, 1948, p. 461; Howell, B. F., in Harrington, 1959, p.
233.

Type species.—Caborcella arrojosensis, Lochman,1948, p.461,
pl. 70, figs. 19~21.

Description.—Moderate-sized kochaspid trilobites with
known cranidial length as much as 15 mm. Cranidium
gently to moderately convex transversely and longi-
tudinally. Glabella prominent, tapered, strongly to
bluntly rounded at front, well defined at sides by deep
axial furrow and at front by abrupt change in exoskeletal
slope or shallow preglabellar furrow. Three or four pairs
of well-defined generally deep glabellar furrows present;
posterior pair deepest, curved or straight. Occipital fur-
row deep, deepest distally. Occipital ring simple. Frontal
area generally concave. Brim very narrow sagitally. Bor-
der broad, poorly defined, concave, bearing poorly to
well-developed pseudofurrow. Sagittal length of frontal
area ranges from slightly less than one-third to about
two-thirds sagittal glabellar length exclusive of occipital
ring. Fixed cheeks flat or convex, horizontal or upslop-
ing; prominent ocular ridge usually present; width of
palpebral area between one-half and two-thirds basal
glabellar width. Palpebral lobes well defined, situated
opposite or slightly posterior to glabellar midlength; ex-
sagittal length about one-third sagittal glabellar length
exclusive of occipital ring. Posterior limbs about equal in
transverse length to basal glabellar width. External sur-
face with granular ornamentation.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe. Course of pos-
terior section divergent-sinuous.

Associated parts not known.

Discussion.—Lochman gave a good diagnosis of this
genus based principally on the type species although she
included in the genus the poorly preserved specimens
described by Mason (1935) as Acrocephalites? trifossatus
Mason. At that time, the potential value of the structure
of the frontal area for recognition of the genus was un-
known, and its characteristics were not emphasized. Sub-
sequently, Rasetti (1951) and Fritz (1968) added several
species to the genus including Poulsenia granosa Resser,
which Lochman had specifically excluded. Neither
Rasetti nor Fritz discussed the revised generic characters.

Among the kochaspid trilobites in the Albertella fauna
in the Carrara Formation are two distinct groups of
species. One has a poorly defined concave border, and
the other has a deep border furrow and a convex border.
The forms with the concave border are most like C.
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arrojosensis Lochman and are retained in Caborcella.
Those with convex borders are most like the species as-
signed to Caborcella by Rasetti and Fritz. These Carrara
species with convex borders and deep border furrows,
and most of the Rasetti and Fritz species, are here as-
signed to a new genus, Nyella.

Caborcella pseudaulax n. sp.
Plate 13, figure 6

Description.—Cranidium subtrapezoidal in outline,
gently convex transversely and longitudinally, broadly
rounded anteriorly; width between palpebral lobes
greater than sagittal cranidial length. Glabella promi-
nent, tapered forward, bluntly rounded anteriorly, well
defined at sides and front by broad deep axial and pre-
glabellar furrows. Four pairs of glabellar furrows
present; posterior pair very deep, curved; anterior pairs
progressively shallower. Occipital furrow deep, broadest
on axial line. Occipital ring simple. Presence or position
of node not known. Frontal area broad, concave, sagittal
length slightly more than one-half sagittal length of
glabella exclusive of occipital ring. Brim very narrow.
Border concave, with broad shallow pseudofurrow.
Inner margin of border slightly elevated above brim lat-
erally, poorly defined, best shown by contrast in or-
namentation. Exsagittal breadth of border decreases lat-
erally. Fixed cheeks wide, gently convex, upsloping;
width of palpebral area about two-thirds basal glabellar
width. Palpebral lobe small, upsloping from palpebral
area, connected to glabella by narrow well-defined gently
curved ocular ridge; situated opposite posterior half of
glabella. Exsagittal length of palpebral lobe slightly more
than one-third sagittal glabellar length exclusive of oc-
cipital ring. Posterior limbs broad, strong, transverse
length equal to or slightly more than basal glabellar
width. Course of anterior section of facial suture nearly
straight forward from palpebral lobe to anterior margin.
Course of posterior section convex, strongly divergent
behind palpebral lobe.

Other parts not known.

External surfaces of all parts covered with extremely
fine closely spaced granules. Strong tubercular or-
namentation developed only on cheeks, brim, outer mar-
gin of anterior border, convex parts of glabella, and
posterior border.

Duscussion.—This species differs from C. arrojosensis
Lochman by having less transversely convex fixed cheeks
and a less upturned border; and the pseudofurrow on
the border is even in depth rather than noticeably shallow
on the axial line. It differs from C. reducta n. sp. by its
relatively long (sag.) frontal area and ornamentation of
both fine granules and tubercules.

Occurrence.—Moderately rare, Albertella Zone, Zacan-
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thoidid Zonule. Nevada: 3547-CO (6 cranidia), 3766-CO
(4 cranidia), both from Nevada Test Site.

Caborcella roducta n. sp.
Plate 13, figures 7, 8

Description.—Cranidium subtrapezoidal in outline,
moderately convex transversely, strongly convex lon-
gitudinally, gently rounded anteriorly; width between
palpebral lobes greater than sagittal cranidial length.
Glabella prominent, tapered forward, bluntly rounded
anteriorly, well defined at sides by broad deep axial fur-
rows; defined at front by abrupt change in slope of exo-
skeleton; reaches to poorly defined inner edge of border.
Three pairs of glabellar furrows present, posterior pair
deepest, forming distinct angle with axial furrow. Occip-
ital furrow deep. Occipital ring simple. Axial node small.
Frontal area short, subhorizontal, slightly concave, con-
sists only of border in front of glabella. Border tapered
laterally, inner margin defined only by change in slope of
exoskeleton; sagittal length slightly less than one-third
sagittal length of glabella exclusive of occipital ring. Fixed
cheek broad, gently convex, horizontal; width of palpe-
bral area slightly more than one-half basal glabellar
width. Palpebral lobes small, well defined by palpebral
furrow, connected to glabella by poorly defined narrow
ocular ridge; exsagittal length slightly less than one-third
sagittal glabellar length exclusive of occipital ring. Post-
erior limb broad; transverse length about equal to basal
glabellar width.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe to anterior margin.
Course of posterior section divergent, convex.

External surfaces of border, fixed cheeks—including
palpebral lobes—convex parts of glabella, and posterior
limb covered with closely spaced moderately coarse
granules. Axial, glabellar, and occipital furrows lack or-
namentation.

Discussion —This species is related to and associated
with Caborcella pseudaulax n. sp. It differs from that
species by lacking even a narrow brim in front of the
glabella, by having a shorter less concave frontal area, by
having well-defined palpebral lobes set below the level of
the cheek, and by having a coarse granular ornamenta-
tion without scattered tubercules.

Occurrence.—Rare, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3547-CO (3 cranidia), Nevada Test
Site.

Genus CHANCIA Walcott
Chancia Walcott, 1924, p. 55; Walcott, 1925, p. 80; Shimer and Shrock,

1944, p. 609; Rasetti, 1951, p. 212; Howell, B. F., in Harrington,
1959, p. 238.

Type species.—Chancia ebdome Walcott, 1924, p. 55, pl.
10, fig. 4.
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Discussion.—The characterization of this genus by Wal-
cott (1925) gives the principal features of this generalized
ptychopariid. The essential cranidial characters are a ta-
pered well-defined poorly to moderately furrowed
glabella, sagittally long frontal area with flat or slightly
concave border, and transversely wide fixed cheeks and
posterior limbs. The width of the fixed cheek, exclusive
of the palpebral lobe, is greater than one-half the basal
glabellar width; and the transverse width of the posterior
limbs is greater than the basal glabellar width. The sagit-
tal length of the frontal area is greater than one-half the
glabellar length exclusive of the occipital ring.

Chancia? maladensis (Resser)
Plate 15, figure 4

Ehmaniella maladensis Resser, 1939b, p. 60, pl. 12, figs. 17-23.

Discussion.—Several cranidia associated with Ogygopsis
typicalis (Resser) in the Belted Range, Nev., have all the
distinctive characteristics of the species described by
Resser in a similar association in southern Idaho. The
extremely wide fixed cheeks and transversely long pos-
terior limbs, together with small palpebral lobes and
finely granular ornamentation (including scattered
coarse granules), distinguish this species from all others
in the Carrara Formation.

The assignment to Ehmaniella by Resser no longer
seems appropriate for this species because typical
Ehmaniella species lack the strikingly wide fixed cheeks
and transversely long posterior limbs of the species dis-
cussed here. These features are more typical of Chancia;
but the generic assignment is questioned because the type
species, C. ebdome Walcott, has a concave cranidial border,
whereas the border of C.? maladensis is distinctly convex.
More information is needed about the whole trilobite
before a confident generic assignment can be made.

Occurrence.—Moderately common, Albertella Zone,
Ogygopsis Zonule. Nevada: 4436-CO (13 cranidia),
4437-CO (1 cranidium), 4438-CO (4 cranidia), all from
Belted Range.

Chancia cf. C. venusta (Resser)
Plate 13, figures 11, 12

Kochina venusta Resser, 1939a, p. 53, pl. 6, figs. 9, 10.
Chancia venusta (Resser). Fritz, 1968, p. 230, pl. 40, figs. 31-34.

Discussion.—1 agree with Fritz in that the cranidial
characters of this species are entirely consistent with a
placement in Chancia. The specimens from the Carrara
Formation all have a finely granular external surface
preserved and do not show the scattered coarse tuber-
cules described for the types by Resser. They seem to
have the same proportions for all parts. However, be-
cause of the differences in ornamentation, the specific
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identification is qualified. The Carrara forms differ from
all other species of Chancia, except C. venusta, by having
the border flat or slightly concave, downsloping, and
slightly shorter sagittally than the slightly swollen brim.
The border furrow is noticeably shallow on the axial line.
The surface of the mold of the Carrara specimens is
strongly pitted (pl. 13, fig. 11).

Occurrence.—Moderately common, Albertells Zone,
Zacanthoidid Zonule. Nevada: 3547-CO (>10 cranidia),
Nevada Test Site.

Genus ELRATHINA Resser

Elrathina Resser, 1937a, p. 11; Deiss, 1939, p. 87; Rasetti, 1951, p. 221;
Howell, B. F., in Harrington and others, 1959, p. 240.

Type species.—Conocephalites cordillerae Rominger, 1887,
p- 17, pl. 1, fig. 7.

Discussion.—A reasonable diagnosis of this simple
ptychopariid genus was given by Deiss (1939). Its most
distinctive features are anteriorly convergent anterior
sections to the facial sutures; a glabella that is strongly
rounded at the front and has subparallel or only slightly
convergent sides; small palpebral lobes situated slightly
anterior to the glabellar midlength on gently convex,
horizontal, or slightly downsloping fixed cheeks that are
generally wider than half the basal glabellar width; free
cheeks that lack significant development of genal spines;
a thorax of 15-19 segments; and a simple nonspinose
pygidium.

The species described here are associated with Ogygop-
sis typicalis (Resser) and other species typical of the Alber-
tella Zone. This occurrence significantly extends the
range of the genus backward in time and emphasizes the
long-ranging character of many of the trilobites found in
association with Ogygopsis. Elsewhere in North America,
Elrathina is considered as a diagnostic element of the
Bathyuriscus-Elrathina faunas.

Elrathina antiqua n. sp.
Plate 15, figures 1-3

Description.—Small, micropygous ptychopariid trilo-
bites; length of largest observed specimen about 15 mm.
Cranidium subtrapezoidal in outline, gently rounded
anteriorly, gently to moderately convex transversely and
longitudinally. Glabella prominent, well defined by mod-
erately deep broad axial furrows and shallower pre-
glabellar furrow; moderately to strongly convex trans-
versely; very slightly tapered forward, strongly to bluntly
rounded at front. Three pairs of glabellar furrows
present, all shallow; posterior pair deepest. Occipital fur-
row moderately deep, straight; deepest distally. Occipital
ring has prominent axial node situated at midlength.
Frontal area short, subequally divided into gently convex
border and brim by broad shallow nearly straight border



104

furrow; sagittal length about 0.4 sagittal length of
glabella exclusive of occipital ring. Fixed cheek gently to
moderately convex, downsloping; transverse width about
three-fourths basal glabellar width. Palpebral lobe small,
defined only by change in slope of surface of cheek,
situated slightly anterior to glabellar midlength; exsagit-
tal length about 0.3 sagittal glabellar length exclusive of
occipital ring. Posterior limb broad exsagittally; trans-
verse length slightly greater than basal glabellar width.
Posterior border furrow deep, straight.

Course of anterior section of facial suture slightly con-
vergent forward from palpebral lobes; posterior section
gently curved outward and posterolaterally behind pal-
pebral lobes.

Free cheek flat, lacks clearly defined border; lateral
margin gently curved; posterolateral corner angular,
with small genal node. Width opposite eye about one-half
length.

Thorax composed of 15~16 segments, each with broad
deep straight pleural furrow extending nearly to short
sharp tip; width of each pleural region slightly greater
than width of axis.

Pygidium transverse elliptical in outline; sagittal length
about 0.3 greatest width. Axis short, subparallel sided,
poorly furrowed; pleural region smooth, convex, lacks
furrows. Posterior margin smooth.

External surfaces of all parts smooth.

Discussion.—This is the oldest North American species
assigned to Elrathina. It differs from others represented
by complete specimens by having only 15 or 16 thoracic
segments. It is most similar to E. parallela Rasetti from
which it differs by having somewhat narrower fixed
cheeks and transversely shorter posterior limbs.

Occurrence.—Common, Albertella Zone, Ogygopsis
Zonule. Nevada: 4436-CO (3 cranidia); 4437-CO (20
cranidia, 5 partially articulated specimens, 2 free cheeks),
4438-CO (20 cranidia, 2 partially articulated specimens,
1 free cheek), all from Belted Range.

Genus EOPTYCHOPARIA Rasetti

Eoptychoparia Rasetti, 1955, p. 13; Rasetti, in Harrington and others,
1959, p. 236; Shaw, 1962, p. 339; Lazarenko, 1962, p. 64; Repina
and others, 1964, p. 323.

Type species.—Eoptychoparia normalis Rasetti, 1955, p. 14,
pl. 1, fig. 2; pl. 3, figs. 5-11.

Discussion . —Rasetti (1955) gave a good diagnosis of this
generalized ptychopariid genus and a careful evaluation
of its relationships to the similar genera Antagmus, On-
chocephalus, and Piazella. Later, Shaw (1962) presented an
elaborate classification of Early Cambrian simple
ptychopariids, stressing the course of the anterior section
of the facial sutures as a primary feature for discrimina-
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tion of families. The resulting rearrangement of genera
and species placed Antagmus gigas, which Rasetti con-
sidered typical of Antagmus, the nominal genus of the
Antagmidae, in Cyphambon, a new subgenus of Eop-
tychoparia, in a new family Eoptychopariidae. Rasetti
compared A. gigas to the type species of Antagmus, A.
typicalis Resser, and had considered them possibly
synonymous—hesitating to use typicalis primarily because
of the poor preservation of the holotype. 1 have
examined the holotype of #ypicalis and must concur with
Rasetti regarding the close relationships of this specimen
and A. gigas. The specimen does not have clearly con-
vergent facial sutures, which Shaw cited as the charac-
teristic discriminating the family Antagmidae from the
family Eoptychopariidae, and separate family assign-
ments for A. typicalis and A. gigas seem unrealistic. There-
fore, the specimens here assigned to Eoptychoparia rep-
resent this taxon in the sense of Rasetti (1955). The sub-
genus Cyphambon is removed from Eoptychoparia and here
is considered as a subjective synonym of Antagmus.

Eoptychoparia is perhaps the most central of the
generalized Early and Middle Cambrian ptychopariids.
The cranidium has a weakly furrowed anteriorly tapered
and rounded glabella, an unmodified occipital ring with a
median node, a subequally divided frontal area about
one-third the sagittal length of the cranidium, a gently
curved unmodified border furrow, subparallel or slightly
divergent anterior facial sutures, subhorizontal gently
convex fixed cheeks about one-half the width of the
glabella, unmodified palpebral lobes about opposite the
glabellar midlength and connected to it by low ocular
ridges, and distally tapered posterior limbs with well-
developed posterior border furrows. The free cheek has
a broad-based flat pointed genal spine not deflected from
the lateral margin of the cheek and about equal in length
to the posterior section of the facial suture. The thorax
consists of about 15 segments with broad shallow pleural
furrows and short pleural tips. The pygidium is small,
without any distinguishing characteristics.

Among similar genera, Inglefieldia and Luxella both
have wider fixed cheeks and modified posterior limbs;
those of Inglefieldia are slender, correlated with a longer
palpebral lobe; those of Luxella have a short downturned
distal part. Piazella has wider fixed cheeks than Eop-
tychoparia, and both it and Antagmus have a distinct me-
dian inbend to the anterior border furrow.

Although the species described here are assigned an
earliest Middle Cambrian age, and are thus younger than
any others previously included in the genus, no con-
sistent criteria exist by which they can be differentiated
from the Early Cambrian forms.
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Eoptychoparia piochensis n. sp.
Plate 7, figures 1-5

Description.—Moderately small, micropygous
ptychopariids, probably not exceeding 2 cm in length.
Cranidium subtrapezoidal in outline; anterior margin
gently curved; width between anterior sections of facial
sutures slightly more than one-half width between tips of
posterior limbs. Glabella low, well defined by shallow
axial and preglabellar furrows, tapered forward, bluntly
rounded anteriorly; sagittal length equal to or slightly less
than basal glabellar width. Three or four pairs of moder-
ately short glabellar furrows present; becoming deeper
and more diagonally directed inward from axial furrows
posteriorly. Occipital furrow nearly straight, shallowest
on axial line. Occipital ring has prominent axial node at
sagittal midlength. Frontal area gently downsloping,
subequally divided into gently convex brim and border
by shallow evenly curved border furrow. Fixed cheeks
gently convex, horizontal or slightly upsloping; width of
palpebral area between 0.4 and 0.6 basal glabellar width.
Palpebral lobe short, arcuate, slightly upsloping from
palpebral area, defined by shallow broad palpebral fur-
row; length 0.4 or less length of glabella exclusive of
occipital ring. Posterior limb tapered distally to sharp
point; transverse length about equal to basal glabellar
width, distal part slightly longer than proximal part.
Posterior border furrow straight, moderately deep.

Course of anterior section of facial suture nearly
straight forward or slightly divergent anteriorly to bor-
der furrow, then curved gently inward across border.
Course of posterior section of facial suture gently convex
outward from palpebral lobe to posterior margin.

Free cheek has gently curved lateral margin continu-
ous without deflection along side of flat sharp genal
spine; length of spine about two-thirds length of pos-
terior section of facial suture. Border defined by shallow
continuous lateral and posterior border furrows; width
about one-half that of ocular platform at anterior sutural
margin. Border furrow not strongly curved at genal
angle.

Thorax consists of about 15 segments, each with broad
straight pleural furrow and short pointed pleural tip.

Pygidium small, individual segments not clearly dis-
cernable. Neither border nor border spines apparent.

External surface smooth or perhaps weakly
granulated—no clear ornamentation apparent on speci-
mens preserved in fine-grained shale.

Discussion.—This species is distinguished from others
assigned to the genus by its more anteriorly tapered
glabella, shallower border furrow, and lack of apparent
ornamentation.

Occurrence.—Common, earliest Middle Cambrian.
Nevada: 7231-CO (3 complete; 20 cranidia; 6 free

cheeks), basal “C” Shale Member of Pioche Shale, High-
land Range.

Genus KOCHASPIS Resser

Kochaspis Resser, 1935, p. 36; Rasetti, 1951, p. 225; Palmer, 1954, p. 79;
Lochman, C., in Harrington and others, 1959, p. 250.
Paleocrepicephalus Kobayashi, 1935, p. 277.

Type species.—Crepicephalus liliana Walcott, 1886, p. 207,
pl. 28, figs. 3, 3a, b.

Discussion.—The material from the Carrara Formation
and Pioche Shale does not add significant new informa-
tion to the generic diagnosis presented earlier (Palmer,
1954). The most distinctive part of this early Middle
Cambrian ptychopariid genus is its pygidium, which
bears a pair of posterior border spines. Cranidia of this
genus are characterized by a broad-based anteriorly ta-
pered glabella, bluntly rounded at its front and generally
bearing three pairs of distinct glabellar furrows, by a
well-developed brim and gently convex border, by gen-
erally well developed ocular ridges, by palpebral areas at
least one-half the basal glabellar width and by granular
ornamentation.

This is not an easy genus to identify in small collections
because its pygidium can be confused with those of the
corynexochid genera Fieldaspis and Albertelloides. Also,
undescribed kochaspids with similar cranidia but non-
spinose pygidia are present in collections from the
Delamar Mountains in Nevada. Nevertheless, the com-
bination of all parts characterizes a distinctive group of
trilobites. The glabellar structure, which is shared, along
with granular ornamentation, by Eiffelaspis, Kochiellina,
Schistometopus, and the undescribed genus from the De-
lamar Mountains seems to be restricted to early Middle
Cambrian North American trilobites; and even though
generic identification of isolated cranidia may be in
doubt, such specimens do have a stratigraphic utility for
identifying beds of this age.

Kochaspis augusta (Walcott)
Plate 8, figures 15, 16

Crepicephalus augusta Walcott (Part), 1886, p. 208, pl. 28, fig. 2a; Walcott,
1891, p. 653, pl. 96, fig. 9a; Walcott, 1916a, p. 204, pl. 29, fig. 6b.

Kochaspis augusta Walcott. Resser, 1935, p. 37; Palmer, 1954, p. 80, pl.
17, fig. 6.

Discussion.—This species is characterized by short
broad-based flat pygidial spines that have the posterior
pygidial border strongly curved forward between them.
Two pygidia from the Groom Range represent this
species. The larger of the two specimens is indistinguish-
able from the holotype; the smaller specimen has one
extra posterior pair of pleural furrows, which is attrib-
uted to probable variation of this feature with size.
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A Kochaspis cranidium associated with the pygidia, and
three free cheeks, may also represent this species. This
cranidium (Kochaspis? sp. undet., pl. 8, fig. 11) has the
glabellar structure, broad palpebral areas, gently convex
border, and well-defined brim typical of Kochaspis, but it
differs from K. liliana—represented in this collection by a
pygidium—by having palpebral lobes only about one-
fifth as long as the glabella instead of more than one-
fourth the glabellar length. The associated free cheek
(Kochaspis? sp. undet., pl. 8, fig. 11) has moderately deep
and continuous lateral and posterior border furrows, a
convex border about one-half the width of the ocular
platform, and a slender genal spine about equal in length
to the posterior section of the facial suture. Other occur-
rences of similar associations of K. augusta pygidia with
cranidia and free cheeks of this type will be needed to
establish the reliability of the parts as those of a single
trilobite.

Occurrence.—Rare, “Plagiura-Poliella” Zone, Kochaspid

Zonule. Nevada: 3691-CO (2 pygidia; ?1 cranidium; ?3
cheeks), Groom Range.

Kochaspis liliana? (Walcott)
Plate 8, figures 8, 12, 13

Crepicephalus liliana Walcott (part), 1886, p. 207, pl. 28, figs. 3, 3a; 1891,
p. 653, pl. 96, figs. 7, 7a; 1916a, p. 209, pl. 29, figs. 5, 5a.

Kochaspis liliana (Walcott). Resser, 1935, p. 36; Palmer, 1954, p. 80, pl.
17, figs. 7, 8, 10, 11.

Discussion.—The pygidium of this species has slender
subcylindrical pygidial spines directed slightly pos-
terolaterally and two deep pleural furrows extending
onto the base of each spine. The posterior border be-
tween the spines is more or less straight. These features
easily distinguish it from K. ceccina (Walcott) which has
four or five deep pleural furrows, and K. augusta (Wal-
cott), discussed previously. Pygidia with the characteris-
tics of K. liliana have been found in two collections and
are associated with Kochaspis cranidia in one of them.
However, the cranidia differ from the type cranidium of
K. liliana by having a distinctly greater curvature to the
plan view of the border furrow. With such an inadequate
sample, the specific identification of the Carrara material
must remain uncertain.

Pygidia assigned to Kochaspis eiffelensis by Rasetti (1951;
1957) have essentially the same structure as K. liliana but
are significantly shorter. The cranidia that Rasetti tenta-
tively associated with those pygidia, and which include
the holotype, have long palpebral lobes situated opposite
the posterior one-third of the glabella and differ in this
respect from cranidia associated with K. liliana. If the
associations are correct, and if the cranidial differences
are of specific value, then the strong structural differ-
ences between pygidia of K. augusta, K. ceccina, and K.
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lilianalK. eiffelensis may represent generic difterences. A
thorough reevaluation of the systematics of species as-
signed to Kochaspis and related genera must await larger
collections from the generally poorly fossiliferous early
Middle Cambrian beds of the Cordilleran region.

Occurrence.—Rare, “Plagiura-Poliella” Zone, Kochaspid
Zonule. Nevada: 3546-CO (2 pygidia, 1 cranidium),
Jangle Ridge area, Nevada Test Site; 3691-CO (1
pygidium), Groom Range.

Genus KOCHIELLINA n. gen.

Type species.—Kochiellina groomensis n. sp.

Diagnosis.—Moderate-sized ptychopariid trilobites,
length of largest individuals between 3 and 4 cm.
Cranidium, excluding posterior limbs, subquadrate in
outline. Glabella gently convex transversely and longi-
tudinally, tapered forward, bluntly rounded anteriorly,
well defined by deep axial and shallower preglabellar
furrows. Three pairs of distinct glabellar furrows usually
present. Occipital ring simple, well defined by occipital
furrow that is deep at sides and shallow across axial re-
gion. Frontal area subequally divided into gently convex
brim and flat or weakly concave border. Palpebral areas
gently convex; width equal to or slightly greater than
basal glabellar width. Palpebral lobes upsloping, well de-
fined, connected to glabella by distinct narrow straight or
slightly curved oblique ocular ridge, situated opposite
middle third of glabella. Posterior limb moderately slen-
der, about as long as basal glabellar width; posterior
border furrow broad, deep. Anterior section of facial
suture slightly convex outward, directed nearly straight
forward from palpebral lobe to border furrow and then
curved inward to intersect anterior margin near an-
terolateral cranidial corners. Posterior section of facial
suture divergent, convex.

Free cheek has broad flat border, wider than ocular
platform. Lateral margin evenly curved. Genal spine
short, broad based, flat. Lateral and posterior border
furrows continuous.

Pygidium semicircular in outline, gently convex trans-
versely and longitudinally. Axis narrower than pleural
regions, well defined, not reaching to posterior margin.
Pleural regions have broad concave poorly defined bor-
der. Three or four narrow pleural furrows extend later-
ally onto but not across border. One or two shallow in-
terpleural furrows may be present adjacent to second and
third pleural furrows.

External surfaces of all parts granular.

Discussion.—This is one of several genera with a dis-
tinctive tapered and furrowed glabella, moderately wide
palpebral areas, distinct ocular ridges, and well-
developed brim and border that seem to be characteristic
of lower Middle Cambrian beds in North America.
Cranidia can be distinguished from Kochaspis primarily
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by having a flat or weakly concave border; the free cheek
has a flat border and a broad-based short genal spine;
and the pygidium lacks spines and has a broad concave
border and several narrow shallow pleural furrows.
Kochiella and Eiffelaspis both have considerably wider
palpebral areas and consequently longer (tr.) posterior
limbs.

In addition to the two species described below, On-
chocephalus maior (Rasetti, 1951, p. 234, pl. 14, figs.
19-23), from the Plagiura-Kochaspis Zone of the southern
Canadian Rockies seems to represent this genus. It is a
much larger and more robust form than the typical Early
Cambrian trilobites assigned to Onchocephalus, but con-
firmation of the generic change would have to come from
finding the associated free cheeks and pygidia.

Kochiellina groomensis n. sp.
Plate 8, figures 3, 4, 7

Description.—Cranidium, excluding posterior limbs,
subquadrate in outline, gently convex transversely and
longitudinally; anterior margin gently rounded. Glabella
low, broad, tapered forward, bluntly rounded anteriorly,
well defined at sides by deep, straight, or slightly concave
axial furrows; anterior end well defined by slightly shal-
lower preglabellar furrow. Three pairs of distinct
glabellar furrows; anterior pair weakest; posterior two
pairs moderately deep, subparallel, directed obliquely
inward and backward from axial furrows. Occipital fur-
row nearly straight, deepest distally. Occipital ring sim-
ple, with median node on axial line. Frontal area down-
sloping, divided into gently convex brim and flat or
slightly concave border. Sagittal length of brim slightly
more than two-thirds that of border. Fixed cheek gently
convex, horizontal; width of palpebral area about one-
half basal glabellar width. Palpebral lobe upsloping from
surface of cheek, defined only by change in slope; located
opposite middle third of glabella; exsagittal length about
one-third sagittal glabellar length exclusive of occipital
ring. Narrow ocular ridge connects palpebral lobe to
anterior end of glabella along gentle curve. Posterior
limb about equal in length to basal glabellar width; pos-
terior border furrow deep, broad.

Course of anterior section of facial suture directed
nearly straight forward in slightly convex outward curve
between palpebral lobe and border furrow, then turned
inward to intersect anterior margin near anterolateral
cranidial corners. Postertor section directed strongly
posterolaterally behind palpebral lobe; inner part forms
gentle convex curve; course changes abruptly and is di-
rected nearly straight backward between border furrow
and posterior margin.

Free cheek gently convex; border broad, flat, slightly
wider than ocular platform along anterior sutural mar-
gin; well defined by shallow narrow border furrow. Lat-
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eral and posterior border furrows meet at sharp curve at
genal angle. Genal spine broad based, flat, sharply
pointed; length about equal to length of posterior sutural
margin.

Pygidium semicircular, posterior margin with slight
median inbend; sagittal length slightly more than one-
half greatest width. Axis narrow, obscurely furrowed;
sagittal length about 0.6 sagittal length of pygidium;
width slightly less than one-fourth greatest pygidial
width. Pleural regions divided into gently convex pleural
field and gently concave but not distinctly demarcated
border. Three or four narrow pleural furrows continue
onto inner part of border. Interpleural furrows are
barely apparent adjacent to second and third pleural
furrows on downsloping distal part of pleural field.

External surfaces of all parts covered with closely
spaced fine granules. In addition, the cranidium has
widely scattered coarse granules.

Discussion.—This species differs from K. janglensis n.
sp. by having a longer brim and lacking a distinct low
swelling on the posterior axial part of the border on the
cranidium and by having a semicircular rather than sub-
quadrate pygidium with one more clearly defined seg-
ment.

The association of the pygidium and the cheek with the
cranidium seems reasonably reliable. The pygidia and
cranidia occur in about equal abundance in the type
collection and seem to represent the only large
ptychopariid in the sample aside from Kochaspis. The
presence of granular ornamentation on all parts supports
the association. The lack of scattered large granules on
the free cheek makes its assignment to K. groomensis less
certain, but its ornamentation is the same as that of the
pygidium. The association of similar, but specifically dis-
tinct, cranidia and pygidia in another sample further
strengthens the probability that they are parts of the same
trilobite.

Occurrence.—Moderately common, “Plagiura-Poliella”
Zone, Kochaspid Zonule. Nevada: 3691-CO (8 cranidia;
1 cheek, 7 pygidia), Groom Range.

Kochiellina janglensis n. sp.
Plate 8, figures 20, 24

Description.—Cranidia are essentially like those of K.
groomensis, differing only in features of the frontal area,
width of the palpebral area, and length of the palpebral
lobe. The sagittal length of the brim is about one-half that
of the border, and the border has a broad low median
swelling on its posterior part that noticeably reduces the
depth of the border furrow on the axial line. The palpe-
bral areas are slightly greater than one-half the basal
glabellar width, and the exsagittal length of the palpebral
lobe is about one-half the sagittal glabellar length exclu-
sive of the occipital ring.
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Free cheek not known.

Pygidium subquadrate in outline, gently convex trans-
versely and longitudinally; sagittal length slightly more
than one-half greatest width; posterior margin with slight
median inbend. Axis obscurely furrowed, moderately
broad, short; width slightly less than one-third greatest
pygidial width; sagittal length about 0.6 length of
pygidium. Pleural regions have gently convex pleural
field, and concave border not clearly demarcated. Three
or four narrow pleural furrows continue across pleural
field onto inner part of border. Shallow interpleural fur-
rows apparent adjacent to second and third pleural fur-
TOWS.

External surfaces of all parts covered with closely
spaced granules. Cranidium has scattered coarse
granules in addition.

Discussion—.The differences between this species and
K. groomensis n. sp. are discussed in the preceding species
description. The slight median swelling on the inner part
of the cranidial border and the subquadrate nonspinose
pygidium distinguish this species from other trilobites
with Kochaspis-like cranidia.

Occurrence.—Moderately rare, “Plagiura-Poliella” Zone,
Kochaspid Zonule. Nevada:3546-CO (4 cranidia, 3
pygidia), Jangle Ridge area, Nevada Test Site.

Kochaspid, sp. undet. 1
Plate 8, figures 9, 14, 17, 18

Description.—Cranidium has well-defined anteriorly
tapered glabella bearing three pairs of shallow glabellar
furrows. Occipital ring well defined by straight occipital
furrow and has prominent axial node adjacent to pos-
terior margin. Frontal area gently downsloping, nearly
flat, and lacks noticeable anterior arch. Narrow, shallow,
straight, or slightly curved border furrow parallels an-
terior margin. Sagittal length of nearly flat border equal
to or slightly greater than that of brim. Fixed cheeks
strongly upsloping to prominent arcuate palpebral lobes,
and crossed by a well-defined strongly oblique ocular
ridge. Palpebral lobes situated posterior to glabellar
midlength. Width of palpebral area about two-thirds
basal glabellar width. Length of palpebral lobe about
two-thirds sagittal glabellar length exclusive of occipital
ring. Posterior limb slender; length slightly greater than
basal glabellar width. Posterior border furrow broad,
shallow.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe to border furrow,
then curved broadly inward across border. Course of
posterior section strongly divergent behind palpebral
lobe and evenly curved nearly to posterior margin; just
before margin, course is deflected slightly outward.

CARRARA FORMATION, SOUTHERN GREAT BASIN

Surfaces of all parts covered with closely spaced fine
granules and interspersed coarse granules.

Associated free cheek has a broad flat genal spine with
length at least twice length of posterior section of facial
suture and a few scattered coarse granules on border.
Lateral border furrow defines nearly flat border and dies
out posteriorly. Width of border about half length of
anterior section of facial suture.

Discussion.—This distinctive kochaspid cannot be as-
signed with confidence to any kochaspid genus because
of lack of knowledge of the associated pygidium. It is
most similar to Kochina macrops (Rasetti, 1951, pl. 19, figs.
17-19), but it differs in having a nearly flat frontal area
and a border that does not taper noticeably laterally. The
position and size of the palpebral lobes of the Carrara
species do not conform at all to the characterization of
Kochina given by Resser (1935, p. 39), which cites an-
teriorly placed palpebral lobes and anteriorly convergent
facial sutures as generic features. Rasetti did not explain
why he included K. macrops in the genus. Neither species
seems capable of generic assignment with present knowl-
edge.

Occurrence.—Moderately common, “Plagiura-Poliella”
Zone, P. lomataspis Zonule. Nevada: 4434—CO (7 cranidia,
2 free cheeks), Belted Range.

Kochaspid, sp. undet. 2
Plate 8, figures 21, 22

Discussion.—A small sample of silicified trilobites in-
cludes a few tiny cranidia and a pygidium of a kochaspid
trilobite lacking pygidial spines. The cranidia have a
strongly developed granular ornamentation, a well-
defined poorly furrowed glabella, a narrow brim and
convex border, and fixed cheeks wider than half of the
basal glabellar width. The associated coarsely granular
pygidium has a transversely subovate shape, poorly de-
fined axis about one third of the pygidial width, and a
narrow poorly defined border. The posterior margin is
unevenly curved, and spines are absent.

No described kochaspid has these characteristics, but
the specimens are too small and fragmentary to use for
formal taxonomic designation. They are associated with
equally small specimens of a species of Poliella.

Occurrence.—Moderately common, “Plagiura-Poliella”
Zone, P. lomataspis Zonule. Nevada: 3790-CO (8 cranidia,
1 pygidium), Nevada Test Site.

Genus MEXICELLA Lochman

Mexicella Lochman, 1948, p. 456; Howell, B. F., in Harrington and
others, 1959, p. 240.

Type species.—Mexicella mexicana Lochman, 1948, p.
457, pl. 69, figs. 12-22.
Discussion.—Lochman (1948) has given a thorough
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analysis of the characteristics of this genus. Slight modifi-
cation of the generic diagnosis is required to include a
new species M. grandoculus, with palpebral lobes whose
exsagittal length is nearly equal to half of the sagittal
glabellar length exclusive of the occipital ring. All species
of Mexicella are characterized by a sagittally long swollen
frontal area with a poorly defined border that is narrower
than the brim and by wide gently convex slightly down-
sloping fixed cheeks. No other genus in the Albertella
faunas of the Cordilleran region closely resembles
Mexicella.

Mexicella mexicana Lochman
Plate 13, figures 13-21

Mexicella mexicana Lochman, 1948, p. 457, pl. 69, figs. 12-22; Lochman,
C., in Cooper and others, 1952, p. 150, pl. 24, figs. 1-25.

Discussion.—This species has been well described and
illustrated from the Albertella fauna of northern Mexico
by Lochman. A distinctive feature not noted by Lochman
but present on some specimens from both Mexico and
the Carrara Formation is the presence of low scattered
coarse granules on the border of the cranidium and free
cheek (pl. 13, figs. 17, 19; also Cooper and others, 1952,
pl. 24, fig. 24). This ornamentation has not been ob-
served on either very small specimens or any of the larger
specimens that may represent this species. Large
cranidia, comparable in size to those of Mexicella stator
(Walcott), are rare associates of the abundant smaller
cranidia of this species. They are variably effaced (pl. 13,
figs. 16, 18) and may have a distinct pitted ornamenta-
tion. An associated larger free cheek is slightly wider than
the cheek associated with the small cranidia, but it has the
characteristic presence of only a slight node for the genal
spinie. It has the same pitted ornamentation as the
cranidium and has a very poorly defined border. This is
quite unlike the large cheek assigned to the species by
Lochman (1948, pl. 69, fig. 18; in Cooper and others,
1952, pl. 24, fig. 22) and casts some doubt on the correct-
ness of the assignment to this species of the large cheek
from Mexico.

Occurrence.—Common, Albertella Zone, Albertella-
Mexicella Zonule (>20 cranidia and free cheeks, ?1
pygidium, including some silicified). Nevada: 1616-CO,
Spring Mountains; 3543-CO, ?7195-CO, 7196-CO, De-
sert Range. California: 4165-CO, 7197-CO, Eagle
Mountain; 4159-CO, Pyramid Peak section, Funeral
Mountains; 4166—CO, Resting Springs Range.

Mexicella grandoculus n. sp.
Plate 13, figures 5, 9, 10

Description.—Small ptychopariid trilobites, sagittal
length of largest observed cranidium 8 mm. Cranidium
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subquadrate in outline, gently to moderately curved an-
teriorly, gently to moderately convex transversely and
longitudinally. Glabella prominent, sides slightly convex
and convergent forward, anterior end bluntly rounded,
defined at sides by moderately abrupt change in slope of
exoskeleton, anterior end well defined by shallow pre-
glabellar furrow; sagittal length, exclusive of occipital
ring, slightly less than basal glabellar width. Three pairs
of shallow short glabellar furrows apparent. Occipital
furrow deepest distally. Occipital ring has well-developed
axial node. Frontal area moderately convex in sagittal
profile, slightly upsloping from front of glabella; sagittal
length about three-fourths sagittal length of glabella
exclusive of occipital ring. Border narrow, continuing
outer downsloping surface of frontal area, very poorly
differentiated from brim; sagittal length between one-
third and one-half that of frontal area. Fixed cheek wide,
flat, nearly horizontal, with moderately long, un-
differentiated palpebral lobe; width, including palpebral
lobe, between two-thirds and three-fourths basal glabel-
lar width. Ocular ridge poorly defined, directed slightly
posterolaterally from anterior end of glabella. Palpebral
lobe situated about opposite glabellar midlength; ex-
sagittal length between 0.4 and 0.5 sagittal glabellar
length exclusive of occipital ring. Posterior limbs de-
pressed distal to palpebral lobes; transverse length about
equal to basal glabellar width. Posterior border furrow
well defined, straight. Course of anterior section of facial
suture very slightly divergent forward, strongly curved at
anterolateral cranidial corners. Course of posterior sec-
tion of facial suture convex.

External surface without obvious ornamentation.

Other parts not known.

Discussion.—This species is comparable in size to M.
mexicana and can be distinguished by its larger palpebral
lobes and slightly sunken anterior end of the glabella.
The anterior sections of the facial sutures are also slightly
divergent rather than slightly convergent forward. The
species is included in Mexicella because of its large gently
convex poorly differentiated frontal area.

Occurrence.—Moderately common, Albertella Zone,
Albertella-Mexicella Zonule(?). California: 4141-CO (>10
cranidia), Titanothere Canyon section, Grapevine
Mountains. Moderately common, Albertella-Mexicella
Zonule. California: 4149-CO (4 cranidia), Echo Canyon
section, Funeral Mountains; 4158-CO (7 cranidia),
Pyramid Peak section, Funeral Mountains. Nevada:
?4169-CO (>10 cranidia), Spectre Range.

cf. Mexicella? stator (Walcott)
Plate 8, figure 23
Agraulos stator Walcott, 1916a, p. 173, pl. 36, fig. 6; Walcott, 1917, p. 28,

pl. 6, fig. 6.
Mexicella stator (Walcott). Rasetti, 1951, p. 231, pl. 20, fig. 14-19.
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Discussion.—A single cranidium, preserved in siltstone
and somewhat compressed from front to back by com-
paction, has the extremely poorly defined narrow bor-
der, sagittally long frontal area, broad fixed cheeks, small
palpebral lobes, broad posterior limbs, and low poorly
defined anteriorly tapered and truncate glabella charac-
teristic of Mexicella? stator (Walcott). The lack of other less
compressed specimens for comparison, a straight rather
than sinuous proximal part to the posterior section of the
facial suture, and a position in slightly older beds than the
types are the reasons for uncertainty of the specific iden-
tification.

Occurrence.—Rare, “Plagiura-Poliella” Zone. California:
7234-CO (1 cranidium), Titanothere Canyon section,
Grapevine Mountains.

Genus NYELLA n. gen.

Type species.—Poulsenia granosa Resser, 1939b, p. 59,
pl.13, figs. 19, 22-30.

Description.—Moderately small kochaspid trilobites,
sagittal length of largest known cranidium about 10 mm.
Cranidium subquadrate in outline, gently to moderately
convex transversely and longitudinally, gently to moder-
ately rounded at front; width between palpebral lobes
slightly greater than sagittal length. Glabella prominent,
tapered forward, strongly to bluntly rounded at front;
sides straight or slightly concave, well defined by deep
axial furrows; front defined by shallow preglabellar fur-
row or abrupt change in slope. Three or four pairs of
moderately deep glabellar furrows usually present. Oc-
cipital furrow deep, shallowest and curved slightly for-
ward across axis. Frontal area clearly divided by well-
defined border furrow into flat brim and convex border.
Fixed cheeks flat or gently convex, horizontal; width of
palpebral area between 0.4 and 0.5 basal glabellar width.
Ocular ridges moderately developed. Palpebral lobe well
defined, situated about opposite glabellar midlength; ex-
sagittal length varies from about one-third to about one-
half sagittal glabellar length exclusive of occipital ring.
Posterior limbs about equal in transverse length to basal
glabellar width. Posterior border furrow broad, deep.
Course of anterior section of facial suture straight for-
ward from palpebral lobe. Course of posterior section
divergent-sinuous.

Free cheek has broadly rounded lateral margin form-
ing continuous curve with genal spine. Border convex,
well defined anteriorly by border furrow that fades to-
wards base of genal spine. Genal spine convex in cross
section, sharply pointed, about as long as posterior sec-
tion of facial suture.

Hypostome and thoracic segments not known.

Pygidium transversely subovate in outline with broad
poorly defined slightly tapered axis. Axial furrows
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obscure. Only first pleural furrow distinct. Border not
separately defined.

External surfaces of all parts covered with one or two
sizes of granules.

Discussion.—This genus is proposed for species for-
merly included in Caborcella by Rasetti (1951) and Fritz
(1968) and an additional species from the Carrara For-
mation, all of which differ from Caborcella as redefined
previously (p. 701), by having a narrow well-defined bor-
der furrow separating a convex border from a generally
narrow flat slightly downsloping brim. The species differ
among themselves in proportions of the brim, border,
and frontal area, and in ornamentation.

As constituted here, Nyella is found in both the
Plagiura-Kochaspis Zone and the Albertella Zone and con-
tains the following species: Poulsenia granosa Resser (syn.
P. bearensis Resser), Ptychoparia skapta Walcott, Caborcella
rara Rasetti, Caborcella clinolimbata Fritz, Poulsenia col-
umbiana Rasetti, and Nyella immoderata n. sp. Rasetti
(1957) changed the assignment of P. skapta from Cabor-
cella to Onchocephalus, but this seems to require too broad
a characterization for Onchocephalus. The grouping of the
coarsely granular early Middle Cambrian ptychopariids
with a well-defined convex border into a separate genus
as proposed here seems to reflect more reasonable mor-
phologic relationships. Fritz (1968, p. 233) implied that
Poulsenia columbiana (Rasetti, 1957) belonged to Cabor-
cella. In accord with the reorganization of these simple
ptychopariids proposed here, this species would also be-
long to Nyella.

The most similar genus to Nyella is Parapoulsenia
(Rasetti, 1957), which differs principally by having much
broader fixed cheeks, a less anteriorly tapered glabella,
generally smaller palpebral lobes, and shorter (tr.) and
broader (sag.) distal parts to the posterior limbs.

Nyella clinolimbata (Fritz)
Plate 14, figures 14

Caborcella clinolimbata Fritz, 1968, p. 221, pl. 41, figs. 33-35.

Discussion.—This species has been adequately de-
scribed and figured by Fritz although his statement that
the preglabellar field is absent medially is not exactly
correct. A distinct flattened or depressed brim (or pre-
glabellar area) lies between the glabella and the border.
The border is the most distinctive feature of this species.
Inlongitudinal profile, it rises up from the border furrow
and then turns downward to have a flattened or slightly
concave downsloping marginal area. In anterior view, the
anterior cranidial margin is nearly straight, but the bor-
der furrow rises to a high point on the axial line. In
addition to the structure of the border, the palpebral
lobes are larger and more medially located than those of
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N. granosa, which is the other moderately common
species of this genus in the Carrara Formation, and the
ornamentation is more uniformly granular. The depth of
the glabellar furrows is somewhat variable in the Carrara
sample of this species.

A single free cheek may also belong to this species. It
has a gently convex border separated from a slightly
wider ocular platform by a shallow border furrow that
disappears towards the genal angle. The genal spine is
slender, oval in cross section, and slightly longer than the
posterior section of the facial suture. The surface is cov-
ered with low obscure granules of uniform size.

A single small cranidium from the Funeral Mountains
may also represent this species. It has the typical de-
velopment of the border and the same cranidial dimen-
sions and ornamentation as the cranidia from the Nevada
Test Site, but the fixed cheeks are distinctly less convex
transversely.

Occurrence.—Moderately rare, Albertella Zone, Zacan-
thoidid Zonule. Nevada: 3766-CO (4 cranidia?, 1 free
cheek, ?1 pygidium), Nevada Test Site. California:
?4141-CO (1 cranidium), Echo Canyon section, Funeral
Mountains.

Nyella granosa (Resser)
Plate 14, figures 5-10

Poulsenia granosa Resser, 1939b, p. 59, pl. 13, figs. 19, 22-30 [not figs.
20, 21, assigned to Amecephalus laticaudatum (Resser) by Fritz
(1968)]; Shimer and Shrock, 1944, pl. 259, figs. 6, 7.

Caborcella granosa (Resser). Fritz, 1968, p. 221, pl. 39, figs. 9-15.

Poulsenia bearensis Resser, 1939b, p. 60, pl. 13, figs. 5-8.

Description.—Cranidium gently to moderately convex
transversely and longitudinally, moderately rounded
anteriorly, width between palpebral lobes distinctly
greater than sagittal length. Glabella well defined, ta-
pered forward, strongly to bluntly rounded anteriorly,
well defined by axial and preglabellar furrows; sides very
slightly concave. Three or four pairs of moderately to
strongly developed glabellar furrows present; posterior
pair curved slightly backward. Occipital furrow deep
distally, shallower across axial line. Occipital ring simple,
with poorly defined axial node. Frontal area has deep
gently curved border furrow separating convex border
from nearly flat slightly downsloping brim; sagittal
length of border slightly greater than that of brim. Sagit-
tal length of frontal area about one-half sagittal length of
glabella exclusive of occipital ring. Border on some
specimens has slight median inbend. Brim varies in
sagittal length and ornamentation from relatively short
and nearly smooth, to nearly as long as sagittal length of
border and bearing scattered tubercules. Fixed cheeks
gently convex, horizontal; width of palpebral area vari-
able between 0.4 and 0.5 basal glabellar width. Palpebral
lobes upsloping, defined by abrupt change in slope of
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exoskeleton, connected to glabella by distinct narrow
backswept ocular ridges; exsagittal length slightly more
than one-third sagittal glabellar length exclusive of oc-
cipital ring. Posterior limbs have deep broad border fur-
row; transverse length about equal to basal glabellar
width. Course of anterior section of facial suture slightly
bowed outward, but directed nearly straight forward
from palpebral lobe. Course of posterior section
divergent-sinuous, outlining broad rounded tip of pos-
terior limb.

Free cheek triangular in outline exclusive of genal
spine. Lateral margin moderately and evenly curved.
Border convex, defined anteriorly by deep border fur-
row that nearly fades out towards genal angle before
intersecting posterior section of facial suture; slightly
narrower than ocular platform at anterior section of fa-
cial suture. Genal spine convex, sharply pointed; length
about equal to length of posterior section of facial suture.

Pygidium transversely subelliptical in outline; sagittal
length about one-half width, greatest width about oppo-
site midlength. Axis low, broad, poorly defined by
changes in slope of exoskeleton. Two or three poorly
defined ring furrows present. Pleural regions un-
differentiated, gently convex, strongly downsloping
posterolaterally. Anterior pleural furrow deep, extended
nearly to margin. Shallower first interpleural furrow and
second pleural furrow apparent on some specimens.

All parts of exoskeleton covered by fine closely spaced
granular ornamentation. Cranidium and free cheek also
thickly covered with scattered tubercules. Pygidium has
tubercular ornamentation less well developed.

Discussion.—Specimens assigned to this species have
now been described from southeastern Idaho and east-
central and southern Nevada. The Carrara sample pro-
vides the first information about the free cheek and also
shows the range of variability in the structure of the
frontal area that was suspected by Fritz (1968) when he
tentatively and correctly synonymized Poulsenia bearensis
Resser with N. granosa. This species differs from N.
clinolimbata Fritz by having the cranidial border evenly
convex in lateral profile rather than slightly recurved and
downsloping; and by having a much stronger tubercular
ornamentation. The broad border furrow and con-
sequently narrower border distinguish N. rara (Rasetti)
from N. granosa. N. skapta (Walcott) is distinguished from
N. granosa by having a uniform granular ornamentation,
more convex and slightly downsloping fixed cheeks, a
more prominent medially thickened anterior cranidial
border, and shorter palpebral lobes. N. columbiana
(Rasetti) has a more convex cranidium with a more an-
terolaterally depressed frontal area, less well developed
glabellar furrows, and a coarser granular ornamentation
with fewer scattered tubercules than N. granosa.

Occurrence.—Moderately common, Albertella Zone,
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Zacanthoidid Zonule. Nevada: 3695-CO (> 10 cranidia,
2 free cheeks, 1 pygidium), Nevada Test Site; 4440-CO
(16 cranidia), Groom Range. Rare, Albertella Zone,
Zacanthoidid Zonule. Nevada: 3766—CO (1 cranidium),
Nevada Test Site; 7195-CO (1 cranidium), Desert Range.

Nyella immoderata n. sp.
Plate 14, figures 11, 12

Diagnosis.—Small members of Nyella (largest known
cranidium about 4 mm long) with three pairs of deeply
incised glabellar furrows and with border furrow and
furrows outlining the glabella also deep. Anterior border
has distinct median inbend. Exsagittal length of palpe-
bral lobes about one-half sagittal glabellar length exclu-
sive of occipital ring. External surface covered with
closely spaced moderately coarse granules that often
grow together, producing a roughened appearance.

Discussion.—This distinctive species conforms in all re-
spects to the description of the genus, and the diagnostic
features cited above serve to distinguish it from other
species in the genus. No other species so far described
from the Albertella faunas of western North America has
distinctive slotlike glabellar furrows comparable to those
of N. immoderata.

Occurrence.—Moderately common, Albertella Zone,
Zacanthoidid Zonule. Nevada: 3766-CO (> 15 cranidia),
Nevada Test Site.

Genus PACHYASPIS Resser

Pachyaspis Resser, 1939b, p. 60; Shimer and Shrock, 1944, p. 615;
Howell, B. F., in Harrington and others, 1959, p. 241; Balashova,
E. A., in Chernysheva, 1960, p. 106; Yegorova, L. I., and others, in
Khalfin, 1960, p. 223.

Type species.—Pachyaspis typicalis Resser, 1939b, p. 61,
pl. 11, figs. 15-20; pl. 12, figs. 1-3.

Duscussion.—Resser (1939b) gave a reasonably good
diagnosis of the characteristics of this genus based only
on its type species. The addition of several species from
the Albertella and Glossopleura Zones by Resser (in McKee
and Resser, 1945), Lochman (in Cooper and others,
1952), Rasetti (1951), and Fritz (1968) required very little
modification of that original diagnosis. The species differ
in subtleties of glabellar shape and development of
glabellar furrows, in the structure and proportions of the
frontal area on the cranidium, and in ornamentation.
One of the more characteristic features of most species
seems to be a well-defined narrow furrow continuously
outlining the glabella.

Complete specimens of P. gallagari Fritz from the
Groom Range show a trilobite with 16 thoracic segments
and a small poorly furrowed pygidium, demonstrating
that at least one species of Pachyaspis is a micropygous
form with a moderate number of thoracic segments.
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Pachyaspis gallagari Fritz
Plate 15, figure 8

Pachyaspis gallagari Fritz, 1968, p. 231, pl. 40, figs. 11-13.

Discussion.—Specimens from two collections in the
Carrara Formation seem to conform to the characteristics
of this species well described by Fritz. The slight differ-
ences in glabellar shape between specimens from the two
collections are not considered to be sufficient justification
for specific separation. The species is characterized by
having a well-defined border only slightly narrower than
the brim, moderately developed glabellar furrows, a
slight axial shallowing of the anterior border furrow, and
a variable, but generally finely granular ornamentation.
The complete specimens from the Groom Range have 16
thoracic segments with short pleural spines and a deep
narrow subcentrally located pleural furrow. The
pygidium is small and transversely subovate, and seem-
ingly lacks either axial or pleural furrows, although the
axis is moderately prominent.

Occurrence.—Common, Albertella Zone, Zacanthoidid
Zonule(?). Nevada: 3692-CO (>10 cranidia, 7 partially
or completely articulated individuals), Groom*Range.
Rare and questionably identified, Albertella Zone,
Zacanthoidid Zonule(?). Nevada: 3547-CO (3 cranidia),
Nevada Test Site.

Genus PLAGIURA Resser

Plagiura Resser, 1935, p. 42; Lochman, 1947, p. 66; Rasetti, F., in
Harrington and others, 1959, p. 516.
Plagiurella Resser, 1937a, p. 22.

Type species.—Ptychoparia? cercops Walcott, 1917, p. 81,
pl. 12, figs. 1, 1la—d.

Diagnosis.—Cranidium subtrapezoidal, glabella sub-
triangular, weakly furrowed. Frontal area divided into
brim and border; sagittal length less than half that of
glabella. Fixed cheeks narrow. Palpebral lobes small, lo-
cated opposite anterior end of glabella. Posterior limbs
broad, with convex sutural margins.

Free cheek with curved lateral margin subparallel to
posterior section of facial suture. Genal spinepresent or
absent.

Discussion.—Lochman (1947) and Rasetti (in Har-
rington and others, 1959) presented diagnoses of this
genus based on analysis of the type species, which was the
only one known at that time. Both have pointed out that
Plagiurella is based on small holaspids of Plagiura. The
two species described here provide a better basis for
evaluating generic characteristics and have led to the
revised diagnosis of the cephalic features given. There is
no other early Middle Cambrian trilobite with anteriorly
located palpebral lobes and large posterior limbs with
which this can be confused.
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The cranidia of P. extensa n. sp., P. retracta n. sp., and
small holaspid cranidia of P. cercops, out of context, could
easily be associated with the Late Cambrian genus
Aphelotoxon (Palmer, 1965); and perhaps a suprageneric
relationship between Plagiura and Aphelotoxon should be
considered. However, the pygidium of P. cercops is gently
convex transversely, wide and short, with an axis nar-
rower than the pleural fields, which contrasts with the
strongly convex pygidium of Aphelotoxon, which is nearly
as long as it is wide and which has an axis wider than the
pleural fields. The contrasting pygidial structure sug-
gests a contrasting thoracic structure, and the complete
trilobites were probably not as siniilar as their cranidia
suggest.

Although the large specimens of P. cercops and the
small species described below seem too dissimilar to be
congeneric, the small specimens of P. cercops are suffi-
ciently similar to the new species in all cephalic features so
that a consistent discrimination at the generic level can-
not be satisfactorily made. The fact that all the species
occur in the same approximate stratigraphic interval
further supports a close relationship.

Plagiura extensa n. sp.
Plate 6, figures 17-20, 23

Description—Small ptychopariid trilobites, cranidial
length generally less than 5 mm. Cranidium subtrape-
zoidal in outline, moderately convex transversely and
longitudinally, anterior margin slightly curved, width
between anterior sections of facial sutures about one-
third of width between tips of posterior limbs. Glabella
subtriangular in outline, well defined by shallow axial
and preglabellar furrows, strongly rounded anteriorly;
sagittal length, exclusive of occipital ring, slightly less
than basal glabellar width; three pairs of short evenly
spaced moderately deep and broad glabellar furrows ap-
parent near axial furrows. Occipital furrow deep, nearly
straight. Occipital ring has short axial spine on posterior
margin, continuous with upward slope of surface of ring.
Frontal area broad, concave; sagittal length slightly
greater than one-half sagittal glabellar length exclusive of
occipital ring. Border upturned, strongly convex, not
clearly separated from flat or slightly convex brim; sagit-
tal length slightly less than that of brim. Fixed cheeks
narrow, slightly upsloping; width between axial furrow
and facial suture at palpebral lobe slightly less than one-
half basal glabellar width. Palpebral lobe small, slightly
upsloping, differentiated from surface of fixed cheek by
change in slope, situated opposite anterior end of
glabella; length slightly less than one-third sagittal
glabellar length exclusive of occipital ring. Short ocular
ridges barely apparent. Posterior limbs broad, moder-
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ately convex, downsloping; exsagittal and transverse di-
mensions nearly equal; transverse length slightly less
than basal glabellar width. Posterior border furrow
broad, deep, expanded slightly distally.

Course of anterior section of facial suture moderately
convex anterolaterally in a more or less even curve from
anterior end of palpebral lobe to anterior margin. Rostral
suture nearly as long transversely as anterior cranidial
width. Course of posterior section of facial suture
strongly convex, directed posterolaterally behind pal-
pebral lobe and curving uniformly backward to intersect
posterior margin nearly at right angles; curvature re-
verses slightly after crossing posterior border furrow.

Free cheek moderately narrow, gently convex, has
strongly curved lateral margin that is nearly parallel to
posterior section of facial suture and continues without
deflection along outer edge of genal spine. Border nar-
row, gently convex, poorly defined by shallow continuous
lateral and posterior border furrows; width about one-
third of distance between lateral and posterior sutural
margins. Genal spine slender, shorter than posterior sec-
tion of facial suture.

External surfaces of all parts covered by very fine
closely spaced granules apparent only after lightly
whitening best preserved specimens. Surface of mold has
scattered fine pits.

Discussion.—This species differs from P. cercops (Wal-
cott) by having a strongly upturned cranidial border, an
occipital spine, and granular ornamentation. P. cercops
also reaches significantly greater size, but the com-
parisons here are with comparable-sized specimens of P.
cercops. Free cheeks for small specimens of P. cercops have
short laterally directed genal spines, which also serve to
distinguish these species.

P. extensa differs from P. retracta n. sp. by having a
longer brim, shallower border furrow, slightly larger
palpebral lobes, more convex posterior course to the
facial suture, a genal spine whose lateral margin con-
tinues the curvature of the border of the free cheek, and a
narrower free cheek border. Two small cranidia assign-
able to P. extensa are associated with P. retracta in USGS
collection 3546-CO (pl. 6, figs. 19, 20). Although these
were first thought to indicate that the differences be-
tween the species were only well developed in larger
cranidia, the discovery of still smaller cranidia in the same
sample with the typical characters of P. retracta (pl. 6, fig.
21) indicates that the characters hold true throughout the
observed size range and that both species are present.

Occurrence.—Moderately common, “Plagiura-Poliella”
Zone, Kochaspid Zonule. Nevada: 3691-CO (>10
cranidia, 6 free cheeks), Groom Range. Rare, “Plagiura-
Poliella” Zone, Kochaspid Zonule. Nevada: 3546-CO (2
cranidia), Nevada Test Site.
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Plagiura minor n. sp.
Plate 13, figures 2225

Description.—Small ptychopariid trilobites, cranidial
length generally less than 3 mm. Cranidium subtrape-
zoidal in outline, gently convex longitudinally, moder-
ately convex transversely. Anterior margin nearly
straight, width between anterior sections of facial sutures
about one-half width between tips of posterior limbs.
Glabella subtriangular in outline, defined all around by
change in slope of exoskeleton; sagittal length, exclusive
of occipital ring, about equal to basal glabellar width.
Glabellar furrows not apparent. Occipital furrow deepest
distally, shallow or absent across axial line. No occipital
node or spine. Frontal area very short, subequally di-
vided into concave brim and moderately convex border;
sagittal length varies from one-fourth to slightly more
than one-third sagittal length of glabella exclusive of
occipital ring—shortest on smaller individuals. Fixed
cheeks downsloping, narrow; width, including small
poorly defined palpebral lobe, one-half or slightly less
than one-half basal glabellar width. Palpebral lobe
situated opposite anterior end of glabella; exsagittal
length about one-fourth sagittal glabellar length exclu-
sive of occipital ring. Posterior limb broad, downsloping;
transverse width about equal to basal glabellar length.

Course of anterior section of facial suture directed
nearly straight forward or convergent from palpebral
lobe to anterolateral cranidial corners and then turned
more sharply inward before intersecting border. Course
of posterior section convex outward behind palpebral
lobe and curved inward before reaching posterior
margin.

Free cheek subtriangular in outline, gently convex,
with moderately curved lateral and posterior margins.
No genal spine.

Discussion.—This species is easily distinguished from P.
extensa n. sp. and P. retracta n. sp. by its subdued cranidial
relief, downsloping fixed cheeks, and absence of glabel-
lar furrows. The short frontal area with a moderately
convex border and a straight anterior margin that is
bowed upward in anterior view distinguishes this species
from comparably sized specimens of P. cercops (Walcott).

Occurrence.—Moderately rare, Albertella Zone,
Albertella-Mexicella Zonule. California: 4154-CO (7
silicified cranidia), Echo Canyon section, Funeral
Mountains; 4165-CO (10 silicified cranidia, 2 free
cheeks), Eagle Mountain. Nevada: 7196-CO (>10
cranidia, 1 free cheek), Desert Range.

Plagiura retracta n. sp.
Plate 6, figures 21, 24-27

Description—Small ptychopariid trilobites, cranidial
length generally less than 5 mm. Cranidium subtrape-
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zoidal in outline, moderately to strongly convex trans-
versely and longitudinally. Anterior margin nearly
straight; width between anterior sections of facial sutures
slightly more than one-third width between tips of pos-
terior limbs, Glabella subtriangular in outline, well de-
fined at sides by shallow axial furrows, poorly defined at
strongly rounded front; sagittal length, exclusive of oc-
cipital ring, about equal to basal glabellar width, three
pairs of short, evenly spaced, moderately deep glabellar
furrows present adjacent to axial furrows. Occipital fur-
row deepest distally, shallow and slightly curved forward
across axial line, posterior margin not known; internal
molds suggest presence of either node or short spine.
Frontal area short, strongly concave; sagittal length
slightly less than one-half sagittal glabellar length exclu-
sive of occipital ring. Border upturned, strongly convex,
outer margin nearly vertical, separated from very short
brim by broad deep nearly straight border furrow; sagit-
tal length to middle of border furrow nearly twice sagittal
length of brim. Fixed cheeks narrow, slightly upsloping;
width between axial furrow and facial suture at palpebral
lobe one-half or slightly less than one-half basal glabellar
width. Palpebral lobe small, poorly defined, located op-
posite anterior end of glabella; exsagittal length about
one-fifth sagittal length of glabella exclusive of occipital
ring. Short ocular ridges barely apparent. Posterior limbs
broad, subtriangular, moderately convex, downsloping;
transverse length about equal to basal glabellar width.
Posterior border furrow broad, deep, expanded slightly
distally.

Course of anterior section of facial suture directed
nearly straight forward from palpebral lobe to border
furrow and then curved sharply inward and across bor-
der. Course of posterior section gently convex pos-
terolaterally from palpebral lobe to posterior margin.

Free cheek moderately narrow, gently convex, lateral
margin strongly curved, more or less parallel to posterior
section of facial suture. Border narrow, convex, moder-
ately well defined by continuous lateral and posterior
border furrows; width about one-half width of ocular
platform between lateral border furrow and posterior
section of facial suture. Genal spine slender, directed
posterolaterally at strong angle to lateral margin of
cheek; length slightly less than length of posterior section
of facial suture.

External surfaces of all parts faintly roughened but not
distinctly granular; vertical part of anterior cranidial
border and anterior part of border of free cheek have
well-developed terrace lines parallel to margin.

Discussion.—The differences between this species and
P. extensa n. sp. have been discussed. P. retracta also differs
from P. cercops by its smaller size, strongly upturned and
convex cranidial border, and deep anterior border fur-
row.
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Occurrence.—Moderately rare, “Plagiura-Poliella” Zone,
Kochaspid Zonule. Nevada: 3546-CO (8 cranidia, 1 free
cheek), Nevada Test Site.

Plagiura ef. P. cercops (Walcott)
Plate 6, figure 22

Plagiura cercops (Walcott), Rasetti, 1951, p. 237, pl. 13, figs. 10-16.

Discussion.—A single weathered cephalon from
yellow-weathering silty limestone at the base of the Red
Pass Member of the Carrara Formation in the Echo Can-
yon section in the Funeral Mountains is referable to
Plagiura. The specimen preserves the cranidial outline,
showing a tapered glabella reaching to the inner edge of a
broad border, anteriorly placed palpebral lobes, and
large triangular posterior limbs. The partly displaced
free cheeks seem to lack genal spines. There is in-
adequate information about the external surface and
about details of the cranidial and cheek margins to make
comparisons at the specific level, but the specimen seems
to agree in all observable characteristics with P. cercops
(Walcott).

Occurrence—Rare, “Plagiura-Poliella” Zone. California:
7189-CO (1 incomplete cephalon), Echo Canyon section,
Funeral Mountains.

Genus SCHISTOMETOPUS Resser

Schistometopus Resser, 1938b, p. 10; Rasetti, F., in Harrington and
others, 1959, p. 516.

Type species.—Schistometopus typicalis Resser, 1938b, p.
10, pl. 1, fig. 12.

Discussion—The present concept of this genus is based
on the work of Rasetti (1951, 1957), who added three
species to the monotypic genus of Resser, all based on
cranidia, and who established the probable nature of the
pygidium for one of these. Cranidia are characterized by
a glabella that has three distinct pairs of lateral furrows,
tapers forward, and reaches to the inner edge of a convex
well-defined border. The fixed cheeks are relatively
broad, with palpebral lobes situated opposite or slightly
posterior to the glabellar midlength. The external or-
namentation consists of granules of one or more sizes.
The pygidium is characterized by convergence of the
pleurae into a pair of broad-based flat spines and by
having a short axis that does not reach to the posterior
margin.

Schistometopus spp.
Plate 8, figures 1, 2, 5, 6

Discussion.—Several cranidia from one collection and a
distorted cranidium and nearly complete pygidium from
another seem to represent one or more species of Schis-
tometopus. The pygidium and cranidium from USGS col-
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lection 4139-CO (pl. 8, figs. 1, 5) are most like S. convexus
Rasetti, which is a common and diagnostic fossil for the
Plagiura-Kochaspis Zone (Rasetti, 1957, p. 965). The
cranidia from USGS collection 3546—-CO include a small
form (pl. 8, fig. 6), two larger fragments with nearly
straight anterior border furrows, most similar to S. con-
vexus Rasetti, and a larger form (pl. 8, fig. 2) with a broken
anterior border and a suggestion of a slight posterior
median inbend to the border furrow that is more like S.
collaris Rasetti.

None of the specimens are well enough preserved or
provide sufficient material to make adequate judgments
about identifications at the species level.

Occurrence.—Rare, “Plagiura-Poliella” Zone, Kochaspid
Zonule. Nevada: 3546-CO (3 cranidia), Nevada Test Site.
California 4139-CO (1 cranidium, 1 pygidium),
Titanothere Canyon section, Grapevine Mountains.

Genus SYSPACEPHALUS Resser

Syspacephalus Resser, 1936, p. 28; Lochman, 1947, p. 64; Rasetti, 1951,
p- 241; Rasetti, F., in Harrington and others, 1959, p. 237; Shaw,
1962, p. 337.

Type species.—Agraulos charops Walcott, 1917, p. 72, pl.
13, figs. 2, 2a.

Discussion.—This genus has been well characterized by
Lochman (1947) and Rasetti (1951; in Harrington and
others, 1959). It includes small, micropygous simple
ptychopariids with small palpebral lobes situated slightly
anterior to the glabellar midlength and with slightly con-
vergent anterior sections of the facial sutures. The new
species described hereafter have the cranidial charac-
teristics typical for the genus and provide new informa-
tion about the free cheek, rostral plate, thorax, and

pygidium.

Syspacephalus longus n. sp.
Plate 7, figures 14, 16-18

Description.—Small simple ptychopariids, total length
probably not exceeding 2 cm. Cranidium subtrapezoidal
in outline, anterior margin moderately rounded.
Glabella low, obscurely furrowed, tapered slightly for-
ward, bluntly rounded at front, defined by shallow lateral
and preglabellar furrows. Occipital furrow deepest at
sides, shallow across axial line. Occipital ring has median
axial node. Frontal area subequally divided by shallow
border furrow into gently convex brim and border. Bor-
der tapered towards anterolateral cranidial corners.
Fixed cheeks gently convex, horizontal or downsloping;
width about one-half basal glabellar width. Palpebral lobe
small, poorly defined, situated slightly anterior to
glabellar midlength; exsagittal length about one-fourth
sagittal glabellar length exclusive of occipital ring. Pos-
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terior limb moderately broad exsagittally; transverse
length about equal to basal glabellar width. Posterior
border furrow about as deep as occipital furrow. Course
of anterior section of facial suture subparallel to axis or
slightly convergent forward. Course of posterior section
moderately convex.

Free cheek small, with poorly defined lateral border.
Genal spine short, deflected laterally from margin of
cheek; length slightly less than length of posterior section
of facial suture; base adjacent to junction of suture with
posterior margin.

Thorax consists of 15 or 16 segments. Pleural regions
of each segment traversed by broad, deep, straight
pleural furrow; pleural tips geniculated downward; short
posterolaterally directed spines present.

Pygidium simple, transversely subovate in outline. Axis
low, broad, bluntly terminated, reaches nearly to pos-
terior margin; one ring furrow present posterior to ar-
ticulating furrow. Pleural regions crossed by pleural fur-
row of first segment and faint first interpleural furrow.
Border narrow, poorly defined.

Discussion —This species has a cranidium most like that
of S. perola (Walcott) (Rasetti, 1951, pl. 9, figs. 17-22), but
it has a free cheek with a well-developed genal spine, at
least two more thoracic segments, and less strongly con-
vergent anterior sections of the facial sutures. Isolated
cranidia of . longus n. sp. would be difficult to distinguish
from . perola, but the total trilobite morphology indicates
that the Nevada and Canadian specimens are otherwise
quite distinct.

Occurrence.—Common, “Plagiura-Poliella” Zone.
Nevada: 4435-CO (5 partial individuals, 20 cranidia, 4
free cheeks, 1 pygidium), Belted Range.

Syspacephalus obscurus n. sp.
Plate 7, figures 6-13, 15

Description.—Small, micropygous ptychopariid trilo-
bites probably not exceeding 1 cm in total length.
Cranidium subtrapezoidal in outline, gently to moder-
ately rounded at front. All parts barely outlined by
extremely shallow furrows on most specimens; some in-
dividuals may have better definition of the glabella or
border. Glabella low, tapered forward, bluntly rounded
anteriorly. Glabellar furrows obscure. Occipital furrow
moderately deep distally, shallow across axis; broad
poorly defined median axial node may be observable.
Frontal area downsloping, barely differentiated into
border and brim by gently curved or straight shallow
furrow or slight change in slope. Sagittal length of border
variable, most commonly subequal to length of brim; may
be as little as one-half length of brim. Fixed cheeks down-
sloping, palpebral lobes only differentiated by slight
upward deflection of cheek surface; width of cheek in-
cluding palpebral lobe about 0.6 basal glabellar width.
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Palpebral lobe situated just anterior to middle third of
glabella; length about one-third sagittal length of
glabella. Posterior limbs subtriangular; exsagittal length
behind palpebral lobe about twice length of palpebral
lobe; posterior border furrow shallow, well defined.

Course of anterior section of facial suture subparallel
or slightly convergent forward from palpebral lobes to
border furrow, then curved gently inward to intersect
anterior margin near anterolateral cranidial corners.
Course of posterior section of facial suture forms gentle
outwardly convex curve from palpebral lobe to posterior
margin.

Rostral plate broad transversely, narrow; sagittal
length about one-fifth breadth,; slightly narrower distally.

Free cheek narrow, border not differentiated; width
opposite ocular notch about 0.3 total length. Genal angle
acute, projected backward into short broad-based genal
spine.

Pygidium simple, subovate in outline; sagittal length
slightly more than one-half greatest width. Axis low,
broad, weakly to moderately defined at sides, poorly de-
fined posteriorly; one to three ring furrows barely appa-
rent; width about 0.4 greatest pygidial width; length
about 0.9 sagittal pygidial length. Pleural regions down-
sloping, triangular. Border not differentiated; two shal-
low pleural furrows and intervening interpleural furrow
may be present, not reaching to margin.

Ornamentation consists of extremely densely packed
uniform granules that merge at their contacts so that
many specimens appear pitted.

Discussion.—The small anteriorly placed palpebral
lobes and consequently broad posterior limbs of this sim-
ple ptychopariid are the basis for including it in Sys-
pacephalus. Itdiffers from all other species in the genus by
the poor development of furrows outlining the glabella
and border. In addition to its generally poor relief, it is
characterized by its distinctive granular ornamentation.

Occurrence. —Common, Albertella Zone. California:
4140-CO, (>20 cranidia, 3 free cheeks; >10 pygidia),
Titanothere Canyon section, Grapevine Mountains. Rare
and questionably identified, Albertella Zone. California:
7191-CO (5 distorted cranidia), Echo Canyon section,
Funeral Mountains.

Genus VOLOCEPHALINA n. gen.

Type species.—Volocephalina connexa n. sp.

Description.—Small ptychopariid trilobites, largest
cranidia about 4 mm in sagittal length. Cranidium sub-
trapezoidal in outline, gently to moderately convex
transversely and longitudinally, all parts well defined,
anterior margin nearly straight. Glabella prominent, well
defined at sides by broad axial furrows; defined at front
by abrupt change in slope of exoskeleton; tapered slightly
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forward, bluntly rounded anteriorly. Three or four
moderately deep glabellar furrows present; anterior pair
or pairs short, not connected to axial furrows. Occipital
furrow very shallow across axis, deep distally. Occipital
ring moderately broad, bears prominent median node.
Frontal area subequally divided into depressed, concave
brim and strongly upturned convex border; sagittal
length between one-third and two-thirds sagittal length
of glabella exclusive of occipital ring. Fixed cheeks broad,
flat, slightly to moderately upsloping; width, including
palpebral lobes, between two-thirds and equal to basal
glabellar width. Palpebral lobes small, upsloping from
surface of cheek, situated opposite anterior third of
glabella, connected to glabella by moderately to strongly
developed anteriorly curved ocular ridge. Exoskeleton in
front of ocular ridge sharply depressed. Posterior limb
large, broad; transverse length equal to or greater than
basal glabellar width. Posterior border furrow deep, well
defined. Course of anterior section of facial suture
slightly convergent forward from palpebral lobes and
then curved inward more sharply at cranidial corners to
intersect cephalic margin about midway to axial line.
Posterior section convex.

Free cheek elongate, subtriangular, with poorly de-
fined border and short flat broad-based genal spine.

Hypostome, rostral plate, and pygidium unknown.
External surface of cranidium bears scattered coarse
tubercules.

Discussion.—This distinctive small genus is unlike any
other described early Middle Cambrian genus. It is most
similar to the Early Cambrian genus Periommella from
which it is most easily distinguished by having large broad
posterior limbs and small upsloping palpebral lobes. Vol-
ocephalina may represent an early form in the lineage of
small ptychopariids leading to Bolaspidella and the
Menomoniidae in the upper Middle and lower Upper
Cambrian.

Volocephalina connexa n. sp.
Plate 14, figures 17, 18, 21, 22

Description—Members of Volocephalina with sagittal
length of frontal area about two-thirds sagittal length of
glabella exclusive of occipital ring; width of fixed cheeks
about equal to basal glabellar width; and transverse width
of posterior limbs about 13 times basal glabellar width.
Palpebral lobes and anterior end of glabella connected by
nearly continuous ocular ridge only slightly or not at all
interrupted by axial furrow. External surface between
scattered tubercules smooth or obscurely pitted.

Discussion.—This species differs from V. contracta n. sp.
by having broader fixed cheeks, a longer frontal area,
and larger posterior limbs and by having the ocular ridge
nearly imperceptibly merged with both the palpebral
lobe and glabella. The ornamentation between the tuber-
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cules is also smooth or pitted rather than finely granular.

Occurrence.—Rare, Albertella Zone, Zacanthoidid
Zonule(?). Nevada: 3483-CO (2 cranidia) and 3547-CO
(5 cranidia), both from Nevada Test Site; 3543-CO (1
silicified cranidium), Desert Range. California: 4141-CO
(8 cranidia), Titanothere Canyon section, Grapevine
Mountains.

Volocephalina contracta n. sp.
Plate 14, figures 13-16, 20

Description.—Members of Volocephalina with sagittal
length of frontal area about one-half sagittal length of
glabella exclusive of occipital ring, width of fixed cheeks
about two-thirds basal glabellar width, and transverse
width of posterior limbs about equal to basal glabellar
width. Exoskeleton between scattered tubercules is finely
granular. Ocular ridge clearly interrupted by axial fur-
rows at junction with glabella.

Free cheek gently convex, elongate, triangular. Border
poorly defined by shallow border furrow; width about
one-half width of anterior part of ocular platform. Genal
spine moderately short, broad based, flat. Length of
posterior sutural margin about twice length of anterior
sutural margin.

Discussion.—This species differs from V. connexa n. sp.
by having less prominent ocular ridges reaching to, but
not interrupting, the axial furrow, a shorter frontal area,
narrower fixed cheeks, and shorter posterior limbs; and
it has a granular ornamentation between the scattered
tubercules.

Occurrence.—Moderately rare, Alberiella Zone,
Albertella-Mexicella Zonule. California: 4149-CO (12
cranidia, 1 free cheek), Echo Canyon section, Funeral
Mountains; 4158-CO (8 silicified cranidia, 1 limestone
cranidium) and 4159-CO (2 silicified cranidia), both
from Pyramid Peak section, Funeral Mountains.

Ptychopariid sp. undet. 1
Plate 5, figures 12, 13

Discussion.—This species has the relatively wide fixed
cheeks, anteriorly downsloping and truncate glabella,
subparallel anterior sections of facial sutures, and me-
dially expanded border indicated by Rasetti (1955) to be
generally characteristic of Onchocephalus. 1t is dis-
tinguished from other Early Cambrian ptychopariids in
the Carrara Formation by having the glabella only
slightly tapered forward, deep axial furrows, and a sagi-
tally long occipital ring. The external surface lacks any
distinct ornamentation.

The most similar described species are Antagmus trun-
catus Fritz and Onchocephalus solitarius (Lochman) (Fritz,
1972; Lochman, in Cooper and others, 1952), from
which this differs by lacking granular ornamentation and
a prominent occipital node.
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Occurrence.—Rare, lower part of Bristolia Zonule.
California: 7179-CO, Cucomungo Canyon section, Last
Chance Range. Nevada: 7192-CO, Desert Range.

Ptychopariid sp. undet. 2
Plate 5, figure 14

Discussion.—This species is represented by two frag-
mentary cranidia and one moderately well preserved
cranidium in one collection. It is the largest of the Early
Cambrian ptychopariids found in the Cararra Formation
and is characterized by a low anteriorly tapered glabella
(rounded at the front), very weak glabellar furrows, deep
axial furrows, a moderately deep nearly straight border
furrow, a sagitally narrow occipital ring, moderately wide
fixed cheeks, and moderately small palpebral lobes lo-
cated about opposite glabellar midlength. The external
ornamentation is not known. The form of the occipital
ring and glabellar outline distinguish this form from
other Early Cambrian ptychopariids in the Cararra For-
mation.

This generalized species is not closely similar to any of
the Early Cambrian Cordilleran ptychopariids although
it shares many cranidial proportions with species as-
signed to Antagmus and Onchocephalus.

Occurrence.—Rare, Bristolia Zonule. California:
4153-CO, Echo Canyon section, Funeral Mountains.

Ptychopariid sp. undet. 3
Plate 5, figure 15

Discussion.—This species is represented by several im-
perfectly preserved internal molds of cranidia from one
collection. It is characterized by having a low bluntly
rounded glabella defined by shallow narrow axial and by
preglabellar furrows of nearly uniform depth. The bor-
der is not expanded mesially and is separated from the
brim by a narrow shallow gently curved border furrow.
The fixed cheeks are only about one-half as wide as the
basal part of the glabella, and they are gently convex and
slightly downsloping. The occipital furrow is broad and
deep, and the occipital ring has an axial node. The sur-
face of the mold is strongly pitted on all parts except the
glabella. The species is most similar to a species described
by Fritz (1972) as Piazella? rara from which it differs
principally by lacking the slight posterior median deflec-
tion of the anterior border furrow. The low cranidial
relief and uniform nature of the furrows outlining the
glabella distinguish this species from other Early Cam-
brian ptychopariids in the Carrara Formation.

Occurrence—Rare, upper part of Early Cambrian, thin
limestone just above Gold Ace Limestone Member of
Carrara Formation. Nevada: 7194-CO, Desert Range.
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Ptychopariid sp. undet. 4
Plate 5, figure 16

Discussion.—This species is represented by the only
cranidium that has been found in the Early Cambrian
shales of the Carrara Formation. It is characterized by a
glabella tapered gently forward and strongly rounded
anteriorly, by three moderately distinct pairs of glabellar
furrows, by a shallow border furrow deflected posteriorly
by a median expansion of the anterior border, and by
palpebral lobes that are situated about opposite the
glabellar midlength. The general cranidial proportions
are most like those suggested for Onchocephalus by Rasetti
(1955), but the moderately distinct glabellar furrows are
unusual and distinguish this form from other Early
Cambrian ptychopariids in the Carrara Formation and
elsewhere in the Cordilleran region.

Occurrence.—Rare, upper part of Lower Cambrian, in
shales immediately above the Gold Ace Limestone
Member of Carrara Formation. California: 7188-CO,
Echo Canyon section, Funeral Mountains.

Ptychopariid sp. undet. 5
Plate 15, figure 5

Discussion.—The diverse Albertella Zone assemblage in
USGS collection 3547-CO contains two small cranidia of
a simple ptychopariid species of uncertain affinities. It is
characterized by a well-defined slightly tapered an-
teriorly truncate glabella bearing weak glabellar furrows.
The occipital furrow is deep distally, and the occipital
ring is simple. The frontal area has a gently convex down-
sloping brim slightly wider than the gently convex down-
sloping border. The border furrow is shallowest on the
axial line. The fixed cheeks are gently convex, horizontal;
and the transverse width of the palpebral areas is about
0.6 as much as the basal glabellar width. Nearly straight
poorly defined ocular ridges are almost perpendicular to
the axis. The palpebral lobe is poorly defined, situated
opposite the glabellar midlength and about 0.4 the length
of the glabella exclusive of the occipital ring. The poste-
rior limbs are broad, and their transverse length is
slightly greater than the basal glabellar width. The an-
terior facial sutures are slightly divergent forward, and
the posterior sutures are divergent and convex. The ex-
ternal surface is covered with very fine obscure granular
ornamentation.

No other parts can be certainly associated with the
cranidia of this species. Because it is such a nondescript
form, its generic assignment must await more knowledge
of the whole trilobite. It differs from the associated sim-
ple form assigned to Pachyaspis gallagari Fritz by having
the glabella truncated at the front, by lacking a well-
defined preglabellar furrow, and by having the palpebral
lobes more centrally placed.
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Occurrence.—Rare, Albertella Zone, Zacanthoidid
Zonule(?). Nevada: 3547-CO (2 cranidia), Nevada Test
Site.

Ptychopariid sp. undet. 6
Plate 15, figure 6

Discussion—Two small cranidia in the large collection
from 3766-CO, Nevada Test Site, represent an unknown
additional species to the Albertella fauna. It is charac-
terized by a glabella only slightly tapered forward and
bluntly rounded anteriorly, by a subequally divided
frontal area with the shallow border furrow interrupted
by a slight swelling on the axial line, by small palpebral
lobes, about 0.4 sagittal length of the glabella, situated
opposite the anterior third of the glabella, and by an
exsagittally broad posterior limbs with a well-developed
broad posterior border furrow. Three pairs of shallow
glabellar furrows are visible, and the occipital furrow is
very deep and straight. The occipital ring seems to have
had an occipital spine, because there is a large subcircular
broken area at the back of the occipital ring.

This species seems closest to Syspacephalus charops (Wal-
cott). The principal differences are the deep occipital
furrow of the form described here and its less anteriorly
convergent facial sutures. Without more material, a
meaningful identification cannot be applied to this
specimen.

Occurrence.—Rare, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3766-CO (2 cranidia), Nevada Test Site.

Ptychopariid sp. undet. 7
Plate 15, figure 7

Discussion.—This small simple ptychopariid represents
a species perhaps related to Nyella n. gen. It is charac-
terized by an anteriorly tapered glabella with the sides
well defined by deep axial furrows and slightly concave.
Glabellar furrows are barely apparent. The frontal areais
divided into a narrow brim and convex slightly down-
sloping border. The distinct border furrow seems to be
shallowest across the axial line. The fixed cheeks are
gently convex and slightly downsloping, and the palpe-
bral lobes are situated about opposite the glabellar mid-
length. A part of the exoskeleton is preserved and has an
apparently coarsely pitted ornamentation that could re-
flect the interstices between intergrown coarse granules.

The species lacks the well-developed glabellar furrows
of species of Nyella and has an ornamentation unlike that
of any of the other species in the Albertella Zone of the
Cararra Formation. More material is needed to evaluate
its generic affinities and to justify a formal identification.

Occurrence.—Rare, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3695-CO (1 cranidium), Nevada Test
Site.
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Ptychopariid sp. undet. 8
Plate 8, figure 19

Discussion—A unit of orange-weathering silty lime-
stones at the base of the Red Pass Member of the Cararra
Formation in the Echo Canyon section of the Funeral
Mountains, Calif., has yielded rare poorly preserved
trilobites representing at least two genera. One is an
indeterminate species of Plagiura, and the other is a form
with a broad cranidium of low relief that has a broad
concave border about equal in sagittal length to the brim.
The fixed cheeks are considerably wider than one-half of
the basal glabellar width, and the palpebral lobes are of
moderate length and are situated slightly anterior to the
glabellar midlength. The anterior sections of the facial
sutures are directed slightly anterolaterally from the pal-
pebral lobes. A partial articulated specimen shows the
species to have had at least 14 thoracic segments and a
long genal spine. The forms seem to be closest to species
assigned by Rasetti (1951) and Fritz (1968) to
Amecephalus; but the position of the palpebral lobe is more
anterior than in other species of Amecephalus, and more
material of better quality is needed before a meaningful
identification of this species can be made.

Occurrence—Rare, “Plagiura-Poliella” Zone. California:
4148-CO (1 cranidium; 1 partially articulated specimen)
and 7189-CO (2 poor cranidia), Echo Canyon section,
Funeral Mountains.

Ptychopariid sp. undet. 9
Plate 14, figure 19

Discussion.—Several simple ptychopariid cranidia in
one collection are characterized by a prominent poorly
furrowed anteriorly tapered and truncate glabella, a sub-
equally divided frontal area with the border furrow
nearly effaced on the axial line, and medially placed
poorly defined palpebral lobes. The width of the fixed
cheeks is slightly more than one-half the basal glabellar
width and the exsagittal length of the palpebral lobe is
about one-half the sagittal glabellar length exclusive of
the occipital ring. The external surface is covered with
closely spaced moderately coarse granules that grow to-
gether in the frontal area to give it a superficial pitted
appearance.

No other trilobites in the Carrara Formation have the
cranidial morphology and distinctive ornamentation of
this species. Until more and better material can be found,
it is left unnamed.

Some poorly preserved cranidia in a second collection,
at least one with a pitted ornamentation on the fixed
cheeks, may also represent this species.

Occurrence.—Moderately rare, Albertella Zone, Zacan-
thoidid Zonule. Nevada: 4440-CO (6 cranidia), Groom
Range; ?7195-CO (6 cranidia), Desert Range.
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Ptychopariid sp. undet. 10
Plate 15, figure 15,

Discussion —Several small cranidia, the largest only 5
mm in sagittal length, represent a species unlike any
other simple ptychopariid in the lower Middle Cambrian
beds of the Cordilleran region. The glabella is large,
moderately convex transversely, tapered forward,
strongly rounded at front, and distinctly defined by
abrupt changes in slope of the exoskeleton. Glabellar
furrows are marked by smooth areas in an otherwise
strongly granular glabellar ornamentation. The occipital
furrow is deep and narrow distally, is broad and shallow
across the axis, and bears granular ornamentation in its
axial part. The occipital ring is simple, with a low axial
swelling near its posterior margin. The frontal area con-
sists of a smooth flat or concave brim and a convex
granular border; the sagittal length of the frontal area
varies from 0.4 to 0.5 the sagittal length of the glabella
exclusive of the occipital ring. The fixed cheeks are
gently convex and granular, with low ocular ridges and
prominent, slightly upturned palpebral lobes. Trans-
verse width of the palpebral area is slightly less than
one-half the basal glabellar width. The posterior limbs
are short and blunt; transverse width varies from about
0.7 to 0.8 of the basal glabellar width. The anterior sec-
tions of the facial sutures are directed nearly straight
forward from the palpebral lobes and the posterior sec-
tions are moderately to strongly convex.

This species is one of three associated ptychopariids in
USGS collection 4155-CO. It is easily distinguishable
from the others, Alokistocarella? cf. A. brighamensis Resser
and ptychopariid sp. undet. 11, by its strongly granular
ornamentation and strongly convex border.

Occurrence—Rare, Glossopleura Zonule. California:
4155-CO (3 cranidia), Echo Canyon section, Funeral
Mountains.

Ptychopariid sp. undet. 11
Plate 15, figure 16

Discussion—Several small cranidia, length of largest
specimen about 3 mm, represent a simple ptychopariid
unlike any other from the early Middle Cambrian of the
Cordilleran region. The glabella is tapered forward,
sharply rounded anteriorly, well defined at sides and
front by shallow axial and preglabellar furrows, and
bears four pairs of narrow moderately distinct glabellar
furrows of which the anterior pair is most deeply im-
pressed. The occipital ring is simple, without a distinct
node or spine. The frontal area is subequally divided into
aflat brim and slightly convex border by a narrow border
furrow. The sagittal length of the frontal area is slightly
less than one-half of the sagittal length of glabella exclu-
sive of the occipital ring. The fixed cheeks are gently
convex, horizontal, crossed by low and straight ocular

ridges, and have moderately large palpebral lobes
situated about opposite the glabellar midlength. The
width of the palpebral area is about one-half the basal
glabellar width, and the exsagittal length of the palpebral
lobe is about one-half the glabellar length exclusive of the
occipital ring. The posterior limb is bluntly terminated
and bears a deep posterior border furrow; its transverse
width is about 0.8 of the basal glabellar width. The course
of the anterior section of the facial suture is nearly
straight forward from the palpebral lobe and the course
of the posterior section is divergent and convex. The
external surfaces of all convex parts are very faintly
granular.

This species differs from the two associated simple
ptychopariids, Alokistocarella? cf. A. brighamensis Resser
and ptychopariid sp. undet. 10, by having moderately
distinct glabellar furrows, a short frontal area, and mod-
erately wide fixed cheeks.

Occurrence.—Moderately rare, Glossopleura Zonule.
California: 4155-CO (5 cranidia), Echo Canyon section,
Funeral Mountains.

Ptychopariid sp. undet. 12
Plate 15, figures 19, 20

Discussion—Two small very distinctive cranidia rep-
resent a species unlike any other early Middle Cambrian
ptychopariid so far described from the Cordilleran re-
gion. It is characterized by a prominent convex glabella,
slightly tapered forward, strongly rounded at front,
reaching to a broad deep border furrow, and well de-
fined by deep axial furrows. Four pairs of glabellar fur-
rows are present; the posterior pair is deepest and is
deflected strongly posteriorly. The occipital furrow is
deep and narrow, and the occipital ring is simple. The
frontal area consists only of a convex border with a sagit-
tal length about one-seventh of the sagittal length of the
glabella exclusive of the occipital ring. The fixed cheeks
are moderately to strongly convex and slightly down-
sloping, with a well defined moderately small palpebral
lobe situated opposite the second pair of glabellar fur-
rows and below the level of the cheek. The transverse
width of the palpebral area is about one-third the basal
glabellar width, and the exsagittal length of the palpebral
lobe is about one-third the sagittal glabellar length exclu-
sive of the occipital ring. The posterior limbs are down-
sloping, have a deep posterior border furrow, and are
bluntly terminated; the transverse length is about two-
thirds of the basal glabellar width. The external surfaces
of all convex parts are thickly covered with granules.

This species is associated with Glossopleura in the
youngest collection from the Glossopleura Zone in the
southern Great Basin. There are no comparable forms
known from the Glossopleura Zone elsewhere, but the
general morphology, particularly the glabellar shape and
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deep glabellar furrows, suggests a possible relationship to
trilobites of the younger Middle and Late Cambrian
family Lonchocephalidae.

Occurrence.—Rare, uppermost Glossopleura Zone.
Nevada, Bonanza King Formation: 7199-CO (2
cranidia), Striped Hills.

Ptychopariid pygidium undet. 1
Plate 14, figure 23

Discussion.—Several small simple transversely subellip-
tical pygidia are characterized by a prominent slightly
tapered axis bearing two ring furrows posterior to the
articulating furrow. The pleural regions are crossed by
three broad shallow pleural furrows that reach to the
inner edge of a slightly raised posteriorly tapered border.
These appear to be ptychopariid pygidia and may belong
to a species of Nyella, which is the commonest
ptychopariid in the collection with these pygidia. The
specimens lack obvious ornamentation, however, so the
affiliation with the granular Nyella cranidia is uncertain.

Occurrence—Moderately rare, Albertella Zone, Zacan-
thoidid Zonule. Nevada: 3766-CO (5 pygidia), Nevada
Test Site.

Ptychopariid pygidium undet. 2
Plate 14, figure 24

Discussion.—A single pygidium has the general morph-
ology of a pygidium assigned to Nyella granosa (Resser) by
Fritz (1968, pl. 39, figs. 12, 13). It is characterized by a
transversely elliptical shape, a poorly defined axis, one
deep narrow pleural furrow, and an unusual fold of the
exoskeleton producing a narrow furrow wrapping
around the posterior end of the axis. The surface is
covered with closely spaced granules. This pygidium
differs from the one illustrated by Fritz by having an
ornamentation of only one size of granules. Without
more specimens, the affinities of this pygidium are un-
certain. It has an ornamentation analogous to that of V.
clinolimbata (Fritz) which is found in the associated sam-
ple.

Occurrence.—Rare, Albertella Zone, Zacanthoidid
Zonule. Nevada: 3766-CO (1 pygidium), Nevada Test
Site.
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Echo Canyon section ........ocovvuenn. 2,9, 13, 20, 59

fossil localities . .

. 65, 66, 68, 69, 72, 73, 74,
75, 79, 87, 101, 109, 111, 114,
115, 116, 117, 118, 119, 120

stromatolites ... 13
Echo Shale Member 6,9, 13 21, 36, 58
100, 102
103
105, 107
eiffelensis, Kochaspis ...................o.00 106
eiloitys, Paralbertella .........ocovvivuninnns 87
Elrathing ..........coooiiieeniiiinninninins 103
QREQUA . ....ovvvveiineinninann 20, 62, 103; pl. 15
parallela .................ooiiiiiiiiae, 104
-+ T 59
Embolimus spinosa .........cooviiiiiiiina 96
Emigrant Formation................. 6, 14, 18, 20, 33
Emigrant Pass Member, Zabriskie Quartzite . . 78
Eodiscid@e ..........ooviiniineinennnainnnns 76
FEoptychoparia ... 104
normalis \.....iiiiiiiii i
piochensis ...
Eureka mining district
eurpyaria, Olenellus . ...
exigua, Ptarmigania ..............ooccoiue
exilis, Prozacanthoides ..........covvviinnn.. 97
expansa, Glossopleura .
extensa, Plagiura . ....
F
Feldspar ..........c..covviveiveeniennnnnns 42

p.
Florida Platform, carbonate study ..

Formations, Bonanza King . ................. 4, 60
Cadiz.......ovvvvivinivniennnen, 6,16, 20, 21, 39
Emigrant . . 6, 14, 18, 20, 33

Harkless ........cocovvveniiiiineniannes 56
Kinzers .........ccovvveniveninnrnieninnnns 59
Monola .. .. 6,14,18,20
Pioche ...ocviiiiiiiiiiieniiraiiiiie, 14, 58
Saline Valley .
Stephen .......c.covviieiiiiiiiiiiiienins 59
Tapeats Sandstone ..................out 59,13
fragilis, Bristolia .. .....
fremonti, Mesonacis ..
Olenellus .........
(Fremontia) .
Fremontia .........

Echo Canyon section, fossil localities . . . . 65, 66, 68,
69, 72, 73, 74, 75, 79, 87, 101, 109,
111, 114, 115, 116, 117, 118, 119, 120

fossil localities 71,72,75
Nyella ...oooviniiiiiiiniineniiiinnaines 111
Plagiura ...o.co.ovviviieieiieiiaiaiiaians 115
Ptychopariid ............ccoveiiiiii . 119

Pyramid Peak section, fossil localities . 89 109,117
furcata, Fieldaspis ...............ooooivuunen 92

G Page
gallagari, Pachyaspis ........... 18, 62, 112, 118; pl. 15
germana, Kootenia . 17, 62, 81, 82
Poliella .. ...... 18, 62, 80, 95
PLarmigania ........o.oveiieineeninnnins 9
giges, ARtagmus ..............oiiiiiinannn 104
gilberti, Olenellus ... ......... 17, 60, 62, 63, 66, 71; pl. 3
Girvanella ...... e eieiiiriaeieaaeaas 23
Glossopleura, B King Formation . ..... 60, 78
Desert Range Limestone Member ......... 60
Grand Canyon
Glossopleura ..............
@XPANSE .. ovevriiirreineinaiiiiienarans
lodensis ............oooviiiivnins
mckeei .....cooiiiiin.
sulcata ................
tuta..... .... 62,78 pl.16
walcotti.......ccoooviiiiiiiiiin 21,62, 79; pl. 16
Zone . 1, 20, 60, 78, 98, 100, 101, 112, 121; pls. 15, 16
Zonule............ou.n 49, 60, 79, 100, 101, 120
Gold Ace Limestone Member-. ............ 6,13 21,33,
39, 49, 56, 58, 60
algal limestone ...................0en. 13
burrowers .
deposition
fossil localities
Olenellus
oolites
Gold Ace Mine
Goldfield Hills
Grand Canyon
Albertella schenki
Glossopleura .............. . 78
GrandCycle................. ... ... 1,51,54 59
stromatolites .............. 54
formation ............... 53
grandoculus, Mexicella 18, 62, 109; pl. 13
granosa, Caborcella . ... 111
Nyella........oooovvivninnn 18,62, 111, 121;pl. 14
Poulsenia ...........cuovvineeieeiuiannss 101, 110
Grapevine Mountains........ . 5,13, 18, 56, 57, 61
fossil localities . . . .. . 64, 65, 66, 68
Titanothere Canyon 57
fossil localities........ 64 65 66, 69, 72,73, 74,
75, 79, 92, 93, 96, 98, 109, 110, 115, 116, 117
gravis, Dolichometopsis ...........ovevuvenn 79, 95
Great Bahama Bank ................c.o0eeu 23, 35
lime-mud accumulation .................. 35
oncolite development . ...... 23
Great Barrier Reef, Australia . .. 35
carbonate study ........... 21
gregalis, Dolichometopsis .............c.uvus 95
groenlandicus, Bristolia ..................... 65
Groom Range . .......... 2,16, 18, 20, 33, 39, 54, 59, 61
fossil localities.. .. ... 80, 82, 106, 107, 112,113, 119
53
Zacanthoides sp. 61
groomensis, Kochiellina . ........ 17, 62, 106 107 pl 8
H
Halfpint Range .......coovvevieninnsinennens
Harkless Formation ............. .
Harrington Sound, Bermuda
helena, Albertella .................... ..
Hematite ...........coooiiiiiiiiiiiiiinene,
h ha, Ptarmi, id 18, 62, 96; p]_ 11
HighlandRange..............ooovvinnnn. 2, 5 13,18
fossil localities
Hornfels ...oovovivveivinniiinenranenenans
howelli, Olenellus
lodensis, Bathyuriseus .................. 78
I
idahoensis, Thoracocare .............. 20, 62, 85; pl. 12
Tonkinella ees
iddingsi, Olenellus
Peachella..........oooovvvnniennn.



Page
immoderata, Nyellasp............... 18,62, 110; pl. 14
incertus, Oryctocephalites ................... 84
Inglefieldia .................c.eoueueenen... 104
Inner Detrital Belt . ................ccco0.0e. 2,21
insolens, Bristolia .................cccveuuun. 64
Introduction ..... . 1
Inyo Mountains .. 2,14,56
vertical transitions............... . 53

J
Jangle Limestone Member . ..... 6, 20, 33, 39, 49, 59, 60
00lites .....oeieiiiiiiiiiii e 20, 39
Jangle Ridge area, Nevada Test Site.......... 2,183,20
fossil localities . ..........c..uuennn. 81, 106, 108
Jjanglensis, Kochiellina . . .. ... 17,62,107:pl. 8
Judithi, Paralbertella ........................ 87

K
kentensis, Bristolig .............ccoeiniinnn. 65
Kinzers Formation................. PR 59, 67
klotzl, Ogygia ...oooviuiuiviiiiniinenannns 82
Kochaspid trilobites ................ooiiaenn 17
Kochaspid Zonule. ... ... 17, 59, 106, 107, 108, 113, 115
Kochaspid, species undetermined 1....... 62, 108; pl. 8
species undetermined 2.............. 62, 108; pl. 8
Kochaspis .......ooooviivviiiinin 90, 92, 99, 105, 107
QURUSEE ..o \veivirnuiiearaananans 17,62, 105; pl. 8
CECCINA . vvvvvnvrvrnnnnn reraeriieeas 106
eiffelensis ........coooiiiiiiiieiiiiiiaan. 106
bliana.........covciviviiiiiannin 17,62, 106;pl. 8
- 106; pl. 8
Kochiella ..............coooiiiiiiiiiinin.s 99, 107
Kochiellina ....................oooiveun 99, 105, 106
BrOOMENSiS . .....covvueenuas 17, 62, 106, 107; pl. 8
janglensis .............oooiiian 17,62,107:pl. 8
99
MACTOPS vvoiivevnniiinannneirocnnnens 108
VERUSER <\ vvnvrnrninneneeninnoneniennne 103
Kootenit ....oococoveneniiivniiineiieninnens 81
Brevisping.........ooovviniiiniinininins 82
germana .............. . 17,62, 81
(Kootenia), Bathyuriscus . ... . 81
dawsoni, Bathyuriscus .................. 81

L
lancastroides, Oryctocephalus ............... 83
LasVegasRange....................coeets 2, 39
Last Chance Range.......... 2,17, 13, 20, 39, 54, 56, 58
Cu Canyon section, fossil localities. 64, 65,
75, 81, 118
stromatolites ..................oeii 44
lata, Paralbertella ...............covvivinne 87
LathamShale...................... 6,9, 13,21, 57,58
lautus, AGROSEUS ....c.ovvvieiiinnseiannanns 76
Lead Ore ......ocvveeiieniniininnneannnnnns 22
Lena Stage, Siberia, Plagiura tribolites........ 59
lepida, Dolichometopsis ..................... 95
liliana, Crepicephalus ..............cccvuenn. 105
Kochaspis.....c.ooovvvviiinenn. . 17,62, 106; pl. 8
limbata, Paralbertella ....................... 87
Lime-mudstone lithofacies................... 22
bWITOWers .......ocovvvuiiiiiann.. 36
Limestone, Chambless 58
Lithofacies, algal-b 42
carbonate ...........coooiiiiiiiiiiieans 49
description .........coiiiiiiiiiiiiieann, 21
interpretation ...............ci0ion, 21
oolite ......ooiiiiiiiiiiiiiie e 36
Localities ........ovvvievnreiinianrennianans 2
lodensis, Bathyuriseus howelli ............... 78
Dolichometopus .............cccovivunnn. 78
Glossopleura . ... .. 21,62, 780pl 16
lomataspis, Poliella . . .. . 17, 58, 62, 80; pl. 6

longus, Syspacephalus .............. . 17,62, 115 pl. 7

INDEX
Page
longwelli, Albertella . . ........... 8, 20, 62, 87, 89; pl. 9
Luyella 104
Lyndon Limestone................... 5, 18, 33, 39, 59
M
Macannaia ..................cociiiieia 76
maladensis ............ciuiueeiiaann 62, 76; pl. 12
macrops, Koching ..................oooee 108
maior, Onchocephalus ....................... 107
maladensis, Albertella ...................... 87, 91
Chancit .......ocovviinvenninnns 20, 62, 103; pl. 15
Ehmaniella ..........occooovevviviiannn 103
Macannaia .....oovoviiiiiiivieniniians 76; pl. 12
Oryctocephalina ... ... . 18, 62,83 pl. 12
Pagetia .......coooveiiiiiiiiiinininnn. 20, 76, 77
(Mesopagetia) .. ......... e 76
fieldi, Dolich DSES <+ 95
Map,isopach.........cco.vviviiiniiienninnn 10, 11
localities ..........c.oviiiiiiiiiiiiin, 3
Marble ........coovviiiiiiiiiiiiiii 22
Marble Mountains............ 2, 6,13, 18, 33, 39, 57, 58
mckeei, Glossopleura ...................o00t 79
media, Dolichometopsis .................oov. 95
PrODIRQUA o vviivviieieneenniinaannnns 95
MeriwiticaTongue...........ovuvuiieininen 33
MeSORAciS «....oovviiiniiniiiiiiiiiiiiiiiiea 66
bristolensis............ooieiiiiiiiiin 63
fremonti ...l 70
Metaline Limestone, Ogygopsis .............. 59
mexicana, Mexicella . ........... 18, 62, 108; pl. 13
Mexicaspis ... .ooovveniniiiennicnnrieinens 92
radigtus . ovoiiiii i 20, 62, 92; pl. 10
SLENOPYEZC « v ceeeiieniiiineaaiiaans 92
Mexicella ..........ccoooiiiviiniiiiiiin 108
grandoculus ... 18,62, 109 pl. 13
mexicana . .... . 18, 62,108, 109; pl. 13
SEBLOT «vvvvvneessnnnerossneaaronn 17,62, 109;pl. 8
microps, Albertella ...............c.c.oon0.. 87
Miller Mountain...........cooveeiivniian.. 2
minor, Plagiura ................. 18, 20, 62, 114; pl. 13
minutae, Thoracocare 85
Vistoig....oooovneininnininieininennnnns 85
mischi, Albertella ..............coovvevenn..n 87, 91
Albertelloides . .................. 17, 62, 90; pl. 10
Model, depositional ......................... 51
Molluscs, Red Pass Limestone Member-....... 17
Monola Formation..........c....coeuiinie 6,14,18,20
Mule Spring Limestone . . .. 6,13,21,44,53,57
deposition..........ociiuiinniiiiiinin 53
multinodus, Olenellus . ... ... 17, 56, 58, 62, 67, 72, pl. 4
N
“Narrows”, Echo Canyon ................... 13, 59
natalis, Ptarmigania ........................ 96
Nevada Test Site..............oounnnn 2,18, 58, 59,61
fossil localities ..................... 66, 69, 72,75,
76, 77, 79, 80, 81, 82, 83, 84, 91, 92,
94, 96, 97, 98, 99, 101, 102, 103, 108,
111, 112, 118, 115, 117, 119, 121
Zacanthoides SP. . ....oveuerienianiiienns 61
nevddensis, Biceratops .............. Ceeeiees 17
Callavia
Olenellus
Paedeumias
nitida, Albertella
Nopah Range
normalis, Eoptychoparia .................... 104
Northern P: int M ir 3. See P. int
Mountains.
Northern Resting Springs Range. See Resting
Springs Range.
Notasaphus .......coooveiiiennnn teveansnsns 81
Nyella, Funeral Mountains .................. 111
Nyella.....ooocovviiiiiviiiiiiininns 99,102, 110, 119
clinolimbata . . . 18, 62, 110, 121; pl. 14
columbiana ................oooiiiiil 111

Branosa.........coeeeeenenns 18,62, 111,121; pl. 14
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immoderata .............oe.n... 18, 62, 110; pl. 14
27 - T 11
SRAPLG ..ot m
nyensis, Oryctocephalus .................. 17,84 pl.6
[0}
Qak Spring Summit
obscurus, Syspacephalus
ocellata, Pagetia
Ogygiaklotzi......oooovivniiiiiiiiiaiiniin,

Ogygopsididae
Ogygopsis, Belted Range .

.... 61,883,103

Ogygopsis........... ... 61,81,82 103
EYDICRNS ..o 20, 62, 82, 103; pl. 12
Zonule........... 18,59, 61, 76, 77, 83, 85, 103, 104

Belted Range .............coovvnnennn 59

Olekmingky horizon, Siberia ................. 59

Olenellidae ........cocoovvvvniiiinennniienn, 63

Olenellids ...........ceaivnnn i 17

Olenellus, Combined Metals Member, Pioche

Shale..........oovviviinnninnn 67, 72
Gold Ace Limestone Member............ 67, 72

Olenellus .........ccooviiiieiiiiienniniens 63, 66
alfifrontatus ..........ooiiiiiiniiaan, 70
arcuatus... . 9,56,62,67 73; pl. 2

Zonule . . ... 9,56 68,69

brachyomma . 17, 62, 68; pl. 2
bristolensis .........covioiiiiiiiiiiienns 64
clarki........ . 18,17, 60, 62, 66, 68; pl. 3
cylindricus ... 9,56,62,69 70; pl. 2
euryparia . .... 13,62,67,69pl. 2
fremonti .. ... 18,17,62,68, 69 pl. 3
gilberti ................. 17, 60, 62, 63, 66, 71; pl. 3
howelli ................. 13, 60, 62, 64, 67, 72; pl. 4
iddingsi ......ooiiiiiiiiii e 74
multinodus . . 17,56, 58, 62, 67, 72, pl. 4

Zonule ... 14,17, 49,58, 60,73

9, 62, 67, 73; pl. 4
13, 60, 62, 67, 74; pl. 4

nevadensis . ..

e 71
56,60;pls. 1,2,8,4,5
.............. 68, 69, 71,72, 74
.................... 70
............................... 18,62, 74 pl. 4
Olenus thompsoni ............c.ovveniunnn 66
Onchocephalus ......coovcvveviiiiieniinnnn. 104, 117
MAIOT . eviviiiiiireienneinaanaennons 107
solitarius ..........ooieiiiiiiiiiiiia, 117
Qoids ....ovvvnnnn.s et 36
Oolites, Cadiz Formation.................... 17, 39
Cucomungo Canyon........oovuvenennnns 39
deposition .........ciiiviiiiiiiiiiiiia, 41
Gold Ace Limestone Member ............ 39
grainstone ...........ieeiiiiiiiiininn. 36
Jangle Limestone Member............... 20, 39
lime-mudstone lithofacies................ 33
lithofacies .............ooovvviiiiiiinns 36
burrowers ...........cooiiiiiiiiiaan, 39
Pahrump Hills Shale Member ............ 18
Panamint Range ...........coovivenennnn 39
PaymasterCanyon............covuvenenn 14, 39
Red Pass Limestone Member . ........... 17, 39
southern Last Chance Range..... Ceeeniee 39
optatus, Prozacanthoides.................... 97
ornata, Ptarmigania ..............c.covvninn 95
Oryctocephalid species undetermined ... ..... 85 pl. 12
Oryctocephalidae ................... eraeves
Oryctocephaling ..........cocoovivveiienn..
lancastroides . ................coiiiuinn.

maladensis . . .

EYPICAliS ... eeeeieaeiaannnn 18, 62, 8% pl. 13

Oryctocephalus
MYERSIS .t vvieninrninrieienenssaons
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ostheimeri, Athabaskia
Outer Detrital Belt .............cco.v0uvenn.s 2

............... 112
.. 18,62,112 118; pl. 15
typicalis ..... Geeensasiaseiseraneanrares 112
18, 62, 87, 94 pl. 9
........... 66
............... 68
................. 73
............... 74
............. 77
......... i
................................. ki
.................................. ki
.. 20,76,77
........... ki
... 18,62, 77 pl. 12
.......................... 20, 62, 77: pl. 12
(Eopagetia) resseri ...............c....... i
(Mesopagetia) (S i 76

Panamint Mountains ...
pandispinata, Albertella
Paralbertella .................

bosworthi .
declivis ..
CHloitYS \.iiniiiiiiii e
277 117
lata.......coooeevenne
limbata
robsonensis
parallela, Elrathina
Parapoulsenia ...............c.oviiviiiainns
Parker Slate................
parvulus, Bathyurus ........
Paymaster Canyon .........
oolites .................
vertical transitions
Peachella ................
brevispina 13,62, 75 pl.5
iddingsi 13,62, 75 pl.5
L) RN 57
Pelmicrites................. 23
Pelsparites ................. 23
Periommella ..............o.ovviiiiiinn, 117
perola, Syspacephalus .................oov... 116
Peronopsis ........... e 75
bonnerensis . . . ... 76:pl12
brighamensis ...............cociiiiiien 16
lautus 18, 20, 76
)
Persian Gulf, carbonate study .
lime-inud accumulation..,...............
ooid formation ................oiiin
progradation, peritidal sequences 52
Pigzella 104
rara 118
Pioche Formation............. . 14, 58
Pioche mining district.....................0. 2, 57,61
Pioche Shale.............. . 5,9,13,21,57
Olenellus 67
piochensis, Eoptychoparia 62, 105, pl. 7
Pisolite bed 9
Plagiura, Funeral Mountains .. . 115
Plagiura 112, 119
CereopPS «..ovvveeinninnnn, 117, 59, 62,113, 115; pl. 6
CXLENSA . . vvvvevrennennranernonas 17, 62,113; pl. 6
minor. .. ... 18,20,62,114pl. 13
Tetracta .. ....ooiiiiiiiiiiian 17,62, 113 pl. 6
Plagiura-Kochaspis Zone .............. 59, 92, 98, 107
“Plagiura-Poliella” Zone .. ... 17, 58, 80, 81, 85, 92, 108,

107, 108, 110, 118, 115, 116, 119; pls. 6, 7, 8

INDEX
Page
Plagiurella .................c.coiveieiiin.n 112
Poikilotopic fabric . e ceen 23
Poliella . ......... .. ... 79, 94,108
germana . ... 18,62, 79 95; pl. 11
lomataspis ......... .. 17, 58,62,80; pl. 6
Zonule............. . 17, 58, 80, 81, 108
(Poliella) anteros, Bathyuriscus ..............
Bathyuriscus .......cooooviveiiiiiinanns
Porphytotopic fabric.........ooceeiiniiant
potens, Dolichometopsis
poul i, Dolich D B
Poulsenia bearensis ............
columbian@ ................coiiviiinnins
BTAMOSE ...ooveieieiinriiiaeraiinanes
primus, Oryctocephalus . ....... .
propinqua, Dolichometopsis . ...
Ptarmiganoides ............
proveedora, Albertella. ...
Providence Mountains.. . .
Prozacanthoides aequus ..
alatus
decorosus
exilis
optatus
stissingensis ..............
pseudaulax, Caborcella
Ptarmigania ................
QEIeStiS ... .o.iiie it it
altilis .....cooviiiiiii s
QUFILE . ...ocoiviiinnn
dignata
exigua
germana
natalis
ornata
rossensis
sobrina
Ptarmiganoides .. .. 86, 93, ¢
araneicauda ....... . 95
bispinosa ......... . 95
bowensis ..........ooiiiiiiiiiiiiiia 94
CTASSAXIS ..o vvieireeeiiinnennns 18,62, 95 pl. 11
hexacantha ................ 18, 62, 96; pl. 11
PrOPINQUA ..o vvveiiiineiaivneiiaaanss 95
Ptychagnostus ................ . 76
Ptychoparia cercops .......oovvviiniiiiiiins 112
skapta .......ooooviiiiiininn 110
Ptychopariid, Funeral Mountains . .. 119
pygidium undetermined 1........... 63, 121; pl. 14
pygidiuin undetermined 2............ 63,121 pl. 14
species undetermined 1..... .. 63,117 pl.5
species undetermined 2. ... . .. 63,118 pl. 5
species undetermined 3. ... . .. 63,118 pl. 5
species undetermined 4 .............. 63,118 pl. 5
species undetermined 5............. 63, 118; pl. 15
species undetermined 6 ....... .. 63,119:pl. 15
species undetermined 7 ....... . 63,119;pl. 15
species undetermined 8 ....... .. 63,119 pl.8
species undetermined9......... 63, 119; pl. 14
species undetermined 10 ........ 63, 120; pl. 15
species undetermined 11 .. .. . 63,120;pl. 15
species undetermined 12............ 63,120;pl. 15
Ptychopariid trilobites.................. 18,17, 21,58
Ptychopariida ...........covviiiiiiiniines 99
puertobl is, Olenellus .... 13, 60, 62, 67, 74 pl. 4
Paedeumias ..........cooiiniiiiiiiiins 74
Pyramid Peak section, Funeral Mountains. .. 2, 14, 20,51
fossil localities ............o.cvvnein 89, 109, 117
Pyramid Shale Member . .. .. 6, 14, 36, 53, 56, 57, 58, 60
deposition 53
Pyrite .....ooiniiiiiii s 23, 42

Page

radiatus, Mexicaspis ................. 20,62, 92; pl. 10

rara, Caborcella....................ovvvienns 110

Nyella ................ P 111

Pigzella ...............oovviiiiiiiil., 118

rectimarginatus, Albertella .................. 87, 90

Albertelioides ................... 18, 62, 91; pl. 10

reducta, Caborcella ................. 18,62, 102 pl. 13

Red Pass Limestone Member............. 6,17, 21,33,

39, 51, 58, 59

.............................. 17

.............. 17, 39

.............. 115

......................... 119

........................ 87

84

.. 18,62, 77 pl. 12

(Eopagetial . . .. ki

Resting Springs Range . ........... 2,13, 16, 18, 20, 39

fossil localities .. ..... 65, 69, 71, 72, 73, 75, 98, 109

reticulata, Oryctocephalina .................. 83

retracta, Plagiura .................... 17,62,113; pl. 6

robsonensis, Paralbertella ............ e 87

rossensis, Ptarmigania ...................... 96

rugosa, Pagetia ...................... 20,62, 77; pl. 12
S

Saline Valley Formation................... 6,9, 56, 59

Salt SpringHills ............ e 2

fossil localities......... ... 69,71,72

sampsoni, Albertella ..................co.o00t 87

schenki, Albertella . ...................... 62,87:pl. 9

Schistometopus . .. . . 92,99, 105,115
collaris ...... N 115
COMUVEXUS o vvvvenannnnrnanensenananns 115

... 17,62,115pl.8

Silurian Hills ..............
similaris, Albertella
skapta, Nyella .................cooiviinns
Ptychoparia ..........ooviieiiiiiianann
sobrina, Ptarmigania. . ... ..
solitarius, Onchocephalus ..
SONOTaspis . ....ocoveeiiiiiniiiniiiiiianis
Southern P: int M,
Mountains.
Southern Resting Springs Range. See Resting
Springs Range.
Southern Shelf Lagoon, British Honduras, lime-
mud accumnulation............... 35
spectrensis, Albertella . . .. 18,20,62,88pl.9

spinosa, Embolimus ........................ 96
Spring Mountains ................iieenl. 2,33
fossil localities ................. ... 87, 98, 109
SpectreRange................coiiiiiiiana, 2,18
fossil localities .. ... 89, 90, 109
stator, Agraulos ...............oooiiiiial, 109
Mexicella .......... 17,62, 109; pl. 8
stella, Dolichometopsis . .. .. .. 95
stenopyge, Mexicaspis ..... .. 92
stenorhachis, Albertella ..................... 87, 94
Stephen Formation, Ogygopsis .............. 59
issingensis, Pre thoides . . 97
Stotocephalus ............... e 99
Striped Hills . ...voeivvinniiniennannn, 2,183, 21, 39, 60
fossil localities . ........... 78,79, 98, 100, 101, 121
Stromatolites ................. 7,13
algal-boundstone lithofacies 42
Cucomungo Canyon ............ccuuennes 1
EchoCanyon ............oovviiininnnnn 13
GrandCycle............... 54
southern Last Chance Range .. 44
Thimble Limestone Memb e 9

b tus, Ce halites ................ 99

sulcata, Glossopleurg ..............c..coovut. M 79
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Page Page Page
superba, Fieldaspis ...........ccccovveeinn. 92 62, 78; pl. 16 Zabriskie Quartzite ............coiiiiiiiinn 4, 56
Susan Duster Limestone Member, Pioche 104 Zacanthoides ........cooiiiieniiiiviaias 86, 96
Shale 58 20, 62, 82, 103; pl. 12 alatus ........ .... 18,62,97:pl. 11
Syspacephalus 115 Oryctocephalites ................. 18, 62,83 pl. 13 variacanth@ .. ......ooovueeen... 18, 62, 97 pl. 11
charops ......... 119 Pachyaspis . .......oouueriennannaannns 112 [ ... 18,60, 62, 95 pl. 6
IoRgUS ....o.voiiiiniiiieieas 17, 62, 115; pl. 7 Groom Range....................... 61
OBSCUTUS .. vevvivvuiieneennnnnnn 18, 62, 116; pl. 7 uv Zacanthoidid Zonule ................ 17, 69, 61, 76, 77,
perola........oooiiiiiiiiiiiiii 116 ’ 80, 82, 83, 84, 91, 92, 94, 96, 97,
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Contact photographs of the plates in this report are available, at cost, from the U.S. Geological Survey
Photographic Library, Federal Center, Denver, Colorado 80225.
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PLATE 1
OLENELLUS ZONE

FIGURES 1-13. Bristolia anteros n. sp. (p. 63).

1.
2.
3-6.
7,8.
9,12.

10.

11.
13.

Cephalon, stage I, x15, USNM 177179a.

Cephalon, stage II, X12, USNM 177179b.

Cephala, stage 111, x12, USNM 177179¢-f.

Cephala, stage 1V, x12, USNM 177179g, h.

Cephalon, top view and anterior oblique view showing eye sur-
face, stage V, x6, USNM 177180.

Closeup of glabella of holotype showing ornamentation, X6,
USNM 177181.

Latex cast of holotype cephalon, X2.5, USNM 177181.

Cephalon, stage V, X3, USNM 177182.

All except figures 9 and 12 from USGS colln. 4144-CO, Grape-

vine Mountains, Calif. Specimen in figures 9 and 12 from USGS
colln. 3694-CO, Nevada Test Site.

14-19. Bristolia bristolenis (Resser) (p. 64).

14, 15.

16.
17.
18.

19.

Top and right side views of latex mold of cephalon, X 1.5,
USNM 177183. USGS colln. 4144-CO, Grapevine Moun-
tains, Calif.

Cephalon, x1.5, USNM 177184, USGS colln. 4153-CO, Fu-
neral Mountains, Calif.

Cephalon, xX1.5, USNM 177185, USGS colln. 3673-CO, Resting
Springs Range, Calif.

Cephalon, x1.5, USNM 177186, USGS colln. 4168-CO, Salt
Spring Hills, Calif.

Cephalon, x2, USNM 177187, USGS colln. 4144-CO,
Grapevine Mountains, Calif.
































































































