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TRILOBITES OF THE LATE CAMBRIAN PTEROCEPHALIID BIOMERE IN THE GREAT BASIN
UNITED STATES

By Aruson R. PALMEer

ABSTRACT

The Pterocephaliid biomere is a biostratigraphic unit of
stage magnitude that includes the most consistently fossilif-
erous parts of the Upper Cambrian in the Great Basin of
western conterminous United States. The thickness of strata
containing faunas of this biomere generally exceeds 500 feet.
This interval includes units consisting of fine-grained detrital
material and of clean carbonate rocks; the carbonate rocks
probably represent sediments that composed a broad carbonate
bank, and the units of detrital material represent belts of
predominantly land-derived detrital sediments that flanked
the bank on the east and west.

The ptychoparioid trilobite fauna of the Pterocephaliid
biomere consists of 112 species representing 51 genera. The
sequence of faunas within the Pterocephaliid biomere is divided
into five zonal assemblages that can be traced throughout the
Great Basin. The assemblages are, in ascending order, the
Aphelaspis zone, Dicanthopyge zone, Prehousia zone, Dunder-
bergia zone, and Elvinia zone. The first three zones, which are
valid throughout the Great Basin, may correlate with beds
currently assigned only to the Aphelaspis zone in central Texas
and the southern Appalachian region.

The principal faunal elements of the Pterocephaliid biomere
probably invaded the Great Basin region from oceanic regions
to the west and annihilated nearly all previously existing
faunas of the older Crepicephalid biomere. The invading
faunas then evolved in place and were in turn annihilated by a
new invading fauna, which terminated the Pterocephaliid
biomere. Several possible evolutionary series are described,
including one that extends through five species and two genera.
Geographic distribution of contemporaneous ornamented species
in several genera suggests some correlation between environ-
ment and ornamentation in some groups of trilobites.

New taxa are Oligometopus contractus n. sp., Cheilocephalus
brachyops n. sp., Cheilocephalus granulosus n. sp., Pseudo-
kingstonia exotica n. gen., n. sp., Iddingsia intermedia n. sp.,
Apachia primae n. sp., Dellea? punctatae n. sp., Dunderbergic
calculosa n. sp., Dunderbergia brevispina n. sp., Elburgia
intermedia n. sp., Irvingella transversa n. sp., Hardyoides
mimicus n. sp., Aciculolenus peculiaris n. gen., n. sp., Xenochei-
los granulosus n. sp., Terranovella brevis n. sp., Simulolenus
quadrisulcatus n. gen., n. sp., Dicanthopyge convergens n. gen.,
n. sp., Dicanthopyge quadrate n. sp., Dicanthopyge reductus
n. sp. Aphelaspis longispina n. sp. Olenaspella paucisegmenta
n. sp., Litocephalus magnus n. sp., Stenambon megagranulus
h. gen,, n. sp. Stenambon paucigranulus n. sp., Parahousia
subequalis n. sp., Prehousia diverta n. sp., Prehousia impolita
n. sp., Preliousia indenta n. sp., Prehousia prima n. sp.,
Tumicephalus depressus n. gen., n. sp., Cernuolimbus laevifrons

n. sp., Cernuolimbus granulosus n. sp., Sirigambitus bilobus
n. gen., n. sp., Strigambitus transversus n. sp., Strigambitus?
blepharine n. sp., Pterocephalia? punctata n, sp., Erizanium?
brachyaxis n. sp., Erizanium multisegmentus n. sp., Bromella
veritas n. gen., n. sp., Dyiremacephalus asperaxis n. sp.,
Minupeltis definita n. sp., Aphelotoxon limbate n. gen., n. sp.,
Aphelotoxon punctata n. sp., Aphelotozon 8pinosus n. sp.,
Aphelotoxon marginaetae n. sp., Aphelotoxon granulosus n. sp.,
Comanchia wminus n. sp., Anechocephalus spinosus n. sp.,
Morosa brevispina n. sp., and Morosa extensae n. Sp.

INTRODUCTION

During' the Cambrian period, the present Great
Basin in western conterminous United States (fig. 1)
was almost continuously covered by generally shallow
seas, and a blanket of sediments averaging more than
5,000 feet in thickness was deposited. Many complete
or partial sections through this blanket are exposed
in the mountain ranges of eastern Nevada, western
Utah, and southeastern California. Where limestones
are interbedded with shales or siltstones in these
sections, trilobite remains are common in many
places, whereas in uniform sequences of thick-bedded
carbonates, shales, or sandstones, trilobite remains are
relatively scarce.

The only part of the Cambrian that consistently
yields trilobites in nearly every section in the Great
Basin is the Upper Cambrian interval included be-
tween the abrupt appearance of Aphelaspis or its
associates and the equally abrupt disappearance of
Irvingella and its associates. This interval is a bio-
stratigraphic unit of stage magnitude, in which the
upper and lower limits are paleontologically defined.
It does not conform strictly to the definition of a
stage, however (see p. 4), and is called the Ptero-
cephaliid biomere after one of the two common trilo-
bite families that characterize the interval.

The Pterocephaliid biomere has been chosen as the
first part of the Cambrian faunal sequence of the
Great Basin to be comprehensively studied, because
trilobites from within the biomere are among the
most frequently collected fossils. It is also the only
widespread Cambrian faunal unit presently known

1
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FroUurE 1.—Map showing localities of fossiliferous beds of the Pterocephaliid biomere in the Great Basin. Sections through part or all of the beds of the
Pterocephaliid biomere at localities marked with a large solid circle are illustrated on plates 22 and 23.
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that has clearly definable upper and lower limits. The
two most completely fossiliferous sequences of beds
including the Pterocephaliid biomere are at McGill
and Cherry Creek, Nev. (fig. 1). These sections have
been sites of intensive collecting and are the standard
reference sections for the Pterocephaliid biomere in
the Great Basin.

The McGill and Cherry Creek sections, together
with other sections in and around White Pine
County, Nev.—at Eureka, Ruby Range, Bastian Peak,
Snake Range, and Shingle Pass—and in the House
and Deep Creek ranges, Utah, have provided more
than 200 stratigraphically controlled collections that
form the principal source of material for the system-
atic paleontology and zonation of the Pterocephaliid
biomere. More than 100 additional collections of the
U.S. Geological Survey and U.S. National Museum
from the Pterocephaliid biomere at all other known
localities in the Great Basin have subsequently been
examined. Few additional ptychoparioid trilobite
species were added to the fauna from these collec-
tions; therefore the trilobites described here represent
probably most of the recoverable ptychoparioid trilo-
bite species of the Pterocephaliid biomere for the
whole Great Basin. For this reason, this paper includes
a dichotomous key (p. 23-28) to the identification of
these trilobites.

Knowledge of the systematics of trilobites of the
Pterocephaliid biomere prior to 1960 was limited to
miscellaneous descriptions of species as parts of larger
faunal studies, and biostratigraphic information was
almost completely lacking (Hall and Whitfield, 1877;
Walcott, 1884, 1916, 1924, 1925; Resser, 1935, 1936,
1937, 1942b; Kobayashi, 1938). Robison (1960) pre-
sented descriptions, illustrations, and stratigraphic
information about some of the species of the biomere
from sections in western Utah. No new species were
described, and some of his identifications have been
changed as a result of the regional study presented
here. Palmer (1960a) described 47 ptychoparioid spe-
cies from the Dunderbergia and lower Elvinia faunas
in the Eureka district, Nev. Later (Palmer, 1962b), 7
species of the A phelaspis fauna at McGill and Cherry
Creek, Nev., were described. These 54 species, 8 others
described by earlier workers, and 50 new species con-
stitute the named ptychoparioid trilobites of the
Pterocephaliid biomere in the Great Basin described
in this paper.

The Agnostida of the Pterocephaliid biomere belong
mostly to genera that range beyond the biomere limits.
They represent a morphologically and perhaps eco-
logically distinct group of trilobites that merit sepa-
rate study, as do the brachiopods and other nontrilobite

fossils of the Pterocephaliid biomere. For this rea-
son, Agnostida are not described in this paper. The
interested reader can find descriptions and illustra-
tions of most of the agnostid species found in the
Pterocephaliid biomere in other papers (Palmer,
1955, 1960a, 1962b).
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SCOPE, CONTENT, AND CONCEPT OF THE
PTEROCEPHALIID BIOMERE

The two best-known and most sharply defined
faunal changes in the Upper Cambrian of the United
States occur just beneath the Aphelaspis fauna and
just above the Zlvinia fauna. Documentation of these
faunal changes in the continental interior has been
provided by Lochman and Duncan (1944), Wilson
(1951), and Palmer (1954). The change below the
Aphelaspis fauna is so striking and widely recogniz-
able that Lochman and Wilson (1958, p. 333) pro-
posed restricting the Dresbachian stage to beds below
this change. They proposed that an unnamed stage be
designated in the Upper Cambrian between the Dres-
bachian and Franconian stages to include the Aph-
elaspis and Dunderbergia zones, as they defined them.
This proposal is unacceptable for two principal
reasons:

First, the suggested stage has no clear upper bound-
ary. In the interior of the conterminous United States,
a widespread disconformity is present between beds
of the Elvinia zone and older beds generally assigned
to the Aphelaspis zone. The contrast between the
Aphelaspis and Elvinia faunas was the basis for orig-

. nally defining the boundary between the Dresbachian
and Franconian stages. However, the additional
knowledge of the sequence of trilobite faunas in the
Great Basin has demonstrated the evolutionary rela-
tionship and continuous gradation of forms from the
latest Dresbachian to the earliest Franconian faunas
(pl. 21), and any biostratigraphic boundary within
the evolutionary sequence is arbitrary and probably
not precisely correlatable from region to region. Thus
the upper boundary of the unnamed stage—the tradi-
tional base of the Franconian stage—is hardly satis-
fymg as a boundary for a major biostratigraphic unit
in the Great Basin.

Second, and even more decisive, is the fact that the
lower boundary of the proposed stage, although
sharply defined, is not everywhere the same age. The
lowest beds containing an A phelaspis fauna at MeGill,
Nev., are the temporal equivalents of the highest beds
contalnmg a Crepicephalus fauna in the Snake Range
and elsewhere to the east (Palmer, 1962b, p- 8, 9).
Because the contact between the A phelaspis fauna and
older faunas is demonstrably time transgressive, it
cannot be used as a stage boundary. Thus, the stage

proposed by Lochman and Wilson would have an
indefinite upper boundary and a lower boundary that
is not a “time plane,” and it cannot be considered as
a satisfactory improvement in the nomenclature of
the Upper Cambrian biostratigraphy of the United
States.

A more satisfactory alternative, in the light of
present knowledge, is the use of the biomere concept
(Palmer, 1965). The faunal change above the Elvinia
zone is comparable in magnitude to that below the
Aphelaspis zone. Between these two faunal changes,
the trilobite assemblages are dominated by members
of the Pterocephaliidae and Elviniidae. Neither family
is known from older beds in the United States, and
younger trilobites that are assigned to the families,
even if the assignments are correct, are not dominant
elements of the younger faunas. The first representa-
tives of these families in the American sections must
have migrated into the shelf areas and have eliminated
the major elements of an older faunal complex (fig.
2). The invading trilobites then evolved into a new
complex, which in turn was eliminated by a later
invasion. The interval between these major faunal
changes therefore forms a natural biostratigraphic
unit of stage magnitude having a lower boundary
that is certainly time transgressive and an upper
boundary that may be time transgressive. The most
appropriate term for this internally related trilobite
complex is a “biomere,” and this complex is hereafter
referred to as the Pterocephaliid biomere. The
adjective “Pterocephaliid,” denoting one of the char-
acteristic family components of the biomere, the
Pterocephaliidae, was proposed in an earlier paper
(Palmer, 1962b) that described only the relationships
at the lower boundary.

S S — Preserved record —_—
Ocean Conaspid biomere 4 Conaspis Shore
* 1 «,’
I | * Elvinia
| |
l | Dunderbergia g
] E
= £ i —— =
s | Pterocephaliid | =2 Prehousia =
) | biomere 4;‘5 _______ jé
Sl b e
| | Dicanthopyge
[ P S
f | Aphelaspis
| igration o
Crepicephalid biomere

FIGURE 2.—Schematic diagram of the origin of the Pterocephaliid biomere and its
relation to older and younger biomeres. Horizontal lines represent time.
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Similar younger and older biomeres should be recog-
nizable in Cambrian and perhaps younger rocks. These
may ultimately prove to be more satisfactory for
describing the dynamic picture of faunal relationships
than is the static stage terminology that was developed
before many details of the faunal sequences were
known.

DIVISIONS OF THE PTEROCEPHALIID BIOMERE

Plate 21 shows the approximate range of each of the
named species of the Pterocephaliid biomere in the
Great Basin. This figure illustrates the gradual change
of the faunal content of the biomere with time. The
vertical dimension, however, is proportional to the
thicknesses of the McGill and Cherry Creek sections,
each of which totals about 750 feet. These two are the
most completely fossiliferous sections through the
Pterocephaliid biomere that are presently known.
The basic data for the ranges of the species were com-
piled by plotting the observed ranges of the species in
the two sections on a vertical scale of 1 inch equals 50
feet. The species represent about two-thirds of the
total number of species of the Pterocephaliid biomere
here described. The sections at Eureka and in the
Snake Range section above the Lincoln Peak Forma-
tion also seem to have thicknesses comparable to cor-
relative parts of the McGill and Cherry Creek sections,
and the ranges of the species in these sections were
also directly plotted on the initial compilation. The
lower part of the Snake Range section is relatively
thicker than comparable parts of the McGill and
Cherry Creek sections, and the ranges of the species
in this part were proportionately reduced before being
plotted on the figure. The species identified in the
McGill, Cherry Creek, Eureka, and Snake Range sec-
tions constitute nearly 90 percent of the fauna of the
Pterocephaliid biomere. The ranges of the remaining
species and some extensions of ranges of the species
already plotted were added to the figure by interpola-
tion of data on faunal associations found in all other
collections from the Pterocephaliid biomere in the
Great Basin.

In addition to showing the approximate relative
ranges of the ptychoparioid trilobites of the Ptero-
cephaliid biomere, plate 21 distinguishes relatively
common species known from four or more areas (solid
bars) from relatively rare species known from three or
fewer areas (open bars).

On the basis of the calculated ranges of the more
common species and of empirical observations of char-
acteristic species associations, the species complex of
the Pterocephaliid biomere can be divided into five

successive assemblage zones, discussed in the following
sections. Each assemblage zone generally has a recog-
nizable upper and lower part. Because of the continu-
ous gradation of the ranges of species within the
biomere, the zone boundaries are arbitrarily defined by
the appearance of distinctive new trilobites. The
zone boundaries within the Great Basin are assumed
to be approximately time parallel (fig. 2). Assem-
blages elsewhere may be correlated with the zones and
subzones in the Great Basin, but the subdivisions of
the Pterocephaliid biomere described and defined here
are intended primarily for use only within the Great
Basin.

APHELASPIS ZONE

The term Aphelaspis zone was first applied by Loch-
man (1938a, p. 73) to beds in the Upper Cambrian
Riley Formation of central Texas that contained
abundant specimens of Aphelaspis. The limits of the
zone in the type area were first defined, however, by
Palmer (1954). Beds containing fossils assigned to
this zone have been reported from many areas through-
out the United States, and elements of the Aphelaspis
fauna have been described in Texas by Lochman
(1938a) and Palmer (1954), in Tennessee and Vir-
ginia by Resser (1938a), in Montana by Lochman and
Duncan (1944) and Lochman and Hu (1962), in Wis-
consin by Nelson (1951), in Wyoming by Shaw
(1956), and in Nevada by Palmer (1962b).

The limits of the Aphelaspis zone in the Texas area,
as in the area described in this paper, were intended
for use principally in the area that was studied. Beds
at the base of the Aphelaspis zone in Texas have Chei-
locephalus brevilobus (Walcott), Glaphyraspis ornata
(Lochman), and the brachiopod genus Angulotreta,
as do beds assigned to the upper part of the 4Aphelas-
pis zone in the Great Basin. The trilobites found below
the ranges of (. brevilobus, G. ornata, and Angulo-
treta in the Great Basin apparently characterize an
older Aphelaspis fauna not known to occur in the
interior United States and found elsewhere only in
central Alabama (Palmer, 1962b, p. 9).

The boundary between the Aphelaspis zone and the
overlying post-Aphelaspis (subsequently Dunder-
bergia) zone in Texas cannot be precisely correlated
with a boundary in the Great Basin sequence because
of a lack of common diagnostic species. However, the
presence of Dytremacephalus granulosus Palmer in
the lower beds of the post-Aphelaspis zone indicates
that the beds can probably be correlated with the
lower Dunderbergia zone of the Great Basin, two
zones above the Aphelaspis zone. Thus the Aphelaspis
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zone as recognized in the Great Basin may be more
restricted at the top and include more beds at the
bottom than the Aphelaspis zone in Texas (fig. 3).

In the Great Basin, faunas assignable to the Aphe-
laspis zone are known to occur in 10 areas (fig. 4).
The lower boundary of the zone is drawn at the abrupt
faunal change to underlying beds of the Crepicephalid
biomere. This change can be observed in the following
sections, where faunas of the two biomeres are sep-
arated by the interval cited: McGill (8 in.), Cherry
Creek (3 ft), Snake Range (5 ft), and Yucca Flat
(4 ft). At Cherry Creek the change is associated with
a probable local unconformity (Palmer, 1962b, p. 10).
At McGill the change takes place at the contact be-
tween clean limestones and overlying silty limestones
and siltstones, but there is no evidence at present for
a disconformity. In the Snake Range and at Yucca
Flat, the faunal change takes place within a sequence
of almost identical and apparently conformable lime-
stone beds. Thus the faunal change is not directly
related to a consistent physical change or interruption
in sedimentation, just as in Texas (Palmer, 1954, p.
715), and it must be the result of some widespread
change in the marine environment. The suggestion by
Lochman and Duncan (1944, p. 32) that the change in
environment was a temperature change seems to be the
most reasonable interpretation so far proposed. A
change in temperature of the sea sufficient to bring
about such a drastic change in the marine fauna
throughout much of a continent, however, should
probably be reflected in Cambrian sequences on other
continents. If so, the change in environment could
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F1GURE 3.—Correlation of the Zones of the Pterocephaliid biomere in the Great Basin
with zonation of contemporaneous beds in the central and eastern United States.

represent an important point for intercontinental cor-
relation of Upper Cambrian rocks.

The upper boundary of the Aphelaspis zone in the
Great Basin is drawn at the first appearance of Dican-
thopyge quadrata n. sp., which seems to be a direct
descendant of Aphelaspis hague: (Hall and Whit-
field) by way of Aphelaspis longispina n. sp.
Although A. longispina is known from only two areas,
both 4. haguei and D. quadrata are widespread, and
the zone boundary can be placed with reasonable pre-
cision in most sections between the occurrences of these
two species.

Thirteen species are present in the Aphelaspis zone
(pl. 21). Two of these, A phelaspis brachyphasis Palm-
er and Olenaspella separata Palmer, characterize the
lower subzone. The upper subzone is characterized by
the association of Aphelaspis haguei (Hall and Whit-
field), Olenaspella regularis Palmer, and Aphelaspis
subditus Palmer. The last two species, however, range
into the lower part of the overlying Dicanthopyge
zone, and 4. haguei ranges down into the upper part
of the lower subzone. Four of the rarer species, Terra-
novella brevis n. sp., Blountia bristolensis Resser,
Hardyoides minor Kobayashi, and Aphelaspis longis-
pina n. sp., have been found only in the upper sub-
zone. Listroa towoura Palmer is the only species found
in the Aphelaspis zone that ranges above the lower
part of the overlying Dicanthopyge zone.

DICANTHOPYGE ZONE

The term Dicanthopyge zone is here proposed for the
beds in the Great Basin that lie between the Aphe-
laspis and Prehousia zones and that contain species
of Dicanthopyge n. gen., generally in association with
Tumicephalus depressus n. sp. Dicanthopyge, the
definitive genus, is not known outside the Great Basin.
Beds correlative with the zone, however, may be
present in central Texas if the correlation of the
Aphelaspis zone mentioned in the foregoing section
is correct. In Tennessee, ZTumicephalus tumifrons
(Resser), a species closely related to 7. depressus, is
found at many localities within the sequence of beds
containing A phelaspis. The description of the trilobite
faunas of the Nolichucky Shale now being undertaken
by Franco Rasetti (oral communication, 1963) should
provide information for more precise correlation of
the sequence in the southern Appalachians with that
in the Great Basin.

In the Great Basin, faunas assignable to the Dican-
thopyge zone are known from 14 areas (fig. 5). The
lower boundary of the zone is placed between beds
containing Aphelaspis haguei (Hall and Whitfield)
or A. longispina n. sp. and beds containing their
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descendant, Dicanthopyge quadrata n. sp. The upper
boundary is placed between beds containing Prehousia
prima n. sp., Tumicepholus depressus n. sp., and
Dicanthopyge reductus n. sp. and beds containing
Prehousia indenta n. sp., a species that seems to be
the direct descendant of P. prima.

Thirteen species have been identified in the Dican-
thopyge zone (pl. 21). Seven of these are not known
outside of the zone. The lower subzone is charac-
terized by Dicanthopyge quadrata n. sp., and the upper
subzone is characterized by Dicanthopyge convergens
n. sp., Dicanthopyge reductus n. sp., Dunderbergia
brevispina n. sp., Hardyoides mimicus n. sp., and
Prehousia prima n. sp. Tumicephalus depressus n. Sp.,
which is one of the most common trilobites in the
zone, is found throughout the upper subzone and in
at least the upper part of the lower subzone.

PREHOUSIA ZONE

The term Prehousia zone is here proposed for the
beds containing a generally small fauna that lie above
beds of the Dicanthopyge zone and below beds con-
taining the varied assemblages of the Dunderbergia
zone. Species of Prehousia, in many places occurring
alone or associated with only one or two other trilo-
bites, characterize the beds of this zone. A lower sub-
zone is characterized by Prehousia indenta n. sp., and
an upper subzone is characterized by Prehousia alata
Palmer and Prehousia impolita n. sp. None of the
elements of the Prehousia zone are known outside the
Great Basin, but possibly correlative beds may be
present in central Texas and eastern Tennessee. (See
discussions of Aphelaspis and Dicanthopyge zones).

In the Great Basin, faunas assignable to the Pre-
housia zone are known from 15 areas (fig. 6). The
definitive fossils for the lower boundary of the zone
are Prehousia prima n. sp. and Prehousia indenta n.
sp., discussed in the foregoing section in relation to
the upper boundary of the Dicanthopyge zone. The
upper boundary of the Prehousia zone is placed above
beds that contain Prehousia alata Palmer and P.
impolita n. sp., at a generally marked change in faunal
content from older beds characterized by species of
the Aphelaspindinae and Housiinae to younger beds
characterized by species of the Elviniinae and
Pterocephaliinae.

DUNDERBERGIA ZONE

The name Dunderbergia zone was proposed by
Lochman and Wilson (1958, p. 333) for the interval
formerly called the post-Aphelaspis zone (Palmer,
1954, p. 715) that occupies a position between beds

735-610 O-65—2

of the Aphelaspis and Elvinia zones in central Texas.
Presence of this zone in the Great Basin was also
cited by Lochman and Wilson, but information about
the ranges of species there had not yet been collected;
therefore, details of the content and limits of the zone,
which they felt should come from study of the Great
Basin sequence, were not presented. The considerable
increase in knowledge of the faunas of this interval
since publication of the paper by Lochman and Wilson
can be seen by comparing the trilobite ranges shown
in plate 21 of this paper with the ranges shown in
figure 12 of Lochman and Wilson (1958) which was
compiled before detailed study of the faunas of the
Pterocephaliid biomere in the Great Basin was under-
taken. Much of the fauna of the upper part of the
Dunderbergia zone has recently been described
(Palmer, 1960a).

Beds containing elements of the Dunderbergia zone
are known in the United States, outside of the Great
Basin and central Texas, only from the vicinity of
Frederick, Md. (Rasetti, 1961). In Texas, the upper
boundary cannot be accurately defined because of the
presence of a moderately thick unfossiliferous interval
between beds bearing the Dunderbergia and Elwinia
faunas. The lower boundary in the Texas sections
cannot be accurately correlated with the Great Basin
sequence, because of a lack of sufficient diagnostic
species in common. The presence of Dytremacephalus
granulosus in the lower Dunderbergio zone of both
areas, however, indicates that correlation of the lower
limits of the zone from Texas to the Great Basin
may be approximately correct.

The faunas of the Dunderbergia zone are the most
widespread Cambrian faunas in the Great Basin.
Trilobite assemblages assignable to the zone have been
collected from 84 areas (fig. 7). The lower boundary
of the zone is placed above beds containing Prehousia
alata Palmer and Prehousia impolita n. sp. and below
the point where assemblages characterized by a domi-
nance of trilobites assignable to the Elviniinae and
Pterocephaliinae appear. The upper boundary is
drawn between the last occurrence of ZElburgia
quinnensis (Resser) and the first appearance of its
probable descendant, Elwinia roemer: (Shumard).

A total of 61 species of ptychoparioid trilobites has
been identified in the Dunderbergia zone assemblages
(pl. 21). Forty-seven of these species are known at
present only from this zone. A lower subzone is char-
acterized- particularly by Dunderbergia? anyta (Hall
and Whitfield), Strigambitus transversus n. sp.,
Dytremacephalus granulosus Palmer, and Prehousia
diverta n. sp. among the common species and by six
of the rarer species. An upper subzone is characterized
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by Sémulolenus wilsoni (Henningsmoen)and Elburgia
quinnensis (Resser) among the common species and
by 17 of the less common species. The fauna of the
Dunderbergia zone contains the greatest number of
species in the Pterocephaliid biomere. The number of
species in the older zones of the Pterocphaliid biomere
is noticeably less, and after the peak in the upper
subzone of the Dunderbergia zone, the number of
species gradually reduces before the sudden extinction
of all elements of the biomere at the end of the
Elvinia zone.

ELVINIA ZONE

The name Elvinia zone was first used by Resser
(1933) in a chart showing a proposed zonal sequence
for the American Cambrian. No discussion was given
in his paper as to the content and limits of the zone.
The first reference to the content of the zone was by
Mason (1938), who listed species from the Great
Basin. Many of these species belong actually to the
Dunderbergia zone as here defined. The generic con-
tent of the E7vinia zone and its stratigraphic position
in the American Cambrian were presented by Howell
and others (1944). This fauna has been one of the
most fully described Upper Cambrian faunas in the
United States. Studies have been made of the fauna in
Texas by Bridge (in Bridge and Girty, 1987), Mis-
souri, Texas, Oklahoma, Utah, and Nevada by Resser
(1942b), Oklahoma by Frederickson (1948, 1949),
Texas and Pennsylvania by Wilson (1948, 1949;
1951), Texas and Oklahoma by Wilson and. Frederick-
son (1950), Montana by Lochman (1950), New York
by Fisher and Hanson (1951), Texas by Gaines
(1951), Minnesota by Bell and others (1952), Wyo-
ming by Deland and Shaw (1956), and Nevada by
Palmer (1960).

Trilobites assignable to the Elvina zone have been
collected from 16 areas in the Great Basin (fig. 8).
The lower boundary of the zone is placed at the first
appearance of FKlvinia roemeri (Shumard), which
seems to be the direct descendant of Elburgia quinnen-
sts (Resser), one of the characteristic species of the
upper part of the Dunderbergia zone. The top of the
Elvinia zone is drawn between beds carrying /rving-
ella major Ulrich and Resser and beds immediately
above containing a fauna of ptychoparioid trilobites
almost totally unrelated to any in the Pterocephaliid
biomere. This change in fauna, like the one at the base
of the Pterocephaliid biomere, seems to reflect an eco-
logical change and is unrelated to any consistent sedi-
mentary change or physical hiatus. Close documenta-
tion of this change was made at the following named

sections, in which faunas of the Pterocephaliid bio-
mere and the next younger biomere are separated by
the distances cited: McGill (8 in.), Cherry Creek (3
in.), Yucca Flat (2 ft.), and Eureka (1 ft).

A total of 37 ptychoparioid trilobites has been iden-
tified in the Elvinia zone assemblages in the Great
Basin (pl. 21). Twenty-five of the species are not
known in older or younger beds. A lower subzone is
characterized by Bynumina globosa (Walcott) and
Irvingella angustilimbatus Kobayashi among the more
common species and by eight of the less common
species. An upper subzone is characterized by /rving-
ella flohri Resser, Iddingsia similis (Walcott), Irving-
ella major Ulrich and Resser, Comanichia minus n.
sp., and Simulolenus quadrisulcatus n. sp. among the
more common species and by eight of the less common
species. The upper few feet of the upper subzone has
a distinctive zonule that correlates with the Irvingella
major faunizone of others and that includes nine
species not found in older parts of the subzone. Care-
ful examination of the content and thickness of the
upper Elvina subzone and overlying beds at more
localities in the central Great Basin may give evidence
to show that the upper boundary of the Pterocephaliid
biomere, like the lower boundary, is diachronous.

PHYSICAL STRATIGRAPHY OF THE PTEROCEPHALIID
BIOMERE

A description of the physical stratigraphy of the
Pterocephaliid biomere is a project for the future.
The biostratigraphy presented in this paper provides
a framework upon which physical data can now be
superimposed. The ultimate integration of the physi-
cal and biological data will provide a picture of the
dynamic relationships of the physical environments
existing during the time represented by the Pteroce-
phaliid biomere. A preliminary attempt to integrate
some of this information has already been made (Palm-
er, 1960b) with regard to the area around White
Pine County, Nev. Refinement of the picture pre-
sented for that area is not the purpose of this paper.
Some basic information necessary to further examina-
tion of the regional stratigraphy, however, is compiled
in figure 9 and plates 22 and 23. Figure 9 shows the
correlation of all the named stratigraphic units of the
Great Basin that include beds partly or wholly within
the range of the Pterocephaliid biomere. The age
shown at each formation boundary in figure 9 is the
age of the formation at its type locality or in its type
area.
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EVOLUTION WITHIN THE PTEROCEPHALIID BIOMERE

The evolutionary development of most of the species
of the Pterocephaliid biomere will probably never be
known, but some stratigraphic series containing mor-
phologically similar forms may represent evolutionary
sequences. Several of the better documented probable
evolutionary series are discussed in following para-
graphs and include: Aphelaspis hague: (Hall and
Whitfield) — A. longispina n. sp. - Dicanthopyge

quadrata n. sp. = D. convergens n. sp. — D. reductus
n. sp.; Prehousia prima n. sp. = P. indenta n. sp. — P.
alata Palmer; Elburgia quinnensis (Resser) — El-
vinia roemeri (Shumard) ; Pterocephalia concava Palm-
er — P. sanctisabae Roemer; and, Elviniella laevis
Palmer — Irvingella augustilimbatus Kobayashi — 7.
flohri Resser — 1. major Ulrich and Resser. None of
these series show reversals in morphologic trends at
different localities, even though the rock sequences
indicate frequent significant shifts and repetitions of
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several environments. Thus the alternative possibility
that the series represent superposition of ecologic vari-
ants by progressive ecologic shift has no support.

Some of the more general relationships at the genus
level are reviewed in the appropriate family discus-
sions in the part on “Systematic paleontology” (p.
28).

APHELASPIS HAGUEI (HALL AND WHITFIELD)—

DICANTHOPYGE REDUCTUS N. SP.

Although Aphelaspis haguei is listed as the first
species in the evolutionary series 4. haguei — Dicantho-
pyge reductus n. sp., it may have been derived
from A. brachyphasis Palmer (fig. 11). The thoracic
pleurae of both A. brachyphasis and A. haguei have
short pointed tips. In the section at McGill (pl. 23),
A. brachyphasis has been found in nearly all the fos-
siliferous beds of the lower Aphelaspis subzone. Ho-
laspid specimens of 4. brachyphasis in silicified suites
in the lower part of the subzone vary considerably in
details of pygidial shape, ranging from specimens
having a narrow border to specimens having a rela-
tively wide and slightly concave border (Palmer,
1962b, pl. 4, figs. 6-10). In the upper beds of the sub-
zone, forms having pygidia differing only slightly
from those of forms in the lower beds, which have a
wide border, are associated with forms that have
distinctive cranidia on which the angle between brim
and border is more acute than the angle on the cra-
nidia of A. brachyphasis and that have more pro-
nounced fossulae at the anterolateral corners of the
glabella than the fossulae on the associated specimens
of A. brachyphasis. In addition, on these forms asso-
ciated with 4. drachyphasis in the upper beds of the
subzone, the fixed cheeks are slightly upsloping, the
glabella has a distinct ornamentation of fine pits, and
the surface of the pleural parts of the pygidium is
ornamented by obscure closely spaced fine granules.
These specimens are here assigned to the early part of
the range of A. haguei. On the later forms of A.
haguei, pygidial furrows are more subdued than on
earlier forms, the pleural regions are somewhat less
concave, the axis is somewhat shorter, the cranidia
have more pronounced fossulae at the anterolateral
corners of the glabella, and a border furrow is more
consistently present.

The collections from beds directly overlying the
highest beds containing A. haguei at McGill, Nev., in-
clude a species that has many features in common with
A. haguei. Cranidia of the two species are indistin-
guishable. Both species have a fine pitted ornamenta-
tion on the cranidium and fine closely-spaced granules
on the pleural regions of the pygidium. The species
differ in the structure of the pygidium and the thorax.

The pleural tips of the thoracic segments of the new
species, A. longispina, are long and backswept in con-
trast to the short and laterally directed tips of A.
haguei. The pygidium of A. longispine is distinctly
subquadrate in outline rather than transversely subo-
vate as in A. hagues.

A form having elongate pleural tips on the thoracic
segments but a transversely subovate pygidium is
present in beds at the top of the range of A. haguei in
a partial section in the Highland Range, Nev. This
form is interpreted here as being evolutionally as well
as morphologically transitional between A. hague:
and A. longispina. Because of its pygidial shape, it
is tentatively included within the hypodigm of A4.
haguei.

In both the McGill and Highland Range sections,
the fossiliferous beds directly overlying the beds con-
taining the long-spined populations of Aphelaspis
have a species that differs from A. longispina only by
having posterolateral spines formed on the pygidium.
This species is assigned to a new genus and named Di-
canthopyge quadrate n. sp. Two additional species of
Dicanthopyge are found in succeeding beds at McGill
and differ from D. quadrate only in shape of the
pygidium. The oldest of these is D. convergens n. sp.,
which has distinctly convergent sides of the pygidium
but moderately long posterior spines. The terminal
species is . reductus n. sp., which has an even more
pronounced taper of the pygidial sides making the
pygidium subtriangular and reducing the posterior
spines to short nubs.

D. reductus has no apparent immediate descendants
in the Great Basin. The only possibly related species
belong to Litocephalus, a genus found in the Dunder-
bergia and Elvinia zones. These trilobites have the
well-defined cranidial border and long pleural tips to
the thoracic segments characteristic of Dicanthopyge,
but they have a large pygidium that is transversely
subovate and has a distinct median notch. Inter-
mediate forms will have to be found before an evolu-
tionary relationship between Dicanthropyge and
Litocephalus can be seriously considered.

Parts of the series A. haguei — D. reductus are
known from many areas of the Great Basin, and the
stratigraphic succession of the individual elements
of the series is always the same. This series of forms
is therefore interpreted as a true example of evolution
that can be traced through five successive species and
two genera. The significant evolutionary changes are
in the pleural parts of the thorax and pygidium of
these trilobites. At this point, I cannot overemphasize
the importance of searching for all parts of dissociated
trilobites before attempting identification. For
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Ficureg 10.—Evolutionary relationships of Prehousia. Species ranges are proportional to those given in plate 21.

example, if only the cranidia of these species were
known, more than two “species” probably could not
have been recognized, and these would probably have
been considered congeneric.

PREHOUSIA PRIMA—-PREHOUSIA ALATA

The sequence Prehousia prima — P. alata (fig. 10) is
somewhat more subtle than the sequence of 4 phelaspis
haguei — Dicanthopyge reductus. Prehousia prima,
which is first found in the McGill section in associa-
tion with 2. reductus, could be assigned to Aphelaspis
on the basis of all characteristics except size of the
palpebral lobes. The lobes are distinctly shorter than
the palpebral lobes of any of the Great Basin species
of the Aphelaspidinae.

In strata immediately above beds containing 2.
prima, a second species, P. indenta, is found, which
differs from 2. prima by having slightly narrower
fixed cheeks. A third species, P. alata, which has still
narrower fixed cheeks and, also, smaller palpebral
lobes, is found in higher beds. The pygidia of the
species in this series are much like the pygdium of
Aphelaspis subditus Palmer, but they differ by having
a somewhat wider border of more constant width.

The combined characteristics—narrow fixed cheeks,
small palpebral lobes, and a pygidial border of nearly
constant width—are features of the genus Housio
from the Elvinia zone. Prehousia diverta n. sp. from
the Dunderbergia zone is intermediate both morpho-
logically and stratigraphically between the evolution-
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FIGURE 11.—Evolutionary relationships of Aphelaspis and Dicanthopyge.

ary sequence of P. prima — P. alata and the species
of Housia. Although the details of the whole evolu-
tionary sequence are not available because of lack of
sufficient specimens from critical levels, the striking
morphologic change of width of the fixed cheeks and
size of the palpebral lobes with time is well shown by
the triangular diagram in figure 12.

The great similarity of P. prima to earlier species
of Aphelaspis is evidence for the probable derivation
of the Housiinae from one of the species of the Aphe-
laspidinae, and it is the principal reason for changing
the family Housiidae (Palmer, 1960a, p. 74) to a sub-
family within the Pterocephaliidae.

ELBURGIA INTERMEDIA N. SP.»ELVINIA ROEMERI
(SHUMARD)

Although the series Elburgia intermedia — Elvinia
roemers (fig. 13) is shown as beginning with . inter-
media n. sp., Dunderbergia brevispina n. sp. may be
a still older species in the same lineage. The similari-
ties between Dunderbergia and Elburgia are shown by
the median angulation of the border and border fur-
row on the cranidium, the form of the pygidium, and
the course of the ventral cephalic sutures. Species of
both genera are found throughout the Dunderbergia
zone; so, evidence for any common ancestry must be
found in older beds. The discovery of Dunderbergia
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brevispina in the upper part of the Dicanthopyge zone
provides an important possible link between the
genera. The cranidium of D. brevispina has the prom-
inent convex glabella characteristic of most species of
Dunderbergia. The free cheeks have short genal
spines virtually like those of all the species of Elbur-
gia. Until additional intermediate forms can be found
in the Prehousia zone, however, a direct ancestral rela-
tionship between ). brevispina and a species of Elbur-
gia cannot be demonstrated with certainty.
Evolutionary relationships among the species of
Elburgia are complicated by the fact that the range

of Elburgia granulose (Hall and Whitfield) com-
pletely overlaps that of Z. intermedia n. sp. and over-
laps the lower part of the range of Z. quinnensis (Res-
ser). In general, however, the granular species of
Elburgia are found in older beds than is Z. quinnensis,
which is characterized by a smooth surface. Because
E. intermedia lacks granules on the external surface
of the glabella, and thus is morphologically interme-
diate between £. granulosa and E. quinnensis, and be-
cause its total range is older than the range of £. quin-
nensis, it is here considered to be the probable direct
ancestor of Z. quinnensis.
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FIGURE 13.—Evolutionary relationships of Elburgia. Species ranges are proportional to those given in plate 21.

The differences between Z. quinnensis and Elvinia
roemeri (Shumard) lie entirely in the cranidium and
are indicated principally the presence of an evenly
curved border furrow and a shallow posterior trans-
glabellar furrow of nearly constant depth on Z. roe-
meri. The stratigraphic ranges of these common
species do not overlap, further strengthening the con-
clusion that the younger species, Z. roemert, is a direct
descendant of Z. quinnensis.

PTEROCEPHALIA CONCAVA PALMER—
PTEROCEPHALIA SANCTISABAE ROEMER

Pterocephalia concava (fig. 14) is older than P.
sanctisabae and is found in the middle and lower parts
of the Dunderbergia zone. P. sanctisabae is found in

the upper Dunderbergia zone and throughout the £7-
vinia zone. Holaspid cranidia of the two species that
are longer than 10 mm are nearly indistinguishable,
although P. concava generally has less well formed
glabellar furrows. The large pygidia of P. sanctisabae
differ from those of . concava only by having one or
two additional distinet ring furrows and pleural
ridges. The principal differences between the species
are in the early development of the holaspis (Palmer,
1960a, p. 88). The small holaspis of P. concava has a
short frontal area on the cranidium and a relatively
narrow pygidial border; these characteristics resemble
those of species of Sigmocheilus. During holaspid de-
velopment the cranidial and pygidial borders in-
creased their breadths markedly. In contrast, small
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F1GURE 14.—Evolutionary relationships within Pferocephalia. Species ranges are proportional to those given in plate 21.

holaspids of P. sanctisabae already resemble the large
holaspids. Thus, P. concava seems to be a transitional
species reflecting its Sigmocheilus-like ancestor in the
early holaspid stages and developing a different large
holaspid whose characteristics became stabilized and
were present throughout the holaspid development of
the descendant species, P. sanctisabae.

ELVINIELLA LAEVIS PALMER—IRVINGELLA MAJOR
ULRICH AND RESSER

The series Elviniella laevis — Irvingella major (fig.
15) has been suggested in an earlier paper (Palmer,
1960a, p. 64), but lack of data prevented adequate
documentation of the series. The additional strati-
graphic information collected from the regional study
presented in the present paper seems to confirm the
evolutionary series. A probable ancestor for £lviniella
laevis is not found in the Great Basin region. In the
Dunderbergia zone, however, this species is linked by
two morphologically and stratigraphically interme-
diate species to Zrvingella major at the top of the El-
vinia zone. Irvingella angustilimbatus Kobayashi is
the probable direct descendant of Elwviniella laevis; it

differs by having a parallel-sided rather than ante-
riorly tapered glabella and a shorter more nearly sub-
equally divided frontal area. /. angustilimbatus gave
rise to 7. flohri Resser, which has a still shorter frontal
area that is subdivided into a brim and border only
on meraspid and small holaspid specimens. 7. major
seems to have evolved from /. flohri by the develop-
ment of a more prominent glabella and the movement
of the anterior ends of the palpebral lobes closer to
the axial furrows. /. major does not have any apparent
immediate descendants, and the evolutionary sequence
probably terminates at the top of the Pterocephaliid
biomere.

The foregoing evolutionary sequences are poten-
tially useful for interregional and intercontinental
correlation. Although each species, in theory, may
live on after the appearance of an evolutionary off-
shoot, the first appearance of a species can certainly be
no earlier than the time of its development from an
earlier form. Whereas the first individual or even the
first few generations of newly evolved species can
never be determined in practice, the observed lower
limits of all but the first species in the foregoing series
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FIGURE 15.—Evolutionary relationships of Irvingella.

are probably close to the real lower limits of these
species. Otherwise, examples of association of ancestor
and descendant should occur, but these have generally
not been seen. Also, the observed upper limits of in-
termediate species in a series may be close to the real
upper limits. Thus, the genus /rvingella takes on spe-
cial sratigraphic importance. Species of this genus
have been reported from Australia, South America,
and many localities in Europe and Asia (p.46). Iden-
tification and evaluation of the specimens from these
localities affords the best opportunity presently known
for precise intercontinental correlation of regions that
were widely separated during the Cambrian, particu-
larly if more than one element in the evolutionary
series 1s present.

735-610 O-65—3

Species ranges are proportional to those given in plate 21.

SIGNIFICANCE OF ORNAMENTATION

External surfaces of trilobites of the Pteroce-
phaliid biomere are smooth, pitted, or covered to vary-
ing degrees with one or more sizes of granules. Orna-
mentation is an important criterion for the identifi-
cation of species of most genera of the Elviniidae and
of some other genera. Discussion of the reliability of
ornamentation for population differentiation has been
presented in an earlier paper (Palmer, 1960a, p. 57,
58).

The regional study presented here shows that in
some genera (for example, Dunderbergia, Elburgia,
Litocephalus, Cernuolimbus), species whose principal
identifying characteristics are their ornamentation
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have partly overlapping ranges in time (pl. 21). How-
ever, these species are rarely found in the same col-
lection. If they are found associated, only one spe-
cies is common. These observations seem to indicate
that contemporaneous congeneric species generally did
not inhabit the same local areas.

If the whole trilobite fauna of the Pterocephaliid
biomere is analyzed for stratigraphic distribution of
ornamentation, a striking arrangement of forms hav-
ing and lacking granular ornamentation is apparent.
Whether all the trilobites or only the common species
are included, the faunas below the Dunderbergia zone,
where species lacking granular ornamentation pre-
dominate, contrast with the faunas in and above the
Dunderbergia zone, where species having granular
ornamentation predominate. If the distribution figures
for the common species are broken down to each sub-
zone, the curve constructed to show species having
granular ornamentation indicates, first that less than
20 percent of the granular species occur in the
Aphelaspis zone, and second that the proportion of
granular species increases regularly to a peak of more
than 80 percent of the fauna in the Dunderbergia
zone and then decreases to less than 50 percent of the
fauna at the end of the Zlvinia zone (fig. 16). This
distribution pattern is at least partly due to the fact
that the Aphelaspidinae and Housiinae, which are
the common trilobites in beds of the pre-Dunderbergia
zone, include few species having granular ornamenta-
tion, whereas the Elviniidae and Pterocephaliinae,
which characterize the younger beds, commonly in-
clude species having granular ornamentation. How-
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ever, all the suprageneric taxa involved include
both species having and species lacking granular
ornamentation.

The relative abundance of species having granular
ornamentation in the Dunderbergic zone may result
from parallel evolution in several families in response
to the environmental changes related to the regional
shift towards more calcareous sediments at this time.
Although this change might explain the distribution
pattern outlined in figure 16, it provides only a
partial explanation for the contemporaneous exist-
ence of congeneric ornamented species that seem to
have mutually exclusive geographic distributions.

If the trilobites were naturally gregarious, and a
species traveled in swarms, perhaps local abundance
of particular ornamented species merely indicates tem-
porary and random population peaks. Their distri-
bution pattern, however, may be related to special
local and as yet unresolved microenvironments. If
such special conditions existed, then the strata affected
by microenvironments might be recognized by
their characteristic ornamented species; this relation-
ship would be very useful in making a bed-by-bed
petrographic-paleontologic analysis of paleoecology.
Such a paleoecological analysis, however, is the sub-
ject for a separate study that must take into consid-
eration not only the trilobites described here but also
the agnostid trilobites, the linguloid, acrotretid, and
orthoid brachiopods, and the echinoderms, conodonts,
algae, sponges, molluscs, and burrowing soft-bodied
organisms that formed a part of the animal
communities.
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FIGURE 16,.—Changes in percentage of common species having granular ornamentation during the time of the Pterocephaliid biomere.
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KEY TO THE PTYCHOPARIOID TRILOBITES OF THE
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The following key is designed as an aid to the
idnetification of the trilobites described in this paper.
Although it may also aid in identification of trilobites
at the generic level in other contemporaneous faunas,
its purpose is parochial. Because of the necesssarily
subjective nature of many of the characteristics used
in the key, all final determinations of a species identi-
fication will require reference to illustrations and
descriptive text.

The key is constructed principally on the basis of
cranidial features, and pygidial features are cited
only where absolutely necessary for final discrimina-
tion of species having nearly indistinguishable
cranidia. Statements about details of ornamentation
refer to textural features of the external surface of
the exoskeleton, which are visible on many specimens
only after whitening with MgO or NH,CIL. All pro-
portions cited were determined from measurement
under a microscope containing a scale having divisions
of at least one-fifth millimeter. Particular dimensions
were measured as straight-line distances between fur-
rows or from margins to furrows in the following
manner:

Dimension

Sagittal length of border.____

Description of measurement

From anterior eranidial margin
to middle of border furrow.

From middle of border furrow to
middle of preglabellar furrow.

Sagittal length of frontal area. From anterior cranidial margin

to middle of preglabellar fur-
row.

Sagittal length of glabella.__. From middle of preglabellar fur-
row to middle of oceipital fur-
row.

On line between midlengths of
palpebral lobes, from middle of
palpebral furrow to middle of
axial furrow.

Between midpoints of axial fur-
rows across widest part of
glabella just anterior to occipi-
tal furrow.

If sagittal distance from pre-
glabellar furrow to line con-
necting anterior ends of palpe-
bral lobes is about two-thirds
or less of sagittal distance from
occipital furrow to line con-
necting posterior ends of palpe-

Sagittal length of brim______

Width of fixed cheeks_______

Basal glabellar width________

Distinct anterior position of
palpebral lobes.

bral lobes.
Move to key
number
Key No. and characteristic indicated

1. a. Frontal area on cranidium either convex and not divided
or lacks indication of brim in front of glabella______ 9
b. Brim on craniduim indicated in front of glabella_.___ 2
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10.

11,

12.

13.

14.

15.

16.

17.

18.

® TP T T

o

Move to key
number

Key No. end characteristic indicated

. Posterior glabellar furrows connected across midline of

glabella_ - - __ o __.__ 13

. Posterior glabellar furrows not connected across midline

of glabella. . __ ... 3

. Cranidial border distinctly concave (Pterocephaliinae)_50
. Cranidial border not distinctly concave______________ 4
. Glabella has at least one pair of moderately deep lat-

eral glabellar furrows_ __________________________ 15

. Glabella has lateral furrows generally shallow, poorly

formed, or absent._____ __________________________ 5

. Palpebral lobes distinctly anterior to glabellar mid-

. Palpebral lobes about opposite or posterior to glabella

midlength_ _ _ ____ .. 6

. Cranidial border defined by distinct border furrow of

approximately constant depth__.______________.__ 31

. Cranidial border defined by change in slope or by poorly

defined shallow border furrow.__ _ ... _________ 7

. Sagittal length of border equal to or greater than length

. Sagittal length of border less than length of brim_____ 40
. Sagittal length of frontal area more than one-half length

of glabella__________ Listroa toxoura Palmer (pl. 11).

. Sagittal length of frontal area less than one-half length

of glabella_ ___ . _________________ Minupeltis—114

. At least one pair of deep lateral glabellar furrows

present e 45

. Lateral glabellar furrows only slightly apparent_____ 10
. Glabella well defined by axial furrows___.__________ 11
. Glabella poorly defined by axial furrows____________ 12
. Distinet border furrow present.______ Oligometopus—>56
. No distinet border furrow__________ Chetlocephalus—>57
. Sagittal length of frontal area more than one-fourth

length of glabella_Bynumina globosa (Walcott) (pl. 18).

. Sagittal length of frontal area less than one-fourth

length of glabella.
Pseudokingstonia exotica Palmer (pl. 1).

. Sides of glabella subparallel, at least in posterior half.

Irvingella angustilimbatus Kobayashi (pl. 6).

. Sides of glabella convergent forward______.____.____ 14
. Ocular ridges directed slightly anterolaterally towards

ends of palpebral lobes__ Elviniella laevis Palmer (pl. 7).

. Ocular ridges directed straight laterally or slightly

posterolaterally to ends of palpebral lobes_ Elvinia—61

. Palpebral lobes distinctly anterior to glabellar mid-

. Palpebral lobes about opposite or posterior to glabellar

midlength . _ _ _____ .. 16

. Width of fixed cheeks distinctly less than one-fourth

basal glabellar width_____________ . ___________ 17

. Width of fixed cheeks one-fourth or more basal glabellar

. Sagittal length of border greater than length of brim.

Comanchia minus Palmer (pl. 19).

. Sagittal length of border less than length of brim.

Stenambon—62

. Anterior border has long anteriorly directed projection.

Dokimocephalus pernasuta (Walcott) (pl. 3).

. Anterior border lacks long anterior projection...__.. 19
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,
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Move to key
number

Key No. and characteristic indicated

. Anterior border furrow has distinct anteriorly directed

median angulation.____________________________ 20

. Anterior border furrow nearly evenly curved in plan

view . 21

. Second pair of glabellar furrows nearly as deep as pos-

terior glabellar furrows.___.____________ Elburgio—64

. Second pair of glabellar furrows distinctly shallower than

posterior glabellar furrows_________ Dunderbergio—73

- Glabella nearly subparallel sided and squarely truncate

atfront___________________________ Erizanium—~63

. Glabella either distinctly tapered forward or rounded at

front .. 22

. Palpebral lobes small, poorly defined, having length less

than one-third sagittal length of glabella.
Glaphyraspis ornata (Lochman) (pl. 7).

. Palpebral lobes large, well defined, having length more

than one-third sagittal glabellar length___________ 23

. Fixed cheeks nearly horizontal.

Pseudosaratogia leptogranulata Palmer (pl. 2).

- Fized cheeks distinctly upsloping; palpebral lobes dis-

tinetly posterior to glabellar midlength.
Iddingsia—66

- Fixed cheeks distinctly upsloping; palpebral lobes about

opposite glabellar midlength
Kindbladia affinis (Walcott) (pl. 3).

. Palpebral lobes well defined by palpebral furrows.

Morosa—81

. Palpebral lobes poorly defined by palpebral furrows._25
. Axial furrows at sides of glabella noticeably downsloping

anterior to palpebral lobes, in side view; brim steeply
downsloping, nearly flat, wider than nearly horizontal
border_ ______________________________ Housio—82

. Axial furrows at sides of glabella not noticeably down-

sloping anterior to palpebral lobes_ . _____________ 26

. Axial furrows at sides of glabella noticeably concave

between palpebral lobes in dorsal view.
Parahousia—83

. Axial furrows at sides of glabella not noticeably con-

CaAvVe 27

. Brim has distinct median swelling.

Tumicephalus depressus Palmer (pl. 13).

. Brim lacks median swelling_______________________ 28
. Occipital furrow not apparent.

Blountia bristolensis Resser (pl. 1).

. Occipital furrow apparent________________________ 29
. Width of fixed cheek about one-half basal glabellar

width; glabella barely tapered forward, very rounded
atfront__________________________ Hardyoides—115

. Width of fixed cheek generally less than one-half basal

glabellar width; glabella either distinctly tapered
forward or bluntly rounded at front_____________ 30

- Basal glabellar width slightly greater than glabellar

length; if width equals length, sagittal length of cranid-
ium less than 4 mm_____________ Aphelctoron—84

- Basal glabellar width slightly less than glabellar length;

if width equals length, sagittal length of cranidium
generally exceeds 4 mm___________ Prehousia—=69

- Anterior margin of eranidium distinctly pointed.

Morosa extensa Palmer (pl. 20).

- Anterior margin of cranidium rounded_____________ 32
. Fixed cheeks strongly upsloping_ - Anechocephalus—89
. Fixed cheeks nearly horizontal or only slightly upslop-

g e 33

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.
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Mopve to key
number

Key No. and characteristic indicated

. Border furrow on cranidium has indication of slight to

moderate median angulation that is pointed for-
Ward _ . o e Dunderbergia—73

. Border furrow lacks indication of median angulation

that is pointed forward_________________________ 34

. Sagittal length of border greater than that of brim.

Taenora expansa Palmer (pl.11).

. Sagittal length of border less than that of brim_.___ 35

Anterior end of glabella strongly rounded; junetion
between axial and preglabellar furrows unmarked.
Apachia—80

. Anterior end of glabella bluntly rounded; distinct

anterolateral corners or shallow to deep anterolateral

fossulae apparent__________________________._.___ 36
External surface of cranidium strongly pitted_._____ 37

. External surface of cranidium smooth, faintly pitted

or granular. _ _ ______ . .__ 38

. Border very convex in sagittal profile,

Dell~a? punctata Palmer (pl.3).

. Border flat or unevenly convex in sagittal profile.

Prehoustia prima Palmer (pl. 13).

. Pygidium has one or two pairs of border spines_._.._. 43
. Pygidium lacks border spines_ . . . _____________.__. 39

Pygidium has distinet posterior median notch.
Litocephalus—92

. Pygidium lacks notch in posterior margin._________ 44
. External surface of cranidium smooth or pitted._..__ 41

External surface of cranidium has strong granular
ornamentation.
Pseudosaratogia abnormis Palmer (pl. 2).
Pygidium has one pair of marginal spines.
Dicanthopyge—95

. Pygidium lacks marginal spines___________________ 42
. Pygidium has median swelling behind axis.

Erizantum? brachyaxis Palmer (pl. 17).

. Pygidium lacks median swelling behind axis.

Aphelaspis—97

. Pygidial margin between border spines curved forward.

Dicanthopyge—95

. Pygidial margin between border spines curved backward.

Olenaspella—90

. Lateral border of free cheek moderately convex; cranidial

length less than 6 mm.
Bromella veritas Palmer (pl. 18).

. Lateral border of free cheek nearly flat; cranidial length

may exceed 6 mm_________________._ Aphelaspis—97

. Posterior furrows on glabella connected across top

Irvingella—59

. Posterior furrows on glabella curved, not connected

across top._--_____ Terranovella brevis Palmer (pl. 7).

. Occipital ring has prominent oceipital spine.

Xenocheilos granulosus Palmer (pl. 7).

. Occipital ring lacks prominent occipital spine..__._._. 47
. Glabellar sides moderately to strongly convergent

. Glabellar sides subparallel, bowed, or only slightly

convergent forward. .. ___._____._ 49

. Sagittal length of border less than length of brim.

Dytremacephalus—101

. Sagittal length of border equal to or greater than length

of brim._ .. Aphelotoxon—84



49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
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Move to key
number
Key No. and characteristic indicated

. Sagittal length of frontal area more than one-sixth
length of glabella_________________ Simulolenus—102
. Sagittal length of frontal area less than one-sixth length
of glabella_____ Aciculolenus peculiaris Palmer (pl. 7).

. Border tapered laterally to sharp point.
Cernuolimbus depressus Palmer (pl. 14).

. Border not tapered to sharp point laterally_________ 51
. Cranidial border well defined_.____________________ 52
. Cranidial border poorly defined.___________.__.______ 54

. Palpebral lobes poorly defined by palpebral furrow.
Strigambitus? blepharina Palmer (pl. 16).
. Palpebral lobes well defined by palpebral furrow____. 53
. Border furrow generally shallow; junction of facial
suture with anterior margin not distinctly angular.
Sigmochetlus—104
. Either border furrow deep and narrow, or junction of
facial sutures with anterior margin distinctly angular.
Cernuolimbus—107

. Cranidium has well-defined granular ornamentation on

brim._ . _ . __. Strigambitus—110
. Cranidium has subdued or absent granular ornamenta-
tion on brim__ _ ... 55

. External surface of cranidium finely pitted.

Pterocephalia? punctata Palmer (pl. 17).
. External surface of cranidium not pitted.
Pterocephalia—112

. Width of fixed cheeks about one-half basal glabellar

width; granular ornamentation well-defined.
Oligometopus breviceps (Walcott) (pl. 1).
. Width of fixed cheeks one-third or less basal glabellar
width; granular ornamentation barely apparent.
Oligometopus contractus Palmer (pl. 1).
. Frontal area short—length about one-ninth that of
glabella including oceipital ring; anterior margin
convex, has zone of terrace lines about half sagittal
length of frontal area_ . Cheilocephalus brachyops (pl. 1).
. Frontal area nearly flat—length more than one-eighth
that of glabella including ocecipital ring____________ 58
. External surfaces of all parts nearly smooth.
Cheilocephalus brevilobus (Walcott) (pl. 1).
. External surfaces of all parts covered with closely
spaced granules; zone of terrace lines on anterior
margin narrow.
Chetlocephalus granulosus Palmer (pl. 1).
. Width of fixed cheek about two-thirds basal glabellar
width___________ Irvingella transversa Palmer (pl. 6).

b. Width of fixed cheek one-half or less basal glabellar

- Distance between palpebral furrows on line tangent to

front of glabella slightly greater than basal glabellar
width; transverse and longitudinal convexity of
glabella moderate; second glabellar furrows generally
not apparent__ _____ - - Irvingella flohri Resser (pl. 6).
. Distance between palpebral furrows on line tangent to
front of glabella slightly less than basal glabellar
width; transverse and longitudinal convexity of glabella
great; second pair of glabellar furrows generally
distinct, especially on molds.
Irvingella major Ulrich and Resser (pl. 6).

. Surface of cranidium smooth; sagittal length of border

distinetly less than length of brim.
Elvinia roemer: (Shumard) (pl. 3).

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

. External
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Move to key
number

Key No. and characteristic indicated

b. Surface of cranidium covered with low coarse granules;

sagittal length of border about equal to length of brim
Elvinia granulata Resser (pl. 3).

. External surface obscurely ornamented; pygidium has

broad, shallow median notch; axis has three distinet
ring furrows behind articulating furrow.
Stenambon paucigranulus Palmer (pl. 11).

. External surface conspicuously ornamented with close-

spaced granules; pygidium has moderately deep
median notch; axis has four distinet ring furrows
posterior to articulating furrow,

Stenambon megagranulus (pl. 11).

. Cranidial border defined by distinet shallow border

furrow; axis of pygidium has two or three ring furrows;
postaxial part of pygidium has distinct carina
Erizanum carinatum Palmer (pl. 17).

. Cranidial border defined principally by change in slope;

axis of pygidium has five or six ring furrows; postaxial
part of pygidium lacks carina.
Erizantum multisegmentus Palmer (pl. 17).

. Glabella has prominent external granular ornamenta-

tion. Elburgia granulosa (Hall and Whitfield) (pl. 5).

. Glabella lacks external granular ornamntation_._.__. 65
. Brim has distinet coarse granular ornamentation on

external surface___ Elbw gia intermedia Palmer (pl. 6).

. Granular ornamentation lacking or only barely visible

on lateral parts of brim.
Elburgia quinnensis (Resser) (pl. 6).

. Sagittal length of border on cranidium distinctly less

than length of brim; surface of mold has granules on
top of glabella and fixed cheeks; lateral and posterior
border furrows on free cheek joined.

Iddingsia intermedia Palmer (pl. 2).

. Sagittal length of border on cranidium equal to or slightly

more than sagittal length of brim; surface of mold
smooth; lateral and posterior border furrows on free
cheek not conneeted - - . ________________.______ 67

. External surface of cranidium smooth.

Iddingsia utahensis Resser (pl. 2).
surface of cranidium partly or wholly
granular_ . _ . _____. 68

. Brim and border smooth or have very fine granular

ornamentation; distinet contrast between ornament
on glabella and that on frontal area.
Iddingsia similis (Walcott) (pl. 2).

. Brim and border have distinet granular ornamentation.

Iddingsia robusta (Walcott) (pl. 2).

. Length of palpebral lobe on cranidium generally about

one-half length of glabella.
Prehousia semicircularis Palmer (pl. 12).

. Length of palpebral lobe on cranidium generally about

one-third or less length of glabella______________ 70

. Sagittal profile of frontal area smoothly coneave;

frontal area lacks definite border furrow.
Prehousia diverta Palmer (pl. 12).

. Frontal area has distinct border furrow; border flat

or gently convex__ . __ - 71

. Width of fixed cheeks on larger holaspids (length >4

mm) more than 12 percent of sum of length of glabella,
width of fixed cheek, and length of palpebral lobe,
surface has moderately distinet pits.

Prehousia indenta Palmer (pl. 13).
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72. a.

73. a.

74. a.

75. a.

76. a.

77. a.

78. a.

79. a.

TRILOBITES OF THE PTEROCEPHALIID BIOMERE, GREAT BASIN

Move to key
number
indicated

Width of fixed cheeks on larger holaspids generally less
than 12 percent of sum of length of glabella, width
of fixed cheek, and length of palpebral lobe; surface
smooth, faintly pitted, or roughened______________ 72

Pygidium has poorly defined pleural furrows; posterior
margin unevenly curved; width of axis nearly one-
third width of pygidium; surface generally smooth
or faintly pitted.__.__ Prehousia alata Palmer (pl. 13).

Key No. and characteristic

. Pygidium has three distinet pleural furrows extending

across pleural field onto inner part of slightly concave
border; posterior margin evenly rounded; width of
axis about one-fourth width of pygidium; surface
generally faintly roughened.
Prehousia impolita Palmer (pl. 13).
External surfaces of cranidium and free cheek generally
smooth; pygidium has fine granular ornamentation
on axis and border only.
Dunderbergia nitide (Hall and Whitfield) (pl. 4).

. External surface of cranidium ornamented partly or

wholly with either pits or granules; pygidium partly or
wholly ornamented with closely spaced granules..__74
External surfaces of cranidium and free cheek coarsely
pitted—particularly top of glabella and border
regions. - .- . Dunderbergia polybothra Palmer (pl. 4).

. External surface of cranidium partly or wholly granu-

Cranidial relief low; anterolateral corners of brim
generally only downsloping; free cheek has long
slender genal spine; length of spine about three
times length of posterior section of facial suture.

Dunderbergia anyta (Hall and Whitfield) (pl. 4).

. Cranidial relief moderate to great;.anterolateral corners

of brimm generally depressed; free cheek has short
slender genal spine; length of spine about equal to or
shorter than length of posterior section of facial
SUbUTe - - e eeeeeas 76
Ornamentation of cranidium generally consists only of

scattered moderately prominent coarse granules.
Dunderbergia variagranula Palmer (pl. 5).

. Ornamentation of cranidium consists either of mixture of

closely spaced fine granules and scattered coarse
granules or of closely spaced fine granules only____77
Cranidial ornamentation consists dominantly of closely

spaced fine granules on all parts.
Dunderbergia calculosa Palmer (pl. 5).

. Cranidial ornamentation consists of both closely spaced

fine granules and scattered coarse granules________ 78
Closely spaced fine granules on cranidium generally ap-
parent only on border, also on top of glabella and
palpebral lobes of some specimens; coarse scattered
granules most apparent on brim; free cheek has genal
spine whose length is about equal to length of posteiior

section of facial suture.
Dunderbergia bigranulosa Palmer (pl. 4).

. Closely spaced granules and scattered coarse granules

mixed on all parts of cranidium; free cheek has genal

spine whose length is about one-half length of posterior
section of facial suture.

Dunderbergia brevispina Palmer (pl. 5).

Border of cranidium differentiated from brim only by

distinet break in slope; length of border less than one-

half length of brim.
Pseudosaratogia abnormis Palmer (pl. 2).

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Move to key
number

Key No. and characleristie indicated

. Border of cranidium differentiated from brim by shallow

border furrow; length of border about one-half length
of brim.
Pseudosaratogia leptogranulata Palmer (pl. 2).

. Frontal area subequally divided; back of glabella rises

distinetly from occipital furrow.
Apachia butlerensis (Frederickson) (pl. 3).

. Sagittal length of brim about twice that of border; back

of glabella does not rise distinctly from ocecipital
furrow__ ... ________ Apachia prima Palmer (pl. 3).

. Length of genal spine about equal to length of posterior

section of facial suture; terrace lines only on outer
edge of border of pygidium.
Morosa brevispina Palmer (pl. 20).

. Length of genal spine about twice length of posterior

section of facial suture; entire border of pygidium gen-
erally covered with terrace lines.
Morosa longispina Palmer (pl. 20).

. Free cheek has long genal spine; sagittal length of pygid-

ium about two-thirds width.
Housta ovata Palmer (pl. 12).

. Free cheek lacks genal spine; sagittal length of pygidium

about one-half width.
Housta varro (Walcott) (pl. 12).

. Sagittal length of border of cranidium nearly twice that

of brim; external surface has coarse pitted ornamen-
tation____.._.__Parahousia constricta Palmer (pl. 12).

. Sagittal length of border of cranidium only slightly

greater than length of brim; external surface not
distinetly pitted.
Parahousia subequalis Palmer (pl. 12).

. Occipital ring has short median spine.

Aphelotoxon spinosus Palmer (pl. 19).

. Occipital ring lacks spine. - .o oo __ 85
. Anterior margin distinetly acuminate; glabella poorly

defined.....__ Aphelotozon acuminata Palmer (pl. 19).

. Anterior margin gently curved; glabella moderately well

defined . - - .- o emeemeeemeo 86

. External surface of cranidium coarsely pitted; fixed

cheeks moderately convex; sagittal length of border
distinctly greater than that of brim.
Aphelotoxon punctata Palmer (pl. 19).

. External surface generally either smooth or granular;

fixed cheeks flat or gently convex; frontal area sub-
equally divided._ .. a-. 87

. Width of fixed cheek nearly one-half basal glabellar

width. __.____ Aphelotoron marginata Palmer (pl. 19).

. Width of fixed cheek about one-third basal glabellar

. External surface covered with closely spaced fine

granules_ _ ___ Aphelotozon granulosus Palmer (pl. 19).

. External surface smooth.

Aphelotoxon limbata Palmer (pl. 19).

. Sagittal length of frontal area of cranidium less than one-

third glabellar length; pygidium lacks posterolate -al
spines___Anechocephalus trigranulatus Palmer (pl. 20).

. Sagittal length of frontal area of eranidium between one-

third and one-half length of glabella; pygidium has
pair of posterolateral spines.
Anechocephalus spinosus Palmer (pl. 20).



90.

91.

92.

93.

94.

95.

96.

97.

98.

KEY TO THE PTYCHOPARIOID TRILOBITES OF THE

a.

. Sides

Move to key
number
indicated

Axis of pygidium has two ring furrows posterior to
articulating furrow; border has two pairs of evenly
spaced spines, each connected by low ridge to posterior
band of adjacent pleural segment.

Olenaspella paucisegmenta Palmer (pl. 10).

Key No. and characteristic

. Axis of pygidium has three or more ring furrows posterior

to articulating furrow; border has one to three pairs of
border spines.._ . _ e ___._ 91

. First pleural segment of pygidium has well-formed

border spines; other border spines, if present, placed
near anterolateral spines.
Olenaspella separata Palmer (pl. 10).

. First and second pleural segments of pygidium have

well-formed border spines, approximately equally
spaced along posterior margin; third pair of spines,
if present, placed close to and adaxially from spine of
second pleural segment; each spine connected by low
ridge to posterior band of adjacent pleural segment.
Olenaspella regularis Palmer (pl. 10).
External surface of cranidial border smooth; top of
pygidial axis smooth; posterior median notch short.
Litocephalus bilobatus (Hall and Whitfield) (p. 11).

. External surface of cranidial border and pygidial axis

ornamented with either fine closely spaced granules
or coarse granules. _ _ _ . ___ . __ . ___.____._.__ 93
Cranidial border has scattered coarse granules; pygidial
axis has pairs of granules on each of first four segments.
Litocephalus verruculapeza Palmer (pl. 11).

. Cranidial border has fine closely spaced granular

ornamentation_ _ - _____________________________ 94
Granular ornamentation on cranidium confined to
border; posterior median noteh on pygidium short.

Litocephalus granul omarginatus Palmer (pl. 10).

. Fine granular ornamentation present on most areas of

cranidium, particularly on top of glabella; pygidium
has long, slender median notch.
Litocephalus magnus Palmer (pl. 10).
Pygidium subquadrate, sides subparallel; external sur-
faces of pleural regions of pygidium, genal spines, and
tips of thoracic segments generally covered with fine
granules_______ Dicanthopyge quadrata Palmer (pl. 9).
of pygidium conspicuously convergent pos-
teriorly._ - e 96
Posterior border spines moderately long; surfaces of all
parts of exoskeleton have shallow closely spaced pits.
Dicanthopyge convergens Palmer (pl. 9).

. Posterior border spines short, close together; surfaces

of pleural regions of pygidium and genal spines
roughened._._ . _Dicanthopyge reductus Palmer (pl.10).

. Pygidium subquadrate; posterior margin has slight

median inbend; tips of thoracic segments long, slender,
backswept._____Aphelaspis longispina Palmer (pl. 9).

. Pygidium transversely subovate; tips of thoracic seg-

ments short, sharp-pointed_._____________________ 98

. Border of pygidium narrow, only slightly expanded

laterally; pleural fields crossed by three or four shallow
pleural furrows; border of cranidium narrow, well
defined by border furrow; eye ridges distinct, directed
laterally at right angles to axial line; genal spine on
free cheek more than twice as long as posterior section
of facial suture__Aphelaspis butisi (Kobayashi) (pl. 8).
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98.

99.

100.

101.

102.

103.

104.

105.

Move to key
number

Key No. and characteristic indicated

. Border of pygidium moderately expanded laterally;

pleural fields crossed by only one or two distinet
pleural furrows; genal spine on free cheek less than
twice as long as posterior section of facial suture___99

. Fixed cheeks on cranidium slightly upsloping; antero-

lateral fossulae generally well formed; brim moderately
to strongly convex, making distinct angle with border;
sagittal length of border only slightly less than length
of brim; external surface generally distinetly pitted;
pleural fields on pygidium crossed by one or two
moderately well defined pleural furrows; border gen-
erally slightly concave.

Aphelaspis haguei (Hall and Whitfield) (pl. 9).

. Fixed cheeks on cranidium nearly horizontal; antero-

lateral fossulae poorly defined; sagittal length of
border between one-half and three-fourths length of
brim; surface generally smooth; pleural furrows on
pygidium generally shallow____________________ 100

. Cranidium has distinct border furrow; palpebral furrow

moderately well defined; free cheek has slender genal
spine; pygidium has two or three ring furrows gen-
erally apparent behind articulating furrow; only one
pleural furrow generally apparent.

Aphelaspis subditus Palmer (pl. 8).

. Border furrow and palpebral furrow on cranidium very

slightly apparent; free cheek has short broad-based
genal spine; pygidium has one or two distinet ring
furrows generally apparent behind articulating fur-
row; two pleural furrows generally apparent.
Aphelaspis brachyphasis Palmer (pl. 8).

. Palpebral lobes on cranidium placed slightly anterior

to glabellar midlength; external surface of cranidium
covered with closely spaced granules.
Dytremacephalus granulosus Palmer (pl. 18).

. Palpebral lobes on cranidium opposite or slightly anterior

to glabellar midlength; distinet granular ornamenta-
tion on cranidium confined to top of glabella.
Dytremacephalus asperazxis (pl. 18).

. Sagittal length of frontal area about one-fourth glabellar

length; pygidium has two distinct furrows posterior
to articulating furrow and two distinct pleural furrows.
Simulolenus quadrisulcatus (pl. 8).

. Sagittal length of frontal area more than one-fourth

glabellar length; pygidium has one ring furrow
posterior to articulating furrow and one pleural
fOrTOW - - o e eeceemmemem 103

. External surface smooth; ring furrow on pygidium

poorly defined.
Simulolenus wilsoni (Henningsmoen) (pl. 8).

. External surface finely granular; ring furrow on pygidium

distinet__ ... Simulolenus granulatus (Palmer) (pl. 8).

. Pygidium has border spines; length of cranidial border

generally less than twice length of brim___..____ 105

. Pygidium lacks border spines; length of cranidial border

generally more than twice length of brim________ 106

. Pygidial border spines very short; margin of pygidium

very slightly scalloped; cranidial brim strongly convex
in sagittal profile; external surface of glabella covered
with closely spaced coarse granules.

Sigmocheilus pogonipensis (Resser) (pl. 15).
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107.

108.

109.

110.

111.

112.

113.

114.

115.

. Pygidium transversely
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Move to key
number

Key No. and characteristic indicated

. Pygidial border spines well defined; five or six short

broad-based pairs of spines present; cranidial brim
gently convex in sagiltal profile; external surface of
glabella has very slight fine granular ornamentation.

Sigmocheilus flabellifer (Hall and Whitfield) (pl. 15).

. Border of pygidium flared laterally; posterior margin

gently rounded, slight median inbend present in some
specimens; line connecting points of greatest width
passes slightly posterior to end of axis.

Stgmocheilus grata (Resser) (pl. 15).

. Border of pygidium not flared laterally; posterior margin

bluntly pointed on axial line; line connecting points
of greatest width passes over end of axis.
Sigmocheilus notha (Resser) (pl. 15).

. External surface of cranidium distinctly pitted.

Cernuolimbus orygmatos Palmer (pl. 14)

. ‘External surface of cranidium partly or wholly gran-

. Sagittal length of cranidial border about 115 times length

of brim__Cernuolimbus semigranulosus Palmer (pl. 14).

. Sagittal length of cranidial border equal to or less than

than length of brim___________________________ 109

. Cranidial border has granular ornamentation.

Cernuolimbus granulosus Palmer (pl. 14).

. Cranidial border smooth.

Cernoulimbus laevifrons Palmer (pl. 14).
subovate; posterior margin
gently convex backward; axis has three well defined
ring furrows posterior to articulating furrow.
Strigambitus transversus Palmer (pl. 16)

. Pygidium subquadrate; posterior margin has distinct

median inbend; axis generally has only two distinct
ring furrows posterior to articulating furrow._____ 111

. Pleural fields and axis of pygidium coarsely granular;

median notch only moderately developed.
Stringambitus utahensis (Resser) (pl. 16).

. Pleural fields of pygidium generally nearly smooth;

granular ornamentation faint on large specimens;
median notch generally deep.
Strigambitus bilobus Palmer (pl. 16)

. Pygidium elongate, subquadrate.

Pterocephalia elongata Palmer (pl. 17).

. Pygidium subovate_ . ___________________________ 113
. Pygidium has six or more ring furrows posterior to

articulating furrow; four or five distinct pleural
ridges generally present.
Pterocephalia sanctisabae Roemer (pl. 17).

. Pygidium has four or five distinct ring furrows posterior

to articulating furrow; two or three distinct pleural
ridges generally present.
Pterocephalia concava Palmer (pl. 17).

. Anterior end of glabella clearly defined by preglabellar

furrow________ Minupeltis definita Palmer (pl. 18).

. Anterior end of glabella not clearly defined by pre-

glabellar furrow.
Minupeltis conservator Palmer (pl. 18).

. Oceipital spine present.

Hardyoides mimicus Palmer (pl. 7).

. Occipital spine absent.

Hardyoides minor Kobayashi (pl. 7).

SYSTEMATIC PALEONTOLOGY

The descriptions on the following pages are
arranged alphabetically by family, subfamily within
the family, genus within the family or subfamily, and
species within the genus. Genera not clearly assigned
to families or subfamilies are arranged alphabetically
under “Unassigned trilobites” (p. 77), following -the
last of the described trilobites having a family assign-
ment. A diagnosis or description is provided for each
species and for most supraspecific taxa. Lack of dis-
cussion of a suprageneric taxon indicates acceptance
of this taxon as it is constituted in part O of the
“Treatise on Invertebrate Paleontology,” (Harrington
and others, 1959). The descriptive terms used here
are defined or illustrated in the Treatise on pages 42,
44, 46, 47 and 117-126.

All described specimens are preserved in limestone
and show little evidence of diagenetic flattening.
Nearly all deformation of specimens resulted from late
Paleozoic or younger tectonic activity. Silicification
of the exoskeleton is found in specimens from some
collections, although the quality of surface detail has
been lost on many specimens. All descriptions refer to
features of the external surface of the exoskeleton
unless specifically stated otherwise.

Statements in the section on occurrence given with
each species description are a subjective appraisal of
the relative abundance of the species in the faunal
assemblages in which it is found. Geographic fre-
quency of occurrence is summarized in plate 21, in
which the solid bars represent the occurrence of
species known from four or more of the localities in
figure 1, and the open bars represent the occurrence
of species known from three or fewer of these localities.

The probability that a named fossil species approxi-
mates a neontologic species is directly related to the
frequency of occurrence and abundance of specimens
assigned to it. Species indicated to be common or
moderately common are generally represented by
enough material so that new discoveries will probably
not materially alter their concept or content. Species
indicated to be rare or moderately rare may have
their concept or content significantly changed by new
discoveries.

Family ASAPHISCIDAE Raymond
Subfamily BLOUNTIINAE Lochman
Genus BLOUNTIA Walcott

Blountia Walcott, 1916, p. 396; Shimer and Shrock, 1944, p.
619; Palmer, 1954, p. 721; 1962b, p. 22; Howell, 1959,
p. 292.

Homodictya Raymond, 1937, p. 1114; Rasetti, 1946, p. 454;
Shaw, 1952, p. 473; Howell, 1959, p. 292.

Stenocombus Raymond, 1937, p. 1106.
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Blountia bristolensis Resser
Plate 1, figures 1, 2, 4

Blountia bristolensis Resser, 1938a, p. 65, pl. 12, fig. 24 ; Palmer,
1962b, p. 22, pl. 3, figs. 33, 34.

Maryvillia bristolensis Resser, 1938a, p. 87, pl. 12, fig. 38.

Marzﬁil;ig hybride Resser (part), 1942b, p. T1, plL 13, figs.

Blountia wmizonensis Lochman, 1944, p. 43, pl. 4, figs. 7-12;
Palmer, 1954, p. 722, pl. 79, fig. 4.

Diagnosis.—Anterior margin of cranidium evenly
rounded. Width of fixed cheek about one-third basal
glabellar width. Sagittal length of border slightly
greater than length of brim. Free cheek narrow.
Genal spine very short and sharp pointed. Pygidium
subsemicircular in outline. Border furrow moderately
well defined at anterolateral margin, becoming shal-
low towards rear, interrupted by poorly defined end
of axis, which barely extends onto border.

Discussion—This species is distinguished from
other species in the genus by the form of the border
furrow on the pygidium, which becomes shallower
towards the rear and seems to be interrupted by the
end of the axis. The specimens from Nevada and
Utah do not seem to differ significantly from speci-
mens in the Aphelaspis zone in Tennessee.

Occurrence. Rare, Aphelaspis zone: House Range, Utah;
Highland Range and Yucca Flat, Nev.

Family CHEILOCEPHALIDAE Shaw

Diagnosis—Subisopygous ptychoparioid trilobites
having an unfurrowed glabella slightly tapered for-
ward, reaching to border furrow or to short undivided
frontal area. Palpebral lobes generally situated
slightly anterior to glabellar midlength. Posterior
limbs moderately broad exsagittally, bluntly pointed.
Pygidium has moderately broad border of nearly con-
stant breadth. Axis reaching to inner edge of bor-
der; length greater than width; width equal to or
less than greatest width of pleural region.

Discussion.—Besides Cheilocephalus, the genera
Pseudokingstonia n. gen. and Oligometopus Resser
are here assigned to this formerly monotypic family.
None of the species are common elements of the faunas,
and their assignments to one family may only reflect a
superficial similarity. Pseudokingstonia is probably
correctly assigned, however, because, in addition to
the characters in the diagnosis, it has the peculiar
geniculation of the posterior limbs of the cranidium
and the distally expanded band of the first pygidial
segment typical of Cheilocephalus. The assignment
of Oligometopus is less certain and is based princi-

pally on the presence of the large anteriorly tapered
glabella that reaches to the border furrow.

Genus CHEILOCEPHALUS Berkey

Cheilocephalus Berkey, 1898, p. 289; Palmer, 1954, p. 757;
Lochman, 1959, p. 312,

Pseudolisania Kobayashi, 1935, p. 162; Shimer and Shrock,
1944, p. 621.

Type species—Cheilocephalus st. croizensis Berkey,
1898, p. 290, pl. 17, fig. 1; pl. 20, figs. 7, 8; pl. 21, fig. 19.

Diagnosis.—Moderately large trilobites (maximum
probable length about 80 mm) having cranidium sub-
trapezoidal in outline. Glabella large, low, tapered
forward, and bluntly rounded at front and reaches
more than five-sixths cranidial length. Occipital ring
well defined, has low poorly defined median node.
Frontal area short sagittally and flat or slightly con-
cave; it has poorly defined narrow border. Fixed
cheeks narrow, downsloping; width, including pal-
pebral lobes, one-third or less than one-third basal
glabellar width. Palpebral lobes small, poorly de-
fined, situated opposite anterior third of glabella. Eye
ridges short and commonly mark abrupt change in
slope between fixed cheek and frontal area. Posterior
limbs large, subtriangular in outline; exsagittal
length slightly more than one-half length of gabella.
Posterior margin generally has distinct “shoulder”
about at transverse midlength of limb. Posterior bor-
der furrow shallow, curved forward distally on some
specimens.

Pygidium subsemicircular in outline. Axis promi-
nent, tapers posteriorly to rounded poorly defined tip
at inner edge of border; five or more shallow ring
furrows generally apparent posterior to articulating
furrow. Pleural regions divided by narrow border
furrow into gently convex pleural fields and moder-
ately broad concave border of nearly constant width.
First pleural furrow well defined extends nearly
across border and outlines broad distally expanded
anterior band of first pleural segment. Remaining
pleural and interpleural furrows generally shallow,
close spaced ; anterior furrows may extend onto border.

External surfaces of all parts are either smooth or
have granular ornamentation.

Discussion—This is a rare but distinctive genus
found throughout the Pterocephaliid biomere. The
small anteriorly placed palpebral lobes, narrow fixed
cheeks, short frontal area, and large posterior limbs
that generally have marginal “shoulders” distinguish
the cranidia from those of all other trilobites in the
fauna. The broad concave border of nearly constant
width and the distally expanded anterior band of
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the first pleural segment are the most distinctive
features of the pygidium.

Specifically identifiable specimens referable to
Cheilocephalus are present in more than a dozen col-
lections from the Pterocephaliid biomere in the Great
Basin; they occur in rocks ranging from the upper
part of the Aphelaspis zone to the lower part of the
Elvinia zone. The species, as recognized, seem to be
long-ranging and of limited value for precise dating
within the Pterocephaliid biomere.

Lochman (1953, p. 887) suppressed Bernicella
Frederickson as a synonym of Cheilocephalus without
any explanation. Although Frederickson * (1949, p.
347) suggested the possibility that the type species of
Bernicella, B. minuta, might be an immature
Chetlocephalus, he pointed out several valid and useful
distinguishing characteristics. ~ Cranidia of (.
brachyops n. sp. that are smaller than the cranidia
of Bernicella minute are almost like those of large
Cheilocephalus cranidia. (See pl. 1, fig. 14.) The
distinctions between cranidia of Bernicelle and of
Cheilocephalus pointed out by Frederickson, there-
fore, are not immature features, and Bernicella is
here considered to be a genus separate from
Cheilocephalus  but probably synonymous with
Oligometopus (p.31).

Cheilocephalus brachyops n. sp.
Plate 1, figures 12-15, 17

Cheilocephalus spp., Palmer, 1960a, p. 94, pl. 10, figs. 13, 14.

Diagnosis—Cranidium has short frontal area;
marginal part convex, forms poorly defined border;
sagittal length about one-ninth that of glabella,
including occipital ring. Anterior margin has zone of
terrace lines about one-half sagittal length of frontal
area. Fixed cheeks narrow; width slightly less than
one-third basal glabellar width. External surface of
cranidium has closely-spaced granular ornamentation
—most apparent on glabella and fixed cheeks posterior
to eye ridges.

Outer part of concave border of pygidium nearly
horizontal. Tops of axial rings and surface of pleural

- fields have low scattered poorly defined granules.

Discussion.—The short convex marginal part of the
frontal area distinguishes this species from the other
species of Cheilocephalus in the Great Basin. It differs
from C. buttsi Resser, which occurs in the Ore Hill
Limestone Member of the Gatesburg Formation in
Pennsylvania, principally in having relatively broader
fixed cheeks.

The pleural region on the right side of a large
aberrant pygidium from USGS collection 2563-CO

from Shingle Pass, Nev., (pl. 1, fig. 15) is only about
two-thirds the width of the pleural region on the left.
The margin of the pygidium is complete and the
border is present, evidence indicating that the specimen
was not broken and healed.

Occurrence. Moderately rare, lower part of Elvinia zone:
Eureka, Shingle Pass, Snake Range, and Ash Meadows, Nev.;
House Range, Utah. Rare, upper part of Prehousia zone:
Shingle Pass, Nev.

Cheilocephalus brevilobus (Walcott)
Plate 1, figures 9-11

Lisania? breviloba Walcott, 1916, p. 404, pl. 66, figs. 3, 3c.

Pseudolisania breviloba (Walcott). Kobayashi, 1935, p. 162;
Resser, 1938a, p. 96, pl. 16, fig. 17.

Pseudolisania raaschi Lochman, 1938a, p. 77, pl. 18, figs. 25-34.

Pseudolisania texana Lochman, 1938a, p. 80, pl. 18, figs. 35-38.

Cheilocephalus breviloba (Walcott). Palmer, 1954, p. 759, pl.
88, figs. 14.

Diagnosis.—Frontal area of cranidium relatively
broad, nearly flat; sagittal length about one-sixth that
of glabella including occipital ring. Width of fixed
cheek including palpebral lobe about one-third basal
glabellar width.

Lateral part of concave border of pygidium nearly
horizontal; breadth of pygidium about equal to
greatest breadth of pleural field.

Surfaces of all parts generally smooth. Fixed
cheeks rarely have scattered granules.

Discussion.—This species is distinguished from all
others in the genus except €. ménutus Palmer and C.
omega (Lochman and Hu) by its nearly smooth sur-
face. It differs from €. minutus and O. omega by
having a relatively broader and less downsloping
pygidial border and differs further from C. omega by
having a less sagittally convex cranidium; better
definition of the axial furrows on the cranidium, and
better definition of both axial and ring furrows on the
pygidium.

Lochman’s assignment of C. omega to Maryvillia
and the accompanying attempt to justify it are not
supported by any significant morphological features.
Her specimens have the “elbows” on the posterior
limbs of the cranidium and the distal expansions of
the anterior band of the first pleural segment of the
pygidium that are characteristic of Cheilocephalus,
as are the glabellar shape, structure of the frontal
area and posterior limbs, and position of the palpebral
lobes. Only in the shallowness of the furrows on the
outer surface of the exoskeleton do these specimens
have even a superficial resemblance to Marywillia.
They differ most importantly from Maryvillia by
lacking a separately identifiable brim, a characteristic
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of at least generic value. The collection described by
Lochman and Hu seems to be one of the uncommon
examples of two congeneric species, C. omega and C.
granulosus, occurring together.

Occurrence. Rare, Aphelaspis zone: Shingle Pass and

Snake Range, Nev.; (?) upper part of Elvinia zone: Cherry
Creek, Nev.

Cheilocephalus granulosus n. sp.
Plate 1, figures 6-8

Cheilocephalus sp., Palmer, 1962b, p. 27, pl. 3, figs. 30, 31.
Cheilocephalus brevilobus Lochman and Hu, 1962, p. 436, pl. 69,
figs. 1-24.

Diagnosis—Frontal area moderately broad, nearly
flat; sagittal length between one-sixth and one-eighth
length of glabella, including occipital ring. Anterior
margin has narrow zone of terrace lines. Width of
fixed cheeks including palpebral lobes about one-third
basal glabellar width.

Outer part of concave border of pygidium nearly
horizontal. Breadth of border about equal to great-
est breadth of pleural field.

External surfaces of all parts, except over areas of
muscle attachment on glabella, covered with fine
closely spaced granules.

Discussion.—This species is intermediate in strati-
graphic position between the older form C. brevilobus
and the younger species C. brachyops. It differs from
C. brevilobus principally by having a granular orna-
mentation and from C. brachyops by having a broader
frontal area and a narrower marginal zone of terrace
lines on the cranidium and granular ornamentation
on the border of.the pygidium.

The distinctive granular ornamentation of this spe-
cies is also found on all the specimens identified as
Cheilocephalus brevilobus by Lochman and Hu (1962)
that have the exoskeleton preserved. Their species,
therefore, is not conspecific with Walcott’s specimen
of C. brevilobus, which has a characteristically smooth
external surface, but it is more probably conspecific
with the forms described here as €. granulosus n. sp.

Occurrence. Rare, Dicanthopyge zone: Cherry Creek and
Shingle Pass, Nev.; Dunderbergia zone: Highland Peak, Nev.

Genus OLIGOMETOPUS Resser

Oligometopus Resser, 1936, p. 28; Palmer, 1960a, p. 100.
Bernicella Frederickson, 1949, p. 347.

Type species—Ptychoparia (Solenopleura?l) brevi-
ceps Walcott, 1884, p. 49, pl. 10, fig. 9.

Description—Small Cheilocephalidae probably not
exceeding 15 mm in total length. Only cranidium
known. Glabella prominent, moderately convex trans-

versely and longitudinally, well defined by deep axial
furrows, tapered forward; sides straight or slightly
bowed outward, strongly rounded in front, reaching
to border furrow. Glabellar furrows very slightly
apparent. Occipital furrow deep, straight. Occipital
ring has low, broad median node near occipital fur-
row. Frontal area consists only of narrow prominent
convex, gently curved to nearly straight border hav-
ing a strongly depressed outer part; sagittal length
about one-eighth or less that of glabella. Fixed
cheeks moderately convex, downsloping; width be-
tween one-fourth and one-half basal glabellar width.
Palpebral lobes moderately well defined, depressed
below surface of cheek, situated opposite or slightly
anterior to glabellar midlength; length between one-
third and one-half length of glabella. Posterior limbs
short, bluntly terminated, have deep, straight border
furrow; transverse length less than basal glabellar
width.

Course of anterior section of facial suture slightly
convergent forward from palpebral lobe to border fur-
row and curved across border to cut anterior margin
near anterolateral corners of cranidium. Ventral
course not known. Course of posterior section convex.

External surfaces of all parts except border have
moderately coarse low granules. Border has well-
defined terrace lines.

Discussion—Species of this genus differ from others
in the Cheilocephalidae particularly by having a
prominent convex glabella, moderately broad fixed
cheeks, a border clearly defined laterally, and a nearly
vertical anterior margin. Bernicelle (Frederickson,
1949, p. 347) seems to share these features with
Oligometopus and is here considered a synonym of
that genus rather than of Cheilocephalus, as stated by
Lochman (1953a, p. 887). Only the holotype of
Bernicella minuta, the type species, seems referable to
Oligometopus. The figured paratype (Frederickson,
1949, pl. 68, fig. 16) is from a different collection and
may be an immature specimen of a species of Cheilo-
cephalus. (Compare with C. brachyops, pl. 1 fig. 14.)

Oligometopus contractus n. sp.

Plate 1, figure 5

Diagnosis.—Fixed cheeks relatively narrow; width
about one-third or less than one-third glabellar width.
Palpebral lobes situated slightly anterior to glabellar
midlength. Granular ornamentation subdued, barely
apparent, even on whitened specimens.

Discussion—This species has significantly narrower
fixed cheeks and considerably less well-developed gran-
ular ornamentation than either O. breviceps (Walcott)
or O. minutus (Frederickson).
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Occurrence. Rare, upper part of Dunderbergia zone:
Shingle Pass, Nev.; lower part of Elvinia zone: Snake Range,
Nev.

Oligometopus breviceps (Walcott)

Plate 1, figure 3

Ptychoparia (Solenopleura?) breviceps Walcott, 1884, p. 49,
pl. 10, fig. 9.

Stenelymus breviceps (Walcott). Raymond, 1937, p. 1101.

Oligometopus breviceps (Walcott). Resser, 1936, p. 29 ; Palmer,
1960a, p. 100, pl. 10, figs. 19, 20.

Diagnosis—Cranidium has moderately broad con-
vex fixed cheeks; width about one-half basal glabellar
width. Palpebral lobes situated about opposite
glabellar midlength. External surface has moderately
coarse well-defined granular ornamentation.

Discussion.—This species is most like 0. minutus
(Frederickson), differing principally by having more
convex and less downsloping fixed cheeks, more pos-
teriorly placed palpebral lobes, and a posterior border
furrow more nearly at right angles to the axial line.

Occurrence. Rare, lower part of Elvina zone, Eureka, Nev.

Genus PSEUDOKINGSTONIA n. gen.

Type species—Pseudokingstonia exotica n. sp.

Diagnosis—Cheilocephalidae  having cranidium
moderately to strongly convex transversely and longi-
tudinally, gently rounded at front. Glabella slightly
tapered forward, clearly defined only at sides by
change in slope from glabella to slightly downsloping
fixed cheeks; front poorly defined, reaching to border.
Occipital ring smooth, not differentiated from
glabella. Border narrow, low, composed of several
transverse terrace lines raised above surface of ante-
rior margin of cranidium. Fixed checks gently con-
vex; width, including palpebral lobe, about one-third
basal glabellar width. Palpebral lobes not differen-
tiated from fixed cheek, situated opposite anterior third
of glabella. Posterior limb subtriangular in outline;
transverse width slightly less than basal glabellar
width. Posterior border furrow broad, shallow, sub-
parallel to posterior margin. Posterior edge of limb
marked by distinct angulation or “shoulder” about
midway between tip of limb and axial furrow.

Pygidium subsemicircular in outline; all features on
external surfaces barely visible. Axis raised slightly
above gently convex pleural fields, tapered posteriorly,
reaching to inner edge of border; width less than
greatest width of pleural region. Border moderately
wide, barely differentiated from pleural fields, mod-
erately convex, outer edge depressed. First pleural
furrow apparent only across border, barely outlining

thickened distal part of anterior band of first pleural
segment.

Free cheeks and ventral features not known. Exter-
nal surfaces of all known parts smooth.

Discussion.—This genus is proposed for small nearly
featureless trilobites in the Zlvinia zone that super-
ficially resemble the much older genus Kingstonia
but differ in several important respects that show a
more probable relationship to Cheilocephalus. The
cranidium has a poorly defined glabella, narrow
terrace-lined border, and small anteriorly placed pal-
pebral lobes and the pygidium has a downturned mar-
gin; all these features conform to the general concept
of Kingstonia. However, the glabella reaches to the
inner edge of the border, the posterior border furrow
is subparallel to the posterior margin, and the pos-
terior margin has distinct “shoulders.” Also, the
anterior band of the first pleural segment of the py-
gidium seems to be thickened distally, and the py-
gidium has a relatively wide border. These features
are not typical of Kingstonia and, together with the
narrow fixed cheeks and anterior position of the pal-
pebral lobes, are characteristic of COheilocephalus.
Because of these morphologic characteristics, Pseudo-
kingstonia is here recognized as a nearly smooth genus
within the Cheilocephalidae.

Pseudokingstonia exotica n. sp.

Plate 1, figures 16, 18, 19

Diagnosis—This species is the only one known at
present for the genus, and its characteristics are those
of the genus.

Occurrence. Rare, Elvinia zone: House Range, Utah;

Cherry Creek and Schell Creek Range, Nev.

Family ELVINIIDAE Kobayashi

Diagnosis—Micropygous ptychoparioid trilobites
having a prominent generally well defined glabella;
border and doublure on cranidium generally narrow,
of nearly constant width, subcircular in cross section
except in some Dokimocephalinae having a border that
is broad and flat, or modified into uniisual shapes.
Border and doublure of pygidium generally narrow,
of nearly constant width. Axis prominent, generally
having four or fewer segments; tip of axis connected
to border by short, broad, poorly defined postaxial
ridge. Many species have well-formed granular
ornamentation.

Discussion.—This family includes here what may
superficially seem to be a heterogeneous assortment of
10 dubiously related genera (pls. 2-7) : Dunderbergia,
Elburgia, Elvinia, Eliniella, Irvingella, Apachia,
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Dokimocephalus, Iddingsia, Kindbladia, and Pseudo-
saratogia. These genera are listed among six families
and four superfamilies in part O of the “Treatise on
Invertebrate Paleontology” (Harrington and others,
1959). They are grouped here in one family and two
subfamilies because of similarities in morphology that
suggest possible genetic relationship. The possibility
of such a relationship is strengthened by a similar
temporal and spatial distribution within a biomere that
afforded a continuum of environmental complexes on
the western shelf of the North American continent;
during the time of occurrence, interrelation could
have logically occurred among the genera.

Interpretation of the degree of relationship of
genera is still highly subjective with regard to
Cambrian trilobites and may never be resolved to the
satisfaction of all paleontologists. The scheme pre-
sented here seems to be the most reasonable at the
present time for presenting the relationship of the
Upper Cambrian trilobite genera under consideration.
The differences between this scheme and that of the
Treatise reflects what is perhaps the greatest deficiency
in the classification of many of the Cambrian trilobites
in that book—that is, the apparent reliance almost
entirely on morphologic similarity at the generic level
and little or no regard for spatial and temporal dis-
tribution of the forms. Thus, morphologic similarities
that may indicate real genetic relationships cannot be
distinguished from morphologic similarities resulting
from convergence or happenstance.

If only the end members of lineages are looked at,
little reason for grouping, for example, Dokimoce-
phalus (pl. 3, fig. 18) and Irvingella (pl. 6, figs. 7-24)
in the same family can be seen. However, by following
the history of evolution and relationships of these
genera to other trilobites backward in time, a reason-
able case for their relationship can be made. Dokimo-
cephalus differs from /ddingsia principally by modifi-
cation of the cranidial border. /ddingsia has the
posterior pair of lateral glabellar furrows commonly
longer, more distinct, and more posteriorly directed
than the other pairs. The glabellar structure in the
oldest named species of /ddingsia, I. intermedia n.
sp. (pl. 2, figs. 5, 7, 8), is not greatly different from
the glabellar structure of the older species of Dunder-
bergia, D. brevispina n. sp. (pl. 5, figs. 11, 15) and D.
caloulosa (pl. 5, figs. 6, 8). Thus, a reasonable chain
of morphologic features connects Dunderbergia with
Dokimocephalus through Iddingsia. Dunderbergia
differs from Elburgia principally by lacking well
defined glabellar furrows. Both Dunderbergia and
Elburgia have an anteriorly directed angulation of
the border furrow as does Elwiniella, and Elviniella
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is the probable ancestor of /rvingella. The pygidium
of Irvingella is structurally little different from that
of Dunderbergia. Thus, a real relationship seems to
exist between Dunderbergia and Irvingella and,
therefore, also between Irvingelle and Dokimoceph-
alus. Pseudosaratogia is related to Dokimocephalus
and /ddingsia through the glabellar structure, as is
Apachia, and Apachia has a probable common ances-
tor with Kindbladia (p. 34). Elvinia is the probable
descendant of Elburgia (p. 17).

The heterogeneous assortment of genera of the
Elviniidae, therefore may represent a group of trilo-
bites logically related on the basis of stratigraphy,
morphology, and biology.

Subfamily DOKIMOCEPHALINAE Kobayashi

Diagnosis—Elviniidae having glabella generally
strongly rounded at front, posterior glabellar furrows
generally well defined, directed obliquely backward.

Genus APACHIA Frederickson

Apachia Frederickson, 1949, p. 346.

Type species—Apachia trigonis Frederickson, 1949,
p. 346, pl. 70, figs. 14-17.

Diagnosis—Small Dokimocephalinae, total length
probably not exceeding 20 mm. Glabella prominent,
strongly convex to conical transversely, moderately to
strongly convex longitudinally, tapered forward,
strongly rounded anteriorly, well defined by axial and
preglabellar furrows. Glabellar furrows shallow or
absent; posterior pair if present inclined strongly
backward. Frontal area short; length between one-
third and one-half that of glabella. Brim downsloping
or depressed ; sagittal length slightly greater than that
of strongly convex border. Border furrow deep, nar-
row, gently to strongly curved in plan view. Fixed
cheeks narrow, gently convex, horizontal or slightly
upsloping; width between one-third and one-fourth
basal glabellar width. Palpebral lobes narrow, well de-
fined by gently curved palpebral furrow, situated
about opposite glabellar midlength. Posterior limbs
slender, tapered to point.

Course of anterior section of facial suture nearly
straight forward or slightly outward from palpebral
lobe to border furrow, then turned inward across
border to cut anterior margin about opposite antero-
lateral corners of glabella. Course of posterior section,
divergent and sinuous.

Border of free check narrower than ocular platform.
Lateral and posterior border furrows joined at genal
angle. Genal spine short; length less than length of
posterior section of facial suture.
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Pygidium subsemicircular. Axis broad, moderately
elevated, poorly defined at sides, merged posteriorly
with short broad ridge; axis reaches nearly to inner
edge of narrow well-defined border of nearly constant
width. One or two ring furrows present posterior to
articulating furrow. Pleural fields have no furrows
apparent posterior to articulating furrow.

Discussion.—The concept of this genus is here
broadened to include 4. prima n. sp. and Dellea but-
lerensis Frederckson (1949, p. 851), which differ from
the type species and from A. convewa Deland and
Shaw (1956, p. 546) by having a strongly convex
rather than conical glabellar cross section and a more
curved border furrow in plan view.

The oldest species of the genus, A. prima, shows
many similarities to Aindbladia and differs princi-
pally in lacking distinct glabella furrows and up-
sloping fixed cheeks. The two genera seem to have had
a common ancestry.

Apachia butlerensis (Frederickson)
Plate 3, figures 10, 13

Dellea butlerensis Frederickson, 1949, p. 351, pl. 69, figs. 16-18.

Diagnosis—Cranidium has a very convex glabellar
cross section. Posterior part of glabella rises steeply
above occipital furrow. Length of border on frontal
area slightly less than length of brim. Border furrow
strongly bowed forward in plan view. External sur-
face covered with closely spaced fine granules.

Other parts not known.

Discussion.—This species is most like A. prima n.
sp. and differs by having a more nearly subequally
divided frontal area and by having the posterior part
of the glabella distinctly rising above the occipital
furrow. The convex rather than conical cross section
of the glabella distinguishes A. butlerensis from the
other described species of the genus.

Occurrence. Rare, Elvinia zone : Shingle Pass, McGill, and
Mount Hamilton (?), Nev.

Apachia prima n. sp.

Plate 3, figures 5-7

?Dellea butlerensis Wilson [not Frederickson], 1951, p. 639,
pl. 91, figs. 1-3, 11.

Diagnosis.—Cranidium has strongly convex glabel-
lar cross section. Posterior part of glabella does not
rise steeply from occipital furrow. Sagittal length of
brim on frontal area about twice length of border.
Border furrow bowed forward abruptly in plan view.
Free check and pygidium, as described for genus.

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

Discussion.—This species is most like A. butlerensis
(Frederickson). It differs by having a relatively
longer brim and by not having the posterior part of
the glabella rising steeply from the occipital furrow.
It also resembles species of Kindbladia but lacks the
distinet glabellar furrows and upsloping fixed cheeks
of species of that genus.

The specimens illustrated by Wilson (1951) as
Dellea butlerensis Frederickson seem to have the rela-
tively long brim and the lower posterior part of the
glabella characteristic of 4. primae rather than of A.
butlerensis (Frederickson).

Occurrence. Moderately rare, upper part of Dunderbergia
zone : McGill, Bastian Peak, and Ash Meadows, Nev.

Genus DOKIMOCEPHALUS Walcott

Dokimocephalus Walcott, 1924, p. 55; 1925, p. 83; Shimer and
Shrock, 1944, p. 623; Frederickson, 1948, p. 800; Wilson,
1949, p. 36; Lochman, 1959, p. 281; Palmer, 1960a, p. 95.

Type species.—Ptychoparia? pernasutus Walcott,
1884, p. 49, pl. 10, figs. 8, 8a-b.

Diagnosis—Dokimocephalinae having a large gla-
bella well defined by axial and preglabellar furrows.
Posterior pair of glabellar furrows generally deep,
nearly straight, posterolaterally directed; second pair
may be present. Occipital ring has median node or
spine. Frontal area has narrow brim and broad bor-
der variously modified into pointed, spatulate, or lin-
guiform shape; sagittal length of border more than
four times that of brim. Fixed cheeks narrow, flat
to moderately convex, upsloping; width less than one-
half basal glabellar width. Palpebral lobes strongly
arcuate, well defined by palpebral furrows, situated
opposite posterior third of glabella. Posterior limbs
tapered laterally to point.

Lateral and posterior border furrows on free cheeks
deep, not joined, merged with base of genal spine.
Genal spine moderately long, directed posterolater-
ally at slight angle to margin of cheek.

Outline of pygidium transversely subovate. Axis
prominent, short; length about two-thirds that of
pygidium; two or three ring furrows visible behind
articulating furrow. Pleural fields crossed by two or
three shallow pleural furrows. Border not clearly dif-
ferentiated from pleural field.

External surfaces of glabella, fixed cheeks, ocular
platform of free cheeks, and tops of axial rings of
pygidium have coarse granular ornamentation. Brim
and border of cranidium, border and genal spine of
free cheek, and pleural regions of pygidium smooth



SYSTEMATIC PALEONTOLOGY ' 35

or granular. Molds of all parts have granular orna-
mentation similar to that on external surface.

Discussion—The most distinctive feature of mem-
bers of this genus is the structure of the cranidial
border. A secondary feature of value in distinguish-
ing imperfectly preserved cranidia from those of con-
temporaneous species of /ddingsia is the nature of the
ornamentation of the mold. On all the younger spe-
cies of /ddingsia the mold is smooth, whereas on all
species of Dokimocephalus the mold has a granular
ornamentation similar to that on the external surface.

Both Frederickson (1948) and Wilson (1949)
emphasized the presence of an occipital spine as a
generic feature. They were apparently unaware of
the lack of an occipital spine in the type species, D.
pernasutus.

Dokimocephalus pernasutus (Walcott)

Plate 3, figure 18

Ptychoparia? pernasutus Walcott, 1884, p. 49, pl. 10, figs. 8,
8a-b.
Dokimocephalus pernasutus (Walcott). Walcott, 1924, p. 55,
pl. 11, tig. 1; 1925, p. 84, pl. 16, figs. 29-31; Palmer, 1960a,
p. 95, pl. 11, figs. 18, 20.
Dokimocephalus gregori Walcott, 1925, p. 84, pl. 16, figs. 32-33;
Shimer and Shrock, 1944, pl. 264, figs. 38-39.
Diagnosis—Border of cranidium forms a pointed
snout having concave sides and a tip curved down at
end. Sagittal length of border four to five times that
of brim. Fixed cheeks moderately convex, slightly up-
sloping. External surface of glabella and fixed cheeks
covered with coarse scattered granules. Surfaces of
brim, border, and posterior limbs smooth.
Discussion.—Discovery of an excellently preserved
cranidium of this species in southern Nevada shows
that the suspected synonymy of D. gregori from
Missouri with D. pernasutus (Palmer, 1960a) was
correct. The specimens do not differ significantly in
any observable feature. Besides the obvious character
of the pointed snout, this species differs from others
in the genus by having a somewhat broader brim,
more convex fixed cheeks, and a lack of ornamenta-
tion of the frontal area.

Occurrence. Rare, lower part of Elvinia zone: Eureka
Snake Range, and Yucca Flat, Nev.

’

Genus IDDINGSIA Walcott

Iddingsia Walcott, 1924, p. 58; 1925, p. 97; Shimer and Shrock,
1944, p. 627; Bell and others, 1952, p. 184 ; Lochman, 1959,
p- 282; Palmer, 1960a, p. 95.

Type species—Ptychoparia similis Walcott, 1884,
p- 52, pl. 10, fig. 10.

Diagnosis—Dokimocephalinae in which glabella has
one or two well-defined glabellar furrows; posterior
pair generally deep, arcuate. Frontal area slightly
expanded anteriorly, divided into distinct brim and
border by border furrow that generally has slight
median angulation. Length of brim two-thirds to
nearly twice that of border. Fixed cheek generally
upsloping, narrow ; palpebral lobes well defined, arcu-
ate, situated slightly posterior to glabellar midlength;
eye ridges generally distinct, directed posterolaterally
from axial furrow. Posterior limbs short, slender,
tapered to sharp point.

Free cheek has deep lateral and posterior border
furrows and long posterolaterally directed cylindrical
genal spine making slight angle with lateral border
of cheek.

Pygidium transverse subtriangular to subovate.
Axis prominent, slightly tapered, has two to four
shallow ring furrows; axis reaches to or nearly to
inner edge of poorly defined narrow border that is
nearly absent on axial line.

Discussion—Iddingsia is distinguished from the
other genera in the subfamily by its relatively narrow
unmodified cranidial border and generally large gla-
bella. TIts species content has been discussed in
an earlier paper (Palmer, 1960a, p. 96). The state-
ment at that time that the frontal area is “subequally
divided into brim and border” must be modified. A
new species, /. intermedia, the oldest presently recog-
nized in the genus, has a border distinctly narrower
than the brim and a frontal area more like that of
Dunderbergia, from which it was probably derived.

The cranidial ornamentation of the three principal
species, /. intermedia, I. robusta (Walcott), and /.
similis (Walcott), seems to show evolutionary change.
1. intermedia has a coarse granular external orna-
mentation on all parts, but the surface of the mold is
granular only on the glabella and fixed cheeks; 1.
robusta, the next younger species, has a granular
external ornamentation similar to that of 7. inter-
media, but the surface of the mold is smooth; /. simi-
lis, the youngest species, has a granular ornamentation
on the external surfaces of the glabella and fixed
cheeks only, and the surface of the mold is smooth.
I. utahensis Resser would seem to be the natural ter-
minal species in this series with respect to evolution
of ornamentation, both because it has a smooth exter-
nal surface and because its mold has a smooth surface.
However at McGill, Nev., in the one collection where
it has been recognized in stratigraphic context, it is
found a few feet below a bed containing 7. similis.
More data about the details of distribution of the
relatively rare younger species of Iddingsia will be
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needed to properly evaluate the significance of this
occurrence.

Iddingsia intermedia n. sp.

Plate 2, figures 5-8

Diagnosis—Glabella well defined across front by
preglabellar furrow; posterior glabellar furrow bi-
geniculate; second pair of glabellar furrows shallow;
third pair apparent only on mold. Border relatively
narrow, well defined by moderately deep border fur-
row; length about two-thirds that of brim. External
surfaces of all parts except furrows have low closely-
spaced coarse granules. Surface of mold has distinct
granules only on top of glabella and fixed cheeks; a
few scattered coarse granules occur on brim of some
specimens.

A free cheek possibly belonging to this species is
virtually like that of Dunderbergza nitida (Hall and
Whitfield).

Pygidium has two distinet ring furrows posterior to
articulating furrow. Pleural fields crossed by two
shallow pleural furrows. Border concave, not clearly
separated from pleural fields. Edge of border and
tops of axial rings have low closely-spaced granules.
Scattered coarse granules also present on tops of
axial rings and on pleural fields.

Discussion.—The relatively narrow border and the
granular cranidial mold distinguish this species from
others presently assigned to the genus. It is the oldest
species of /ddingsiac known. The structure of the
frontal area emphasizes the relationships of this genus
to Dunderbergia.

Occurrence. Moderately rare, upper part of Dunderbergia

zone and lowest part of Elvinie zone: McGill, Bastian Peak,
Snake Range, and Schell Creek Range, Nev.

Iddingsia robusta (Walcott)
Plate 2, figures 10, 11

Ptychoparia similis robustus Walcott, 1884, p. 53, pl. 1, figs. 9,
9a.

Iddingsia robusta (Walcott). Walcott, 1925, p. 97, pl. 16, figs.
10-11; Palmer, 1960a, p. 96. pl. 11, figs. 13-16.
Iddingsia nevadensis Resser, 1942b, p. 85, pl. 16, figs. 15-17.

Diagnosis—Preglabellar furrow generally shallow.
Length of frontal area slightly greater than one-half
length of glabella. Brim and border separated by
abrupt change in slope. Border nearly flat, slightly
downsloping; length equal to or slightly greater than
length of brim. Fixed cheeks upsloping; width about
one-third basal glabellar width. Occipital ring has
low median node. External surface covered with

closely-spaced generally small granules of several
sizes. Surface of mold smooth.

Discussion.—This species differs from 7. intermedia
n. sp. by having a relatively broader border, and from
1. similis (Walcott) and /. utahensis Resser by having
a granular ornamentation on all parts. Exfoliated
specimens cannot be distinguished with certainty from
exfoliated specimens of /. similis and I. utahensis.

Occurrence. Rare, lower part of Hilvinia zone: Eureka,
Snake Range, McGill, Schell Creek Range, Nev.

Iddingsia similis (Walcott)

Plate 2, figures 14
Ptychoparia? similis Walcott, 1884, p. 52, pl. 10, fig. 10.
Iddingsia similis (Walcott). Walcott, 1924, p. 58, pl. 12, fig.
6; 1925, p. 97, pl. 16, figs. 8, 9; Shimer and Shrock, 1944,
pl. 265, figs. 15, 16.
WTddingsia similis (Walcott).
19, 22.
[not] Iddingsia similis Bell and others, 1952, p. 184, pl. 30, figs.
4a—c; pl. 31, fig. 2.

Robison, 1960, p. 22, pl. 1, figs.

Diagnosis—Glabella moderately defined at front by
preglabellar furrow. Border flat, horizontal, or slight-
ly downsloping, well defined by narrow border fur-
row; sagittal length of border about equal to or shght-
ly greater than sagittal length of brim. Occipital ring
has median node. External surfaces of fixed cheeks
and glabella, exclusive of glabellar furrows, have low
closely-spaced coarse granules. External surfaces of
brim and border generally smooth, rarely have very
fine granular ornamentation, which is visible only
after whitening. Surface of mold smooth.

Lateral and posterior border furrows of free cheek
discontinuous, disappearing posteriorly at base of
genal spine. Genal spine long, slender, curved inward
at tip.

Pygidium has tip of axis slightly anterior to border
but connected to it by broad poorly defined ridge;
three distinct ring furrows present posterior to articu-
lating furrow. Border narrow, flat, slightly downslop-
ing. Border furrow narrow, shallow.

Discussion—This is the youngest species presently
known in the genus. It is most similar to /. robusta
(Walcott) and 7. wtahensis Resser, from which it
differs primarily in cranidial ornamentation. The
specimens illustrated by Bell and others (1952) have a
distinet occipital spine and represent an unnamed spe-
cies of /ddingsia. The specimens illustrated by Robison
(1960) do not have a clearly preserved external sur-
face and are not assignable with certainty to this
species.

Occurrence. Moderately rare, upper part of Elvinia zone:
Eureka, Shingle Pass, McGill, and Schell Creek Range, Nev.;
House Range, Utah.
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Iddingsia utahensis Resser
Plate 2, figure 9

Iddingsia utahensis Resser, 1942b, p. 85, pl. 16, figs. 18-20.

Diagnosis—Preglabellar furrow shallow. Border
gently convex, downsloping, separated from brim by
abrupt change in slope; sagittal length about equal to
sagittal length of brim. External surface and surface
of mold smooth.

Discussion—The smooth external surface of this
species distinguishes it from all others in the genus.

Occurrence. Rare, lower Elvinia zone: McGill and Schell
Creek Range, Nev.; Tintie, Utah.

Genus KINDBLADIA Frederickson

Kindbladia Frederickson, 1948, p. 802; Lochman, 1959, p. 283;
Palmer, 1960a, p. 97.

Type Species—Berkeia wichitaensis Resser, 1942b, p.
93, pl. 15, figs. 31, 32.

Diagnosis—Small Dokimocephalinae having total
length probably not exceeding 20 mm. Glabella promi-
nent, tapered slightly forward, strongly rounded at
front, well defined by axial and preglabellar furrows;
transverse convexity moderate to strong; longitudinal
convexity gently to moderate, greatest at front. Poste-
rior two pairs of glabellar furrows deep, short; poste-
rior pair curved backward. Occipital furrow deep. Oc-
cipital ring has median node or spine. Frontal area
divided into strongly convex border and moderately
convex brim by narrow border furrow that is moder-
ately to strongly curved in dorsal view. Sagittal length
of border less than that of brim. Fixed cheeks nar-
row, gently to moderately convex, upsloping; trans-
verse width between one-third and one-fourth basal
glabellar width. Palpebral lobes small, well defined
by curved palpebral furrow, situated about opposite
glabellar midlength; exsagittal length between one-
third and one-half that of glabella. Posterior limbs
tapered laterally to a point.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then turned inward to cut anterior margin barely
perceptibly about opposite anterolateral corners of gla-
bella. Course of posterior section nearly straight pos-
terolaterally from palpebral lobe to posterior margin
of cranidium.

Lateral and posterior border furrows of free cheek
well defined, joined at genal angle forming sharp
point. Border narrower than ocular platform. Infra-
ocular ring present. Genal spine short, sharp; length
slightly less than length of posterior section of facial
suture.

Pygidium subsemicircular. Axis prominent, slightly
tapered posteriorly, reaches to inner edge of border,
bears two or more ring furrows posterior to articulat-
ing furrow. Border flat, broad, of nearly constant
width, defined at inner edge by abrupt change in slope.
Pleural region crossed by two or more shallow pleural
furrows extending slightly onto border.

Discussion.—The content of this genus has been dis-
cussed in an earlier paper (Palmer, 1960a, p. 97).
Discovery of free cheeks and pygidia associated with
K. affinis (Walcott) cranidia has provided the first in-
formation about the free cheek of Kindbladia and con-
firmed the assignment of the type of pygidium illus-
trated by Wilson (1951, pl. 92, fig. 24) to the genus.
The pygidium illustrated by Frederickson (1948, pl.
123, fig. 21) has the laterally swollen anterior band of
the first pleural segment and general shape character-
istic of pygidia of Cheilocephalus; it may belong to a
species of that genus rather than to Kindbladia.

Because of the relatvely thick exoskeleton of most
specimens of Kindbladia and a tendency for the gran-
ular external surface to adhere to the matrix, well-pre-
served speciniens are difficult to obtain. Unless the
external surfuce of the cranidium and the nature of the
occipital ring can be observed, specimens of Kindbladia
are generally not identifiable to species.

Kindbladia affinis (Walcott)
Plate 3, figures 14

Ptychoparia (Buloma?) afinis. Walcott, 1884, p. 54, pl. 10,

fig. 12.
Iddingsia afiinis (Walcott). Resser, 1937, p. 14.
Berkeia afinis (Walcott). Resser, 1942a, p. 7.
Berkeia comes Resser, 1942b, p. 90, pl. 15, figs. 18-21.
Berkeia nevadensis Resser, 1942b, p. 91, pl. 15, figs. 26, 27.
Kindbladia afinis (Walcott). Palmer, 1960a, p. 97, plL. 11, figs.
17, 19, 20.

Diagnosis—Occipital ring has median node rather
than median spine. Sagittal length of border slightly
less than length of brim. Length of genal spine on
free cheek slightly less than length of posterior section
of facial suture. Pygidium has two distinct ring fur-
rows posterior to articulating furrow. External sur-
faces of cranidium and free cheek covered with closely
spaced fine granules. Fine granules somewhat more
scattered on external surface of pygidium. Surfaces of
molds of all parts faintly pitted.

Discussion.—This species differs from K. wichitaen-
sis (Resser) in its lack of an occipital spine, in its
slightly narrower brim, and, if the assignment of a
pygidium to K. wichitaensis by Wilson (1951, pl. 92,
fig. 24) is correct, in the smaller number of distinct
ring furrows on the pygidial axis.
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Occurrence. Moderately common, lower part of Elvinia
zone : Eureka, McGill, Shingle Pass, Bastian Peak, Cherry
Creek, and Snake Range, Nev.; House Range and Tintic, Utah.

Genus PSEUDOSARATOGIA Wilson

Pseudosaratogia Wilson, 1951, p. 647; Lochman, 1959, p. 252;
Palmer, 1960a, p. 101.

Type species—Pseudosaratogia magna Wilson, 1951,
p. 648, pl. 94, figs. 9-16.

Diagnosis—Moderate-sized Dokimocephalinae, total
length probably not exceeding 70 mm, generally much
less. Glabella prominent, well defined by axial and
preglabellar furrows, slightly tapered forward, blunt-
ly to strongly rounded anteriorly, convexity variable.
Posterior pair of glabellar furrows generally apparent,
deep or shallow, at distinct angle to axial furrow. Oc-
cipital furrow deep, straight; occipital ring generally
lacks spine. Frontal area flared anteriorly, has distinct
brim and border separated by narrow border furrow
or sharp change in slope. Sagittal length of border
distinctly less than length of brim. Fixed cheek nar-
row; width less than one-half basal glabellar width.
Palpebral lobes well defined by arcuate palpebral fur-
row, situated slightly posterior to glabellar midlength;
exsagittal length between one-half and one-third sagit-
tal length of glabella. Eye ridges generally apparent,
make distinct angle with axial furrows. Posterior
limbs slender, sharp pointed.

Course of anterior section of facial suture distinetly
divergent forward from palpebral lobe to border fur-
row, then turned abruptly inward across border. Ven-
tral course not known. Course of posterior section di-
vergent sinuous.

Lateral and posterior border furrows of free cheek
well defined ; shallow or absent at base of genal spine.
Genal spine short; length between one and two times
that of posterior section of facial suture.

Pygidium subovate to subsemicircular; axis promi-
nent, short, has two or three ring furrows posterior to
articulating furrow. Pleural regions lack clearly de-
fined border, crossed by two or three shallow pleural
furrows.

External surfaces of all parts generally have distinct
granular ornamentation.

Discussion.—As constituted here, this genus includes
those members of the Pteropcephaliid biomere charac-
teristically having a flared frontal area, narrow border
and fixed cheeks, and prominent glabella—the poste-
rior glabellar furrow makes a distinct angle with the
axial furrow. The western species described in the fol-
lowing paragraphs differ from the eastern species de-
scribed by Wilson (1951) by having a more convex and
anteriorly rounded glabella, shallower glabellar fur-

rows, and somewhat shorter palpebral lobes. These
features may be sufficient to justify the placement of
the western species in a separate genus, when more is
known about the species.

Pseudosaratogia abnormis Palmer

Plate 2, figures 12-14, 16, 17

Pseudosaratogia abnormis Palmer, 1960a, p. 101, pl. 11, fig. 11.

Diagnosis—Glabella prominent, strongly convex
transversely, moderately to very convex longitudi-
nally; front strongly rounded. Posterior pair of
glabellar furrows shallow. Border narrow, separated
from brim by distinct change in slope; sagittal length
generally less than one-half that of brim. Length of
palpebral lobe about one-third length of glabella.

Lateral and posterior border furrows of free cheek
joined at genal angle, shallowest at base of genal spine.
Length of genal spine slightly greater than length
of posterior section of facial suture.

External surfaces of cranidium and cheek covered
with closely-spaced granules; outer edges of border on
cranidium and free cheek generally have narrow zone
of terrace lines.

Discussion.—This species is most like P. leptogranu-
lata Palmer, from which it differs principally by hav-
ing a narrower cranidial border that is differentiated
from the brim only by a sharp change in slope. If the
free cheeks of P. leptogranulata are properly assigned,
they differ from those of P. abnormis by not having
the lateral and posterior border furrows connected
at the genal angle.

Both this species and P. leptogranulata resemble
Iddingsia intermedia n. sp. but can be distinguished
by having a more flared frontal area, nearly hori-
zontal rather than upsloping fixed cheeks, and less
distinct glabellar furrows.. They are probably closely
related, however, and P. abnormis and P. leptogranu-
lata may have evolved from /. intermedia.

A collection from the Bastian Peak section contains
several cranidia and a free cheek that may represent
this species (pl. 2, figs. 16, 17). The cranidia have a
well-defined external granular ornamentation charac-
teristic of the Eureka specimens of P. abnormis origi-
nally described; but the molds have smooth surfaces,
and they have the general proportions of P. lepto-
granulata Palmer. The free cheek has clearly disjunct
border furrows. Because of lack of samples large
enough to determine variability in this species, the
Bastian Peak specimens are provisionally assigned to
P. abnormis.

Occurrence. Rare, lower part of Elvinie zone: Eureka,
Shingle Pass, McGill, and Bastian Peak(?), Nev.; Tintic, Utah.
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Pseudosaratogia leptogranulata Palmer

Plate 2, figure 18
Pseudosaratogia leptogranulata Palmer, 1960a, pl. 11, fig. 10.

Diagnosis—Glabella strongly convex transversely,
moderately to strongly convex longitudinally. Poste-
rior glabellar furrows shallow. Border furrow distinct;
sagittal length of border about one-half that of brim.
Length of palpebral lobe about one-third of glabella.

External surface of cranidium has distinet fine
granules. Surface of mold smooth.

Discussion—The subdued granular ornamentation
and somewhat better defined cranidial border distin-
guish this species from P. abnormis Palmer.

Occurrence. Rare, lower part of Elvinia zone: Eureka and
Ash Meadows, Nev.

Subfamily ELVINIINAE Kobayashi

Diagnosis—Elviniidae having generally bluntly
rounded or anteriorly truncated glabella. Posterior
glabellar furrows of younger species continuous across
glabella.

Genus DUNDERBERGIA Walcott

Dunderbergia Walcott, 1924, p. 56; 1925, p. 84; Resser, 1935,
p. 23; Raymond, 1937, p. 1112; Kobayashi, 1938, p. 181;
Shimer and Shrock, 1944, p. 625; Palmer, 1954, p. 760;
1960a, p. 65; Howell, 1959, p. 238.

Type species—Crepicephalus (Loganellus) nitidus
Hall and Whitfield, 1877, p. 212, pl. 2, fig. 8.

Diagnosis—Elviniinae having well-defined sub-
quadrate glabella; glabellar furrows generally not
well defined. Length of palpebral lobe about one-third
to one-fourth length of glabella including occipital
ring. Line connecting midlengths of palpebral lobes
crosses glabella just posterior to junction of second
glabellar furrows with axial furrows. Anterior mar-
gin and border furrow commonly come to a blunt
point on axial line instead of forming an even curve.

Free cheek has well-defined continuous lateral and
posterior border furrows; posterior border furrow
generally deepest. Border narrow. Ocular platform
gently convex, twice or more width of border. Genal
spine of variable length, from one-half to more than
three times length of posterior section of facial
suture.

Thorax has 13 segments. Pleural tips of anterior
segments short, directed laterally; pleural tips
increase in length and become increasingly backswept
to 11th segment. Posterior two pleural tips relatively
shorter.

Pygidium subsemicircular, widest at anterolateral
corner. Border narrow, of nearly constant width. Axis
prominent, subparallel sided, bluntly rounded pos-
teriorly, generally connected to border by low broad
poorly defined postaxial ridge. Pleural regions nearly
flat.

Discussion.—The generally subquadrate glabella
lacking well-defined glabellar furrows and the rela-
tively small palpebral lobes are the characteristics that
most easily distinguish this genus from other genera
in the subfamily. Since the earlier diagnosis and
description of this genus was made (Palmer, 1960a),
a nearly complete individual of D. nitida has been
collected from the Bastian Peak section. This speci-
men shows the nature of the thorax (pl. 4, fig. 1)
and the positioning of the segments having the short
and long pleural tips as described here in the revised
diagnosis.

Only minor modifications in the generic descrip-
tion, principally in the statement about the genal
spine of the free cheek, are required by the addition
of three species (D? anyte (Hall and Whitfield), D.
brevispina n. sp., and D. calculosa n. sp.) not dis-
cussed in the earlier paper. Length of the genal spine
seems to be of taxonomic significance in this genus as
well as in Aphelaspis. Most of the species have a short
slender genal spine about equal in length to the pos-
terior section of the facial suture, but D? anyte has
a long slender genal spine about three times this
length, and D. brevispina has a short stubby spine
about half this length. In addition, D? anyte has a
more moderate transverse and longitudinal convexity
of the cranidium than other species in the genus.

Dunderbergia? anyta (Hall and Whitfield)
Plate 4, figures 8, 10, 14-16

Crepicephalus (Loganellus) anytus Hall and Whitfield, 1877,
p. 219, pl. 2, figs. 19-21.

Liostracus anytus (Hall and Whitfield). Brogger, 1886, p. 202.

Dunderbergie anytus (Hall and Whitfield). Resser, 1937, p. 9.

Diagnosis—Glabellar and cranidial convexity gen-
erally low; brim gently to moderately downsloping to
depressed ; frontal area distinctly flared forward.

Free cheek has long slender genal spine; length of
spine about three times length of posterior section of
facial suture. Lateral and posterior border furrows
not clearly joined; posterior border furrow deepest,
continues laterally onto base of genal spine. Anterior
tip of doublure sharply rounded, indicating rostral
plate has deep semiparabolic lateral notches.

Border furrow of pygidium generally shallow; bor-
der only slightly convex in cross-section. Greatest
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width of axis slightly less than greatest width of
pleural region.

Surfaces of all parts covered with closely-spaced
fine granules. Veination of brim of cranidium gener-
ally well developed.

Discussion—This species shows several features
that are atypical of Dunderbergia, particularly the
generally low convexity and somewhat narrower fixed
cheeks of the cranidium, the long genal spine bearing
the continuation of the deep posterior border furrow
on the free cheek, and the relatively narrow pygidial
axis. In these features it resembles Strigambitus
transversus n. sp. (pl. 18, figs. 6-10) and differs in
having narrow cranidial and pygidial borders that
lack distinct terrace lines.

The differential development of the border furrows
on the free cheek may not be an important distinguish-
ing characteristic above the species level. Similar free
‘cheeks are present on some species of other genera of
the Elviniidae (pl. 2, figs. 1, 16) and also the Ptero-
cephaliidae (pl. 12, figs. 11, 14).

The stratigraphic position of D% anyta within the
range of Dunderbergia, which, however, has both
older and younger species of more typical form for
the genus, also raises some doubt about the degree of
relationship of the species to the others of the genus.

D? anyta is tentatively assigned here to Dunder-
bergia because of its overall appearance and particu-
larly because of the narrow cranidial border and
slight median angulation of the border furrow.

The type lot of D.? anyta consists of counterparts of
a single piece of fossiliferous limestone from near
Schellbourne in the northern part of the Schell Creek
range, Nev. Several cranidia, free cheeks, and a
pygidium are present. The granular ornamentation of
the fossils differs from that of other fossils assigned to
this species by being considerably subdued and con-
sisting of relatively larger individual granules. Be-
cause some variation in detail of granular ornamenta-
tion has been recognized in other species of Dunder-
bergia, the differences noted between the specimens in
the type lot and in the more recent collections, which
are otherwise indistinguishable, are not here consid-
ered to be adequate for species discrimination.

Occurrence. Moderately common, lower part of Dunder-
bergia zone: Snake Range, Ruby Range, McGill, Spring Moun-
tains, and Schellbourne, Nev.; House Range, Deep Creek
Range, and Wah Wah Range, Utah.

Dunderbergia bigranulosa Palmer

Plate 4, figures 9, 11-13

Dunderbergia bigranulose Palmer, 1960a, p. 66, pl. 5, figs.
10-13, 15-23.

Diagnosis—Glabella prominent, elevated. Antero-
lateral corners of brim generally depressed.

Free cheek has short slender genal spine; length of
spine slightly greater than length of posterior section
of facial suture.

Ornamentation consists of closely-spaced fine gran-
ules occurring on all specimens on the borders of the
cranidium, free cheek, and pygidium and on some spec-
imens also on axis of pygidium, top of glabella, and
palpebral lobes. Pleural fields of pygidium generally
have scattered or closely-spaced fine granules. Coarse
scattered granules present on all specimens on brim
and fixed cheeks of cranidium and ocular platforms of
free cheeks; coarse granules generally less abundant
or apparent on glabella and border.

Discussion.—This species seems to be in part transi-
tional to and in part coexistent with Dunderbergia
nitide (Hall and Whitfield). Specimens can generally
be recognized by the presence of distinct fine granules
on the cranidial border and moderately distinct scat-
tered coarse granules on the brim, fixed cheeks, and
perhaps other parts of the cranidium. D. bigranulosa
is distinguished from 2. nitide principally by the pres-
ence of granular ornamentation on the pleural fields
of the pygidium and on the ocular platform of the free
cheek. It differs from D. calculosus n. sp., which is
here interpreted to be an ancestral form in the same
lineage, by having better defined scattered coarse
granules on the cranidium and by having the areas
of closely-spaced fine granules generally confined to
the border, although in some specimens they are pres-
ent also on the top of the glabella and palpebral lobes.
D. variagranula Palmer is another similar species; it
generally lacks any distinct fine granular ornamenta-
tion on the cranidium and has better defined coarse
granules on the glabella.

Occurrence. Moderately common, middle part of Dunder-
bergia zone: Eureka, Cherry Creek, Bastian Peak, Ruby Range,
Spring Mountains, and Pahranagat Range, Nev.

Dunderbergia brevispina n. sp.
Plate 5, figures 11-13, 15

Diagnosis—Cranidium has prominent, elevated gla-
bella; glabellar furrows moderately distinct. Antero-
lateral corners of brim generally depressed.

Free cheek has short genal spine; length of spine
about one-half length of posterior section of facial
suture.

External surfaces of cranidium and free cheek have
granules of two distinct sizes:—scattered coarse gran-
ules surrounded by closely-spaced fine granules. Entire
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surface of pygidium covered with closely-spaced fine
granules.

Discussion—This species of Dunderbergia is the
oldest presently recognized in the Great Basin. The
moderately distinct glabellar furrows and short genal
spines indicate a possible relationship to species of
Elburgia and Iddingsia and are also the principal
features distinguishing D. brevisping from the other
granular species of Dunderbergia—D. bigranulosa
Palmer, D. variagranula Palmer, and D.? anyta (Hall
and Whitfield).

Occurrence. Moderately rare, Dicanthopyge zone: Snake
Range and Shingle Pass, Nev.

Dunderbergia caleulosa n. sp.

Plate 5, figures 6-10

Diagnosis—Cranidium has prominent elevated
glabella. Anterolateral corners of brim generally
depressed. Posterior glabella furrows moderately dis-
tinct.

Free cheek has short slender genal spine; length of
spine about equal to length of posterior section of
facial suture.

External surfaces of all parts covered with closely-
spaced fine granules. Few low scattered coarse gran-
ules'apparent on cranidium and free cheeks of some
specimens.

Discussion—This species is intermediate in orna-
mentation between the older species, D. brevispina n.
sp., and the two younger species, D. bigranulosa
Palmer and D. variagranula Palmer. Tts principal dis-
tinguishing characteristics are the dominance of fine
granular ornamentation on all parts and the occurence
of only a few scattered low coarse granules. The free
cheek has a longer genal spine than does that of D.
brevispina, and the pygidium has fine granular orna-
mentation on the pleural fields, which distinguishes the
species from D. bigranulosa. The pygidium and free
cheek are much like those of D. variagranula, which is
distinguished principally by the dominance of the
scattered coarse granular ornamentation and suppres-
sion or absence of associated fine granular ornamenta-
tion on the cranidium.

Dunderbergia simplex (Rasetti, 1961, p. 112, pl. 24,
figs. 1-6) has a fine granular ornamentation similar to
that of D. calculosa. However, the ornamentation lacks
scattered coarse granules, the border furrow on the
cranidium almost lacks the median angulation, and
the free cheek has a more curved lateral margin and
a much longer genal spine.

Occurrence. ?Prehousia zone: Shingle Pass, Nev.; Lower

part of Dunderbergia zone: McGill and Spring Mountains,
Nev.; Deep Creek Range, Utah,

Dunderbergia nitida (Hall and Whitfield)
Plate 4, figures 1, 2, 5, 6

Crepicephalus (Loganellus) nitidus Hall and Whitfield, 1877,
p. 212, pl. 2, fig. 8.

Orepicephalus (Loganellus) simulator Hall and Whitfield, 1877,
p. 218, pl. 2, figs. 1618,

Ptychoparia nitidus (Hall and Whitfield). Walcott, 1884, p. 57.

Dunderbergia nitide (Hall and Whitfield). Walcott, 1924,
p. 56, pl. 11, fig. 2; 1925, p. 84, pl. 16, fig. 4; Shimer and
Shrock, 1944, pl. 264, fig. 29; Palmer, 1960a, p. 67, pl 4,
figs. 14-21, 23, 24.

Dunderbergia simulator (Hall and Whitfield).
p. 24.

Resser, 1935,

Diagnosis—Glabella prominent, elevated. Antero-
lateral corners of brim generally depressed.

Free cheek has short slender genal spine, length of
spine about equal to length of posterior section of
facial suture.

External surfaces of cranidium and free cheek gen-
erally smooth. Obscure scattered coarse granules pres-
ent on brim of some specimens. Pygidium has fine
closely-spaced granules on top of axis and on border.
Pleural fields generally smooth.

Discussion—The lack of any distinct cephalic orna-
mentation is the characteristic feature of this species.
It is the most common species of Dunderbergia in the
upper part of the Dunderbergia zone, although it
ranges downward into the middle part of the Dunder-
bergia zone.

Occurrence. Moderately common, middle and upper parts
of the Dunderbergia zone: Eureka, Bastian Peak, Cherry
Creek, McGill, Yucca Flat, Sheep Range, Tempiute, Pahranagat
Range, Mount Hamilton, and Ash Meadows, Nev.; Quartz
Spring area, Calif.

Dunderbergia variagranula Palmer
Plate 5, figures 1-5

Dunderbergia variagranule Palmer, 1954, p. 761, pl. 88, fig. 7;
1960a, p. 68, pl. 4, figs. 22, 25, 26, 28, 29.

Diagnosis.—GQGlabella prominent, elevated. Antero-
lateral corners of brim depressed. Glabellar furrows
obscure.

Free cheek has short genal spine; length of spine
about equal to that of posterior section of facial suture.

External surfaces and molds of cranidium and free
cheek contain generally prominent scattered coarse
granules on all parts; external surface between coarse
granules smooth or have very fine generally indistinct
closely spaced granules. All parts of pygidium cov-
ered with closely spaced fine granules.

Discussion.—This somewhat variable species is char-
acterized particularly by it cranidial ornamentation
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composed of scattered generally prominent coarse
granules on all parts. The most similar species are
the older forms D. brevispina n. sp. and D. calculosa
n. sp. The genal spine of D. brevispina is shorter than
that of D. variagranula, and the fine granular orna-
mentation of the cranidium is more prominent. D.
calculosa has closely spaced fine granules as its domi-
nant ornamentation and has scattered and generally
subdued coarse granules.

Some small specimens from the upper part of the
Dunderbergia zone and the Elvinia zone that have an
ornamentation composed of scattered coarse granules
have been tentatively assigned to this species. How-
ever, larger specimens and more knowledge of the
morphology and ornamentation of other parts of these
trilobites are needed to confirm this identification.

Occurrence. Moderately rare, middle Dunderbergia zone:
Eureka, Ruby Range, Sheep Range, Tempiute, Ash Meadows,
and Pahranagat Range, Nev.; Panamint Range, Calif. Rare,
Upper, Dunderbergia zone, Elvinia zone: Eureka and Snake
Range. Nev.

Dunderbergia polybothra Palmer

Plate 4, figures 3, 4, 7

Dunderbergia polybothra Palmer, 1960a, p. 67, pl. 5, figs. 1-4,
6,7, 9 14.

Diagnosis—Glabella prominent, elevated. Antero-
lateral corners of brim generally depressed.

Free cheek has short slender genal spine; length of
spine about equal to length of posterior section of
facial suture.

External surfaces of all parts of cephalon coarsely
pitted ; pits best developed on border of cranidium and
free cheeks and on top of glabella. Top of axis and
border of pygidium have closely-spaced fine granules;
pleural fields coarsely but faintly pitted.

Discussion—This species is easily distinguished
from others in the genus by its pitted ornamentation.

Occurrence. Moderately rare, middle part of Dunderbergia
zone : Eureka and Yucca Flat, Nev.

Genus ELBURGIA Palmer

Elburgia Palmer, 1960a, p. 68, 69.

Type species—Crepicephalus (Loganellus) granu-
losus Hall and Whitfield, 1877, p. 214, pl. 2, figs. 2, 3.
.Dz'agnosz's.—Elviniinae having low broad straight-
sided anteriorly tapered glabella, bluntly rounded at
front. Posterior two pairs of glabellar furrows gen-
erally well defined. Posterior pair deep, curved, or
bigeniculate in all specimens and connected across top
of glabella on molds of some specimens. Border well
defined, convex, narrower than brim, has distinct

median angulation. Fixed cheeks gently convex, nearly
horizontal; width slightly less than one-half basal
glabellar width. Palpebral lobes well defined, length
about one-third length of glabella.

Free cheek has well-defined border that is narrower
than ocular platform. Lateral and posterior border
furrows deep, joined at genal angle. Genal spine
short, sharp; length less than one-half length of pos-
terior section of facial suture.

Pygidium short, wide, has moderately well defined
narrow border. Axis prominent, broad, reaching to or
nearly to border and connected to border by broad,
poorly defined postaxial ridge. One or two prominent
ring furrows present posterior to articulating furrow.
Pleural fields crossed by one or two shallow pleural
furrows extending to border furrow.

Discussion—The distinctive generic and specific
characteristics of Elburgia occur almost entirely in
the cranidium. Isolated free cheeks cannot be dis-
tinguished from those of Elvinia. Isolated pygidia
cannot be distinguished with certainty from those of
either Klvinia or Dunderbergia. The well-defined
glabellar furrows in combination with the distinct
median angulation of the border and border furrow
distinguish species of this genus from all others in
the Elviniidae. Discrimination of species within the
genus is based entirely on cranidial ornamentation.

The three species described here seem to form a
morphologic series ranging from an older form having
a completely granular outer surface, £. granulosa
(Hall and Whitfield), through an intermediate form
having a granular ornamentation that is reduced or
lacking on the glabella and subdued on other parts,
E. intermedia 1. sp., to a nearly smooth form, £. quin-
nensis (Resser). However, specimens having a granu-
lar ornamentation that is much more concentrated
than is typical of £. granulosa have been observed
within the range of . quinnensis, although they are
not associated with E. quinnensis. Thus, a more or less
similar range in time is indicated for both ornamenta-
tion types. This similarity in range provides an
explanation, perhaps, for the occurrence of both gran-
ular and smooth species of Elwinia, which.seems to be
the direct descendant of £lburgia (p.17).

Elburgia granulosa (Hall and Whitfield)
Plate 5, figures 14, 16-19

Crepicephalus (Loganellus) granulosus Hall and Whitfield,
1877, p. 214, pl. 2, figs. 2, 3.

Ptychoparia granulosus (Hall and Whitfield). Walcott, 1884,
p. 57.

Dunderbergia granulosa (Hall and Whitfield). Resser, 1935,
p. 24.
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Dunderbergia (Megadunderbergia) granulosa (Hall and Whit-
field). Kobayashi, 1938, p. 181.

Elburgia granulose (Hall and Whitfield). Palmer, 1960a, p. 69,
pl. 6, figs. 16, 17, 19.

Diagnosis—External surface of cranidium, exclu-
sive of furrows and palpebral lobes, covered with
coarse granules. Intergranular distance about equal to
or greater than granule diameter.

Ocular platform on free cheek has granular orna-
mentation as on cranidium. Lateral border, exclusive of
genal spine, has more concentrated granules. Genal
spine has scattered coarse pits.

Pygidium has granules on tops of axial segments,
pleural ribs, and border. Granules closely-packed on
border and at end of axis.

Surfaces of molds of most parts have mixture of
scattered coarse granules and pits.

Discussion—This is the oldest species in the genus
and generally characterizes the earliest beds of the
Dunderbergia zone. E. granulosa is distinguished from
E. intermedia which occurs in slightly younger beds,
by having a well-developed granular ornamentation on
the glabella. The peculiar pitted ornamentation of the
genal spine may also be a useful specific feature.

Some small cranidia, less than 3 mm long, have
granular ornamentation on the palpebral lobes.

Two Elburgia cranidia from about the middle of
the Dunderbergia zone have a closely-packed granular
ornamentation on all parts except the furrows and may
represent another species (pl. 5, fig. 18).

Occurrence. Moderately common, lower part of Dunder-
bergia zone:; Cherry Creek, McGill, Eureka, Bastian Peak,

Yucca Flat, Spring Mountains, and Muddy Mountains, Nev.;
Deep Creek, Fish Spring, Needles, and House Ranges, Utah.

Elburgia intermedia n. sp.

Plate 6, figures 5, 6

Diagnosis—Granular ornamentation most evident
on brim; intergranular distance generally greater than
granule diameter. Granules on fixed cheeks generally
low, obscure. External surface of glabella generally
smooth. External surface of border smooth or has
fine granular ornamentation. Surface of mold has
scattered coarse granules on both border and glabella
in addition to brim and cheeks and abundant coarse
pits.

Free cheek and pygidium not known with certainty.

Discussion.—This species occupies an intermediate
position both morphologically and stratigraphically
between Z. granulosa below and E. quinnensis above.
It differs from £. granulosa by lacking well-developed
granular ornamentation on the glabella and from Z.

quinnensis by having well-developed granular orna-
mentation on the brim.

Occurrence. Moderately rare, lower part of Dunderbergia
zone ; McGill, Bastian Peak, and Grant Range, Nev.

Elburgia quinnensis (Resser)
Plate 6, figures 14

Taenicephalus quinnensis Resser, 1942b, p. 105, pl. 21, figs.
18, 23.

Eiburgia quinnensis (Resser). Palmer, 1960a, p. 69, pl. 6, figs.
11-13, 15.

Diagnosis—External surface of cranidium nearly
smooth; some specimens finely pitted. Lateral parts
of brim and of posterior limbs may have many closely
spaced low granules visible only when specimen is
whitened and viewed in extreme oblique lighting.
Brim also may have barely visible scattered low coarse
granules. Surface of mold has many fine pits that are
most noticeable on brim and cheeks. Positions of
coarse granules may be indicated by low elevations;
terminal pits are slightly larger than those on other
parts of cranidium.

Discussion.—This species is easily distinguished
from others in the genus by its lack of appreciable
granular ornamentation on the cranidium, even on the
surface of the mold. No pygidia and free cheeks of
this species have yet been found that show the external
surface, although several exfoliated specimens having
the typical pitted surface of the mold are known.

Ocurrence. Moderately common, middle and upper parts
of Dunderbergia zone: Eureka, Bastian Peak, Shingle Pass,
Tybo, Spring Mountains, Sheep Range, and Grant Range, Nev.;
Quartz Spring area, Stovepipe Wells, and Furnace Creek
quadrangle, Calif.

Genus ELVINIA Walcott

Elinia Walcott, 1924, p. 56; 1925, p. 88; Bridge and Girty,
1937, p. 252; Kobayashi, 1938, p. 179; Shimer and Shrock,
1944, p. 625; Lochman, 1959, p. 296 ; Palmer, 1960a, p. 70.

Moosia Walcott, 1924, p. 59; 1925, p. 106.

Type species. Dikelocephalus roemeri Shumard,
1861, p. 220, 221. |

Diagnosis—Elviniinae having posterior glabellar
furrows connected across glabella forming single
arcuate furrow of nearly even depth. Other glabellar
furrows rarely apparent. Palpebral lobes arcuate;
length about one-half length of glabella exclusive of
oceipital ring on specimens having glabellar length 6
mm or less; proportionately less on larger specimens.
Anterior margin of cranidium evenly curved. Border
furrow appears nearly straight in dorsal view.
Anterior course of facial sutures nearly straight for-

ward from palpebral lobes.
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Free cheek has short sharp genal spine diverging
from general curvature of cheek margin. Ocular plat-
form broad, separated from moderately to strongly
convex border by broad deep marginal furrow; con-
nection between lateral and posterior marginal fur-
rows shallow.

Pygidium subsemicircular in outline, widest at an-
terior margin. Border narrow, of nearly constant
width. Axial lobe prominent, subparallel sided,
bluntly rounded posteriorly. Pleural lobes nearly flat.

Discussion—Although this genus is widespread in
the Great Basin, it is not a common trilobite. Even
large collections from within the range of Elvinia
rarely have more than a few cranidia referable to the
genus. None of the collections provided any new in-
formation about the character of the genus beyond
tha; already given in an earlier paper (Palmer, 1960a,
p. 70).

Elvinia granulata Resser

Plate 3, figure 12

Ewinia grenulate Resser, 1942b, p. 96, pl. 18, figs. 11, 12;
Palmer, 1960a, p. 71, pl. 6, fig. 4.

Blvinia ruedemanni Resser, 1942b, p. 95, pl. 18, figs. 7-10;
Fisher and Hanson, 1951, pl. 1, figs. 1, 2.

?Parairvingella hamburgensis Resser, 1942b, p. 27, pl. 4, figs.
23, 24.

Diagnosis—External surface of cranidium, exclu-
sive of furrows and palpebral lobes, covered with low
granules. Brim generally flat or concave in longitudi-
nal profile; axial length about equal to that of border.
‘ Discussion.—The granular surface of this species is
1ts most distinctive characteristic.

Occurrence. Rare, Elvinia zone; Kureka, Nev.; House
Range, Utah,

Elvinia roemeri (Shumard)

Plate 3, figures 9, 11, 14, 16

Dikelocephalus roemeri Shumard, 1861, p. 220, 221.

Crepicephalus (Loganellus) unisulcatus Hall and ‘Whitfield,
1877, p. 216, pl. 2, fig, 22,

Ptychoparia matheri Walcott, 1912, p. 268, pl. 44, figs. 15-17.

Elvinia roemeri (Shumard). Walcott, 1924, p. 56, pl. 11, fig. 3;
1925, p. 88, pl. 17, figs, 9-13; Bridge, 1933, p. 2382, pl. 2, figs.
17-19; Miller, 1936, p. 30, pl. 8, fig. 36; Bridge and Girty,
1937, p. 251, pl. 69, figs. 1-22; Shimer and Shrock, 1944,
pl. 264, figs. 34-37; Wilson, 1949, p. 38, pl. 10, figs. 5, 9, 10,
12, 13; Frederickson, 1949, p. 352, pl. 69, figs. 19-21;
Lochman, 1950, pl. 47, figs. 21-23; Wilson, 1951, p. 642, pl.
92, figs. 18-22; Nelson, 1951, p. 775, pl. 107, fig, 8; Bell and
others, 1952, p. 183, pl. 30, figs. la-d; Palmer, 1960a, p. 70,
plL. 6, fig. 7; Robison, 1960, p. 38, pl. 4, fig. 12; Lochman
and Hu, 1960, p. 814, pl. 96, figs. 3847,

Moosia grandis Walcott, 1924, p. 39, pl. 14, fig. 9; 1925, p. 107,
pl. 23, figs. 20, 21.

Elvinia tetonensis Resser, 1937, p. 12,

Elvinia texrana Resser, 1938b, p. 30.

Elvinia shumardi Resser, 1938b, p. 30; Shimer and Shrock,

1944, pl. 264, figs. 41, 42.

Elvinia bridgei Resser, 1938b, p. 31; 1942b, p. 97, pl. 18, figs.
28-31; pl. 19, figs. 1-5.

Elvinia missouriensis Resser, 1938b, p. 31; 1942b, p. 96, pl. 18,
figs. 13-17.

Elvinia dakotensis Resser, 1938b, p. 32.

Elvinia utehensis Resser, 1938b, p. 32; 1942b, p. 95, pl. 18,
figs. 5-6.

Elvinia gregalis Resser, 1942b, p. 97, pl. 18, figs. 28-31.

Elvinia longa Resser, 1942b, p. 97, pl. 18, figs. 24-27.

Elvinie vagans Resser, 1942b, p. 98, pl. 19, figs. 6-9.

Elvinia brevifrons Resser, 1942b, p. 98, pl. 19, figs. 10-14.

Elvinia matheri (Walcott). Shimer and Shrock, 1944, pl. 264,
fig. 40.

Blvinia obliquoensis Rusconi, 1953, p. 1, fig. 1.

Diagnosis—External surface of cranidium smooth.
Brim generally moderately convex. Border convex in
sagittal profile; saggital length between one-half and
two-thirds length of brim.

Discussion—This widespread but relatively rare
species is characterized particularly by its smooth ex-
ternal surface. It is distinguished from Elburgia quin-
nensis (Resser), its possible ancestor, by having the
transglabellar furrow of even depth and generally
longer palpebral lobes.

Replicas of Rusconi’s specimens of Elwvinia obliquo-
ensis from Argentina (Rusconi, 1953) show that this
species does not differ in any observable feature from
E. roemeri. At present these are the only specimens
referable to Elvinia outside North America.

Occurrence. Moderately rare, Elvinia zone: Eureka,
McGill, Bastian Peak, Cherry Creek, Shingle Pass, Snake
Range, Tybo, Ruby Range, Mount Hamilton, and Yucca Flat,
Nev.; Deep Creek range, Utah,

Genus ELVINIELLA Palmer
Elviniella Palmer, 1960a, p. 71, 72.

Type species—Elwviniella laevis Palmer, 1960a, p.
7, pl. 6, figs. 8-10, 14.

Diagnosis—Elviniinae having glabella tapered for-
ward and having conspicuous posterior glabellar fur-
rows connected across glabella; other glabellar fur-
rows barely visible. Border and border furrow come
to blunt point on axial line in many specimens. Fixed
cheeks broad; width slightly greater than one-half
basal glabellar width. Ocular ridges directed slightly
anterolaterally to ends of palpebral lobes. Palpebral
lobes long, strongly arcuate; length about one-half
that of glabella including occipital ring. Anterior
course of facial sutures nearly straight forward from
palpebral lobes.
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Free cheek has long slender genal spine directed out-
ward at distinct angle from margin of cheek. Lateral
and posterior border furrows distinct, not connected
across genal angle. Width of lateral border about
one-half width of ocular platform.

Pygidium, hypostome, and thoracic segments not
known.

Discussion.—The discovery of free cheeks in associa-
tion with cranidia assignable to Elwiniella in USGS
collection 3061-CO from the Tybo district, Nevada,
has provided the new information given in the fore-
going diagnosis. The relatively wide fixed cheeks and
the palpebral lobes that are distinctly more than half
of the glabellar length, exclusive of the occipital ring,
distinguish cranidia of Elviniella from superficially
similar small cranidia of Zlvinia roemeri ( Shumard).
(Compare pl. 7, fig. 14 with pl. 3 fig. 14.) The structure
of the free cheek, having the long genal spine diverg-
ing at an angle from the border, is similar to that of
cheeks of Dokimocephalus and Iddingsia in the Do-
kimocephalinae, further emphasising the interrelation-
ships between the Elviniinae and Dokimocephalinae
(p- 33).

Elviniella laevis Palmer
Plate 7, figures 14, 18, 19
EBwiniella laevis Palmer, 1960a, p. 72, pl. 6, figures 8-10, 14.

Diagnosis—This is the only species presently recog-
nized in the genus. The generic diagnosis is thus also
a specific diagnosis. The external surfaces of the
granidium and free cheeks are nearly smooth; how-
ever, whitened specimens observed in oblique lighting
may show faint irregular anastomosing or reticulate
markings on the posterior part of the fixed cheek and
terrace lines along the anterior margin of the border.

Discussion—Except for the discovery of a free
cheek described under the genus, no significant new
information has been obtained about the morphology
of E. laevis or about possible additional species in the
genus.

Occurrence. Rare, upper part of Dunderbergia zone:
Hureka, Tybo, Ash Meadows, Pahranagat Range, and McGill,

Nev.; Elvinia zone: Eureka, Snake Range, and Cherry Creek,
Nev.

Genus IRVINGELLA Ulrich and Resser

Irvingella Ulrich and Resser (in Walcott, 1924, p. 58) ; Walcott
and Resser, 1924, p. 10; Walcott, 1925, p. 97; Resser, 1938b,
D. 33; 1942b, p. 3, 13; Shimer and Shrock, 1944, p. 627;
Kobayashi, 1954, p. 84; Lochman, 1959, p. 295; Palmer,
1960a, p. 72.

Irvingella (Parairvingella) Kobayashi, 1938, p. 175; Palmer,
1960a, p. 73.

Irvingella (Irvingelling) Kobayashi, 1938, p. 175; 1954, p. 35.

735-610 O-65—5

Parairvingella Resser, 1942b, p. 4, 25.
Komaspis (Parairvingella) Kobayashi, 1954, p. 33.

Type species—Irvingella major Ulrich and Resser
(in Walcott, 1924, p. 58, pl. 10, fig. 3).

Diagnosis—Elviniinae having prominent subquad-
rate glabella, broadly rounded anteriorly. Posterior
glabellar furrows connected across glabella, forming
single deep furrow; junctions of lateral parts with
furrow across top generally slightly angular. Middle
pair of glabellar furrows generally visible at sides of
glabella. Frontal area short, less than one-fourth
length of glabella including occipital ring. Fixed
cheeks moderately broad; width between palpebral
and dorsal furrows more than one-third width of gla-
bella just anterior to occipital furrow. Palpebral lobes
long, slender, depressed below general level of cheek;
length about two-thirds length of glabella including
occipital ring. Posterior limbs short, steeply depressed.

Free cheek narrow. Border broader than ocular
platform except posterolateral to eye. Genal spine
moderately long, forms continuous curve with border.

Course of anterior section of facial suture curved
inward and forward from anterior end of palpebral
lobe; cuts anterior margin of cranidium less than half
the distance from anterolateral cranidial corner to
axial line.

Pygidium subtrapezoidal, broadest at or near ante-
rior margin, has prominent axis crossed by one or two
deep ring furrows; length of axis about three-fifths
length of pygidium. Distinct border generally pres-
ent. Pleural lobes narrower than axial lobe.

Discussion.—Examination of closely spaced strati-
graphically controlled collections containing h"vz"rf,-
gella from Nevada shows that three common strati-
graphically distinct species are present: an older
species, 1. angustilimbatus Kobayashi, an intermediate
species, I. flohri, and a younger species, /. major
Ulrich and Resser. A rare fourth specices, /. transversa
n. sp., is associated with /. major.

A review of the historical development of the con-
cept and content of /rvingella has been presented in an
earlier paper (Palmer, 1960a, p. 78). The only addi-
tional change here is to discontinue recognition of
Parairvingella as a subgenus on the basis of further
study of specimens referable to its type species, /.
angustilimbatus (p.47).

Thirty-nine specific names have been applied to
trilobites having the characteristics of Irvingella.
Twenty-seven of these “species” are from the United
States, of which 238 were described by Resser (1942b,
p- 18-24). Frederickson (1949) and Gaines (1951)
reviewed many of Resser’s “species” from Oklahoma
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and Texas, respectively, and concluded that the fea-
tures cited as species features were in most instances
either superficial or inaccurately reported. They rec-
ognized only one species, /. major, in their areas.

Examination of the typees of all the North Ameri-
can “species” referred to /rvingella during the present
study has confirmed the observations of Frederickson
and Gaines. Present assignments of 23 of these
“species” are given in the synonymies of /. major, I.
flohri, and I. angustilimbatus. Five additional “spe-
cies” are represented by types that are not well enough
preserved or illustrated to be adequately compared
with species recognized here. /. tumifrons (Hall and
Whitfield) and /. protuberans Kobayashi are repre-
sented by large, distorted, and exfoliated cranidia
that are possibly referable to . major. I. davisensis
Resser is represented by a fragmentary cranidium pos-
sibly also referable to /. major, and I. ottertailensis
Resser is represented by a mold of a cranidium so in-
complete that even its generic assignment is ques-
tionable.

Most of the known specimens of foreign trilobites
assigned to /rvingella were examined during 1961 and
1962. I. suecica, with its subspecies, /. suecica mar-
ginata (Westergard, 1947), from Sweden is a species
differing from American species of /rvingella by hav-
ing a distinct cranidial border persisting further into
the holaspid stage. It differs further from 7. major by
having slightly wider fixed cheeks, a less transversely
convex glabella, and less well-defined second glabellar
furrows.

1. nuneatonensis (Sharman, 1886) from England
may be a distinct species. It is represented by slightly
compressed specimens in shale. Large cranidia differ
from those of /. major only in having a slightly more
elongate and anteriorly tapered glabella. The holo-
type, which is a smaller complete specimen (total
length 9 mm), is not objectively distinguishable from
1. magjor, but some evidence for a slight postdeposi-
tional shortening of the glabella may make the resem-
blance more apparent than real. This species is pres-
ently being studied (1962) by Mr. Adrian Ruston of
Cambridge University.

1. jorusconii (Rusconi, 1953) from Argentina is in
every respect identical with /. major. I. obliquoensis
(Rusconi, 1953) may also be a synonym of 7. major.
It is represented only by large broken cranidia that
have all observable characteristics correct for /. major,
but they are inadequately preserved for accurate iden-
tification. 7. platycephala (Rusconi, 1953) may be a
separate species. One of the paratype specimens stud-
led is a cranidium having a low transverse glabellar
convexity, in which the front of the glabella obscures

the border from dorsal view. However, a second one
of the paratype specimens is a typical /. major. The
holotype was not among the replicas available for
study; so, correct placement of the species is not pos-
sible.

Irvingella septentrionalis (Walcott and Resser,
1924) from Novaya Zemlya is represented by a single
distorted cranidium that has all the characteristics of
I. major. However, 1.% arctica (Walcott and Resser)
(1924) is not an /rvingella. Although it has the pos-
terior glabellar furrow complete across the glabella, it
also possesses a large occipital node, the suggestion of
a small anteriorly placed palpebral lobe, and a well-
defined border that tapers laterally and is different in
structure from that of species of Irvingella having a
border. The species is represented only by one small
distorted cranidium, and its correct generic assignment
is not certain.

Among unnamed specimens assigned to Irvingella is
a slightly crushed and weathered cranidium from
China identified as /rvingella? by Troedsson (1937).
The specimen lacks a preserved frontal area, and thus,
although it otherwise resembles /rvingella, it could
represent a younger genus, Drumaspis. Cranidia of a
species of Drumaspis from Nevada, in a fauna contain-
ing some elements resembling those described by
Troedsson from China, differ from /rvingella only by
having facial sutures that meet on the axial line.

Irvingella tropica (Opik, 1963) from the Pome-
granate limestone in Queensland, Australia, seems to
be identical in every respect with the variant of 7.
angustilimbatus from the Tybo district, Nev. (pl. 6,
fig. 23), described in the following discussion.

In the collections of N. V. Pokrovskaya in Moscow
are cranidia of an /rvingella from the northeastern
part of the Siberian platform that are identical with
those of /. transversa n. sp.

Three asiatic species seems to belong to Irvingella,
but further comparison must await study of the speci-
mens on which they are based. These are /. taitzehuen-
sis (Lu, 1957) from China, and Komaspis (Parairvin-
gella) converus and K. (P.) megalops (Kobayashi,
1962) from Korea.

Irvingella angustilimbatus Kobayashi

Plate 6, figures 17, 18, 21-23

Chariocephalus? tumifrons Walcott (not Hall and Whitfield),
1884, p. 61, pl. 18, fig. 16.

Irvingella (Parairvingella) angustilimbatus Kobayashi, 1938,
p. 175 ; Palmer, 1960a, p. 73, pl. 6, figs. 2, 3.

Parairvingella angustilimbatus (Kobayashi). Resser, 1942b,
D. 26, pl. 4, figs. 18-22.

Parairvingella intermedia Resser, 1942b, p. 27, pl. 4, figs. 25-31.
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Parairvingella eurekensis Resser, 1942b, p. 26, pl. 4, figs. 15-17.
Irvingella (Parairvnigella) eurekensis (Resser). Palmer,
1960a, p. 74, pl. 6, fig. 1.

Diagnosis—Short frontal area distinctly divided
into brim and border. Glabella prominent, moderately
convex transversely and longitudinally; second glabel-
lar furrows shallow. Width of fixed cheeks about one-
half or less than one-half basal glabellar width.

Pygidium, free cheeks, and hypostome not known.

Discussion.—This species is the oldest representative
of I'rvingella and the only species of Irvingella having
a well-defined cranidial border, even on large hola-
spids. This species was assigned to the subgenus
Parairvingella in an earlier paper (Palmer, 1960a),
when Parairvingella eurekensis Resser was believed to
constitute a second species. The problem of adequately
determining systematics from small samples, however,
is indicated by the foregoing synonymy.

Parairvingella eurekensis Resser was recognized as
a distinct species because the sagittal length of the
frontal area on the two small known specimens is
greater in comparison to glabellar length than is the
sagittal length of the frontal area on larger specimens
representing /. angustilimbatus. Generally, the sagit-
tal length of the frontal area increases rather than
decreases relative to glabellar length as size increases.
A sample of /. angustilimbatus from Tybo, Nev.,
(USGS 1471-CO) has both small and large cranidia
and, coupled with samples of cranidia of “Parairvin-
gella” type of various sizes from other localities, shows
that the holaspid growth of the frontal area of this
species is uncommon. Thus, the principal distinction
made between 7. angustilimbatus and I. eurekensis
seems to be no longer valid, and the species are here
considered to be synonyms. This leaves /. angustilim-
batus as the only recognizable American species in
Parairvingella. The fact that 1. flohri, I. transversus,
and /. major, which lack a definite border in larger
holaspids, pass through a “Parairvingella stage” in the
meraspid and early holaspid periods (pl. 6, figs. 8,
14, 15, 19) emphasizes the close relationship of Parair-
vingella and Irvingella. Westergard (1947) showed a
similar growth pattern for /. suecica, and Lochman
(1953, 1959), following Westergard’s suggestion,
placed Parairvingella in synonymy with Irvingella.
Parairvingella was subsequently reinstated as a sub-
genus (Palmer, 1960a). However, usage of the cum-
bersome trinomial nomenclature now seems unneces-
sary.

One cranidium from USGS collection 1471-CO,
made at Tybo (pl. 6, fig. 23), seems to show an extreme
of variation that can occur in a sample where most

other cranidia are clearly conspecific with 7. angus-
tilimbatus. The form of this cranidium, which has a
slightly tapered glabella, is much like that of Elwi-
niella and emphasizes the close relationship between
Irvingella and Elviniella, which is its probable ances-
tor (p. 20).

This cranidium cannot be objectively distinguished
from the two known cranidia of Irvingella tropica
Opik from the Pomegranate limestone, Queensland,
Australia. However, because of the small number of
specimens in the Tybo collection, the variant Tybo
cranidium cannot be clearly shown to represent a
population specifically distinguishable from associated
specimens assigned to [I. angustilimbatus. Thus,
although 7. tropica may have existed in both Australia
and America, the possibility of homeomorphy cannot
be eliminated, and the Tybo specimen is recorded in
the present paper as a variant of /. angustilimbatus.

Occurrence. Moderately rare, lower part of Elvinia zone:
Eureka, McGill, Shingle Pass, Tybo, Yucca Flat, and Bare
Mountain, Nev.

Irvingella fiohri Resser

Plate 6, figures 16, 19, 20, 24

Irvingella flohri Resser, 1942b, p. 24, pl. 4, figs. 12-14.

Irvingella adamsensis Resser, 1942b, p. 24, pl. 4, figs. 7-11.

Irvingella aff. I. flohri Resser. Deland and Shaw, 1956, p. 556,
pl. 66, figs. 10-12.

Diagnosis—TFrontal area short, undivided in larger
holaspids. Sagittal convexity of glabella gentle to
moderate; transverse convexity moderate. Second pair
of glabellar furrows rarely apparent. Distance be-
tween palpebral furrows on line tangent to front of
glabella slightly but consistently greater than basal
glabellar width. Width of fixed cheeks one-half or
less than one-half width of glabella.

Pygidium has axis bearing one or two ring furrows
posterior to articulating furrow. Anterolateral corners
generally rounded.

Discussion—This species occurs in beds slightly
older than those containing /. major and I. transversa.
The foregoing distinguishing features are consistent,
although minor, and are significant in the understand-
ing of the evolution of the genus (p.20).

Deland and Shaw (1956, p. 556) placed both 7.
adamsensis Resser and I. richmondensis Resser in the
synonymy of I. flohri. The placement of /. adamsen-
sis is certainly correct. /. richmondensis is represented
by a small cranidium that could belong to either /.
major or I. flohri. Because of its association with /..
transversa, a species known only from beds containing
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I. major, 1. richmondensis is here considered to be
more probably a synonym of /. major.

Occurrence. Moderately rare, middle part of Elvinia zone;
Eureka, Shingle Pass, and McGill, Nev.; House Range, Utah.

Irvingella major Ulrich and Resser

Plate 6, figures 9-15

Irvingellea major Ulrich and Resser, in Walecott, 1924, p. 58,
pl. 10, fig. 3; Walecott, 1925, p. 98, pl. 15, figs. 26-29;
Shimer and Shrock, 1944, pl. 265, fig. 25; Frederickson,
1949, p. 353-355, pl. 69, figs. 5-7; Wilson, 1951, p. 644-645,
pl. 93, figs. 14, 21-23; Gaines, 1951, p. 609, pl. 1, figs. 1-32;
Bell and Ellinwood, 1962, pl. 55, figs. 4, 5.

Irvingella septentrionalis Walcott and Resser, 1924, p. 10, pl. 2,
figs. 32, 33.

Irvingella abrupta Resser, 1942b, p. 21, pl. 3, figs. 40-45.

Irvingella accincte Resser, 1942b, p. 21, pl. 3, figs. 37-39.

Irvingella agrestis Resser, 1942b, p. 17, pl. 3, figs. 4-6.

Irvingella alberta Resser, 1942b, p. 23, pl. 4, figs. 1-3.

Irvingella alia Resser, 1942b, p. 16, pl. 2, figs. 42-47.

Irvingella alta Resser, 1942b, p. 19, pl. 3, figs. 16-18,

Irvingella arbucklensis Resser, 1942b, p. 14, pl. 2, figs. 28-33.

Irvingella ardmorensis Resser, 1942b, p. 18, pl. 3, figs. 7-12.

Irvingella bacca Resser, 1942b, p. 20, pl. 3, figs. 34-36.

Irvingella burnetensis Resser, 1942b, p. 20, pl. 3, figs. 28-33;
Wilson, 1949, p. 39, pl. 11, figs. 18, 21.

Irvingella deckeri Resser, 1942b, p. 19, pl. 3, figs. 19-27.

Irvingella gibba Miller, 1936, p. 31, pl. 8, figs. 1, 2.

Irvingella media Resser, 1942b, p. 22, pl. 3, figs. 46-54; Shimer
and Shrock, 1944, pl. 265, figs. 26, 27; Wilson, 1949, p. 39,
pl. 10, fig. 7; pl. 11, figs. 16, 17, 19, 20.

Irvingella mesleri Resser, 1942b, p. 15, pl. 2, figs. 34-38.

Irvingella oblonga Resser, 1942b, p. 17, pl. 3, figs. 1-3.

Irvingella plena Resser, 1942b, p. 18, pl. 3, figs. 13-15.

Irvingella recurve Resser, 1942b, p. 15, pl. 2, figs. 3941.

Irvingella richmondensis Resser, 1942b, p. 23, pl. 4, figs. 4-6.

Irvingella silvestris Resser, 1942b, p. 13, pl. 2, figs. 22-27.

Irvingella jorusconii Rusconi, 1953, p. 2, fig. 2.

Urvingella obliquoensis Rusconi, 1953, p. 2, figs. 4, 5.

Diagnosis—Frontal area short, undivided in all but
smallest holaspids. Glabella prominent, strongly con-
vex transversely and longitudinally, has short second
pair of glabellar furrows commonly most distinct on
exfoliated specimens. Distance between palpebral fur-
rows on line tangent to front of glabella generally
equal to or less than basal glabellar width. Width of
fixed cheeks one-half or less than one-half basal gla-
bellar width. Anterolateral corners of pygidium on
many specimens acuminate.

Discussion—Specimens from many localities have
been referred to /. major, and the synonymy of the
species has been discussed several times. The only
published description, however, is a careful and fairly
complete presentation by Gaines (1951). New infor-
mation derived from study of silicified specimens in
USGS collection 8064—CO, Mount Hamilton district,

Nev.,shows that the free cheek has only a short anterior
projection of the doublure beneath the cranidial border
and that this species must have had a rather wide
(transverse) rostral plate.

Evolutionary development within Irvingella is to
some extent summarised in the ontogeny of I. major,
the youngest species of the genus. Small meraspids
have a distinct brim and border, as in the oldest spe-
cies of Irvingella, I. angustilimbatus. Larger meras-
pids and perhaps small holaspids have the subdued
glabellar convexity and proportionately greater dis-
tance between the anterior ends of the palpebral lobes
characteristic of /. flohri, the immediate ancestor of
1. magjor.

Occurrence. Moderately common to abundant, highest beds
of Blvinia zone: Eureka, Snake Range, McGill, Cherry Creek,
Ruby Range, Mt. Hamilton, and Yucca Flat, Nev.

Irvingella transversa n. sp.

Plate 6, figures 7, 8

Diagnosis— Frontal area short, undivided in hola-
spid. Glabella prominent, moderately to strongly
convex transversely and longitudinally; second glabel-
lar furrows barely apparent. Width of fixed cheeks
about two-thirds basal glabellar width. Distance be-
tween palpebral furrows on line tangent to anterior
end of glabella about one-third greater than basal
glabellar width.

Discussion.—This striking species is represented by
both large and small cranidia and occurs in association
with 7. major. The width of the fixed cheeks and the
distance between the anterior ends of the palpebral
lobes relative to the basal glabellar width are far
greater than the outside limits for these characteristics
observed on /. major by Gaines (1951) and by me.
Thus, this species does not seem to represent merely an
extreme variation of 7. major. The occurrence is here
considered to be one of the relatively rare examples of
an association of two congeneric species in the Ptero-
cephaliid biomere.

Occurrence: Rare, upper part of the Elvinia zone: Eureka
and Ruby Range, Nev.

Family ERIXANIIDAE Opik

This family was recently proposed (Opik, 1963, p.
77) for trilobites having cranidia on which the border
is narrow, the brim and fixed cheeks are wide, the pos-
teriorly situated palpebral lobes are long and arcuate,
and the glabella is subrectangular and has a sagittally
short occipital ring. The thorax has 12 segments on
which the pleural tips are long and slender. Pygidia
have a short axis and, generally, a narrow border. In
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addition to three new species of a single genus E'riz-
antwm from Australia, Opik (1963, p. 78) noted that
specimens described as Genus and species undeter-
mined 1, 2, and 3 by Palmer (1960a, pl. 11, figs. 1-3, 5,
6) from the Dunderberg Shale also belong to E'rix-
anium. These specimens together with subsequently
collected material, all from the Peterocephaliid bio-
mere, represent at least four species here assigned with
varying degrees of confidence to Erizanium.

Genus ERIXANIUM Opik

Erizanium Opik, 1963, p. 77.

Type species—Erizanium sentum Opik, 1963, p.
78-81, pl. 8, figs. 1-4, 7, 8; pl. 9, figs. 1-5; text figs. 26,
21.

Diagnosis—Because the family Erixaniidae is pres-
ently monotypic, the diagnostic features of Erizanium
are the same as those for the family. However, £.?
brachyaxis n. sp., which has a relatively short brim
and a flat border on the cranidium and a relatively
broad pygidial border, could be removed from Eriz-
antwm on these differential characteristics. If so,
Erizanium could be diagnosed as follows: Erixaniidae
having a narrow slightly convex cranidial border;
sagittal length less than one-third that of nearly flat
brim. Pygidium has narrow border; width of border
less than one-half width of pleural platform.

Discussion.—Specimens of Erizanium are rare but
widespread in the Dunderbergia zone of the Great
Basin. Samples large enough to show infraspecific
variability have not been obtained. Thus, the small
differences between E. multisegmentus n. sp. and E.
carinatum n. sp. and their Australian counterparts £.
alienum Opik and E. sentwm Opik may need to be
reevaluated when larger samples are found.

During a visit to Dr. N. V. Pokrovskaya of the
Geological Institute of the Academy of Sciences in
Moscow, U.S.S.R., in May 1962, I was shown complete
specimens of a species of Erizanium from near the
mouth of the Lena River in northeastern Siberia. In
that area, as well as in Australia and the United
States, Eriwanium is found in the interval between
beds containing Glyptagnostus and those containing
Irvingella. Thus, Erizanium is added to the small but
growing list of geographically widespread and strati-
graphically restricted Cambrian trilobite genera that
are of extreme importance for accurate interconti-
nental correlation within the Cambrian system.

The Siberian species of Eriwanium, which seems to
be conspecific with Z. multisegmentus n. sp. has a
thorax and cephalon that are virtually the same as
those of £. sentum Opik. . sentum differs primarily

in the structure of its pygidium. Pygidial characteris-
tics, therefore, are apparently the most significant for
discrimination of species within Erizanium.

Erixanium carinatum n. sp.
Plate 17, figures 19-21

Diagnosis—Cranidium has narrow convex border,
defined by narrow border furrow; sagittal length
between one-third and one-fourth length of brim.
Glabellar furrows generally shallow. Pygidium sub-
triangular, has short axis, length of axis about one-
half that of pygidium. Three moderately well-defined
ring furrows present posterior to articulating furrow.
Postaxial median carina present, connected to border.
Border narrow, continuous with first pleural furrow.
Anterior half of pleural fields crossed by two or three
broad moderately deep pleural furrows. Shallow inter-
pleural furrows may be present.

Discussion.—This species is most like £. sentum,
the type species, from the Georgina and Pomegran-
ate limestones in Australia (Opik, 1963). The princi-
pal difference is the presence of a well-defined post-
axial median carina on the pygidium. The axis has one
less segment, and the posterior part of the pygidial
border furrow is also better defined on the American
species. The distinct postaxial carina distinguishes
E'. carinatum from all other species in the genus.

Occurrence. Rare, lower half of the Dunderbergia zone:
Yucca Flat, Nev.; House Range?, Utah.

Erixanium multisegmentus n. sp.
Plate 17, figures 17, 18

Genus and species undetermined 1, Palmer, 1960a, p. 101, pl. 11
figs. 2, 5, 6.

Genus and species undetermined 3, Palmer, 1960a, p. 102, pl. 11,
fig. 3.

Diagnosis—Cranidium has nearly flat border sepa-
rated from brim by sharp change in slope; sagittal
length about one-third length of brim. Glabellar fur-
rows distinct, moderately deep. Axis pygidium has five
or six ring furrows posterior to articulating furrow;
posterior end of axis poorly defined; length of axis
slightly less than three-fourths length of pygidium.
Border narrow, moderately well defined. Pleural
fields crossed by four or five shallow pleural furrows.

Discussion—The long many-segmented axis of the
pygidium, the narrow cranidial border, the generally
deep glabellar furrows, and the lack of a distinct
border furrow on the cranidium distinguish this
species from others in the genus.
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Occurrence. Rare, middle part of Dunderbergia zone:
Eureka and Tybo district, Nev.

Erixanium? brachyaxis n. sp.

Plate 17, figures 14-16

Diagnosis—Cranidium has relatively broad flat bor-
der separated from brim by distinct change in slope;
sagittal length nearly one-half that of brim. Glabellar
furrows barely apparent. Axis pygidium short; sagit-
tal length about one-half length of pygidium. Three
or four shallow ring furrows present posterior to
articulating furrow. Pleural regions have broad, flat
poorly defined border; border nearly as wide as pleural
fields. Pleural fields crossed by one or two shallow
pleural furrows that continue onto border. Postaxial
boss elongate, extended onto inner part of border.

Discussion—This species is included in Erizanium
because of the presence of a postaxial boss on the
pygidium and the general similarity in the structure
of the cranidium. It differs from other species in the
genus by having a broad rather than narrow pygidial
border and a broader cranidial border. The differences
in pygidial structure are greater than those generally
apparent between congeneric species, and £.? brachy-
axis may represent another genus. Until more is known
about these rare trilobites, the species is tentatively
included in Erizaniwm, with which it has its greatest
affinities.

Occurrence. Rare, middle part of Dunderbergia zone:
McGill, Cherry Creek, and Ruby Range, Nev.

Erixanium sp.

Plate 17, figure 22

Some generally fragmentary pygidia and isolated
cranidia having the generic characteristics of Eriz-
anium cannot be assigned with certainty to the species
of E'rimanium named here. Some of the pygidia (pl. 17,
fig. 22) may represent a species characterized by two
or three pairs of well-defined pleural furrows that
terminate abruptly at the border furrow and by a
short axis having only four or five ring furrows pos-
terior to the articulating furrow. Pygidia of this type
are most like those of E'rizanium sentum Opik. They
differ primarily by having the pleural furrows meet-
ing the lateral border furrow abruptly rather than by
curving backward and being continuous with it.
Without more knowledge of the variability of this
feature in species from either the Australian or Amer-
ican collections, its reliability as a discriminating
factor cannot be evaluated, and the American speci-
mens are for the present not assigned to a named
species.

Occurrence. Rare, middle part of Dunderbergia zone:
Ruby Range, Nev. and House Range, Utah.

Family LONCHOCEPHALIDAE Hupé

Genus GLAPHYRASPIS Resser

Glaphyraspis Resser, 1937, p. 12; Rasetti, 1959, p. 279; 1961,
p. 112,
Raaschella Lochman, 1938a, p. 81.

Type species—Liostracus parvus Walcott, 1899, p.
463, pl. 65, fig. 6.

Description—Small Lonchocephalidae having cra-
nidium on which glabella prominent, well defined by
generally deep axial and preglabellar furrows, sub-
parallel sided or tapered forward, bluntly rounded
anteriorly. Two pairs of short deep glabellar furrows
present, generally not connected to axial furrow; pos-
terior pair generally curved. Occipital furrow deep,
particularly at sides of glabella. Occipital ring gener-
ally broadest on axial line, generally lacks distinct
node or spine. Frontal area short, subequally divided
into convex downsloping brim and border by narrow
border furrow; length one-third or less than one-third
length of glabella. Fixed cheek moderately convex;
width less than one-half basal glabellar width. Palpe-
bral lobes small, narrow, situated about opposite sec-
ond glabellar furrows. Narrow eye ridges generally
present. Posterior limbs moderately broad exsagittally,
have deep posterior border furrow and prominent
convex posterior border.

Course of anterior section of facial suture slightly
convergent forward from palpebral lobe to border fur-
row; suture curved inward across border to cut
anterior margin imperceptibly near axial line and then
curved backward across doublure to axial line, per-
haps outlining minute triangular rostral plate. Course
of posterior section of facial suture gently convex near
palpebral lobe, becoming more strongly convex near
posterior margin.

Lateral margin of free cheek gently curved towards
front, becoming strongly curved posteriorly around
genal angle. Genal spine absent. Border furrow deep
near anterior end, disappears towards genal angle.
Eye small, holochroal; composed of about 50 to 60
lenses. Infraocular ring absent.

Hypostome not known. Thorax has eight thoracic
segments. Each segment has prominent axis equal in
width or slightly narrower than pleural region. Tips
of thoracic segments generally bluntly rounded.

Pygidium subtriangular. Axis prominent, tapered
backward, poorly defined posteriorly, reaches nearly
to posterior margin; as many as five ring furrows
present posterior to articulating furrow. Pleural re-
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gions nearly flat near axis; distal margins down-
sloping or depressed. Pleural furrows generally
present. Posterior band of each pleural segment has
transversely elongate node about at point where
pleural region is bent ventrally. Nodes decrease in size
posteriorly. No distinct border present. Doublure nar-
row, tapered toward axial line.

External surfaces of most parts of exoskeleton have
coarse or fine granular ornamentation, particularly on
cranidium and free cheeks. Smooth specimens rela-
tively rare. '

Discussion.—Glaphyraspis is particularly character-
ized by the prominent well-defined glabella, the short
subequally divided downsloping frontal area on the
cranidium, and the rounded genal angle of the free
cheek. Pygidia are similar, including the nodes on the
posterior bands of the pleural regions, to those of
Lonchocephalus and Terranovella.

Three distinct kinds of Glaphyraspis species are
known. The type species, @. parva (Walcott), is char-
acterized by subparallel glabellar sides, generally low
glabellar convexity, and a slight median indentation
in the front of the glabella. It is known at present
only from beds in the upper part of the Crepicephalus
zone in Virginia (Rasetti, 1961, p. 106) and Nevada
and from beds of uncertain stratigraphic position at its
type locality in northwestern Wyoming. A second
kind of Glaphyraspis is represented by forms having
an anteriorly tapered moderately to strongly convex
glabella and deep glabellar furrows. This is the com-
monest kind of Glaphyraspis and is found over most
of the United States in the Aphelaspis zone. Three
species are included in this group: G. ornata (Loch-
man) and G. occidentalis (Lochman), which are spe-
cies that lack occipital spines and which were formerly
placed in Zaaschella but were shown by Rasetti (1961,
p- 112) to be congeneric with . parva (Walcott), and
an undescribed species that has an occipital spine.
G. occidentalis is known at present only from Mon-
tana and Wyoming (Lochman and Duncan, 1944, p.
43; Lochman and Hu, 1960, p. 815). The undescribed
species is known only from southeastern Arizona. G.
ornata seems to be the most common of these species;
it occurs in many collections from the Great Basin,
Texas (Lochman, 1938a, p. 82; Palmer, 1954, p. 764)
and the Appalachian region. A third kind of Glaphy-
raspis, represented by @. ovata Rasetti, is character-
ized by poor definition of the glabellar furrows and
is the youngest species recorded for the genus. It is
found in the Pseudosaratogia magna fauna in Vir-
ginia (Rasetti, 1961, p. 113) in beds equivalent in age
to the lower Elvinia zone of the Great Basin.

@laphyraspis ornata (Lochman)
Plate 7, figures 15-17, 20-22

Raaschella ornata Lochman, 1938a, p. 82, pl. 18, figs. 6-10;
Palmer, 1954, p. 764, pl. 89, figs. 7-9.

Glaphyraspis ornate (Lochman). Palmer, 1962a, p. 93, pl. 19
figs. 15-19, 26, 27, text fig. 20.

Diagnosis. — Glabella tapered forward, bluntly
rounded anteriorly, moderately to strongly convex
transversely and longitudinally. Glabellar furrows
deep. Width of fixed cheek between one-third and
one-half basal glabellar width. Occipital ring lacks
node or spine.

Discussion—@. ornate is most similar to G. occi-
dentalis (Lochman) from Montana and Wyoming. It
differs by having relatively wider fixed cheeks and a
somewhat less variable ornamentation. These features
may not have actual specific significance, however.
The width of the fixed cheeks of most of the cranidia
in the type lot of G. occidentalis is about one-third the
basal glabellar width; larger cranidia are nearly
smooth, whereas small cranidia are distinctly granular.
Most of the cranidia of @. ornata from USGS collec-
tion 2468-CO at McGill, Nev., have a coarse granular
ornamentation on specimens of all sizes, and the width
of the fixed cheeks is more nearly one-half the basal
glabellar width. Trilobites in this sample are silicified,
and enough specimens are available to show that the
ornamentation is consistent. USGS collection 2315-CO
from Shing'e Pass, however, contains specimens that
have wide fixed cheeks but relatively subdued granu-
lar ornamentation; USGS collection 2996-CO from
the House Range, Utah, contains specimens that have
a distinct granular ornamentation but have fixed
cheeks intermediate in width between those typical of
G. ornata and @. occidentalis. Specimens from the
Highland Range have a barely apparent granular
ornamentation and fixed cheeks whose width is slightly
less than one-third of the basal glabellar width. All
the samples seem to be of the same age. Thus, geo-
graphic variation and some intrapopulation variation
seem to be present within the presently constituted
species of Glaphyraspis. Until adequate material is
obtained in stratigraphic sequence at one locality, the
significance of ornamentation and cranidial propor-
tions in the systematics of Glaphyraspis will remain
uncertain. All the specimens from the Aphelaspis zone
in the Great Basin are here included in &. ornata.

Occurrence. -Moderately rare, Aphelaspis zone: McGill,

Shingle Pass, Snake Range, and Highland Range, Nev.; House
Range, Utah.

Genus TERRANOVELLA Lochman

Terranovella Lochman, 1938b, p. 473 ; Shimer and Shrock, 1944,
p. 635; Rasetti, 1959, p. 280.
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Description.—Lonchocephalidae in which the cra-
nidium has a well-defined slightly sunken glabella sur-
rounded by deep axial and preglabellar furrows; gla-
bella is tapered forward, bluntly rounded at front.
Two pairs of deep short lateral glabellar furrows
generally present; posterior pair distinctly curved.
Occipital furrow deepest at sides of glabella, narrow
but well impressed across axial line. Occipital ring has
moderately long posteriorly directed median spine.
Frontal area convex, almost tumid, obscurely divided
into brim and border; sagittal length from one-third
to slightly more than one-half that of glabella. Border,
when apparent, narrower than brim. Fixed cheeks
moderately convex, slightly downsloping; width about
one-half basal glabellar width. Palpebral lobes poorly
defined, situated on line through anterior pair of gla-
bellar furrows. Narrow eye ridges may be present.
Posterior limbs broad, have deep, narrow posterior
border furrow.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe to border, then
turned inward across border to cut anterior margin
imperceptibly. Ventral course not known. Course of
posterior section convex.

Border of free cheek moderately to poorly defined,
slightly narrower than ocular platform. Only lateral
border furrow apparent. Eye prominent. Infraocular
ring absent. Genal spine short, sharp.

Axis of pygidium well defined at sides, poorly
defined at rear, tapered backward to inner edge of
steeply depressed border region. Three or four narrow
ring furrows present posterior to articulating furrow.
Pleural fields crossed by several shallow pleural and
interpleural furrows. Each pleural segment has low
knob along outer edge of pleural field.

External surfaces either smooth, pitted, or finely
granular.

Discussion.—This genus is most like Glaphyraspis
in structure of the glabella and differs in this respect
from all other trilobites of the Pterocephaliid biomere.
It differs from Glaphyraspis by having a sunken gla-
bella, strongly convex frontal area, and a short genal
spine on the free cheek. All known species of Terra-
novella have a broad-based median occipital spine.
Most species of Glaphyraspis lack an occipital spine.

Terranovella brevis n. sp.
Plate 7, figures 12, 13

Diagnosis—Frontal area short; sagittal length be-
tween one-third and one-half that of glabella. External
surface smooth.

Discussion—This species is known at present only
from a few cranidia from the Aphelaspis zone in the
Highland Range, Nev. It differs from all other species
in the genus by lacking any distinct ornamentation
and by having a relatively short frontal area.

Occurrence. Rare, upper part of Aphelaspis zone: High-
land Range, Nev.

Family NORWOODIIDAE Walcott
Genus HARDYOIDES Kobayashi

Hardyoides Kobayashi, 1938, p. 177.
Norwoodine Lochman, 1940a, p. 11, 48.

Type species—Hardyoides minor Kobayashi, 1938,
p. 177, pl. 16, fig. 29.

Diagnosis—Norwoodiidae having subcylindrical
glabella; frontal area downsloping; distinet border
present; fixed cheek moderately convex, slightly down-
sloping; posterior fixigenal spines short. Thorax com-
posed of eight segments; axial spines may be present
on occipital ring and third, fifth, and seventh seg-
ments. Pygidium subsemicircular; border poorly
defined, downsloping.

Description—Small norwoodiid trilobites (length
probably not exceeding 6 mm). Cephalon subsemi-
circular, gently to moderately convex transversely and
longitudinally. Cranidium subtrapezoidal; width at
posterior margin about twice width between anterior
sections of facial sutures. Glabella prominent, sub-
cylindrical, strongly rounded in front. Glabella fur-
rows barely apparent. Occipital furrow deep, straight.
Occipital ring has node or spine. Frontal area short,
downsloping; length between one-third and one-half
length of glabella. Border slightly narrower than
brim, well defined by narrow curved border furrow.
Fixed cheeks gently convex, slightly downsloping;
width slightly more than one-half basal glabellar
width. Palpebral lobes small, poorly defined, opposite
anterior fourth of glabella. Narrow eye ridges gen-
erally present at right angles to axial line. Posterior
limbs large; exsagittal length more than one-half that
of glabella; transverse width greater than basal gla-
bellar width. Low knobs present on many specimens
adjacent to axial furrow opposite posterior end of
glabella. Posterior border furrow deep near glabella,
disappears laterally near base of short, stout posterior
fixigenal spine.

Course of anterior section of facial suture straight
forward or slightly convergent from palpebral lobe
to border furrow, curved across border to cut anterior
margin imperceptibly and continues diagonally back-
ward across doublure to axial line, then abruptly
turned back to form short median suture behind trans-
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versely subovate rostral plate. Rostral suture nearly
straight, submarginal. Course of posterior section of
facial suture convex, directed outward and backward
to cut lateral margin of cephalon.

Free cheek subtriangular. Border about as wide as
ocular platform, poorly defined. Eye small, convex.
Infraocular ring absent.

Thorax composed of eight segments. Axis distinct,
convex, narrower than pleural regions. Pleural regions
gently convex. Each segment has deep straight pleural
furrow and blunt tip. Axial spine may be present on
third, fifth, and seventh segments.

Pygidium subsemicircular. Axis prominent anteri-
orly, tapered backward to inner edge of poorly defined
downsloping border; end not clearly marked. Two or
three shallow ring furrows present posterior to articu-
lating furrow. Pleural fields crossed by three or four
pleural and interpleural furrows of more or less equal
depth. Anterior width of pygidium one-half or less
maximum width of cephalon.

External surfaces of all parts smooth or covered
with fine even granular ornamentation.

Discussion—The discovery of Hardyoides minor
Kobayashi, the type species of Hardyoides, repre-
sented by abundant silicified and limestone individuals
in the Aphelaspis zone of eastern Nevada, has clarified
knowledge on its morphology and stratigraphic posi-
tion. Earlier assignment of the species to beds of Fran-
conia (Kobayashi, 1938) and Tremadoc (Lochman,
1959) age are incorrect. Assignment of the species to
Holcacephalus (Shaw, 1951), the synonymy of Nor-
woodina (Lochman, 1940a) with Holcacephalus (Res-
ser, 1938a) by Lochman (1940b), and the synonymy of
Levisaspis (Rasetti, 1943) with Hardyoides (Koba-
yashi, 1938) by Shaw (1953) required that the types
and relationships of these genera be reviewed.

Walcott (1916) described Norwoodia tenera as one
of several species of early Upper Cambrian proparian
trilobites assigned to a new genus Norwoodia and fam-
ily Norwoodiidae. Lochman (1940a, p. 11) reviewed
the Norwoodiidae, made N. tenera the type species of
a new genus Norwoodina, and gave a careful analysis
and description of the characteristics of the genus. She
also cited Holcacepholus granulatus Resser as a syno-
nym of V. tenera without explanation and failed to
note that by so doing Holcacephalus (Resser, 1938a;
type species 7. granulatus) became a senior synonym
of Norwoodina. This situation was quickly rectified
(Lochman, 1940b), and the nomenclature seemed to
be stabilized.

Earlier, however, Kobayashi (1938) described a
new genus Hardyoides and new species Hardyoides
minor from Upper Cambrian beds in Canada.

Although he was aware of the proparian nature of
H. minor and also of Walcott’s 1916 publication, to
which he referred in his text, he failed to note the
resemblance of the cranidium of H. minor to that of
N. tenera or even to relate his species to the Nor-
woodiidae. Shaw (1951, p. 106) reviewed the Nor-
woodiidae and suggested that Hardyoides represented
only a subgenus of Holcacephalus. From his remarks
in the text, it is apparent that his knowledge of
Hardyoides came only from the poor photograph and
inaccurate drawing of H. minor in Kobayashi (1938).
He included Hardyoides and Holecacephalus, together
with Levisaspis (Rasetti, 1943) and Paranorwoodia
(Rasetti, 1945), in a new subfamily, Holcacephalinae
of the Norwoodiidae. Shaw, later (1953, p. 145) re-
vised his views and recognized Holcacephalus and
Hardyoides as separate genera, but he placed Levis-
aspis in synonymy with Hardyoides. Although the
Holcacephalinae was rejected by Lochman (1953, p.
892), her arrangement of the Norwoodiidae (Loch-
man, 1959, p. 302) was nearly that of Shaw.

Study of Kobayashi’s types of Hardyoides minor
borrowed from the National Museum of Canada, the
types of Norwoodia tenera and Holeacephalus granu-
latus from the U. S. National Museum, Rasetti’s illus-
trations of Lewvisaspis typicalis and the new material
from Nevada has revealed the following information:
Hardyoides minor differs from Norwoodia tenera
principally by lacking axial spines on the occipital
ring and seventh thoracic segment. There is little
doubt that these species are congeneric. Both species
differ from Holcacephalus granulatus by having a sub-
cylindrical, virtually unfurrowed glabella instead of
a subtriangular glabella having deep lateral glabellar
notches. They also have a finer granular ornamenta-
tion. The structure of the glabella and the form of the
granular ornamentation of H. granulatus are char-
acteristic of trilobites of the Menomoniidae rather
than the Norwoodiidae. Holcacephalus, including H.
granulatus only, is here removed from the Norwoodii-
dae and considered as a proparian genus of the
Menomoniidae.

Levisaspis typicalis Rasetti has a cranidium similar
to that of Hardyoides minor and Norwoodia tenera,
but the whole trilobite is structurally unlike these
species and, although possibly related, is probably not
congeneric with either form. The species has five
instead of eight thoracic segments, no axial spines, and
a concave, upturned pygidial border.

Most of the illustrations and statements regarding
Hardyoides, Holcacephalus, Norwoodina, and Levis-
aspis by Lochman (1959, p. 302), based principally on
the work of Shaw (1951, 1953), need to be changed.
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Norwoodina is a synonym of Hardyoides, not of
Holcacephalus. Levisaspis is not congeneric with
Hardyoides. Holcacephalus belongs to a family differ-
ent from that of the other three genera. The illustra-
tion of Hardyoides (Lochman, 1959, fig. 2244) is
actually that of Lewisaspis. The real illustration of
Hardyoides, although inaccurate in detail is given as
part of the illustration of Holcacephalus (Lochman,
1959, 224-1a, 1b).

The only species recognized here as properly belong-
ing to Hardyoides are H. minor Kobayashi, H. mimi-
cus 1. sp., Norwoodia tenera Walcott, and Norwoodina
tenera cuneifera Lochman (1940a). Holcacephalus
(Hardyoides) glabrus (Shaw) belongs to Levisaspis.

Hardyoides mimicus n. sp.

Plate 7, figure 1

Diagnosis—Cranidium has occipital spine. Fixige-
nal spines short; length less than twice length of
occipital ring, exclusive of occipital spine. Sagittal
length of border about twe-thirds that of brim.

External surface has only slightly apparent granu-
lar ornamentation, even after whitening.

Discussion—This species occurs in beds slightly
younger than those containing H. minor and differs
by having an occipital spine and a slightly longer
brim. It is most nearly like the much older species
H. tenerus (Walcott), from which it differs princi-
pally by having shorter and more delicate fixigenal
spines.

Occurrence. Rare, Dicanthopyge zone: Yucca Flat, Nev.

Hardyoides minor Kobayashi
Plate 7, figures 3-5, 9-11

Hardyoides minor Kobayashi, 1938, p. 177, pl. 16, fig. 29;
Palmer, 1962a, p. 94, pl. 19, figs. 20-25.

Diagnosis—Cranidium has occipital ring lacking
axial spine, frontal area subequally divided into brim
and border, and short posterior fixigenal spines having
length less than twice sagittal length of occipital
ring. Thorax has axial spines on third and fifth seg-
ments only.

External surface has moderately distinet granular
ornamentation.

Discussion—This species differs from H. tenerus
(Walcott) by having a narrow brim and shorter poste-
rior fixigenal spines and by lacking axial spines on
the occipital ring and seventh thoracic segments. The
narrow brim and absence of an occipital spine also
distinguish H. minor from the slightly younger H.
mimicus n. sp. H. minor and H. tenerus oceur in dark
limestones of the outer detrital belt (Palmer, 1960b)

in the Great Basin. H. tenerus is found in beds equiva-
lent to those of the Cedaria zone, which are at least
two trilobite zones older than the beds containing
H. minor. The occurrence of two such similar species
in similar rocks at significantly different times sug-
gests a strong environmental control on their spatial
distribution.

Occurrence. Moderately rare, upper part of Aphelaspis
zone: McGill, Nev.; House Range, Utah.

Family OLENIDAE Burmeister
Genus ACICULOLENUS n. gen.

Type species—Aciculolenus peculiaris n. sp.

Description—Small olenid (?) trilobites known only
from cranidium. Glabella prominent, moderately to
strongly convex transversely, gently to moderately
convex longitudinally, tapered forward; sides slightly
convex; anterior strongly rounded. Three pairs of
deep subparallel glabellar furrows present on flanks of
glabella. Occipital furrow deep at sides of glabella,
displaced abruptly forward on axial line by large
node or base of spine that occupies normal position
of occipital furrow. Occipital ring narrow at sides,
abruptly widened on axial lines. Frontal area short,
concave, has upturned margin in front of glabella
that is not clearly differentiated into brim and border;
length of area about one-sixth or less than one-sixth
length of glabella. Fixed cheeks moderately narrow,
slightly downsloping; width about one-third basal
glabellar width. Palpebral lobes prominent, short, con-
vex, slightly upturned, continuous with prominent eye
ridges, situated opposite second pair of glabellar fur-
rows; length about one-third or less than one-third
length of glabella. Palpebral furrow deep, continuous
with moderately deep furrow at back of eye ridge.
Posterior limbs subquadrate in outline; transverse
width less than basal glabellar width. Posterior
margin straight, directed slightly forward from base
of glabella to base of border spine at genal angle; dis-
tinct backward-sloping flange present behind crest of
posterior border. Border distal to posterolateral spine
directed forward to intersect posterior section of facial
suture about opposite base of posterior glabellar fur-
row. Posterior border furrow curved forward distally.

Course of anterior section of facial suture slightly
convergent forward from palpebral lobe for short dis-
tance, then curved broadly and evenly inward to cut
anterior margin about in front of line projected for-
ward from base of anterior glabellar furrow. Course
of posterior section concave towards glabella so that
distal end just before cutting cranidial margin is at
right angles to axial line.
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Surface of cranidium roughened by poorly defined
low granular ornamentation.

Discussion—This trilobite has so many peculiar
features that a meaningful comparison with known
trilobites is difficult to make. The glabellar shape and
structure of the frontal area are somewhat like those
of Acerocare tullbergi (Moberg and Moller). (Refer
to Henningsmoen, 1957, pl. 80, fig. 11.) These features
plus the small prominent palpebral lobes and promi-
nent eye ridges suggest affinities to the Olenidae, and
A. peculiaris is tentatively assigned to that family.

Aciculolenus peculiaris n. sp.

Plate 7, figure 2

Diagnosis—This is the only trilobite presently
assigned to Aciculolenus, and its characteristics are
those described under the genus.

Discussion—The combination of proparian pos-
terior limbs, concave posterior sections of the facial
sutures, and a median node or spine in the normal
position of the occipital furrow is unique among Late
Cambrian trilobites and serves to distinguish this
species from all known forms.

Occurrence. Rare, uppermost part of Elvinia zone : Cherry
Creek and Ruby Range, Nev.

Genus SIMULOLENTUS n. gen.

Type species—Parabolinella incerta Wilson (not
Rasetti), 1954, p. 280, pl. 26, figs. 1822 (equal
Olenus? wilsoni Henningsmoen, 1957, p- 112, text
fig. 17).

Diagnosis—Members of the Oleninae in which
cranidium has large well-defined glabella bearing
three or four pairs of glabellar furrows. Occipital ring
has distinct median node. Frontal area short, has
well-defined brim and border. Fixed cheeks narrow.
Palpebral lobes small, situated anterior to glabellar
midlength. Course of anterior section of facial suture
nearly straight forward from palpebral lobe.

Free cheek has long slender genal spine. Inner spine
angle slightly obtuse.

Pygidium transverse subquadrate in outline. Length
about one-third width. Axis prominent, subparallel
sided, bluntly terminated, has one or two ring furrows
posterior to articulating furrow. One or two pleural
furrows present, not crossing poorly defined border.
Posterior margin smooth, has broad, shallow median
indentation.

Description—Small- to medium-sized olenid trilo-
bites (estimated maximum length about 30 mm).
Cephalon subsemicircular, has slender genal spines
directed nearly straight backward. Glabella low,

broad, slightly tapered forward, bluntly rounded at
front. Three or four pairs of glabellar furrows gen-
erally apparent; posterior pair generally deep, nar-
row, makes distinct angle with axial furrow; second
pair moderately deep, nearly at right angles to axial
furrow; third pair shallow, short, not connected to
axial furrow, distal end close to fourth pair that may
form from axial furrow at back edge of moderately
prominent eye ridge. Occiptal furrow narrow, has
slight angulation about midway between axial furrow
and top of glabella. Occipital ring broadest on median
line, has distinct median node. Frontal area short;

sagittal length one-third or less than one-third length

of glabella. Border narrow, convex; sagittal length
equal to or less than that of nearly flat slightly down-
sloping brim. Fixed cheek narrow, nearly flat, hori-
zontal; width about one-fourth or less than one-fourth
basal glabellar width. Palpebral lobes small, convex,
semicircular, situated anterior to glabellar midlength;
length between one-third and one-fourth length of
glabella. Palpebral furrow straight or slightly curved.
Posterior limbs tapered to sharp point laterally; trans-
verse length less than basal glabellar width. Posterior
border furrow narrow, nearly straight.

Course of anterior section of facial suture straight
forward or slightly divergent outward from palpebral
lobes to border furrow, then turned inward across
border gradually to cut anterior margin about in front
of anterolateral corners of glabella. Ventral course
not known.

Middle body of hypostome undivided; contact be-
tween anterior and posterior lobes marked by shallow
furrows only at sides. Lateral border well defined. No
distinct posterior border. Muscle (?) areas on postero-
lateral parts of anterior lobe of middle body thickened.

Transverse breadth of free cheek much less than
length. Lateral border narrow, well defined by lateral
border furrow that connects with posterior border
furrow at genal angle and continues as shallow groove
onto base of genal spine. Posterior border furrow con-
tinues forward to intersect posterior section of facial
suture about midway between posterior margin and
palpebral lobe. Inner spine angle slightly obtuse.

Pygidium transversely subquadrate; lateral margins
strongly curved; posterior margin smooth, has broad,
shallow median indentation. Axis prominent, sub-
parallel sided, bluntly terminated posteriorly, has one
or two distinct ring furrows posterior to articulating
furrow. Pleural regions not clearly differentiated into
border and pleural platform, gently convex. One or
two distally curved pleural furrows cross pleural plat-
form but not border.
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External surfaces of brim and ocular platform have
distinct veination. External surfaces of all parts either
smooth or finely granular.

Discussion.—The species here assigned to Simu-
lolenus show their clear relationships to the Olenidae
in their thin exoskeleton and the structure of the
glabella, palpebral lobes, free cheeks, and hypostome.
They each have a small transverse nonspinose pygid-
ium containing only one or two ring furrows and are
distinguished by this feature from all western Euro-
pean and eastern Canadian species of the family. The
only other described olenid having such a small pygid-
ium is Olenus ogilvies Opik from early Upper Cam-
brian beds in Queensland, Austria (Opik, 1963, p.
59-62). The Australian species differs from all the
Simulolenus species, however, by having large palpe-
bral lobes, wider fixed cheeks, and a distinct, narrow
pygidial border. A species of Bienvillia, an olenid
from younger beds in Nevada, also has a distinctive
small transverse pygidium. Perhaps as more is learned
of the olenid trilobites in regions bordering the Pacific
ocean, an olenid stock may become apparent that can
be distinguished from Atlantic forms by the possession
of a small transverse pygidium.

Simulolenus granulatus (Palmer)

Plate 8, figures 9, 10
Olenus? granulatus Palmer, 1960a, p. 79, pl. 6, figs. 23-27.

Diagnosis—Sagittal length of frontal area about
one-third length of glabe'la. Sagittal length of border
slightly more than one-half length of brim. Three
pairs of furrows generally apparent on glabella. Line
connecting midpoints of palpebral lobes passes through
or slightly anterior to distal parts of second glabellar
furrows. Width of fixed cheeks slightly more than one-
fourth basal glabellar width.

Pygidium has one distinct ring furrow posterior to
articulating furrow. Pleural fields crossed diagonally
by one distinct pleural furrow.

External surfaces and surfaces of molds of known
parts covered with low fine granules.

Discussion.—This species is most like S. wilsoni
(Henningsmoen) ; it differs principally in its orna-
mentation and the more distinet ring furrow on the
axis of the pygidium. The species have been found
together in several collections. Both differ from &.
quadrisuleatus n. sp. by lacking distinct formation of
the fourth pair of glabellar furrows, by having one
less axial and pleural furrow on the pygidium, and
by having a slightly broader fixed cheek, slightly
longer frontal area, and slightly more anteriorly
placed palpebral lobes.

Occurrence. Rare, middle part of Dunderbergia zone:
Eureka and Tybo, Nev.

Simulolenus wilsoni (Henningsmoen)

Plate 8, figures 5-8, 11, 12

Parabolinella incerta (Rasetti). Wilson, 1954, p. 280, pl. 26,

figs. 18-22.
Olenus? wilsoni Henningsmoen, 1957, p. 111, text fig. 117,

Palmer, 1960a, pl. 6, figs. 18, 20-22, text fig. 15.

Diagnosis—Sagittal length of frontal area about
one-third or slightly more than one-third of length of
glabella. Sagittal length of border slightly greater
than one-half length of brim on cranidia that are
less than 2 mm long; slightly less than one-half length
of brim on cranidia that are 5 mm long. Line con-
necting midpoints of palpebral lobes passes slightly
anterior to distal ends of second glabellar furrows.
Width of fixed cheek slightly less than one-third basal
glabellar width. Three pairs of furrows generally
apparent on glabella.

Pygidium has one poorly formed ring furrow pos-
terior to articulating furrow. Pleural fields crossed
diagonally by one pleural furrow.

External surfaces and surfaces of molds of all parts
smooth.

Discussion.—This species differs from both 8. gran-
wlatus (Palmer) and 8. quadrisuleatus n. sp. by having
a smooth rather than granular external surface. It
further differs from S. quadrisulcatus by having
broader fixed cheeks, a longer frontal area, slightly
more anteriorly placed palpebral lobes, and one less
axial and pleural furrow on the pygidium and by
lacking a distinctly formed fourth pair of glabellar
furrows.

The species shows some variability in the definition
of glabellar furrows and of eye ridges. This variability
is in part a function of size. The glabellar furrows and
eye ridges are most prominent on smaller cranidia.
(Compare pl. 8, figs. 6, 7.)

Occurrence. Moderately rare, middle part of Dunderber-
gia zone: Eureka, Tybo, Ruby Range, and Yucca Flat, Nev.

Simulolenus quadrisuleatus n. sp.

Plate 8, figures 14

Diagnosis.—Glabella generally has four distinct
pairs of glabellar furrows. Frontal area short; sagittal
length about one-fourth glabellar length. Border nar-
row, convex; sagittal length equal to or slightly less
than that of brim. Fixed cheeks narrow; width slightly
more than one-fifth basal glabellar width. Line
through midpoints of palpebral lobes passes across
second glabellar furrows.
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Pygidium has two distinct ring furrows posterior to
articulating furrow. Pleural fields crossed by two
pairs of pleural furrows.

External surfaces of all parts covered with minute
closely spaced granules apparent only if lightly coated
with magnesium oxide and placed under low oblique
lighting. Surface of mold smooth.

Discussion.—This species differs from the others
assigned to the genus by its narrower fixed cheeks,
shorter frontal area, slightly more posteriorly placed
palpebral lobes, and generally distinct fourth pair of
glabellar furrows. Its pygidium has two distinct ring
and pleural furrows rather than one, as in the other
species. The granular ornamentation is much finer
than that of S. granulatus (Palmer).

A small olenid cranidium from USGS collection
2524-CO at Cherry Creek (pl. 8, fig. 3) has a granular
surface, short frontal area, and four pairs of glabellar
furrows suggestive of S. quadrisulcatus; however, the
fixed cheeks are somewhat wider than those of a com-
parable-sized cranidium in the type lot from the
Eureka district, and it may represent a different olenid
species.

Occurrence. Moderately rare, uppermost part of Elvinia

zone: Eureka, McGill, Ruby Range, and Cherry Creek(?),
Nev.

Family PTEROCEPHALIIDAE Xobayashi

Diagnosis—Subisopygous opisthoparian ptycho-
parioid trilobites having a cephalon that is generally
gently to moderately convex transversely and longi-
tudinally. Glabella tapered forward, generally well
defined at sides and anterolateral corners, less well
defined across front; glabellar furrows generally
poorly defined; if distinct, glabellar furrows generally
broad or rarely, deep and narrow. Axial furrows have
tendency to develop fossulae at anterolateral corners
of glabella. Occipital furrow generally present. Occip-
ital ring of most species has median node; median
occipital spine rare. Frontal area generally divided into
distinet brim and border. Sagittal length of border
generally greater than distance from dorsal surface
of border to ventral surface of doublure. Fixed cheeks
narrow, flat or slightly convex; width one-half or less
than one-half basal glabellar width; position generally
horizontal or slightly upsloping. Posterior limbs sharp
pointed. Posterior border furrow nearly straight.

Course of anterior section of facial suture straight
forward or slightly divergent from front of palpebral
lobe to border, then curved inward to cut anterior
margin more than one-half distance from anterolateral
corners of cranidium to axial line. Rostral suture,
where present, barely submarginal. Connective
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sutures convex towards axial line, joined to form
median suture only in later members of family. Pos-
terior section of facial suture invariably divergent
sinuous, cuts posterior margin of cephalon adaxial to
base of genal spine.

Hypostome has poorly differentiated median body
and posterior lobe. Lateral border generally well
defined, narrow. Posterior border poorly defined or
absent; if present, narrow.

Rostral plate, where present, subtrapezoidal to sub-
triangular, has concave sides.

Border of free cheek generally well defined. Genal
spine present, lateral margin of spine continuous with
margin of main part of cheek. Eye surface on all
known specimens separated from ocular platform by
infraocular ring.

Thorax of 12 to 13 segments. Axis moderately to
strongly convex transversely, generally prominent.

Pygidium has prominent posteriorly tapered axis
that is moderately to strongly convex transversely and
raised above pleural regions. Width of axis generally
less than width of pleural region. Border generally
poorly defined, on most species narrowed behind axis.
Pleural field has pleural furrows, where present,
broader and deeper than inter-pleural furrows.

External ornamentation generally subdued. Most
species smooth or finely pitted. Granular ornamenta-
tion rare.

Discussion—This is the dominant family in the
Pterocephaliid biomere and includes about 40 percent
of the described ptychoparioid species of the fauna. As
stratigraphic and paleontologic study of these trilo-
bites progressed and more was learned about the fos-
sils from the interval between the Aphelaspis and
Dunderbergia zones, it became apparent that the trilo-
bites of the family Housiidae (Palmer, 1960a, p. 74)
were intimately related through the early species of
Prehousia to the Aphelaspidinae and thus that this
taxon was more appropriately a subfamily within the
Pterocephaliidae. The Pterocephaliidae in the Great
Basin is therefore composed of three subfamilies: the
Aphelaspidinae, having 15 species representing 4
genera ; the Housiinae, having 10 species representing
3 genera; and the Pterocephaliinae, having 17 species
representing 4 genera.

In addition, several species described in the section
on “Unassigned trilobites” (p. 77) probably belong to
the Pterocephaliidae. These include ZTumicephalus
depressus n. sp., n. gen., which has characteristics of
both the Aphelaspidinae and Housiinae; Listroa tox-
oura Palmer, which has characteristics of the Aphela-
spidinae and Pterocephaliinae; and Taenora expansa
Palmer, which has some characteristics of the Aphela-
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spidinae. Both L. foxoura and 7. expansa were in-
cluded in the Aphelaspidinae in an earlier paper
(Palmer, 1962b, p. 31). There is some doubt, however,
about the appropriateness of assigning any of these
species to named subfamilies, and they are here con-
sidered as supragenerically unplaced genera. The
genus Morosa has some characteristics of the Hou-
siinae and Aphelaspidinae and may also belong in the
Pterocephaliidae. Other unplaced genera having some
possible affinities with the family are Anechocephalus
and Stenambon. Nearly all the species having possible
relationships to the Pterocephaliidae are rare elements
in the fauna, and more knowledge of them and their
relationships to other forms will be needed to place
them confidently in suprageneric taxa.

Subfamily APHELASPIDINAE Palmer
Diagnosis—Pterocephaliidae having generally dis-
tinct and convex border on cephalon or less commonly,
flat or slightly concave border. Palpebral lobes gener-
ally located about opposite glabellar midlength. Bor-
der of pygidium generally subequal in width to great-
est width of pleural platform.

Genus APHELASPIS Resser

Aphelaspis Resser, 1935, p. 11; Shimer and Shrock, 1944, p. 619;
Palmer, 1954, p. 743; 1962b, p. 32; Ivshin, 1956, p. 31;
Lochman, 1959, p. 256.

Proaulacopleura Kobayashi, 1936, p. 93; Howell, 1959, p. 269.

Clevelandelle Resser, 1938a, p. 68.

Labiostria Palmer, 1954, p. 750; Lochman, 1959, p. 258.

Type species—Aphelaspis walcotti Resser, 1938a, p.
59, pl. 18, fig. 14. (See Palmer, 1953, p. 157, for dis-
cussion. )

Diagnosis—Aphelaspidinae having border furrow
on cranidium ejther present or absent. Glabella gen-
erally lacks well-defined glabellar furrows. If present,
lateral and posterior border furrows on free cheek,
join at genal angle and generally extend short distance
onto base of genal spine.

Thorax has 13 segments.

Pygidium generally transversely subovate, rarely
subquadrate. Axis has one to five ring furrows poste-
rior to articulating furrow. Pleural regions have
pleural furrows barely apparent on most specimens.
Border poorly defined, narrowest at axial line, broad-
ening laterally. Posterior margin is evenly curved, has
very slight median inbend, or is slightly angular at
posterolateral corners.

Discussion—The statements in the description of
Aphelaspis (Palmer, 1962b, p. 32) about the thorax—
“pleural tips of each segment short, sharp,”—and the
pygidium—“pygidium transversely subovate”—must
be amended to read, “Pleural tips of each segment

short and sharp or long, slender, and backswept,” and,
“Pygidium generally transversely subovate, rarely
subquadrate,” as a result of the discovery of 4. longi-
spina n. sp. Five species of Aphelaspis are now recog-
nized in the central Great Basin faunas.

Prehousia is the only pterocephaliid genus that is
difficult to distinguish from Aphelaspis if all parts
are known. This difficulty is due partly to the strong
probability that Prehousia is a direct descendant of
one of the species of 4 phelaspis, probably A. subditus
Palmer. Species of Prehousia generally have smaller
more anteriorly placed palpebral lobes, a narrower
fixed cheek, and a pygidial border of more even width
than those of species of Aphelaspis. The cranidial
differences are indicated most clearly on a triangular
diagram (fig. 12) relating length of palpebral lobe
and width of fixed cheek to length of glabella. In the
present area of study, beds containing Aphelaspis are
separated from younger beds containing Prehousia by
the beds of the Dicanthopyge zone. If species the
Aphelaspis-Prehousia lineage are ever found in the
Dicanthopyge zone, assignment of the species to either
Aphelaspis or Prehousia may have to be arbitrary.

Aphelaspis brachyphasis Palmer
Plate 8, figures 13, 17-21

Aphelaspis brachyphasis Palmer, 1962b, p. 33, pl. 4, figs. 1-19.

Diagnosis.—Length of frontal area of cranidium
about six-tenths length of glabella exclusive of occip-
ital ring. Border slightly downsloping and flat or
very gently convex ; sagittal length variable, generally -
between one-half and three-fourths sagittal length
of brim. Border furrow barely apparent. Palpebral
lobe barely defined by palpebral furrow. Free cheek
has broad-based genal spine tapered abruptly to sharp
point.

Pygidium transversely subovate in outline and has
sharply rounded lateral margins and slight median
indentation behind axis. Axis well defined, has one or
two distinet ring furrows posterior to articulating fur-
row. A much shallower additional ring furrow appar-
ent on some specimens. Border poorly defined, variable
in width from one-third to one-sixth that of pleural
region. .

Discussion.—The short, broad-based genal spines
generally short frontal area, poorly defined palpebral
lobes, and small number of ring furrows on the axis
of the pygidium are the most distinctive features of
this species. The variation observed in 4. brachyphasis
(Palmer, 1962b, p. 33) seems to polarize into charac-
teristics of two separate species, 4. subditus Palmer
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and 4. haguei. (Hall and Whitfield), which are often
associated in the upper part of the Aphelaspis zone.
Specimens identified as A. haguei. have been collected
from near the top of the lower part of the Aphelaspis
zone (pl. 9, figs. 21-23) ; this evidence indicates that
A. hagueti possibly represents an earlier “split” from
A. brachyphasis than does 4. subditus.

Occurrence. Common, lower part of Aphelaspis zone:
McGill and Hot Springs Range, Nev,

Aphelaspis buttsi (Xobayashi)

Plate 8, figures 14-16

Olenus cf. O. truncatus Butts, 1926, p. 77, pl. 9, figs. 6, 7.

Proaulacopleura buttsi Kobayashi, 1936, p. 93, pl. 15, fig. 6;
Resser 1938a, p. 95, pl. 16, fig. 18.

Aphelaspis buttsi (Kobayashi). Palmer, 1962b, p. 35, pl. 4,
ngs. 23, 26, 31, 32.

Diagnosis—Cephalon has long slender genal spines
reaching nearly to posterior end of thorax on largest
specimens; length of spines from point where pos-
terior section of facial suture cuts cephalic margin to
tip of genal spine twice or more than twice length of
posterior section of facial suture. Eye ridges directed
laterally at right angle to axial line. Posterior pair of
lateral glabellar furrows moderately well defined,
straight, inclined posteriorly. Border furrow evenly
curved. Lateral and posterior border furrows of free
cheek barely extend onto genal spine.

Thorax has 13 segments; each segment has short,
sharp posterolaterally directed pleural spines.

Length of pygidium slightly less than one-half
width. Three ring furrows present on axis posterior
to articulating furrow. Pleural fields have three or
four shallow pleural furrows and shallow pleural
grooves between first, second, and sometimes third
pleural segments. Furrows and grooves do not extend
onto border. Border narrow; breadth one-sixth or less
than one-sixth breadth of pleural region.

Discussion.—The long genal spines, well-defined
narrow cranidial border, and moderately well defined
eye ridges at nearly right angles to the axial line are
the principal distinguishing characteristics of this
species. A. buttsi resembles specimens assigned to
Olenaspella in most features but lacks the distinctive
pygidial border spines characteristic of Olenaspella.
It occurs stratigraphically beneath the lowest known
Olenaspella-bearing beds in Nevada and perhaps repre-
sents a divergence towards Olenaspella from the main
Aphelaspis stock.

Occurrence. Rare, lowest part of Aphelaspis zone : McGill,
Nev.

Aphelaspis haguei (Hall and Whitfield)
Plate 9, figures 19-26

Crepicephalus (Loganellus) haguei Hall and Whitfield, 1877,
p. 210, pl. 2, figs. 14, 15. )

Ptychoparia haguei (Hall and Whitfield) Walcott, 1884, pl. 6,
fig. 6.

Blrathia haguei (Hall and Whitfield) Resser, 1935, p. 28.

Diagnosis—Cranidium having glabella well defined
by axial furrows; preglabellar furrow and prominent
fossulae generally best defined in members of younger
populations. Frontal area has well-defined brim and
border; brim moderately to strongly convex sagittally,
makes distinet angle with border; border flat or
slightly convex; sagittal length slightly less than
length of brim. Fixed cheeks slightly upsloping;
palpebral lobes moderately defined by shallow
palpebral furrow.

Free cheek has moderately broad border and slender
genal spine extending posteriorly to about fifth tho-
racic segment. Lateral border furrow moderately to
poorly formed.

Thorax composed of 12 or 13 segments. Pleural tips
short, sharp, directed posterolaterally.

Pygidium has well-defined axis bearing two or three
ring furrows behind articulating furrow. Pleural
fields moderately convex and have one or two moder-
ately well-defined pleural furrows. Border separated
from pleural field principally by change in slope; bor-
der narrow behind axis, abruptly expanded laterally,
flat or slightly concave, downsloping.

External surfaces of cranidium and free cheek, ex-
cept for furrows and genal spines, generally have
distinct shallow pits visible after whitening. External
surfaces of pygidium and tips of genal spines have
fine granular ornamentation apparent only after
whitening. Surfaces of molds of all parts pitted.

Discussion.—This species is distinguished from the
associated species of Aphelaspis, A. brachyphasis
Palmer, or from A. subditus Palmer on the basis of
the cranidial and pygidial features given above. Popu-
lations at opposite ends of the range of this species
can generally be distinguished by minor features.
Members of the geologically older populations have
cranidia that lack well-defined fossulae and have
pygidia on which the borders are more distinctly con-
cave, the pleural furrows are better defined, the outline
is generally less transverse, and the axis is relatively
Jonger than on members of the younger populations.

A single collection from the Highland Range, Nev.
(USGS colln. 2318-CO) contains many parts of a
single species that is morphologically intermediate be-
tween A. hagues and A. longispina (pl. 9, figs. 12, 14,
18). All parts except the thoracic segments are like
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those of members of younger populations of A. hagues,
but the fragments of thoracic segments in the collec-
tion indicate the presence of long pleural tips such
as those characteristic of 4. longispina. This sample is
here tentatively assigned to A. haguei as the terminal
member of a gradually changing infraspecific complex.

The holotype of 4. haguei is in a collection from
the west side of Pogonip Ridge, Mount Hamilton, Nev.,
associated with Olenaspella regularis Palmer and
Aphelaspis subditus Palmer. Its assignment to the
Middle Cambrian genus Zlrathia by Resser reflects
the similarity of Aphelaspis to Middle Cambrian
forms. However, the bluntly rounded glabella of A.
hagues that has generally distinet fossulae in the axial
furrows is typically that of a Pterocephaliid trilobite
and unlike that of Middle Cambrian ptychoparioids.

Occurrence. Moderately rare, lower part of Aphelaspis
zone: MecGill, Nev. Moderately common, upper part of
Aphelaspis zone : McGill, Snake Range, Highland Range, Tybo,
Osgood Mountains, and Hot Springs Range, Nev.; House Range,
Utah. :

Aphelaspis subditus Palmer

Plate 8, figures 22-26
Aphelaspis subditus Palmer, 1962b, p. 35, pl. 4, figs. 20-22, 25.

Diagnosis—Cranidium having lateral glabellar fur-
rows lacking on outer surface of exoskeleton. Palpe-
bral lobes moderately well defined by shallow palpe-
bral furrows. Border furrow present, evenly curved.
Length of border between one-half and three-fourths
sagittal length of brim.

Lateral and posterior border furrows on free cheek
generally well defined, joined at genal angle, very
slightly extended onto genal spine. Genal spine
slender, reaching to about fifth thoracic segment.

Thorax has 12 segments. Pleural tips curved
slightly, pointed, directed posterolaterally.

Pygidium has two or three ring furrows on axis
posterior to articulating furrow. Border barely de-
fined, narrow, horizontal or slightly downsloping;
breadth of border one-fourth to one-fifth that of
pleural region. Pleural fields either have or lack dis-
tinet pleural furrows. Posterior margin has slight
median indentation.

Discussion.—This species is characterized particu-
larly by the well-defined border furrow on the cra-
nidium and by the generally unfurrowed glabella. It is
associated at many localities with A. hagues, from
which it differs by having a less convex brim, a nar-
rower border, a better defined border furrow on the
cranidium, a generally less concave border, and less
well defined pleural furrows on the pygidium.

Furthermore, the external surface of A. subditus is
generally smooth whereas that of A. haguei is gen-
erally pitted. Both 4. haguei and A. subditus seem to
have been derived from A. brachyphasis by polariza-
tion of the infraspecific variation observed in that
species (p. 15). As a result of this close evolutionary
relationship between the species, some samples are
found in which the parts assignable to the two species
are distinguished with difficulty. Generally, however,
the foregoing features can be used satisfactorily to
identify specimens belonging to either species.

Occurrence. Common, upper part of Aphelaspis zone:
Cherry Creek, McGill, Tybo, Mount Hamilton, Highland Range,
Pioche, Hot Springs Range, and Yucca Flat. Nev.

Aphelaspis longispina n. sp.
Plate 9, figures 13, 15-17

Diagnosis—Cranidium has generally unfurrowed
glabella, well defined by axial and preglabellar fur-
rows. Frontal area divided into distinct brim and bor-
der by shallow border furrow. Brim flat, downsloping;
sagittal length slightly greater than that of border.
Border gently convex in sagittal profile. Fixed cheeks
slightly upsloping; palpebral lobes moderately well
defined by shallow arcuate palpebral furrows.

Free cheek has well-defined border. Shallow lateral
border furrow and somewhat deeper posterior border
furrow joined at genal angle and extended onto
slender genal spine.

Thoracic segments have long backswept pleural
tips.

Pygidium subquadrate. Axis prominent, defined
only at sides, merged posteriorly with border, has
two ring furrows behind articulating furrow; length
between one-half and three-fourths that of pygidium.
Pleural region has greatest breadth of border about
equal to greatest breadth of pleural field. Pleural field
flat or slightly convex, has two or three shallow pleural
furrows extending to inner edge of border. Border
flat, downsloping, broadest posterolaterally, tapered
towards axial line and anteriorly. Posterior margin
has slight median inbend.

External surface of cranidium—all but genal spine
of free cheek and axial parts of thoracic segments and
pygidium finely pitted. External surfaces of genal
spines, tips of thoracic segments, and pleural regions
of pygidium either roughened or very finely granular.

Discussion.—This species has been recognized in two
collections from McGill, Nev. It appears to be on the
direct line of evolution from Aphelaspis to Dicantho-
pyge and intermediate both morphologically and
stratigraphically between A phelaspis haguei (Hall and
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Whitfield) and Dicanthopyge quadrata n. sp. The most
distinguishing characteristic of A. longispina is the
presence of long backswept pleural tips on the thoracic
segments; supplementary characteristics are a rela-
tively short axis, a relatively broad border, and a sub-
quadrate shape for the pygidium.

Occurrence.
McGill, Nev.

Rare, uppermost part of Aphelaspis zone:

Genus DICANTHOPYGE n. gen.

Type species—Dicanthopyge quadrata n. sp.

Diagnosis.—Aphelaspidinae in which cranidium has
glabella obscurely furrowed, moderately well defined
by axial and preglabellar furrows. Frontal area
divided into distinct brim and border by narrow bor-
der furrow. Brim downsloping, flat; sagittal length
slightly greater than that of border. Border gently to
moderately convex, broadest on axial line. Fixed
cheeks slightly upsloping; palpebral lobes moderately
well defined by shallow arcuate palpebral furrows.
Posterior limb long, slender, sharp pointed.

Free cheek has well-defined lateral and posterior
border furrows of about equal depth, joined at genal
angle and extended onto base of long slender genal
spine.

Thorax composed of 13 segments; pleural tips in-
crease in length and posterior deflection from front to
back of thorax.

Pygidium has short prominent axis well defined at
sides that has two or three ring furrows behind articu-
lating furrow. Pleural regions nearly flat, have two or
three shallow strongly curved pleural furrows. Border
not differentiated from pleural field. Posterior margin
has one pair of posterolateral marginal spines. Margin
between spines curved forward.

Description—Aphelaspidinae, estimated maximum
length about 45 mm, having cranidium subquadrate,
gently to moderately convex longitudinally, gently
convex transversely. Glabella obscurely furrowed, well
defined by shallow narrow axial and preglabellar fur-
rows, straight sided, bluntly rounded at front. Occipi-
tal furrow shallow. Occipital ring gently convex, has
low median node. Frontal area divided into distinct
brim and border by narrow border furrow; length
between one-half and two-thirds that of glabella. Brim
flat, downsloping; sagittal length slightly greater than
length of border. Border gently to moderately convex,
slightly tapered towards anterolateral corners of cra-
nidium. Fixed cheeks flat, slightly upsloping; width,
exclusive of palpebral lobes, slightly more than one-
third basal glabellar width. Palpebral lobes promi-
nent, moderately well defined by shallow arcuate
palpebral furrow; length less than one-half length of

glabella. Posterior limbs long, slender, tapered to
sharp point; posterior border furrow broad, moder-
ately deep.

Free cheek has well-defined border, narrower than
ocular platform. Lateral and posterior border furrows
of comparable depth, joined at genal angle and ex-
tended onto base of long slender genal spine.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border, then
curved abruptly inward and continued diagonally
across border to cut anterior margin just before axial
line. Ventral course nearly straight backward across
doublure. Course of posterior section of facial suture
divergent, sinuous.

Rostral plate not known, but truncated tip of
doublure of free cheek indicates plate to be probably
subquadrate, longer sagittally than wide.

Thorax composed of 13 segments. Anterior segments
have short sharp laterally directed pleural tips. Pleu-
ral tips on more posterior segments increase in length
and become progressively more posteriorly directed.

Pygidium subquadrate to subtrapezoidal in outline;
all specimens have single pair of broad-based, short
posterolateral marginal spines. Axis prominent, short,
generally bears two distinct ring furrows behind artic-
ulating furrow; length between one-half and three-
fourths that of pygidium. Low broad poorly defined
median ridge extends posteriorly from end of axis
onto border. Pleural regions flat, slightly convex or
slightly concave. Pleural fields not clearly differen-
tiated from border, crossed by one or two shallow
strongly curved pleural furrows that extend onto but
not across border.

External surfaces of exoskeleton of cranidium, axial
parts of thorax and pygidium, and free cheek except
for genal spine have distinct fine pits. Pleural regions
of pygidium, genal spines, and tips of thoracic seg-
ments either pitted, roughened, or covered with fine
granules. Surfaces of molds of all parts pitted.

Discussion—This genus differs from Olenaspelia
and Nericia, the only other Pterocephaliid trilobites
having spinose pygidial margins and similar cephala,
by having a pygidial axis that is short and has few
segments, a border that is broader than the pleural
field, and marginal spines that are not clearly asso-
ciated with individual pleural segments. The cranid-
ium differs from that of Olenaspelle by having a
broader less convex border and a slightly more tapered
glabella and by lacking distinct glabellar furrows.
The free cheeks differ from those of Olenaspella by
having a truncate rather than tapered anterior tip to
the doublure.
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Three species are recognized here on the basis of
consistent features of pygidial shape and ornamenta-
tion. These species seem to be in direct evolutionary
sequence beginning with Dicanthopyge quadrata n.
sp., which has a subparallel-sided pygidium and dis-
tinct marginal spines; followed by D. convergens 1.
sp., which has distinctly convergent pygidial sides
and moderately long marginal spines; and ending with
D. reductus, which has strongly convergent pygidial
sides and short marginal spines. D. guadrata seems to
have been derived from the immediately older species,
Aphelaspis longispina n. sp., from which it differs
principally by having marginal spines on the
pygidium.

Dicanthopyge convergens n. sp.

Plate 9, figures 1, 4, 6

Diagnosis—Pygidium has sides convergent pos-
teriorly to outer edges of broad-based moderately long
posterior marginal spines. Width of axis about equal
to that of pleural regions in older populations, dis-
tinctly greater in younger populations. Surfaces of all
parts of exoskeleton have shallow closely spaced pits.

Discussion.—This species is intermediate in form
and stratigraphic position between D. guadrata n. sp-
and D. reductus n. sp. Its pygidium has a greater
posterior taper and generally wider axis than does
that of D. quadrata and longer less closely spaced
posterior marginal spines than does that of D. reduc-
tus. D. convergens differs from both species by having
pitted rather than granular or roughened surfaces on
the genal spines and on the pleural regions of the
pygidium.

Occurrence. Moderately rare, middle part of Dicanthopyge
zone: McGill, Shingle Pass, Ruby Range, Cherry Creek, Yucca

Flat, Spring Mountains, and Muddy Mountains, Nev.; Deep
Creek and House Ranges, Utah.

Dicanthopyge quadrata n. sp.
Plate 9, figures 2, 3, 5, 7-11

Aphelaspidinae, gen. and sp. undet., Palmer, 1962b, p. 40, pl. 5,
figs. 22, 27, 29,

Diagnosis.—Pygidium subquadrate; sides subparal-
lel; posterolateral marginal spines broad-based, mod-
erately long. Width of axis about equal to or only
slightly greater than width of pleural regions. Ex-
ternal surfaces of pleural regions of pygidium, genal
spines, and tips of thoracic segments generally covered
with fine granules; some pygidia have fine pitted orna-
mentation.

Discussion.—This species is the oldest representative
of Dicanthopyge. It seems to be a direct descendant of

Aphelaspis longispinus n. sp., from which it differs
principally by having posterolateral marginal spines
on the pygidium. The subquadrate pygidial shape dis-
tinguishes D. guadrata from the younger species D.
convergens n. sp. and D. reductus n. sp.

Occurrence. Moderately rare, lower part of Dicanthopyge
zone : McGill, Cherry Creek, Schell Creek Range, Ruby Range,
Highland Range, Mount Hamilton, Tybo, Spring Mountains,
and Snake Range, Nev.; Deep Creek Range, House Range, and
Fish Springs Range, Utah.

Dicanthopyge reductus n. sp.

Plate 10, figures 19, 20

Diagnosis—Pygidium subtriangular; sides con-
vergent posteriorly to outer edges of short closely
spaced posterior marginal spines. Width of axis
greater than width of pleural regions. Surfaces of
pleural regions of pygidium, genal spines, and, prob-
ably, tips of thoracic segments roughened.

Discussion.—This species is the youngest presently
recognized in Dicanthopyge and represents the cul-
mination of the posterior taper of the pygidial sides
begun in Dicanthopyge comnvergens n. sp. It differs
from D. convergens principally in the reduced size of
the posterior marginal spines and the roughened rather
than pitted surfaces of the pleural regions of the
pygidium and genal spines.

Occurrence. Moderately rare, upper part of Dicanthopyge
zone : McGill and Snake Range, Nev.; House Range, Utah.

Genus LITOCEPHALUS Resser

Litocephalus Resser, 1937, p. 17; Palmer, 1956, p. 608; 1960a,
p. 81.
Pterocephalina Resser, 1938b, p. 42.

Type species—Dicellocephalus richmondensis Wal-
cott, 1884, p. 41, pl. 10, fig. 7 (=Dikellocephalus
bilobatus Hall and Whitfield, 1877, p. 226, pl. 2,
fig. 36).

Diagnosis—Aphelaspidinae in which the cephalon
has border well defined by deep border furrow. Thorax
has pleural spines of most segments long, slender,
backwardly directed. Border of pygidium concave;
posterior margin has deep median notch reaching
nearly to posterior end of axis.

Discussion.—Litocephalus can be easily identified by
its distinctive notched pygidium. Species are charac-
terized primarily by details of external ornamentation
on both the cranidium and the pygidium. This is a
rare genus known principally from the more western
Upper Cambrian sections. A full description based
primarily on specimens from the Eureka district has
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been given in an earlier paper (Palmer, 1960a). The
additional specimens discovered from other areas have
provided no new information. A single new species,
L. magnus n. sp., has been identified from the Elvinia
zone of the Tybo district, increasing the known range
of the genus upward from the Dunderbergia zone.

Litocephalus bilobatus (Hall and Whitfield)
Plate 11, figures 13-15

Dikellocephalus bilobatus Hall and Whitfield, 1877, p. 226, pl. 2,
fig. 36.

Dicellocephalus richmondensis Walcott, 1884, p. 41, pl. 10, fig. 7.

Litocephalus richmondensis (Walcott). Resser, 1937, p. 17.

Pterocephalina bilobate (Hall and Whitfield). Resser, 1942b
p. 77, pl. 14, figs. 3943,

Litocephalus bilobatus (Hall and Whitfield). Palmer, 1956,
p. 608-610, pl. 73, figs. 1-6, 8; 1960a, p. 82, pl. 7, figs. 24-27.

’

Diagnosis.—Cranidium and free cheek have smooth
external surface of border. Sagittal length of border
about three-fourths length of brim. Facial sutures cut
anterior margin between point directly in front of
anterolateral corners of glabella and axial line. Sur-
face of axial rings on pygidium smooth.

Discussion—This species is distinguished from the
other species of the genus by having a smooth external
surface on the cranidium. It is further distinguished
from L. verruculapeza Palmer by lacking paired
granules on each axial ring of the pygidium.

Occurrence. Common, Dunderbergie zone: Eureka, Nev.

Litocephalus granulomarginatus Palmer

Plate 10, figures 13, 14, 17, 18

Litocephalus granulomarginatus Palmer, 1960a, p. 82, pl. 8§,
figs. 14, 17, 18, 24.

Diagnosis.—Cranidium and free cheek have granular
external surface of border. Sagittal length of border
about three-fourths length of brim. Facial sutures cut
anterior margin between point directly in front of
anterolateral corners of glabella and axial line. Sur-
face of axial rings of pygidium smooth.

Discussion.—This species is intermediate in orna-
mentation and stratigraphic position between L. bi-
lobatus, which has a smooth cranidium, and L. magnus
n. sp., which has a completely granular surface. It dif-
fers from L. verruculapeza Palmer by having smaller
and more evenly distributed granules on the cranidial
border and by lacking paired granules on the axial
rings of the pygidium.

Occurrence. Rare, Dunderbergia zone: Bureka and Tybo,
Nev.

Litocephalus magnus n. sp.
Plate 10, figures 12, 15, 16

Diagnosis—External surface of cranidium and top
of axis of pygidium have many low poorly defined
granules. Length of palpebral lobes slightly greater
than one-half length of glabella. Outline of pygidium
subovate; length slightly more than two-thirds width.
Axis has five or six ring furrows posterior to articulat-
ing furrow. Pleural fields crossed five or six shallow
posteriorly curved pleural furrows that extend onto
broad slightly concave border. Posterior median notch
long, narrow.

Discussion—This species most nearly resembles L.
granulomarginatus Palmer in the general form of the
cranidium and number of axial and pleural furrows on
the pygidium. It differs by having granular orna-
mentation on parts of the cranidium other than the
border and also on the top of the axis of the pygidium.
Furthermore, the palpebral lebes of L. magnus are
relatively larger, the pygidial border is much broader,
and the median notch longer and narrower than those
of L. granulomarginatus.
Moderately common,

Occurrence. lower Elvinia zone:

Tybo, Nev.

Litocephalus verruculapeza Palmer

Plate 11, figures 7-9

Litocephatus verruculapeza Palmer, 1960a, p. 83, pl. 8, figs. 12,
13, 15, 16, 19, 20.

Diagnosis—Cranidium and free cheek have external
surface of border smooth. Sagittal length of border
about three-fourths that of brim. Facial sutures cut
anterior margin between point directly in front of
anterolateral corners of glabella and axial line. Sur-
face of axial rings on pygidium smooth.

Discussion.—This species seems to be slightly diver-
gent from the main evolutionary line of Litocephalus;
it differs from the other species by having smaller
palpebral lobes, scattered coarse granules on the cra-
nidial border, and pairs of coarse granules on the axial
rings of the pygidium.

Occurrence. Rare, Dunderbergia zone: Eureka and Cherry
Creek, Nev.

Genus OLENASPELLA Wilson

Olenaspella Wilson, 1956, p. 1344 ; Palmer, 1962b, p. 36.

Type species~—Parabolinella? evansi Kobayashi,
1936, p. 92, pl. 15, figs. 7, 8, 10.
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Diagnosis—Aphelaspidinae in which border of
cephalon well defined by narrow border furrow. Free
cheek has lateral and posterior marginal furrows
joined at genal angle, extended slightly onto base of
genal spine. Pygidium transversely subovate to sub-
semicircular. Axis prominent, generally has two or
more ring furrows posterior to articulating furrow.
Pleural fields flat or gently convex transversely, have
three or four broad, shallow pleural furrows. Inter-
pleural furrows may be present between first, second,
and third pleural segments. Border narrow, poorly
defined ; margin has one to three pairs of slender pos-
teriorly directed spines. First pygidial segment always
extended laterally as border spine.

Discussion.—This genus has been fully described in
an earlier paper (Palmer, 1962b, p. 36). The only
modification of the generic description required by
the new species O. paucisegmenia is a reduction to two
for the minimum number of ring furrows on the axis
of the pygidium.

The well-defined straight posterior glabellar fur-
rows on the cranidium and the narrow pygidial border
having one to three pairs of border spines are the
most distinctive features of species of this genus. The
only other American aphelaspinid having pygidial
spines is Dicanthopyge, which differs consistently
from Olenaspella by lacking distinct glabellar furrows
and by having generally fewer ring furrows on the
pygidium, a broader pygidial axis, and no clear seg-
mental source for the border spines.

Crepicephalus borealis Lermontova (1940) is a
Siberian trilobite that represents an unnamed genus
closely related to both Olenaspella and Eugonocare.
Complete specimens in the collections of Dr. N. V.
Pokrovskaya of the Geological Institute, Academy of
Sciences, Moscow, show that the Olenaspella-like
cranidium illustrated by Lermontova is correctly asso-
ciated with a Crepicephalus-like pygidium. The cra-
nidial structure of C'. borealis demonstrates its aphel-
aspinid rather than crepicephalid affinities. It differs
from Olenaspella by having the pygidial border more
expanded posterolaterally and by bearing broad-based
rather than slender border spines. The presence of
border spines on the pygidium distinguishes the genus
from Eugonocare.

Olenaspella paucisegmenta n. sp.

Plate 10, figures 1-3

Diagnosis—Pygidium has two well-defined ring
furrows on axis posterior to articulating furrow.

Pleural regions have two or three shallow pleural fur-
rows curved abruptly backward near inner edge of
moderately to poorly defined narrow border and ex-
tended onto border. Shallow interpleural furrows
apparent between first and second pleural segments
near outer edge of pleural field. Margin has two pairs
of spines; outer pair longest; each pair connected
to posterior band of first and second pleural segment
by low narrow ridge.

Discussion—This species is closely related to O.
regularis Palmer. It differs principally by having two
rather than three or four ring furrows on the axis
of the pygidium posterior to the articulating furrow.
0. evansi (Kobayashi) has a similar short axis but
bears three pairs of evenly spaced marginal spines.

The pygidial spines in this species show some vari-
ation in direction. Typical forms have the sides of the
outer pair of spines subparallel to the axial line. Oth-
ers (pl. 10, fig. 3) have both pairs of spines slightly
convergent towards the axis. A similar kind of vari-
ation is present in the older species O. regularis.

Occurrence. Moderately rare, Prehousia zone : Ruby Range
and Tybo, Nev. Rare, Dicanthopyge zone: Yucca Flat. Nev.

Olenaspella regularis Palmer
Plate 10, figures 4-6

Parabolinella evansi Wilson, 1954 [not Kobayashi, 1936, 1938],
p. 281, pl. 25, figs. 10, 15-17.
Olenaspella regularis Palmer, 1962b, p. 38, pl. 5, figs. 1-3.

Diagnosis—Pygidium has three or four ring fur-
rows behind articulating furrow on axis. Pleural re-
gions have two or three shallow pleural furrows that
curve abruptly backward near inner edge of poorly
defined narrow border and extend onto border. Shal-
low interpleural grooves apparent between first and
second pleural segments near outer edge of pleural field.
Margin has two or three pairs of spines. Most speci-
mens have two pairs of spines, outer pair longest;
each pair connected to posterior band of adjacent
pleural segment by low narrow ridge. Third pair of
spines, if present, short, adjacent to inner edge of sec-
ond pair of spines.

Discussion.—Variation in this species is mostly
apparent in the pygidial spines. Besides the presence
of a third pair of spines adjacent to the inner spines
on a few specimens, the outer pair of spines may be
directed either straight backward or distinctly inward.
(Compare pl. 10, figs. 5, 6.)

Occurrence. Moderately common, upper part of Aphelaspis

zone: McGill, Cherry Creek, Hot Springs Range, and Mount
Hamilton, Nev.
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Olenaspella separata Palmer

Plate 10, figures 7-11

Olenaspella separate Palmer, 1962b, p. 39, pl. 5, figs. 6, 8-21,
23-26, 28, 30-32.

Diagnosis—Length of pygidium about one-half
width. Axis generally has four to five ring furrows
behind articulating furrow. Pleural regions crossed
by three or four shallow pleural furrows; narrow in-
terpleural furrow present between first and second
segments on some specimens. Border poorly defined.
Posterior margin has one to three pairs of spines: one
pair of long, slender spines formed from first pleural
segment on all specimens; second pair short, formed
either from second pleural segment or from border
between first and second pleural segments on all speci-
mens; third pair, if present, slightly longer than sec-
ond pair, formed from second pleural segment on all
specimens. Second and third pairs of spines are nearer
to first pair of spines than to axial line on all
specimens.

Occurrence. Moderately common, lower part of Aphelaspis
zone : McGill, Hot Springs Range, and Mount Hamilton, Nev.

Subfamily HOUSIINAE Hupé

Diagnosis.—Pterocephaliidae having border on ceph-
alon generally distinct and gently convex or flat. Pal-
pebral lobes small; exsagittal length generally less
than one-third sagittal glabellar length. Fixed cheeks
narrow; width generally less than one-fourth basal
glabellar width. Palpebral lobes situated slightly to
distinctly anterior to glabellar midlength. Pygidium
has poorly defined border, which is only slightly nar-
rowed behind axis. Margin lacks spines.

Genus HOUSIA Walcott

Dolichometopus (Housia) Walcott, 1916, p. 374.

Housia Walcott, 1924, p. 57; 1925, p. 93; Shimer and Shrock,
1944, p. 625; Wilson, 1951, p. 642; Lochman, 1956, p. 456
Palmer, 1960a, p. 74.

Housiella Kobayashi and Ichikawa, 1955, p. 66.

Type species—Dolichometopus (Housia)
Walcott, 1916, p. 374, pl. 65, figs. 1-1e.

Diagnosis—Housiidae having a maximum length of
perhaps 60 mm; cranidium has brim and anterior part
of glabella depressed. Border at a distinct angle to
brim; sagittal length slightly less than length of brim.
Fixed cheek composed almost completely of a flaplike
palpebral lobe adjacent to dorsal furrow and anterior
to midlength of glabella. Doublure of cephalon crossed
by median suture.

Free cheek has moderately broad slightly convex
border. Lateral and posterior marginal furrows mod-

varro

erately deep, not connected, disappear near base of
genal spine. Genal spine short or long.
Thorax has 10-11 thoracic segments. Axial lobe
prominent. Pleural spines short, posteriorly directed.
Pygidium transversely subovate in outline. Axial

| lobe prominent, well defined, extends to inner edge

of broad poorly defined border. Border has nearly
constant width.

Discussion—This distinctive genus is most easily
recognized by its characteristic cranidium that has a
poorly defined glabella, downsloping brim, nearly hori-
zontal border, and palpebral lobes situated adjacent
to the axial furrow and slightly anterior to the glabel-
lar midlength.

Another characteristic generic feature is the incon-
sistency with which the last thoracic segment is free.
Most collections of species of Housie have some
pygidia partly or completely ankylosed with the last
thoracic segment. When the segment is completely
ankylosed, the pygidium has a superficial resemblance
to pygidia of members of the Ceratopygidae, which
have anterolateral spines as a fundamental part. This
feature led Whitehouse (1939) to consider Housie and
Ceratopyge synonymous and Kobayashi and Ichikawa
(1955) to place Housia and the Housiinae in the Cera-
topygidae. The relationships of Housia described on
page 57 show the genus to be with the Pterocephaliidae.

Kobayashi and Ichikawa (1955) also proposed a
new genus Housiello for Housta canadensis (Walcott).
It was distinguished from Housia by the presence of
genal spines and by the shallowness of the axial fur-
rows around the glabella. Housia vacuna (Walcott),
a species having a short genal spine, would thus be
assigned to Housiello. However, cranidia and pygidia
of this species cannot be satisfactorily distinguished
from those of Housia varro, the type species of Housia,
and the distinctions made by Kobayashi and Ichikawa
between Housia and Housiella seem to be hardly more
than species differences. Housiella is here considered
a synonym of Housie. This is also the opinion of
Lochman (1959), who placed Housiella in the
synonymy of Housia without comment.

The principal differences between species of Housia
are the shape of the pygidium and the length of the
genal spines.

Housia ovata Palmer

Plate 12, figures 8-11

" Housia ovata Palmer, 1960a, p. 75, pl. 7, figs. 1-7, 9.

Diagnosis—Free cheeks have gently curved lateral
margin and long, slender genal spine. Sagittal length
of pygidium about two-thirds width. External surface
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of brim on cephalon, ocular platform of free cheek,
and axial lobe and pleural furrows of pygidium
coarsely pitted. Some small pygidia have granular
surface.

Discussion—The long slender genal spine and the
relatively elongate pygidium distinguish this species
from all others presently assigned to the genus.

Occurrence. Common, lower part of Elvinia zoune; Eureka,
Bastian Peak, Cherry Creek, Snake Range, Shingle Pass,
Pioche, Spring Mountains, Yucca Flat, and McGill, Nev.;
Quartz Spring area, Calif.

Housia varro (Walcott)
Plate 12, figures 1-7

Dolichometopus (Housia) varro Walcott, 1916, p. 374, pl. 65,
figs. 1-1e.

Housia varro (Walcott). Walcott, 1924, p. 57, pl. 12, fig. 4;
1925, p. 95, pl. 18, figs. 4-8; Shimer and Shrock, 1944,
pl. 265, fig. 9; Bell and others, 1952, p. 183, pl. 30, figs.
3a—d; Robison, 1960, p. 25, pl. 2, fig. 1.

tHousia halli (Resser). Palmer, 1960a, p. 75, pl. 7, fig. 8.

Diagnosis—Free cheeks have sharply rounded genal
angle; genal spine absent. Sagittal length of pygidium
about one-half width.

Discussion—The absence of a genal spine is the
principal feature distinguishing this species from the
otherwise similar species H. vacuna (Walcott) and
H. canadensis (Walcott).

The type lot of H. warro consists of many poor
specimens compressed and slightly distorted in a
baked shale matrix. The discovery of better preserved
specimens in limestone shows the pygidium to be some-
what shorter and wider than that of H. ovata and
confirms the absence of genal spines on the free cheek.
The free cheeks having genal spines reported (Palmer,
1960a, p. 75) from the type lot of H. warro have a
significantly narrower doublure than those of associ-
ated cheeks of H. varro and probably represent a spe-
cies of Elvinia. As far as can be determined, H. varro
consistently lacks genal spines. Housia halli, which is
represented only by a pygidium formerly assigned to
Dunderbergia (Resser, 1935), may be a synonym of
H. warro. The type pygidium does not differ signifi-
cantly from well-preserved pygidia of H. varro, but
until cranidia and free cheeks are discovered, the
relationships of H. halli must remain uncertain.

The association of H. varro with Irvingella major
and /ddingsia similis indicates that it comes from beds
near the top of the Klvinia zone. H. ovata Palmer is
found only in beds of the lower parts of the Elvinia
zone and is evidently an older species.

Occurrence. Rare, Irvingella major subzone, Elvinia zone:
House Range, Utah; Schell Creek Range, Nev.

Genus PARAHOUSIA Palmer
Parahousia Palmer, 1960a, p. 76.

Type species—Parahousia constricta Palmer, 1960a,
p- 77, pL. 7, figs. 16-18, text fig. 13.

Diagnosis.—Houslinae having frontal area short;
length slightly less than one-half that of glabella.
Border furrow shallow. Palpebral lobes prominent,
barely defined by palpebral furrow, situated close to
glabella and anterior to glabellar midlength. Fixed
cheek narrow; width between one-fourth and one-fifth
basal glabellar width.

Free cheek has conspicuous lateral and posterior
border furrows that disappear near base of long
slender genal spine and are not connected.

Pygidium strongly arched in transverse profile. Axis
prominent, subparallel sided, extended to inner edge
of poorly defined depressed border.

Discussion—The foregoing diagnosis has been
modified from that given in an earlier paper (Palmer,
1960a, p. 76) only by elimination of features now
known to be specific rather than generic characteristics.
This knowledge results from the addition of a second
species, P. subequalis n. sp.

This genus is distinguished from Housia by the
presence of a narrow fixed cheek, a shorter and less
depressed frontal area, and a depressed pygidial
border.

Parahousia constricta Palmer

Plate 12, figures 12, 14, 15

Parahousia constricta Palmer, 1960a, p. 77, pl. 7, figs. 16-18,
text fig. 13.

Diagnosis—Sagittal length of border nearly twice
length of brim. External surfaces of most parts of
cephalon coarsely pitted. External surfaces of axis and
pleural fields of pygidium finely granular on small
specimens, faintly pitted on large specimens. Border
of free cheek, genal spine, and anterolateral corners of
pygidium have prominent terrace lines.

Discussion.—This species is distinguished from P.
subequalis principally by the pitted ornamentation and
broader border of the cranidium and by lack of terrace
lines on the whole of the pygidial border. In the
Shingle Pass section, where both species occur, P.
constricta appears above P. subequalis and is ap-
parently a slightly younger species.

Occurrence. Moderately rare, lower Hlvinie zone: Eureka,
Shingle Pass, Cherry Creek, and Schell Creek Range, Nev.

Parahousia subequalis n. sp.
Plate 12, figures 13, 18, 19

Diagnosis.—Length of cranidial border only slightly
greater than length of brim. Axial furrows have dis-
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tinct pits at anterolateral corners of glabella on larger
cranidia. Entire border of pygidium covered with
well-defined terrace lines; external surfaces of re-
mainder of pygidium and of cranidium smooth. Free
cheek not known with certainty.

Discussion.—The lack of a distinet pitted ornamen-
tation of the cranidium and pygidium together with
the more fully ornamented pygidial border are the
most striking characters that distinguish this species
from Parahousia constricta Palmer.

Occurrence. Moderately rare, upper Dunderbergia zone:
Snake Range and Shingle Pass, Nev.

Genus PREHOUSIA Palmer

Prehousia Palmer, 1960a, p. 77.

Type species—Prehousia alata Palmer, 1960a, p. 78,
pl. 7, figs. 10,12, 13.

Diagnosis—Housiinae having short frontal area,
sagittal length of area slightly more than one-half
length of glabella. Border generally well defined,
slightly convex; sagittal length between one-half and
three-fourths that of brim; rarely border poorly
defined. Palpebral lobes barely defined by palpebral
furrow, situated anterior to glabellar midlength;
exsagittal length between one-fourth and one-half that
of glabella. Fixed cheeks narrow; width one-third or
less than one-third basal glabellar width.

Facial sutures cut anterior margin nearly at axial
line.

Free cheek has well-defined border. Lateral and pos-
terior marginal furrows generally joined, not notice-
ably extended onto base of genal spine. Genal spine
slender, tapered to sharp point; length about equal to
length of posterior section of facial suture.

Pygidium transversely subovate; breadth generally
greater than twice length. Axis prominent, tapered
posteriorly, merged with inner part of border; breadth
one-third to about one-fifth greatest breadth of
pygidium. Border moderately broad, separated from
pleural field only by gradual change in slope, has
nearly constant width.

External surface smooth, pitted, roughened, or finely
granular in axial region.

Discussion.—The addition of three new species to
this genus has required modification of the generic
diagnosis and description (Palmer, 1960a) only to the
extent of allowing for trilobites having somewhat
wider fixed cheeks, a narrower pygidial axis, and a
roughened external surface.

The aflinities of this genus to Aphelaspis are well
shown by the two oldest species, P. prima n. sp. and

P. indenta n. sp., which are distinguished principally
by having slightly smaller palpebral lobes and nar-
rower fixed cheeks on the cranidium (fig. 12).

Prehousia alata Palmer

Plate 13, figures 2, 5, 8, 9, 12, 13
Prehousia alata Palmer, 1960a, p. 78, pl. 7, figs. 10, 12, 13.

Diagnosis—Cranidium has narrow border, moder-
ately defined by shallow border furrow; sagittal
length slightly greater than one-half length of brim.
Fized cheeks narrow; palpebral lobes short, poorly
defined. Ratio of length of glabella to length of pal-
pebral lobe to width of fixed cheek varies from
6.5:2.5:1 to 7:3:1.

Free cheek has well-defined border furrow. Genal
spine moderately short; length about equal to length
of posterior section of facial suture.

Pygidium has unevenly curved posterior margin;
alae slightly formed at anterolateral margins on some
specimens. Axis has two or three shallow ring furrows
behind articulating furrow; width nearly ome-third
width of pygidium.

External surfaces of all parts either smooth or finely
and faintly pitted.

Discussion.—This species differs from P. prima n.
sp. and P. indenta n. sp. by having distinctly narrower
fixed cheeks. It differs from P. impolita by having an
unevenly curved posterior margin to the pygidium, a
narrower pygidial axis, a slightly narrower cranidial
border, and a smooth or pitted rather than roughened
surface.

Occurrence. Upper part of Prehousia zone, Snake Range,
Goodsprings, Wah Wah Range, Grant Range, Schell Creek
Range, and Shingle Pass (?), Nev.; House Range, Utah.

Prehousia diverta n. sp.
Plate 12, figures 16, 17, 20-23

Diagnosis—Cranidium has glabella straightsided,
tapered forward, rounded anteriorly. Frontal area sub-
equally divided into downsloping brim and slightly
convex border by change in slope; distinct border fur-
row lacking. Fixed cheeks horizontal; width about
one-fourth basal glabellar width. Palpebral lobes
barely defined, short; length between one-third and
one-fourth that of glabella.

Free cheek has lateral and posterior border furrows
moderately well defined but becoming shallow toward
genal angle. Anterior projection of doublure squarely
truncated.

Thorax and hypostome not known.
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Pygidium subovate. Axis prominent, bears three or
four ring furrows posterior to articulating furrow;
merges with moderately broad, concave poorly defined
border. Width of axis between one-third and one-
fourth that of pygidium. Two or three broad shallow
pleural furrows cross pleural regions, turn abruptly
backward at inner edge of border, and continue onto
but not across border.

External surfaces of all parts of exoskeleton either
smooth, finely pitted, or slightly roughened. Surfaces
of internal molds pitted.

Discussion.—This species differs from all others in
the genus in the structure of the frontal area of the
cranidium and by the somewhat longer pygidium. The
lack of a distinct border furrow and the presence of
small poorly defined palpebral lobes on the cranidium
are characteristics observed also on species of Housia.
The tendency for the border furrows of the free cheek
to become shallow towards the genal angle is a char-
acteristic of both Housia and Parahousia. The width
of the fixed cheek and shape of the glabella of P.
diverta are the principal reasons for retaining this
species in Prehousia.

Occurrence. Moderately rare, lower part of Dunderbergia
zone : Bastian Peak, MeGill, Muddy Mountains, Patterson
Pass, and Spring Mountains, Nev.; House Range and Deep
Creek Range, Utah.

Prehousia impolita Palmer

Plate 13, figures 1, 3, 4

Diagnosis—Cranidium has narrow border, well
defined by shallow border furrow; sagittal length
between one-half and three-fourths length of brim.
Fixed cheeks narrow; palpebral lobes small, poorly
defined. Ratio of length of glabella to length of pal-
pebral lobe to width of fixed cheek about 7:2:1.

Free cheek has well-defined border furrow. Genal
spine moderately short; length about equal to length
of posterior section of facial suture.

Pygidium subsemicircular. Axis well defined, bears
two or three shallow ring furrows behind articulating
furrow; width about one-fourth that of pygidium.
Border broad, slightly concave, not clearly separated
from pleural fields. Pleural fields crossed by three
shallow pleural furrows that extend onto inner part
of border.

Surfaces of nearly all parts of exoskeleton minutely
granular or roughened. Ornamentation most apparent
on border regions and top of glabella; visible, how-
ever, only after whitening.

Discussion—This species is most likely to be con-
fused with P. alata Palmer and P. semicircularis
Palmer. P. alata has a broader axis, an unevenly

curved posterior margin, and poorly defined pleural
furrows on the pygidium and a narrower border of
the cranidium. P. semicircularis has a broader border,
longer palpebral lobes on the cranidium, and a smooth
external surface.

Occurrence. Moderately rare, upper part of Prehousia
zone: Cherry Creek, Pintwater Range, Ash Meadows, and
southern Ruby Range, Nev.

Prehousia indenta n. sp.
Plate 13, figures 6, 7, 10, 11, 14, 15 -

Labiostria conveximarginata? Robison, 1960, p. 30, pl. 3,
fig. 10.

Diagnosis—Cranidium has moderately convex bor-
der; length about one-half or slightly more than one-
half length of brim. Border furrow has posterior
median inbend present on all specimens. Width of
fixed cheek between one-fourth and one-fifth basal
glabellar width.

Free cheek has moderately convex lateral border.

Pygidium has evenly curved posterior margin. Bor-
der downsloping; inner edge marked by distinct
change in slope of pleural region. Width of axis be-
tween one-third and one-fifth width of pygidium.

Surfaces of all parts of exoskeleton covered with
fine to moderately coarse pits.

Discussion—This species differs from Prehousia
prima n. sp. by having a narrower border and fixed
cheeks on the cranidium and a better defined border
on the pygidium. It differs from P. alete Palmer
and P. émpolita n. sp. by having broader fixed cheeks,
from P. alate by lacking posterolateral alae on the
pygidium, and from P. semicircularis Palmer by hav-
ing a broader pygidial axis and broader fixed cheeks
on the cranidium. The pitted ornamentation distin-
guishes this species from all but P. prima.

A cranidium probably representing this species from
the Fish Springs Range, Utah, was illustrated by
Robison (1960) as Labiostria conveximarginata?
Palmer. The palpebral lobes are small and placed
slightly anteriorly, unlike those of Labiostria (now
Aphelaspis) conveximarginata.

Occurrence. Common, middle part of Prehousio zone:
McGill, Snake Range, Cherry Creek, Ruby Range, and Spring
Mountains, Nev.; House Range (?), Fish Spring Range, and
Tintic, Utah.

Prehousia prima n. sp.
Plate 13, figures 16-18
Diagnosis—Cranidium has flat or slightly convex

border; length nearly three-fourths that of brim. Bor-
der furrow evenly curved or has slight posterior
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median inbend. Width of fixed cheeks slightly less
than one-third basal glabellar width.

Free cheek has nearly flat border.

Pygidium has evenly curved posterior margin. Bor-
der downsloping—continuing slope of pleural fields—
not clearly differentiated. Width of axis between one-
third and one-fourth that of pygidium.

Surfaces of all parts of exosekleton covered with
fine to moderately coarse pits.

Discussion—This species is intermediate in both
stratigraphic position and morphology between A4 phe-
laspis and more typical members of Prehousia. It dif-
fers from Aphelaspis by having smaller palpebral lobes
and narrower fixed cheeks (fig. 12) and from other
species of Prehousia by having fixed cheeks whose
width is nearly one-third the basal glabellar width and
a border that is nearly three-fourths the length of the
brim. The most similar species is the immediately
younger form, P. indenta n. sp., which seems to be
derived from P. prima and differs from it by having
a narrower border and fixed cheeks of the cranidium,
a convex instead of flat border of the free cheek, and a
pygidial border differentiated from the pleural field
by a distinct change in slope.

Occurrence. Common, upper part of Dicanthopyge zone:
McGill, Shingle Pass, and Tybo, Nev.

Prehousia semicircularis Palmer
Plate 12, figures 24-26

Prehousia semicircularis Palmer, 1960a, p. 78, pl. 7, figs. 11, 14,
15, 19.

Diagnosis—Sagittal length of border about three-
fourths length of brim, Palpebral lobes relatively
large; length slightly less than one-half that of gla-
bella; width slightly greater than width of fixed
cheek. Pygidium has evenly rounded anterolateral
corners; width of axial lobe slightly less than one-
fourth that of pygidium. External surface smooth on
all parts.

Discussion.—The large palpebral lobes of this spe-
cies distinguish it from all other species in the genus.
Pygidia are most like those of P. ¢mpolita n. sp., dif-
fering principally by lacking any noticeable orna-
mentation.

Occurrence. Rare, Dunderbergia zone: Eureka, Nev.

Subfamily PTEROCEPHALIINAE Kobayashi

Diagnosis. — Pterocephaliidae. having generally
broad concave border on cephalon. Palpebral lobes
generally situated about opposite glabellar midlength
or, less commonly, anterior to glabellar midlength.
Pygidium has broad poorly defined border. Margin
either has or lacks spines.

735-610 O-65—7

Genus CERNUOLIMBUS Palmer

Cernuolimbus Palmer, 1960a, p. 84.

Type species—Cernuolimbus orygmatos Palmer,
1960a, p. 85, pl. 8, figs. 1, 3, 5, 8, 11.

Diagnosis—Pterocephaliinae having cranidium in
which brim and border are distinct; axial length of
border slightly less than equal to, or slightly greater
than axial length of brim; inner part of border gen-
erally downsloping. Anterior sections of facial suture
cut anterior margin slightly more than three-fourths
distance from anterolateral corner of cranidium to
axial line.

Free cheek has long genal spine and well-defined
generally concave border. Lateral border furrow con-
tinuous with posterior border furrow. Width of border
at anterior margin ranges from one-fourth to slightly
less than equal to greatest width of ocular platform.

Pygidium subquadrate to subsemicircular in outline;
length of axis more than three-fourths total length
of pygidium; axis has two to five distinct ring fur-
rows. Pleural regions have two to four low pleural
ribs extending nearly to margin. Border not clearly
differentiated from pleural field, widest at antero-
lateral corners; border gently tapers posteriorly, nar-
rowest on axial line.

Discussion.—The somewhat pointed anterior cranid-
ial margin, relatively great sagittal length of the brim,
and relatively long axis on the pygidium distinguish
species of Cernuolimbus from those of Sigmocheilus,
the most similar pterocephalinid genus. Cernuolimbus,
represented by species in the Prehousia and lower
Dunderbergia zones may be ancestral to Sigmocheilus,
represented by species in the middle and upper Dun-
derbergia and lower Elvinia zones.

Cernuolimbus depressus Palmer

Plate 14, figure 9

Cernuolimbus depressus Palmer, 1960a, p. 85, pl. 8, figs. 9, 10.

Diagnosis—External surface of cranidium coarsely
pitted ; border downsloping, continuing slope of brim,
tapered to a point laterally. Facial sutures nearly

| meet on axial line, giving pointed anterior margin

to cranidium. Border furrow on mold has single row
of granules.

Discussion—The downsloping, laterally tapered,
pointed border of this species is its most distinguish-
ing characteristic. It shows some morphologic similar-
ity to Morosa extensa n. sp. (p. 87). However, the
two species differ in the structure of the border, the
position and size of the palpebral lobes, and the ante-
rior course of the facial sutures; so, although a real
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relationship between them cannot be entirely ruled
out, they are here considered to be only superficially
similar forms.

Occurrence. Rare, Dunderbergia zone:
Range, and (?) Cherry Creek, Nev.

Bureka, Ruby

Cernuolimbus granulosus n. sp.

Plate 14, figures 13-17

Diagnosis—Cranidium has bluntly rounded ante-
rior margin. Border well defined, generally sigmoid
in sagittal profile; sagittal length slightly less than
that of convex brim. Border furrow deep, narrow, has
slight posterior median inbend. Anterior edge of bor-
der, between facial sutures, has narrow zone of terrace
lines.

Free cheek has concave border, well defined by nar-
row border furrow; width of border at anterior mar-
gin variable from slightly less to slightly more than
width of ocular platform.

Pygidium subquadrate. Axis short, prominent, has
two distinct ring furrows posterior to articulating fur-
row. Posterior margin gently curved; posterolateral
corners subangular. Pleural furrows and border
poorly defined.

External surfaces of all parts, exclusive of furrows,
covered with closely spaced granules. Fine-granular
ornamentation visible only on many specimens after
whitening.

Discussion—This species is most easily recognized
by its narrow cranidial border defined by a deep bor-
der furrow and by the granular ornamentation on all
parts of the skeleton. It is most similar to C. lgewvi-
frons n. sp., from which it differs principally by
having granular ornamentation on the borders of the
cranidium and free cheeks and by having a more
quadrate shape to the pygidium. The variability in
the degree of granular ornamentation on the border
and the median inbend of the border furrow are shown
on plate 14, figures 13, 14, and 17.

Occurrence. Moderately common, lower part of Dunder-
bergia zone: Ruby Range, Spring Mountains, Yucca Flat,

Tempiute, and Muddy Mountains, Nev.; Deep Creek and House
Ranges, Utah; Panamint Range, Calif.

Cernuolimbus laevifrons n. sp.
Plate 14, figures 10-12, 18
Diagnosis—Cranidium has bluntly pointed anterior

margin. Frontal area subequally divided into convex
brim and concave border. Border furrow has slight

median inbend. External surface of border smooth |

except for narrow zone of terrace lines along edge
between facial sutures. External surfaces of other
parts of cranidium, exclusive of furrows, covered with

moderately abundant low granules; granules partic-
ularly conspicuous on top of glabella and top of pal-
pebral lobes. Some small cranidia (length, 4 mm)
have granules apparent only on top of glabella, tops
of palpebral lobes, and brim just anterior to eye ridges.

Free cheek has concave border; width of border at
anterior margin slightly less than one-half width of
ocular platform. Granular ornamentation moderately
well founded on genal spine and posterior margin
behind border furrow. Scattered granules apparent
on ocular platform of some larger specimens.

Pygidium has prominent axis, reaching to posterior
margin; axis has three distinet ring furrows posterior
to articulating furrow. Pleural furrows and border
poorly defined. Posterior margin moderately curved,
has narrow zone of terrace lines. External surfaces
of all parts covered with low granules.

Discussion.—This species is easily recognized by its
bluntly pointed anterior margin, smooth cranidial
border, and relatively long axis on the pygidium. It is
the oldest species presently recognized in Cernuolim-
bus.

Occurrence.
Creek, Nev.

Moderately rare, Prehousia zone: Cherry

Cernuolimbus orygmatos Palmer

Plate 14, figures 1-3

Cernuolimbus orygmatos Palmer, 1960a, p. 85, pl. 8, figs. 1, 3, 5,
8, 11.

Diagnosis—External surfaces of all parts coarsely
pitted. Anterior margin of cranidium distinctly
pointed. Border slightly downsloping from border
furrow and nearly flat or slightly turned up at ante-
rior margin. Pygidium subsemicircular. Axishas four
ring furrows posterior to articulating furrow; each
ring has pair of prominent granules.

Discussion—The pitted ornamentation, slightly up-
turned anterior margin, and pairs of granules on the
axial rings of the pygidium are the most distinctive
features of this species. C. depressus Palmer, the only
other species having pitted ornamentation presently
known in the genus, has a more downsloping cranidial
border and a more pronounced lateral taper.

Occurrence. Moderately rare, Dunderbergia zone: Bureka
and Ruby Range (?), Nev.

Cernuolimbus semigranulosus Palmer

Plate 14, figures 4-8

Cernuolimbus semgranulosus Palmer, 1960a, p. 86, pl. 8, figs. 2,
4,6, 7.

Diagnosis—Facial sutures make distinct angle with
anterior margin. Border flat or turned up slightly at
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anterior margin, downsloping from border furrow;
sagittal length nearly 1% times that of convex brim.
External surface of cranidium has distinct granular
ornamentation only on tops of glabella and palpebral
lobes; other areas either smooth or very finely
granular.

Border of free cheek nearly as wide as ocular plat-
form. Genal spine covered with closely spaced fine
granules.

Pygidium has transversely subovate outline; axis
prominent, has two ring furrows behind articulating
furrow. External surface covered with fine granules
visible only after whitening.

Discussion.—The wide border on the cranidium and
free cheek distinguishes this species from C. granu-
losus n. sp. and C. laevifrons n. sp., the only other
presently recognized members of Cernuolimbus having
granular ornamentation.

Occurrence. Moderately rare, Dunderbergia zone: Eureka
and Ash Meadows, Nev.

Genus PTEROCEPHALIA Roemer

Pterocephalia Roemer, 1849, p. 421; 1852, p. 92; Bridge, in
Bridge and Girty, 1937, p. 247; Shimer and Shrock, 1944,
p. 631; Palmer, 1954, p. 751; 1960a, p. 86; Lochman, 1959,
p. 256.

Hederacauda Kobayashi, 1960, p. 250.

Type species—Pterocephalia sanctisabae Roemer,
1849, p. 421.

Diagnosis—Pterocephaliinae having cranidium in
which border is broad, concave, scarcely differentiated
from brim. Sagittal length of border greater than three
times length of brim. Junction of facial sutures with
anterior margin generally imperceptible. Facial su-
tures submarginal beneath part of anterior margin to
axial line then turn abruptly backward to form median
suture across doublure.

Free cheek has broad concave border, slightly raised
above level of ocular platform at border furrow. A
low ridge parallels entire lateral margin nearly to tip
of genal spine at distance about one-fourth width of
border from lateral margin. Genal spine moderately
long, broad, flat at base, tapered to sharp slender point.

Thorax of 13 segments. First 12 segments have
slender laterally directed pleural tips. Last segment
has broad pleural tips curved distinctly backward.

Pygidium subquadrate to subovate and has well-
defined axis containing four to eight ring furrows pos-
terior to articulating furrow. Broad generally con-
cave border not differentiated from gently convex
peural fields. Three to five pleural ridges extend
across pleural field and onto inner part of border. Pos-
terior margin has slight median inbend, smooth edge.

External suface of exoskeleton generally has closely
spaced fine granules in axial region. Borders of cra-
nidium, free cheek and pygidium, and tips of pleurae
of thorax generally have well-defined terrace lines.

Discussion.—The broad concave poorly defined
border on the cranidium and free cheeks, which has a
subsidiary ridge near its outer margin, is the most
characteristic feature of Pterocephalia. A discussion
of the content of the genus has been presented in an
earlier paper (Palmer, 1960a, p. 87, 88). Three species
are recognized in the Great Basin faunas and are dis-
tinguished primarily on the form and structure of the
pygidium. Information about the details of thoracic
structure was obtained from a complete individual of
P. sanctisabae Roemer collected from Upper Cambrian
beds in southeastern British Columbia by Mr. Thomas
Thomsen of Stanford University.

Pterocephalia seems to represent the terminal genus
in the evolutionary lineage of the Pterocephaliinae.
No. younger Cambrian genera are known that can be
properly assigned to this subfamily.

Kobayashi (1960, p. 250) recently proposed a new
genus Hederacauda having Dikellocephalus multicine-
tus Hall and Whitfield as type species. The holotype
of this species is a fragmental pygidium of a specimen
of Pterocephalia sanctisabae on which the fracturing
across the pleural ribs that extend onto the border
gives the broken margin a superficial appearance of
having spines. The true broken nature of the border
can be seen on the type but might be impossible to
ascertain from the plaster cast that Kobayashi studied.
The “5 spines on the margin of Hederacauda multi-
cinctus” are used as the justification for excluding the
species from Pterocephalia. These features are arti-
facts, however, and Hederacauda multicinctus is a
synonym of Pterocephalia sanctisabae.

Pterocephalia? punctata n. sp.

Plate 17, figures 8, 12, 13

A distinctive Pterocephalinid species is associated
with Cernuolimbus granulosus Palmer in USGS col-
lection 2603-CO. Its cranidium is characterized by
generally low relief, a bluntly pointed anterior mar-
gin, and a subequally divided frontal area having a
concave border that is very slightly differentiated from
the brim. The palpebral lobes are short, between one-
third and one-half the glabellar length, and are situ-
ated slightly anterior to the glabellar midlength.

The free cheek has a poorly defined border and a
moderately long, flat sharply pointed genal spine.

The pygidium is subovate in outline and has a
prominent slender axis bearing three distinct ring
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furrows posterior to the articulating furrow. A broad
concave border, not clearly separated from the pleural
fields, is crossed by three pleural ridges that are turned
sharply backward as they cross the contact of the
border and pleural field. The posterior margin is
broadly rounded, and the posterolateral corners are
slightly angular.

External surfaces of all parts are pitted. This orna-
mentation is particularly noticeable on the cranidium
and free cheeks.

Discussion.—This species presents a combination of
features not seen in other described Pterocephalinid
genera. The cranidium and free cheek are most like
those of species of Aphelaspis that lack a distinct
border furrow, but the pygidium is totally unlike any
Aphelaspis pygidium and is quite similar to pygidia
assigned to Sigmocheilus grata (Resser). The species
is assigned here to Pterocephalia with question because
of the absence of a distinct border furrow, but it
differs from all other species in the genus most sig-
nificantly by having a subequally divided frontal area.
It may represent a new genus of Pterocephaliinae.
(A similar unnamed form is described on p. 92, and
illustrated on pl. 16, figs. 11-13.)

Occurrence. Rare, lower part of Dunderbergia zone: Ruby
Range and Yucca Flat, Nev.

Pterocephalia concava Palmer

Plate 17, figures 4-7

?Pterocephalia cf. P. occidens Walcott. Palmer, 1954, p. 752,
pl. 86, figs. 9, 10; pl. 87, figs. 1, 2.

Pterocephalia concave Palmer, 1960a, p. 88, pl. 9, figs. 1-6,
9-12,

Pterocephalia sanctisabae Roemer. Robison, 1960, p. 31, pl. 3,
figs. 4, 5, 9.

Diagnosis—Glabellar furrows shallow. Border of
cranidium and free cheek generally have low scattered
coarse granules. Sagittal length of border ranges from
three times length of brim on small cranidia (4-5 mm
long) to more than five times on large (14 mm long)
mature cranidia.

Pygidium transversely subovate in outline and has
slight median inbend in posterior margin. Axis has
four or five distinct ring furrows posterior to articu-
lating furrow. Pleural fields crossed by two or three
distinct pleural ridges. Breadth of border increases
relative to breadth of pleural field, and border becomes
more concave with increasing size.

Discussion.—This species is most like P. sanctisabae
Roemer. It differs principally by having less conspicu-
ous glabellar furrows, fewer distinct ring furrows and
pleural ridges on the pygidium, and a strikingly
different development of the mature specimens. Small

mature specimens of P. concave have a relatively short
border that increases in length relative to that of the
brim during holaspid development. Small mature
specimens of P. sanctisabae, however, are virtually like
the large specimens in all observable features.

Statements made in the original diagnosis (Palmer,
1960a, p. 88) about the thoracic segments have been
deleted here because the discovery of a complete speci-
men of P. sanctisabae (p. 71) shows that the macro-
pleural segment is the last segment of the thorax, a
characteristic that is probably typical of all species in
the genus.

Occurrence. Moderately common, middle part of the Dun-
derbergia zone: Eureka, Bastian Peak, Cherry Creek, McGill,
and Ruby Range, Nev.

Pterocephalia elongata Palmer

Plate 17, figures 9-11
Pterocephalia elongata Palmer, 1960a, p. 88, pl. 9, figs. 14-20.

Diagnosis—Glabellar furrows shallow. Sagittal
length of border between three and five times length of
brim.

Pygidium has elongate subquadrate outline;
greatest breadth near posterior margin; sides straight,
nearly parallel, or slightly diverging posteriorly. Pos-
terior margin nearly straight and has slight median
indentation. Axis has four or five distinct ring fur-
rows posterior to articulating furrow. Two or three
distinct pleural ridges parallel lateral margin of pyg-

‘idium. A narrow postaxial ridge extends across border

to posterior margin.

Discussion—The elongate subquadrate shape of the
pygidium of this species distinguishes it from all
others in the genus. Isolated cranidia and free cheeks
cannot be distinguished with certainty from those of
P. concava Palmer.

Occurrence. Moderately rare, middle part of Dunderbergia
zone : Bureka and Cherry Creek, Nev.

Pterocephalia sanctisabae Roemer

Plate 17, figures 1-3

Pterocephalia sanctisabae Roemer, 1849, p. 421; 1852, p. 92,
pl. 11, figs. 1 a-d; Bridge, 1933, p. 232, pl. 2, figs. 26, 27;
Bridge, in Bridge and Girty, 1937, p. 246, pl. 67, figs. 1 a—-d;
pl. 68, figs. 7—43; Shimer and Shrock, 1944, pl. 266, figs.
35-37; Wilson, 1949, p. 42, pl. 10, figs. 1-3; Frederickson,
1949, p. 355, pl. 69, figs. 1-4; (?)Wilson, 1951, p. 647,
pl. 91, fig. 24 ; Palmer, 1960a, p. 89, pl. 9, figs. 7, 8, 13.

Conocephalites (Pterocephalus) laticeps Hall and Whitfield,
1877, p. 221, pl. 2, figs. 4-7.

Dikellocephalus multicinctus Hall and Whitfield, 1877, p. 226,
pl. 2, fig. 37.

Pterocephalia dakotensis Resser, 1938b, p. 39.
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Pierocephalia bridgei Resser, 1938b, p. 40; Lochman, 1950,
p- 334, pl. 47, figs. 14-18; Lochman and Hu, 1960, p. 814,
pl. 96, figs. 28-33.

Pterocephalia oriens Resser, 1938b, p. 40.

Pterocephalia potosiensis Resser, 1938b, p. 40.

Pterocephalia ulrichi Resser, 1938b, p. 41.

Pterocephalia silvestris Resser, 1938b, p. 41.

Pterocephalia deckeri Resser, 1938b, p. 41.

Diagnosis—Glabellar moderately deep. Sagittal
length of border on cranidium between five and nine
times length of brim on mature specimens.

Pygidium transversely subovate in outline and has
at least six distinct ring furrows on axis posterior to
articulating furrow and four or five distinct pleural
ridges extending across pleural fields and onto border.
Posterior margin has slight median indentation.

Discussion.—This species is the youngest species in
the genus and the subfamily and is characterized pri-
marily by the very wide cephalic border and the rel-
atively large number of axial furrows and pleural
ridges on the pygidium.

Occurrence. Moderately common, Elvinie zone: Eureka,
Bastian Peak, Shingle Pass, Snake Range, Ash Meadows,
Yucca Flat, and Groom District, Nev.; Tintic Utah.

Genus SIGMOCHEILUS Palmer
Sigmocheilus Palmer, 1960a, p. 89.

Type species—Sigmocheilus serratus Palmer, 1960a,
p- 91, pl. 10, figs. 1-38. (==Dikellocephalus flabellifer
Hall and Whitfield, 1877, p. 227, pl. 2, figs. 29, 30.

Diagnosis.—Pterocephaliinae having generally well-
defined border on cranidium. Sagittal length of
border between 1% and 4 times greater than that of
brim. Border generally concave in sagittal profile and
has greatest depth near its midlength. Facial sutures
cut anterior margin at slight angle between point
opposite anterolateral corners of glabella and axial
line.

Free cheeks have long genal spines and well-defined
concave border. Lateral and posterior border furrows
barely connected. Lateral border furrow shallowest;
posterior border furrow continues onto genal spine.
Breadth of border equal to or less than greatest
breadth of ocular platform.

Pygidium elongate subovate, subquadrate, or trans-
versely subovate; greatest width about opposite or
anterior to posterior end of axis. Axis prominent,
bears four to six ring furrows posterior to articulating
furrow, tapered to a blunt point at inner edge of
border. Border and pleural field not clearly differen-
tiated ; three to five pleural ridges generally apparent,
geniculated at boundary between pleural field and
border, continued onto but not across border. Border

concave; posterior margin evenly rounded, nearly
straight, or has slight median inbend. Edge smooth
or has broad spines.

Discussion.—The older species of this genus are most
likely to be confused with older species of Pteroce-
phalia. The principal difference between cranidia is
that the border of Sigmocheilus is generally well
marked by a border furrow, whereas a border furrow
is generally not clearly marked on the external surface
of Pterocephalia. On exfoliated cranidia of Pteroce-
phalia, the border furrow is shown more clearly.
On pygidia of species of Pterocephalia the end of the
pygidial axis is generally distinctly anterior to a line
passing through the points of greatest width whereas
on pygidia of Sigmocheilus, this line passes nearly over
the end of the axis or clearly anterior to the end of the
axis. The length of the genal spine of Pterocephalia
species is generally less than that of Sigmocheilus
species. (Compare pl. 15 figs. 5, 9, pl. 17, figs. 1, 7.)

Cranidia of Sigmocheilus also resemble those of
Cernuolimbus but generally have a longer concave
border, the deepest part of which is at the sagittal mid-
length rather than anterior to the midlength. Species
of this genus are common in the Dunderbergia zone
and the lower part of the Elvinia zone and are dis-
criminated principally on the shape and border fea-
tures of the pygidium.

Sigmocheilus flabellifer (Hall and Whitfield)
Plate 15, figures 1, 3, 5, 6

Dikellocephalus flabellifer Hall and Whitfield, 1877, p. 227,
pl. 2, figs. 29, 30.

Apatokephalus? flabellifer, Walcott, 1914, p. 350.

Parabriscoia flabellifera Resser, 1938b., p. 38.

Parabriscoia? flabellifer, Kobayashi, 1953, p. 58.

Richardsonella flabellifera, Kobayashi, 1960, p. 243, text fig. 8e.

Sigmocheilus serratus Palmer, 1960a, p. 91, pl. 10, figs. 1-3.

Diagnosis—Sagittal length of cranidial border
about 114 times length of brim. Brim gently to mod-
erately convex; border moderately concave. External
surface of glabella has closely-spaced fine granules.

Free cheek has long slender genal spine; length of
spine greater than three times that of posterior section
of facial suture.

Pygidium transversely subovate. Three or four
pleural ridges apparent, extend onto border. Posterior
margin has five or six pairs of broad-based strongly
tapered sharp border spines; pair nearest axial line
generally shorter than other pairs.

Discussion—The well-formed border spines on the
pygidium are the most distinctive characteristics of
this species. Cranidia resemble those of earlier species
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of Sigmocheilus but generally have a relatively
broader brim. This is the youngest species presently
recognized in Sigmocheilus.

Hall and Whitfield’s species D. flabellifer was based
on a single imperfect pygidium (pl. 15, fig. 6) and was
represented only by a slightly schematic engraving in
their publication; it was vaguely located stratigraphi-
cally. Its original generic assignment presented a bias
to later authors, because by 1914 Dikellocephalus had
become restricted in concept to a group of trilobites of
Trempealeau age. Thus, subsequent assignments were
to genera of this age having superficially similar
pygidia. The identity of D. flabellifer with S. serratus
(Palmer, 1960a) was not recognized until 1961, when
I found Hall and Whitfield’s type specimen in the col-
lections of the U.S. National Museum.

Occurrence. Moderately common, upper part of Dunder-
bergia zone and lower part of Hlvinia zone: Eureka, Cherry
Creek, McGill, Shingle Pass, Snake Range, Spring Mountains,
Yucca Flat, and Bare Mountain, Nev.

Sigmocheilus grata (Resser)
Plate 15, figures 16-18

Pterocephaline grate Resser, 1942b, p. 78, pl. 15, figs. 3-6.
Sigmocheilus grata (Resser). Palmer, 1960a, p. 90, pl. 9, figs.
22, 23, 26, 27.

Diagnosis—Sagittal length of border between two
and three times length of brim. External surface of
border smooth or covered with few scattered low
coarse granules. Remainder of surface of cranidium,
exclusive of furrows, covered with low fine granules.

Border of pygidium moderately flared posterolater-
ally; posterior margin broadly rounded or straight, has
slight median indentation on some specimens. Edge
smooth. Line connecting points of greatest width
passes just posterior to end of axis.

Discussion.—This species differs from the closely
related and apparently older species S. notha (Resser)
by having a less pointed posterior margin and a more
lateraly flared pygidial border. The absence of border
spines distinguishes it from the younger species .
pogonipensis (Resser) and 8. serratus Palmer.

Variability among specimens of this species is much
like that of 8. notha and is most apparent in the width
and ornamentation of the cranidial border. It is per-
haps the result of unstable and rapidly shifting bottom
environments during the time this species was living in
central Nevada.

Occurrence. Moderately common, upper part of Dunder-
bergia zone: Eureka, Cherry Creek, Spring Mountains, and
Grant Range, Nev.

Sigmocheilus notha (Resser)
Plate 15, figures 7, 8, 10-15

Pterocephalina nothe Resser, 1942b, p. 77, pl. 14, figs. 34-38.
Iddingsia? quinnensis Resser, 1942b, p. 88, pl. 16, figs. 3941.

Diagnosis—Sagittal length of cranidial border gen-
erally two to four times sagittal length of brim. Free
cheek has well-defined concave border; length of genal
spine between two and three times length of posterior
section of facial suture. External surface of border on
some specimens covered with scattered coarse granules.
Other parts of cranidial exoskeleton either smooth,
roughened, or very finely granular.

Posterior margin of pygidium smooth, bluntly pointed
towards rear; line connecting points of greatest width
pass over end of axis. Length of pygidium nearly
two-thirds width. Border generally downsloping, not
flared posterolaterally.

Discussion.—The relatively narrow pygidium hav-
ing a bluntly pointed nonspinose posterior margin is
the most distinctive part of the species. The most
similar species, 8. grata (Resser), has a less pointed
posterior margin and more laterally flared border.
Specimens here assigned to S. notha differ among
themselves in sagittal length, ornamentation of the
cranidial border, and to a lesser extent in details of
external ornamenation of other parts of the cranidium.
None of these features, however, have provided reli-
able means of differentiating significant taxa, and the
variability is here interpreted as infraspecific. §.
notha is common in many collections in the upper part
of the Dunderberg Formation, where cyclic sedimenta-
tion is particularly conspicuous. Perhaps the mor-
phologic variablity is a reflection of the instability of
the habitat apparent preferred by this species.

Resser (1942b, p. 88) described a species, /ddingsia?
quinnensis, on the basis of an exfoliated cranidium
from the same collection as S. notha. It does not differ
in any significant feature from S. notha (Compare pl.
15 figs. 8, 10). and is here considered to be a synonym
of that species.

Occurrence. Common, middle and upper parts of Dunder-

bergia zone: Bastian Peak, McGill, Ruby Range, Grant Range,
Quinn Canyon Range, and Cherry Creek, Nev.

Sigmocheilus pogonipensis (Resser)

Plate 15, figures 2, 4, 9

Pterocephalina pogonipensis Resser, 1942b, p. 78, pl. 15, figs.
1,2.

Sigmocheilus pogonipensis (Resser).
pl. 10, figs. 4-7.

Palmer, 1960a, p. 91,

Diagnosis—Sagittal length of cranidial border
about one and one-half times that of brim. Brim
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strongly arched in sagittal profile; anterior part
nearly vertical. Border strongly concave. Front of
glabella well defined by preglabellar furrow. External
surface of cranidium, exclusive of furrows and border,
covered with low coarse granules.

Free cheek has long slender genal spine; length of
spine more than three times length of posterior section
of facial suture.

Pygidium transverse subovate. Pleural regions
crossed by four or five prominent pleural ribs that
continue onto border. Border covered with well-
defined terrace lines. Margin has six pairs of short
asymmetrical spines.

Discussion.—The strongly convex cranidial brim
and short border spines on the pygidium are the most
distinctive features of this species. At Eureka and
Shingle Pass, Nev., this species has been found in beds
stratigraphically below those containing 8. serratus
Palmer, a species having better formed border spines on
the pygidium and a less convex brim on the cranidium.
8. pogonipensis was therefore first thought to be an-
cestral to S. serratus in an evolutionary lineage that
began with species lacking border spines on the py-
gidium, progressed through forms having vestigial
spines, and terminated with a species having well-
founded spines. However, at Cherry Creek, Nev., S.
pogonipensis and S. serratus are associated in two
small collections, an occurrence that casts doubt on the
suggested evolutionary lineage. The cranidial orna-
mentation of S. pogonipensis is very similar to that of
species of Strigambitus, whereas the ornamentation
of 8. serratus is more like that of the other species of
Sigmocheilus. 8. pogonipensis may thus represent an
offshoot of Strigambitus rather than a part of the
main evolutionary lineage of Sigmocheilus.

Occurrence. Moderately rare, upper part of Dunderbergia
zone: Eureka, Cherry Creek, Shingle Pass, Yucca Flat, and
Pahranagat Range, Nev.

Genus STRIGAMBITUS n. gen.

Type species.—Strigambitus transversus n. sp.

Diagnosis.—Pterocephalinae having a well-defined
glabella containing three pairs of moderately deep
glabellar furrows. Frontal area subequally divided into
poorly differentiated convex brim and concave border.
Fixed cheeks narrow, horizontal, or slightly upsloping
Palpebral lobes and eye ridges well defined. Anterior
sections of facial sutures intramarginal nearly to axial
line, then joined and continued ventrally across
doublure as median suture.

Free cheek has well-defined lateral and posterior
border furrows joined at genal angle and extended
onto genal spine.

Pygidium has prominent axis bearing two or three
distinet ring furrows postérior to articulating furrow.
Outline transversely subovate to subquadrate. Pos-
terior margin has or lacks median inbend. Border
concave, not clearly differentiated from pleural fields.

External surfaces of border regions covered with
well-defined terrace lines; all other parts covered with
closely-spaced coarse granules.

Description.—Pterocephaliinae (estimated maximum
length about 60 mm) having cranidium, exclusive of
posterior limbs, subquadrate, moderately rounded an-
teriorly, gently to moderately convex transversely and
longitudinally. Glabella moderately convex trans-
versely, gently convex longitudinally, tapered forward,
bluntly rounded anteriorly, well defined at sides and
anterolateral corners by moderately deep axial fur-
rows, less well defined across front. Three pairs of
moderately deep glabellar furrows generally apparent;
posterior pair curved broadly backward. Occipital
furrow deep at sides, shallow across axial line.
Occipital ring moderately wide, has low median node
placed slightly anterior to midlength. Frontal area
moderately long; sagittal length between two-thirds
and three-fourths length of glabella. Brim and border
poorly differentiated by very shallow border furrow;
brim moderately convex; border concave. Sagittal
length of border equal to or slightly greater than
length of brim. Fixed cheeks narrow, horizontal, or
slightly upsloping; width between one-third and one-
fourth basal glabellar width. Palpebral lobes well
defined by arcuate palpebral furrows, connected to
glabella by moderately well-defined eye ridges; length
about two-fifths length of glabella. Posterior limbs
long, slender; posterior border furrow deep, straight.

Anterior sections of facial sutures slightly divergent
forward from palpebral lobes to border furrow, then
curved inward across border and intramarginal nearly
to axial line, where they meet and continue backward
ventrally across doublure as median suture. Posterior
sections divergent and sinuous.

Free cheek has flat or concave border; width at an-
terior end about equal to that of ocular platform.
Infraocular ring well formed. Lateral and posterior
border furrows well defined, joined at genal angle and
continued backward onto genal spine. Genal spine
long, slender, having subcircular cross section, or
short, moderately broad, having subovate cross section.

Thoracic segments and hypostome not known with
certainty.

Pygidium subquadrate to transversely subovate. Axis
prominent, tapered posteriorly to inner edge of border,
contains two or three distinct ring furrows posterior
to articulating furrow; length between one-half and
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three-fourths length of pygidium; low median ridge
extends from end of axis onto border. Border not
clearly differentiated, variable in width. Pleural fields
crossed by one or two shallow pleural furrows, gen-
erally curved abruptly backward distally and con-
tinued onto inner part of border. Posterior margin
either has or lacks well-defined median inbend.

External surfaces of border regions of cranidium,
free cheek, and pygidium covered with well-defined
terrace lines. All other parts generally thickly covered
with coarse granules.

Discussion.—The poorly defined brim and border
and the well-defined glabellar furrows on the cranid-
ium, together with the distinctive ornamentation of
terrace lines on the border regions and abundant
coarse granules on other parts, are the most charac-
teristic features of species of this genus. In an
earlier paper (Palmer, 1960a), Strigambitus utahensis
(Resser) was placed in Ségmocheilus, but the lack of a
well-defined border was atypical of Sigmocheilus. Dis-
covery of additional species having cranidia like those
of §. utahensis but having different free cheeks and
pygidia indicates that these species characterize a
genus distinct from Sigmocheilus in ornamentation
and structure of the frontal area. At present, this
genus is characteristic of faunas in the lower part of
the Dunderbergia zone.

Strigambitus bilobus n. sp.

Plate 16, figures 1-3

Diagnosis—Free cheek has short, moderately broad,
flattened genal spine; length ‘of spine only slightly
greater than length of posterior section of facial su-
ture. Pygidium subquadrate in outline, has deep
rounded posterior median inbend. Width of axis at
anterior margin slightly greater than anterior width
of pleural region. External surface of border contains
distinet terrace lines. External surface of axial rings
has low coarse granules. External surface of pleural
fields nearly smooth, except on large specimens, which
have low scattered granules.

Discussion—The deep median notch and relatively
narrow pleural regions of the pygidium are the most
distinctive features that differentiate this species from
the slightly older S. wtahensis (Resser). S. bilobus
is the youngest species presently assigned to Strigam-
bitus and occurs above S. utahensis in the Ruby Range
section and above 8. fransversus n. sp. in the McGill
section.

Occurrence. Moderately rare, lower part of Dunderbergia
zone : Ruby Range, McGill, and Cherry Creek, Nev.

Strigambitus? blepharina n. sp.

Plate 16, figures 14-18

Diagnosis—QGlabellar furrows of larger cranidia
barely apparent. Sagittal length of downsloping
nearly flat brim about one-half that of moderately con-
cave border on cranidia having a sagittal length of
15 mm or more; on cranidia 5 mm or less in length,
sagittal length of brim about two-thirds or more that
of border. Fixed cheeks nearly flat, horizontal. Pal-
pebral lobes on larger cranidia barely defined on ex-
ternal surface; short, length between one-fourth and
one-fifth that of glabella.

Free cheek has moderately broad concave border;
central depression of moderate depth continues back-
ward to intersection with posterior border furrow of
comparable depth and then extends a short distance
onto base of genal spine. Lateral border furrow dis-
tinct, relatively shallow, intersecting posterior border
furrow at right angle. Genal spine long, slender, sub-
circular in cross section; length about twice length of
posterior section of facial suture.

Axis of pygidium moderately to strongly tapered
posteriorly; low narrow postaxial ridge extends short
distance onto border. Pleural regions have broad
poorly defined border. Pleural fields narrower than
border, crossed by two or three narrow pleural ridges
that continue more than half the distance across
border.

External surface of glabella of large cranidia has
closely spaced fine granules on upper parts; other parts
generally smooth ; smaller cranidia have fine granular
ornamentation on all parts except border, which has
moderately formed terrace lines. Border and genal
spine of free cheek and border and tops of pleural
ridges of pygidium contain moderately formed ter-
race lines. Top of axis of pygidium and pleural fields
of small specimens have closely spaced fine granules.

Discussion.—S? blepharina is included in Strigam-
bitus with question because the small palpebral lobes
and relatively subdued ornamentation of larger
cranidia are unlike those of other species of the genus.
The affinities to Strigambitus are shown in the smaller
cranidia, which have the characteristic ornamentation
and glabellar furrows of other speices of the genus.
In addition to the small palpebral lobes and modified
ornamentation, this species differs from others in the
genus in the unusual relation between the lateral and
posterior border furrows on the free cheek.

Occurrence. Rare, Dunderbergia zone: Quartz Spring area
and Death Valley, Calif.; Spring Mountains, Nev.
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Strigambitus transversus n. sp.

Plate 16, figures 6-10

Diagnosis—Free cheek has genal spine that is ex-
tremely long, slender, rounded in cross section; length
of spine more than twice length of posterior section
of facial suture. Pygidium transversely subovate;
posterior margin convex backward. Axis contains
three distinct ring furrows posterior to articulating
furrow. Border narrower than pleural fields.

Discussion.—This seems to be the oldest of the three
species here assigned to Strigambitus and is most
easily distinguished from the others by lacking a dis-
tinet posterior median inbend in the pygidial margin.

USGS collection 1478-CO may represent a transi-
tional assemblage between S. fransversus and S.
utahensis. Some pygidia having a slight median in-
bend in the border are present in association with
pygidia definitely lacking an inbend.

Occurrence. Moderately common, lower part of Dunder-
bergia zone: MecGill, Bastian Peak, Snake Range, and Spring
Mountains, Nev.; House, Needles, and Deep Creek ranges, Utah.

Strigambitus utahensis (Resser)
Plate 16, figures 4, 5

Pterocephalina utahensis Resser, 1942b, p. 79, pl. 15, figs. 7-11.
Sigmocheilus utahensis (Resser). Palmer, 1960a, p. 91, pl. 9,
figs. 24, 25, 28.

Diagnosis—Free cheek has genal spine long,
slender, subcircular in cross section; full length of
spine not known. Pygidium subquadrate, has distinct
shallow median inbend in posterior margin. External
surfaces of pleural fields and axis thickly covered with
coarse granules.

Discussion—This species is morphologically and
perhaps stratigraphically intermediate between S.
transversus n. sp., a species lacking a median inbend in
the pygidial margin and having well-defined pygidial
ornamentation, and 8. bilobus n. sp., which has a deep
median inbend in the posterior margin and poorly
defined pygidial ornamentation.

Occurrence. Moderately rare, lower part of Dunderbergia
zone : Eureka, Spring Mountains, Muddy Mountains, and Ruby
Range, Nev.; Fish Springs Range, Utah; Panamint Range,
Calif.

UNASSIGNED TRILOBITES

All the trilobites described on the preceding pages
are assigned with considerable confidence to their
suprageneric taxa. Some of the genera and species
described on the following pages may also represent
suprageneric taxa described above. However, in order
to distinguish between degrees of confidence in supra-

generic assignment, all questionably assigned genera
and their included species are described in this section
and their possible affinities are indicated in either the-
description or the discussion following.

Genus ANECHOCEPHALUS Palmer

Anechocephalus Palmer, 1960a, p. 92.

Type species—Anechocephalus triganulatus Palm-
er, 1960a, p. 92, pl. 8, figs. 21-23.

Description—Small  pterocephaliid(?) trilobites
(estimated maximum total length 30 mm). Cranidium
has glabella that is well defined at sides and ante-
rolateral corners, less well defined in front, gently to
moderately convex transversely and longitudinally,
tapered slightly forward, moderately to bluntly
rounded at front; glabellar furrows shallow; occipital
furrow well defined, generally deep. Occipital ring
gently convex, widest on axial line. Frontal area mod-
erately short. Brim depressed, generally continuing
the longitudinal convexity of glabella. Border nearly
horizontal; sagittal convexity gentle to moderate.
Border furrow moderately deep. Fixed cheeks up-
sloping to elevated; width about one-third basal gla-
bellar width. Palpebral lobes large, arcuate, well
defined by palpebral furrow, situated slightly above
level of top of glabella; length slightly greater than
one-half length of glabella on specimens having a
glabella length of 2 mm or more; length somewhat
more on smaller specimens; midlength situated
slightly posterior to glabellar midlength. Posterior
limbs slender, tapered laterally to sharp point; length
slightly less than basal glabellar width.

Course of anterior section of facial sutures nearly
straight forward or slightly bowed outward from pal-
pebral lobe to across border furrow, then turned
inward across border and marginal or submarginal
nearly to axial line; ventral course not known. Pos-
terior section at nearly right angles to axial line
behind palpebral lobes, curved broadly backward to
posterior margin.

Free cheek has well-defined gently convex lateral
border, narrower than ocular platform. Infraocular
ring present. Lateral and posterior border furrows dis-
tinet; posterior border furrow deepest; furrows join
at genal angle and extend down middle of moderately
long nearly flat genal spine nearly to tip.

Thoracic segments and hypostome not known.

Pygidium subquadrate. Axis prominent, tapered
posteriorly, reaches to or nearly to inner edge of
poorly defined border; axis contains two distinct ring
furrows posterior to articulating furrow; low post-
axial ridge extends for short distance behind axis.
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Pleural fields not distinctly separated from border,
crossed by two or three pleural furrows that are
curved abruptly backward and extend onto border.
Posterior margin extended either into broad short
lobes or into pair of slender posteriorly directed pos-
terolateral spines of variable length.

External surface of glabella has coarse semireticu-
late ornamentation that is conspicuously absent from
areas of glabellar furrows. Similar ornamentation
variably formed on fixed cheeks and brim. Border of
cranidium covered with distinct terrace lines. Free
cheek not noticeably ornamented except for terrace
lines on anterior part of border and on genal spine.
Pygidium generally not noticeably ornamented;
poorly defined closely spaced granules on anterior part
of pleural fields of some specimens.

Discussion—This genus was originally based on
only a few cranidia and pygidia from the Dunderber-
gia zone. The occurrence of at least one new species in
the Elvinia zone represented by many specimens has
provided additional information on the content and
concept of Anechocephalus. The foregoing description
is modified from that given in an earlier paper (Palm-
er, 1960a) on the basis of this information. The
upsloping to elevated narrow fixed cheeks having large
well-defined palpebral lobes and the generally short
frontal area having a well-defined moderately convex
border are the most distinctive characteristics of spe-
cies of Anechocephalus.

Anechocephalus spinosus n. sp.

Plate 20, figures 14, 6, 7,11, 12

Diagnosis—Length of frontal area of cranidium
between one-third and one-half length of glabella.
Border furrow has slight posterior median inbend.
Occipital furrow generally deepest along sides of
glabella. Pygidium has pair of posterolateral spines
of variable length.

Discussion.—This species, which is characterized
primarily by its spine-bearing pygidium, is either un-
usually variable or else composed of two or more
closely related forms. In three collections from the
Eureka district, all taken about 16 feet below the
lowest cherts of the Windfall Formation, indistin-
guishable cranidia and free cheeks are associated with
pygidia bearing posterolateral spines of different
lengths. Within each collection, the few observed
pygidia are virtually the same, but a comparison
between collections shows a striking difference in the
length of spines on the pygidia (compare pl. 20, figs.
4, 7, 12). Because all these specimens are from the
same fauna in about the same stratigraphic position

in the same area and none of the samples are very
large, the different pygidia are here tentatively con-
sidered to be varieties of a single species.

Occurrence. Moderately rare, uppermost part of Elvinie
zone : Bureka, McGill, and Yucca Flat, Nev.

Anechocephalus trigranulatus Palmer
Plate 20, figures 5, 8-10, 13, 14

Anechocephalus trigranulatus Palmer, 1960a, pl. 8, figs. 21-23.

Diagnosis—Cranidium has short frontal area;
sagittal length less than one-third length of glabella.
Border furrow straight, deep. Occipital furrow has
nearly constant depth. Border of pygidium extended
into short broad posterolateral lobes, each generally
having a row of three low coarse granules paralleling
posterolateral margin.

Discussion.—This species is characterized particu-
larly by its short frontal area and lack of postero-
lateral pygidial spines. The occurrence of additional
specimens from Cherry Creek, Nev., in the lower
Elvinia zone increases the known stratigraphic range
of the species.

Occurrence. Rare, upper Dunderbergio zone: Eureka and
Pahranagat Range, Nev.; lower Elvinia zone: Cherry Creek,
Nev.

Genus APHELOTOXON, n. gen.

Type species—Bynumiella? acuminata Palmer,
1960a, p. 93, pl. 10, fig. 9, 10.

Description—Small ptychopariid trilobites prob-
ably not exceeding 10 mm in total length. Cranidium
subtriangular to subtrapezoidal, moderately convex
transversely, gently convex longitudinally. Anterior
margin straight or slightly pointed. Glabella subtri-
angular in outline, low, well to poorly defined by
axial and preglabellar furrows. Occipital furrow mod-
erately well defined, at least at distal ends. Occipital
ring smooth or has median node or short spine. Two
pairs of short glabellar furrows may be apparent;
length of posterior pair about twice length of anterior
pair. Frontal area short, either has or lacks well-
defined convex border; sagittal length about one-
fourth or less than one-fourth of glabella including
occipital ring. Sagittal length of border equal to or
greater than length of brim. Fixed cheek flat to mod-
erately convex, downsloping; width between one-
third and one-half glabellar width. Palpebral
lobes small, poorly defined, situated opposite or
slightly anterior to glabellar midlength. Ocular ridges
generally not apparent. Posterior limb generally broad
exsagittally, contains moderately well-defined pos-
terior border furrow; tapered laterally to blunt point.
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Course of anterior section of facial suture nearly
straight forward or slightly convergent anteriorly
from palpebral lobe to border, then turned inward to
cross border gradually, reaching anterior margin near
axial line and continuing backward ventrally across
doublure as median suture. Course of posterior section
divergent, sinuous.

Free cheek has moderately to strongly curved lateral
margin. Border furrows poorly defined; width of
border equal to or less than width of ocular platform.
Genal spine short, little more than nub. Anterior part
of doublure squarely truncate.

Pygidium subtriangular to subsemicircular, moder-
ately to strongly convex transversely and longi-
tudinally. Axis prominent, moderately well defined
anteriorly, tapered backward and merged with pleural
regions near posterior margin. Ring furrows well
defined only on anterior part; two to four deep nar-
row furrows present posterior to articulating furrow.
Pleural regions very slightly furrowed, sides
depressed; shallow closely spaced pleural and inter-
pleural furrows may be slightly apparent.

External surfaces of all parts smooth, coarsely
pitted or finely granular.

Discussion—The triangular glabella, generally mod-
erate to strong cephalic convexity, and the small eyes
are particularly characteristic of this genus. Several
species here assigned to it are found at various levels
within the Dwnderbergia zone. The genus has no
apparent relationships to any other trilobites of the
Pterocephaliid biomere, but it does have some similar-
ity to Dresbachia, Menomonia, and Densonella of the
earlier Upper Cambrian and to Clelandie from the
Lower Ordovician. It differs from the earlier genera
by having downsloping fixed cheeks, smaller eyes, and
shorter posterior limbs and from Clelandia by having
median cephalic suture and somewhat larger eyes.

The type species, 4. acuminata (Palmer), was first
assigned with question to Bynumiella. Reexamination
of the types and unillustrated paratypes of B. typicalis
Resser shows that they actually belong to Clelandia
and that Bynumiella is a synonym of Clelandia. The
differences between COlelandia and Aphelotoxon are
based on the observations of Ross (1951, p. 116).

An indication of evolutionary relationships within
the genus is given by collections from the Ruby Range,
Nev. USGS collection 2601-CO contains distinctly
pitted specimens that have a well-defined glabella and
border are assignable to A. punctata n. sp. (pl. 19,
fig. 2). About 150 feet higher in the section (USGS
colln. 2605-CO), specimens assignable to 4. acuminata
have a poorly defined glabella and border and a
smooth surface (pl. 19, fig. 3). Specimens from a col-

lection (USGS colln. 2603-CO) taken from strata
lying midway between the strata from which the fore-
going collections were taken have a poorly defined
border, moderately well defined glabella, and a moder-
ately strong surface pitting (pl. 19, fig. 7). Indi-
viduals in other collections of A. acuminata may have
shallow pits barely apparent on the fixed sheeks and
posterior limbs. Thus A. acwminata seems to be a
direct descendant of A. punctata. The other species
do not show such a simple relationship to 4. punctata,
which seems to be the oldest species, but part of the
ornamentation on a few individuals consists of large
shallow pits.

Aphelotoxon acuminata (Palmer)

Plate 19, figures 1, 3-6

Bynumiella? acuminate Palmer, 1960a, p. 93, pl. 10, figs. 9, 10;
text fig. 21.

Diagnosis—Glabella barely outlined by axial and
preglabellar furrows. Glabellar furrows not apparent.
Occipital furrow may be deep at distal ends. Occipital
ring has median node. Frontal area downsloping,
barely differentiated into narrow brim and acuminate
border; sagittal length of border about twice that of
brim. Posterior section of facial suture nearly straight;
posterior limb subtriangular. Fixed cheeks narrow,
flat, downsloping; width slightly less than one-third
basal glabellar width.

Border of free cheek about one-half width of ocular
platform. Lateral margin very curved.

Pygidium has two distinct ring furrows posterior
to articulating furrow. External surfaces of all parts
generally smooth; low granules present on occipital
ring and posterior part of posterior limb on some
specimens; shallow pits present on fixed cheeks and
posterior limbs of some specimens.

Discussion—This species is characterized partic-
ularly by its acuminate anterior margin and poorly
defined cranidial furrows. It is most similar to 4. lim-
bata n. sp. and A. marginata n. sp., from which it
differs in the features just cited.

Occurrence. Moderately common, lower half of Dunder-
bergia zone: Eureka, Bastian Peak, McGill, Cherry Creek,
Ruby Range, and Yucca Flat, Nev.; Deep Creek and House
Ranges, Utah.

Aphelotoxon granulosus n. sp.

Plate 19, figures 21, 22

Diagnosis—Glabella well defined by axial furrows,
less well defined across front. Two pairs of distinct
short lateral glabellar furrows present. Border nar-
row, convex, well defined by narrow border furrow;
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sagittal length slightly less than length of downsloping
brim. Width of fixed cheeks about one-third basal
glabellar width.

Free cheek narrow; lateral border moderately well
defined.

Other parts not known. External surfaces of all
known parts covered with fine closely spaced granules.

Discussion—This species is most easily distin-
guished by its ornamentation from all other species
in the genus. The only other species having a sig-
nificant granular ornamentation is A. marginata,
which has scattered fine granules only on the cra-
nidium and has shallower glabellar furrows and
broader fixed cheeks than 4. granulosus.

Occurrence. Rare, Dunderbergia zone: Arizona Peak, Nev.

Aphelotoxon limbata n. sp.

Plate 19, figures 8, 10, 11

Diagnosis—Glabella moderately well defined; two
pairs of short glabellar furrows apparent. Frontal
area subequally divided into brim and border. An-
terior margin gently rounded. Occipital ring has low
median node. Fixed cheeks narrow, flat, downsloping;
width about one-third basal glabellar width. Pal-
pebral lobes moderately defined on some specimens.
Posterior section of facial suture moderately bowed
forward; posterior limb broad.

Pygidium has three or four distinct ring furrows
posterior to articulating furrow.

External surfaces of all parts smooth.

Discussion.—This species is most like A. acuminata
(Palmer), differing in its less acute anterior margin,
better defined axial and glabellar furrows, broader
posterior limbs on the cranidium, and greater number
of ring furrows on the axis of the pygidium.

Occurrence. Rare, lower part of Dunderbergia zone:
McGill, Nev.; House Range, Utah.

Aphelotoxon marginata n. sp.

Plate 19, figures 14, 16
Pinctus? sp., Palmer, 1960a, p. 101, pl. 10, fig. 21.

Diagnosis—Glabella moderately well to poorly
defined by axial and preglabellar furrows. Two pairs
of shallow glabellar furrows may be present. Occipital
ring has median node. Border of frontal area well
defined ; sagittal length of border about equal to that
of brim. Anterior margin gently rounded. Fixed
cheeks gently convex, downsloping; width about one-
half basal glabellar width. Posterior section of facial
suture moderately curved forward; posterior limbs

broad. External surface covered with scattered fine
granules, which are apparent only after whitening.

Discussion—The single cranidium referred with
question to Pinctus (Palmer, 1960a.) has the character-
istics of Aphelotoxon; it has a subtriangular glabella,
short frontal area, and small anteriorly placed pal-
pebral lobes. The nearly smooth surface, broad fixed
cheeks, and lack of an occipital spine indicate its place-
ment in 4. marginata n. sp.

This species is most like 4. limbata n. sp., from
which it differs principally by having significantly
broader fixed cheeks. This is presently the youngest
species assigned to the genus.

Occurrence. Rare, upper part of Dunderbergia zone:
Eureka, McGill, Pahranagat Range, Spring Mountains, and
Snake Range, Nev.

Aphelotoxon punctata Palmer

Plate 19, figures 2, 7

Diagnosis—Glabella well defined by axial and pre-
glabellar furrows; two pairs of well-defined glabellar
furrows present. Border well defined by narrow bor-
der furrow on front of glabella; sagittal length about
twice length of brim. Anterior margin gently rounded.
Fixed cheeks moderately convex, downsloping; width
about one-half basal glabellar width. Posterior section
of facial stuture gently curved forward; posterior
limb moderately broad. External surfaces of all
known parts coarsely pitted.

Discussion—The coarsely pitted ornamentation,
well-defined glabella and glabellar furrows, and con-
vex fixed cheeks are particularly characteristic of this
species, which seems to be the oldest in the genus (p.
79).

Occurrence. Rare, lower part of Dunderbergia zone: Ruby
Range, Nev.
Aphelotoxon spinosus n. sp.

Plate 19, figures 9, 12, 13

Diagnosis—Glabella moderately well defined by
axial and preglabellar furrows. Two pairs of distinct
shallow glabellar furrows present. Occipital ring has
short median spine. Frontal area has well-defined bor-
der; sagittal length of border about twice length of
brim. Fixed cheeks nearly flat, downsloping; width
slightly less than one-half basal glabellar width. Pos-
terior section of facial suture gently curved; posterior
limb subtriangular. Free cheek narrow; lateral margin
strongly curved; width of border slightly greater than

‘width of ocular platform.

External surfaces of all parts generally smooth or
very finely pitted. Free cheek has low terrace lines on
outer part of border.
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Discussion.—The short occipital spine distinguishes
this species from all others in the genus. The free
cheek is distinctly narrower than that of 4. acuminata.

Occurrence. Rare, lower part of Dunderbergia zone:
House Range and Wah Wah Range, Utah.

Genus Bromella n, gen.

Type species—Bromella veritas n sp.

Description—Small ptychopariid trilobites (total
length probably less than 20 mm). Glabella prominent,
tapered forward, truncated anteriorly, moderately con-
vex transversely, gently convex longitudinally, well
defined by axial and preglabellar furrows. Antero-
lateral fossulae present on some specimens. Glabellar
furrows shallow. Occipital furrow deep, nearly
straight. Occipital ring has median node; short spine
may also be present at posterior edge. Frontal area
short, concave, divided into downsloping brim and
prominent upturned border. Sagittal length of frontal
area about one-half that of glabella. Sagittal length of
border about one-half that of brim. Fixed cheeks nar-
row, horizontal, or slightly upsloping; width one-third
to one-fourth basal glabellar width. Palpebral lobes
well defined by moderately arcuate palpebral furrow,
situated opposite or slightly anterior to glabellar mid-
length. Length of palpebral lobe slightly less than
one-half glabellar length. Posterior limbs triangular
in outline. Posterior border furrow straight, deep.

Course of anterior section of facial suture straight
forward or slightly divergent anteriorly from pal-
pebral lobe to border furrow and curved inward across
border to cut anterior margin about in front of antero-
lateral corner of glabella. Ventral course not known.
Course of posterior section of facial suture divergent,
sinuous.

Lateral border of free cheek well defined by border
furrow that is deep anteriorly but disappears before
reaching base of genal spine. Posterior border furrow
deep, extended onto base of genal spine.

Pygidium transversely subovate to subquadrate.
Axis short, prominent, contains two or three ring fur-
rows posterior to articulating furrow; anterior furrow
deep; other furrows shallow. Length of axis about
two-thirds that of pygidium. Pleural regions gently
convex, have broad poorly defined border tapered
towards axis. Pleural fields about as wide as border,
crossed by one or two shallow pleural furrows.

External surfaces pitted, smooth, or finely granular.

Discussion.—This genus of small trilobites has affin-
ities with A phelaspis, Dytremacephalus, and Prehousia.
It may belong in the Aphelaspidinae because of the
Aphelaspis-like glabella and pygidium and the well-
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defined cranidial border, but its evolutionary relation-
ships to the three genera it most closely resembles are
obscure. It differs from Aphelaspis in having an up-
turned cranidial border and in lacking a connection
of the lateral and posterior border furrows on the free
cheek. Also the fixed cheeks are somewhat narrower
and the palpebral lobes shorter than comparable-sized
specimens of Aphelaspis. These features relate the
genus to Prehousia, and the possibility that Bromella,
which is generally associated with Prehousia, may
merely include small holaspids of the earlier Prehousia
species cannot be entirely eliminated. A similar degree
of difference was noted in an earlier paper (Palmer,
1960a, p. 88) between small and large holaspids of
early species of Pterocephalia. However, the promi-
nence of the glabella and lack of connection of the
lateral and posterior border furrows on the free cheeks
of Bromella, together with its occurrence in association
with Dicanthopyge guadrata 1. sp. in one older collec-
tion, make the possibility unlikely.

The features that distinguish Bromella from Pre-
housia are the ones that indicate possible affinity with
Dytremacephalus. However, the glabella of Bromella
is less tapered anteriorly and the glabellar furrows less
well defined than those of Dytremacephalus. The pos-
sibility that Bromella may be ancestral to Dytremace-
phalus is compatible with the known stratigraphic
distribution of the two genera, but more information
is needed before this relationship can be stressed.

Bromella veritas n. sp.

Plate 18, figures 1-9

Diagnosis—This is the only species presently recog-
nized in Bromella, and it has the characteristics of the
genus.

Discussion.—More than one species may be included
in B. weritas. Some specimens have a short occipital
spine formed from the back of the occipital ring, as
well as an occipital node (pl. 18, fig. 7), and have
cranidia ornamented with both pits and fine granules.
The reason that such specimens are not recognized
as separate species is that specimens having both orna-
mentation types and either having or lacking the
occipital spine are present in USGS collection 1439-CO
from the Snake Range, Nev. Until more can be learned
about this difficult little genus, all specimens referable
to it are assigned to its type species.

Occurrence. Rare, Dicanthopyge zone: Highland Range,
Nev. Moderately common, lower part of Prehousia zone;
Snake Range, Shingle Pass, Highland Range, MecGill, and
Spring Mountains, Nev.; House Range, Fish Springs Range,
and Promontory Range, Utah.



82 TRILOBITES OF THE PTEROCEPHALIID BIOMERE, GREAT BASIN

Genus BYNUMINA Resser

Bynumina Resser, 1942b, p. 58; Wilson, 1951, p. 628 ; Lochman,
1959, p. 286; Palmer, 1960a, p. 93.

Description—Small ptychopariid trilobites (prob-
ably not exceeding 10 mm in total length). Cranidium
subtrapezoidal in outline, moderately convex trans-
versely and longitudinally, generally lacks distinct
external furrows. Exfoliated specimens have well-
defined anteriorly tapered glabella, slightly rounded
at front. Last two pairs of glabellar furrows, if
present, strongly curved posteriorly. Occipital furrow
deep, straight. Occipital ring narrow, tapered later-
ally. Frontal area length slightly greater than one-
third length of remainder of cranidium; shallow
border furrow, if present, separates brim and border
of nearly equal sagittal length. Fixed cheek gently
convex, downsloping; width, including palpebral lobe,
about one-half basal glabellar width. Palpebral lobes
not differentiated from remainder of fixed cheek;
length between one-third and one-fourth that of
glabella including occipital ring. Posterior limbs
broad exsagittally; transverse length less than that of
basal glabellar width ; tips bluntly rounded or pointed;
border furrow apparent only near axial furrow.

Discussion.—This genus is represented in the Great
Basin only by rare cranidia. A full description has
been presented in an earlier paper (Palmer, 1960a,
p- 93). The foregoing description of the cranidium
is given only because the statements concerning the
fixed cheeks and palpebral lobes were inadvertently
omitted from the earlier description.

Bynumina globosa (Walcott)
Plate 18, figures 22, 23

Agraulos? globosa Walcott, 1884, p. 61, pl. 9, fig. 23.

Kingstonia globose (Walcott). Resser, 1936, D. 24,

Bynumina globosa (Walcott). Palmer, 1960a, p. 94, pl. 10,
fig. 8.

Diagnosis—Cranidium has glabella nearly paral-
lel sided, subquadrate in outline, moderately to
strongly convex longitudinally, highest at or slightly
anterior to midlength. Length of palpebral lobes about
one-third of glabella including occipital ring.

Discussion—This small smooth trilobite is a rare
but persistent element of the Elvinia zone fauna. Its
convex cranidium lacking well-defined parts but hav-
Ing an elevated glabellar area distinguishes it from
all associated forms.

A single cranidium from the Shingle Pass section
(pl. 18 fig. 23) has more slender posterior limbs and

a better defined occipital ring than do most other
specimens assigned to the species and may represent
another form.

Occurrence.
Snake Range, (?)
House Range, Utah.

Rare, Elvinia zone: Eureka, Bastian Peak,
Shingle Pass, and Cherry Creek, Nev.;

Genus COMANCHIA Frederickson

Comanchia Frederickson, in Wilson and Frederickson, 1950,
p. 900; Lochman, 1959, p. 252.

Type species—Ptychopleurites amplooculata Freder-
ickson, 1948, p. 802, pl. 123, fig. 9-11.

Description—Small ptychopariid trilobites (maxi-
mum length about 80 mm). Cranidium, exclusive of
posterior limbs, elongate subquadrate ; anterior margin
broadly rounded. Glabella elongate, well defined at
sides by narrow axial furrows, tapered forward,
strongly rounded at front, moderately convex trans-
versely and longitudinally. Two or three pairs of
glabellar furrows present; posterior pair most dis-
tinct, diagonal. Occipital furrow narrow, deepest at
sides of glabella. Occipital ring has small low median
node. Frontal area short; sagittal length about one-
fourth length of glabella. Border distinct, flat or
slightly convex, of nearly constant breadth; sagittal
length equal to or greater than that of brim. Fixed
cheeks narrow and horizontal or slightly upsloping.
Palpebral lobes large, arcuate, well defined by pal-
pebral furrow, situated about opposite glabellar mid-
length; breadth about equal to that of fixed cheek;
length about one-half that of glabella. Width of fixed
cheek, one-fifth or less than one-fifth basal glabellar
width. Posterior limbs slender, have deep straight
posterior border furrow.

Course of anterior section of facial suture divergent
forward from palpebral lobe to border furrow, curved
sharply inward and then diagonally across border to
cut anterior margin about opposite anterolateral
corners of glabella. Rostral suture submarginal;
transverse length about equal to breadth of anterior
part of glabella. Course of connective sutures and
shape of rostral plate not known. Course of posterior
section of facial suture divergent, sinuous.

Free cheek has narrow lateral and posterior border
furrows, jointed at acute angle near base of genal
spine. Lateral border flat or gently convex; breadth
at anterior margin about equal to breadth of ocular
platform. Ocular platform broadens posteriorly. Dis-
tinet infraocular ring present. Genal spine flat, sharp;
length equal to or slightly greater than length of
posterior section of facial suture.
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Hypostome and thorax not known.

Pygidium subsemicircular, moderately convex trans-
versely and longitudinally. Axis prominent, slightly
tapered posteriorly to inner edge of border. Two or
three ring furrows present posterior to articulating
furrow. Articulating half-ring of second axial segment
generally well defined. Pleural regions have gently
convex downsloping pleural field crossed by two or
three shallow pleural furrows. Border nearly flat, nar-
rower than pleural fields, tapered towards axial line,
well defined at inner edge by sharp change in slope.

External surfaces of all parts smooth or covered
with very fine closely-spaced granules that are only
very slightly visible even on whitened specimens.

Discussion—This distinctive genus has been found
in association with /rvingella major Ulrich and Resser
in Oklahoma, Texas, Wisconsin, and Nevada. The
well-defined glabella, large palpebral lobes, narrow
fixed cheeks, short frontal area, and straplike posterior
limbs distinguish species of Jomanchia from all other
trilobites in the Pterocephaliid biofacies. The prin-
cipal new information about Comanchia that is pre-
sented here, concerns the free cheek, which is described
for the first time, and more accurate information
about the course of the anterior sections of the facial
sutures based on study of some silicified specimens
from Mount Hamilton, Nev.

Comanchia minus n. sp.

Plate 19, figures 15, 17-20

Diagnosis. — Sagittal length of cranidial border
about twice length of brim. Pygidium has only two
distinct ring furrows posterior to articulating furrow.

Discussion—Pygidia of Comanchia amplooculata
(Frederickson) from Wisconsin, Oklahoma, and Texas
consistently have a distinct third ring furrow posterior
to the articulating furrow. This is the principal fea-
ture that distinguishes them from pygidia of €. minus.
In all other feature the species are virtually the same,
except that the palpebral lobes of the Nevada speci-
mens seem to be characteristically slightly less than
one-half the glabellar length, whereas those of the
specimens from Oklahoma and Texas are slightly
more than one-half the glabellar length.

The relatively broad border distinguishes this spe-
cies from Comanchia prior Kurtz (1952), which seems
also to be a somewhat older species.

Occurrence. Moderately rare, uppermost part of Elvinia
zone: Cherry Creek, McGill, Snake Range, Ruby Range, and
Mount Hamilton, Nev.

Genus DELLEA Wilson

Dellea Wilson, 1949, p. 34; 1951, p. 634 ; Lochman, 1959, p. 306.

Type species—Dellea wilbernsensis Wilson, 1949,
p- 35, pl. 11, figs. 1, 2, 4-7, 12.

Diagnosis—Small Elviniidae? probably less than 30
mm in total length. Cranidium has prominent gla-
bella, well defined by axial and preglabellar furrows,
tapered forward, bluntly rounded anteriorly. Occip-
ital ring narrow, well defined by occipital furrow.
Border of frontal area narrower than brim. Border
furrow narrow, parallels curved anterior margin of
cranidium. Fixed cheeks gently convex; width about
one-third basal glabellar width. Palpebral lobes mod-
erately well defined by shallow slightly curved pal-
pebral furrow situated opposite middle third of
glabella. Posterior limb moderately broad exsagit-
tally, pointed.

Course of anterior section of facial suture straight
forward or slightly divergent from palpebral lobe to
border furrow, then curved inward across border to
cut anterior margin about opposite anterolateral
corners of glabella. Course of posterior section
strongly divergent laterally from palpebral lobes, then
curved backward to posterior margin.

Border of free cheek narrower than ocular plat-
form; lateral and posterior border furrows well de-
fined, connected at genal angle. Genal spine slender,
tapered to point; length between one and two times
length of posterior section of facial suture.

Pygidium has prominent axis that is tapered
slightly posteriorly and reaches to inner edge of
poorly defined moderately broad, slightly concave bor-
der having nearly constant width. Two or three ring
furrows present posterior to articulating furrow.
Pleural regions crossed by two or three shallow pleural
furrows.

Discussion.—This genus includes small simple pty-
chopariid species from the Elvinia zone that are diffi-
cult to differentiate, if found out of stratigraphic con-
text, from similar small simple ptychopariids in older
and younger faunas. Specimens possibly representing
Dellea are not common in the Great Basin faunas and
have not contributed any significant new information
about the genus.

Wilson (1951, p. 636) placed the type species, D.
wilbernsensis, in synonymy with Ptychoparia suada
Walcott (1890, p. 274), even though the holotype of
D. wilbernsensis has a granular outer surface while
that of P. suada has a smooth surface. Knowledge
gained in the study of the Dunderberg fauna about the
significance of external ornamentation indicates that
in the simple trilobites such intraspecific variation is
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unlikely. Although P. suada and D. wilbernsensis
may be congeneric, they are probably not conspecific.

Dellea? punctata n. sp.
Plate 3, figure 8

Diagnosis—Known only from cranidia. Glabella
bluntly rounded anteriorly; distinet small pits in axial
furrows at anterolateral corners of glabella. Brim
downsloping; sagittal length nearly twice that of
slightly convex nearly horizontal border. Fixed cheeks
narrow, slightly downsloping; width between one-
third and one-fourth basal glabellar width. External
surface covered with moderately coarse pits.

Discussion.—This species is characterized partic-
ularly by its pitted ornamentation and the antero-
lateral pits adjacent to the bluntly rounded anterior
end of the glabella. The generic assignment is ques-
tioned because of the glabellar outline, which is more
quadrate than most species assigned to Dellea and
more nearly like that of Deadwoodia. The palpebral
lobes of species of Deadwoodia are relatively larger
and more arcuate than those of D? punctata, however,
and the species is here considered to be more likely a
representative of Dellea than Deadwoodia.

Occurrence. Rare, upper part of Elvinia zone: Bureka
and Cherry Creek, Nev.

Genus Dytremacephalus Palmer
Dytremacephalus Palmer, 1954, p. 749; Lochman, 1959, p. 258.

Type species—Dytremacephalus granulosus Palm-
er, 1954, p. 750, pl. 85, figs. 5, 6.

Description—Small Elviniidae(?) (total length
probably not exceeding 20 mm). Cranidium has gla-
bella well defined by deep axial furrows and somewhat
shallower preglabellar furrow, moderately tapered for-
ward, bluntly rounded anteriorly, moderately convex
transversely, gently to moderately convex longi-
tudinally. Anterolateral corners generally marked by
distinct pits in axial furrows; distance between pits
about one-half basal glabellar width. Two or three
short deep glabellar furrows generally present. Oc-
cipital furrow straight, deep. Occipital ring has dis-
tinct median node. Frontal area strongly depressed
laterally. Border well defined by narrow generally
shallow border furrow, convex; sagittal length gen-
erally less than length of convex brim. Anterior mar-
gin of cranidium gently to moderately rounded. Fixed
cheeks narrow, convex, horizontal or slightly upslop-
ing; width between one-third and one-half basal gla-
bellar width. Distinct eye ridges generally present,
directed nearly at right angles to axial line. Palpebral
lobes well defined by nearly straight palpebral fur-

rows, situated opposite or slightly anterior to glabellar
midlength; exsagittal length slightly more than one-
half glabellar length on specimens having glabellar
length less than 2 mm, slightly less than one-half gla-
bellar length on larger specimens. Posterior limbs
subtriangular, sharp pointed. Posterior border furrow
deep.

Course of anterior section of facial sutures straight
forward or slightly divergent from palpebral lobe to
border furrow, turned inward across border to cut an-
terior margin about opposite anterolateral corners of
glabella, then curved backward across doublure.

Rostral plate subquadrate. Transverse width
greater than sagittal length. Ends indented by sharp
curve to fit anterior ends of doublure of free cheek.

Lateral border furrow of free cheek shallow, disap-
pears posteriorly before reaching base of genal spine.
Posterior border furrow relatively deep, continued
backward onto base of genal spine before disappearing.
Genal spine short, sharp; length less than length of
posterior section of facial suture.

Pygidium subsemicircular. Axis differentiated from
pleural regions by sharp change in slope; axis mod-
erately elevated anteriorly, becoming progressively
lower posteriorly, reaching to inner edge of narrow
poorly defined border. One or two ring furrows gen-
erally present posterior to articulating furrow. Pleural
regions crossed by one or two shallow pleural furrows
reaching to inner edge of border.

Thorax and hypostome not known.

Discussion—Most of the definitive features of this
genus of small trilobites and its included species are on
the cranidium. The relatively large anteriorly tapered
glabella having distinct glabellar furrows, the gen-
erally well-defined anterolateral pits in the axial fur-
rows, and the well-defined narrow cranidial border are
the most distinctive features.

When the genus was first proposed (Palmer, 1954),
the well-defined pits in the axial furrows at the antero-
lateral corners of the glabella seemed to be the most
distinctive feature of the genus. This characteristic
taken alone may be misleading, however (see Aphelas-
pis haguet, pl. 9 fig. 24).

Dytremacephalus was first believed to be related to
Aphelaspis (Palmer, 1954, p. 750), principally because
of the similarity of D. laevis Palmer, known only from
cranidia, to some Aphelaspis cranidia. Although this
relationship seems to be a reasonable possibility for
D. laevis, D. granulosus and D. asperazis n. sp., both
represented by many silicified individuals in addition
to limestone specimens, seem to be related to the
Elviniidae. This relationship is shown particularly
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in the structure of the frontal area, which has a
narrow convex border, and in the rostral plate, which
is transversely subquadrate. When more is learned
about the morphology of D. laevis, it may be removed
from Dytremacephalus. Therefore, the genus is here

tentatively related to the Elviniidae, although assign- |

ment to either of the common subfamilies, the Elvin-
iinae or Dokimocephalinae, does not seem appropriate.

Dytremacephalus granulosus Palmer

Plate 18, figures 14, 16-19, 21

Dytremacephalus granulosus Palmer, 1954, p. 750, pl. 85, figs.
5, 6.

Diagnosis—Cranidium has moderately convex hori-
zontal fixed cheeks; palpebral lobes situated slightly
anterior to glabellar midlength. Line connecting an-
terior ends of palpebral lobes passes over frontal lobe
of glabella on cranidia longer than 3 mm, tangent to
front of glabella on smaller specimens. External sur-
faces of all parts covered with closely spaced fine
granules. Surfaces of molds smooth.

Discussion—This is the oldest of the two named
species from the Great Basin. It differs from D. as-
peraxis, which is probably its direct descendant, by
having granular ornamentation on all parts rather
than confined to the top of the glabella. Several in-
complete cranidia in USGS collection 2313-CO from
the Prehousia zone at Shingle Pass, Nev., have a
granular ornamentation and seem to belong to Dytre-
macephalus. They differ from D. granulosus by hav-
ing more posteriorly placed palpebral lobes and may
represent an older species. Better material is needed
before this older species can be characterized and illus-
trated, however.

Occurrence. Moderately common, basal part of Dunder-
bergia zone: Bastian Peak, Snake Range, Eureka(?), and
Spring Mountains, Nev.; House Range, Utah.

Dytremacephalus asperaxis n. sp.

Plate 18, figures 10-13

Diagnosis—Cranidium has moderately convex hori-
zontal fixed cheeks. Palpebral lobes situated opposite
or slightly anterior to glabellar midlength. External
surface has distinct closely spaced granular ornamen-
tation that is generally confined to top of glabella and
a few scattered granules on other parts. Surface of
mold smooth.

Discussion.—This species is most easily recognized
by the presence of a distinct ornamentation on the top
of the glabella only. On some specimens, the granules

are somewhat merged so that the surface appears
coarsely pitted rather than granular.

Occurrence. Moderately common, lower and middle parts
of Dunderbergia zones Bastian Peak, McGill, Cherry Oreek,
Grant Range and Eureka, Nev.

Genus LISTROA Palmer
Listroa Palmer, 1962b, p. 40.

Type species.—Listroa tozowra Palmer, 1962b, p. 41,
pl. 6, figs. 5, 8-10.

Diagnosis.—Pterocephaliinae? (total length less
than 40 mm). Cranidium has obscurely furrowed well-
defined glabella; border moderately broad, flat, or
slightly concave; fixed cheeks nearly horizontal; eye
ridges moderately well defined, directed posterolat-
erally from junction with dorsal furrow; anterior sec-
tions of facial sutures diverge forward from palpebral
lobes and cut anterior margin at a distinct angle.

Free cheek has broad poorly defined nearly flat bor-
der. Lateral and posterior border furrows joined,
extend short distance onto genal spine.

Pygidium has short prominent posteriorly tapered
axis bearing two or three ring furrows posterior to
articulating furrow; tip somewhat elevated. Pleural
regions moderately to strongly convex. Broad poorly
defined border downsloping or depressed. Posterior
margin has moderate to strong median identation.

Discussion—The slightly flared frontal area and
broad flat or only slightly convex border on the cra-
nidium combined with the downsloping border and
posterior median notch of the pygidium distinguish
this genus from other pterocephaliid trilobites. It is
closely related to Aphelaspis and the Aphelaspidinae
through L. longifrons (Palmer), but the structure of
the cranidial border of L. fozoura Palmer is more like
that of the Pterocephalinae. For these reasons L.
toxoura is considered to be a possible ancestor for the
later genera of the Pterocephaliinae.

Listroa toxoura Palmer

Plate 11, figures 1-5
Listroa toxoura Palmer, 1962b, p. 41, pl. 6, figs. 5, 8-10.

Diagnosis—Cranidial border nearly flat, slightly
downsloping, makes gentle angle with brim. Sagittal
length of frontal area generally not greater than three-
fourths length of glabella. Pygidium has two or three
distinet ring furrows posterior to articulating furrow.

Discussion—This species is characteristically asso-
ciated with Aphelaspis subditus Palmer, A. haguei
(¥all and Whitfield), and Olenaspella regularis Palm-
er in the upper part of the Aphelaspis zone. Rare
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occurrences of the species have been noted, however,
from the younger Dicanthopyge zone.

Variation in the degree of transverse convexity of
the pygidium of this species (pl. 11 figs. 3, 4) is proba-
bly due to differential compaction. The combination
of a median notch and a narrow pygidial doublure
along the axis makes the axial line a line of weakness
along which the pygidium was easily folded. Variable
features that are not attributable to diagenetic distor-
tion are the degree of definition of glabellar furrows
and ring furrows on the pygidium.

The only other species presently assigned to Listroa
is L. longifrons (Palmer 1954) from the Aphelaspis
zone in central Texas. It differs from Z. ¢ozoura by
having a greater angle between the brim and border, a
longer frontal area, and generally one less ring furrow
on the axis of the pygidium.

Occurrence. Moderately common, upper part of Aphelaspis
zone: McGill, Cherry Creek, Tybo, Mount Hamilton district,
and Highland Range, Nev. Rare, Dicanthopyge zone; Yucca
Flat, Nev.

Genus MINUPELTIS Palmer

Minupeltis Palmer, 1960a, p. 98.

Type species. — Minupeltis conservator Palmer,
1960a, p. 98, pl. 10, figs. 11, 12.

Description—Small trilobites (total length proba-
bly less than 10 mm). Cranidium subquadrate, gently
convex transversely and longitudinally. Glabella
prominent, tapered forward; axial furrows at sides
bowed slightly outward. Glabellar furrows barely ap-
parent. Occipital furrow straight, narrow. Occipital
ring has low median node situated near occipital fur-
row. Frontal area downsloping; sagittal length
slightly less than one-half that of glabella. Brim flat,
downsloping. Border convex, nearly horizontal adja-
cent to shallow border furrow, depressed at margin.
Sagittal length of border equal to or greater than
length of brim. Fixed cheek gently convex, downslop-
ing; width one-third or slightly more than one-third
basal glabellar width. Palpebral lobes barely differ-
entiated from cheek, situated about opposite glabellar
midlength; length about one-third that of glabella.
Posterior limbs short, bluntly pointed; transverse
length about two-thirds basal glabellar width. Pos-
terior border furrow straight, shallow.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe to border fur-
row, then curved abruptly inward across border to cut
anterior margin between axial line and point opposite
anterolateral corner of glabella. Posterior section
nearly straight posterolaterally from palpebral lobe to

border furrow, then curved backward to posterior
margin.

Free cheek, hypostome, thoracic segments, and py-
gidium not known. External surfaces of all parts
smooth.

Discussion—This genus is characterized by its
downsloping fixed cheeks and frontal area, poorly de-
fined palpebral lobes, and short triangular posterior
limbs. With the discovery of a second species, M. de-
finita n. sp., the generic description has been rewritten
to exclude those characteristics now known to pertain
only to the type species, M. conservator Palmer. No
other trilobite in the Peterocephaliid biomere of the
Great Basin resembles this genus closely, and its su-
prageneric affinities remain uncertain.

Minupeltis conservator Palmer

Plate 18, figure 15

Minupeltis conservator Palmer, 1960a, p. 98, pl. 10, figs. 11, 12.

Diagnosis—Glabella not defined at front. Frontal
area has border furrow, if distinect, shallow, evenly
curved, and more or less constant in depth. Sagittal
length of border about equal to that of brim.

Discussion.—This species differs most distinctly
from M. definita n. sp. in the subequal relationship of
the brim and border and the poor definition of the
front of the glabella.

Occurrence. Rare, middle part of Dunderbergia zone:
Eureka and Ash Meadows, Nev.; Panamint Range, Calif.

Minupeltis definita n. sp.
Plate 18, figure 20

Diagnosis—Glabella distinctly defined at front by
shallow preglabellar furrow. Frontal area has border
furrow distinctly shallower on axial line than at sides.
Sagittal length of border nearly twice that of brim.

Discussion.—This species is distinguished from M.
conservator Palmer principally by its better defined
glabella and relatively broader border.

Occurrence. Rare, lower part of Dunderbergia zone:
Cherry Creek and Spring Mountdins, Nev.

Genus MOROSA Palmer

Morosa Palmer, 1960a, p. 98.

Type species—Morosa longispina Palmer, 1960a, p.
99, pl. 10, figs. 15-17, text-fig. 22.

Diagnosis—Pterocephaliidae? having axial length
of frontal area between one-third and one-half length
of glabella. Frontal area subequally divided into well-
defined brim and border. Border tapered laterally to
a point just before, or at, anterolateral corner of
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cranidium. Anterior margin in front view nearly hori-
zontal; course of border furrow in front view strongly
bowed upward. Glabella well defined; glabellar fur-
rows barely visible. Fixed cheeks narrow, gently con-
vex, nearly horizontal; width between one-third and
one-fourth basal glabellar width. Palpebral lobes
prominent, situated about opposite or slightly anterior
to glabellar midlength. Occipital ring has prominent
node or short spine at posterior margin.

Free cheek has narrow border. Lateral and pos-
terior marginal furrows moderately well defined, not
joined at genal angle, disappear into base of flat slen-
der genal spine.

Pygidium has prominent axis extending to inner
edge of moderately wide slightly concave poorly de-
fined border of nearly constant width.

External surfaces of all parts except over glabellar
muscle-attachment areas distinctly and moderately
coarsely pitted. Surface of mold smooth or pitted.

Discussion—When this genus was first proposed, its
affinities with the Housiidae (here a subfamily of the
Pterocephaliidae) were suggested because of the an-
teriorly situated palpebral lobes and the even width of
the pygidial border. However, the structure of the
frontal area was pointed out to be distinctly atypical
of the Housiidae, and Morosa was not assigned to a su-
prageneric taxon. The addition of more species, par-

ticularly Morosa extensa, has reafirmed that the
general glabellar structure indicates a possible rela-
tionship of the genus to the Peterocephaliidae, but no
close relationship to any of the subfamilies is appar-
ent. Cranidia of Morose are best recognized by the
even lateral taper of the convex anterior border that
becomes nearly absent at the anterolateral cranidial
corners.
Morosa brevispina n. sp.

Plate 20, figures 15, 16, 20

Diagnosis—Crandium has glabella broad-based,
moderately tapered forward; width of fixed cheeks be-
tween one-fourth and one-fifth basal glabellar width.
Free cheek has lateral and posterior border furrows
joined at genal angle; posterior part of ocular plat-
form gently to moderately convex; length of genal
spine about equal to length of posterior section of
facial suture. Axis of pygidium slightly tapered pos-
teriorly; border nearly flat, gently downsloping; ter-
race lines present only near margin.

Discussion—This species, although comparable in
size to M. longispina Palmer, differs by having slightly
narrower fixed cheeks, a distinctly shorter genal spine,
less tumid posterior part of the ocular platform on the

free cheek, and a less downsloping pygidial border
that has terrace lines only on its outer part. It differs
from . extensa n. sp. by having much narrower fixed
cheeks and a much shorter genal spine on the free
cheek.

Occurrence. Rare, Dunderbergia zone: Quartz spring area
and Death Valley, Calif.; Tybo, Nev.

Morosa extensa n. sp.

Plate 20, figures 21-25

Diagnosis—Cranidium has glabella slightly tapered
forward; width of fixed cheeks about one-third basal
glabellar width. Free cheek has shallow lateral and
posterior border furrows; posterolateral part of ocular
platform gently convex; length of genal spine about
twice length of posterior section of facial suture.
Pygidium has axis gently tapered posteriorly; border
gently downsloping.

Discussion.—This species differs from M. longispina
particularly by having wider fixed cheeks and by lack-
ing a distinet hump at the posterolateral corner of the
ocular platform of the free cheek. In addition, the
axis of the pygidium is less tapered posteriorly, the
border is less downsloping, and the distinct terrace
lines characteristic of M. longispina are lacking. M.
extensa is also a larger species. Cranidia have been
observed that are nearly twice as large as any assigned
to M. longispina. The small specimens of M. extensa
illustrated show that differences between the species
are not primarily those of size (refer to pl. 20, figs.
4, 25).

This species superficially resembles Cernuolimbus
depressus Palmer (p. 69). It differs, however, by
having smaller more anteriorly placed palpebral lobes,
a convex rather than concave border, and less ante-
riorly divergent facial sutures.

Occurrence. Rare, lower part of Dunderbergia zone: Ruby
Range and Yucca Flat, Nev.

Morosa longispina Palmer

Plate 20, figures 17-19

Morosa longispina Palmer, 1960a, p. 99, pl. 10, figs. 15-17, text
figure 22.

Diagnosis—Cranidium has glabella broad based,
moderately tapered forward. Width of fixed cheeks
about one-fourth basal glabellar width. Free cheek has
moderately well defined lateral and posterior border
furrows; posterolateral corners of ocular platform dis-
tinctly humped; length of genal spine about twice
length of posterior section of facial suture. Pygidium
has axis moderately tapered posteriorly. Border mod-
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erately to steeply downsloping, covered with distinct
terrace lines.

Discussion.—The structure of the free cheek and the
ornamentation of the pygidial border are the most dis-
tinctive features of this species. Differences between
M. longispina and M. extensa n. sp. are discussed under
M. extensa.

Occurrence. Common, middle part of Dunderbergia zone:
Eureka, Nev.
Genus STENAMBON n. gen.

Type species.—Stenambon megagranulus n. sp.
Diagnosis—Aphelaspidinae? in which the cranid-
ium has a well-defined narrow convex border; sagittal
length distinctly less than length of brim. Glabella
has two or three pairs of well-defined nearly straight
glabellar furrows; posterior pair inclined backward at
about 45° to axial furrow. Occipital furrow deep, nar-
row at sides of glabella, shallow on axial line. Fixed
cheeks narrow, nearly horizontal; width one-third to
one-fifth basal glabellar width, narrowest on large
specimens. Eye ridges prominent, directed abruptly
backward at about 30° to axial line. Palpebral lobes
well defined, less than one-half glabellar length on
larger specimens, situated slightly posterior to glabel-
lar midlength. Posterior limbs slender, sharp-pointed.
Pygidium subovate. Axis prominent, tapered, bears
three or four ring furrows posterior to articulating
furrow. Pleural regions crossed by three or four well-
defined pleural furrows, curved abruptly backward
near outer edge of pleural field and extended straight
back nearly across broad nearly flat border. Posterior
margin has moderately to well formed median notch.
Description.—Small aphelaspinid? trilobites (maxi-
mum estimated length 30 mm). Cranidium, exclusive
of posterior limbs, elongate and subquadrate in out-
line, gently convex transversely and longitudinally.
Glabella well defined at sides by axial furrows, less
well defined anteriorly, tapered slightly forward,
bluntly rounded at front. Two or three pairs of gla-
bellar furrows present; posterior two pairs deep, nar-
row, nearly straight; posterior pair inclined at about
45 degree to axial furrow. Oceipital furrow deep, nar-
row at sides of glabella, shallow on axial line. Frontal
area gently downsloping. Brim flat. Border narrow,
convex, constant in width, well defined by deep narrow
evenly curved border furrow; sagittal length about
one-half or less than one-half length of brim; border
broadest on larger specimens. Fixed cheeks narrow,
nearly horizontal; width between one-third and one-
fifth basal glabellar width, narrowest on larger speci-
mens. Eye ridges well defined, directed strongly back-
ward, makes angle of about 30 degree with axial fur-
row. Palpebral lobes well defined, situated slightly

posterior to glabellar midlength; length slightly less
than one-half glabellar length, shortest on larger
specimens. Posterior limbs slender, have broad shal-
low medially located posterior border furrow and
narrow articulating flange along posterior margin.

Anterior section of facial suture directed antero-
laterally from palpebral lobe to border furrow, then
curved inward across border to anterior margin near
anterolateral corners of cranidium; remainder of
course not known. Posterior section divergent, sinuous.

Free cheek, thoracic segments and hypostome not
known.

Pygidium subovate. Axis prominent, tapered pos-
teriorly, reaches to inner edge of border, bears three or
four ring furrows posterior to articulating furrow.
Slender, low postaxial ridge present. Pleural regions
gently convex. Pleural fields separated from border
by straight shallow furrow. Three 6r four pleural fur-
rows extend laterally parallel to each other nearly to
outer edge of pleural field, then curve abruptly back-
ward and continue most of distance across border.
Border broad, nearly flat; width at posterolateral
margin about equal to greatest width of pleural field.
Posterior margin has moderate to well-formed median
notch.

External surfaces of cranidium and pygidium
partly or wholly covered with closely spaced granules.

Discussion.—This genus differs from most Aphelas-
pidinae by having well-defined glabellar furrows,
which, together with the narrow fixed cheeks and pos-
teriorly placed palpebral lobes, are its most distin-
guishing characteristics. An unusual feature is the
well-defined articulating flange along the posterior
edge of the posterior limb (pl. 11, fig. 18).

Stenambon megagranulus n. sp.

Plate 11, figures 17, 19

Diagnosis.—Cranidium and pygidium distinctly and
generally fully covered by abundant moderate to
coarse closely spaced granules. Pygidium has four dis-
tinet ring furrows posterior to articulating furrow;
median notch in border moderately deep.

Discussion.—This species differs from S. paucigra-
nulus by having a much more distinct ornamentation
and a deeper median notch on the pygidium.

Occurrence. Rare, uppermost part of Elvinia zone: Eureka,
MeceGill, and Ruby Range, Nev.

Stenambon paucigranulus n. sp.

Plate 11, figures 12, 16, 18

Diagnosis—External surfaces of cranidium and
pygidium obscurely ornamented by scattered granules.
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Some large cranidia have scattered large pits on gla-
bella and cheeks, each pit having a small central
granule. Pygidium has three distinct ring furrows
posterior to articulating furrow. Posterior median
notch broad, shallow.

Discussion.—This species is a much less highly orna-
mented form than is 8. megagranulus n. sp., has one
less ring furrow on the pygidial axis, and has a shal-
lower median notch.

Occurrence. Rare, uppermost part of Elvinia zone: Cherry
Creek and Snake Range, Nev.

Genus TAENORA Palmer

Taenora Palmer, 1960a, p. 84.

Type species—Taenora expanse Palmer, 1960a, p.
84, pl. 7, figs. 20-23.

Diagnosis—Aphelaspidinae? in which the cranid-
ium has a well-defined flat or slightly concave border
of nearly constant breadth. Fixed cheeks flat, hori-
zontal; width less than one-third basal glabellar width.
Anterior course of facial suture moderately divergent
forward from palpebral lobe to marginal furrow,
intramarginal along most of anterior margin; it cuts
anterior margin nearly imperceptibly near axial line.

Free cheek has moderately broad and flat or slightly
concave border; lateral and posterior marginal fur-
rows joined at base of genal spine, extended for short
distance onto spine. Genal spine relatively short;
length less than that of ocular platform. Pygidium
transversely subovate in shape and has poorly defined
flat or concave border, either having or lacking slight
median indentation. Axial lobe prominent, merged
posteriorly with inner part of border. All furrows on
pygidium shallow.

Discussion—This is another rare genus, like Lito-
cephalus, that seems to be found in only the more
westerly Cambrian sections of Nevada. It is charac-
terized by its nearly flat  cranidial border of almost
constant breadth and by its simple generally trans-
verse pygidium. Besides the occurrences in the Eureka
district, specifically indeterminate specimens probably
representing Z'aenora have been identified in collec-
tions from the upper part of the Dunderbergia zone at
Cherry Creek, Nev.

Taenora expansa Palmer

Plate 11, figures 6, 10, 11
Taenora erpanse Palmer, 1960a, p. 84, pl. 7, figs. 20-23.

Diagnosis.—Sagittal length of border almost twice
length of brim. Palpebral lobes relatively short, about
one-third length of glabella. Glabella has moderately

well defined glabellar furrows; posterior pair on
many specimens Y-shaped. Border of free cheek
moderately broad, well defined, distinctly narrowed
near base of genal spine. Pygidium short, wide, has
distinct median indentation.

Discussion—T. expansa is a rare element of the
Dunderbergia zone faunas that can be distinguished
from associated trilobites by its characteristic cranid-
ial border and its transverse pygidium that has a
slight median notch in the posterior margin.

Occurrence. Rare, Dunderbergia zone: Eureka and Yucca
Flat, Nev.
Genus TUMICEPHALUS n. gen.

Type species—Twmicephalus depressus n. sp.

Diagnosis—Housiinae? having tumid brim on
cephalon. Lateral and posterior border furrows on free
cheeks not joined at genal angle. Pygidium short,
broad, subtriangular; axis prominent, broad, tapered
posteriorly, reaches nearly to posterior margin. Axial
preglabellar border and occipital furrows on cranid-
ium and border furrows on cheeks and pleural furrows
of thoracic segments characteristically covered with
fine to coarse pitted ornamentation, at least on larger
specimens.

Description. — Cranidium elongate subquadrate,
moderately convex longitudinally, gently to moder-
ately convex transversely. (labella straight-sided,
tapered forward, truncate anteriorly. Glabellar fur-
rows not apparent on external surface. Occipital
furrow deep on axial line, shallow or absent at sides
of glabella. Occipital ring has low node situated
slightly anterior to midlength on axial line. Frontal
area divided intc brim and border by sharp change in
slope, either has or lacks accompanying shallow bor-
der furrow. Brim tumid, causes border to be mod-
erately bowed forward; length one-half or slightly less
than one-half that of glabella. Border moderately
convex; length between one-third and one-half length
of brim. Fixed cheeks horizontal or slightly upslop-
ing; width between one-third and one-half basal gla-
bellar width. Palpebral lobes poorly defined, arcuate,
situated slightly anterior to glabellar midlength. Eye
ridges low, poorly defined. Posterior limbs subtriangu-
lar, broad-based, tapered to sharp point. Posterior
border furrow broad, shallow.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then turned abruptly inward to cross border and
cut anterior margin near axial line. Rostral suture
submarginal. Connective sutures convergent backward
towards axial line. Course of posterior section of facial
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suture nearly straight from palpebral lobe to posterior
margin of cephalon.

Free cheek has gently curved lateral margin. Genal
spine moderately long, straight, slender. Lateral
border furrow shallow, disappears posteriorly. Pos-
terior border furrow broad, moderately deep, disap-
pears laterally. Tip of anterior extension of doublure
truncate.

Hypostome indistinguishable from that of 4 phelas-
pis.

Thoracic segments have short, sharp posterolaterally
directed tips. Pleural furrows broad, moderately deep,
extended nearly to tip of segment. Number of seg-
ments not known.

Pygidium subtriangular; length slightly less than
one-half width. Axis prominent, broad, tapered pos-
teriorly, reaches nearly to posterior margin. One to
three shallow ring furrows present posterior to articu-
lating furrow, impressed only on top of axis. Pleural
regions gently convex. Border poorly defined, narrow,
flat. Pleural furrows shallow or absent.

External surfaces of all parts, except furrows of
cephalon and thorax, generally smooth. Furrows on
all parts except pygidium of many specimens covered
with ornamentation of abundant fine to coarse pits.
Surfaces of molds of all parts pitted.

Discussion—This genus is tentatively assigned to
the Housiinae because of the character of the border
furrows of the free cheek and the poor definition and
anterior placement of the palpebral lobes. These fea-
tures distinguish Zwmicephalus from all genera of the
Aphelaspidinae, although the relationship of the genus
to trilobites of this subfamily of the Pterocephaliidae
is apparent in the shapes of the glabella and pygidium.

Tumicephalus differs most strikingly from other
genera of the Housiinae by having a tumid brim. The
small pygidium having a large prominent axis and a
narrow border is also unlike pygidia of other genera in
the subfamily.

Two species are presently recognized: 7. tumifrons
(Resser) from the southern Appalachians and 7.
depressus 1. sp. from the Great Basin region.

Tumicephalus depressus n. sp.

Plate 13, figures 19-23

Diagnosis—Axial furrows along sides of glabella
well defined, deepest opposite palpebral lobes. Pre-
glabellar furrow moderately deep. Fixed cheeks con-
sistently upsloping. Lateral border furrow of free
cheek moderately well defined. Pygidium has axis
bearing only one shallow ring furrow posterior to
articulating furrow; pleural regions lack apparent
pleural or border furrows.

Discussion.—This species differs from 7. tumifrons
(Resser) in all the foregoing features. In addition, the
pitted ornamentation of the furrows is generally better
defined, when present, than it is on the eastern species.

7. depressus is characteristically associated with
species of Dicanthopyge throughout the Great Basin
region.

Occurrence. Common, Dicanthopyge zone: Snake Range,

McGill, Cherry Creek, Shingle Pass, Ruby Range, and Muddy
Mountains, Nev.; Deep Creek and House Ranges, Utah.

Genus XENOCHEILOS Wilson
Xenocheilos Wilson, 1949, p. 43 ; Lochman, 1959, p. 283.

Type species—Xenocheilos minutum Wilson, 1949,
p- 44, pl. 9, figs. 11-13.

Description—Menomoniidae? having prominent gla-
bella well defined by axial and preglabellar fur-
rows, subparallel sided or tapered slightly forward,
generally appearing sunken below adjacent parts of
fixed cheeks and frontal area. Two or three pairs of
short glabellar furrows may be present adjacent to
axial furrows; anterior pair only very slightly ap-
parent on all specimens; posterior pairs shallow or
deep. Occipital ring well defined, has median node or
spine. Frontal area gently to strongly convex in
sagittal profile, divided into distinct brim and border;
sagittal length one-half or more than one-half length
of glabella. Sagittal length of border less than length
of brim. Fixed cheek gently convex, horizontal, or
slightly upsloping and one-half or more than one-half
basal glabellar width. Distinct eye ridges generally
present. Palpebral lobes small, convex, prominent,
well defined in posterior part only, situated on line
through second pair of glabellar furrows. Posterior
limbs long, slender, directed straight laterally or back-
swept; transverse length greater than basal glabellar
width. Posterior border furrow deep. Course of an-
terior section of facial suture nearly straight forward
or slightly convergent from palpebral lobe onto border,
then turned inward across border to cut anterior mar-
gin about in front of anterolateral corners of glabella.
Ventral course not known. Course of posterior section
nearly straight posterolaterally, slightly curved back-
ward distally.

Free cheek has well-defined lateral and posterior
border furrows joined at genal angle and extended
onto base of long slender genal spine. Border convex;
width about one-third width of ocular platform at
anterior margin. Infraocular ring large, prominent;
breadth nearly equal to height of surface of eye.
Length of genal spine slightly less than twice length
of posterior section of facial suture.
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External surfaces of most parts either smooth or
have scattered coarse granules. Border of cranidium
and free cheek may have distinct terrace lines.

Discussion.—The glabellas of X. granulosus n. sp.
and X. ménutus Wilson, the type species, taper slightly
forward and have short deep lateral furrows adjacent
to the axial furrows; this form is characteristic of
many genera of the Menomoniidae and is the reason
for tentatively placing Xenocheilos in the family.

Xenocheilos is unlike any other genus in the Ptero-
cephaliid biomere. It is most similar to Bolaspidella,
a Middle Cambrian genus that is one of the less spe-
cialized forms in the Menomoniidae. Xenocheilos
differs from Bolaspidella most significantly in having a
glabella slightly depressed below the inner parts of the
brim and fixed cheeks and in having a wholly different
course for the posterior section of the facial suture.
In Bolaspidella, the posterior section of the facial
suture curves around the tip of the posterior limb so
that it is directed inward, where it cuts the posterior
margin of the cephalon, resulting in a broad rounded
notch in the free cheek.

Xenocheilos granulosus n. sp.

Plate 7, figures 6-8

Diagnosis—Glabella tapered forward, slightly
flared at base, has two deep short pairs of glabellar
furrows adjacent to axial furrow. Occipital ring has
well defined median spine curved upward and back-
ward; length of spine slightly less than length of
glabella. Fixed cheeks relatively narrow, slightly up-
sloping; width about one-half basal glabellar width.
Brim strongly convex in sagittal profile; anterior part
nearly vertical. Border moderately convex, at right
angles to brim in sagittal profile; sagittal length about
one-half length of brim. Posterior limb slender,
tapered to sharp point, not backswept.

Free cheek, as described for genus.

External surfaces of most parts have scattered low
coarse granules. Border on cranidium and free cheek
has distinet terrace lines.

Discussion.—This species is most like X. minutum
Wilson in general appearance. It differs by having an
occipital spine, granular external ornamentation, nar-
rower fixed cheeks, and posterior limbs that are not
distinctly backswept. Wilson (1951, p. 649) reported
that V. E. Kurtz found free cheeks of Xenocheilos
in Missouri that have long slender genal spines.
Kurtz’ specimens have not yet been illustrated, and
comparison with specimens of X. granulosus cannot
be made. Wilson’s report, indicates, however, that
free cheeks of the general type described here for

Xenocheilos on the basis of specimens associated with
X. granulosus are probably characteristic of other
species in the genus.

Occurrence. Rare, upper part of Elvinia zone: Eureka and
Shingle Pass, Nev.

Genus and species undetermined 1

Plate 2, figure 15

Description—Cranidium has prominent glabella
moderately to strongly convex transversely, moder-
ately convex longitudinally, well defined at sides by
deep axial furrows and across front by slightly less
deep preglabellar furrow. Two or three pairs of mod-
erately deep lateral glabellar furrows present; pos-
terior pair deepest and at distinct angle to axial
furrow. Occipital furrow broad, deep; occipital ring
moderately convex, has distinct median node. Frontal
area subequally divided into gently convex brim and
moderately convex border by moderately deep nearly
straight border furrow; sagittal length about one half
that of glabella. Fixed cheeks moderately convex;
width about one-half basal glabellar width. Palpebral
lobes well defined by arcuate palpebral furrow, situ-
ated about opposite glabellar midlength; length about
three-eighths that of glabella. Surfaces of all parts of
mold covered with scattered coarse granules.

Discussion.—This species is known from only a few
incomplete exfoliated cranidia in two collections from
the Aphelaspis zone. It seems to be most closely re-
lated to the Elviniidae, particularly the Dokimocepha-
linae, in the form of the glabellar furrows fixed cheeks
and border, and the ornamentation. Its presence in the
Aphelaspis zone is further evidence that the Elviniidae
was already a separate evolutionary stock from the
Pterocephaliidae by the time the trilobites of the
Pterocephaliid biomere first appeared in the Great
Basin area.

Occurrence. Rare, Aphelaspis zone: Tybo, Nev.

Genus and species undetermined 2

Plate 3, figure 15

Description—Pygidium  subsemicircular, moder-
ately convex transversely and longitudinally. Axis
prominent, tapered strongly backward, bears two dis-
tinct rings and a distinct terminal piece of about equal
sagittal length; sagittal length of axis about three-
fourths length of pygidium. Pleural regions convex,
about equal in width to axis, crossed by two moder-
ately deep pleural furrows and two shallower inter-
pleural furrows that disappear ‘before reaching
margin; margin nearly vertical. No distinct border.
Surface covered with scattered coarse granules.
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Discussion.—This distinctive pygidium cannot be
associated with certainty with any identified trilobites.
It is known from two collections of about the same age
that lack any common species of granular trilobites.
However, one collection has Apachia butlerensis
(Frederickson) and the other has Pseudosaratogia lep-
togranulata? Palmer, both granular forms repre-
senting the Dokimocephalinae.

Occurrence. Rare, uppermost part of Dunderbergia zone:
Bastian Peak and Shingle Pass, Nev.

Genus and species undetermined 3

Plate 3, figure 17

Description—Cranidium, excluding posterior limbs,
subquadrate; sagittal length only about two-thirds
width at palpebral lobes. Glabella prominent, tapered
forward, well defined by axial and preglabellar fur-
rows, has three moderately distinct pairs of lateral
glabellar furrows. Occipital furrow deep. Occipital
ring has distinct median node. Frontal area short;
sagittal length slightly less than half length of gla-
bella; area subequally divided into gently convex brim
and strongly convex, nearly straight border. Border
furrow deep, nearly straight. Fixed cheeks broad,
moderately convex, nearly horizontal; width about
two-thirds basal glabellar width. Palpebral lobes situ-
ated about opposite glabellar midlength; form not
known. Distinct straight ocular ridges present. Sur-
face of mold covered with closely spaced moderately
coarse granules.

Discussion—This species is represented by a single
cranidium that differs from all others in the fauna by
being much wider than long. Deckera (Frederickson,
1949) is a genus of somewhat similar trilobites that
differ from the form described here by having steeply
upsloping fixed cheeks and palpebral lobes that are
situated opposite the posterior part of the glabella.

Occurrence. Rare, Dunderbergia zone: Bastian Peak, Nev.
Genus and species undetermined 4

Plate 16, figures 11-13

Description.—Cranidium, excluding posterior limb,
elongate, subquadrate, gently convex transversely and
longitudinally; anterior margin broadly rounded.
Glabella low, tapered forward, bluntly rounded an-
teriorly, moderately defined by axial and preglabellar
furrows. Lateral glabellar furrows barely apparent.
Occipital furrow distinct, shallow. Occipital ring has
median node. Frontal area moderately long, has
poorly defined concave border about equal in sagittal
length to length of gently convex brim; sagittal length

between two-thirds and three-fourths length of gla-
bella. Fixed cheeks narrow, horizontal; width slightly
less than one-third basal glabellar width. Palpebral
lobes poorly defined by palpebral furrow, short, situ-
ated slightly anterior to glabellar midlength.

Pygidium has slender axis bearing two or three ring
furrows posterior to articulating furrow. Length of
axis slightly more than one-half sagittal length of
pygidium. Pleural region broad. Border concave,
wider than pleural field, not clearly defined. Posterior
margin has distinet median inbend.

External surfaces of all known parts covered with
distinct pitted ornamentation.

Discussion.—This species is the oldest unequivocal
representative of the Pterocephalinae in the Petero-
cephaliid biomere. It is most similar to Ptero-
cephalid? punctate n. sp. (pl. 17, figs. 8, 12, 13), from
which it differs by having a broadly rounded rather
than pointed anterior cranidial margin and a median
notch in the pygidium.

Occurrence. Rare, Prehousia zone : Ruby Range, Nev.
Genus and species undetermined 5

Plate 16, figure 19

Description—Cranidium, exclusive of posterior
limbs, elongate subquadrate; width between palpebral
furrows less than three-fourths total cranidial length;
anterior margin moderately rounded. Glabella elon-
gate, slightly tapered forward, bluntly rounded an-
teriorly, bears two pairs of shallow lateral glabellar
furrows. Occipital furrow distinct. Occipital ring has
median node. Frontal area has broad concave border
having sagittal length slightly more than three times
that of nearly flat downsloping brim. Fixed cheeks
slightly upsloping, narrow; width between one-half
and one-third basal glabellar width. Palpebral lobes
long, well defined by arcuate palpebral furrows, situ-
ated slightly posterior to glabellar midlength; length
almost two-thirds that of glabella; width about two-
thirds that of fixed cheek. Posterior limbs long,
slender.

Surfaces of all parts of cranidium except palpebral
lobe and border covered with fine closely spaced
granules; granules apparent only after whitening.
Border covered with fine transverse terrace lines.

Discussion.—This is a distinctive species of the
Pterocephalinae(?) represented by only a single
cranidium. It differs from all others in the subfamily
by having an extremely narrow cranidium that has
steeply upsloping fixed cheeks and large palpebral
lobes. The most similar described species belong to
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Sigmocheilus, but more must be learned about the
associated parts of this species before it can be con-
fidently assigned to that genus.

Occurrence. Rare, Dunderbergia zone: Ruby Range, Nev.

Genus and species undetermined 6
Plate 18, figure 24

Description—Cranidium small, moderately convex
transversely and longitudinally. Glabella prominent,
tapered forward, bluntly rounded anteriorly, well de-
fined by deep axial furrows and moderately deep
preglabellar furrow. Deep narrow anterolateral fos-
sulae present. Glabellar furrows not apparent. Oc-
cipital furrow deep. Occipital ring has median node.
Frontal area downsloping; border slightly narrower
than brim; border furrow shallow distally, almost
absent on axial line. Fixed cheeks convex, slightly
upsloping, narrow; width about one-third basal gla-
bellar width. Palpebral lobes small, barely defined by
palpebral furrow, situated about opposite glabellar
midlength.

External surface smooth.

Discussion—This small trilobite is characterized
particularly by the deep anterolateral fossulae in front
of the glabella. Otherwise it is similar to other small
generally nondescript forms that appear in the upper
part of the Pterocephaliid biomere. Specimens
assigned to this species are present in two collections.

Occurrence. Rare, Elvinia zone: Eureka, Nev.

STRATIGRAPHIC DATA AND LOCALITY REGISTER

This paper discusses only a part of the total fauna
of the Pterocephaliid biomere. The agnostids and
brachiopods, particularly, should be reviewed and
described at some later date, and much can be learned
about details of the stratigraphy of the carbonate
facies of the Upper Cambrian using the biostrati-
graphic framework provided by study of the faunas.
Some of this data has already been used for a pre-
liminary synthesis of the more general aspects of the
regional Upper Cambrian stratigraphy in White Pine
County and vicinity, Nev. (Palmer, 1960b). However,
this synthesis is only a beginning, and it is hoped
that the data presented on the following pages can
serve for continued intensive study of this important
Upper Cambrian unit.

Plates 22 and 23 summarize the rock successions of
the principal measured sections from which trilobites
were obtained for this study (fig. 1) and show the
positions of all collections in these sections and the
ranges of all identified trilobites. Locality data for
additional collections from which illustrated specimens
were obtained are also listed.

735-610 O-65—-9

BASTIAN PEAK SECTION

Location—Connors Pass quadrangle, White Pine
County, Nev. Center of sec. 30 (unsurveyed), T. 15
N., R. 66 E. Measured southwestward along crest of
prominent spur 2 miles south of Bastian Peak. (See
pl. 22.)

Remarks—The Bastian Peak section is only a
partial section in a badly faulted area. It begins in
the uppermost beds of the Lincoln Peak Formation
and continues through a varied sequence of limestones
that correlate with the Johns Wash Limestone and
Corset Spring Shale of the Snake Range.

The Johns Wash Limestone in the Snake Range
southeast of the Bastian Peak area is a cliff-forming
unit consisting generally of thick-bedded limestones.
In the Bastian Peak area, the lower part of the unit
temporally correlated with the Johns Wash Lime-
stone is composed of alternations of thick-bedded
ledge-forming limestones and thinner bedded less
resistant limestones. Further north at McGill, the
entire Johns Wash interval is represented by an inter-
bedded sequence of siltstones, 