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TRILOBITES OF THE UPPER CAMBRIAN DUNDERBERG SHALE, EUREKA DISTRICT, NEVADA

By AiviisoNn R. PALMER

ABSTRACT

The Dunderberg shale in the Eureka district is the north-
westernmost expression of a relatively thin nonresistant unit
(100-300 £t thick) of interbedded shale and fossiliferous lime-
stone of Late Cambrian age lying between generally less fos-
siliferous and more resistant carbonate units in southeastern
Nevada and adjacent parts of Utah and California. Five local
lithic units, designated by letter and beginning at the base
with a shale unit (A), are recognized within the Dunderberg
shale. Overlying units alternate in dominance between lime-
stone and shale. All but the upper unit (E) contain thin fos-
siliferous limestones bearing generally distinctive trilobite as-
semblages. Ranges of many common species are sufliciently
restricted so that isolated collections from structurally dis-
rupted areas within the Eureka district can be placed within
20 to 40 feet of their original stratigraphic position within the
upper or lower parts of the Dunderberg shale. The fauna of
units A-C belongs to the upper half of the Dunderbergia zone
of late Dresbach age. The fauna of unit D correlates with
the basal part of the Elvinia zone of early Franconia age. The
presence of Homagnostus obesus (Belt) and Olenus? twilsoni
Henningsmoen in units A and B indicates a correlation of
these beds with the Olenus and H. obesus zone in the early
Late Cambrian section of the Scandinavian region.

Fifty-three species representing 32 genera are described. The
following new taxa are named: Subfamily Aphelaspidinae (of
the family Pterocephaliidae); Genera Elburgia, Elviniella, Pre-
housia, Parahousia, Cernuolimbus, Sigmocheilus, Taenora, Minu-
peltis, DMorosa, Anechocephalus; and species, Dunderbergia
bigranulosa, D. polybothra, Elviniella laevis, Prehousia semi-
circularis, P. alata, Parahousia constricta, Housia ovata, Cernuo-
limbus semigranulosus, C. orygmatos, C. depressus, Plerocephalia
concava, P. elongata, Litocephalus verruculapeza, L. granulo-
marginatus, Taenora expansa, Sigmocheilus serratus, Minupeltis
conservator, Morosa longispina, Bynumiella? acuminata, Anechoce-
phalus trigranulatus, Pseudosaratogia leptogranulata, and P.
abnormis. Evidence is shown that primary species characteris-
tics are to be found in the external ornament of the exoskeleton.
Genera are composed of species sharing nearly common shape
but differing consistently in characteristics such as external
ornament. Emphasis in family groupings is placed on structure
of the glabella, frontal area, and pleural parts of the pygidium.
Application and elaboration of the principles for grouping trilo-
bites into genera and families are illustrated particularly with
regard to the families Elviniidae, Housiidae, and Pterocephaliidae.

INTRODUCTION

The Dunderberg shale is a relatively nonresistant
unit of interbedded shale and fossiliferous limestone:
its type locality is in the Eureka district, Nevada. In
this district, the Dunderberg lies conformably on the

more resistant Hamburg dolomite and is overlain, also
conformably, by the generally cherty Catlin meriber
of the Windfall formation (Nolan and others, 1956).
A similar fossiliferous nonresistant unit of interbed-
ded limestone and shale with approximately the same
relation to adjacent carbonate units is present in al-
most every Upper Cambrian sequence of rocks south
of the 40th parallel in southern Nevada and adjacent
parts of Utah and California (Palmer, 1956b). De-
spite the apparent extensive geographic distribution
of the Dunderberg shale or correlative lithic units
(over 250,000 square miles) (fig. 5) and the gener-
ally fossiliferous nature of the Dunderberg, less than
SOlspecieS of trilobites in its large fauna have been
described.

The earliest descriptions of trilobites from the Dun-
derberg shale are by Hall and Whitfield (1877) and
Walcott (1884). Since these publications, only occa-
sional references have been made to Dunderberg trilo-
bites principally as nomenclatural changes or brief
descriptions of new forms in large regional faunal pa-
pers (Walcott, 1916, 1924, 1925; Resser, 1935, 1936,
1937, 1942; Palmer, 1955). The purpose of this pa-
per is to describe the trilobites of the Dunderberg
shale in its type area and to document as precisely as
possible the stratigraphic distribution of the described
fossils within the unit.

The bulk of the material examined during this study
came from collections by C. D. Walcott, and geolo-
gists of the 40th parallel survey in the late 1800’s;
collections by the late Josiah Bridge and G. A. Ceonper
in 1939: and collections by the writer in 1951 and
1957.

The collections in 1951 and 1957 were obtained from
the section in Windfall Canyon chosen by Nolan and
others (1957, p. 19) as the most complete and un-
broken section of the Dunderberg shale in the Eureka
district (fig. 6). Each collection was obtained from a
single bed and located with respect to stratigrephic
distance from the base of the formation with a steel
tape. Descriptions of localities for all the collections
referred to in the text are given on pages 102, 103.
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FIGURE 5.—Map showing relations of the Bureka district to other localities in the Great Basin with Dunderberg faunas.
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FIGURE 6.—Map showing location of measured section through
Dunderberg shale.

The collections from the measured section were
studied first so that association of species and strati-
graphic ranges of species could be correctly deter-
mined. Supplemental material for morphologic study
was obtained from the collections by Bridge and
Cooper. Identification of taxa that were not new was
determined by comparison with the types in the U.S.
National Museum collections.

Parts of each of the Bridge and Cooper and later
collections were dissolved in formic acid to obtain in-
soluble residues. Most of them contain abundant
phosphatic brachiopods. Occasionally a few silicified
small trilobites were also recovered. The only silicified
specimen illustrated is the free cheek of Bynumiella!
acuminata n. sp.

The other specimens illustrated and studied were
prepared by hand. Most of the matrix surrounding
each specimen was first ground away with a thin dia-
mond-bearing blade in a dental drill. The remainder
of the matrix was removed using a Burgess Vibro-

tool fitted with a chuck for holding a needle. This
sufficiently improved the efficiency of preparation so
that only occasionally was final cleaning by hand with
a sharpened needle necessary.

All the specimens were whitened for study with a
light coating of magnesium oxide obtained by burning
a short length (34 in.) of magnesium ribbon. Gener-
ally it is not possible to determine properly the char-
acteristics of a specimen without this coating, espe-
cially in groups where surface texture is an important
taxonomic feature.

Drawings were prepared for all species represented
by cranidia and free cheeks. Thoracic segments and
pygidia were included where known. Specimens se-
lected for drawing were properly oriented under a
binocular microscope fitted with an eyepiece contain-
ing an ocular grid. The image was transferred from
the ocular grid to graph paper. A projector that
could enlarge or reduce drawings by several dizme-
ters proved invaluable for reconstruction of trilobite
cephala, because it is generally not possible to find a
cranidium and free cheek of the same instar that are
sufficiently well preserved for illustration.

All the photographs were prepared using standard
photographic techniques. Specimens were coated with
ammonium chloride for photography because depth of
coat is easier to control for this material than it is
for the magnesium oxide used for study. Most of
the original Hall and Whitfield and Walcott types are
illustrated here by stereophotographs, as are holot;pes
or selected paratypes of all new species.
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STRATIGRAPHY

The Dunderberg shale in the Eureka district is
composed of interbedded limestone and shale. It can
be divided roughly into five lithic units alternating in
dominance hetween one or the other of these rock
types (Nolan and others, 1956, p. 19). The limestone
is generally thin to medium bedded, and many of the
thin beds contain abundant remains of trilobites and
phosphatic brachiopods. No fossils have been found
in the shale. Lithic units with their thicknesses are
designated here by letter, beginning with the oldest:
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Unit A, about 35 feet, dominantly shale: unit B, about
45 feet, dominantly limestone: unit C, about 140 feet,
dominantly shale; unit D, about 35 feet, dominantly
limestone ; and unit E, about 10 feet, dominantly shale.

Trilobites are most abundant in unit B and in lime-
stone beds of units A and C. TUnit D is only locally
fossiliferous, and no fossils are known from unit E.

The fauna of unit A is characterized by relatively
large numbers of specimens of Dunderbergia bigranu-
losa n. sp. Cernuolimbus orygmatos n. sp. is common
in a limestone bed near the top of the unit but is also
common in a collection from the basal part of unit B.

Unit B contains over half of the described species
of the Dunderberg fauna. Tts most distinctive con-
stituent is M orosa longispina n. sp. Relatively nu-
merous specimens of species of Dunderbergia, Lito-
cephalus, and Pterocephalia also characterize the
fauna of this unit. Homagnostus tumidosus (Hall and
Whitfield) is common, but ranges upward through the
rest of the Dunderberg and into the overlying Wind-
fall formation.

Few of the thin limestones of unit C' are fossilifer-
ous. The limestones of the upper part of the unit are
characterized by Nigmocheilus serratus n. sp., Housia
ovata n. sp., and Parahousia constricta n. sp., in asso-
ciation with the long-ranging species Dunderbergia
nitida (Hall and Whitfield). Collections from the
lower part of unit C' seem to be transitional to the
fauna of unit B. The assignment of a collection to
unit (! can be confirmed, however, by preparing an
insoluble residue. Limestones of unit C' generally yield
shells of the acrotretid brachiopod ZLinnarssonella,
whereas unit B lacks brachiopods of this genus and
generally has a large and varied assortment of other
acrotretid brachiopods.

The fauna of unit D is not so well known as those
of the older units. Only one small collection was ob-
tained from this unit in the measured section. This
collection contained Aindbladia affinis (Walcott). Col-
lections by the early survevs of the Eureka district
containing A\ «ffinis in association with species of
Irvingella (Parairvingella), Bynumina globosa (Wal-
cott), and /ddingsia robuste (Walcott) probably came
from this unit because none of these species are known
from unit ' or from the basal beds of the overlying
Windfall formation.

All the trilobites in units A-C', and the majority of
the trilobites described in this paper, represent the
fauna of the recently established 72underbergia zone
(Lochman and Wilson, 1955, p. 333). This zone was
defined to include the faunas, formerly assigned to
the post-Apheluspis zone (Palmer, 1954}, that occur
between the well-known and widespread dphelaspis
and £lvinie faunas in the Great Basin. central Texas,

and perhaps in Missouri. As with most Upper Cam-
brian trilobite zones, individual genera, including
Dunderbergia, may range above or below the zonal
limits, and precise boundaries between adjacent zones
cannot always be drawn.

In the Dunderberg shale, the boundary between the
Dunderbergia zone and the overlying E'lvinia zone is
approximately at the top of unit C. The trilobites
from unit D represent genera that are k~own from the
Elvinia fauna at many localities in the western half
of the United States. Most of the trilohites from unit
(' are known only from the Great Basin in beds older
than those with Elvinia.

The lower limit of the Dunderbergia zone is mnot
demonstrable in the Fureka district. Correlation of
the Dunderberg shale with fossiliferous Upper Cam-
brian units of eastern Nevada and western Utah indi-
cates that the Dunderberg fauna represents perhaps
only the upper half of the fauna of the Dunderbergia
zone. The lower fauna of this zone is still largely
undescribed but is probably represented in the Lin-
coln Peak formation in the Snake Range, Nev., and
the Orr formation in the House Range, Utah.

Ranges of the trilobites in the measured section of
the Dunderberg shale in the Eureka district are shown
in figure 7.

Fossiliferous units partly or wholly equivalent in
age to the Dunderberg shale are known in the Great
Basin (fig. 5) from the basal parts of the Nopah
formation in the Quartz Spring area (McAllister,
1952) and the Nopah Range, Calif.; the basal Corn-
field Springs formation in the Providence Mountains.
Calif., and in the Goodsprings district, Nevada
(Palmer and Hazzard, 1956); the Dunderberg shale
on the east side of Yucca Flat, Nev. (Hibbard and
Johnson, 1957) ; unnamed formations in the Desert
Range, Spring Mountains, and Pintwater Range, the
east side of the Highland Range, the Pahranagat.
Egan, Shell Creek, and Cherry Creek Ranges, and the
White Pine district, Nevada; the Johns Wash lime-
stone and Corset Spring shale in the Snake Range,
Nev. (Drewes and Palmer, 1957) ; the Hicks forma-
tion in the Deep Creek Range and the Orr formation
in the House Range, Utah.

Outside the Great Basin, the upper part of the
Lion Mountain sandstone member of the Riley forma-
tion in central Texas and part of the Davis formation
in Missouri have some trilobites in common with the
fauna of the Dunderberg shale.

The occurrence of Homagnostus obesus (Belt) and
an olenid in the lower part of the Dunderberg shale
and species of Zreingella (Puarairvingella) in the up-
per part of the shale indicate a probeble correlation
of the formation with zone II (Qlenus; H. obesus)
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(Henningsmoen, 1957) of the Upper Cambrian sec-
tion of the Baltic region, where H. obesus and /. (P.)
suecica Westergard have the same relative positions.

TAXONOMIC PROCEDURE

Classification of trilobites into species, genera, and
particularly into higher taxonomic categories requires
careful attention to two independent categories of
facts: exoskeleton morphology and geologic occur-
rence. A lasting classification can be derived only by
proper interpretation of the relative taxonomic sig-
nificance of the observed morphologic features, the
range of the trilobite in time and space, and the en-
vironments inhabited by the trilobite.

Npecies characters—The subtleties of specific dif-
ferences and the importance of careful examinetion
of all possible parts in determining species character-
istics are perhaps best exemplified by the species of
Dunderbergia, Cernuolimbus, and Litocephalus.

Large collections from 7 thin fossiliferous limestone
beds in the lower 80 feet of the Dunderberg shale in
the measured section averaged nearly 40 specimens
referable to Dunderbergia. Comparison of these spec-
imens shows that shape alone does not provide a sat-
isfactory means for discrimination of the trilobites
represented in the successive collections. Examina-
tion of the external surfaces of all parts shows, how-
ever, that for any one collection the nature of the

Dunderberg shale unit and collection number

Species

C D E

955
2303
*

H g 2F ]

Agnostidae:;

Pseudagnostus communis (Hall and Whitfield)

2294
2296
2296
2297
952
1 2208
2299

Homagnostus obesus (Belt) |

—t+—

Pseudagnostus? acutus {Kobayashi) 1

Homagnostus tumidesus (Hall and Whitfield)

Phalacroma? sp.

Pseudagnostus prolongus (Hall and Whitfield)

Elviniidae:

Dunderbergia bigranulosa n. sp.

polybothra n. sp.

variagranula Palmer

Elburgia granulosa (Hall and Whitfield)

Elvinella laevis n. sp.

Elburgia quinnensis (Resser)

Dunderbergia nitida (Hall and Whitfield)

Elvinia? sp.

Elvinia roemeri (Shumard)

*Irvingella (Parairvingella) angustilimbata
Kobayashi

t(Parairvingella) eurekensis (Resser) I

*Elmnia granulata Resser ‘

Housiidae:

Prehousta semicireularis n. gen., n. sp. i _

Parahousia constricta n. gen., n. sp. 1

Housg ovate n. sp.

Olenidae:

Olenus? wilsoni Henningsmoen

+—+ 4+ 4+ — -+t

granulatus n. sp.

Pterocephaliidae:

Cernuolimbus semigranulosus n. gen., n. sp.

orygmatos n. gen.. n. sp.

Sigmocheilus utahensis ( Resser)

Cernuolimbus depressus n. gen., n. sp.

Sigmocheilus grata (Resser)

Pterocephalia concava n. sp.
Litocephalus bilohatus (Hall and Whitfield)

verruculapeza n. sp.

granulomarginatus n. sp.

Pterocephalia elongata n. sp.
sanctisabas Roemer

Taenora expansa n. gen., n. sp.
Sigmocheilus pogonipensis (Resser)

serratus n. gen., n. sp.

Family unassigned:

+—HH 4 —+H

Minupeltis conservator n. gen., n. sp.

Genus and species undet. 1

Morosa longispina n. gen., n. sp.
Bynumuella? acuminata n. sp.

Genus and species undet. 2

Genus and species undet. 3

4

Anechocephalus trigranulatus n. gen., n. sp.

Pinctus? spp.

Cheilocephalus sp.

Pseudosaratogic leptogranulata n. sp.

Oligometopus breviceps (Waleott)

Pseudosaratogia abnormis n. sp.

S S N S R S A (N S s

Kindbladia affinis (Waleott)

*Iddingsia robusta Walcott

*Dokimocephalus pernasutus Walcott
*Bynumina globosa (Walcott)

*Species not collected in measured section
cation approximate within member.

FIGURE 7.—Ranges of trilobites in the Dunderberg shale.
Dunderberg shale,

20 40 GIO 80 Feet
3

Collections located according to distances measured by steel tape from base of
Member houndaries approximate.
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surface is virtually constant. Thus, all specimens of
Dunderbergia in collection 2295-CO that retain their
exoskeleton (most of the 99 identified specimens) have
a granular ornament: cranidia have fine granules on
the border and glabella and faint coarse scattered
granules on the brim; free cheeks have fine granules
on the border and faint coarse scattered granules on
the ocular platform, and pygidia have fine granules
on all parts. In collection 2296-CO, only 10 feet
higher in the same section, all specimens of Dunder-
bergia retaining their exoskeleton (most of the 58
identified specimens) have a distinct pitted ornament
on nearly all surfaces of all parts. If the exoskeleton
surface in these 2 collections was not known, it would
be nearly impossible to determine either by inspection
or by statistical analysis that the trilobites represent
2 different taxa (cf. pl. 5, figs. 1 and 14; 13 and 19).
For the reasons given above, the specimens of Dun-
derbergia in collections 2295-CO and 2296-CO are
here considered to represent populations of two dis-
tinet species. Analagous relationships in Cernuolim-
bus and Litocephalus are discussed below.

Cernuolimbus is represented by 30 specimens in
USGS collection 2294-CO and by over 100 specimens
in USGS collection 2295-CQO, 18 feet higher in the
measured section. Most of the specimens retain some
or all of their exoskeleton. In collection 2294-CO
all specimens with exoskeleton preserved bear fine
granules: on the cranidium they are on the top of
the glabella and on the palpebral lobes:; on the free
cheek they are on the genal spines; and on the pygid-
ium they are present, though faint, over most of the
surface. In collection 2295-C'O, all parts with exo-
skeleton preserved are coarsely pitted and, in addi-
tion, each axial ring on the pygidium has a pair of
coarse granules. Although there are slight differences
in shape also, that is, shape of anterior margin and
width of the border of the free cheek, the feature that
emphasizes the specific difference of the two assem-
blages is the surface ornament of the exoskeleton (cf.
pl 8, figs. 1 and 5: 2 and 6).

A third example showing the primary importance
of surface ornament as a species character is given by
Litocephalus.  Although specimens are not so numer-
ous ax in the preceding 2 genera, 3 successive collec-
tions, USGS collections 2297-C0O—2299-CO contain
specimens that are distinguishable primarily by the
ornament on the border of the cranidium. Z. bilo-
batus (Hall and Whitfield) has a smooth ecranidial
border, L. rerruculapeza n. sp. has a cranidial border
with scattered coarse granules, and L. granulomargi-
natus 1. sp. has a cranidial border covered with fine
close-spaced granules. Discrimination of the species
on shape alone is considerably more difficult and less
reliable (ef. pl. 8, figs. 12 and 13; 14 and 17).

In Dunderbergia, Cernuolimbus, and Litocephalus,
therefore, primary definitive species characteristics are
to be found by examination of the surface of the exo-
skeleton and not necessarily by comparison of shape.
Absence of consistent difference in shaye between all
parts of two assemblages should not be used as a cri-
terion for conspecificity without knowledge of the exo-
skeleton surface. This does not deny the taxonomic
significance of shape, however. Consistent differences
in shape of any part between two assemblages having
otherwise similar exoskeletons probably also indicate
a real taxonomic difference between the assemblages.

Discrimination of the 51 species here described is
based on the principles outlined above. Diagnostic
characteristics of those species that are indicated to
be moderately common, common or abundant (that is,
25-50, 50-100, or more than 100 identified specimens)
will probably not be significantly modified by study
of new material from other areas. Diagnostic criteria
of species indicated to be moderately rare, rare or
very rare (that is, 10-25, 2-10, and single identified
specimens) may be modified by later work.

Feneric  groupings—Grouping of specimens to-
gether into species can be done on a reasonably ob-
jective basis as outlined above. Grouping of these
species into genera is considerably more subjective.
The principles used here are best illus‘rated by ex-
amination of the species assigned to Dunderbergia and
to Litocephalus (pl. 4, 5, 7, 8). In both genera, the
species share a nearly common shape in all of their
parts. Very likely, the living trilobites swimming or
crawling in the sea would not have been noticeably
different until their surfaces were examined with a
lens or microscope (excluding, of course, the prob-
ability that the soft parts or color would provide ad-
ditional characters). The fact that trilobites with
roughly the same shape differ specificall:7 in their sur-
face ornament has been of primary importance in
establishing genera. Trilobites with similar shapes,
differing only in details such as ornament, or perhaps
of shape of only one part, are here considered con-
generic. Trilobites having consistent differences par-
ticularly in their cranidia and especially in shape or
outline of the border, frontal area or glabella, are
here considered to represent different genera. Differ-
ences observed on other parts of the trilobite are gen-
erally considered to be of secondary importance. As
with the species, those genera that have a strikingly
distinet shape, or those that are represented by mod-
erately common to abundant material of more than
one species, are the least likely to be modified by study
of new material.

Nuprageneric groupings—Suprageneric groupings
are necessarily generalizations, outlining, in the con-
sidered opinion of a specialist, the presumed relation-



TRILOBITES OF THE UPPER CAMBRIAN

ships between genera. As successive generations of
specialists learn more about the morphology of fossils
and their stratigraphic and geographic distribution,
the generalizations of the preceding generation re-
quire refinement. KEventually a reasonable stability
in the content and characteristics of suprageneric
groups is attained. Comparisons of the family classi-
fications recently discussed by Hupé (1953, 1955) and
Lochman (1953, 1956) indicate that this stage has not
yet been reached by students of Cambrian trilobites.

In this paper, trilobites are grouped into supragen-
eric categories of morphologically similar forms on
the premise that such morphologic similarity between
unrelated trilobites is unlikely in a single sedimentary
basin during a period of time when there was little,
if any, significant change in environmental conditions
or paleogeography. The stratigraphic and geographic
continuities of faunas are particularly important in
such an initial compilation because they are the only
criteria other than morphology for determining prob-
able relationships between trilobites. Without knowl-
edge of occurrence of two trilobites, it is difficult to
evaluate properly the taxonomic significance of their
apparently similar structures.

Once suprageneric categories are defined using the
criteria just discussed, it is possible to evaluate intel-
ligently the degree of taxonomic relationship between
apparently similar trilobite genera that are isolated
stratigraphically by faunal discontinuities or geo-
graphically by existence in different basins of sedi-
mentation.

The trilobite genera of the Dunderberg shale devel-
oped in an area of nearly continuous sedimentation
and relatively little environmental change through a
restricted part of Late Cambrian time. There are no
striking *“faunal breaks.” Thus, many of these genera
are probably related, and the relationships are most
likely to be expressed by shared structural features
of the exoskeleton. Examples of the application of
the principles outlined above to the Dunderberg trilo-
bite fauna are illustrated particularly in the discus-
sions of the Elviniidae (p. 64) and the Pterocephaliidae
(p. 80).

TERMINOLOGY

The descriptive terminology used in this paper for
dorsal features of the trilobites is that proposed by
Howell and others (1947) with the additions and
modifications given bhelow. Glabella includes the
occipital furrow and occipital ring. Frontal area
(Nelson, 1951, p. 771) refers to that part of the cra-
nidium in front of the glabella. Axial lobe is the
generally raised axial part of the exoskeleton; on the
pygidium it may be divided into axial rings bounded
by ring furrows (Whittington and Evitt, 1954, p. 14).
Pleural ribs refer to generally transverse poorly de-
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fined raised ridges that cross the pleural platform
and, on some trilobites, the border of the pygidium.

Descriptive terminology for the hypostome is that
proposed by Warburg (1925).

Sagittal, exsagittal, and transverse refer to direc-
tions in vertical planes in the axial line, parallel to
the axial line, or at right angles to the axial line,
respectively (Whittington and Evitt, 1954, p. 12).
Measurements in the sagittal plane (along chords) are:
length of border, from the anterior margin to the middle
of the marginal furrow; length of brim, from the middle
of the marginal furrow to the middle of the dorsal
furrow in front of the glabella; length of glak-<lla,
excluding occipital ring, from the middle of the dorsal
furrow in front of the glabela to the middle of the
occipital furrow. The occipital ring is not included
in measurements of the length of the glabella unless
so indicated because it is so commonly broken on
specimens preserved in limestone. Measurements in
transverse planes are: width of palpebral lobes, from
the outer edge of the palpebral lobe to the middle of
the palpebral furrow at about the midlength of the
palpebral lobe; width of cheek, from the middle of
the palpebral furrow to the middle of the dorsal furrow
on a line through the midlengths of the palpebral
lobes; and basal glabellar width between the dorsal
furrows just anterior to the occipital furrow. Length
of the palpebral lobe is measured along a chord between
the points of maximum indentation of the sides of the
cranidium above the eyes by the facial sutures.

Depressed, downsloping, horizontal, upsloping, and
elevated refer to positions of the border, brim and
fixed cheeks on the cranidium, and the border and
pleural platforms of the pygidium with respect to a
horizontal plane passing through the dorsal furrow,
as defined by Lochman (1947, p. 60).

Convex, concave, and flat refer to degrees of curva-
ture of various parts of the trilobite as seen in trans-
verse or sagittal cross section. Degree of convexity
or concavity is indicated as gentle, moderate, or strong
if the arc of the part described subtends an angle of
less than 90°, 90° to 180°, or more than 180°, respec-
tively (Whittington and Evitt, 1954, p. 12). Con-
vexity or concavity of the brim, border and occipital
ring, and longitudinal convexity of the cranidium,
glabella, pygidium, and hypostome are described as
seen in saggital cross section. Convexity of the fixed
cheeks and transverse convexity of the cranidium,
glabella, hypostome, and pygidium are described as
seen in transverse cross sections through the mid-
lengths of the palpebral lobes, glabella, and hypostome
and through the anterior margin of the pygicium,
respectively.

Ornament of the external parts of the exoskelton may
be granular, with granules all of one size—Elburgia
granulosa (Hall and Whitfield), pl. 6, fig. 18—or
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with two or more sizes (Dunderbergia bigranulosa n.
sp., pl. 5, fig. 13); smooth or pitted (pl. 5, fig. 14; pl. 8,
fig. 5). It is generally absent from all furrows. When
present, it may be evenly distributed over most of the
surface as in Dunderbergia polybothra n. sp. or restricted
to the border, brim, or tops of the axial structures.
Details of external ornament and its distribution are
consistent between specimens of most species, and this
is often a characteristic of prime importance for specific
distinction.

Surfaces of molds may have coarse granules corre-
sponding to those of the external parts of the exoskele-
ton. Fine-granular ornament is generally lacking.
Molds of many species with smooth or fine-granular
external ornament are finely pitted.

Terrace lines are present on the doublures of all
specimens, on part, or all, of the cephalic and pygidial
borders, and on the tips of the thoracic segments of
some species, particularly in the Pterocephaliinae.

HYPOSTOME MORPHOLOGY AND IDENTIFICATION

Hypostomes are rare in the collections from the
Dunderberg shale. As a result, the few specimens that
have been obtained cannot generally be assigned to a
particular species. Nevertheless, hypostomes of at
least five species are recognizable. All of these share
the following characteristics: Moderate to strong
transverse and longitudinal convexity, elongate quad-
rangular outline with rounded posterior margin, mod-
erately well defined lateral furrows with a distinct
oval or circular depression adjacent to the posterior
lobe of the middle body, distinct terrace lines on the
lateral and posterior margins, and prominent dorsally
directed posterior wings. Differences are most appar-
ent in presence or absence of a distinct posterior bor-
der and in details of the lateral furrow and surface
ornament.,

Hypostome A (pl. 11. fig. 12) is characterized by
having a distinct posterior border and faint pits on
the posterior part of the anterior lobe of the middle
body. The lateral furrow is deep adjacent to the
middle part of the anterior lobe of the middle body.
Two hypostomes of this type from USGS collection
2302-C'O are present; the largest is + mm long. Sig-
mocheilus serratus n. sp. and Dunderbergia witida
(Hall and Whitfield) are the only two common trilo-
bites in that collection that were large enough to have
borne this hypostome.

Hypostome B (pl. 11, fig. 7) is characterized by a
distinet but narrow posterior border and a faint
roughening of the axial part of the anterior lobe of
the middle body. This type is represented by 1 speci-
men, 5.5 mm long, from USGS collection 2295-CO.
Dunderbergia bigranulosa n. sp. and Cernuolimbus

orygmatos n. sp. are the only two common large trilo-
bites in this collection.

Hypostome C (pl. 11, fig. 4) is characterized by
absence of a distinet posterior border, shallow lateral
furrows, low scattered granules on the surface poste-
rior to the middle furrow, and a tendency towards a
subangular outline to the posterolateral and posterior
margins. Minute pits are on the posterior part of the
anterior lobe of the middle body. Specimens of this
type are present in USGS collections 2294-CO and
2295-CO. The largest specimen is § mm long. Dun-
derbergia. bigranwlosa n. sp. or species of Cernuolim-
bus are the only common large trilobites in these
collections.

Hypostome D (pl. 11, fig. 9) is characterized by
absence of a distinct posterior border, shallow lateral
furrows, and an evenly curved posterior margin. The
only ornament is minute, barely visible pits on the
posterior part of the anterior lobe of the middle body.
Specimens of this type come from USGS collections
2300-CO and 2301-CO. The largest specimen is 5.5
mm long. Pterocephalia elongata n. sp. from collec-
tion 2300-CO, Sigmocheilus pogonipensis (Resser)
from collection 2301-CO, and Dunderbergia nitida
(Hall and Whitfield)—which occurs in both collec-
tions—are the common large trilobites most likely to
have borne the hypostomes of this type.

Hypostome E (pl. 11, fig. 8) is cheracterized by
absence of a distinet posterior border, shallow lateral
furrows, and distinet pits on the posterior part of the
anterior lobe of the middle body and or the posterior
lobe of the middle body. This hypostome, which is
5 mm long, comes from USGS collection 2296-CO
where the only common large trilobite is Dunderbergia
polybothra n. sp.

Each of the hypostome types, except type E, is asso-
ciated with common species of Pterocephaliidae and
Elviniidae. Whittington and Evitt (1€54, p. 20, 21)
have indicated that hypostomes show relationships at
the family level. Hypostome type E is certainly as-
signable to a species of the Elviniidae. This hypo-
stome shares two common characters with hypostome
types C and D: absence of a distinct pesterior border
and presence of pits anterior to the middle furrow on
the anterior lobe of the middle body. Each of these
hypostome types occurs in a collection with a common
species of Dunderbergia, and the ornament posterior
to the middle furrow corresponds to the ornament on
the glabella of the Dunderbergia species. Thus, it
seems possible that these are Dunderbergia hypostomes.
They differ from hypostome types A and B by lack-
ing a distinct posterior border, and this may be the
character that distinguishes hypostomes of the Kl-
viniidae from those of the Pterocephaliidae. How-
ever, application to types A and B of this hypothesis
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and a corollary, that ornament of posterior to the
middle furrow corresponds to ornament of the glabella,
casts some doubt on its correctness. Type A should
have a granular ornament posterior to the middle
furrow, and type B should have a distinct pitted or-
nament—but this is not true. There is no guarantee,
however, that the hypostomes are parts of the com-
mon species in the collections. Until more hypostomes
are known from more collections with only one com-
mon species, criteria for correct specific, generic, and
family assignment of individual specimens must re-
main uncertain.

SYSTEMATIC PALEONTOLOGY
Superfamily AGNOSTIDEA Richter
Family AGNOSTIDAE McCoy

The Agnostidae of the Dunderberg shale have for
the most part been described in an earlier paper
(Palmer, 1955). The information given below sup-
plements and modifies the information presented at
that time.

Subfamily PSEUDAGNOSTINAE Whitehouse
Genus PSEUDAGNOSTUS Jaekel

Pseudagnostus Jaekel, 1909, p. 400; Kobayashi, 1935, p. 107;
1937, p. 451; 1939, p. 157; Shimer and Shrock, 1944, p. 601;
Shaw, 1951, p. 112; Palmer, 1954, p. 719: 1955, p. 93.

Rhapatagnostus Whitehouse, 1936, p. 97.

Plethagnostus Clark, 1923, p. 124; 1924, p. 16.

Type species—.dgnostus cyclopyge Tullberg, 1880,
p. 26.

Diagnosis—Cephalon with trilobed glabella and a
preglabellar median furrow. Basal glabellar lobes
simple.

Pygidium with anterior third of axial lobe defined
by subparallel dorsal furrows; pseudolobe moderately
well to poorly defined by accessory furrows that may
disappear posterolaterally so that pseudolobe merges
with pleural lobes. Marginal spines present or ab-
sent.

Pseudagnostus communis (Hall and Whitfield)

Plate 4, figures 3, 4

Agnostus communis Hall and Whitfield, 1877, p. 228, pl. 1,
figs. 28, 29.

Agnostus neon Hall and Whittield, 1877, p. 229, pl. 1, figs. 26,
27.

Pseudagnostus communis (Hall and Whitfield). Palmer, 1954,
p. 720, pl. 76, figs. 1-3; 1955, p. 94, pl. 19, figs. 16, 19-21;
pl. 20, figs. 4+-11, 14.

Diagnosis—Specimens of Pseudagnostus with gla-
bella and first glabellar lobe moderately well defined

on external surface of cephalon. Preglabellar median

furrow shallow. All furrows deeper on surface of
mold.

507219 0—59——2

Pygidium with anterior third of axial lobe well de-
fined. Shallow accessory furrows generally only ap-
parent along anterolateral parts of pseudolobe. Single
short marginal spines present slightly anterior to
posterior margin.

Discussion—P. commaunis 1s distinguishable from
P. prolongus, the most similar species of Pseudagnos-
tus presently recognized within the Dunderberg shale,
by having all parts of the cephalon and pygidium bet-
ter defined and by having marginal pygidial spines.
The stratigraphic ranges of the two species are also
different. P. communis is found in most collections
from the lower half of the Dunderberg shale. P. pro-
longus is known only from collections in the upper
part of the Dunderberg shale.

Occurrence: Abundant lower 130 ft of Dunderberg shale;
units A-C. TUSGS colln. 789-CO, 795-CO, 809-CO, 873-CO,
952-C0O, 953-CO, 2294-CO, 2296-C0—2300-CO.

Figured specimens: Plesiotypes, cephalon and pygidium,
USNM 136832a, b, USGS colln. 2299-CO.

Pseudagnostus prolongus (Hall and Whitfield)
Plate 4, figures 5, 6

Agnostus prolongus Hall and Whitfield, 1877, p. 230, pl. 1, figs.
30, 31.

Pseudagnostus prolongus (Hall and Whitfield). Palmer, 1955,
p. 98, pl. 19, figs. 17, 22. (Fig. 18 belongs to an unnamed
species, see below.)

Diagnosis—Specimens of Pseudagnostus with dis-
tinct cephalic border but with glabella hardly defined
on external surface. Pygidium with anterior part of
axial lobe poorly defined by dorsal furrow. Pseudo-
lobe not defined. Marginal spines lacking.

Discussion.—Collections from the Dunderberg shale
made in 1957 have provided new information about
this species. The type cephala of P. prolongus come
from a block of limestone containing a pygidium of
Nigmocheilus serratus n. sp., a characteristic trilobite
in the upper Dunderberg shale. Pygidia of a nearly
smooth pseudagnostid, also from the upper D-mder-
berg shale, lack marginal spines and are associated
with cephala indistinguishable from P. prolongus.
The lower part of the overlying Windfall formation
has a species of Pseudagnostus with a cephalon that is
also nearly indistinguishable from P. prolongus but
with a pygidium that has marginal spines. It now
seems that this pygidium was mistakenly identified as
P. prolongus (Palmer, 1955, pl. 19, fig. 18). The cor-
rect association of cephalon and pygidium is here
figured.

Occurrence: Moderately common, 140-200 ft above base of
Dunderberg shale:; unit C. TUSGS colln. 864-CO, 2301-CO,
2302-CO.

Figured specimens: Plesiotypes, cephalon and pygidium,
USNM 136833a, b, USGS colln. 2301-CO.



62 SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY

Pseudagnostus? acutus (Kobayashi)
Plate 4, figures 10-12
Homagnostus acutus Kobhayashi, 1938, p. 172, pl. 16, figs. 18-22.

Diagnosis—Specimens of ?Pseudagnostus with pos-
terior part of axial lobe distinctly inflated, well de-
fined, slightly pointed posteriorly, reaching marginal
furrow on axial line.

Cephalon without known distinctive characteristics.

Discussion—Three pygidia from two different col-
lections in the Dunderberg shale seem to be conspecific
with H. acutus. The change in generic assignment is
made for two reasons: first, the axial lobe of the
pygidium reaches to the marginal furrow; and sec-
ond, one specimen has muscle scars that are virtually
like those of Pseudagnostus (Palmer, 1955, pl. 20, fig.
14). The convergent pairs of small scars on the poste-
rior portion of the axial lobe have not been observed
on any specimen of Homagnostus. In addition, the
furrow between the first and second segments of the
axial lobe does not curve inward and forward from
the dorsal furrow as it does on most species of
Homagnostus. The cephalon figured by Kobayashi,
however, lacks a preglabellar median furrow : but there
is no certainty in the small type collection that it is
correctly assigned to the species. Until a cephalon
can be certainly established for this species, its generic
assignment must remain doubtful. If this species is
properly placed in Pseudagnostus, it differs from all

known species of Pseudagnostus by having the pseudo-
lobe fully defined.

Occurrence: Rare, 40-60 ft above base of Dunderberg
shale ; unit B. USGS colln. 2296-CO, 2297-CO.

Figured specimens: Plesiotypes, pygidia, USNM 1368364,
b, USGS colln. 2297-CO.

Subfamily GERAGNOSTINAE Howell
Genus HOMAGNOSTUS Howell

Homagnostus Howell, 1935, p. 15; Kobayashi, 1939, p. 162;
Whitehouse, 1939, p. 261 ; Shimer and Shrock, 1944, p. 600;
chhman and Duncan, 1944, p. 139; Shaw, 1951, p. 110.

Oncagnostus Whitehouse, 1936, p. 84.

Geragnostus Palmer, 1954, p. 719; 1955, p. 88 (G. tumidosus
only).

Type species—Agnostus pisiformis obesus Belt,
1867, p. 295, pl. 12, fig. 4.

Diagnosis—Cephalon with well-defined bilobed gla-
bella and distinet border. Preglabellar median fur-
row, if present, incomplete; generally deepest near
glabella and fading out before reaching marginal
furrow.

Pygidium with prominent well-defined axial lobe
generally broader than pleural lobes. Posterior por-
tion of axial lobe generally parallel sided or expanded
slightly, well defined posteriorly, reaching nearly to
marginal furrow.

Description—Generally small agnostids (about 5
mm or less in length). Cephalon with well-defined
border, narrowest at posterolateral corners; widest an-
terolaterally. (Glabella well defined by dorsal furrows.
Posterior lobe prominent, with poorly defined median
node. Anterior lobe clearly separated from posterior
lobe by transverse furrow, generally distinctly lower
than posterior lobe. Basal lobes simple. Preglabel-
lar median furrow, if present, deepest near glabella,
generally disappears anteriorly before reaching mar-
ginal furrow.

Pygidium with prominent axial lobe that is gener-
ally wider than pleural lobes. A prominent median
node located on axial lobe at junction bet*ween second
axial segment and posterior part of axial lobe. Fur-
rows outlining first axial segment generally curved
forward to cut anterior margin and divide first seg-
ment transversely into three parts. Posterior part of
axial lobe parallel sided or, more commonly, slightly
expanded posteriorly, well defined, reaching nearly to
marginal furrow. Border well defined, generally with
pair of short posterolateral marginal spines.

Surface smooth or coarsely pitted.

Discussion—In two earlier papers (Palmer, 1954,
1955) H. tumidosus (Hall and Whitfield) has been
placed in Geragnostus because it lacked a preglabellar
median furrow and because of similarity in form of
the axial lobe of the pygidium to that of some species
of Geragnostus. The appearance of H. obesus (Belt)
in the lower part of the Dunderberg shale emphasizes
the close relationship between H. tumidosus and H.
obesus, and new material shows that some cephala of
H. tumidosus have a short remnant of a preglabellar
median furrow just in front of the glabella. Further-
more, the group of agnostids typified by H. obesus,
with the posterior part of the axial lobe on the pygid-
ium slightly expanded, seems to be characteristic of
older beds than those bearing typical forms of Ger-
agnostus that have the posterior part of the axial lobe
characteristically tapered posteriorly. There is now
sufficient evidence both morphologicall7 and strati-
graphically for considering Homagnostus and Ger-
agnostus as distinct but related genera.

Westergard (1947) believed that Homagnostus
should be no more than subgenerically sevarated from
Agnostus because of observed overlap in form between
species of the two taxa. Although a suite of 7.
obesus (Belt) from Scandinavia was not available for
study, several specimens of coquina of Agnostus pisi-
formis (Linnaeus) from Ringsaker, Norway, and many
specimens closely related to, if not conspecific with,
H. obesus from Western United States were examined.
The relatively slender, somewhat tapered. axial lobe of
pygidia of 4. pisiformis and the general presence of
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a well-defined complete preglabellar median furrow
are characteristics that show a greater degree of dif-
ference from . obesus than H. obesus does from H.
tumidosus. Agnostids have so few characters for use
in discrimination of taxa that apparent overlap of
morphologic features as cited by Westergard is a con-
stant problem. However, inclusion in one genus of
populations as distinet as .. pisiformis and H. obesus
may oversimplify an extremely complex situation.
Agnostus, Homagnostus, and Geragnostus are here
considered to be related taxa of comparable rank,
worthy of designation as genera.

Homagnostus tumidosus (Hall and Whitfield)
Plate 4, figures 1, 2

Agnostus tumidosus Hall and Whitfield,
fig. 32.

Geragnostus cf. G. tumidosus (Hall and Whitfield).
1954, p. 719, pl. 76, figs. 4, 6.

Geragnostus tumidosus (Hall and Whitfield). Palmer, 1955,
p. 89, pl. 19, figs. 3, 4; pl. 20, figs. 1-3, 12, 15.

1877, p. 231, plL 1,

Palmer,

Diagnosis—Specimens of Homagnostus with pre-
glabellar furrow absent or represented only by short
anteriorly directed notch in furrow in front of gla-
bella. Pygidium with first segment of axial lobe gen-
erally not distinetly trilobate. Combined length of
first two segments less than length of posterior por-
tion of axial lobe.

Discussion.—This species has been discussed in con-
siderable detail (Palmer, 1955). Additional observa-
tions have come from study of collections made in
1957. Some cephala have a short preglabellar median
furrow that is barely more than an anteriorly directed
notch in the dorsal furrow in front of the glabella.
A few well-preserved molds of cephala are finely
granular.

H. tumidosus is distinguishable from H. obesus
(Belt) from slightly older beds in the Dunderberg
shale principally by lacking a distinct development
of the preglabellar median furrow.

Occurrence: Abundant, 50-220 ft or more above base of
Dunderberg shale; units B, C. USGS colln. 864-CO, 872-CO,
873-C"0, 952-C0—955-C0, 2297-C0—2302-CO.

Figured specimens: Plesiotypes, cephalon and pygidium,
USNM 136831a, b, USGS colln. 2299-CO.

Homagnostus obesus (Belt)
Plate 4, figures 7-9

Agnostus pisiformis obesus Belt, 1867, p. 295, pl. 12, fig. 4;
Lake, 1906, p. 9, pl. 1, figs. 13, 14; Westergard, 1922, p.
116, 193, pl 1, fig. 4.

Homagnostus obesus (Belt). Howell, 1935, p. 17, figs. 11, 12;
Shimer and Shrock, 1944, pl. 251, figs. 9, 10; Wilson, 1954,
pl. 25, fig. 19, pl. 26, figs. 23, 27.

Agnostus (Homagnostus) obesus (Belt).
p. 3, plL. 1, figs. 10, 11.

Westergard, 1947,
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Diagnosis.—Specimens of Homagnostus witl pre-
glabellar median furrow generally apparent for about
half distance from glabella to marginal furrow. Py-
gidium with first segment of axial lobe somewhat
trilobate.

Discussion—Specimens in two collections in the
lower part of the Dunderberg shale are indistinguish-
able from the specimen figured by Westergard (1922,
pl. 1, fig. 4) as A gnostus pisiformis obesus. They also
apparently are conspecific with specimens figured as
1. obesus, but not described, by Wilson (1954).

Certain identification of H. obesus is probably not
possible on pygidia alone. Although the pygidium
here figured has a distinctly trilobate division of the
first segment of the axial lobe, some specimens of H.
tumidosus approach this condition. The cephala are
unlike any observed for /7. tumidosus. Some speci-
mens in USGS collection 2296 have a coarsely pitted

surface. This feature seems to be variable within a
population.
Occurrence: Rare, 10(?)—40 ft above base of Dunderberg

.shale; units A, B. USGS colln. (?)2294-C0O—2296-CO.

Figured specimens: Plesiotypes cephalon and pygidium,
USNM 136834a, b, USGS colln. 2296-CO. Cephalon, USNM
136835, USGS colln. 2295-CO.

Subfamily PHALACROMINAE Corda
Genus PHALACROMA Corda

Phalacroma Corda, 1847, p. 159; Kobayashi, 1939, p. 136:
Westergard, 1946, p. 92.

Type species—Battus bibullatus Barrande, 1846, p.
14.

Diagnosis—Agnostidae with smooth cephalor, with
or without border or median tubercule. Pygidium
with axial lobe not defined; broad well-defined un-
spined border present.

Phalacroma? sp.
Plate 4, figure 13

A single cephalon of a Phalacroma-like agnostid is
recorded here primarily to show the presence of ag-
nostids of this type in the Dunderberg fauna. The
cephalon is completely smooth, with no trace of a
horder. Only the posterior marginal furrow, the oc-
cipital ring, and the posteriormost parts of the basal
lobes of the glabella are apparvent. Although the
specimen does not seem to differ significantly from
specimens of P. glandiforme (Angelin) except in size,
correct generic assignment cannot be made without
knowledge of the associated pygidium.

Occurrence: Very rare, about 90 ft above base of Dunder-
berg shale; unit B. TUSGS colln. 2300-CO.

Figured speeimen: Cephalon, USNM 136837, USGS ecolln.
2300-CO.
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Superfamily PTYCHOPARIOIDEA Richter
Family ELVINIIDAE Kobayashi

History.—Elviniidae was proposed by Kobayashi
(1935) as a subfamily of the Ptychoparidae. It was
raised to family status and enlarged in 1953 by both
Lochman and Hupé, though the generic groupings of
these authors include only one common genus besides
Elvinia. Hupé (1955) presents the same information
about the Elviniidae as in 1953 but adds diagnoses of
the genera included in the family. Henningsmoen
(1957) accepts the grouping of genera proposed by
Lochman as representative of a subfamily contrasting
with another subfamily grouping including Z7aeni-
cephalus and related genera corresponding for the
most part to the Parabolinoididae of Lochman (1956).

As conceived by Kobayashi, Hupé, and Hennings-
moen, the Elviniidae seems to be an artificial group-
ing of genera in which the probability of close genetic
relationship for most of the genera is slight. For
example, Zaenicephalus is included in the Elviniidae
by all three authors, and ('onaspis was included by
Kobayashi and Hupé. ILochman (1956) has shown,
based on the work of Bell, Feniak, and Kurtz (1952)
and Berg (1953), that Zaenicephalus and Conaspis
belong to separate families having little, if anything,
in common with Elvinia.

Lochman (1953) includes ZElvinia, Maladioides,
Drumaspis, and Chariocephalus in the Elviniidae and
discusses their relationships in considerable detail.

Maladioides is a genus known only from Manchuria
and Korea whereas the other genera occur only in
North America. Plaster casts of the types of Mala-
dioides asiaticus Kobayashi, the type species of Mala-
dioides, show that the trilobite had a pygidium with a
border, axial lIobe, and overall shape unlike any of the
trilobites included here in the Elviniidae. The cranid-
ium is not well-enough preserved for adequate com-
parison. If Maladioides has any real relationships to
American Upper Cambrian trilobites, they apparently
are more with the Housiidae, as here used, than with
the Elviniidae.

Drumaspis and  Chariocephalus may be related
Elvrinia. However, they are found in beds separated
from those bearing Elvinia by a significant sequence
of fossiliferous Upper Cambrian beds lacking inter-
mediate forms. Furthermore, one of the major Up-
per Cambrian faunal breaks occurs between the faunas
bearing Elvinia and those bearing Drumaspis and
Chariocephalus.  Although Drumaspis and Chario-
cephalus pygidia have characteristics typical of the
Elviniidae, the character of the anterior branches of
the facial suture is unknown. TUntil more is known
of these trilobites, their assignment. to the Elviniidae
should be considered only tentative.

Definitive features.—The five genera included here
in the Elviniidae (£'lvinia, Elviniella, Elburgia, Dun-
derbergia, and Irvingella) share, in addition to strati-
graphic continuity, the following morphologic fea-
tures: Glabella prominent, generally well-defined at
sides by deep dorsal furrow; border and doublure on
cranidium and free cheek narrow, of nearly constant
width, subecircular in cross section; rostrum present;
facial suture submarginal, along at least middle-third
of anterior margin of cranidium (fig. 8C) ; border and

FicUrE 8.—Comparison of the ventral courses of the cephalic sutures

in some Late Cambrian trilobites. A, Pterocephalia; B, Housia;
C, Dunderbergia; D, Prehousia; E, Aphelaspis.

doublure of pygidium narrow, of nearly constant
width; axial lobe of pygidium prominent, generally
reaching nearly to border, connected to it by poorly
defined postaxial ridge.

Discussion—Of the features listed abcve, the char-
acter of the border and doublure on the cephalon and
pygidium and the course of the cephalic sutures seem
to be most critical family features.

The possible interrelationships of the genera of the
Elviniidae in the Dunderberg shale leave the problem
of subfamily groupings unresolved. Unfcrtunately for
the present study, species of genera other than Dun-
derbergia are not. common. Using only cranidia, sev-
eral potential lineages are apparent (cf., pl. 5, 6).
Elviniella = Irvingella( Parairvingella) - Irvingella
(Irvingella) might be included in one lineage by as-
summing reduction in the length of the frontal area
and gradual decrease in the taper of the glabella for
these three taxa with long arcuate palpebral lobes.
This lineage could be contrasted with one from Dun-
derbergia - Elburgia - Elvinia in which the posterior
glabellar furrows are first deepened, and then con-
nected across the top of the glabella. These three
genera have similar pygidia. In addition, Dunder-
bergia and Elburgia share a bluntly pointed anterior
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margin and marginal furrow; and, £lburgia, on the
basis of observation of specimens from California, has
free cheeks indistinguishable from those of Elvinia.

Alternative possibilities might be to derive Zlvinia
from Elvinielld by gradual reduction in length of the
palpebral lobe or to group the genera with noticeably
arcuate palpebral lobes and transglabellar posterior
furrows together in one subfamily (that is, E7viniella,
Elvinia, Irvingella) and leave the genera with simple
palpebral lobes (Dunderbergia. Elburgia) in a sec-
ond subfamily.

Obviously, more information about the genera of
the Elviniidae is needed before an acceptable subfam-
ily classification can be prepared. Perhaps studies of
the faunas of the Dunderberg shale elsewhere in the
Great Basin will provide this information.

Genus DUNDERBERGIA Walcott, 1924
Text figure 9

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.

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

Diagnosis—Elviniidae with prominent subquadrate
glabella; glabellar furrows hardly visible. Length of
palpebral lobe about 14 to 14 length of glabella in-
cluding occipital ring. Line connecting midlengths of
palpebral lobes crosses glabella just posterior to junc-
tion of second glabellar furrows with dorsal furrow.
Anterior margin and marginal furrow commonly
come to a blunt point on axial line instead of form-
ing an even curve. Thorax includes either (or both)
segments with pleural spines short, laterally directed, or
long, backwardly directed. Pygidium subsemicircular
in outline, widest at anterolateral corners. Border
narrow, of nearly constant width. Axial lobe promi-
nent, subparallel sided, bluntly rounded posteriorly.
Pleural lobes nearly flat.

Modification of this diagnosis from that given ear-
lier (Palmer, 1954) results from a consideration of
the characters of the genera assigned to the Elviniidae.

Description—Medium-sized trilobites, probably few
longer than 40 mm. Form of entire exoskeleton un-
known. Cephalon subsemicircular in outline, moder-
ately to strongly arched transversely and longitudi-
nally. Cranidium exclusive of posterior limbs sub-
quadrate in outline, anterior margin commonly bluntly
pointed. Glabella prominent, elevated above brim and
cheeks, tapered slightly forward, bluntly rounded or
truncate anteriorly. Width just anterior to oceipital
furrow nearly equal to length exclusive of occipital
ring. Three pairs of shallow glabellar furrows may
be present. Posterior pair generally with bigenicu-
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F1GURE 9.—Partial reconstruction of Dunderbergia polybothrae n. sp.,
about X 8.

late form. Occipital furrow always moderately deep,
particularly at distal ends. Occipital ring with low
median node adjacent to occipital furrow. Dorsal
furrow deep at sides of glabella; shallow across front.
Border distinct, moderately to strongly convex; length
one-half or slightly less than that of brim. Marginal
furrow deep, generally comes to blunt point or axial
line. Brim gently to moderately convex. Fixed cheeks
gently to moderately convex, horizontal or slightly
upsloping; width about one-third basal glabellar
width. Palpebral lobes semicircular in outline. mod-
erately well defined by shallow palpebral furrow;
width one-third or slightly more that of cheek; length
about 14 to 14 length of glabella including oc:ipital
ring. Ocular ridges generally visible, anterior mar-
gin best defined. Posterior limbs sharply pointed,
length (transverse) generally slightly greater than
basal glabellar width. Marginal furrow on posterior
limb broad. deep; broadens laterally. Anterior course
of facial suture slightly divergent from palpebral lobe
to marginal furrow; turns inward across border, cuts
anterior margin at point slightly less than ore-half
distance from anterolateral corners of cranidium to
axial line. Connective sutures convergent posteriorly,
not meeting on axial line. Rostral suture b-neath
midlength (sagittal and exsagittal) of border (fig. 8C).
Posterior course of facial suture divergent-sinuous.
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Free cheek with well-defined continuous lateral and
posterior marginal furrows; posterior marginal fur-
row generally deepest. Border narrow. Ocular plat-
form gently convex, twice or more width of border.
Genal spine short, sharply pointed, tip on some spe-
cies curved slightly inward; length generally less than
axial length of glabella on associated cranidium.

Hypostome and rostrum not known.

Form of thorax unknown. Thoracic segments of the
same species with pleural spines either short, sharp,
and directed laterally; or long, slender, and directed
posteriorly. Width (transverse) of pleurae, from dor-
sal furrow to geniculation, between 1 and 2 times
width of axial ring.

Pygidinm short and wide, nearly flat except for
prominent axial lobe. Axial lobe with 1 or 2 promi-
nent ring furrows and with blunt indistinct posterior
termination near inner margin of border. A low
poorly defined median ridge connects axial lobe with
border. Border well defined along all of margin ex-
cept directly on axial line; width about half greatest
width of pleural platform. A slight median inden-
tation of margin may be present.

Surface of exoskeleton variously ornamented. Ex-
ternal surface of cranidium and cheeks entirely smooth,
partly or wholly granular, or coarsely pitted. Sur-
face of mold of cranidium and cheeks ornamented with
either pits or fine pits interspersed with coarse gran-
ules. Fine-granular and coarse-pitted ornament not
apparent on surface of mold.

Ornamentation of surface of thoracic segments
comparable to that of cheeks and cranidium.

Pygidium with top surface of axial lobe and border
always bearing granules. Border generally also with
prominent terrace lines. Pleurae either smooth,
coarsely (but weakly) pitted, or granular. Surface
of mold generally finely pitted.

Discussion.—Walcott (1924, p. 56) proposed Dunder-
bergia to include Crepicephalus (Loganellus) nitidus
Hall and Whitfield and gave a brief diagnosis of the
genus. Other brief mentions of some of the character-
istics of Dunderbergia were given by Walcott (1925, p.
83), Raymond (1937, p. 1112) and Kobayashi (1938,
p- 181). A more detailed description of the genus was
given by Palmer (1954, p. 760) and is repeated with
only slight modification here.

Thirteen species, besides the type species, have been
assigned to Dunderbergia. These were Crepicephalus
(Loganellus) maculosus Hall and Whitfield, Crepicephalus
(Loganellus) stimulator Hall and Whitfield, Crepicephalus
(Loganellus) granulosus Hall and Whitfield, Ptychaspis
pustulosa Hall and Whitfield, Ptychoparia suada Wal-
cott, and Dunderbergia halli Resser assigned by Resser
(1935, p. 23, 24); Dunderbergia? declivita (Miller, 1936,
p. 30); Crepicephalus (Loganellus) anytus Hall and
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Whitfield (Resser, 1937, p. 9) ; Dunderbergia vermontensis
(Raymond, 1937, p. 1120); Dunderbergin canadensis,
D. convexa, and D. quadrata assigned by Kobayashi
(1938, p. 181, 182) who included the latter two species
along with D. pustulosa Hall and Whitfield, D. maculosa
(Hall and Whitfield), and D. granwlosa (Hall and
Whitfield) in a new subgenus, Megadunderbergia; and
Dunderbergia variagranule (Palmer, 1954, p. 761).
Wilson (1948, p. 33) considered Dunderbergia? de-
clivita Miller a synonym of Deadwoodia duris (Walcott).
Wilson, (1951, p. 636) also removed Dunderbergia suada
(Walcott) from the genus and considered it a senior
synonym of Dellea wilbernsensis Wilson (1949, p. 35).
Shaw (1952, p. 475) pointed out that Dunderbergia
vermontensis Raymond is a young individual of AMete-
oraspis? minuta (Raymond). A review of the 11 other
species during this study shows that only D. nitida
(Hall and Whitfield), D. anyta (Hall and Whitfield),
D. quadrata Kobayashi, and D. variagranula Palmer are
recognizable species remaining in Dunderbergia. Of
the seven other species, D. simulator (Hall and Whit-
field) was considered a synonym of D. nitide (Hall and
Whitfield) by Walcott (1884, p. 57), was later resur-
rected by Resser (1935, p. 24), and is here, again, con-
sidered a synonym of D. nitida. D. granulosa (Hall and
Whitfield) is removed from Dunderbergia and assigned
to the new genus Elburgia. D. halli Ressor is based on
a pygidium correctly assignable to Housia (p. 75); and
D. maculosa (Hall and Whitfield) (pl. 5, fig. 5), D.
pustulosa (Hall and Whitfield) (pl. 5, fig. 8), D. cana-
densis Kobayashi and D. convexa Kobayashi are based
on such poor material that the specirmens, though
probably belonging to Dunderbergia, cannot be assigned
with confidence to any of the species of the genus here
recognized and are considered indeterminate. The
names should be restricted to the type specimens.
Because D. maculosa (Hall and Whitfield), the type
species of Megadunderbergia Kobayashi, is considered
an indeterminate species, the subgenus also must be
considered indeterminate. No subgenerr of Dunder-
bergia are recognized in this paper.
Species presently assigned to Dunderbergia:
Dundbergeria anyta (Hall and Whitfield)

bigranulosa n. sp.

nitida (Hall and Whitfield)

polybothra n. sp.

quadrata Kobayashi

variagranula Palmer

maculosa (Hall and Whitfield)

pustulosa (Hall and Whitfield)

canadensis Kobayashi
convexa Kobayashi

Restricted to holotype

Dunderbergia bigranulosa n. sp.
Plate 5, figures 10-13, 15-23

Diagnosis—Members of Dunderbergia with exter-
nal surface of cephalon bearing low scecttered coarse
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granules on brim, fixed cheeks, posterior limbs, and
ocular platforms; fine close-spaced granules on bor-
der, top of glabella, and outer margins of palpebral
lobes. Surface of mold shows position of coarse gran-
ules; surface beneath fine-granular areas is finely pit-
ted. Pygidium with fine granules on border and top
of axial lobe; scattered low coarse granules on pleu-
ral platforms.

Discussion.—Some variation in degree of expres-
sion and detailed distribution of the coarse granules
was observed within collections of D. bigranulosa. On
some specimens the coarse granules are only apparent
after the specimen has been lightly whitened and ob-
served with low oblique lighting (pl. 5, fig. 13). On
specimens from USGS collection 795, associated with
D. nitida (Hall and Whitfield), the coarse granules
are exceptionally prominent (pl. 5, figs. 10, 11), and
in this way resemble the coarse granules of 1. wari-
agranwla Palmer; however, the border and glabella
have the fine granules characteristic of D. bigranulosa.

Two types of free cheeks, perhaps indicating di-
morphism within the species, have been found in col-
lections of D. bigranwlosa and D. variagrenula. On
one type, the border broadens slightly anterior to the
base of the genal spine and it is distinctly flattened.
On the other type, the border maintains an even width
and it is gently convex (cf. pl. 5, figs. 16, 17).

An unusual, apparently pathologic, pygidium is
present in USGS collection 2295-CO (pl. 5, fig. 23).
This specimen includes two distorted thoracic seg-
ments that have their right pleurae free and their
left pleurae fused with each other and the remainder
of the pygidium.

Occurrence: Abundant, lower 40 ft of Dunderberg shale;
unit A. USGS colln. 795-CO, 2294-CO, 2295-CO.

Figured specimens: Holotype cranidium, USNM 136847,
USGS colln. 2295. Paratypes: Cranidium, USNM 136848a,
USGS colln. 2295-CO ; cranidia, USNM 136846a, b, USGS colln.
T95-CO; cranidinm, USNM 136849b, USGS colln. 2294-CO;
free cheeks, USNM 136848b,c, USGS colln. 2295-CO; free
cheek, USNM 136849a, USGS colln. 2294-CO; pygidia, USNM

136848d-f, USGS colln. 2295-CO; pygidium, USNM 136849c,
USGS colln, 2294-CO.

Dunderbergia nitida (Hall and Whitfield)
Plate 4, figures 14-21, 23, 24

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

Crepicephalus (Loganellus) simulator Hall and Whitfield, 1877,
p. 218, pl. 2, figs. 16-18.

Ptychoparia nitidus (Hall and Whitfield).
57.

Dunderbergia nitida (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,

Dundcrbergia simulator (Hall and Whitfield).
p. 24

Walcott, 1884, p.

Resser, 1935,
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Diagnosis—Members of Dunderbergia with exter-
nal surface of exoskeleton smooth except for top of
axial lobe and border of pygidium which bear fine
close-spaced granules and border of free cheek which
has terrace lines. Surfaces of molds of all parts of
exoskeleton are finely pitted.

Discussion.—This species is the most commor spe-
cies of Dunderbergia in the collections studied. Some
cranidia from USGS collection 2300-CO have rare
low barely discernible coarse granules on the brim,
suggesting that D. nitida may have been derived from
a form like D. bigranulosa through the loss of the
fine granules on the border and glabella.

The holotype of this species was not designated by
Hall and Whitfield. Two specimens in the typ» col-
lection have handwritten labels bearing the or‘ginal
name pasted on the rock. One, USNM 24572b, a mold,
(pl. 4, fig. 16) is the specimen cited by Walcott (1925,
p. 132, fig. 5) as an “original type specimen.” The
illustration given by Walcott is not of this specimen,
nor is it of the other with the handwritten label. The
second specimen, USNM 24572, preserves enough of
the external surface (pl. 4, fig. 15) to show that it was
for the most part smooth. Inasmuch as Walcott did
not designate holotypes of the other species in his
1925 paper, Walcott's cited comment is interpreted
here to mean only that he was illustrating one of the
original types. Because the illustration does not con-
form to either of the labeled specimens, Walcott’s com-
ment is not considered a valid citation of a lectotype
for D). nitida, and the specimen bearing USNM 24572
and the handwritten label “C. (L.) nitidus™ is here
designated as lectotype of the species.

The pygidium illustrated for 2. nitida by Walcott
(1925, pl. 16, figs. 6, 7) and Shimer and Shrock (1944,
pl. 264, fig. 30) is a Housie pygidium (p. 75; pL 7,
fig. 8).

Occurrence: Common, from 50-200 ft above the brse of
the Dunderberg shale; units B, C. USGS colln. 789-CO, 795—
CO, 864-CO, 872-CO, 873—-CO, 953-CO—955-CO, 2295-CO—
2302-CO.

Figured specimens: Lectotype cranidium, USNM 24572.
Paratype cranidium, USNM 24572b. Plesiotypes: Cranidium,
holotype of D. simulator (Hall and Whitfield), USNM 24575;
cranidia, USNM 186838b, ¢, USGS colln. 2300-CO; free cheeks,
TUSNM 136838d, f, USGS colln. 2300-CO; free cheek, USNM
136839, USGS colln. 873-CO ; pygidia, USNM 136838a, e, USGS
colln. 2300-CO.

Dunderbergia polybothra n. sp.
Plate 5, figures 14, 6, 7, 9, 14

Diagnosis—Members of Dunderbergia with surfaces
of all parts of exoskeleton except top of axial lob> and
border of pygidium bearing coarse pits. Pits most
apparent on border of cephalon, top of glabella, and
axial parts of thoracic segments; visible on other parts
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of exoskeleton only on exceptionally well-preserved
specimens. Top of axial lobe and border of pygidium
bear close-spaced granules. Surfaces of molds of all
parts of exoskeleton are finely pitted.
Discussion—This distinctive species is known from
only two collections, where it is the only species of
Dunderbergia present. It differs from all other spe-
cies in the genus by having a pitted surface.
Occurrence: Moderately common, about 40 ft above base
of Dunderberg shale, unit B. USGS colln. 1297-CO, 2296-CO.
Figured specimens: Holotype cranidium, USNM 136845,
USGS colln. 2296-CO. Paratypes, cranidium, free cheeks, tho-

racic segments, and pygidium, USNM 136844a-f, USGS colln.
2296-CO0.,

Dunderbergia variagrarula Palmer
Plate 4, figures 22, 25, 26, 28, 29
Dunderbergia variagrenula Palmer, 1954, p. 761, pl. 88, fig. 7.

Diagnosis—Members of Dunderbergia with exter-
nal surfaces of all parts of exoskeleton bearing scat-
tered coarse granules. Surfaces of molds of all parts
of exoskeleton also bearing scattered coarse granules.

Discussion.—In view of observations made on rea-
sonably abundant material of this species in the Eu-
reka district, the only illustrated specimen from Texas
now retained in this species is the holotype (Palmer,
1954, pl. 88, fig. 7). The other three illustrated speci-
nmens may represent a species not known in the Eureka
district.

One difference was noted between the holotype and
the Nevada specimens. Coarse granules are rare on
the posterior limbs of the few specimens of D. vari-
agranula from Nevada that have the limbs preserved.
The posterior limbs of the holotype bear abundant
coarse granules. Unfortunately, not enough speci-
mens are known from either area to determine if this
is a consistent difference. Because the distribution of
coarse granules on other parts of the cranidium is
somewhat variable among cranidia in a single collec-
tion, the Texas and Nevada specimens are here con-
sidered to be most likely conspecific.

D. quadrata Kobayashi (pl. 4, fig. 27) is represented
by a single cranidium that has coarse granular orna-
ment on both the external surface and the surface of
the mold. Fine granules are also present on the bor-
der. These are characteristic features of D. wvaria-
granula. However, the cranidium of D. quadrata is
three times larger than any cranidia of D. variagran-
ula known, has a much more prominent glabella, and
appears to have a relatively shorter frontal area and
broader border. Although D. variagranula may be a
synonym of D. quadrata, more knowledge of 1. quad-
rata 1s desirable before suppressing D. variagranula.

A single small eranidium from USGS collection
2302 (pl. 4, fig. 26) is tentatively referred to D. varia-
granula. Tt conforms to the species in all respects

except that the border bears only close-spaced fine
granules. Also, it occurs with D. nitida, about 120
feet higher than any collection in which granular spe-
cies of Dunderbergia are common. This certainly in-
dicates that the granular and smooth forms of Dun-
derbergia have a nearly common range in time. How-
ever, the abundance of granular species in the rela-
tively common limestones of the lower Dunderberg,
where smooth forms of Dunderbergia sre rare, and
the reverse situation in the relatively rare limestones
of the middle shaly part of the Dunderberg may in-
dicate that the granular and smooth forms have dif-
ferent facies preferences.

Occurrence: Moderately common, 50-75 ft above the base
of the Dunderberg shale; units B, C. USGS colln. 809-CO,
873-C0O, 952-CO, 2297-CO, 2298-CO.

Figured specimens: Plesiotypes—eranidium end free cheek,
USNM 136840a, b, USGS colln. 2297-CO; cranidium, USNM
136841, USGS colln. 2298-CO; crandium, USNM 136842, USGS
colln. 2302—CO ; pygidium, USNM 136843, USGS' colln. 809-CO.

Genus ELBURGIA n. gen.
Text figure 10

Type species—Crepicephalus (Loganellus) granu-
losus Hall and Whitfield, 1877, p. 214, pl 2, figs. 2, 3.

Diagnosis—Elviniidae with cranidium having pal-
pebral lobes about one-third length of glabella in-
cluding occipital ring, and with posterior pair of gla-
bellar furrows deep, bigeniculate, connected by a shal-
low furrow across top of glabella. Second glabellar
furrows also conspicuous, only slightly cirved. Ante-
rior glabeller furrows only conspicuous on mold.
Pygidium and free cheeks not distinguishable from
Elvinia.

FIGURE 10.—Partial reconstruction of Elburgia quinnensis Resser,
about X 6.

Description—Medium to large trilobites (as much
as 90 mm in total length). Outline of cranidium, ex-
clusive of posterior limbs, subquadrate; anterior mar-
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gin evenly rounded or bluntly pointed. Glabella
prominent, elevated above cheeks, tapered forward,
bluntly rounded or truncate anteriorly; with just an-
terior to occipital furrow about equal to length ex-
clusive of occipital ring. Three pairs of glabellar
furrows present. Anterior pair shallowest, short; mid-
dle pair moderately deep, reach about three-fourths
distance to axial line; posterior pair deep, bigenicu-
late, connected across top of glabella by shallow fur-
row. All furrows more conspicuous on mold. Oc-
cipital furrow broad, deep. Occipital ring with low
median node adjacent to occipital furrow. Dorsal
furrow deep at sides and anterolateral corners of
glabella, shallow across axial line. Border distinct,
moderately to strongly convex, length one-half or
slightly less that of brim. Marginal furrow broad,
deep, with slight tendency to come to a blunt point
on axial line. Brim gently to moderately convex.
Fixed cheeks gently to moderately convex, nearly hori-
zontal. Width slightly less than one-half basal gla-
bellar width. Palpebral lobes moderately arcuate in
outline; width about one-third width of cheek; length
about one-third length of glabella including occipital
ring. Palpebral furrow broad, well defined. Ocular
ridges visible but not prominent ; anterior margin best
defined. Posterior limbs sharply pointed, length
(transverse) equal to or slightly greater than basal
glabellar width. Marginal furrow on posterior limb
broad, deep, broadens laterally. Anterior course of
facial suture only slightly divergent from palpebral
lobes to marginal furrow; turns inward across border;
cuts anterior margin and becomes submarginal at point
slightly less than one-half distance from anterolateral
corner of cranidium to axial line. Posterior course
of facial suture divergent sinuous.

Hypostome rostrum and thoracic segments not
known.

Free cheek and pygidium same as Elvinia (cf. figs.
10. 11).

Discussion—This genus includes, at present, two
species whose cranidial shape and stratigraphic ranges
are intermediate between those of Dunderbergia and
FLlvinia. The form of the preglabellar area is char-
acteristic of Dunderbergia, and the posterior glabellar
furrows connected across the glabella are characteris-
tic of Klvinia. These characters combined, plus the
general prominence of all glabellar furrows, are the
distinguishing characteristics of the species of Al-
burgia.

Species differentiation in Elburgia, as in Dunder-
bergia, is primarily based on the nature of the exter-
nal surface and the surface of the mold of the cranid-
lum.

Two cranidia representing this genus, but identified
as Elvinia sp., were figured by Palmer and Hazzard
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(1956, pl. 1, figs. 1, 2) from the Cornfield Springs
and Nopah formations in California.

Elburgia granulosa (Hall and Whitfield)
Plate 6, figures 16, 17, 19

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

Ptychoparia granulosus (Hall and Whitfield).
57.

Dunderbergia granulosa (Hall and Whitfield).
24,

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

Walcott, 1884, p.

Resser, 1935, p.

Diagnosis.—Members of Elburgia with cranidium
having external surface and surface of mold, exclusive
of furrows and palpebral lobes, thickly covered with
coarse granules.

Discussion—No further comments on the character
of this species have been published since the original
description by Hall and Whitfield, though Walcott,
Resser, and Kobayashi successively transferred it to
three different genera or subgenera. Kobayashi (1938)
included granulosa with Dunderbergia pustulosa (Hall
and Whitfield) in a new subgenus, Megadundert +rgia.
The holotype of the type species of Megadunderbergia
(D. pustulosa) is here considered (p. 66) an inde-
terminate specimen of Dunderbergia. Thus, Mega-
dunderbergia is also indeterminate, and the identifi-
able species assigned to it require reassignment. .
granulosa, with its conspicuous Elvina-like glabellar
furrows, does not fit the present concept of Dunder-
bergia and is here designated as the type species of
Elburgia (see gemeric discussion). It is easilr dis-
tinguished from the only other species presently as-
signed to the genus £. quinnensis (Resser) by the
coarse granular nature of the external surface and
the surface of the mold of the cranidium.

Rare, 45-70 ft above base of Dunderberg
shale: unit B. USGS colln. 795-CO; 2297-CO.

Figured specimens: Holotype cranidium, USNM 24573,
Plesiotypes: Cranidium, USNM 136857, USGS colln. 2227-CO;
cranidium, USNM 136856, USGS colln. 795-CO.

Occurrence:

Elburgia quinnensis (Resser)

Plate 6, figures 11-13, 15
Taenicephalus quinnensis Resser, 1942b, p. 105, pl. 21, figs. 18,
23.

Diagnosis—Members of Elburgia with external sur-
face of cranidium nearly smooth. Lateral parts of
brim and of posterior limbs with numerous close-
spaced low granules visible only when specinen is
whitened and viewed in extreme oblique lighting.
Brim also bears scattered low coarse granules, also
barely visible. Surface of mold with numerous fine
pits most noticeable on brim and cheeks. Positions
of coarse granules may be indicated by low elevations
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with terminal pits slightly larger than those on other
parts of cranidium.

Discussion.—This species was described by Resser
(1942, p. 105) as Zaenicephalus quinnensis from a
small collection of unknown stratigraphic position
collected by J. E. Spurr while on reconnaisance in
Nevada in 1899. Although the prominent glabellar
furrows are reminiscent of 7'aenicephalus, the facial
sutures do not cut the margin near the axial line as
they seem to do in that genus, and no true species of
Taenicephalus have the posterior pair of glabellar
furrows connected across the glabella. Furthermore,
this species is associated with a species of Sigmocheilus
n. gen., a genus characteristically found in beds older
than those bearing Elvinia. Taenicephalus is known
only from beds younger than those bearing Elvinia.

Free cheeks and pygidia associated with cranidia of
this species in the lower part of the Nopah formation,
California, are virtually indistinguishable from those
of Elvinia. A pygidium and free cheek, probably of
Elburgia quinnensis, were figured by Resser from the
small type collection from the Quinn Canyon Range,
Nev.

Occurrence: Moderately rare, 70-100 ft above base of Dun-
derberg shale; unit B. USGS colln. 2298-C0O, 2299-CO, 2300-
CO. Outside the Eureka district, this species has been recog-
nized in collections from the Nopah formation in California
and in Dunderberg equivalents in the Las Vegas quadrangle,
Nevada.

Figured specimens: Holotype exfoliated cranidium, USNM
108838a, USNM loc 7j; Dunderberg(?) shale, Quinn Canyon
Range, Nev. Paratype, cranidium, on same block as holotype,
with external surface preserved. Plesiotypes: Cranidium,
USNM 136855, USGS colln. 2298-CO ; cranidium, USNM 136438,
USGS colln. 2299-CO.

Genus ELVINIA Walcott, 1924
Text figure 11
Blvinia Walcott, 1924, p. 56; 1925, p. 88: Bridge and Girty,
1937, p. 252; Kobayashi, 1938, p. 179; Shimer and Shrock,
1944, p. 625.
Moosia Walcott, 1924, p. 59; 1925, p. 106.

Diagnosis—Elviniidae with posterior glabellar fur-
rows connected across glabella forming single arcuate
furrow of nearly even depth. Other glabellar furrows
rarely apparent. Palpebral lobes arcuate, length about
one-third that of glabella including occipital ring.
Width of fixed cheeks between 24 and 14 basal glabel-
lar width. Anterior margin of cranidium evenly
curved. Marginal furrow appears nearly straight in
dorsal view. Anterior course of facial sutures nearly
straight forward from palpebral lobes.

Free cheek with short sharp genal spine diverging
from general curvature of cheek margin. Ocular
platform broad, separated from moderately to strongly
convex border by broad deep marginal furrow, con-
nection between lateral and posterior marginal furrows
shallow.

Pygidium subsemicircular in outline, w*dest at ante-
rior margin. Border narrow, of nearly constant width.
Axial lobe prominent, subparallel sided, bluntly
rounded posteriorly. Pleural lobes nearly flat.

FiGURE 11.—Partial reconstruction of Elvinie roemeri (Shumard),
about X 3.

Discussion.—Bridge and Girty (1937, p. 252; pl. 69,
figs. 1-21) described the genus in detail and illustrated
specimens from many parts of the United States. The
inclusion of E. granulata (Resser) in the genus re-
quires the following slight modification in the other-
wise excellent characterization given by Bridge and
Girty: Frontal area with length (sagittal) of border
equal to or less than length (sagittal) of brim. Ex-
ternal surface smooth or granular.

Species differentiation in Elvinia is here based pri-
marily on the nature of the surface of the cranidium
and secondarily on the character of the frontal area.
The inadequacy of minor variations of cranidial pro-
portion for species differentiation withir Elvinia has
already been treated by Bridge and Girty (1937) and
Frederickson (1949).

Elvinia roemeri (Shumard)

Plate 6, figure 7

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

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

Ptychoparia matheri Waleott, 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. 232, 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; Vilson, 1951, p.
642, pl. 92, figs. 18-22; Nelson, 1951, p. 77, pl. 107, fig. 8;
Bell, and others, 1952, p. 183, pl. 30, figs. 1a—d.

Moosia grandis Walcott, 1924, p. 59, pl. 14, fig. 9; 1925, p. 107,
pl. 23, figs. 20, 21.
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Elvinia tetonensis Resser, 1937, p. 12.

Elvinia texana Resser, 1938, p. 30.

Elvinia shumardi Resser, 1938, p. 30; Shimer and Shrock, 1944,
pl. 264, figs. 11, 42.

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

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

Elvinia dakotensis Resser, 1938, p. 32.

Elvinia utahensis Resser, 1938, 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.

Elvinia 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.

Diagnosis—Specimens of Elvinia with smooth ex-
ternal surface of crandium. Brim generally moder-
ately convex; length (sagittal) nearly twice that of
border.

Discussion.—This species has been discussed or il-
lustrated perhaps more than any other Upper Cam-
brian species. C(repicephalus (Loganellus) unisulca-
tus, described by Hall and Whitfield (1877) from the
Eureka district, was shown by Bridge and Girty
(1937) to be a synonym of . roemeri. Later, Resser
(1937, 1938, 1942) described many new species of £'l-
vinia. Except for E. granvlata Resser and E. reude-
manni Resser, and E. hamburgensis (Resser), origi-
nally described as Parairvingella hamburgensis (Res-
ser, 1942) and transferred to Elvinia by Kobayashi
(1954, p. 34), all other species assigned by Resser to
LElvinia are now considered synonyms of K. roemeri
(Shumard). Frederickson (1949) discussed much of
the synonymy, and those species that he did not return
to E. roemeri are here returned. FElvinia utahensis
was used by Resser twice, both times cited as a new
species (1938, p. 32; 1942, p. 95). Both holotypes are
conspecific with £. roemeri.

Occurrence: Rare, upper Dunderberg shale (units C, D)
and lower part of overlying Windfall formation. USGS colln.
789-CO, 864-CO; 955-CO; 2302-CO.

Figured specimen: Cranidium, USNM 136851, USGS colln.
789-CO.

Elvinia granulata Resser

Plate 6, figure 4

Elvina granulata Resser, 1942b, p. 96, pl. 18, figs. 11, 12,

Elvina 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—Members of Elvinia with external sur-
face of cranidium, exclusive of furrows and palpebral
lobes, covered with low granules. Brim generally flat
or concave in longitudinal profile, axial length about
equal to that of border.

Discussion—Two species described by Resser (1942),
E. granvlata and E. ruedemanni are indistinguishable
from each other and represent a distinct species of
Elvinia. E. granulata is chosen as the name for the
species even though Z. ruedemanni has page prefer-
ence (p. 96 vs. p. 95) because its holotype is a much
more complete specimen. A third species, Elvinia
hamburgensis (Resser) (pl. 6, fig. 5), may also be con-
specific with Z. granulata, but the granules on the
glabella are much broader and have peculiar pologo-
nal outlines. Certain identity cannot be established
because too few specimens assignable to £. grarulata
are known to determine the amount of variability of
surface granulation within the species.

Occurrence: Rare, upper Dunderberg shale (unit D), Bu-
reka, Nev.; Galway limestone of Fisher and Hanson (1951),
near Saratoga Springs, N.Y.

Figured specimen: Holotype cranidium, USNM 108815,
USNM loc. 63.

Elvinia? sp.
Plate 6, figure 6

A single cranidium from a collection intermediate
in stratigraphic position between the known occur-
rences of Elburgia granulosa (Hall and Whitfield)
and Elvinia granulata (Resser) is also intermediate
in morphology between the two species and canrot be
assigned clearly to either genus. Perhaps, if more
material becomes available, it can be shown to repre-
sent a new genus intermediate between E'lburgia and
Elvinia. In any event, this specimen emphasizes the
close morphologic relationship of the two genera.

The glabella has three pairs of conspicuous glabel-
lar furrows, the posterior pair connected across the
top of the glabella by a shallow furrow, a char~cter-
istic feature of the species of Elburgia. The frontal
area, the granular surface, and the overall form of
the crandium are for the most part like those of
Elvinia granulata.

Occurrence: Rare, about 90 ft above base of Dunderberg

shale; unit B. USGS colln. 2300-CO.
Figured specimen: Cranidium, USNM 136850.

Genus ELVINIELLA n. gen.

Type species.—Elwiniella laevis Palmer, n. sp.

Diagnosis—Elviniidae with cranidium bearing
conspicuous posterior glabellar furrows conrected
across glabella, other glabellar furrows hardly visible.
Border and marginal furrow with tendency to come to
blunt point on axial line. Fixed cheeks broad. Palpe-
bral lobes long, strongly arcuate; length about one-
half that of glabella including occipital ring. Ante-
rior course of facial sutures nearly straight forward
from palpebral lobes.

Other parts of exoskeleton not known.
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Description—Generally small trilobites probably
not exceeding 15 mm in total length. Cranidium,
only known part. Outline, exclusive of posterior
limbs, subquadrate; anterior margin tending to come
to a blunt point on axial line. Glabella prominent,
tapered forward, straight sided, bluntly rounded an-
teriorly. Width just anterior to occipital furrow
slightly less than length exclusive of occipital ring.
Only posterior glabellar furrows well defined; deep
along flanks of glabella, connected across top of gla-
bella by shallow furrow, not connected to dorsal fur-

row. Occipital furrow broad, deep; deepest at distal
ends. Occipital ring with median node adjacent to

occipital furrow. Dorsal furrow broad, deep slong
sides of glabella and at anterolateral corners, some-
what shallower across axial line. Border distinet,
gently convex, separated from brim by a distinet
change in slope and a broad marginal furrow that
tends to come to blunt point on the axial line. Brim
gently convex; length (sagittal) slightly more than
that of border. Fixed cheeks broad, gently to mod-
erately convex, nearly horizontal; width slightly
greater than one-half basal glabellar width. Palpe-
bral lobes, long, slender, broadly arcuate, situated
slightly below general level of cheek; line connecting
anterior tips crosses glabella nearly at anterior mar-
gin. Width of palpebral lobes slightly less than one-
fourth width of cheek: length about one-half length
of glabella including occipital ring. Palpebral fur-
row broad, shallow, well defined. Ocular ridges low,
barely apparent. Posterior limbs relatively short,
length (transverse) slightly less than basal glabellar
width. Marginal furrow of posterior limb broad,
deep. Anterior course of facial suture straight for-
ward from palpebral lobe to marginal furrow; turns
inward across border and appears to become almost
immediately submarginal. Posterior course diver-
gent sinuous.

Discussion.—This genus is proposéd to include nine
cranidia from collections in the middle part of the
Dunderberg shale. Although more than one species
may be represented, only the type species is described
because even it is represented by only a few specimens
and the significance of the variant forms, represented
by single specimens, cannot be certainly determined.

Elviniella most nearly resembles Elvinia among de-
scribed genera, particularly in the shape of the gla-
bella. It is easily distinguished from Elvinia, how-
ever, by the long, slender palpebral lobes and the
bluntly pointed anterior margin. The form of the
frontal area indicates possible relationships to Dwun-
derbergia and Elburgia and the long palpebral lobes
indicate possible affinities with Zrvingella. The pos-
sible significance of these relationships in the family
classification has already been discussed (p. 64).

Elviniella laevis n. sp.
Plate 6, figures 8-10, 14

Description—The description presented for the
genus covers most of the characteristics of this spe-
cies. The external surface of the cranidium is virtu-
ally smooth; however, whitened specimens observed
in oblique lighting show faint irregular anastamosing
or reticulate markings on the posterior part of the
cheek and terrace lines along the anterior margin of
the border.

Discussion—~Two specimens differ from the holo-
type in features that may be significant. One (pl. 6,
fig. 8) has a much more definitely pointed anterior
margin, a suggestion of a low median boss on the
brim, distinetly roughened cheeks posterior to the
midlength of the palpebral lobes, and the posterior
glabellar furrow is deepest on the axial line.

The second variant specimen (pl. 6, fig. 14) differs
from the holotype by having a distinetly shorter and
broader frontal area and by having the line connect-
ing the anterior tips of the palpebral lobes passing
slightly anterior to the glabella, thus aleo giving the
ocular ridges the appearance of being directed outward
and forward from the anterior end of the glabella.

As both variants occur at about the same strati-
graphic level and are each associated with forms vir-
tually like the holotype, they may merely indicate that
there is more variation in shape of specimens of this
species than in those of such possibly related genera
as Dunderbergia and Elvinia.

Occurrence: Rare, 60-150 ft above base of Dunderberg
shale; units B, C. USGS colln. 952-CO, 954-CO, 2301-CO.

Figured specimens: Holotype cranidium, USNM 136854,
USNM colln. 952-CO; Elviniella sp., USNM 136852, USGS

colln. 954—CO; Elviniella sp., USNM 136853, US3S colln. 2301—
CO.

Genus IRVINGELLA Ulrich and Resser, 1924

Irvingella Ulrich and Resser (in Walcott), 1924, p. 58; Walcott
and Resser, 1924, p. 10; Walcott, 1925, p. 97; Resser, 1938,
p. 33; 1942b, p. 3, 13; Shimer and Shrock, 1944, p. 627;
Kobayashi, 1954, p. 34.
Irvingella (Parairvingella) Kobayashi, 1938, p. 175.
Parairvingella Resser, 1942b, p. 4, 25.
Irvingella (Irvingellina) Kobayashi, 1938, p. 175.
Type species—Irvingella major Ulricl and Resser
(in Walcott), 1924, p. 58, pl. 10, fig. 3.
Diagnosis—Elviniidae with prominent subquadrate
glabella, broadly rounded anteriorly. Fosterior gla-
bellar furrows connected across glabella, forming
single deep furrow; junctions of lateral parts with
furrow across top generally slightly angular. Mid-
dle 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
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dorsal furrows slightly more than one-third width of
glabella just anterior to occipital furrow. Palpebral
lobes long, slender, depressed below general level of
cheek; length about two-thirds length of glabella in-
cluding occipital ring. Posterior limbs short, steeply
depressed.

Free cheek narrow. Border broader than ocular
platform except posterolateral to eye. Genal spine
moderately long, continues curvature of border.

Pygidium subtrapezoidal in outline broadest at or
near anterior margin, with prominent axial lobe
crossed by 1 or 2 deep ring furrows; length of axial
lobe about three-fifths length of pygidium. Distinet
border generally present. Pleural lobes narrower than
axial lobe.

Discussion—Historically, Irvingella has been con-
sidered a member of the Komaspidae (Kobayashi,
1935, 1954; Hupé, 1953, 1955; Lochman, 1954) ; how-
ever, the determination of critical features of the
Komaspidae is questioned below, and Irvingella is
here placed in the Elviniidae. Aomaspis typa Kobay-
ashi, the type species of Aomaspis and the Koma-
spidae, is represented by a single poorly preserved
cranidium from beds of Middle Cambrian age in
Korea. The cranidium is somewhat similar in shape
to cranidia of /rvingella (Parairvingella), but noth-
ing is known of the free cheeks or pygidium or of
the critical anterior course of the facial suture of this
species. Furthermore, nearly all the other species
assigned to the Komaspidae are from beds of Late
Cambrian age in North America. Because of the
poor quality and inadequate knowledge of the mor-
phology of the holotype and only specimen of A. typa,
its relationships to the North American genera are at
best tentative, and the characteristics of the Koma-
spidae, which must ultimately be based on this speci-
men are, at least for the present, not determinable.

Ulrich and Resser (in Walcott, 1925) have given
an adequate description of /rvingella. Kobayashi
(1938) proposed two subgenera, Parairvingella and
Irvingellina, for forms with a distinet brim and bor-
der, and with the front of the glabella overhanging
the frontal area, respectively. Resser (1952) raised
Parairvingella to generic rank and suppressed Irvin-
gellina as a synonym of /rvingella based on distorted
specimens. Westergard (1947) described a species of
Irvingella from Sweden showing gradation from
forms characteristic of Parairvingella to forms char-
acteristic of /rvingella. Tochman (1953) following
Westergard's suggestion has considered Parairvin-
gella a synonym of /rvingella. TIn the Eureka dis-
trict, forms of /rvingelle with brim and border pres-
ent are found in the uppermost parts of the Dunder-
berg shale whereas forms without a divided frontal
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area are known certainly only from the basal beds of
the overlying Windfall formation.

Parairvingella, as a subgenus of Irvingella, is a rec-
ognizable taxon apparently occurring in slightly older
rocks than the much more widesread Irvingella
(Irvingella) species. It is used here in the sense orig-
inally intended by Kobayashi.

Subgenus IRVINGELLA (PARAIRVINGELLA) Kobayashi

Type species—Chariocephalus? tumifrons Walcott
(not Hall and Whitfield) 1884, p. 61, pl. 10, fig. 16
(renamed /rvingella (Parairvingella) angustilimbatus
by Kobayashi, 1938, p. 175.

Diagnosis—Species of Irvingella with a well-devel-
oped border on the adult cranidium.

Discussion.—Two species are recognized within this
subgenus. Neither is represented by abundant mate-
rial, but the differences shown are considered sig-
nificant.

Irvingella (Parairvingella) angustilimbatus Kobayashi
Plate 6, figures 2, 3

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

Irvingella (Parairvingella) angustilimbatus Kobayashi. 1938,
p. 175.

Parairvingella angustilimbatus
p. 26, pl. 4, figs. 18-22.

Parairvingella intermedia Resser, 1942b, p. 27, pl. 4, figs. 25-31.

(Kobayashi), Resser, 1942b,

Diagnosis—Members of Parairvingella with axial
length of border greater than that of brim; axial
length of frontal area on small cranidia (length 7
mm) about one-sixth length of glabella not including
occipital furrow, axial length of frontal area in larger
specimens proportionately greater. Ocular ridges di-
rected nearly straight laterally from anterolaterzl cor-
ners of glabella.

Discussion—This species is represented by seven
cranidia showing the features given in the diagnosis.
Resser's statement that brim and border of Para-
irvingella intermedia are subequal in length is not
correct. The border is distinctly longer (sagittal)
than the brim, and the species is not distinguishable
from 7. (P.) angustilimbatus. All the cranidis now
assigned to this species come from old colle~tions
whose stratigraphic position within the Dunderberg
shale is not exactly known. However, the asso-iated
trilobites indicate that 7. (P.) angustilimbatus comes
from the upper limestone beds of the Dunderberg
shale.

Occurrence:
unit D.

Figured specimen: Holotype cranidium, USNM 24643,
USNM loc. 63. Plesiotype cranidium, USNM 108672, USNM
loc. 62.

Rare, upper part of the Dunderberg shale;
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Irvingella (Parairvingella) eurekensis (Resser)
Plate 6, figure 1
Parairvingella eurekensis Resser, 1942b, p. 26, pl. 4, figs. 15-17.

Diagnosis—Members of Parairvingella with sub-
equally divided frontal area; axial length of frontal
area on small cranidia (about 5 mm) about one-fourth
axial length of glabella exclusive of occipital ring.
Ocular ridges directed anterolaterally from anterolate-
ral corners of glabella.

Discussion.—This species is represented by only two
cranidia, both from old collections and thus only ap-
proximately located stratigrphically within the Dun-
derberg shale. Both specimens are small, that is, axial
length of cranidium less than 5 mm. They might, at
first glance, merely seem to represent small specimens
of 1. (P.) angustilimbatus. However, the axial length
of the frontal area is proportionately greater than
that of the smallest specimen of /. (P.) angustilim-
batus (cranidial length 7 mm). Ontogenetic studies
of most ptychoparioid trilobites show that the axial
length of the frontal area generally increases with
increasing size, and this is apparently true for the
seven cranidia assigned to 7. (P.) angustilimbatus.
It therefore seems improbable that the small speci-
mens of /. (P.) eurekensis with the relatively long
frontal area could be conspecific with 7. (P.) angus-
tilimbatus.

This species shows some similarity to one of the
variants of Elviniella laevis n. sp. (pl. 6, fig. 14) from
beds slightly lower in the Dunderberg shale. Tt dif-
fers from that specimen, however, principally by lack-
ing the distinctly pointed anterior margin and having
a subparallel-sided glabella. The series of forms oc-
curring in apparent stratigraphic succession, begin-
ning with Zlviniella laevis in the middle Dunderberg
shale and progressing through the variant just men-
tioned to Irvingella (Parairvingella) eurekensis and
1. (P.) angustilimbatus in the upper beds of the Dun-
derberg shale, and finally to Zrvingella (Irvingella)
major in the basal beds of the overlying Windfall
formation is suggestive evidence for close genetic re-
lationships between El7viniella and Irvingella (p. 64).

Occurrence: Rare, upper Dunderberg shale ; unit D. TUSGS
colln, 789-CO.

Figured specimen:
USNM loe. 61.

Holotype cranidium, USNM 108668,

Family HOUSIIDAE

History—This family name has been used by Hupé
(1953, 1955) and Lochman (1956) to include only the
genus Housia. Two of the genera here proposed,
Prehousia and Parahousia, are added to the family
and the diagnosis is modified accordingly.

Diagnosis—Cranidium with glabella tapered for-
ward, well to poorly defined at sides by dorsal fur-

row, Jess well defined across front. Depressions tend
to be developed in dorsal furrow at anterolateral cor-
ners of glabella. Glabellar furrows weak or absent.
Palpebral lobes situated anterior to midlength of
glabella and generally close to glabella, poorly de-
fined on external surface. Facial sutures (fig. 88, D)
intramarginal three-fourths or more distance from an-
terolateral corners of cranidium to axial line. Rostral
suture, if present, nearly marginal. Rostrum appar-
ently present only in older genera; younger genera
with median suture across doublure.

Pygidium with length generally less than width.
Border broad, poorly defined, of nearly constant width.
Axial lobe prominent, tapered posteriorly, generally
bears two or more ring furrows; width 14 to 14 width
of pygidium.

Discussion.—The anteriorly situated generally
poorly defined palpebral lobes on the cranidium and
the border of nearly constant width on the pygidium
are the most distinctive characters of members of this
family. The other features in the diagnoris are shared
to some extent with the Pterocephaliidae, and it is
probable that the two families are closely related.

In addition to the genera given above, the follow-
ing genera or species may also belong to the Housiidae:
Morosa, from the Dunderberg fauna (p. 98); “Aphe-
laspis™ tumifrons Resser, from pre-Dunderberg rocks
in eastern Nevada and western Utah and the May-
nardville limstone member of the Nolichucky shale
in Tennessee; and possibly Aerocephalaspis from the
Upper Cambrian of Kazakhstan, Russia (Ivshin,
1956), and Ullaspis from the late Middle Cambrian
of Sweden (Westergard, 1948).

Genus HOUSIA Walcott
Text figure 12

Dolichometopus (Housia) Walcott, 1916, p. 374.
Housia Walcott, 1924, p. 57; 1925, p. 93; Shim>r and Shrock,
1944, p. 625; Wilson, 1951, p. 642; Lochman, 1956, p. 456.

Type species—Dolichometopus (Housia)
Walcott, 1916, p. 374, pl. 65, figs. 1-1e.

Diagnosis—Housiidae reaching perhaps 60 mm in
length, with cranidium having brim and anterior part
of glabella depressed. Border at a distinct angle to
brim; length (sagittal) slightly less than that of
brim. Fixed cheek composed almost completely of
flaplike palpebral lobe. that is situated adjacent to
dorsal furrow anterior to midlength of glabella.
Doublure of cephalon crossed by median suture.

Free cheek with moderately broad slightly convex
border. Lateral and posterior marginal furrows mod-
erately deep, not connected, disappearirg near base
of genal spine. Genal spine short or long.

Thorax with 10 to 11 thoracic segments. Axial lobe
prominent. Pleural spines short, posteriorly directed.

varro
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Pygidium transversely subovate in outline. Axial
lobe prominent, well defined, extends to inner edge of
broad, poorly defined border. Border maintains nearly
constant width.

F1eURe 12.—Partial reconstruction of Housia ovata n. sp.,
about X 3.

Description—The genus has been well described by
Walcott (1925) and Wilson (1951).

Discussion—Housia is found over most of North
America in beds of the Elvinia zone. The depressed
brim and anterior part of the glabella and the ex-
tremely narrow fixed cheeks of the cranidium are
the most distinctive features of the genus. In addi-
tion, species of Housiu characteristically show unusual
variation in the character of the anterior part of the
pygidium. Commonly, the last thoracic segment is
incompletely separated from the pygidium so that
some pygidia have anterolateral spines, some have a
thoracic segment developed on one pleural lobe and
not on the other (pl. 7, fig. 6, developed left pleuron
broken off), and some pygidia have no anterolateral
spines. The retention of the last thoracic segment
in the pygidium on some specimens causes a super-
ficial resemblance of this genus to Proceratopyge.
Whitehouse (1939) believed that the genera were
synonyms. Both Wilson (1951) and Lochman (1956)
have given good reasons for considering ousia as a
distinet genus perhaps not even closely related to
Proceratopyge. An additional and perhaps more im-
portant reason than those given by Wilson and Loch-
man is that the spine-bearing anterior pygidial seg-
ment of Proceratopyge is a fundamental part of the
pygidium whereas that segment in Howsia is prima-
rily a thoracic segment that has not been detached in
normal fashion into the thorax. There is little evi-
dence for or agamnst the suggested relationship of
Housia to the asaphidae by Wilson (1951).
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Housia halli (Resser)
Plate 7, figure 8

C'repicephalus (Loganellus) maculosus Hall and Whitfie'd 1877
(part), p. 215, pl. 2, fig. 26.
Dunderbergia halli Resser, 1935, p. 23.

Discussion—The single pygidium originall~ as-
signed to Crepicephalus (Loganellus) maculosus by
Hall and Whitfield and later made the type of a new
species in Dunderbergia by Resser represents a spe-
cies of Housia whose pygidium differs from the pygid-
ium of H. ovata n. sp. by being relatively broader and
by having a proportionately wider border. It is asso-
ciated with cranidia of Bynumina globosa (Welcott)
and probably came from limestones near the top of
the Dunderberg shale.

The pygidium does not differ significantly from
those assigned to H. vacuna (Walcott) and H. cana-
densis (Walcott). When cranidia and free che-ks of
H. halli ave found, it may prove to be a synonym of
1 of those 2 species.

Occurrence: Rare, uppermost(?) Dunderberg shale; unit

D(?).
Figured specimen: Holotype pygidium, USNM 90670.

Housia ovata, n. sp.
Plate 7, figures 1-7, 9

Diagnosis—Members of Housia with free cheeks
having gently curved lateral margin and long, slender
genal spine. Pygidium with length (sagittal) about
two-thirds width. External surface of brim on cepha-
lon, ocular platform of free cheek, and axial lob~ and
pleural furrows of pygidium coarsely pitted.

Discussion.—Crantdia alone cannot be used satis-
factorily for identification of species of Housia; how-
ever, the combined features of the cephalon and pygid-
ium of this species distinguish it from the other spe-
cies in the same genus. H. canadensis (Walcott) and
H. vacuna (Walcott) have pygidia with length (sag-
ittal) only about one-half width. The free cheeks of
H. vacuna and H. canadensis have short genal spines.
The pygidia in the type lot of H. varro are dis*orted,
but seem to have a shape intermediate between that of
H. vacuna and H. ovata. The free cheek of H. varro
has a strongly curved lateral margin. A short genal
spine is present on some spectmens whereas others
seem to lack a genal spine. H. halli (Resser) is rep-
resented only by a pygidium that may be conspecific
with either H. canadensis or H. vacuna.

Transitory pygidia of H. ovata show that retention
of partially developed thoracic segments with the
pyveidium is even more marked in the meraspid stage
than in the adult. Several specimens of transitory
pvgidia in collection 955-C'O have 3 to 5 almost com-
pletely developed thoracic segments (pl. 7, figs. 4, 9).
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On all of these specimens, the grooves between the
anterior segments of the transitory pygidium are less
pronounced than those adjacent to the segment that
will become the last segment of the thorax. The rela-
tively poor differentiation of the anterior segments on
the transitory pygidium is an unusual feature, be-
cause these segments are imminent thoracic segments
and should be most nearly ready to be detached from
the pygidium.

Two features are of importance for indicating the
meraspid development of H. ovata: the last incipient
thoracic segment on each transitory pygidium is dis-
tinctly macropleural, and the smallest transitory py-
gidium (pl. 7, fig. 9) has the greatest number (5) of
incipient thoracic segments. The macropleural seg-
ment does not advance forward in the incipent thorax,
indicating that it is probably truly the last thoracic
segment. Thus, adults may also have the last tho-
racic segment macropleural. It is also probable that
the transitory pygidium of meraspid stage 0 has 10
to 11 partially developed thoracic. segments fused with
the pygidium and that during development these are
successively shed forward into the thorax. Similar
development has been shown for Macropyge gladiator
Ross from the Lower Ordovician (Ross, 1951) and
Ceraurinella typa Cooper from the Middle Ordovician
(Whittington and Evitt, 1954).

Occurrence: Moderately common, about 200 ft or more
above base of Dunderberg shale; unit C. USGS colln. 789-
CO, 864-CO, 872-CO, 955-CO.

Figured specimens: Holotype cranidium, USNM 136863,
USGS colln. 872-CO. Paratypes: Free cheek and pygidia,
USNM 136864a-c, USGS colln. 872~CO; cranidium, adult py-

gidium, and transitory pygidia, USNM 136865a—-d, USGS colln.
955-CO.

Genus PARAHOUSIA n. gen.

Text figure 13

Type species—Parahousia constricta n. sp.

Diagnosis—Housiidae with frontal area short;
length slightly less than one-half that of glabella.
Marginal furrow shallow. Length (sagittal) of bor-
der almost twice length of brim. Palpebral lobes
prominent, situated close to glabella and anterior to
glabellar midlength. Palpebral furrow hardly visible.
Fixed cheek narrow: width about one-fifth basal gla-
bellar width.

Free cheek with conspicuous lateral and posterior
marginal furrows that disappear near base of long
slender genal spine and are not connected.

Pygidium strongly arched in transverse profile.
Axial lobe prominent, extended to inner edge of poorly
defined depressed border.

Description.—Generally small trilobites (length
probably less than 20 mm) with cranidium subtrape-
zoidal in outline, gently arched transversely and longi-

Ficure 13.—Partial reconstruction of Parahousia constricta n. sp.,
about X 8.

tudinally. Anterior margin bluntly pointed. Gla-
bella well defined by dorsal furrow, tapered strongly
forward, slightly constricted between palpebral lobes,
bluntly rounded anteriorly. Glabellar furrows hardly
visible. Oceipital furrow shallow, with sinuous course.
Occipital ring broadest on axial line, with low median
node. Frontal area short; length slightly less than
one-half of glabella. Brim flat. Border slightly con-
vex; length (sagittal) almost twice that of brim.
Fixed cheeks narrow; width about one-fifth basal gla-
bellar width. Palpebral furrow hardly visible. Pos-
terior limbs tapered to a blunt tip; lengtl* (transverse)
slightly less than basal glabellar width. Posterior
marginal furrow moderately deep.

Anterior course of facial suture slightly divergent
forward from palpebral lobe to marginal furrow,
then turned abruptly inward across border to cut an-
terior margin at axial line. Submargiral course not
known.

Free cheek with border, at anterior margin, well
defined by moderately deep lateral marginal furrow;
breadth about one-half breadth of ocular platform.
Lateral marginal furrow disappears posteriorly near
base of genal spine. Posterior marginal furrow mod-
erately deep at junction with posterior limb, disap-
pears laterally near base of genal spine: not con-
nected with lateral marginal furrow. Genal spine
moderately long, slender; length slightly less than
length (exsagittal) of ocular platform.

Pygidium subsemicircular in outline, moderately to
strongly arched transversely. Axial lobe prominent;
three shallow ring furrows generally visible. Pleural
platforms triangular, gently arched, cro-sed by 3 or 4
broad shallow pleural furrows that do not extend onto
border. Border poorly defined, depressed, broadest at
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anterolateral corners of pygidium, narrowed slightly
on axial line. Posterior edge smooth.

Except for border of cheek and muscle scar areas,
external surfaces of most parts of cephalon are cov-
ered with coarse pits. Kxternal surface of axial lobe
and pleural platforms on pygidium with hardly visi-
ble coarse pits. Border of free cheek, genal spine, and
anterolateral corners of pygidium with prominent ter-
race lines.

Discussion—This genus is closely related to Housia
with which it is associated. It has an almost identical
glabellar shape, anteriorly placed palpebral lobes, and
nearly identical free cheek. It differs from Housia
by having broader fixed cheeks, a less depressed fron-
tal area with proportionately broader border, and less
sharply pointed posterior limbs on the cranidium.
The pygidium has a depressed rather than nearly
horizontal border.

Parahousia constricta n. sp.
Plate 7, figures 16-18

Diagnosis—This is the only species presently known
in Parahousia and its characteristics are described un-
der the genus.

Discussion—This species is unlike any other spe-
cies in the Dunderberg fauna. Its present known
range is limited to the upper part of the Dunderberg
shale.

Occurrence: Moderately common, 190-220 ft above base
of Dunderberg shale; unit C. USGS colln. 955-CO, 2302-CO.

Figured specimens: Holotype cranidium, USNM 136870.
Paratypes, free cheek and pygidium, USNM 136871a, b. All
from USGS colin. 955-CO.

Genus PREHOQUSIA n. gen.
Text figure 14

Type species—Prehousia alata n. sp.

Diagnosis—Housiidae with frontal area short;
length (sagittal) slightly more than one-half that of
glabella. Border well defined, slightly convex; length
(sagittal) between 14 and 34 that of brim. Palpebral
lobes scarcely defined by palpebral furrow, situated
anterior to glabellar midlength; length (exsagittal)
between 1/ and 14 that of glabella. Fixed cheeks
narrow; width one-fifth or less basal glabellar width.

Facial sutures cut anterior margin nearly at axial
line.

Free cheek with well-defined border. T.ateral and
posterior margin furrows joined, not noticeably ex-
tended onto base of genal spine. Genal spine slender,
tapered to sharp point; length less than greatest
length of pleural platform.

Pygidium transversely subovate in outline; breadth
greater than twice length. Axial lobe prominent,
tapered posteriorly, merged with inner part of bor-

DUNDERBERG SHALE, EUREKA DISTRICT, NEV. 77

der; breadth one-third to slightly less than one-fourth
greatest breadth of pygidium. Border moderately
broad, separated from pleural platform only by grad-
ual change in slope; maintains nearly constant vidth.

External surface smooth, pitted, or finely granular
in axial region.

FiGURE 14.—Partial reconstruction of Prehousia alata n. sp.,

about X 8.
Description—Small to medium-sized trilobites
(length of largest specimens about 50 mm). Cepha-

lon subsemicircular in outline, moderately arched
transversely and longitudinally. Cranidium subtrape-
zoidal in outline with slightly pointed anterior mar-
gin. Glabella well defined by shallow dorsal furrow
of nearly constant depth; straight sided, tapered for-
ward, bluntly rounded or truncate anteriorly. Gla-
bellar furrows generally not apparent. Occipital fur-
row shallow, straight. Frontal area divided into dis-
tinct brim and border by shallow to moderately deep
margin furrow that may develop a slight posterior
median inbend or become perceptibly shallowsr on
axial line. Border gently convex; length (sagittal)
between 14 and 34 that of brim, greatest on axial line.
Brim gently convex. Fixed cheeks narrow; palpebral
lobes hardly defined by palpebral furrow; low ocular
ridges may be present. Width of cheek one-fifth or
less basal glabellar width. Palpebral lobes situated
anterior to glabellar midlength; length (exsagittal)
between 14 and 14 that of glabella; width from one-
half to slightly greater than width of cheek. Toste-
rior limbs elongate triangular in outline; longth
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(transverse) about equal to basal glabellar width; tips
bluntly pointed.

Anterior course of facial suture slightly divergent
forward from anterior end of palpebral lobe to mar-
ginal furrow, then curved sharply onto and across
border to cut anterior margin nearly at axial line.
Posterior éourse of facial sutures divergent-sinuous.

Free cheek with gently to moderately curved lat-
eral margin. Genal spine slender, tapered to sharp
point ; length less than that of ocular platform. Bor-
der well defined, gently convex; width at anterior
margin of cheek between 14 and 34 width of ocular
platform. Lateral and posterior margin furrows of
about equal depth, joined but not extended notice-
ably onto base of genal spine.

Pygidium transversely subovate in outline. Width
greater than twice length. Axial lobe well defined,
bears 2 or 3 shallow ring furrows; width from one-
third to slightly less than one-fourth greatest width
of pygidium; length about two-thirds that of pygid-
ium; posterior end merges with inner part of border.
Border differentiated from pleural platforms only by
gradual change in slope. Width nearly constant.
Pleural platforms crossed by 2 or 3 shallow pleural
furrows. Posterior margin smooth.

External surface finely pitted, smooth, or finely
granular in axial regions.

Discussion—This genus is widespread in rocks of
latest Dresbach age in the Great Basin. A species of
this genus was illustrated as n. gen. aff. Aphelaspis
(Palmer and Hazzard, 1956, pl. 1, fig. 3). The type
species and another undescribed form occur in the
upper part of the Lincoln Peak formation in the
southern Snake Range, White Pine County, Nev.
(Drewes and Palmer, 1957). The genus is based on
the species from the Snake Range rather than on the
one from the Eureka district because of the avail-
ability of more abundant and better quality material
of the Snake Range species.

Prehousia, as its name implies, is related to Housia
and occurs consistently in beds older than those bear-
ing species of Housia. The subtrapezoidal shape to
the cranidium, palpebral lobes placed anteriorly and
close to the glabella, and the pygidium with poorly
defined border of nearly constant width all empha-
size relationships to Howusia. The downsloping rather
than depressed frontal area, slightly broader fixed
cheeks and straight-sided well-defined glabella all
serve to distinguish the genus from Housia. The
shape of the glabella, course of the facial sutures, and
shape of the pygidium indicate aflinities to A phelaspis.
These relationships are the principal reason for con-
sidering the IHousiidae to be closely related to the
Pterocephaliidae of which .dphelaspis apparently is
the ancestral genus.
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Prehousia differs from Parahousia by having the
glabella straight sided rather than constricted between
the palpebral lobes, the brim longer (sagittal) than
the border on the cranidium, the pygidium trans-
versely subovate in outline rather than subsemicircu-
lar, and the border of the pygidium nearly horizontal
rather than depressed.

Prehousia alata n. sp.

Plate 7, figures 10, 12, 13

Diagnosis—Members of Prehousia with length of
border (sagittal) only slightly greater than one-half
length of brim. Palpebral lobes short, narrow; length
slightly less than one-third length of glabella; width
about one-half width of fixed cheek. Pygidium with
tendency for border to develop alae at anterolateral
margins. Width of axial lobe nearly one-third width
of pygidium. External surface apparently smooth ex-
cept for low fine granules on axial par* of glabella.

Discussion—Specimens of this species are abundant
at three localities in the Snake Range, White Pine
County, Nev. The species differs from P. semicircu-
laris n. sp. by having smaller palpebral lobes, a
broader brim, a broader axial lobe on the pygidium,
and slightly alate anterolateral pygidial margins.

Occurrence: Common, 130-146 ft below top of Lincoln
Peak formation, southern Snake Range, White Pine County,
Nev. USGS colln. 1197-CO, 1436-CO, 1441-CO.

Figured specimens: Holotype cranidium, USNM 136866.
Paratypes, free cheek and pygidium, USNM 7136867a, b. All
from USGS colln. 1441-CO.

Prehousia semicircularis n. sp.

Plate 7, figures 11, 14, 15, 19

Diagnosis—Members of Prehousia with length of
border (sagittal) about three-fourths length of brimj;
palpebral lobes relatively large; length slightly less
than one-half that of glabella; width slightly greater
than width of fixed cheek. Pygidium with evenly
rounded anterolateral corners; width of axial lobe
slightly less than one-fourth that of pygidium. Ex-
ternal surface smooth on all parts.

Discussion.—The distinctions betweer this species
and P. alate n. sp. are given in the discussion of 2.
alata.

Occurrence: Moderately rare, lower 20 ft of Dunderberg
shale; unit A. USGS colln. 2294-CO.
Figured specimens: Holotype cranidium, USNM 136868.

Paratypes, free cheek and pygidia, USNM 13683%a—c. All from
USGS colln, 2294-CO.

Family OLENIDAE Burmeister

Henningsmoen (1957, p. 94) gives a detailed discus-
sion of the characteristics of trilobites assignable to
this family and points out that the included trilobites
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are so varied that an objective diagnosis is virtually
impossible. Most of the features considered essential
to an olenid by Henningsmoen (1957, p. 95) are pres-
ent on the trilobites discussed below.

Subfamily OLENINAE

Diagnosis—"Olenids with free cheeks with straight
spine confluent with course of lateral margin or de-
viating only very slightly outwards.”” (Hennings-
moen, 1957, p. 96.)

Discussion.—Two closely related species of olenid
trilobites, Olenws? wilsoni Henningsmoen and 0.2 gran-
wlatus n. sp. are present in the Dunderberg fauna. They
differ from typical olenids by having a distinet junc-
ture of the facial suture with the anterior margin of
the cranidium and by having only 2 distinct ring fur-
rows and 1 pair of pleural furrows on the pygidium.
The cranidial shape, as noted by Henningsmoen (1957,
p- 112) for 0.? wilsoni, is rather more like Parabolina
than Olenus. The free cheek of 0.? wilsoni, has char-
acteristics more like Olenus than Parabolina. Pygidia
of both species have fewer axial and pleural furrows
and a slightly less rounded posterior margin than
pygidia characteristic of either Olenus or Parabolina.
Perhaps the two species here deseribed represent a
new olenid genus unknown in the extensively devel-
oped olenid faunas of western Europe.

Olenus? wilsoni Henningsmoen
Text figure 15; plate 6, figures 18, 20-22

Parabolinellu incerta (Rasetti).
figs. 18-22.
Olenus? wilsoni Henningsmoen, 1957, p. 111, text fig. 117.

Wilson, 1954, p. 280, pl. 26,

Diagnosis—Members of Olenus? with length (sag-
ittal) of frontal area about one-third or slightly more
than length of glabella exclusive of occipital ring.
Length of border one-half or slightly more than
length of brim. Palpebral lobes small, situated ante-
rior to glabellar midlength. Width of fixed cheek
slightly less than one-third basal glabellar width.
Free cheek with obtuse inner spine angle. Facial su-
ture cuts anterior margin at slight angle at point in
front of anterolateral corner of glabella. Pygidium
without marginal spines. Length (sagittal) slightly
less than one-third width. Axial lobe with one ring
furrow; pleural lobes with one pleural furrow. Ex-
ternal surfaces of all parts smooth.

Discussion—This species differs from all known
()lenus species in the combination of features given
in the diagnosis. It is most similar to 0.2 granulatus
n. sp., differing primarily by having a smooth rather
than granular surface on the cranidium.

Occurrence: Moderately rare, 30-90 ft above base of Dun-
derberg shale; units A, B. USGS colln. 2295-CO(?), 2296-
CO, 2297-C0O, 2299-CO, 2300-CO.

Fi1cURE 15.—Partial reconstruction of Olenus? wilsoni
Henningsmoen, about X 12,

Figured specimens: Plesiotypes—cranidia and pygidium,
TUSNM 136858a, b, USGS colln. 2300-CO; cranidium ard free
cheek, USNM 136859a, b, USGS colln. 2297-CO.

Olenus? granulatus n. sp.
Plate 6, figures 23-27

Diagnosis—Members of Olenus? with length (sagit-
tal) of frontal area about one-third length of glabella
exclusive of occipital ring. Length (sagittal) of bor-
der slightly more than one-half length of brim.
Palpebral lobes small, situated anterior to glabellar
midlength. Width of cheek slightly more than one-
fourth basal glabellar width. External surface of
most of cranidium covered with fine granules.

Pygidium transversely subovate in outline. Length
about one-third width. Axial lobe prominent, bear-
ing distinet articulating furrow and one ring furrow;
subquadrate in outline; length about three-fourths that
of pygidium. Pleural lobes nearly flat, crossed by one
deep furrow diverging backward from anterior mar-
gin. Border narrow, poorly defined, not cross:d by
pleural furrow. Lateral margin of pygidium sharply
rounded. Posterior margin gently curved away from
pygidium from lateral margin to point behind dorsal
furrow, then gently curved towards pygidium to axial
line producing a distinct angulation on margin di-
rectly behind dorsal furrows on each side of axial
lobe. External surface covered with low fine gran-
ules.

Discussion—This species differs from all described
species of Olenus by having a granular external sur-
face. The transverse pygidium with only one ring
furrow distinguishes it from all species except O.?
wilsoni Henningsmoen.

Occurrence: Moderately rare, 70-90 ft above base of Dun-
derberg shale; unit B. USGS colln. 795-CO, 2299-CO, 2300-
CO.

Figured specimens: Holotype cranidium, USNM 136861,
USGS colln. 2300-CO. Paratypes: Cranidium, USNM 136862,
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USGS colln. 795~CO; pygidium, USNM 136860, USGS colln.
2299-CO.
Family PTEROCEPHALIIDAE

History—Contents of a taxon bearing this name
have been discussed by only two authors. Iobayashi
(1935, p. 230) proposed the Pterocephaliinae as a sub-
family of the Ptychopariidae. As in the Elviniidae,
the genera grouped by Kobayashi seem to have little
real relationship. Lochman (1956, p. 458, 459) pre-
sented a new combination of genera under this name
that includes many of the trilobites grouped here in
the subfamilies Aphelaspidinae and Pterocephaliinae.
No statement of the family characteristics of the
Pterocephaliidae was given by Lochman, however; it
is not possible, therefore, to determine her grounds for
the family grouping.

Diagnosis—The Pterocephaliidae as used here in-
cludes genera that share, in addition to stratigraphic
and geographic continuity, the following distinguish-
ing morphologic features: Cranidium with glabella
tapered forward, generally well defined at sides and
anterolateral corners by dorsal furrows, anterior end
less well defined; glabellar furrows generally poorly
defined—when distinet, generally broad, rarely, if
ever, deep and narrow; dorsal furrows with tendency
to develop depressions at anterolateral corners of gla-
bella; border generally moderately broad and with
breadth distinetly greater than distance from upper
surface to lower surface of doublure; palpebral lobes
generally well defined, subcentrally located: posterior
limbs slender, sharply pointed. Facial sutures intra-
marginal three-fourths or more distance from ante-
rolateral corners of cranidium to axial line (fig. 8.1.F).
Rostral suture, if present, nearly marginal. Rostrum
apparently present only in older genera; most younger
genera with median suture across doublure. Pygidium
with broad border and doublure; width of axial lobe
generally one-fourth or less that of pygidium; two or
more ring furrows generally present; border poorly
defined, generally noticeably narrower on axial line.

Discussion—Of the features listed above, the shape
of the cranidium posterior to the front of the gla-
bella and the course of the facial suture have been of
primary importance in relating the genera of the
Pterocephaliidae. Few North American genera from
beds older than the Aphelaspis zone or younger than
the Elvinia zone and few genera of any age outside
North America have a glabellar shape of the type
described above. Pterocephalops (Rasetti, 1944) from
a boulder in the Levis conglomerate in eastern United
States, Maladioidella from the Upper Cambrian of
Manchuria, and Nericia from the late Middle Cam-
brian of Sweden—genera not known from the Great
Basin—are most likely to be representatives of this

family. Gréonwallia from the late Middle Cambrian
of Sweden may also belong to the Pterocephaliidae.
The Pterocephaliidae of this study are grouped into
two subfamilies, the Aphelaspidinae and Pterocepha-
liinae, that are distinguished primarily ¢n character-
istics of the border of the cranidium anc secondarily
on characteristics of the pygidium and free cheeks.
Whether these taxa represent families or subfam-
ilies is an unanswerable question. They are here con-
sidered as subfamilies to emphasize their many com-
mon features that seem to show real genetic relation-
ships, while still permitting recognition of the distinc-
tive features that separate the generic groupings.

Subfamily APHELASPIDINAE n. subfsmily

Diagnosis.—Pterocephaliid trilobites with border on
cephalon well-defined, commonly conver; less com-
monly flat or slightly concave. Pygidium with border
subequal in width to greatest width of pleural plat-
form.

Discussion.—This subfamily includes the American
genera A phelaspis, Labiostria, Litocephalus, and
Taenora, and possibly also Maladioidella from the
Upper Cambrian of Manchuria. Nericia as repre-
sented by its type species, V. quinquedentata Wester-
gard from the late Middle Cambrian of Sweden, has
a cranidium strikingly similar to that of Labiostria,
but differs in having relatively smaller palpebral
lobes. The pygidium has a much narrower border
than any of the species of the Aphelaspidinae. Neri-
cia septemdentata Westergard, also from the late Mid-
dle Cambrian of Sweden, has a frontal area on the
cranidium and border on the cheek much like Ptero-
cephalia, but an entirely different pygidium. Al-
though the species assigned to Nericia seem referable
to the Pterocephaliidae, they do not seem to belong
to either of the subfamilies here described.

Labiostria as originally constituted (Palmer, 1954),
included three species, the type species. L. convewi-
marginatus, L. platifrons, and L. sigmoidalis. L.
platifrons is tentatively assigned here to Taenora n.
gen., and L. sigmoidalis, with its concave eranidial
border, is removed from both the genus and the sub-
family and related to Sigmocheilus n. gen. in the
Pterocephaliinae.

A phelaspis, the oldest genus in the subfamily, rep-
resents perhaps the root stock of both the Aphelas-
pidinae and Pterocephaliinae. Althougl its cephalic
border is distinet, it lacks the well-defined marginal
furrow characteristic of the other genera in the sub-
family. The pygidium also is relatively smaller and
has fewer segments than pygidia in the younger
genera.

Litocephalus and Taenora, as elements of the Dun-
derberg fauna, are discussed below.
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Trilobites of the Aphelaspidinae are the dominant
elements of the trilobite faunas of the Aphelaspis
zone. In the Dunderbergia and Elvinia zones, they
are subordinate in numbers of species to trilobites of
the Pterocephaliinae and Elviniidae.

Genus LITOCEPHALUS Resser, 1937
Text figure 16

Litocephalus Resser, 1937, p. 17; Palmer, 1956a, p. 608.
Pterocephalina Resser, 1938, p. 42.

Type species—Dicellocephalus richmondensis Wal-
cott, 1884, p. 41, pL 10, fig. 7 (=Dikellocephalus bilo-
batus Hall and Whitfield, 1877, p. 226, pl. 2, fig. 36).

Daignosis—Aphelaspidinae with cephalon having
border well defined by deep marginal furrow. Thorax
with pleural spines of most segments long, slender,
backwardly directed. Pygidium with border concave;
posterior margin with deep median notch reaching
nearly to posterior end of axial lobe.

Figure 16.—Reconstruction of Litocephalus bilobatus
‘Whitfield), about X 2.

(Hall and

Description—Medium to large trilobites (up to
about 85 mm in length) with exoskeleton elongate
subovate in outline: widest about on line through
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occipital ring. Cephalon subsemicircular in outline
with prominent posteriorly directed genal spines.

Cranidium, exclusive of posterior limbs, elongate
rectangular in outline, moderately arched transversely
and longitudinally, moderately to strongly rounded at
anterior margin. Glabella distinct, well defined,
straight sided, tapered slightly forward, bluntly
rounded or truncate anteriorly; commonly featureless,
though traces of three pairs of slightly arcuate gla-
bellar furrows may be seen on exfoliated specimens.
Dorsal furrows deepest along side and at anterolateral
corners of glabella, shallow on midline. Occipital
ring with small median node. Occipital furrow mod-
erately shallow, straight. Brim and border present,
separated by a narrow marginal furrow. Brim flat.
Border in profile arched up sharply from marginal
furrow, then gently arched or flat to anterior margin;
length (sagittal) from slightly more than one-half to
about equal that of brim. Fixed cheeks nearly flat,
slightly upsloping; width about one-third basal gla-
bellar width. Palpebral lobes arcuate in form, mod-
erately well defined by shallow palpebral furrow. Oc-
ular ridges generally distinct. Posterior limbs narrow,
sharp pointed; length (transverse) about equal to
basal glabellar width.

Facial sutures diverge slightly to moderately for-
ward from palpebral lobes until reaching marginal
furrow, turn sharply inward to cut anterior margin
near point directly in front of anterolateral corners
of glabella, and continue submarginal nearly tc axial
line where they curve sharply backward across
doublure outlining edge of triangular or suktrape-
zoidal rostrum. Posterior course divergent-sinuous.

Hypostome elongate subovate in outline, strongly
arched transversely and longitudinally. Anterolateral
corners extended into short depressed pointed alae.
Border narrow, distincet, present only along sides.
Anterior lobe of central body not clearly differenti-
ated from posterior lobe.

Free cheek with long, slender, sharply pointed an-
terior projection resulting from partly intramarginal
anterior course of facial suture. Border sep-rated
from ocular platform by a narrow marginal furrow;
profile similar to that on border of cranidium. Lat-
eral and posterior marginal furrows of about equal
depth; they join at genal angle and extend for a
short distance onto genal spine as a shallow pointed
depression. Infraocular ring present between eye
surface and ocular platform.

Thorax probably composed of 13 segments. Axial
lobe distinct, elevated above nearly flat pleural lobes.
Pleural furrow of each segment broad, shallew, lo-
cated at, or slightly anterior to, midlength (ersaggi-
tal) of segment, not extended to thoracic tip. Pleu-
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ral spines on all but perhaps last two thoracic seg-
ments are long, slender, turned sharply backward
from proximal portion of pleuron; length about equal
to width (transverse) of proximal portion.

Pygidium wide, short, much smaller than cephalon.
Axial lobe prominent, elevated above pleural plat-
forms; 4 or 5 distinet axial rings and a bluntly pointed
terminal part present; posterior margin of first seg-
ment distinetly separated on medial line from fused
part of articulating half ring of second segment.
Pleural platforms gently arched, downsloping; broad,
shallow pleural furrows of 4 or 5 segments present,
extending nearly across border. Border slightly con-
cave, greatest width about equal to that of pleural
platform; inner margin marked by narrow shallow
straight furrow extending from tip of axial lobe to
anterolateral corner of pygidium; lateral margin a
broad curve extending from anterolateral corner of
pygidium to base of prominent posterior medial notch
near tip of axial lobe.

Discussion.—Litocephalus is a distinctive genus
characterized principally by the combination of a
well-defined border and deep marginal furrow on the
cephalon and by a deep median notch in the posterior
margin of the pygidium. Three species of the genus
are here recognized, based principally on consistent
differences in the external surface of the cephalic bor-
der. The species have short and apparently mutually
exclusive stratigraphie ranges within that of the
genus.

Litocephalus bilobatus (Hall and Whitfield)
Plate 7, figures 24-27

Dikellocephalus bilobatus Hall and Whitfield, 1877, p. 226, pl. 2’
fig. 36.

D icellocephalus richmondensis Walcott, 1884, p. 41, pl. 10, fig. 7.

Litocephalus richmondensis (Walcott). Resser, 1937, p. 17.

Pterocephalina bilobata (Hall and Whitfield). Resser, 1942b,
p. 77, pl. 14, figs. 39-43.

Litocep halus bilobatus (Hall and Whitfield).
608-610, pl. 73, figs. 1-6, 8.

Palmer, 1956a, p.

Diagnosis.—Members of Litocephalus with cranidium
and free cheek having external surface of border smooth.
Length (sagittal) 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. Pygidium with surface of
axial rings smooth.

Discussion—The type lot of Litocephalus bilobatus
comes from an unknown stratigraphic position within
the Dunderberg shale and contains only pygidia of
this species. Study of the Dunderberg shale fauna
shows that 3 species of Litocephalus are present, and,
for 2 of these, isolated pygidia cannot be certainly
distinguished.  Furthermore, pygidia of these two
species are not distinguishable from the type of L.

bilobatus. TFortunately, on the same pieces of rock
with the type pygidium and its counterpart, speci-
mens of Morosa longispina n. sp. and Dunderbergia
variagranula Palmer are present. Only 1 of the 2
species of Litocephalus in the stratigraphically con-
trolled collections is associated with M. longispina and
D. variagranula, and that one is here considered as
L. bilobatus. This indicates that L. bilobatus comes
from the lower part of the Dunderberg shale in the
Eureka distriet rather than from the upper part as
stated earlier (Palmer, 1956a, p. 610). The conclu-
sion is supported by the association of the specimens
illustrated in 1956 (op. cit.) with Dunderbergia poly-
bothra n. sp., known from only 1 colle~tion in the
measured section about 40 feet above the base of the
Dunderberg shale.

Cranidia of L. bilobatus are distingnished from
those of L. verruculapeza n. sp. and L. granulomar-
ginatus n. sp. by having a smooth external surface on
the border. They are further distinguished from L.
verruculapeza by having relatively large palpebral
lobes. Pygidia of L. bilobatus cannot be distinguished
with certainty from those of L. granulomarginatus,
but lack the paired granules on each axial ring that
characterize pygidia of L. verruculapeza.

Occurrence: Common, 50-70 ft above base of Dunderberg
shale; unit B. USGS colln. 809-CO, 2297-CO, 2298-CO.
Figured specimens: Plesiotypes, cranidiur, free cheek,

pygidium, and thoracic segment, USNM 128324a. b, d, e, USGS
colln. 1297-CO.

Litocephalus granulomarginatus n. sp.
Plate 8, figures 14, 17, 18, 24

Diagnosis—Members of Litocephalus with cranid-
ium having border moderately arched in longitudinal
profile and covered with low fine granules. Border of
cheek also covered with low fine granules. Length
of border (sagittal) slightly less than three-fourths
length of brim. Length of palpebral lobes about one-
half length of glabella exclusive of occipital ring.
Facial suture cuts anterior margin between point di-
rectly in front of anterolateral corners of glabella and
axial line. Pygidium with surface of axial rings
smooth,

Discussion.—Except for the fine-granular border on
the cephalon, this species is like L. bilobatus (Hall
and Whitfield). The larger palpebral lobes and the
absence of scattered coarse granules on the border of
the cranidium and the absence of paired granules on
the axial rings of the pygidium distinguish this spe-
cies from L. verruculapeza n. sp.

Occurrence: Rare, 80-100 ft above base of Dunderberg
shale; unit B. TUSGS colln. 795-CO, 2300-CO.
Figured specimens: Holotype cranidium, USNM 136883,

USGS colln. 795-CO. Paratypes, pygidium ar-d free cheek,
USNM 136884a, b, USGS colln. 2300-CO.
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Litocephalus verruculapeza n. sp.
Plate 8, figures 12, 13, 15, 16, 19, 20

Diagnosis—Specimens of Litocephalus with cranid-
inm having border nearly equal in length to brim,
flattened in profile, and bearing scattered coarse gran-
ules. Palpebral lobes small, situated about opposite
second glabellar furrow; length about one-third or
less that of glabella exclusive of occipital ring. Fa-
cial suture cuts anterior margin almost directly in
front of anterolateral corners of glabella. Pygidium
with pair of coarse granules on each of first four
axial rings.

Discussion—The small palpebral lobes, the scat-
tered coarse granules on the border of the cranidium,
and the paired granules on the axial rings of the
pygidium distinguish this species from the other
known species of Litocephalus.

Occurrence: Moderately rare, 70-80 ft above base of Dun-
derberg shale; unit B. USGS colln. 2299-CO.

Figured specimens: Holotype cranidium, USNM 136881.
Paratypes, cranidium, pygidia, and free cheeks, USNM 136882
a—e. All from USGS colln. 2299-CO.

Genus TAENORA n. gen.
Text figure 17

Type species—Taenora erpansa n. sp.

Diagnosis—Aphelaspidinae with cranidinm having
well-defined flat or slightly concave border of nearly
constant breadth. Fixed cheeks flat, horizontal, width
less than one-third basal glabellar width. Anterior
course of facial suture moderately divergent forward
from palpebral lobe to marginal furrow, intramargi-
nal along most of anterior margin, cuts anterior
margin nearly imperceptibly near axial line.

Free cheek with moderately broad 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 with poorly defined
flat or concave border, with or without slight me-
dian indentation. Axial lobe prominent, merged pos-
teriorly with inner part of border. All furrows on
pygidium shallow.

Description—Medium to large trilobites (up to
about 70 mm in length). Cranidium gently to mod-
erately arched transversely and longitudinally, broadly
rounded anteriorly. Glabella well defined at sides
and anterolateral corners by shallow dorsal furrow,
poorly defined across front; straight sided, tapered
forward, bluntly rounded anteriorly. Three pairs of
shallow glabellar furrows may be visible; posterior
pair bigeniculate and on some specimens also bifur-
cate forming Y-shape with posterior branch of Y most

DUNDERBERG

SHALE, EUREKA DISTRICT, NEV. 83

FIcURE 17.—Partial reconstruction of Taenora expansa n. sp.,
about X 3.

deeply impressed; anterior pairs of glabellar furrows
straight. Occipital furrow moderately deep, straight,
shallowest on axial line. Occipital ring gently srched
(sagittally), with small median axial node. Frontal
area divided into well-defined brim and border by
shallow evenly curved marginal furrow. Border
broad, flat, or slightly concave near anterior margin,
horizontal or slightly downsloping, of nearly constant
breadth. Brim flat or gently convex; length (sagit-
tal) about equal to or less than that of border. Fixed
cheeks flat, horizontal; width about 15 to 14 basal
glabellar width. Distinet ocular ridges present. Pal-
pebral lobes well defined by shallow palpebral fur-
rows, situated opposite or slightly posterior to mid-
length of glabella; length (exsagittal) 14 to 14 length
of glabella. Width about one-half width of fixed
cheek. Posterior limbs slender, tapered to sharp
point; length (transverse) about equal to basal gla-
bellar width.

Anterior course of facial suture divergent forward
from anterior end of palpebral lobe to marginal fur-
row, then curved slightly inward and crossing border
nearly to anterior margin; intramarginal from that
point nearly to axial line. Junction with arterior
margin hardly noticeable. Posterior course divergent-
sinuous.

Free cheek with gently convex lateral margin;
genal spine short, flattened in cross section, tepered
rapidly to sharp point; length less than that of ocu-
lar platform. Lateral and posterior marginal fur-
rows joined and extended slightly onto base of genal
spine.

Pygidium transversely subovate in outline with
prominent axial lobe bearing 2 or 3 shallow ring fur-
rows. Axial lobe tapered posteriorly, merged with
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inner part of border or with poorly defined ridge that
extends to margin; length slightly more than three-
fourths length of pygidium. Border flat or slightly
concave, poorly defined; may have distinet median
indentation. Pleural platforms with 2 or 3 shallow
pleural furrows.

External surfaces of all known parts smooth.

Discussion—~The most distinctive feature of trilo-
bites of this genus is the form of the border on the
cranidium. Zaenora differs from ZLabiostria, which
is here restricted to forms with a convex cranidial
border like that of L. conrerimarginatus Palmer, and
Litocephalus by having a flat or slightly concave
somewhat downsloping border of nearly constant
breadth on the cranidium. The fact that trilobites
with this sort of border differ in relative breadth of
border, size of palpebral lobes, impression of glabel-
lar furrows, shape of genal part of free cheek and
of posterior margin of pygidium indicates that the
flat border may be a subfamily rather than a generic
character. Until more species of this type are known,
they are being included in the Aphelaspidinae.

Labiostria platifrons Palmer from the Upper Cam-
brian of central Texas is tentatively referred to this
genus.

Taenora expansa n. sp.

Plate 7, figures 20-23

Diagnosis—Members of 7aenora with length (sag-
ittal) of border almost twice that of brim. Palpebral
lobes relatively short, about one-third length of gla-
bella. Glabella with moderately well defined gla-
bellar furrows. posterior pair on many specimens
Y-shaped. Free cheek with border moderately broad,
well defined, distinctly narrowed near base of genal
spine. Pygidium short, wide; with distinct median
indentatton.

Discussion—This species differs from all other spe-
cies in the fauna by having a nearly flat cranidial bor-
der of almost constant width and approximately hori-
zontal fixed cheeks. The relatively wide border on
the cranidium, shape of the genal part of the free
cheek, and median indentation in the pygidium dis-
tinguish this species from 7.7 platifrons (Palmer).
Two fragmentary cranidia, one each from USGS col-
lections 795-CO and 2298-CO seem to belong to
Taenore but cannot certainly be assigned to this
species.

Occurrence: Rare, T0(?)-150 ft above base of Dunder-
berg shale; units B(?), C. USGS colln. 954-CO, 2301-CO,
795-C0, ?2298-CO.

Figured specimens: Holotype crandium, USNM 136872,
USGS colln. 954-C(O. Paratypes: Pygidium, USNM 136874,

USGS colln. 954-CO; cranidium and free cheek, USNM 136873
a, b, USGS colln. 2301-CO.

Subfamily PTEROCEPHALIINAE

Diagnosis—Pterocephaliid trilobites with border of
cranidium generally broad, concave, and longer (sag-
ittal) than brim. Border of free cheek generally
broad, concave. Pygidium with broad, poorly de-
fined border on most species.

Discussion—This subfamily includes at present only
the North American genera Pterocephalia, Cernvolim-
bus, and Sigmocheilus. Similar foreign trilobites that
may have some aftinities with this subfamily are
Nericiu septemdentata Westergard (p. 89) from the
late Middle Cambrian of Sweden, and possibly Dikelo-
cephalites flabelliformis Sun, from the Upper Cam-
brian of China. The latter species iz too poorly
known, however, for adequate determiration of its
systematic position. dnechocephalus n. gen. (p. 92)
may also belong to this subfamily.

Pterocephalinid trilobites are distinctive elements of
the Dunderberg fauna and its correlatives over most
of the Great Basin. They are not known from beds
older than the post-.phelaspis zone nor younger than
the £'lvinia zone.

Genus CERNUOLIMBUS n, gen.
Text figure 18

Type species—Cernuolimbus orygmatos Palmer n.
sp.

Diagnosis—Pterocephaliinae with cranidium having
distinct brim and border; axial length of border equal
to or slightly greater than axial length of brim ; border
generally downsloping. Anterior branches of facial
suture cut anterior margin at distinct angle at a point
slightly more than three-fourths distanc» from ante-
rolateral corner of cranidium to axial line.

Free cheek with long genal spine and well-defined
generally concave border. Lateral marginal furrow
continuous with posterior marginal furrow. Breadth
of border varies from one-fourth to slightly less than
greatest breadth of ocular platform.

Pygidium subovate to subsemicircular in outline;
axial lobe reaching more than three-fourths total axial
length of pygidium, bearing 2 to 5 distinct ring fur-
rows. Pleurae with 2 to 4 low pleural r’bs extending
nearly to margin. Border not clearly differentiated
from pleural platform, concave, widest at anterolat-
eral corners, tapers gradually posteriorly, narrowest
on axial line.

Description—Medium-sized trilobites  (probably
averaging 40 mm or less in total length) with cepha-
lon subsemicircular in outline, moderately arched
transversely and longitudinally, bearing long genal
spines extending nearly straight back from posterolat-
eral corners. Border well defined by shallow margi-
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FiGURE 18.—Partial reconstruction of Cernuolimbus orygmuatos n.
sp., about X 4,

nal furrow. Eyes prominent, at or slightly below
level of top of glabella.

Cranidium with somewhat pointed anterior margin
resulting from facial sutures cutting margin at a dis-
tinet angle near the axial line. Glabella well defined,
straight sided, tapered slightly forward, bluntly
rounded or truncate anteriorly. Glabellar furrows
hardly visible. Occipital furrow straight, moder-
ately deep. Occipital ring with low median node.
Dorsal furrows deep at sides and anterolateral cor-
ners of glabella, shallow across front. Frontal area
subequally divided into brim and border, or with bor-
der slightly longer (sagittal) than brim. Border
downsloping, with anterior margin slightly flexed up-
ward; flexure distinetly anterior to midlength (sagit-
tal) of border. Brim gently arched in longitudinal
profile. Fixed cheeks upsloping from dorsal furrow;
width between palpebral and dorsal furrows slightly
less than one-half basal glabellar width. Ocular
ridges moderately well defined, directed obliquely
backward from slightly behind anterolateral corners
of glabella. Palpebral lobes prominent, well defined
by shallow arcuate palpebral furrow; width about
one-half width of cheek between dorsal and palpebral
furrows: length about one-half length of glabella ex-
clusive of occipital ring. Posterior limbs slender,
sharply pointed; length (transverse) about equal to
basal glabellar width. Anterior course of facial su-
ture slightly divergent from anterior end of palpebral
lobe to marginal furrow, then turned diagonally in-
ward and forward across border to cut anterior mar-
gin slightly more than three-fourths distance from
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anterolateral corner of cranidium to axial line. Pos-
terior course divergent-sinuous.

Free cheek with long, slender genal spine continu-
ing curvature of margin. Border well defined, gen-
erally concave. Lateral and posterior marginal fur-
rows connected but not continuous posterolaterally
onto genal spine.

Pygidium with axial lobe prominent, narrow, tap-
ered posteriorly, bearing 2 to 5 distinet ring furrows.
Length about three-fourths axial length of pygidium.
Pleurae with 1 to 4 low pleural ridges extending
nearly to margin. Border not clearly defined, con-
cave, widest at anterolateral corner, tapered backward
to axial line.

Hypostome, rostrum, and thoracic segments not
known.

Discussion—This genus seems to be ances‘ral to
Pterocephalia and Nigmocheilus. Cranidia can be
most easily recognized by their pointed anterior mar-
gin and flat or slightly arched downsloping border
that is only slightly longer (sagittal) than the brim.
The free cheeks have the lateral and posterior margi-
nal furrows characteristically connected and not ex-
tending onto the genal spine. Pygidia are most eas-
ily recognized by the combined features of an evenly
rounded posterior margin and a border that is rela-
tively narrower than that of other genera in the sub-
family.

Cernuolimbus depressus n. sp.
Plate 8, figures 9, 10

Diagnosis—Members of Cernuolimbus with exter-
nal surface of cranidium coarsely pitted; border
downsloping, continuing slope of brim, tapered to a
point laterally. Facial sutures nearly meeting on
axial line giving pointed anterior margin to cranid-
ium. Marginal furrow on mold bears single row of
granules.

Discussion.—This species is represented by four
cranidia. No other parts are known. The character
of the border is the most striking feature that distin-
guishes it from (. orygmatos n. sp. and C. semigranu-
losus n. sp.

Occurrence: Rare, 50-60 ft above base of Dunderberg
shale; unit B. USGS colln. 2297-CO.

Figured specimens: Holotype cranidium, USNM 136879.
Paratype cranidium, USNM 136880. Both from USGS colln.
2297-CO.

Cernuolimbus orygmatos n. sp.

Plate 8, figures 1, 3, 5, 8, 11

Diagnosis—Members of Cernuolimbus with exter-
nal surfaces of all parts coarsely pitted. Border of
cranidium slightly downsloping from marginal far-
row, nearly flat or slightly turned up at anterior mar-
gin. Pygidium with subsemicircular outline; 4 well-
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defined ring furrows; anterior 4 or 5 axial rings each
bear a pair of coarse granules.

Discussion—The distinctive coarse pitted surface
serves to distinguish this species from ('. semigranu-
losus n. sp. It differs from C. depressus n. sp. by hav-
ing a relatively longer frontal area and less-pro-
nounced lateral taper to the border of the cranidium.

Occurrence: Common, 30-50 ft above base of Dunderberg
shale; units A, B. USGS colln. 2295-C0O, 2296-CO.

Figured specimens: Holotype cranidium, USNM 136875.
Paratypes, free cheek and pygidia, USNM 136876a—c. All from
USGR colln. 2295-CO.

Cernuolimbus semigranulosus n. sp.
Plate 8, figures 2, 4,6, 7

Diagnosis—Members of Cernuolimbus with border
nearly flat or slightly turned up at anterior margin;
generally downsloping from marginal furrow. Ex-
ternal surface of cranidium smooth except for tops of
palpebral lobes and glabella which are thickly cov-
ered with small granules. Free cheek with close-
spaced fine granules on genal spine; breadth of border
equal to or only slightly less than greatest breadth of
ocular platform. Pygidium transverse in outline with
scattered barely visible fine granules over most of
surface. Axial lobe with two moderately well defined
ring furrows.

Discussion.—This species differs from both Cernuo-
limbus depressus n. sp. and C. orygmatos n. sp. by
having a fine-granular rather than coarse-pitted sur-
face ornament. It differs further from (. depressus
by having a much less laterally tapered and down-
sloping border on the cranidium, and from C. orygma-
tos by having a relatively wide border on the free
cheek. The pygidium of (. semigranulosus lacks the
distinet granules on the axial rings characteristic of
(. orygmatos, and also has only 2 rather than £ or 5
distinet ring furrows. Its outline is proportionately
shorter and wider than that of (. orygmatos.

Occurrence: Moderately common, lower 20 ft of Dunder-
berg shale: unit A, TUSGS colln. 2294-CO.
Figured specimens: Holotype cranidium, USNM 136877.

Paratypes, pygidium and free cheek, USNM 136878a, b. All
from USGS colln. 2294-CO.

Genus PTEROCEPHALIA Roemer, 1849

Text figure 19

Pterocpehalia 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.

Type species—Pterocephalia sanctisabae Roemer,
1849, p. 421.

Diagnosis—Pterocephaliinae with cranidium having
border broad, concave, scarcely differentiated from
brim. Length of border (sagittal) 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 me-
dian suture across doublure.

Free cheek with broad concave border, slightly
raised above level of ocular platform et marginal
furrow. A low ridge parallels entire lateral margin
nearly to tip of genal spine at distance about one-
fourth width of border from lateral marzin. Genal
spine moderately long, broad and flat at base, tapered
to sharp slender point.

Some thoracic segments with long broad backswept
pleural tips.

Pygidium subquadrate to subovate in outline with
well-defined axial lobe bearing 4 to 8 visible ring
furrows. Border not differentiated from pleural plat-
form gently arched, crossed by 3 to 5 pleural ridges
that extend onto but not across border. Border broad,
concave, with slight to moderate median indentation.
Edge smooth.

External surface of exoskeleton generally with
close-spaced fine granules in axial region. Borders of
cranidium, free cheek and pygidium, and tips of pleu-
rae of thorax generally with prominent terrace lines.

FIGURE 19.—Partial reconstruction of Pterocephalit sanctisabae
Roemer, about X 2.

Description—Medium to large trilobites (length
up to about 70 mm) with large cephalon and pygid-
ium. Cephalon with broad slightly concave border
scarcely differentiated from brim on cranidium, with
inner margin slightly raised above ocular platform
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on free cheek. Length of border (sagittal) on cranid-
ium is greater than 3 and up to 9 times that of brim.
Low ridge present on border of nearly all free cheeks
and many cranidia parallel to and about one-fourth
breadth of border from margin. Genal spines broad,
flattened. tapered to a sharp point. Glabella straight
sided, tapered forward, truncate to bluntly rounded
anteriorly, generally less than one-half length (sagit-
tal) of cranidium. Dorsal furrows deep at sides and
anterolateral corners of glabella, shallow across front.
Three pairs of moderately deep glabellar furrows
present on some species. Oeccipital furrow straight,
deep adjacent to dorsal furrow, shallow across axial
line. OQOeccipital ring with low median node. Fixed
cheeks broad, upsloping from dorsal furrows; width
about one-half basal glabellar width. Ocular ridges
generally well developed. Palpebral lobes moderately
long, curved, midlength situated slightly posterior to
midlength of glabella; length (exsagittal) about one-
half length (sagittal) of glabella; breadth (trans-
verse) nearly one-half breadth of fixed cheek. Palpe-
bral furrow moderately deep, arcuate. Posterior
limbs slender; length (transverse) slightly greater
than basal glabellar width.

Anterior course of facial suture slightly to mod-
erately divergent forward from palpebral lobe until
onto border, then curved broadly across border to cut
anterior margin- nearly imperceptibly and continue
submarginally to axial line where it turns abruptly
backward as median suture across doublure. Poste-
rior course of facial suture divergent, sinuous.

Entire thorax not known. Some thoracic segments
with long broad pleural spines directed posteriorly.

Pygidium with elongate subquadrate to transversely
subovate outline. Axial lobe well defined, tapered
posteriorly to a blunt point at inner edge of broad
border, generally continued across border as a narrow
ridge. Four to eight ring furrows visible. Pleurae
not clearly divided into border and pleural platform.
Pleural platform generally slightly arched, crossed by
3 to 5 well-defined pleural ridges. Border broad,
slightly concave; broadest posterior and posterolate-
ral to tip of axial lobe. Margin with slight to mod-
erate median indentation. Edge smooth.

External surfaces of border of cephalon, distal parts
of thoracic pleurae, and border of pygidium generally
with well-developed terrace lines. Axial region of
exoskeleton generally with close-spaced fine granules.
Scattered large granules on the border may be pres-
ent or absent within a suite of cranidia of a single
species.

Hypostome not known.

Discussion—Bridge (1937, p. 246-250) discussed
Pterocephalia and the species included in the genus to
that time. He recognized three species, P. sanctisabae
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Roemer, P. asiatica (Walcott), and P. occidens Wal-
cott. Kobayashi (1936), unknown to Bridge, had
placed P. asiatica in Paracoosia. The types of this
species are incomplete. The cranidium shows promi-
nent bumps on the fixed cheeks adjacent to the dorsal
furrow and just anterior to its junction with the oc-
cipital furrow. The pygidium has short broad spines
along the margin. These features are here considered
sufficient to exclude asiatice from Pterocephalia.

Resser (1938) placed specimens of P. sanctisabae
illustrated by Bridge from various localities in the
United States in 9 species of which 7 were new. On
the basis of material from Oklahoma, Frederickson
(1949) placed three of Resser’s species in synonymy
with P. sanctisabae. Lochman (1950) grouped three
more of Resser’s species together under the name P.
bridgei and considered this species distinguishable
from P. sanctisabae by having a proportionately
shorter frontal area on the cranidium. Wilson (1951),
though not mentioning Resser’s 1938 paper, included
all the specimens illustrated by Bridge (1937) in the
synonymy of P. sanctisabae, thus implying that all
the species recognized by Resser in 1938 are syronyms
of P. sanctisabae.

Part of the confusion in the taxonomy of speci-
mens assigned to Pterocephalia results from the fact
that specimens well-enough preserved to study are
relatively rare, and few collections have sufficient in-
dividuals to permit adequate determination of infra-
specific variation in the cranidial proportions that
have been used for specific differentiation. Thus,
Lochman’s recognition of two species of Pterocephalia
based solely on differing proportions between the
length (sagittal) of the frontal area and the length
of the glabella has an inadequate statistical basis.
All the types and topotypes of the species of Ptero-
cephalia recognized by Resser (1938) and reg-ouped
by Lochman have been examined in the course of this
study. For all the cranidia under 15 mm in length,
no significant differences are observable in the length
of the frontal area compared to the length of the
glabella. Only 6 cranidia longer than 15 mm are
present. These are distributed among four of the
species recognized by Resser and include a cranidium
of P. bridgei. Although there is variation in the
relative lengths of the frontal areas compared to gla-
bella lengths from slightly less than 1.5:1 to 2:1, and
specimens representing P. bridgei and P. sanctisabae
are nearly at opposite extremes, no sample has more
than 2 of the large cranidia and determination of
the significance of the variation in the proportion
cited is not possible. Comparison of the variation of
cranidial characters with size in Cambrian trilobites
indicates that there is more apparent variation among

larger specimens than among smaller specimens
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(Palmer, 1958). Until more is known of the varia-
tion of cranidial proportions within a single popula-
tion of P. sanctisabae, the characterization of P.
bridgei by Lochman is considered inadequate for its
separation from P. sanctisabae and all species of
Pterocephalia listed by Resser (1938) are here con-
sidered synonyms of P. sanctisabde.

P. occidens Walcott is represented by a single small
exfoliated cranidium (pl. 9, fig. 21) from an unknown
level within the Dunderberg shale. It could repre-
sent either P. concava n. sp. or P. elongata n. sp.
Because of this, the species is here considered to be
indeterminate and the name should be restricted to
the holotype.

Pterocephalia cf. P. occidens from Texas (Palmer,
1954) is more like P. concava n. sp. than any of the
other species of Pterocephalia here recognized and
should now be designated Pterocephalia cf. P. con-
cava Palmer.

Pterocephalia concava n. sp.

Plate 9, figures 1-6, 9-12
?Pterocephalia cf. P. occidens Walcott, Palmer, 1954, p. 752,
pl. 86, figs. 9, 10; pl. 87, figs. 1, 2.

Diagnosis—Specimens of Pterocephalia with shal-
low glabellar furrows. Border of cranidium and free
cheek generally with low scattered coarse granules.
Length (sagittal) of border increases from 3 to
greater than 5 times that of brim from small (-5 mm
long) to large (14 mm long) mature cranidia.

Some thoracic segments, perhaps all, with long
broad flattened backwardly directed pleural tips.
Breadth (transverse) of pleural tips greater than
breadth (exsagittal) of proximal part of pleuron.

Pygidium transversely subovate in outline, with
slight median inbend in posterior margin. Axial lobe
with 4 to 5 distinct ring furrows. Pleural lobes
crossed by 2 or 3 distinet pleural ridges. Breadth of
border increases relative to breadth of pleural plat-
form, and border becomes more concave with increas-
ing size.

Discussion.—This species, which occurs in pre-
Elvinia zone beds, is most similar to P. sanctisabae
from the £7vinia zone. 1t differs principally by hav-
ing less conspicuous glabellar furrows, fewer distinet
ring furrows and pleural ridges on the pygidium, and
a strikingly different development of the mature speci-
mens.  Small mature specimens of P. concava (cranid-
ial length 4-5 mm) are similar to forms of comp-
parable size in  Cerawolimbus and Sigmocheilus,
differing principally in the absence of clear distinction
between the brim and border. Large specimens re-
semble P. sanctisabae. Small mature specimens of P.
sanctisubae, however, look virtually like the large
specimens of P. sanctisabae (ctf. pl. 9, figs. 1, 3, 4, 7).
The change in form of mature specimens of P. con-

cava with increasing size emphasizes the relationships
of Pterocephalia to Cernuolimbus and Sigmocheilus.
The comparative mature development of P. concava
and P. sanctisabae may be strong evidenc> indicating
that P. concava is one of the earliest species of Ptero-
cephalia.

P. concava differs from P. elongata n. sp. prima-
rily by having a transverse rather than elongate sub-
quadrate form to the pygidium and by having a less
well-marked median indentation of the posterior
margin.

Occurrence: Moderately common, 50-60 ft above base of
Dunderberg shale; unit B. TUSGS colln. 809-CO, 2297-CO.
Specimens are questionably assigned to this species from USGS
colln. 795-CO.

Figured specimens: Holotype cranidium, USNM 136887,
USGS colln. 2297-C0O. Paratypes: Cranidia, USNM 136888a—c;
free cheek, USNM 136888e: pygidia, USNM 1368%8d, f-h; tho-
racic segment, USNB 136888i. All from USGS colln. 2297-CO.

Pterocephalia elongata n. sp.

Plate 9, figures 14-20

Diagnosis—Members of Pterocephalia with shal-
low glabellar furrows. Length (sagittal) of border
between 3 and 5 times length of brim.

Pygidium with elongate subquadrate outline. Great-
est breadth near posterior margin. Sides straight,
nearly parallel or slightly diverging posteriorly. Pos-
terior margin nearly straight, with slight median in-
dentation.

Axial lobe with 4 or 5 distinet ring furrows. Junc-
tion of lateral and posterior margins strongly rounded.
Two or three distinct pleural ridges parallel lateral
margin of pygidium. A narrow ridge continues pos-
teriorly from tip of axial lobe across border to pos-
terior margin.

Hypostome and thoracic segments not known.

Discussion—~The shape of the pygidium of this
species 1s its most distinctive feature. Isolated
cranidia and free cheeks cannot be distinguished with
certainty from those of P. concava. The cranidium
of P. elongata differs from that of P. sanctisabae by
having less conspicuous glabellar furrows, a some-
what more concave border, and a straighter poste-
rior margin.

Occurrence: Moderately common, 80-100 ft above base of
Dunderberg shale; unit B. USGS colln. 873-CO, 2300-CO.

Figured specimens: Holotype cranidium, TUSNM 136891,
USGS colln. 873-CO. Paratypes: Pygidium, TTSNM 136892,
USGS colln. 878-CO; cranidium, free cheeks, and pygidia,
USNM 136893a—c, USGS colln. 2300-CO.

Pterocephalia sanctisabae Roeme~

Plate 9, figures 7, 8, 13

Pterocephalia sanctisabae Roemer, 1849,.p. 421; 1852, p. 92, pl.
11, figs. 1 a~d; Bridge, 1933, p. 232, pl. 2, figs. 26, 27;
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Kobayasni, 1936, p. 172, pl. 21, figs. 10-12; 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.
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, 1938, p. 39.
Pterocephalia bridge: Resser, 1938, p. 140; Lochman, 1950, p.
334, pl. 47, figs. 14-18.
Pterocephalia oriens Resser, 1938, p. 40.
Pterocephalia potosiensts Resser, 1938, p. 40.
Pterocephalia ulrichi Resser, 1938, p. 41.
Pterocephalia silvestris Resser, 1938, p. 41.
Pterocephalia deckeri Resser, 1938, p. 41.
Diagnosis—Members of Pterocephalia with moder-
ately deep glabellar furrows. Length (sagittal) of
border on cranidium between 5 and 9 times length of
brim on mature specimens.
Free cheek with breadth of border four or more
times breadth of ocular platform at anterior margin.
Pygidium transversely subovate in outline, with at
least 6 distinct ring furrows on axial lobe and with
4 or 5 distinet pleural ridges on pleural lobes. Pos-
terior' margin with slight median indentation.
Discussion—This species is a distinctive element of
the L'7vinia fauna over most of the United States. Its
complicated nomenclatural history has been reviewed
in the discussion of the genus. The extremely broad
border on the cephalon, conspicuous glabellar furrows,
and the many conspicuous ring furrows and pleural
ridges on the pygidium are the distinctive specific
features.
Occurrence: Rare, 140 ft or more above base of Dunder-
berg shale: unit C. USGS colln. 2301-C0O, 2302-CO.
Figured specimens: Plesiotypes—cranidium and free cheek,
USNM 136889a, b, USGS colln. 2302-CO; pygidium, USNM
136890, USGS colln. 2301-CO.

Genus SIGMOCHEILUS n. gen.
Text figure 20

Type species—NSigmochellus serratus n. sp.

Diagnosis—Pterocephaliinae with generally well-
defined border on cranidium. Length of border (sag-
ittal) Dbetween 1.5 and 3 times greater than that of
brim. Border generally concave in profile with great-
est depth near its midlength (sagittal). Facial su-
tures cut anterior margin at slight angle between
point opposite anterolateral corners of glabella and
axial line.

Free cheeks with long genal spine and well-defined
concave border. Lateral and posterior marginal fur-
rows barely connected. Lateral marginal furrow
shallowest ; posterior marginal furrow continues onto
genal spine. Breadth of border less than greatest
breadth of ocular platform,
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Pygidium subquadrate to transversely subovate in
outline, greatest width about opposite posterior end
of axial lobe. Axial lobe prominent, bears 4 or 5
ring furrows; tapered to a blunt point at inner edge
of border. Border and pleural platform not clearly
differentiated: 3 to 5 pleural ridges generally appar-
ent, geniculated at boundary between pleural plat-
form and border. Lines connecting geniculations
roughly outline triangular pleural platforms. Pleural
ridges continued onto but not across border. Border
concave, posterior margin evenly rounded. nearly
straight, or with slight median indentation. KEdge
smooth or with short broad spines.

FieUrE 20.—Partial reconstruction of Sigmocheilus serratus, n. sp.,
about X 3.

Description—Medium-sized trilobites (probably
averaging 40 mm or less in length) with cephalon
subsemicircular in outline,' modérately arched trahs-
versely and longitudihally. bearing long genal spines
extending nearly straight back from posterolateral
corners. Border well-defined to poorly defined -on
eranidium and on free cheek by shallow marginal
furrow. Lateral marginal furrow barely: connected
to posterior marginal furrow. Eyes prominent, at or
slightly below level of top of glabella.

Cranidium with anterior margin evenly rounded.
Glabella well-defined, dorsal furrow deep at sides and
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anterolateral corners, shallow across bluntly rounded
front. Glabellar furrows shallow, posterior pair bi-
geniculate to slightly Y-shaped with posterior arm of
Y most strongly developed. Occipital furrow straight,
deepest adjacent to dorsal furrow. Occipital ring with
low median node centrally located. Border concave
in longitudinal profile, deepest part of concavity near
midlength (sagittal). ILength (sagittal) of border
1.5 to 3 times that of brim. Marginal furrow shallow;
junction between brim and border generally marked
by contrast between strong veination or granulation
of brim and nearly smooth surface of border. Inner
margin of border sometimes slightly raised above ad-
jacent brim surface. Fixed cheeks horizontal or up-
sloping.  Ocular ridges low, extending backward to
palpebral lobe from a point slightly posterior to
anterolateral corners of glabella. Width of fixed
cheek slightly more than one-third basal glabellar
width. Palpebral lobes well defined by arcuate palpe-
bral furrow; width about two-fifths width of fixed
cheek; length between 24 and 14 length of glabella.
Posterior limb slender, sharply pointed; length
(transverse) slightly less than basal glabellar width.
Anterior course of facial suture slightly divergent
forward from palpebral lobe onto border, then curved
sharply inward across border to cut anterior margin
between a point directly anterior to anterolateral cor-
ner of glabella and axial line; suture then submar-
ginal to axial line and turned backward across
doublure as median suture. Rostrum apparently ab-
sent. Posterior course of facial suture divergent-
sinuous.

Free cheek with long tapered genal spine. Border
concave, well-defined to poorly defined along lateral
margin by marginal furrow; breadth slightly less than
greatest breadth of ocular platform. Shallow lateral
marginal furrow not clearly connected to deep poste-
rior marginal furrow.

Pygidium with axial lobe prominent, narrow,
tapered posteriorly to inner edge of border; 4 or 5
ring furrows generally visible: length (sagittal) be-
tween 14 and 34 length of pygidium. Pleurae with
3 to & low pleural ridges extending laterally across
poorly defined pleural platform and then turning
backward onto, but not across, border at an angle of
between 30° to 45° with axial line. Border concave.
Posterior margin broadly rounded, nearly straight, or
with slight median indentation. Edges smooth or
with short broad spines.

Hypostome and thoracic segments not known.

External surface of cranidinm generally partly cov-
ered with low small granules. External surfaces of
other parts smooth or granular. Surface of molds of
all parts smooth.

Discussion—Species of this gehus are most likely
to be confused with those of Cernuolimbus or early
forms of Pterocephalia. Cranidia can be most easily
recognized by a distinct concave border that is up to
3 times longer (sagittal) than the brim. Free cheeks
are characterized principally by having the border
concave and narrower than the ocular platform.
Pygidia of N. grata and S. wtahensis resemble those
of early species of Pterocephalia and can only be
certainly assigned to Sigmocheilus when they are
associated with the characteristic cranidium. Later
pygidia with scalloped or spinose margins are dis-
tinctive of Nigmocheilus.

Resser (1942, p. 76-79) included in a genus Ptero-
cephalina four new species, P. texana, P. notha, P.
pogonipensis, and P. grata besides the type species,
P. bilobata (Hall and Whitfield). Pterocephalina has
since been shown to be a synonym of Litocephalus.
and 2. bilobata to be properly Litocephalus bilobatus
(Palmer, 1956a). Of the remaining speries, all but
P. terana belong to Sigmocheilus.

P. terana was stated to come from the Wilberns
formation (Resser, 1942, p. 77) in Texas. An insolu-
ble residue of a part of the limestone piece bearing
the holotype pygidium contained Angulotreta triangu-
laris Palmer, and fragmentary specimens of .dphe-
lagpis are present adjacent to the pygidium. These
associated fossils show that the holotype came from
the A phelaspis zone of the Riley formation. The
pygidium is probably that of a species of Labiostria.

Wilson (1954, p. 271) figured two fragmentary
cranidia and rveferred them to Pterocephalina cf. P.
grata Resser. These cranidia represent an indetermi-
nate species of Sigmocheilus.

Iddingsia? quinnensis Resser (1942, p. 88, pl. 16,
figs. 39—41) is known only from ecranidia. It defi-
nitely represents a species of Nigmocheilus, but its
relationships to the species here described will not be
known until its pygidium is described.

Sigmocheilus grata (Resser)
Plate 9, figures 22, 23, 26, 27
Pterocephalina grata Resser, 1942b, p. 78, pl. 15, figs. 3-6.

Diagnosis—Specimens of Sigmocheilus with length
of border (sagittal) between 2 and 3 times length of
brim. Brim nearly flat. Fixed cheeks upsloping from
dorsal furrow. External surface of border smooth or
with few scattered low coarse granules. Pemainder of
surface of cranidium, exclusive of furrows, covered
with low fine granules.

Free cheek with moderately well defined lateral
marginal furrow. External surface smooth except
for low veination.
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Pygidium with poorly defined border moderately
expanded posterolaterally, posterior margin broadly
rounded or straight, with slight median indentation
on some specimens. Kdge smooth. Two or three low
pleural ridges visible.

Discussion—This species may require redefinition
and subdivision when more is known of the associ-
ated cranidia, pygidia, and cheeks of early species of
Nigmocheilus. The present collections contain slightly
differing forms, but there are not enough specimens
to establish certainly limits of variation of the dif-
fering features within a population. In this paper,
S. grate includes forms with a smooth cranidial bor-
der, forms with a few low scattered granules on the
border, and forms with slightly to moderately flared
pygidial borders.

Occurrence: Moderately common, 50-80 ft above base of
Dunderberg shale; units B and C. USGS colln. 952-CO0, 2297-
CO—2299-CO.

Figured specimens: Plesiotypes—cranidium, pygidium, and
free cheek, USNM 136895a—c, USGS colln. 2299-CO ; pygidium,
URNM 136894, USGS colln. 952-CO.

Sigmocheilus pogonipensis (Resser)
Plate 10, figures 4-7

Pterocephalina pogonipensis Resser, 1942b, p. 78, pl. 15, figs.
1, 2.

Diagnosis—Specimens of Nigmocheilus with cranid-
ium having brim strongly convex and border strongly
concave. Length of border (sagittal) about 1.5 times
length of brim. Front of glabella well defined be-
cause of arching of brim. Fixed cheeks upsloping
from dorsal furrow. External surface of cranidium,
exclusive of furrows and border. covered with low
coarse granules.

Free cheek with poorly defined strongly concave
border. Lateral marginal furrow hardly visible;
posterior marginal furrow deep.

Pygidium with transverse subovate outline. Axial
lobe about three-fourths length (sagittal) of pygidinm.
Border not clearly defined. Pleurae crossed by 4 or 5
prominent pleural ribs: lateral parts bear prominent
terrace lines. Margin bears six pairs of short asym-
metrical spines.

Discussion—The strongly arched brim on the
cranidium and short asymmetrical marginal spines on
the pygidium are the most distinctive characteristies
of this species. The holotype is from an unknown
position within the Dunderberg shale in the White
Pine district, Nevada.

Occurrence: Moderately common, 140-150 ft above base of
Dunderberg shale; unit C. USGS colln. 954-CO, 2301-CO.
Figured specimens: Paratypes—cranidium, free cheek, and

pygidium, USNM 136900a-c, USGS colln. 2301-CO ; cranidium,
USNM 136901, USGS colln. 954-CO.

Sigmocheilus serratus n. sp.

Plate 10, figures 1-3

Diagnosis—Members of Sigmocheilus with eranid-
ium having length of border (sagittal) about 1.5 times
length of brim. Brim gently to moderately convex,
border moderately concave. Fixed cheeks upsloping.
External surface of top of glabella with close-spaced
fine granules.

Free cheek with poorly defined moderately ccncave
border. Surface of ocular platform with moderately
prominent veination; border with moderately promi-
nent terrace lines.

Pygidium transversely subovate in outline. Axial
lobe about three-fourths length (sagittal) of pygidium.
Border not defined. Pleurae crossed by 3 or 4 low
pleural ridges. Posterior margin bears 5 or 6 pairs
of broad rapidly tapered sharp marginal spines; the
pair nearest axial line generally shorter than the re-
maining pairs. Pleurae with numerous terrace lines.

Discussion—The relatively subdued convexity and
concavity of the brim and border on the cranidium
and the more prominent marginal spines on the pygid-
ium distinguish this species from N. pogonipensis.
Isolated cranidia resemble those of S. grate but have
a relatively broader brim.

Occurrence: Moderately common, 190-220 ft above base of
Dunderberg shale; unit C. USGS colln. 789-CO, 864—CO, 878-
CO, 955-C0, 2302-CO.

Figured specimens: Holotype cranidium, USNM 136898a,
USGS colln. 955-CO. Paratypes: Pygidium, on same block as

cranidium, USNM 136898b, USGS colln. 955-CO; free cheek,
USNM 136899, USGS colln. 864—CO.

Sigmocheilus utahensis (Resser)
Plate 9, figures 24, 25, 28

Pterocephalina utahensis Resser, 1942b, p. 79, pl. 15, figs 7-11.

Diugnosis—Specimens of Sigmocheilus with cranid-
ium having border poorly detined by shallow marginal

furrow. Length of border (sagittal) about 1.5 times
that of brim. Brim gently convex and border gently
concave. (labella with moderately deep glabellar

furrows. Fixed cheeks nearly horizontal. External
surface of all but border of cranidium and furrows
covered with close-spaced moderately coarse granules.
Border with well-defined terrace lines.

Free cheek with poorly defined concave border.
Pleural platform bears scattered coarse granules on
external surface.

Pygidium with poorly defined border expanded pos-
terolaterally and with moderately deep median inden-
tation in margin. Two or three low pleural ridges
generally visible. Surface of axial lobe and pleural
platform seems to be roughened on larger specimens.

Hypostome and thoracic segments not known,
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Discussion—This species is the oldest of the four
species here assigned to Sigmocheilus. The poorly de-
fined border and coarse-granular surface on the cepha-
lon and the deep indentation in the posterior margin
of the pygidium are its most distinetive features. The
holotype is from the Orr formation, Fish Springs
Range, Utah.

Occurrence: Rare, 30-50 ft above base of Dunderberg
shale; unit B. USGS colln. 795-C0O, 2296-CO.
Figured specimens: Plesiotypes—small cranidium, USNM

136897, UNGS colln. T95-CO ; free cheek and pygidium, USNM
136896a, b, USGS colln. 2296-CO.

PTYCHOPARIODEA UNASSIGNED

Species and genera are not assigned to families in
this paper if they are either well represented, but un-
like any other trilobites in the collection; represented
by small numbers of specimens, generally only cra-
nidia; or are nearly featureless. If a stable family
classification of Cambrian trilobites is to be developed,
it must be built from groupings of two or more genera
in which at least some of the species are well repre-
sented by cranidia, pygidia, and free cheeks. Mono-
typic families, families of superficially similar trilo-
bites from rocks having no paleogeographic or
stratigraphic continuity, or families for trilobites that
are inadequately known do not contribute to stability.

Genus ANECHOCEPHALUS n. gen.

Diagnosis—Pterocephaliidae? with cephalon having
short frontal area. Brim nearly vertical; border
slightly arched, subequal in length (sagittal) to brim,
nearly horizontal. Fixed cheeks elevated; width about
one-third basal glabellar width. Palpebral lobes raised
above level on top of glabella; length (exsagittal)
about two-thirds length of glabella; width about two-
thirds that of fixed cheeks; midlength situated poste-
rior to glabellar midlength.

Pygidium subquadrate in outline with short poste-
riorly tapered axial lobe; border downsloping, poorly
defined, broad, flat, with broad deep median notch in
posterior margin.

Description.—Small pterocephaliid? trilobites (total
length probably about 15 mm). Cranidium with gla-
bella well defined at sides and anterolateral corners,
poorly defined on axial line; glabellar furrows shal-
low: occipital furrow deep, of nearly constant depth.
Occipital ring gently arched along axial line, with low
median node near anterior margin. Frontal area short;
length (sagittal) about one-third length of glabella;
subequally divided into well-defined brim and border.
Brim nearly vertical, continuing forward curvature of
glabella. Border gently convex, nearly horizontal,
tapered slightly laterally. Fixed cheeks elevated;
width about one-third basal glabellar width. Palpe-
bral lobes large, situated slightly above level of top

of glabella; length (exsagittal) about two-thirds
length of glabella; width about two-thirds that of
fixed cheek; midlength situated posterior to glabellar
midlength; line connecting posterior ends passes just
in front of occipital furrow. Posterior limbs slender,
shape not known. Anterior course of facial sutures
directed nearly straight forward from palpebral lobes
to marginal furrow, then turned abruptly inward
across border to cut anterior margin in front of gla-
bella. Ventral course not known. Posterior course
not known.

Free cheek, thoracic segments, and hypostome not
known.

Pygidinm subquadrate in outline. Axial lobe well
defined, tapered posteriorly to inner edg> of border;
bears 2 or 3 shallow ring furrows; length about one-
half and width about one-third that of pygidium.
Pleural platforms nearly flat, horizontal, crossed by
2 or 3 shallow pleural furrows that extend slightly
onto border. Border broad, flat, downsloping, differ-
entiated from brim only by change in slope. Posterior
margin with broad deep median notch not reaching
to end of axial lobe.

External surface of border of cranidium covered
with distinet terrace lines. Remainder of cranidium,
except for glabellar and occipital furrows, bears low
coarse imperfect reticulate ornament. External sur-
face of pygidium smooth except for transverse row of
three low coarse evenly spaced granules near posterior
margin on each side of median notch.

Discussion—This genus is represented by 3 cranidia
and 3 pygidia of a single species from 1 collection.
It is not referable to any described genus, and has dis-
tinctive enough features to warrant description even
though represented by a small sample. The associa-
tion of cranidium and pygidium is not certain, but it
seems probable because these are the only unassigned
parts of a pterocephaliid? trilobite in the collection
from the type locality. Except for the frontal area,
this genus has several characters of the Pterocepha-
Hinae—prominent posteriorly placed palpebral lobes
on raised fixed cheeks, poorly defined border, and
curved pleural furrows extending onto the border of
the pygidium. The subequally divided frontal area
with a nearly vertical brim and a narrow border that
is convex instead of concave upward is unlike that of
any pterocephalinid.

Anechocephalus trigranulatus n. sp.

Plate 8, figures 21-23

Description—In the absence of other species of
Anechocephalus. the generic description is also a de-
scription of this species. The characteristics that will
probably be most important in differentiating this
species from any subsequently described are the reticu-
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late surface ornament of the cranidium and the dis-
tinctive rows of coarse granules near the posterior
margin of the pygidium.

Occurrence: Rare, 70-80 ft above base of Dunderberg
shale: unit B. USGS colln. 952-CO.

Figured specimens: Holotype cranidium, USNM 136885.

Paratypes, cranidium and pygidium, USNM 136886a, b. All
from USGS colln. 952-CO.

Genus BYNUMIELLA Resser

Type species.—Bynumiella typicalis. Resser, 1942b,
p.- 57, pl. 10, figs. 1, 2.

Diagnosis—*“Small trilobites with a tapering gla-
bella without furrows. Dorsal and occipital furrows
are well defined. The simple brim varies in width,
but tends to extend forward in the middle causing the
anterior outline of the cranidium to project.” (Resser,
1942, p. 57.)

Discussion—A single species from the lower part of
the Dunderberg shale is tentatively assigned to this
genus. Bynumielle is based on two species repre-
sented by only a few imperfectly preserved cranidia
from beds of Franconia or Trempeleau age in the
Canadian Rockies. Although the Dunderberg species
seems to conform reasonably well to the generic diag-
nosis, the differences between this species and the
Canadian species in both morphology and stratigraphic
position indicate that another generic assignment may
eventually result for the Dunderberg species when
more is known about the relationships of the small
smooth trilobites.

Bynumiella? acuminata n. sp.
Text figure 21: plate 10, figures 9, 10

Description.—Small trilobites (length of cranidium
about 3 mm) with cranidium subtriangular in outline,
moderately arched transversely, gently arched longi-
tudinally, sharply pointed at anterior margin. Gla-
bella poorly defined by shallow dorsal furrow, straight
sided, tapered forward, bluntly rounded anteriorly.
Glabellar furrows not apparvent. Oceipital furrow
deep adjacent to dorsal furrow, shallow on axial line.
Occipital ring widest on axial line, with low median
node near anterior edge. Frontal area short, with
straight shallow marginal furrow separating down-
sloping brim and border; length slightly less than
one-third length of glabella. Border flat, sharply
pointed on axial line, tapered rapidly to point before
reaching anterolateral corners of cranidium; length
(sagittal) almost twice length of brim. Fixed cheeks
moderately narrow, flat, downsloping; width slightly
less than one-third basal glabellar width. Palpebral
lobes hardly differentiated from cheek; situated
slightly anterior to glabellar midlength; lateral mar-
gin gently curved outward, only slightly interrupting
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gentle inward curve of facial suture. Posterior limbs
subtriangular; length (transverse) about three-fourths
basal glabellar width. Posterior marginal furrow
broad, shallow, straight. Anterior course of facial
suture nearly straightforward from palpebral lobes,
sharply curved inward before reaching marginel fur-
row, and continuing in straight line across borer to
cut anterior margin at distinet angle nearly at axial
line. Posterior course divergent outward from palpe-
bral lobe, nearly straight until across posterior margi-
nal furrow, then curved backward to posterior margin.

External surface of occipital ring and posterior part
of posterior limbs with many low coarse granules on
some specimens, smooth or only faintly granular on
others. External surface of remainder of cranidium
smooth.

Free cheek with narrow poorly defined border.
Ocular platform broad, smooth. Genal spine sl ort.

i
ete,
fsgmal Sbsteg, 8

FicURE 21.—Partial reconstruction of Bynumiella? acuminata n.
sp., about X 20.

Discussion.—This species differs from B. typicalis
Resser and B. briscoensis Resser by having a smooth
rather than coarsely pitted external surface of the
brim and cheeks and scattered coarse granulez near
the posterior margin of the cranidium, a somewhat
more truncate anterior end to the glabella, a more
sharply pointed anterior margin on the cranidium,
and an occipital furrow that is deeper near the dorsal
furrow and shallower on the axial line. No other
known species in the Dunderberg fauna is likely to be
confused with this one.

Occurrence: Moderately common, about 40 ft above base
of Dunderberg shale; unit B. USGS colln. 795—CO0O, 2296-CO.

Figured specimens: Holotype cranidium, USNM 136903,
USGS colln. 2296-CO. Paratype free cheek, USNM 136904,
USGS colln. 2296-CO.

Genus BYNUMINA Resser
Bynumina Resser, 1942, p. 58.
Type speciex—Bynumina caeluta Resser, 1942b, p.
58, pl. 10, figs. 18-22,
Diagnosis—Cranidium without distinct furrows on

external surface. Anterior margin broadly rounded.
No apparent border. Palpebral lobes small, situated
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anterior to midlength of cranidium. Posterior course
of facial suture diverges at nearly right angle to axial
line just behind palpebral lobe, then curves broadly
to posterior margin.

Free cheek subtriangular in outline, with rounded
genal angles.

Pygidium simple, without distinctive generic fea-
tures.

Description—Small nearly featureless trilobites
(probably not much more than 10 mum in total length)
with cranidium subtrapezoidal in outline, moderately
arched transversely and longitudinally, without dis-
tinct external furrows. Exfoliated specimens have
well-defined anteriorly tapered glabella, slightly
rounded at front. Last two pairs of glabellar fur-
rows, when present, strongly curved posteriorly. Oc-
cipital furrow deep, straight. Occipital ring narrow,
tapered laterally. Frontal area length slightly greater
than one-third that of remainder of cranidium; shal-
low marginal furrow when present, separates brim
and border of nearly equal length. Posterior limbs
broad (exsagittal), shorter (transverse) than basal
glabellar width, bluntly rounded or pointed at tips;
marginal furrow only apparent near dorsal furrow.
Anterior course of facial suture straight forward or
slightly convergent from palpebral lobes to anterolat-
eral corners of cranidium, then curved gently inward
to cut anterior margin imperceptibly about in front
of anterolateral corners of glabella. Posterior course
nearly straight laterally directly behind palpebral
lobe, then curved broadly ot posterior margin.

Free cheek subtriangular in outline, without well-
defined border. Eye small. Genal spines absent, genal
angles strongly rounded.

Pygidium subsemicircular in outline; axial lobe not
distinctly differentiated on external surface; border
not apparent. On exfoliated specimens, axial lobe
tapers backward nearly to posterior margin, not well
defined by dorsal furrow, bears up to five shallow ring
furrows. First two axial segments more distinetly
developed than more posterior segments in some
species.

External surfaces of all parts smooth.

Discussion—Neither Resser (1942) when he pro-
posed this genus for B. cuelata Resser and B. missouri-
ensis Resser from the Davis formation of Missouri,
nor Wilson (1951) when he added B. terrende Wilson
from the Ore Hill limestone member of the Gatesburg
formation in Pennsylvania and compared it with the
type species seems to have recognized that the types
of the Missouri species are exfoliated cranidia. Re-
examination of the type lots of B. cuelato and B. mis-
souriensis has turned up one cranidiam in each lot that
retains its exoskeleton. The appearance of these cra-

nidia is much like that of B. terrenda (Wilson, 1951,
pl. 89, fig. 10) and quite unlike the exfoliated speci-
mens.

The gently rounded anterior margin, absence of a
distinet. eranidial border, and strongly divergent pos-
terior course of the facial sutures on the cranidium
distinguish species of this genus from other nearly
featureless trilobites. A single distinct species, B. glo-
bosa (Walcott), represents this genus in the Dunder-
berg fauna.

The descriptions of the free cheek and pygidium are
based on material from the Davis formation in Mis-
souri.

Bynumina globosa (Walcott)
Plate 10, figure 8

Agraulos? globosus Walcott, 1884, p. 61, pl. 9, fig. 23.
Kingstonia globosa (Walcott). Resser, 1936, p. 24,

Diagnosis—Specimens of Bynumina with cranidium
having glabella nearly parallel sided, subquadrate in
outline; anterior part somewhat elevated above adja-
cent cheeks. Thoracic segments, free cheeks, and py-
gidium not known.

Discussion—The distinct, although not clearly de-
fined subquadrate glabella, is the principal feature
distinguishing this species from others in Bynumina.
Its relations to the older genus Aingstonia cannot be
determined until more is known of these nearly fea-
tureless trilobites.

Occurrence: Moderately common, upper Dunderberg shale;
unit D. USNM loe. 61,

Figured specimen:
61.

Cranidium, USNM 136792, USNM loc.

Genus CHEILOCEPHALUS Berkey

Cheilocephalus Berkey, 1898, p. 290 ; Palmer, 1934, p. 757.
Pseudolisania Kobayashi, 1935, p. 162; Shimer and Shrock,
1944, p. 621.
The fragmentary material from the Dunderberg
shale does not add any new information to the descrip-
tion of this genus already presented (Palmer, 1954).

Cheilocephalus spp.
Plate 10, figures 13, 14

Discussion—Two cranidia and a pygidium from
three different collections represent this rare but dis-
tinctive genus in the Dunderberg shale. None of the
specimens are completely preserved. The two cranidia
have a distinctive coarse granular externsl surface and
are perhaps referable to ("heilocephalus buttsi Resser
(Resser, 1942, p. 36, pl. 11, fig. 6; Wilson, 1951, p. 631,
pl. 91, fig. 13). This species is known from only two
cranidia in the Ore Hill limestone member of the
Gatesburg formation in central Pennsylvania.

The pygidium is exfoliated so that, although it has
a shape characteristic of pygidia of several species of
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Cheilocephalus, its external surface and thus its affini-
ties are not known.

Reference of the Dunderberg material to new or
described species must await more complete informa-
tion about the morphology of associated cranidia and
pygidia.

Occurrence: Rare, Dunderberg shale; units B, C. TUSGS
colln. 864-CO, 872-CO, 2299-CO.

Figured specimens: Cranidium, USNM 136907, USGS
colln. 864-CO ; pygidium, USNM 136908, USGS colln. 2299-CO.

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.

Type species.—Ptychoparia? pernasutus

1884, p. 49, pl. 10, figs. 8, 8a-b.

Discussion.—On the basis of relatively abundant

material in Oklahoma and Texas, Frederickson (1948)

and Wilson (1949) gave detailed descriptions of this

genus. Only 2 imperfect cranidia and 1 free cheek
represent the genus in the Dunderberg faunas.

Dokimocephalus resembles Iddingsia in having a
prominent glabella with deep posteriorly directed gla-
bellar furrows. It differs from Iddingsia primarily in
having the border greatly extended anteriorly.

Walcott,

Dokimocephalus pernasutus (Walcott)
Plate 11, figures 18, 20

Ptychoparia? pernasutus Walcott, 1884, p. 49, pl. 10, figs. 8, 8a—b.
Dokimocephalus pernasutus (Walcott). Walcott, 1924, p. 55, pl.
11, fig. 1; 1925, p. 84, pl. 16, figs. 29-31.
?Dokimocephalus gregori Walcott, 1925, p. 84, pl. 16, figs. 32-33;
Shimer and Shrock, 1944, pl. 264, figs. 38, 39.
Diagnosis—Members of Dokimocephalus with border
forming a pointed snout with concave sides and with
tip curved down at end.
Discussion—This species is represented by 2 frag-

mentary cranidia and 1 free cheek that are inadequate
for the preparation of a description of the species
characteristics. Neither cranidium has its fixed cheeks,
lateral margins, or external surface preserved. The
free cheek is also exfoliated. Only one cranidium, the
holotype, retains the distinctive pointed snout.

D. gregori Walcott, from Missouri, may he conspe-
cific with 2. pernasutus. Tt has a nearly identical
shape to the border and differs only slightly in observ-
able proportions of other cranidial features. Until
better material of ). pernasute is obtained, such a
synonymy cannot be definitely established.

Occurrence: Rare, upper beds of Dunderberg shale; unit
D. TUSNM loc. 61.

Figured specimens: Holotype cranidium, USNM 24608a.
Paratype free cheek, USNM 24608b.
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Genus IDDINGSIA Walcott

Iddingsia Walcott, 1924, p. 58; 1925, p. 97; Shimer and Shrock,
1944, p. 627. Bell, and others, 1952, p. 184.

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

Diagnosis—Cranidium with prominent glabella
bearing 1 or 2 pairs of deep glabellar furrows. Frontal
area expanded anteriorly, length between 14 and 24
that of glabella; subequally divided into brir1 and
border. Fixed cheeks generally upsloping, narrow;
eye ridges prominent; palpebral lobes well defined,
strongly bowed. Posterior limbs narrow (exsagittal)
tapered to sharp point.

Free cheek with deep lateral and posterior marginal
furrows and long posterolaterally directed cylirdrical
genal spine.

Pygidium transverse subtriangular in outline. Axial
lobe prominent, slightly tapered, reaching to inner
edge of poorly defined narrow border that is nearly
absent on axial line.

Description.—Medinm to large trilobites (up to
about 90 mm in length) with cranidium bearing prom-
inent glabella well defined by dorsal furrow that is
deep at sides, slightly bowed outward, and deep or
shallow across front of glabella. One or two pairs
of short deep posteriorly directed glabellar furrows
always present. Occipital furrow broad, deep, deep-
est adjacent to dorsal furrow. Occipital ring gener-
ally with median node, rarely with median spine.
Frontal area long (sagittal); length about two-thirds
that of glabella; subequally divided into downsloping
to depressed brim and gently downsloping to horizon-
tal, concave, flat, or slightly arched border by shallow
marginal furrow or sharp change in slope. Marginal
furrow generally comes to blunt point on axial line.
Fixed cheeks upsloping to elevated, bearing distinct
posterolaterally directed eye ridges; width between 14
and 14 that of glabella. Palpebral lobes strongly
bowed, well defined by deep palpebral furrow; length
between 14 and 15 that of glabella; width 14 to 14
that of fixed cheeks. Posterior limbs narrow (exsagit-
tal), dominated by broad deep posterior merginal
furrow; tapered to sharp point; length (trancverse)
slightly less than basal glabellar width.

Anterior course of facial suture divergent from
palpebral lobe to inner edge of border, then angled
inward across border to cut anterior margin ir front
of fixed cheek. Posterior course strongly divergent-
sinuous.

Free cheek subtriangular in outline with bro~d flat
or slightly arched border well defined by deep lateral
marginal furrow. TLateral marginal furrow may or
may not be connected to deep posterior marginal fur-
row. Genal spine long, large, cylindrical, straight, or
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slightly curved, directed posterolaterally at slight an-
gle to margin of cheek.

Pygidium transversely subtriangular in outline;
axial lobe prominent, gently tapered posteriorly,
bluntly rounded, extended to inner edge of border.
Three or four distinet ring furrows present. Pleural
platforms flat or slightly arched, bearing 1 or 2 shal-
low pleural furrows. Border narrow, poorly defined,
tapered towards axial line, nearly absent behind axial
lobs.

Thoracic segments and hypostome not known.

Discussion—Iddingsia was proposed by Walcott
(1924, 1925) to include Ptychoparia similis Walcott
and Ptychoparia similis robusta Walcott known only
from cranidia in collections from the Eureka district,
Nevada. A brief statement of the generic character-
istics was given at that time. No subsequent descrip-
tion of the genus has been presented until now. Mean-
while, Kobayashi (1938) added /. conceva and Resser
(1942a) added nine new species, /. alpersensis, I. ana-
tina, 1. bicinctu, 1. crassimarginata, I. missouriensis.
1. nevadensis, 1. simplicitas. I. utahensis, and 1.7 quin-
nensis. Wilson (1949) proposed a new genus, Plata-
spella, typified by 7. anatina. to include five of Resser’s
species that differed from 7. similis (Walcott) by pos-
sessing an occipital spine, shallow glabellar furrows,
and “a much more flattened and laterally expanded
border and brim which lack the convexity of those
Iddingsia.” Later, Wilson (1951) reported intergra-
dation of features formerly thought to be distinctive
of I/ddingsiu or Plataspella but continued to recognize
Plataspelle as a distinct genus. Bell, Feniak, and
Kurtz (1952, p. 184) concluded that “the characters
used by Wilson to separate Plataspella from Iddingsia
are not generically significant * * *" and made Plata-
spella a subjective junior synonym of /ddingsia.
Lochman (1953) concurred with this conclusion. Since
then, one additional species, /. occidentalis Deland and
Shaw (1956), has been added to the genus.

To prepare a description of /ddingsia and determine
its characteristics, type material for all the species
assigned to /ddingsia except I. occidentalis Deland
and Shaw has been reexamined. In this complex of
trilobites, the texture of the external surface of the
cranidium, as in the Elviniidae, is the most reliable
primary feature for differentiation of species. Within
any one collection, all cranidia have the same external
surface texture. None of the collections are large
enough to provide adequate statistical basis for many
of the slight differences in shape cited as distinctive
for various species of the genus. Although some of
the characters given by Wilson for Plutuspella do not
seem important as generic characters, there is a group
of trilobites, including P. anatina (Resser), that lack
conspicuous glabella furrows and differ among them-
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selves in surface texture. They also generally have an
occipital spine and nearly horizontal fixed cheeks. In
the light of what has been learned during this study
about the taxonomic importance of shape and surface
texture in the better represented trilobite groups in the
Dunderberg shale, the trilobites resembling P. anatina
(Resser) and bearing the characters cited above are
here considered to represent a separate genus from
those resembling /. sémilis. Only Iddingsia is repre-
sented in the Dunderberg faunas.

As now constituted, /ddingsia includes four de-
seribed species with the following primary distinguish-
ing external textural characters on their cranidia:
1. similis (Waleott), top of glabella and occipital ring
covered with close-spaced moderately coarse granules,
fixed cheeks and frontal area smooth; /. robusta (Wal-
cott) (syn. /. nevadensis Resser), entire cranidium
covered with close-spaced generally small granules of
several sizes; [. wtahensis Resser, surface of entire
cranidium smooth though top of glabella faintly rough-
ened; /. missouriensis Resser (syn. /. crassimarginata
Resser), glabella and occipital ring covered with low
coarse granules, frontal area covered with close-spaced
fine pits, fixed cheeks with both fine pits and low
coarse granules.

Precise stratigraphic placement of /. ufahensis and
[. missouriensis within the ZElvinia fauna is not yet
known. /. similis occurs with other trilobites known
only in association with Ireingella (Irvingella) major
Ulrich and Resser in the basal beds of the Windfall
formation which overlies the Dunderberg shale. /d-
dingsin robusta is associated with trilobites known only
in association with A'indbladia and {reingella (Parair-
vingella) in the upper beds of the Dunderberg shale.

The specimen identified by Bell, Fenial-, and Kurtz
as [. similis (1952, pl. 30, fig. 4b) may represent a
fifth species of 7ddingsia characterized by an occipital
spine. The other specimen identified as 7. similis by
Bell, Feniak, and Kurtz (1952, pl. 31, fg. 2) repre-
sents a specles of Plataspella. Species relationships
of the remaining specimens of /ddingsia illustrated by
Bell, Feniak, and Kurtz (1952), /. nevadensis illus-
trated by Wilson (1949), and /. occidentalis Deland
and Shaw (1956) cannot be made withort knowledge
of their external surface textures. /ddingsia concava
Kobayashi is represented by a single specifically inde-
terminate cranidium. 7.? guinnensis Resser belongs
to Nigmocheilus n. gen. (p. 90).

Iddingsia robusta (Walcott)
Plate 11, figures 13-16

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

Iddingsia robusta (Walcott).
10-11.

Iddingsia nevadensis Resser, 1942b, p. 85, pl. 1€ figs. 15-17.

Walcott, 1924, p. 97, pl. 16, figs.
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Diagnosis—Members of /ddingsia with dorsal fur-
row generally shallow across front of glabella. 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 down-
sloping. Fixed cheeks upsloping; width about one-
third basal glabellar width. Oceipital ring with low
median node. External surface covered with close-
spaced generally small granules of several sizes. Some
of the granules along brim arranged in rows parallel-
ing veination.

Discussion—This species is represented only by cra-
nidia. It differs from 7. similis (Walcott) from the
overlying Windfall formation by having a granular
rather than smooth surface on the brim and border.
Exfoliated specimens of the two species cannot be
identified or differentiated with certainty.

Iddingsia nevadensis Resser is represented by one
nearly completely exfoliated specimen that retains a
small piece of the granular external surface of its
border, and 1s not significantly different in any respect
from 7. robusta.

Occurrence: The holotype is associated with Bynumina
globosa (Walcott), a species known only from the upper beds
(unit D) of the Dunderberg shale.

Figured specimens: Holotype cranidium TUSNM 24609,

USNM loc. 61; plesiotype cranidium, USNM 136924, USNM
loc. 62; I. nevadensis holotype, USNM 108796, USNM loc. 61.

Genus KINDBLADIA Frederckson, 1948
Kindbladia Frederickson, 1948, p. 802,

Type species—Berkeia wichitaensis Resser, 1942b,
p. 93, pl. 15, figs. 31, 33.

Discussion—A good description of this genus was
given by Frederickson (1948) on the basis of abundant
material from the Honey Creek formation in Okla-
homa. The genus is represented in the Dunderberg
shale by a single species, . effinis (Walcott), known
only from cranidia.

Resser (1942a, p. 7) included A. affinis in Berkeia
without stating reasons why he had changed his earlier
assignment of the species (Resser, 1937, p. 14) to
Iddingsia. This species and most of the other species
assigned to Berkeia by Resser (1942b) differ from the
type species of Berkeia, B. typica Resser, by having
more strongly arched and upsloping fixed cheeks and
by having three shallow depressions in the marginal
furrow. Frederickson (1948) included species with
these characters in his new genus A/nddludia. This
genus can be distinguished from all others in the Dun-
derberg fauna by its prominent anteriorly tapered
glabella, strongly rounded in front and bearing two
deep pairs of glabellar furrows; deep dorsal furrow;
narrow upsloping convex fixed cheeks; and short sub-
equally divided frontal area with three shallow de-
pressions in the marginal furrow.
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Kindbladia affinis (Walcott)
Plate 11, figures 17, 19, 20

Ptychoparia (Euloma?) affinis Waleott, 1884, p. 54, pl. 10, fig. 12.
Iddingsia affinis (Walcott). Resser, 1937, p. 14.

Berkeia affinis (Waleott). 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.

Diagnosis—Members of Kindbladia with occipital
ring bearing median node rather than median spine.

Description—Small  to medium-sized trilobites
(probably about 20 mm in total length) with cranid-
ium having prominent anteriorly tapered glabella,
strongly rounded in front, with slight keel on axial
line. Two pairs of short deep glabellar furrows gen-
erally present; posterior pair strongly curved back-
ward. Dorsal furrow deep around entire glabella.
Occipital ring well defined by deep occipital furrow;
bears prominent mecdian node. Frontal area short:
length about two-fifths that of glabella; subequally
divided by deep marginal furrow into brim and bor-
der both moderately to strongly convex and slightly
downsloping on axial line. Marginal furrow broadly
curved in dorsal view; depressions in marginal furrow
shallow, most apparent on exfoliated specimens. Fixed
cheeks moderately to strongly arched, upsloping from
dorsal furrow, narrow; width slightly less than one-
fourth basal glabellar width. Palpebral lober well
defined by palpebral furrow; width slightly more than
one-half that of cheek; length about two-fifths that of
glabella. Posterior limbs tapered to a point laterally,
downsloping; length (transverse) slightly less than
basal glabellar width. Posterior marginal furrow
deep, nearly straight. Anterior course of facial su-
ture slightly divergent forward from palpebral lobes
to marginal furrow, then curved strongly across bor-
der and apparently submarginal to axial line. Poste-
rior course divergent, sinuous. KExternal surface cov-
ered with fine close-spaced granules.

Thoracic segments, free cheeks, pygidium, and hy-
postome not known.

Discussion—Nearly all the cranidia of Aindbladia
affinis and those in the type lots of the other species
of Kindbladin ave exfoliated. This tends to emphasize
the depth of all the furrows and limits comparison
of the described species. One of the rare spe~imens
of A. affinis retaining its external surface is illustrated
(pl. 11, fig. 17). No consistent distinction can be
made between the specimens, mostly exfoliated. in the
type lots of KA. affinis, Berkeia nevadensis Resser, and
B. comes Resser. They are here considered conspecific,
and represent a species differing from KA. wichitaensis
(Resser) and A", refuse. (Resser) by lacking an oceipital
spine.

Occurrence: DModerately rare, 230 ft or more above base
of Dunderberg shale; unit D. USGS colln. 2303-CO.
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Figured specimens: Holotype cranidium, USNM 24642,
USNM loc. 65. Plesiotype, USNM 136925, USNM loc. 61. Holo-
type of K. nevadensis (Resser), USNM 108788a, USNM loc. 61.

Genus MINUPELTIS n. gen.

Type species—Minupeltis conservator n. sp.

Diagnosis—Small trilobites with subquadrate cra-
nidium having glabella well defined only at sides; not
defined across front. No distinct glabellar furrows.
Oceipital furrow straight, deepest on axial line. Fron-
tal area with moderately well defined strongly arched
(sagittal) border; inner part nearly horizontal, outer
part nearly vertical. Fixed cheeks gently arched, down-
sloping: palpebral lobes small about opposite glabel-
lar midlength. Posterior limbs short; length about
two-thirds basal glabellar width. Anterior course of
facial sutures straight forward from palpebral lobes
to marginal furrow, curved inward across border to
cut anterior margin in front of glabella.

Description—Small trilobites (total length proba-
bly less than 10 mm). Cranidium subquadrate in
outline, gently arched transversely and longitudinally.
Glabella prominent, well defined at sides by shallow
dorsal furrow, not defined across front. Sides slightly
bowed. Glabellar furrows not apparent. Occipital
furrow straight, narrow, deepest on axial line. Fron-
tal area downsloping; length (sagittal) slightly less
than one-half length of glabella, subequally divided
into brim and border. Border well defined by broad
shallow marginal furrow: strongly arched in profile,
inner part nearly horizontal, outer part nearly verti-
cal. Brim not differentiated from front of glabella.
Fixed cheeks gently arched, downsloping; width about
one-third basal glabellar width. Palpebral lobes
hardly differentiated from cheek, situated about oppo-
site glabellar midlength; length about one-third that
of glabella. Posterior limbs short, bluntly pointed;
length (transverse) about two-thirds basal glabellar
width. Posterior median furrow straight, shallow.
Anterior course of facial suture nearly straightfor-
ward from palpebral lobes to marginal furrow, then
curved abruptly inward across border to cut anterior
margin between axial line and point opposite ante-
rolateral corner of glabella. Posterior course of facial
suture divergent from palpebral lobe, slightly bowed
outward.

Free cheek, hypostome, thoracic segments, and
pyvgidium not known.

External surface of all parts smooth, shiny on well-
preserved specimens,

Discussion—This distinctive trilobite is moderately
common in the lowest collection from the Dunderberg
shale. It does not resemble closely any described Up-
per Cambrian trilobite from western North America,
or any other trilobite from the dphelaspis, Dunder-

bergin, or Elvinia faunas. The overall form of the
cranidium, except for the anterior course of the facial
sutures, is similar to that of simple Lower Cambrian
ptychoparioids like Crassifimbra (Palmer, 1958) ; hence
the species name, conservator. The subequally divided
frontal area, slightly bowed sides to the glabella, and
small poorly defined centrally located palpebral lobes
indicate possible affinities to solenopleurid trilobites,
such as species of Parasolenopleura (Westergard,
1953).  Minupeltis differs from similar Lower Cam-
brian trilobites primarily by having the facial sutures
cutting the anterior margin nearer the axial line; it
differs from similar solenopleurid forms by having
the front of the glabella not defined and by having
the border strongly arched in longitudinal profile.

Minupeltis conservator n. sp.

Plate 10, figures 11, 12

Description—This is the only species presently
known in Minupeltis, and the description of the genus
also gives the characters of the species.

Discussion—One cranidium in the type lot (pl. 10,
fig. 12) is an unusual pathologic specimen on which
the right side is not so well developed as the left.
This is particularly noticeable on the posterior limb
and at the right anterolateral corner of the cranidium.

Occurrence: Moderately common, lower 2C ft of Dunder-
berg shale: unit A. USGS colln. 2294-CO.
Figured specimens: Holotype cranidium, USNM 136905,

USGS colln. 2294-CO. Paratype pathologic cranidium, USNM
136906, USGS colln. 2294-CO.

Genus MOROSA n. gen.
Text figure 22

Type species—Morosa longispina n. sp.

Diagnosis—Housiidae? with axial length of frontal
arvea slightly less than one-third glabsllar length.
Frontal area subequally divided into well-defined brim
and border. Border tapered laterally to a point just
before reaching anterolateral corner of cranidium.
Anterior margin in front view nearly horizontal;
course of marginal furrow in front view strongly
bowed upward. Glabella well defined. Glabellar fur-
rows hardly visible. Fixed cheeks narrow, gently
arched upward, nearly horizontal; width slightly less
than one-fourth basal glabellar width. Palpebral
lobes prominent, situated anterior to midlength of gla-
bella. Oceipital ring with prominent median node.

Free cheek with narrow border. Marzinal furrow
distinet at anterior margin, disappears posteriorly.
Genal spine broad at base, flat, tapered to sharp point.
Inner and outer margins straight.

Pygidium with prominent axial lobe extending to
inner edge of moderately wide, slightly concave, poorly
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defined border that maintains nearly constant width
along entire pygidial margin.

External surface of exoskeleton except areas of
muscle attachment covered with distinct pits. Sur-
faces of pleural lobes and axial lobe of pygidium also
bear low fine granules. Surface of mold smooth or
pitted.

Marginal parts of cephalon and pygidium with
prominent terrace lines.

FIGURE 22.—Partial reconstruction of Morosa longispina n. sp.,
about X 15.

Description—Generally small trilobites (length
probably less than 20 mm) with cranidium having
well-defined straight-sided anteriorly tapered glabella,
truncate anteriorly. Dorsal furrow deepest at sides
and anterolateral corners of glabella, somewhat shal-
lower across front. Qccipital furrow straight, deep-
est at side of glabella. shallow on axial line. Occipital
ring with prominent median node. (Glabellar furrows
generally not apparent. Frontal avea short, depressed;
length (sagittal) slightly less than one-third glabellar
length. Border well defined, downsloping, tapered
laterally to a point just before reaching the ante-
rolateral corners of the cranidium. Course of mar-
ginal furrow when viewed from the front, strongly
bowed upward. Length (sagittal) of border slightly
greater than length of brim. Fixed cheeks narrow,
gently arched upward. nearly horizontal. Width
slightly less than one-fourth basal glabellar width.
Short poorly defined eye lines present. Palpebral
lobes well defined by nearly straight shallow palpebral
furrow; width slightly more than one-half width of
fixed cheek; length slightly less than one-half length
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of glabella. Posterior limbs slightly backswept;
slightly shorter (transverse) than basal glabellar
width. Posterior marginal furrow deep. Facial su-
tures divergent anteriorly from palpebral lobe almost
to marginal furrow, then curved sharply inward
across marginal furrow and border to cut anterior
margin near, but not at, axial line. Submarginal
course not known.

Thoracic segments and hypostome unknown.

Free cheek with ocular platform well definec along
anterolateral and posterior margins, merges poste-
rolaterally with genal spine. Border narrow; width
at anterior margin between 14 and 14 width of ocular
platform. Lateral marginal furrow distinct but shal-
low at anterior margin, disappears posteriorly. Pos-
terior marginal furrow deep at junction with pcesterior
limb, disappears laterally. Genal spine broad =t base,
flat, tapered to a sharp point. Outer and inner mar-
gins straight. Length about two-thirds length of ocu-
lar platform.

Pygidium with prominent posteriorly tapered axial
lobe bearing three conspicuous ring furrows and ex-
tending to inner edge of poorly defined border. Pleu-
ral platform triangular, crossed by 1 or 2 pleural fur-
rows that do not extend onto border. Border slightly
concave, maintains nearly constant width along pygid-
ial margin. Posterior margin smooth.

Surfaces of all known parts of exoskeleton except
muscle-scar areas on cranidium are covered with nu-
merous distinet pits of variable size. Prominent ter-
race lines on margins of cephalon and pygidium.
Pleural platform and axial lobe of pygidium with low
poorly defined granules.

Discussion—This distinctive genus is represented
by only a single rather common species that has no
apparent ancestors or descendants in the Dunderberg
shale fauna. It may belong to the Housiidae because
of the anteriorly placed palpebral lobes on the cranid-
ium and the even width of the pygidial border. How-
ever. the character of the frontal area and the dis-
tinet palpebral furrows are not typical of the family,
and the genus is not here assigned to any family or
subfamily.

Morosa longispina n. sp.

Plate 10, figures 15-17

Diagnosis—As this is presently the only dercribed
species of Morosa, the diagnosis is the same as that
for the genus.

Discussion—The range of this abundant species is
sufticiently restricted to mark a distinetive faunal sub-
zone within the Dunderberg shale. A second species
of this genus is known. but not yet described, from
the basal beds of the Nopah formation in California.
It differs from /. longispina principally in having
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much shorter genal spines and a relatively broader
free cheek.

Occurrence: Abundant, 40-100 ft above base of Dunder-
berg shale: unit B. TUSGS colln. 795-CO, 873-CO, 2296-CO,
2298-C0—2300-CO.

Figured specimens: Holotype cranidium, USNM 136909,
USGS colln. 2299-CO. Paratypes, pvgidium and free cheek
USNM 136910a, b, USGS colln. 2299-CO.

Genus OLIGOMETOPUS Resser
Oligometopus Resser, 1936, p. 28.

Type species—Ptychoparia (Solenopleura?) brevi-
ceps Walcott, 1884, p. 19, plL. 10, fig. 9.

Diagnosis—Small trilobites with cranidium having
well-defined anteriorly tapered glabella reaching to
marginal furrow. Border straight, thickened, nearly
vertical. Fixed cheeks moderately arched, slightly
downsloping: width about one-half basal glabellar
width. Palpebral lobes small, narrow, situated below
level of cheek about on line through glabellar mid-
length. Posterior limbs short; length (transverse)
less than basal glabellar width. External surface of
cranidium covered with low coarse granules.

Free cheek, hypostome, thorax, and pygidium not
known.

Description—Small trilobites (length of cranidium
about 4+ mm) with cranidium subquadrate in outline,
anterior margin nearly straight. Glabella prominent,
well defined by broad dorsal furrow, straight sided,
tapered forward, bluntly rounded anteriorly. extended
to marginal furrow. Three pairs of broad shallow
glabellar furrows visible. Oceipital furrow deep,
deepest adjacent to dorsal furrow. Occipital ring
broken on known specimens, shape not known. Fron-
tal area made up entirely of narrow border that is
thickened and nearly vertical along entire anterior
margin. Fixed cheeks broad, moderately arched up-
ward, slightly downsloping: width about one-half
basal glabellar width. Low ocular ridges extend
obliquely outward and backward from junction of
glabella with marginal furrow. Palpebral lobes well
defined, small, situated below general level of cheek
about on line through glabellar midlength; length
about one-third that of glabella; width about one-fifth
that of cheek. Posterior limbs short, bluntly termi-
nated: length (transverse) less than basal glabellar
width.  Posterior marginal furrow broad, deep,
straight. External surface of all parts except bor-
der and furrows covered with low coarse granules.
Border bears conspicuous terrace lines.

Anterior course of facial suture slightly conver-
gent forward from palpebral lobe to marginal fur-
row, then turned abruptly inward and nearly straight
across border to cut anterior margin near anterolateral
corners of cranidium. Posterior course directed lat-
erally in a broad curve to posterior margin.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY

No other parts of exoskeleton known.

Discussion—This rare genus seems to have affinities
to asiatic genera, such as Chuangia and Pagodia, which
also have broad fixed cheeks and a glabella that
reaches to, or nearly to, the marginal furrow. Oi-
gometopus differs from the asiatic genera either in
the shape of the glabella or of the frontal area. No
American or other foreign genera can be easily con-
fused with Oligometopus. The placement of this
genus in a family and adequate comparison with
known genera must await knowledge of other parts
of the exoskeleton.

Oligometopus breviceps (Walcott)
Plate 10, figures 19, 20

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

Oligometopus breviceps (Walcott).

Stenelymus breviceps (Walcott).

Resser, 1975, p. 29.
Raymond, 1937, p. 1101,

Discussion—Raymond's reference of this species to
Ntenelymus seems to have been based on inadequate
knowledge of the holotype. The shapes of the fixed
cheeks, glabella, and frontal area are urlike those in
Stenelymus. Recently, Lochman (1953, p. 888) con-
sidered Ntenelymus a synonym of Genevievella, a genus
that is entirely unlike (Oligometopus in its critical
diagnostic features.

Besides the holotype, only one other cranidium of
Oligometopus is known. This specimen shows that
the species had a granular external cranidial surface
rather than a smooth surface as stated by Walcott.
The holotype, which has most of its external surface
damaged, shows the granules on the posterior limbs.

Occurrence: Rare, 140 ft or more above base of Dunder-
berg shale; units C, D. USGS colln. 954-CO.

Figured specimens: THolotype, USNM 24577, USNM loc.
62. Plesiotype cranidium, USNM 136913, USGF colln. 954-CO.

Genus PINCTUS Wilson

Type species—Pinctus lutus Wilson, 1951, p. 646,
pl. 93, figs. 14, 15.

Description—This genus was described by Wilson
(1951, p. 646).

Cranidium small and bluntly triangular in shape, moderately
convex with well-developed furrows. Glabella very long, prom-
inent, convex, and quadrate with three pairs of well-impressed
oblique furrows; occipital ring posteriorly extended at axis.
Brim reduced and depressed: border prominent, widely arcu-
ate, and considerably tapered: brim: border ratio about 1 or
less. Fixed cheeks downsloping, moderately wide (ratio 2 or
less) ; palpebral lobes small and thin, slightly anterior: poste-
rior limbs broad and extended.

Facial suture intramarginal almost to axis, I 2ginning to di-
verge already just behind anterolateral corner, indenting but
slightly at each end of palpebral lobe, and sweeping outward
behind it enough to give cranidium a wide base.
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Pinctus? spp.

Plate 10, figures 18, 21

Three small cranidia represent two species of a
trilobite possibly related to Pincutus lutus Wilson.
The cranidia are characterized by a prominent gla-
bella; small anteriorly placed palpebral lobes; broad
arched horizontal or slightly downsloping fixed cheeks:
and a well-defined border about equal in length (sag-
ittal) to the brim. Two of the cranidia, from USGS
collection 952-C'O, have the palpebral lobes distinctly
defined, distinct glabellar furrows, and a border that
is of nearly constant width across much of the front
of the cranidium. The third cranidium, from USGS
collection 953-CO, has undefined palpebral lobes, shal-
low, hardly apparent glabellar furrows, and a border
that tapers rapidly laterally from the axial line, much
like that of Morosa longisping n. sp.

Both species differ from Pinctus lotus in having
smooth rather than fine-granular external surfaces and
in having broader and shorter glabellas. Certain
generic and specific identification of these trilobites
must await more knowledge of the small trilobites in
the Dunderberg and related faunas.

Rare, 60-120 ft above base of Dunderberg
shale; units, B, C. USGS colln, 952-CO, 953-CO.

Figured specimens: Cranidium, USNM 136911, USGS
colln. 952—-CO: cranidium, USNM 136912, USGS colln. 953-CO.

Occurrence:

Genus PSEUDOSARATOGIA Wilson 1951
Pseudosaratogia Wilson, 1951, p. 647.

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

Diagnosis—Elviniidae? with flaring frontal area on
cranidium; axial length of border about one-half or
less axial length of brim.

Discussion.—A complete description of this genus
was given by Wilson (1951). Specimens of Pseudo-
saratogia are rare in the Dunderberg shale and do
not provide any new information concerning the mor-
phology of the genus. The two species here described
have a rounded glabellar front and nearly horizontal
cheeks, similar to Pseudosaratogia lata Wilson from
the Ore Hill limestone member of the Gatesburg for-
mation in central Pennsylvania. This species was
considered a somewhat aberrant form by Wilson
(1951). The palpebral lobes are also somewhat smaller
than those of the Pennxylvania species. Nevertheless,
the overall characteristics of the cranidia are more
suggestive of Psewdosaratogia than other genus.

Pseudosaratogia leptogranulata n. sp.
Plate 11, figure 10

Diagnosis—Specimens of Pseudosaratogia with
cranidinm bearing prominent glabella that is bluntly
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rounded anteriorly. Marginal furrow deep, narrow.
Axial length of border slightly more than one-half
that of brim. External surface exclusive of furrows
and palpebral lobes covered with fine granules. Sur-
face of mold pitted.

Discussion—This species is represented by six
cranidia in USGS collection 954-CQO. It is most simi-
lar to Pseudosaratogia late Wilson (1951) but differs
by having a more prominent glabella, a deep margi-
nal furrow, and finer granular ornament present only
on the external surface of the cranidium. Two cra-
nidia in USGS collection 953-CO have the same shape
as P. leptogranulata, but one is nearly smooth and
the other has distinet and abundant coarse and fine
granules on its external surface. The specimens are
questionably assigned to this species.

Occurrence: Rare, 120-150 ft above base of Dunderberg
shale:; unit C. USGS colln. 953-CO(?), 954-CO.

Figured specimen: Holotype cranidium, USNM 136922,
USGS colln. 954-CO.

Pseudosarategia abnormis Palmer n. sp.

Plate 11, figure 11

Diagnosis—Specimens of Pseudosaratogia with ax-
ial length of border about one-third that of brim;
border separated from brim by abrupt change in slope;
length (exsagittal) of palpebral lobes about one-third
length of glabella exclusive of occipital ring; surface
of cranidium covered with moderately coarse grenules.

Discussion—A single cranidium from a collection
about 60 feet above that bearing P. leptogranulata
n. sp. has the characteristic flared frontal area, nar-
row upturned border separated from the brim more
by a change in slope than by a marginal furrow, nar-
row fixed cheeks, posteriorly placed palpebral lobes
and granular external surface characteristic of species
of Pseudosaratogia. Tt lacks conspicuous glebellar
furrows, it has a shorter palebral lobe, and the gla-
bella is more strongly arched longitudinally then any
of the Pennsylvania species described by Wilson
(1951).

This species differs from P. leptogranulata by hav-
ing shorter (sagittal) border. less well-incised margi-
nal furrow, and stronger surface granulation.

Occurrence: Very rare, about 220 ft above base of Dunder-

berg shale: unit C. USGS colln. 955-CO.
Figured specimen: Holotype cranidium, USNM 1£6923.

Genus and species undetermined 1

Plate 11, figures 2, 5, 6

Two cranidia from USGS collection 2297-CO rep-
resent a trilobite unlike any other described from the
Dunderberg or related faunas. It is characterized by
low cranidial relief; a nearly parallel-sided squarely
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truncate glabella bearing three pairs of broad short
deep slotlike glabellar furrows that are isolated from
the dorsal furrows: an anteriorly flared frontal area
with a narrow border of nearly constant width; and
wide fixed cheeks bearing large well-defined arcuate
palpebral dobes.

A third cranidium (pl. 11, fig. 5) in this collection
probably is congeneric and perhaps conspecific with
the forms described above. It differs from them prin-
cipally by having the glabellar furrows marked by
broad and shallow rather than deep depressions.

Proposal of new names is deferred until more ma-
terial can be obtained to determine more clearly the
relationships of these cranidia.

Occurrence: Rare, 50-60 ft above base of Dunderberg
shale; unit B. USGS colln. 2297-CO.
Figured specimen: Cranidia, USNM 136915a—c.

Genus and species undetermined 2
Plate 11, figure 1

A cranidium from USGS collection 2295-CO rep-
resents a species that is most similar to genus and
species undetermined 1. This species is characterized
by low relief on the cranidium, an expanded frontal
area with a narrow raised border, a straight-sided
slightly tapered truncate glabella, and broad fixed
cheeks bearing large well-defined arcuate palpebral
lobes. It differs from genus and species undetermined
1 by having a raised rather than flattened border, an
anteriorly tapered glabella, and somewhat more pos-
teriorly placed palpebral lobes.

Occurrence: Rare, 40-50 ft above base of Dunderberg

shale; unit A. TUSGS colln. 2295-CO.
Figured specimen: Cranidium, USNM 136914.

Genus and species undetermined 3
Plate 11, figure 3

An incomplete but distinctive elongate pygidium
from USGS collection 2297-C'O cannot be assigned to
any described trilobite from the Dunderberg fauna.
It has a long slender well-defined axial lobe bearing
8 ring furrows becoming shallower posteriorly; elon-
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gate downsloping pleural lobes bearing 6 shallow
pleural furrows; and a narrow concave poorly de-
fined border. The posterior margin is curved sharply
upward and inward to the axial line forming an in-
verted V when viewed from the rear.

This pygidium shows most similarity to that of
Cliffia latagenae (Wilson) from the Ore Hill lime-
stone member of the (Gatesburg formation in central
Pennsylvania. It differs by possessing a narrow bor-
der and by lacking median nodes on each segment of
the axial lobe.

Occurrence: Very rare, 50-60 ft above base of Dunder-

berg shale; unit B. USGS colln. 2297-CO.
Figured specimen: Pygidium, USNDM 136916.

LOCALITY INFORMATION

The collections referred to in this paper are cata-
logued under 1 of 2 sets of numbers except for the
collections studied by Hall and Whitfeld (1877).
These were listed only as coming from the Eureka
district without more precise locality data. They
have never been given locality numbers.

Many of the collections obtained from the Eureka
district before 1900 are listed in the U.S. National
Museum locality catalogue. Specimens from these
collections bear green paper circles with handwritten
locality numbers.

Collections since 1939 by the U.S. Geological Sur-
vey are listed by collection number in the USGS
Cambrian-Ordovician locality catalogue. Specimens
from these collections bear orange paper circles or
rectangles with machine-printed collection numbers.
TUSGS collection numbers referred to in the text bear
the suffix “~CO™ to differentiate them from a parallel
series of numbers in the Silurian-Devonian (suflix
“—SD™) locality catalogue.

Unless otherwise indicated in the list below, the
collections are from the Eureka mining district, Eu-
reka County, Nev. Most of the geographic features
that are referred to in the locality descriptions are
shown on the Eureka and Pinto Summit (15-minute)
quadrangles. Exact location of the measured section
is shown in figure 6.

USGS collection Locality description and collector

URSGES collection Locality description and collector

789-CO___ From limestone in the Dunderberg shale,
about 200 ft above the Hamburg dolomite.
In place. 2,050 ft 8. 18 E. of the Hamburg
shaft. Elev 8,025. Josiah Bridge, 1939.
795-CO_________ Near base of Dunderberg shale on road to

Catlin shaft, about 250 ft from New York
Canyon road. In place. 760 ft S. 29 E.
of the Catlin shaft. Elev 7,480 ft.
Josiah Bridge, 1939.

809-CO________ Southwest slope of Hoosac Mountain, east
of the high pinnacle of Hamburg dolomite.
East of spring in tributary of Secret
Canyon. Inplace. 4,980ftS.5 E. of the
Windfall shaft. Elev 8,075 ft. Josiah
Bridge, 1939.

North side of Widewest Canyon. 900 ft N.
55 E. of Cyanide shaft. Elev 6,470 ft.
Josiah Bridge, 1939.

864-CO________ -
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USGS collection

Locality description and collector

UBGS collection

Locality description and collector

872-CO_________ Dump of prospect 1,350 ft N. 64 W. of || 2295-CO________ Windfall Canyon section, about 30 ft above
USMM?1t! 10, near Bullwhacker mine. Hamburg dolomite; 8-in. limestone bed.
(Northern 1 of 2 prospects close together.) A. R. Palimer and R. J. Ross, 1957.
Elev 6,327 ft. Josiah Bridge, 1939. 2296-CO__._____ Windfall Canyon section, about 40 ft above
873-CO_________ Dump of prospect 1,300 ft S. 74 W. of Hamburg dolomite; 6-in. limestone bed.
USMM?1! 10 (near Bullwhacker mine). A. R. Palmer and R. J. Ross, 1957.
Elev 6,365 ft. Josiah Bridge, 1939. 2297-CO________ Windfall Canyon section, about 55 ft above
952-CO___.______ Dunderberg shale section, extending east of Hamburg dolomite; 2 ft below top of 10-ft
prospect pits, 500 ft north of Windfall limestone unit. A. R. Palmer and R. J.
shaft, Windfall Canyon, 67 ft above base Ross, 1957.
of Dunderberg shale. A. R. Palmer and || 2298-CO________ Windfall Canyon section, about 70 ft above
A. B. Shaw, 1951. Hamburg dolomite; 1-ft limestone bed.
953-CO_________ Same locality as 952; 121 ft above base of A. R. Palmer and R. J. Ross, 1957.
Dunderberg shale. A. R. Palmer and || 2299-CO________ Windfall Canyon section, about 77 ft above
A. B. Shaw, 1951. Hamburg dolomite; 2 ft above bas2 of unit
954-CO_________ Same locality as 952; 144 ft above base of of 1- to 3-in. fine-grained limestone beds
Dunderberg shale. A. R. Palmer and that crop out sporadically for about 20-25
A. B. Shaw, 1951. ft. A. R. Palmer and R. J. Ross, 1957.
955-CO_________ Same locality as 952; 215 ft above base of || 2300-CO________ Windfall Canyon section, about 90 ft above
Dunderberg shale. A. R. Palmer and Hamburg dolomite; 10 ft below top of
A. B. Shaw, 1951. highest limestone in middle of Dunder-
1197-CO________ Nevada, White Pine County, Wheeler Peak berg shale. A. R. Palmer and R. J. Ross,
quadrangle. Cambrian section on south 1957.
side of the south fork of Lincoln Canyon, {| 2301-CO____ __ _ Windfall Canyon section, about 195 ft above
at junction with north end of Johns Wash, Hamburg dolomite; 3-in. limestone bed.
irregular to nodular limestone with shale A. R. Palmer and R. J. Ross, 1957.
partings; 150 ft below top of Lincoln Peak {| 2302-CO______ . Windfall Canyon section, about 75 ft below
formation. A. R. Palmer 1952. top of Dunderberg shale. A. R. Palmer
1297-CO________ East side of Sierra Canyon, first baked shale and R. J. Ross, 1957.
outerop seen after entering from the south. || 2303-CO________ Windfall Canyon section, about 40 tt below
Josiah Bridge, 1939. top of Dunderberg shale. A. R. Palmer
1436-CO________ Nevada, White Pine County, Wheeler Peak and R. J. Ross, 1957.
quadrangle. North trending canyon just USNM locality
below Johns Wash limestone, sec. 23, T.
12 N, R. 69 E. on south line of section at || 7j_ . _____ _____ Limestones at the north end of the Quinn
elev 7,080 ft. A. R. Palmer, 1953. Canyon Range, 1 mile (1.6 km) northwest
1441-CO________ Nevada, White Pine County, Wheeler Peak of the Ttalian Ranch foothills, Nye County,
quadrangle, Cambrian section on south Nev. J. E. Spurr, 1899.
side of south fork of Lincoln Canyon at || 61____ _________ A little south of the Hamburg mine, Eureka
junction with the north end of Johns County, Nev. C. D. Walcott, 1882.
Wash; 150 ft below top of Lincoln Peak || 62 _____________ In canyon just north of Adams Hill. C. D.
formation. A. R. Palmer, 1953. Walcott. 1880.
2294-CO________ Windfall Canvon section, north side of spur |[ 63_________ _____| At the base of the Pogonip limestore north-
due east of New Windfall shaft, about 12 east of Adams Hill. C. D. Walcott, 1880.
ft above Hamburg dolomite; 2-in. lime- |65 ____________ Limestone on the east side of Sierra Canyon,
stone bed. A. R. Palmer and R. J. Ross, opposite Pinnacle Peak. Arnold Hague
1957. and J. P. Iddings, 1880.
1 U.S. mineral marker.
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PLATE 4

Ficures 1, 2. Homagnostus tumidosus (Hall and Whitfield) (p. 63), X 10.
1. Cephalon, USNM 136831a, USGS colln. 2299-CO.
2. Pygidium, USNM 136831b, USGS colln. 2299-CO.

3, 4. Pseudagnostus communis (Hall and Whitfield) (p. 61), X 10.
3. Cephalon, USNM 136832a, USGS colln. 2299-CO.
4. Pygidium, USNM 136832b, USGS colln. 2299-CO.

5, 6. Pseudagnostus prolongus (Hall and Whitfield) (p. 61).
5. Cephalon, X 10, USNM 136833a, USGS colln. 2301-CO.
6. Pygidium, %X 8, USNM 136833b, USGS colln. 2301-CO.

7-9. Homagnostus obesus (Belt) (p. 63), X 10.
7. Cephalon, USNM 136834a, USGS colln. 2296-CO showing finely pitted outer surface.
8. Pygidium, USNM 136834h, USGS colln. 2296-CO.
9. Cephalon, USNM 136835, USGS colln. 2295-CO.

10-12. Pseudagnostus? acutus (Kobayashi) (p. 62), X 10.
10. Lectotype pygidium, NMC 11996, from so-called Parabolinella limestone, east of Harrogate, British
Columbia, Canada. Specimen figured by Kobayashi (1938, pl. 16, fig. 18).
11. Pygidium, USNM 136836a, USGS colln. 2297-CO, showing muscle scars.
12. Pygidium, USNM 136836b, USGS colln. 2297-CO.

13. Phalacroma? sp. (p. 63), X 10.
Cephalon, USNM 136837, USGS colln. 2300-CO.

14-21, 23, 24. Dunderbergia nitide (Hall and Whitfield) (p. 67).
14. Pygidium, X 4, USNM 136838a, USGS colln. 2300-CO.
15. Lectotype cranidium, X 3, USNM 24572, Dunderberg shale, Eureka, Nev.
16. Paratype cranidium, X 3, USNM 24572b, Dunderberg shale, Eureka, Nev.
17. Cranidium, holotype of D. simulator (Hall and Whitfield), X 1, USNM 24575, Dunderberg shale,
Fureka, Nev.
18. Latex cast of exfoliated cranidium, X 3, USNM 136838b, USGS colln. 2300-CO.
19. Stereogram of cranidium, ¥ 4, USNM 136838¢, USGS colln. 2300-CO.
20. Latex cast of underside of right free cheek showing form of doublure, X 3, USNM 136839, USGS
colln. 873-CO.
21. Latex cast of right free cheek, X 3, USNM 136838d, USGS colln. 2300-CO.
23. Pygidium, X 3, USNM 136838¢, USGS colln. 2300-CO.
24. Exfoliated right free cheek showing fine-pitted surface, X 4, USNM 136838f, USGS colln. 2300-CO.
22, 25, 28, 29. Dunderbergia variagranula Palmer (p. 68).
22. Stereogram of eranidium, X 4, USNM 136840a, USGS colln. 2297-CO.
25. Cranidium, X 4, showing coarse granules on surface of internal mold of glabella, USNM 136841,
USGS colln. 2298-CO.
28. Pygidium, X 4, USNM 136843, USGS colln. 809-CO.
29. Free cheek, X 4, USNM 136840b, USGS colln. 2297-CO.
26. Dunderbergia variagranula? Palmer (p. 68), X 8.
Cranidium, guestionably assigned to this species, USNM 136842, USGS colln. 2302-CO.
27. Dunderbergia quadrata Kobayashi (p. 68), X 2.
Cranidium, NMC 11962, west of Harrogate, British Columbia, Canada.
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PLATE 5

F1cUurEes 1-4, 6, 7, 9, 14. Dunderbergia polybothra n. sp. (p. 67).
1. Cranidium, X 3, USNM 136844a.
2, 3. Free cheeks, X 4, USNM 136844b, c.
4, 7. Thoracic segments, X 3, USNM 1368444, e.
6. Pygidium, X 3, USNM 136844f.
9. Stereogram of holotype cranidium, X 4, USNM 136845.
14. Detail of top surface of glabella and occipital ring, of cranidium in fig. 1, X 10. All specimens from
USGS colln. 2296-CO.
5. Dunderbergia maculosa (Hall and Whitfield) (p. 66), X 1.
Holotype cranidium, USNM 24617 Dunderberg shale, Eureka district, Nevada.

8. Dunderbergia pustulosa (Hall and Whitfield) (p. 66), X 1.
Holotype cranidium, USNM 24579 Dunderberg(?) shale, White Pine district, Nev.

10-13, 15-23. Dunderbergia bigranulosa n. sp. (p. 66).
10. Cranidium, X 4, USNM 136846a, USGS colln. 795-CO.
11. Exfoliated cranidium, X 3, USNM 136846b, USGS colln. 795-CO.
12. Stereogram of holotype cranidium, X 3, USNM 136847, USGS colln. 2295-CO.
13. Detail of surface of brim and border of cranidium in fig. 19, X 10.
15. Free cheek, X 4, USNM 136848b, USGS colln. 2295-CO.
16. Free cheek, X 4, USNM 136849a, USGS colln. 2294-CO.
17. Free cheek, X 5, compare border with fig. 16, USNM 136848c, USGS colln. 2295-CO.
18. Cranidium, X 4, USNM 136848a, USGS colln. 2295-CO.
19. Cranidium, X 4, USNM 136849b, USGS colln. 2294-CO.
20. Pygidium, X 4, USNM 136849¢, USGS colln. 2294-CO.
21, 22. Pygidia, X 4, USNM 136848d, e, USGS colln. 2295-CO.
23. Pathologic pygidium with partly attached, distorted thoracic segments, X 3, USNM 136848f,
USGS colln. 2295-CO.



PLATE 6

Ficure 1. Irvingella (Parairvingella) eurekensis (Resser) (p. 74), X 3.

2, 3.

16, 17, 19

Stereogram of holotype cranidium, USNM 108668, USNM loc. 61.
Irvingella (Parairvingella) angustilimbatus Kobayashi (p. 73), X 2.
2. Stereogram of small plesiotype cranidium for comparison with I. (P.) eurekensis, USNM 108672, USNM loc. 62.
3. Large cotype cranidium, USNM 24643, USNM loc. 63.
Elvinia granulata Resser (p. 71), X 2.
Stereogram of holotype cranidium, USNM 108815, USNM loc. 63.
. Elvinia hamburgensis (Resser) (p. 71), X 2.
Holotype cranidium, USNM 108669, USNM loc. 61.
. Elvinia? sp. (p. 71), X 3.
Cranidium, TSNM 136850, USGS colln. 2300-CO.
. Elvinia roemeri (Shumard) (p. 70), X 2.
Cranidium, USNM 136851, USGS colln. 789-CO.

. Elviniella sp. (p. 72), X 4.

8. Stereogram of cranidium, USNM 136852, USGS colln. 954-CO.
14. Cranidium, USNM 136853, USGS colln. 2301-CO.
. Elviniella laevis n. gen., n. sp. (p. 72), X 4.
9. Stereogram of holotype cranidium, USNM 136854a, USGS colln. 952-CO.
10. Latex cast of posterior part of holotype cranidium USNM 136854b.

. Elburgia quinnensis (Resser) (p. 69).

11. Stereogram of exfoliated holotype cranidium, X 3, USNM 108838a, USNM loc. 7j.
12. Cranidium on same block as holotype, X 3.

13. Cranidium, X 4, USNM 136855a, USGS colln. 2298-CO.

15. Exfoliated cranidium, X 3, USNM 136855b, USGS colln. 2298-CO.

. Elburgia granulosa (Hall and Whitfield) (p. 69), X 3.
16. Cranidium, USNM 136856, USGS colln. 795-CO.
17. Cranidium, USNM 136857, USGS colln. 2297-CO.
19. Stereogram of holotype cranidium, USNM 24573, Dunderberg shale, Eureka district, Nevada.

18, 20-22. Olenus? wilsoni Henningsmoen (p. 79), X 5.

23-27

18. Cranidium, USNM 136858a, USGS colln. 2300-CO.
20. Cranidium, USNM 136859a, USGS colln. 2297-CO.
21. Free cheek, USNM 136859b, USGS colln. 2297-CO.
22. Pygidium, USNM 136858b, USGS colln. 2300-CO.
. Olenus? granulatus n. sp. (p. 79).
23. Pygidium, X 5, USNM 136860, USGS colln. 2299-CO.
24. Stereogram of holotype cranidium, X 5, USNM 136861, USGS colln. 2300-CO.
25. Detail of surface, holotype cranidium, X 15.
26. Cranidium, USNM 136862, USGS colln. 795-CO.
27. Detail of surface of pygidium, X 15.
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PLATE 7

Ficures 1-7, 9. Housia ovata n. sp. (p. 75).

1. Stereogram of holotype cranidium, X 2, USNM 136863, USGS colln. 872-CO.

2. Free cheek, X 1, USNM 136864a, USNM loec. 60.

3. Cranidium, X 4, for comparison with cranidium of comparable size for Parahousia constriuta n. sp.
(fig. 16), USNM 136865a, USGS colln. 955-CO.

4, 9. Transitory pygidia, X 15, USNM 136865b,¢, USGS colln. 955-CO.

5. Exfoliated pygidium, X 2, USNM 136864b, USGS colln. 872-CO.

6. Pygidium showing uneven development of left and right pleural lobes, X 3, USNM 136864c, USGS
colln. 872-CO.

7. Pygidium, X 4, USNM 136865d, USGS colln. 955-CO.

8. Housia halli (Resser) (p. 75), X 2.
Holotype pygidium, USNM 90670, Dunderberg shale, Eureka district, Nevada.

10, 12, 13. Prehousia alata n. gen., n. sp. (p. 78).
10. Stereogram of holotype cranidium, X 3, USNM 136866.
12. Free cheek, X 2, USNM 136867a.
13. Pygidium, X 2, USNM 136867Db.
All specimens from USGS colln. 1441-CO, Lincoln Peak formation, Snake Range, Nev.

11, 14, 15, 19. Prehousia semicircularis n. gen., n. sp. (p. 78).
11. Holotype, small cranidium, X 8, USNM 136868.
14. Pygidium showing posterior margin, X 3, USNM 136869a.
15. Free cheek, X 4, USNM 136869b.
19. Fragmentary pygidium showing anterolateral margin, X 3, USNM 136869c.
All specimens from USGS colln. 2294-CO.

16-18. Parahousia constricta n. gen., n. sp. (p. 77), X 4.
16. Stereogram of holotype eranidium, USNM 136870.
17. Free cheek, USNM 136871a.
18. Pygidium, USNM 136871b.
All specimens from USGS colln. 955-CO.

20-23. Taenora exrpansa n. gen., n. sp. (p. 84).

20. Stereogram of holotype cranidium, USNM 136872, USGS colln. 954-CO.

21. Free cheek, X 2, USNM 136873a, USGS colln. 2301-CO.

22. Pygidium, X 2, TSNM 136874, USGS colln. 954-CO.

23. Small cranidium, X 5, USNM 136873b, USGS colln. 2301-CO.
24-27. Litocephalus bilobatus (Hall and Whitfield) (p. 82), X 2.

24. Stereogram of cranidium, USNM 128324a.

25. Free cheek, USNM 128324b.

26. Pygidium, USNM 128324d.

27. Thoracic segment, USNM 128324e.

All specimens from USGS colln. 1297-CO.



Fioures 1, 3, 5, 8§, 11.

2, 4,6, 7.

12, 13, 15, 16, 19, 20.

14, 17, 18, 24.

21-23.

PLATE 8

Cernuolimbus orygmatos n. gen., n. sp. (p. 85).
1. Stereogram of holotype cranidium, X 2, USNM 136875.
3. Pygidium X 2, USNM 136876a.
5. Detail of external surface of right posterior limb of holotype, X 10.
8. Free cheek, X 2, USNM 136876b.
11. Pygidium, X 3, USNM 136876c.
All from TUSGS colln. 2295-CO.

Cernuolimbus semigranulosus n. gen., n. sp. (p. 86).
2. Stereogram of holotype cranidium, X 3, USNM 136877.
4. Pygidium, X 3, TSNM 136878a.
6. Detail of external surface of back of glabella of holotype, X 10.
7. Free cheek, TSNM 136878b.
All from USGS colln. 2294-CO.

. Cernuolimbus depressus n. gen., n. sp. (p. 85), X 3.

9. Stereogram of holotype cranidium, TSNM 136879.
10. Cranidium, USNM 136880.
Both from USGS colln. 2297-CO.

Litocephalus verruculapeza n. sp. (p. 83).
12. Stereogram of holotype cranidium, X 3, USNM 136881.
13. Detail of cranidial border X 3, USNM 136882a.
15. Free cheek showing shape of anterior part of doublure, X 2, USNM 136882b.
16. Free cheek, X 3, USNM 136882c.
19, 20. Pygidia, X 3, USNM 1368824, e.
All from USGS colln. 2299-CO.

Litocephalus granulomarginatus n. sp. (p. 82).
14. Detail of border of holotype, X 5.
17. Stereogram of holotype cranidium, X 2, USNM 136883, USGS colln. 795~CO.
18. Pygidium, X 2, USNM 136884a, USGS colln. 2300-CO.
24. Free cheek, X 2, USNM 136884b, USGS colln. 2300-CO.
Anechocephalus trigranulatus n. gen., n. sp. (p. 92), X 5.
21. Pygidium, USNM 136886a.
22. Stereogram of holotype cranidium, USNM 136885.
23. Cranidium, USNM 136886b.
All from USGS colln. 952-CO.
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PLATE 9

FicUures 1-6, 9-12. Pierocephalia concava n. sp. (p. 88).
. Stereogram of holotype cranidium, X 2, USNM 136887.
. Large incomplete cranidium, X 1, USNM 136888a.
. Medium-sized cranidium, X 3, USNM 136888b.
. Small cranidium, X 4, USNM 136888c.
. Small pygidium, X 3, USNM 136888d.
. Free cheek, X 1, USNM 136888e.
. Latex cast of large pygidium, X 1, USNM 136888f.
10 11. Medium-sized pygidia, X 2, USN M 136888g, h.
12. Left pleuron of thoracic segment, X 2, USNM 136888i.
All from USGS colln. 2297-CO.
7, 8, 13. Pterocephalia sanctisabae Roemer (p. 88).
7. Cranidium, X 3, for comparison with comparable-sized cranidium of P. concava n. sp. (fig. 3), USNM
136889a, USGS colln. 2302-CO.
8. Pygidium, X 3, USNM 136890, USGS colln. 2301-CO.
13. Free cheek, X 2, USNM 136889b, USGS colln. 2302-CO.

14-20. Pterocephalia elongata n. sp. (p. 88) X 3.
14. Stereogram of holotype cranidium, USNM 136891, USGS colln. 873—-CO.
15. Free ¢heek, USNM 136893a, USGS colln. 2300-CO.
16. Cranidium, USNM 136893b, USGS colln. 2300-CO.
17. Pygidium, USNM 136892, USGS colln. 873-CO.
18, 19. Pygidia, USNM 136893¢, d, USGS colln. 2300-CO.
20. Free cheek showing shape of anterior part of doublure, USNM 136893e, USGS colln. 2300-CO.

21. Pterocephalia occidens (Walcott) (p. 88), X 4.
Holotype cranidium, USNM 24613, USNM loc. 61.

22, 23, 26, 27. Sigmocheilus grata (Resser) (p. 90).
22. Pygidium, X 3, USNM 136894, USGS colln. 952-CO.
23. Pygidium, X 3, USNM 136895a, USGS colln. 2299-CO.
26. Free cheek, X 3, USNM 136895b, USGS colln. 2299-CO.
27. Stereogram of cranidium, X 3, USNM 136895¢, USGS colln. 2299-CO.

24, 25, 28. Sigmochetlus utahensis (Resser) (p. 91).
24. Pygidium, X 5, USNM 136896a, USGS colln. 2296-CO.
25. Free cheek, X 3, USNM 136896b, USGS colln. 2296-CO.
28. Stereogram of smali cranidium, X 4, USNM 136897, USGS colln. 795-CO.

© DO W=



PLATE 10

Ficures 1-3. Sigmocheilus serratus n. gen., n. sp. (p. 91), X 3.
1. Stereogram of holotype cranidium USNM 136898a, USGS colln. 955—-CO.
2. Free cheek, USNM 136899, USGS colln. 864-CO.
3. Pygidium, on same block as holotype, USNM 136898b, USGS colln. 955-CO.

4-7. Sigmocheilus pogonipensis (Resser) (p. 91), X 3.
4. Stereogram of characteristic cranidium, USNM 136900a, USGS colln. 2301-CO.
5. Latex cast of pygidium, USNM 136900b, USGS colln. 2301-CO.
6. Cranidium showing shape of anterior margin, USNM 136901, USGS colln. 954-CO.
7. Free cheek, USNM 136900c, USGS colln. 2301-CO.

8. Bynumina globosa (Walcott) (p. 94), X 10.
Stereogram of nearly perfect cranidium, USNM 136902, USNM loc. 61.

9, 10. Bynumiella? acuminata 1. sp. (p. 93), X 8.
9. Stereogram of holotype cranidium, USNM 136903.
10. Silicified free cheek, USNM 136904.
Both from USGS colln. 2296-CO.

11, 12. Minupeltis conservator n. gen., n. sp. (p. 98), X 8.
11. Stereogram of holotype cranidium, USNM 136905.
12. Assymetrical cranidium with poorly developed right side, USNM 136906.
Both from USGS colln. 2294-CO.

13, 14. Cheilocephalus spp. (p. 94), X 3.
13. Cranidium, USNM 136907, USGS colln. 864-CO.
14. Pygidium, USNM 136908, USGS colln. 2299-CO.

156-17. Morosa longispina n. gen., n. sp. (p. 99), X 6.
15. Stereogram of holotype cranidium, USNM 136909.
16. Pygidium, USNM 136910a.
17. Free cheek, USNM 136910b.
All from USGS colln. 2299-CO.
18, 21. Pinctus? spp. (p. 101), X 10.
18. Latex cast of cranidium, USNM 136911, USGS colln. 952-CO.
21. Latex cast of cranidium, USNM 136912, USGS colln. 953-CO.
19, 20. Oligometopus breviceps (Walcott) (p. 100), X 8.
19. Stereogram of holotype cranidium, USNM 24577, USNM loc. 62.
20. Cranidium, USNM 136913, USGS colln. 954-CO.
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Ficures 1.

2,5, 6.

10.
11.

13-16.

PLATE 11

Genus and species undetermined 2 (p. 102), X 5.
Cranidium, USNM 136914, USGS colln. 2295-CO.
Genus and species undetermined 1 (p. 101), X 5.
2. Cranidium, USNM 136915a.
5. Cranidium questionably assigned to this species,
6. Cranidium, USNM 136915c¢.
All from USGS colln. 2297-CO.

. Genus and species undetermined 3 (p. 102), X 5.

Pygidium, USNM 136916, USGS colln. 2297-CO.

2. Hypostomes (p. 60), X 5.

4. Hypostome, type C, USNM 136917, USGS colln.
7. Hypostome, type B, USNM 136918, USGS colln.
8. Hypostome, type E, USNM 136919, USGS colln.

9. Hypostome, type D, USNM 136920, USGS colln

USNM 136915b.

2294-CO.
2295-CO.
2296-CO.
. 2301-CO.

12. Hypostome, type A, USNM 136921, USGS colln. 2302-CO.

Pseudosaratogia leptogranulata n. sp. (p. 101), X 2.

Stereogram of holotype cranidium, USNM 136922, USGS colin. 954-CO.

Pseudosaratogia abnormis n. sp. (p. 101), X 3.

Stereogram of holotype eranidium, USNM 136923, USGS colln. 955-CO.

Iddingsia robusta (Walcott) (p. 96).

13. Stereogram of holotype eranidium, X 2, USNM 21609, USNM loc. 61.
14, Detail of right anterolateral corner of cranidium in fig. 16, X 5.

15. Cranidium, holotype of I. nevadensis Resser, X

2, USNM 108796, USNM loe. 61.

16. Cranidium preserving part of external surface, X 2, USNM 136924, USNM loc. 62.

. Kindbladia affinis (Walcott) (p. 97).

17. Stereogram of cranidium with external surface preserved, » 5, USNM 136925, USNM loc. 62.
19. Cranidium, holotype of K. neradensis Resser, X 4, USNM 108788a, USNM loc. 61.
20. Holotype, cranidium, X 4, USNM 24642, USNM loc. 65.

. Dokimocephalus pernasutus (Walcott) (p. 95), X 1.

18. Holotype cranidium, USNM 24608a.
21. Paratype free cheek, USN'M 24608b.
Both from USNM loc. 61.
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