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CAMBRIAN TRILOBITES OF EAST-CENTRAL ALASKA

By Arvison R. PaLmEr

ABSTRACT

Undoubted Cambrian rocks have been found in Alaska only
in a belt about 12 miles wide that extends northwestward from
the Canadian border for about 30 miles on the north side of
the Yukon River. Eighty collections of either well-preserved
or stratigraphically and paleogeographically important trilo-
bites from eight principal areas or sections are the subject of
this paper. The trilobites are assigned to 11 stratigraphically
distinet faunas: three are of Early Cambrian age; two are of
Middle Cambrian age; and the Dresbachian, Franconian, and
Trempealeauan Stages of Late Cambrian age are each repre-
sented by two faunas. The faunas within the Lower and
Middle Cambrian Series and the Late Cambrian stages are
numbered from oldest to youngest.

The Early Cambrian-1 fauna includes nine species and has
its greatest affinities with medial Early Cambrian faunas of
Siberia. Olenellids have not been obtained from this fauna.
The Early Cambrian—-2 fauna also includes nine species, but
their affinities are almost completely with other North Amer-
ican Early Cambrian species. Only a species of Aldonaia indi-
cates affinities to Siberia. Olenellids are present in this fauna.
The Early Cambrian-3 fauna includes seven species of North
American aspect. Olenellids are not known in this fauna and
its Barly Cambrian age is based on the presence of Pagetides.

Both Middle Cambrian faunas are assigned a late Middle
Cambrian age. The Middle Cambrian-1 fauna includes 22 spe-
cies representing genera of both North American and Asiatic
aspect. It is correlated with the lower Bolaspidella zone of
the western conterminous United States. The Middle Cam-
brian-2 fauna includes 13 species representing ubiquitous
agnostid genera and North American nonagnostids. It is cor-
related with the middle and upper parts of the Bolaspidella
zone.

The six Late Cambrian faunas present the greatest diversity
of any of the Alaskan Cambrian faunas. The Dresbachian-1
fauna is the smallest fauna, represented by only two species of
widely ranging genera that indicate an early Dresbachian age.
The Dresbachian-2 fauna includes 23 species that are predomi-
nantly North American in aspect. The major exception is a
species of Corynexochus that is the first Late Cambrian record
of this genus outside of Australia. The species with American
affinities indicate a correlation with either the lower part of
the Dunderbergia zone or immediately underlying beds in the
western conterminous United States.

The Franconian-1 fauna is represented by six species en-
tirely of Asiatic aspect. It includes the first valid North
American record of Proceratopyge and other trilobites of the

Ceratopygidae. This fauna is correlated with the Elvinie zone
of early Franconian age. The Franconian—-2 fauna includes
19 species that have affinities with either central or eastern
Asia, or with other peripheral parts of North America. It
is assigned a late Franconian age and correlated with the
Ptychaspis-Prosaukia zone of western North America because
of the presence of Drumaspis.

The Trempealeauan—1 fauna includes 10 species whose great-
est affinities are with other peripheral North American faunas.
The Trempealeauan-2 fauna includes five species that have
affinities with either Asia or North America.

Biogeographic analysis indicates that North America was
flanked by two or three faunal facies belts containing typically
American elements during the Cambrian. The content of Asi-
atic or European elements in the Cambrian faunas is signifi-
cant only in the areas closest to either Asia or Europe.

Stratigraphic study indicates the presence of two contrasting
lithofacies. Limestone edgewise and boulder conglomerates,
abrupt local changes in thickness of small lithologic units, and
marked lithologic variation of generally silty limestone both
within and between nearby Cambrian sections in the western
part of the area contrast strongly with a monotonous succes-
sion of thin- to massive-bedded relatively clean limestone to the
east. Local disconformities are present at several levels in
sections through both facies. The contrast in facies seems to
be between a bank or shoal of clean carbonate sediments that
existed along what is now the international boundary and the
debris from this bank that was shed westward into a deeper
and more argillaceous environment.

The trilobite faunas include 127 species representing 97 gen-
era; of these, 54 species and 7 genera are new. New taxa are:
Geragnostus intcrmedius n. sp., Homagnostus alaskensis n. sp.,
Peratagnostus hillardensis n. sp., Calodiscus nanus n. sp., Neo-
cobboldia spinose n. sp., Pagetia stenoloma n. sp., Pagetides
appolinis n. sp., Pagetides granulosus n. sp., Pagetides occiden-
talis n. sp., Yukonia intermedia n. gen., n. sp., Churkinia yukon-
ensis n. gen., n. sp., Athabaskiella ardis n. sp., Bathyuriscus
punctatus n. sp., Bonnia tatondukensis n. sp., Kootenia granu-
lospinosa n. sp., Polliaxis inflata n. gen., n. SP., Ogygopsis
antiqua n. sp., Aldonaia alaskensis n. sp., Yiipingia glabra n.
sp., Cheilocephalus expansus n. Sp., Dinesus arcticus n. Sp.,
Iddingsia relativa n. sp., Dunderbergia seducta n. sp., Elburgia
disgranose n. sp., Modocia compressa n. Ssp., Modocia trans-
versa n. sp., Hardyoides aspinosa n. sp., Prohedinia brevifrons
n. sp., Cernuolimbus arcticus n. sp., Cernuolimbus longifrons n.
sp., Pterocephalia constricta n. sp., Sigmocheilus? compressus
n. sp., “Antagmus” leminatus n. sp., Onchocephalus profectus
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n. sp., Pareuloma spinosae n. sp., Richardsonella nuchasirie n.
sp.. Richardsonella quadrispinosa n. sp., Gelasene acanthinos n.
gen., n. sp., Asiocephalus indigator n. gen., n. sp., Brabbia pus-
tulomarginate n. gen., n. sp., Comanchia burlingi n. sp., Elrathia
alaskensis n. sp., Hungaia burlingi n. sp., Liostracinoides?
yukonensis n. sp., Loganellus? arcus n. sp., Onchocephalites?
versilis n. sp., Onchonotopsis occidentalis n. sp., Onchonotus
antiqus n. sp., Onchonotus brevifrons n. sp., Quebecaspis aspin-
osa n, sp., Semisphaerocephalus latus n. sp., Spencella acon-
thine n. sp., Tholifrons advena n. gen., n. sp., Tholifrons minutus
n. sp.

LOWER PALEOZOIC PALEONTOLOGY AND

INTRODUCTION

Undoubted Cambrian rocks have been found in
Alaska only in a belt about 12 miles wide that extends
northwestward from the Canadian border for about
30 miles on the north side of the Yukon River (fig. 1).
This belt continues eastward for a few miles into Can-
ada, but almost all information about both stratig-
raphy and faunas of the Cambrian rocks of the area
has been obtained from the Alaskan side of the bound-
ary. The area that includes the Cambrian outcrops
in Alaska is forested, uninhabited, and deeply dis-
sected by the drainage systems of the Yukon and
Tatonduk Rivers and Hard Luck Creek. Good expo-
sures are principally either at water level along the
major drainages or on ridges (Brabb, 1967, figs. 4-11).

Vehicles can reach the village of Eagle, Alaska, on
the west bank of the Yukon River, a few miles south
of the Cambrian area during the summer months by
way of Taylor Highway. WIEN Alaska airlines pro-
vides biweekly air service to Eagle from Fairbanks.
Cambrian exposures along the Yukon and Tatonduk
Rivers can be reached from Eagle by boat and-by foot
traverses from the river banks, but the Hillard Peak,
Hard Luck Creek, and Jones Ridge areas and the
area north of Montauk Bluff are accessible for practi-
cal purposes only by helicopter. The majority of the
trilobites described in this report were collected be-
tween July 8 and 18, 1963, when the availability of
both a boat and a helicopter together with an unusu-
ally favorable period of weather permitted access to
most of the significant Cambrian outcrops and offered
an unparalleled opportunity to obtain some relatively
large collections.

Although this report contains much new informa-
tion, it still represents only a reconnaissance study.
Many problems concerning details of stratigraphy and
geologic history cannot be resolved with the data at
hand, but they can be brought into focus for future
examination. The purposes of this report are to de-
scribe the Cambrian trilobites from Alaska, to relate
them wherever possible to the physical stratigraphy,
to draw tentative conclusions from the biostratigraphic
data about the Cambrian history of the region, and to

STRATIGRAPHY OF EAST-CENTRAL ALASKA

outline projects for potentially profitable further
research.

Cairnes (1914) first identified some Alaskan rocks
in the Yukon-Tatonduk region as Cambrian in a re-
port of reconnaissance during 1911 and 1912 along the
international boundary.

L. D. Burling spent 4 weeks in 1918 collecting fos-
sils from measured sections of Paleozoic rocks in the
Jones Ridge, Squaw Mountain, and Hillard Peak
areas. Except for brief comments by Mertie (1933,
p- 397, 408, 404; 1987, p. 79, 80), Burling’s information
has never been published. Faunal and stratigraphic
data about the Cambrian beds from Burling’s excel-
lent notes and collections from the Jones Ridge, Squaw
Mountain and Hillard Peak areas have made a sig-
nificant contribution to our knowledge of the Cam-
brian faunas and stratigraphy of Alaska. Informa-
tion from Burling’s notes and collections, and new
information about the Cambrian collections of
Cairnes, are reported here with the permission of the
Geological Survey of Canada. Mertie (1930, 1933)
made reconnaissance studies of the Tatonduk-Nation
and Eagle-Circle districts on the Alaskan side of the
international boundary and established much of the
stratigraphic framework currently in use. Kobayashi
(1935a, 1936a) and Ulrich and Cooper (1936, 1938)
described some of the Late Cambrian fossils from col-
lections of both Cairnes and Mertie, and Cooper
(1936) described Middle Cambrian brachiopods from
some Mertie collections. Stratigraphic columns show-
ing some of the recent Cambrian collections and giv-
ing preliminary faunal determinations are presented
by Churkin and Brabb (1965) in connection with
their paper on the Ordovician and Silurian stratig-
raphy of east-central Alaska. These papers contain
all the information relating to the Cambrian strati-
graphy and faunas of Alaska published prior to this
report.

Beginning in 1960 and continuing through 1963,
E. E. Brabb and Michael Churkin, Jr., studied the
geology of the Cambrian rocks of eastern Alaska while
mapping parts of the Charley River and Kagle
1: 250,000 quadrangles. In addition to the collections
made by Brabb and Churkin during the mapping pro-
gram, R. J. Ross, Jr., made a series of collections from
Upper Cambrian rocks along Hard Luck Creek at the
west end of Jones Ridge in 1962. During July, 1963,
I spent 11 days with Brabb and Churkin collecting
from the principal sections of Cambrian rocks in the
area.

More than 100 collections of Cambrian fossils have
been obtained from Alaska. Only those collections
containing either well-preserved or stratigraphically
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and paleogeographically important trilobites are dealt
with in this report. These collections total 80 and
represent nearly all parts of the Cambrian System.
Eight collections are of Early Cambrian age, 15 are
from beds of late Middle Cambrian age, 18 are of
Dresbach age, 14 are of probable Franconia age, and
25 are of Trempealeau age. Most of the collections
that have undescribed material contain fragmentary
trilobites that are inadequate for description or dis-
cussion. A few contain archaeocyathids, brachiopods,
or molluscs that have not been studied.

The trilobite faunas include 127 species represent-
ing 97 genera; 54 of the species are new. Seven new
genera are also described. The grouping of these
species into faunas and their significance for age and
correlation of the Alaskan rocks are discussed follow-
ing the brief summary of the stratigraphy given be-
low. A detailed account of the physical stratigraphy
is given by Brabb (1967).
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GENERAL STRATIGRAPHY AND PRINCIPAL
COLLECTING AREAS

Two strikingly different sequences of Cambrian
rocks are present in the Alaska-Yukon boundary area
{Brabb, 1967). North of the Tatonduk River and
east of a major northwest-trending fault (fig. 1) an
arcuate outcrop area includes Jones Ridge, Hi-yu tri-
angulation station, and Squaw Mountain. The Cam-
brian sequence in this area, from the top of the Pre-
cambrian Tindir Group to the Ordovician beds is
composed entirely of carbonate rocks of the lower
member of the Jones Ridge Limestone and is about
3,000 feet thick. Archaeocyathids have been found
about 500 feet above the Tindir Group on the west
side of Hi-yu triangulation station, but the only trilo-
bites are Late Cambrian forms that have been obtained
from the upper 400-500 feet of the Cambrian sequence.
The youngest of these are of latest Trempealeau age.
Lowermost Ordovician beds of the Jones Ridge Lime-
stone {lower member) seem to be conformable on the
latest Cambrian beds, and no apparent change in sedi-
mentation is reflected at the system boundary.

West of the major northwest-trending fault and east
of the Yukon River, in a narrow sinuous belt largely
paralleling the river, the Cambrian sequence consists
of three distinct formations. The lowest formation is
the Funnel Creek Limestone, .a predominantly mas-
sive-bedded and unfossiliferous carbonate unit esti-
mated to be about 1,000 feet thick. It rests with ap-
parent conformity on the upper unit of the Tindir
Group and is overlain by the Adams Argillite. The
Adams Argillite is a sequence of argillaceous and
arenaceous rocks 500 or more feet thick that has one or
more thin archaeocyathid-bearing limestone units.
Above the Adams Argillite is the Hillard Limestone,
which is as much as 400 feet thick. It contains a variety
of thin-bedded limestone and intraformational edgewise
conglomerate ranging in age from Early to Late Cam-
brian and possibly Early Ordovician, and has at its
base a limestone boulder conglomerate unit as much
as 50 feet thick. The upper contact of the Hillard
Limestone is a disconformity with Ordovician parts
of the overlying Road River Formation (Churkin
and Brabb, 1965).

The faunas described in this paper were obtained
from eight principal areas which are discussed below
and shown on figure 1 and plate 16. Occurrence data
at the end of each species description refer to these
areas and the stratigraphic placement of each collec-
tion, if known, is shown on plate 16.

Jones Ridge area—The Cambrian rocks here are
part of a steep southeast dipping monocline. Trilo-
bites were collected from several partial sections across
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Jones Ridge northeast of Hard Luck Creek in secs. 9
and 10, T. 8 N., R. 33 E., Charley River (A-1) quad-
rangle.

Hi-yu area—The Jones Ridge Limestone is so badly
broken up here that a section could not be measured.
An exeellent trilobite fauna of Dresbach age was ob-
tained, however, from the crest of the ridge about
1,000 feet south of the Hi-yu triangulation station in
the north half of sec. 19. The same fauna was found
on the crest of the spur extending southwest from
Hi-yu in the southwest quarter of sec. 19. Both local-
ities are in T. 8 N,, R. 33 E., Charley River (A-1)
quadrangle. On the slopes between these two occur-
rences of Late Cambrian trilobites, excellent archaeo-
cyathid limestones crop out.

Squaw Mountain area—Trilobites have been col-
lected from a partial section across the Jones Ridge
Limestone exposed on the spur northeast of Squaw
Mountain on the Canadian side of the boundary in
the B 14 sec. 27, T. 3 N., R. 33 E.

Correlation of the section on Squaw Mountain and
the partial sections on Jones Ridge with sections north
of Hillard Peak is shown in figure 2 (p. B18). The
stratigraphic significance of this correlation is dis-
cussed on page B19.

Hillard Peak area—Many collections of Late Cam-
brian age have been obtained from the Hillard Lime-
stone on the east slopes and north ridge of hill 3630,
north of Hillard Peak, in the center of sec. 28, T.2 N, R.
33 E. This hill is referred to in Burling’s 1913 notes as
Interformation Mountain. Trilobites were also ob-
tained from partial sections through the upper part
of the Hillard Limestone on the west side of the
stream in the center of sec. 83, T. 2 N., R. 33 E., and
through an interval of Middle Cambrian limestone
in the north central part of sec. 3, T. 1 N., R. 33 E.,
southeast of Hillard Peak. All these localities are en
the Eagle (D-1) quadrangle. The only Middle Cam-
brian collection made by Cairnes in 1912 was obtained
less than one-half mile east of the international bound-
ary at the latitude of Hillard Peak.

Yukon River area—Trilobites were collected from
three partial sections of the Hillard Limestone on the
north side of the Yukon River in an area about 1
square mile south’ and west of Adams Peak. These
are referred to as the Water Level, West Ridge, and
Adams Peak subareas. The Water Level subarea in-
cludes the outcrops on the north bank of the Yukon
River in the W 14 sec. 35; the West Ridge subarea is
a west dipping hogback exposed in the El4, secs. 27
and 34; the Adams Peak subarea includes a well-
exposed section in the southwest part of see. 26, all in
T. 2N, R. 32 E., Eagle (D-1) quadrangle.
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Tatonduk River area—A well exposed but spar-
ingly fossiliferous section through west-dipping rocks
of the Hillard Limestone is present along the north
bank of the Tatonduk River in the NWi4NE1, sec.
10, T. 2 N, R. 32 E., Charley River (A-1) quadrangle.

Montauk Bluff area—Two collections were made
from a south-dipping section through the Hillard
Limestone south of the saddle in the northwestern part
of sec. 31, T. 4 N, R. 32 E., Charley River (A-1)
quadrangle.

Hard Euck Creek area—Trilobites from this area
were obtained from a partial section through the Hil-
lard Limestone on the west bank of Hard Luck Creek
in the northwestern part of sec. 7, T 4 N., R. 31 E,,
and the southwestern parts of secs. 1 and 3, T. 4 N,
R. 32 E,, in the Charley River (A-1) quadrangle.

COMPOSITION AND CORRELATION OF THE FAUNAS

At least 11 Cambrian trilobite faunas can be recog-
nized in eastern Alaska. Three of these are of Early
Cambrian age, two are of Middle Cambrian age, and
six are of Late Cambrian age. In stratigraphic con-
text, these faunas indicate a complex history of sedi-
mentation and facies contrasts throughout the Cam-
brian Period in eastern Alaska. Before the Cambrian
history can be considered, however, the composition
of each fawna and the evidence used to establish its
relative age must be presented. The faunas are there-
fore discussed below. Within the Lower and Middle
Cambrian Series and the Late Cambrian stages, the
numbers given to the faunas indicate their probable
relative ages, beginning with the oldest. Collections
marked with an asterisk (*) are from the measured
stratigraphic sections shown on plate 16.

EARLY CAMBRIAN FAUNAS

Three totally distinet faunas are assigned an Early
Cambrian age. The placement of these faunas rela-
tive to each other within the Alaskan sequence can be
only partly determined by their stratigraphic context.
The presenee of the Early Cambrian-3 fauna in lime-
stone interbeds in the upper part of the boulder con-
clomerate that forms the lowest unit of the Hillard
Limestone clearly establishes its age as younger than
a boulder with the Early Cambrian—2 fauna from the
lower part of the conglomerate. The bedded lime-
stone from the underlying Adams Argillite, with the
Early Cambrian-1 fawna is clearly older than the
boulder conglomerate. Evidence from the Early Cam-
brian-3 fauna that boulders in the upper part of the con-
glomerate may not be much older than the matrix
(see p. BE), if applied to the boulders in the lower
part of the conglomerate, would indicate that the
Early Cambrian-2 fauna is correctly placed as
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younger than the Early Cambrian-1 fauna. How-
ever, many of the boulders in the conglomerate were
derived from pisolitic limestone. Such limestone is in
situ only in the Funnel Creek Limestone below the
Adams Argillite. Thus, if the fossiliferous boulder
containing the Early Cambrian-2 fauna was derived
from the same source as the associated pisolitic bould-
ers, it is possible that it is older than the Early Cam-
brian-1 fauna. TUntil the source of the boulders is
clearly established, however, the faunas are recorded
here in the order of their present stratigraphic oc-
currence.

LOWER PALEQZOIC PALEONTOLOGY AND

EARLY CAMBRIAN-1

The Early Cambrian-1 fauna includes nine trilo-
bite species from three collections. The collections all
seem to be from a limestone unit within the Adams
Argillite. This limestone is the lowest known trilo-
bite-bearing stratigraphic unit in the eastern Alaskan
section. Collections 4295-CO and 4296-CO were ob-
tained from the Yukon River (Water Level) area,
where the limestone is faulted against the boulder
conglomerate at the base of the Hillard Limestone.
The third collection (4449-CO) of the Early Cam-
brian-1 fauna was sent to me in 1964 by A. L. Bow-
sher and Norman Johnson of the Sinclair Oil and
Gas Co. It was collected from a fault zone 1.75 miles
northeast of international boundary monument 105
(McCann Hill) and about 8 miles east-southeast of
the Yukon River locality. Bowsher and Johnson
(written commun., June 1964) believe that this lime-
stone is the same as one that they found within the
unit now called the Adams Argillite.

The identified trilobites from these three collections
are listed below. In addition, all three contain arch-
aeocyathids of the Ethmophyllum-type.

YUKON RIVER ( WATER LEVEL) AREA
*USGS colln. 4295-CO:
Calodiscus nanus n. sp.
Dinesus sp.
Neocobboldia spinosa n. sp.
Pagetides granulosus n. sp.
Serrodiscus sp.
*USGS colln. 4296-CO:
Churkinia yukonensis n. gen., n. sp.
Dinesus arcticus n. sp.
Gelasene acanthinos n. gen., n. sp.
Neocobboldia spinose n. sp.
Polliaxis inflata n. gen., n. sp.
Yukonia intermedia n. gen., n. sp.
HILLARD PEAK AREA
USGS colln. 4449-CO:
Dinesus sp.
Neocobboldia spinosa n. sp.
Polliaxis sp.

The presence of Neocobboldia and archaeocyathids

in each collection confirms the dating of this fauna as
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Early Cambrian. Only one of the trilobite genera
(Polliaxis n. gen.) is known elsewhere in western
North America. Some of the genera are known from
northeastern North America, Europe, North Africa,
or Australia, but the fauna as a whole has its greatest
affinities with Asia and, particularly, with Siberia.

Neocobboldia, Calodiscus, and Serrodiscus are re-
corded from many Siberian localities. Dinesus arcticus
n. sp. is congeneric with the Siberian species described
as Erbia graulosa Lermontova (see p. B60) and the
type species of the genus is Australian. Pagetides
granulosus n. sp. is congeneric with the Siberian spe-
cies described as Neopagetina rjonsnitzkii (Lermon-
tova). (See p. B3T.) Polliawis inflate n. gen., n. sp.,
and Churkinia yukonensis n. gen., n. sp., seem to be
related to suprageneric taxa (Edelsteinaspidae, Red-
lichiacea) known principally in Asia. Northeastern
North American, western European, and North Afri-
can affinities are shown by Calodiscus, Serrodiscus, and
Pagetides.

Only the Siberian and western Canadian occurrences
of elements of the Early Cambrian-1 fauna provide
stratigraphic evidence for the placement of this fauna
relative to other known Karly Cambrian faunas.
Ranges for the eodiscids, pagetiids, and Zrbia granu-
losa have been reported in recent papers by Demoki-
dov and Lazarenko (1964) for northern Siberia, and
by Repina and others (1964) and Khomentovskiy and
Repina (1965) for southern Siberia. The fauna of the
Sanashtykgol’skiy complex of the Altay region of
southern Siberia (Repina and others, 1964, p. 109)
seems to have the greatest number of forms closely
related to those of the Early Cambrian-1 fauna. Aec-
cording to the latest revision of the southern Siberian
biostratigraphy, the Sanashtykgol’skiy complex cor-
responds to the whole of the Botoma stage of the mid-
dle part of the Early Cambrian (Khomentovskiy and
Repina, 1965, p. 94). Thus, the Early Cambrian-1
fauna is probably no older than medial Early Cambrian
in Stberian terms.

During a visit to Dr. W. H. Fritz at the Geologi-
cal Survey of Canada in Ottawa in January 1965, I
was shown a collection from the Tah Member of the
Gog Group in northern British Columbia which con-
tains a species of Polliaxis n. gen, and several olenel-
lids that are related to older Early Cambrian faunas.
This fauna is at least 800 feet below beds having ole-
nellids characteristic of the youngest Early Cambrian.
Although correlation of faunas having only one genus
In common is tenuous, the Canadian occurrence seems
to agree with the analysis of the Siberian faunas that
the Early Cambrian-1 fauna in Alaska is not from
the youngest Early Cambrian.
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EARLY CAMBRIAN-2

The Early Cambrian-2 fauna includes nine species
from a single boulder in the lower part of the con-
glomerate at the base of the Hillard Limestone in the
Tatonduk River section.

*USGS colln. 4302—CO:
Aldonaia alaskensis n. sp.
“Antagmus” laminatus n. sp.
Bonnia tatondukensis n. sp.
Onchocephalus profectus n. sp.
Ogygopsis antiqua n. sSp.
Olenellid undetermined 1
Olenellid undetermined 2
Genus and species undetermined 2
Genus and species undetermined 3

The presence of olenellids, Bonnia, Aldonaia, and
ptychoparioids of the “Antagmus”-Onchocephalus
group clearly establishes the age of this collectiton as
Early Cambrian. Ogygopsis is a long-ranging genus,
but the number of pleural furrows on the pygidium
of 0. entiqua n. sp. is typical of other Early Cambrian
species and seems to be a reliable dating criterion
(Palmer, 1964, p. 7). Except for Aldonaia, which has
not previously been reported from the Western Hemis-
phere, the generic assemblage of trilobites in this
fauna resembles most closely assemblages present in
collections from the upper parts of the Lower Cam-
brian sequences of western North America. Aldonaia
is recorded from several horizons within the upper
part of the Lower Cambrian of Siberia.

At the species level, the characteristics of Bonnia
tatondukensis are most like those of an undescribed
species from a Lower Cambrian boulder at Bic, Que-
bec (p. B46) ; and the reticulate ornamentation of ole-
nellid undetermined 1, a species that most nearly re-
sembles forms assigned to Olenellus s. s. (p. B39), is
known elsewhere on species of Ollenellus only from
northwestern Europe and eastern Canada. Species of
Aldonaia are recorded by Pokrovskaya (1959) and
Suvorova (1960b) from the Lena Stage, the upper
division of the Siberian Lower Cambrian. Korobov
(1963) has recorded a species from the upper part of
the underlying Aldan Stage in Siberia. I submitted
a latex replica of A. alaskensis to N.P. Suvorova of
the Paleontological Institute, U.S.S.R. Academy of
Sciences, Moscow, for comment. She replied (written
commun., March 1965) that it is most similar to an
undescribed Siberian species (p. B52) from the Sanash-
tykgol’ horizon of the Botoma Stage.

All available evidence indicates that this fauna is
from the middle or upper part of the Lower Cambrian
and that its geographic affinities are greatest with the
Early Cambrian faunas of eastern Canada.
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EARLY CAMBRIAN-3

The Early Cambrian-3 fauna includes seven spe-
cles from four collections from the Yukon River
(West Ridge) area. These collections are from the
upper part of the boulder conglomerate that is the
basal unit of the Hillard Limestone. Two of the col-
lections (4333-CO and 4334—CQO) are from limestone
interbedded with the conglomerate, and a third col-
lection (4335-CO) is from a boulder in the conglomer-
ate between collections 4333—-CO and 4334-CO. The
fourth collection (3715-CO) was made in the vicinity
of the other three during the early stages of recon-
naissance of the area and its exact stratigraphic rela-
tionship to them is not known. The identified trilobites
from each collection are listed below:

USGS colln. 3715-CO:
Kootenia sp. indet.
Onchocephalites? versilis n. sp.
Pagetia sp. indet.

*USGS colln. 4333-CO:
Kootenia sp. 1
Pagetia stenoloma n. sp.
Pagetides occidentalis n. sp.
Zacanthoides sp. 1

*USGS colln. 4334-CO:
Kootenia sp. 1
Onchocephalites? versilis n. sp.
Pagetia spp.
Pagetides appolinis n. sp.
Zacanthoides sp. 17

*USGS colln. 4335-CO:
Kootenia sp. indet.
Onchocephalites? versilis n. Sp.
Zacanthoides? sp. indet.

The presence in the bedded limestone, of Pagetides,
a genus known only from rocks of Early Cambrian
age, is the evidence for dating these beds as Early
Cambrian. All the trilobites in this fauna have North
American affinities. Although Pagetides, as used
here (p. B34), is known from the Early Cambrian of
both Siberia and Quebec, the affinities of the Alaskan
specimens are closest to the Quebec species. Oncho-
cephalites is a generalized ptychoparioid that has
been reported by Rasetti (1957) from the lowest Mid-
dle Cambrian Mount Whyte Formation of British
Columbia. He has also identified it in boulders from
conglomerates in Quebec which are dated as Middle
Cambrian (Rasetti, 1963). Zacanthoides is a widely
distributed and long-ranging Middle Cambrian genus
in North America. Although both of these genera
suggest a Middle Cambrian age for the fauna, in con-
flict with the age indicated by Pagetides, they repre-
sent either long-ranging or generalized groups. Gen-
eralized ptychoparioids are notoriously difficult to use
for precise dating of Early Cambrian and early Mid-
dle Cambrian deposits. The occurrence of some long-
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ranging and supposedly characteristic Middle Cam-
brian corynexochoid genera in Lower Cambrian de-
posits of the United States located near the continental
margins, such as those at Austinville, Va., (Resser,
1938) and western Nevada (Palmer, 1964), suggests
that the long-ranging corynexochoid elements of the
Middle Cambrian must be used with care for precise
dating. Therefore, I give the most weight for dating
the Early Cambrian-3 fauna to Pagetides because
pagetiids at present seem to be reliable indicators for
regional correlation. This fauna is certainly the
youngest of the three Early Cambrian Alaskan faunas.

Onchocephalites? wersilis n. sp. and species of
Kootenia are present in a boulder from the conglo-
merate (4335-CO) as well as the upper limestone
interbed (4334-CO). Their presence indicates that at
least some of the boulders in the upper part of the
conglomerate may not be greatly different in age from
the strata with which they are interbedded.

LOWER PALEOZOIC PALEONTOLOGY AND

MIDDLE CAMBRIAN FAUNAS

All the Middle Cambrian faunal assemblages so far
identified in eastern Alaska seem to come from beds
correlative with the Bolaspidella zone of the upper
part of the Middle Cambrian of the Cordilleran region
to the south. Two faunas, a lower Bolaspidella zone
fauna (Middle Cambrian-1) and an upper Bolaspi-
della zone fauna (Middle Cambrian-2), can be dis-
tinguished. The evidence for the age and correlation
of each of these faunas is discussed below.

The identification by Resser of Albertella, a char-
acteristic early Middle Cambrian genus, in a collec-
tion made by Mertie (1930, p. 65) is apparently
erroneous. Unfortunately, Resser never labeled the
trilobites in this collection (4424-CO of this report).
However, I have examined all the material of the
collection that is preserved in the U.S. National
Museum and I can find no evidence to support iden-
tification of any one of the included trilobites as
Albertella. 'The only trilobite that could possibly
have been mistaken for Albertelle is an indeterminate
dolichometopid (pl. 4, fig. 16) represented only by
cranidia. The cranidia, however, have the morphology
of trilobites of the Dolichometopidae, and not of the
Zacanthoididae to which Albertella belongs. (See p.
B46.) The associated trilobites are correlative with the
lower Bolaspidella zone. Therefore, the Middle Cam-
brian collections now known from Alaska afford no

evidence for any faunas significantly older than the late
Middle Cambrian.

MIDDLE CAMBRIAN-1

The Middle Cambrian-1 fauna includes 22 species
from eight collections scattered among the Hillard
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Peak, Yukon River, Tatonduk River, Montauk Bluff,
and Hard Luck Creek areas.

In the Yukon River and Tatonduk River areas,
collections containing the Middle Cambrian-1 fauna
are found only in the beds immediately overlying the
boulder conglomerate that forms the basal unit of the
Hillard Limestone. In the Yukon River area, collec-
tions containing the Middle Cambrian-2 fauna have
been made within 20 feet of the top of the boulder
conglomerate; thus the stratigraphic range of the
Middle Cambrian-1 fauna in this area is limited to
less than 20 feet. In the Tatonduk River area, limits
to the range of the Middle Cambrian-1 fauna have
not been closely established. However, both collec-
tions with this fauna came from a sugary-textured
magnesian limestone that is less than 50 feet above
the basal boulder conglomerate of the Hillard Lime-
stone. Kast of Hillard Peak, at least 45 feet of beds
below the horizon of the uppermost collection con-
tain a Middle Cambrian-1 fauna. At other localities
from which collections of the Middle Cambrian-1
fauna have been obtained, there is not enough strati-
graphic information available to determine the range
of the fauna. The identified trilobites in each collec-
tion are listed below:

YUKON RIVER (WATER LEVEL) AREA

*USGS colln. 4330-CO : Spencella montanensis Rasetti

YUKON RIVER (ADAMS PEAK) AREA

*USGS colln. 4424-CO:
cf. Alokistocare lobatum Rasetti
Dolichometopid, genus and species undetermined
Kootenia granulospinose n. sp.
Kootenia cf. K. serrata (Meek)
Spencella montanensis Rasetti

YUKON RIVER (WEST RIDGE) AREA
*USGS colln. 4348-CO: ?Kootenia cf. K. serrata (Meek)

HARD LUCK CREEK AREA

USGS colln. 4382-CO:
Kootenia cf. K. serrata (Meek)
Modocia transverse n. sp.
Semisphaerocephalus latus n. sp.
Spencella montanensis Rasetti

TATONDUK RIVER AREA

*USGS colln. 4303-CO:
Dorypyge cf. D. olenekensis Lazarenko
Prohedinia brevifrons n. sp.
Semisphaerocephalus latus n. sp.
Spencella acanthinag n. sp.
Spencella? sp.
Genus and species undetermined 5
Genus and species undetermined 6
*USGS colln. 4339-CO:
Prohedinia brevifrons n. sp.
Semisphaerocephalus latus n. sp.
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HILLARD PEAK AREA

*USGS colln. 4341-CO:
Bathyuriscus punctatus n. sp.
Bolaspidella wellsvillensis (Lochman and Duncan)
Elrathia alaskensis n. sp.
Modocia compressa n. Sp.
Peronopsis cf. P. gaspensis Rasetti
Ptychagnostus (Ptychagnostus) punctuosus affinis
(Brogger)
Semisphaerocephalus latus n .sp.
Zacanthoides sp. 2

MONTAUK BLUFF AREA

USGS colln. 4346-CO:
cf. Cotalagnostus lens claudicans Westergard
Corynexochid, genus and species undetermined
Ptychagnostus sp. undet.

Four of the collections, 4330-CO, 4424-CO, 4348-CO
and 4382-CO, contain either Spencella montanensis
Rasetti or Kootenia cf. K. serrata (Meek). Both are
forms closely related to, or conspecific with, trilobites
from the lower part of the Meagher Limestone in
the Three Forks area of southwestern Montana.
S. montanensis was considered by Rasetti (1963, p.
591) to be characteristic of the Bathyuriscus-Elrathing
zone. However, in 1956, I collected several agnostids,
including Ptychagnostus atovus (Tullberg), from the
lower 40 feet of the Meagher Limestone (Robinson,
1963, p. 19). According to Robison (1964b, p. 990),
beds with P. atavus correlate with beds assigned to
the lower Bolaspidella zone of the western American
faunal succession. Thus, the lower part of the
Meagher Limestone in the Three Forks area, and the
four collections listed above, are probably no older
than the lower Bolaspidella zone. Further confirma-
tion of this correlation is the presence of a species
of Modocia, a typical Bolaspidella zone genus, in
4382-CO. ’f'ypical Bolaspidella zone genera, Modocia,
Elrathia, and Bolaspidella, are also present in collec-
tion 4341-CO. Both 4382-CO and 4341-CO also
contain Semisphaerocephalus latus n. sp.; the other
two collections with this species (4303—CO and 4339-
CO) thus are probably also correlative with the
Bolaspidella zone.

In Kazakhstan, Semisphaerocephalus is placed by
Iyshin (1953) in the uppermost Middle Cambrian
Anomocare-Phoidagnostus bituberculatus zone. This
age assignment strengthens the assignment of the
Alaskan species of Semisphaerocephalus to the late
Middle Cambrian. In collections 4308—-CO and 4339-
CO, another species, Prohedinia brevifrons n. sp., is
congeneric with P. attenuata Lermontova and Cherny-
sheva and P. sors (Opik) from the latest Middle Cam-
brian of Siberia and Australia, respectively, and with
P. palliseri (Walcott) from the Bathyuriscus-
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Elrathina zone of British Columbia (see p. B69).
Prohedinia thus has a range throughout most of the
interval represented by the Bolaspidella zone. Collec-
tion 4303-CO also contains Dorypyge cf. D. olenekensis
Lazarenko. This species is reported by Lazarenko (in
Markovskiy 1960, p. 219) to be characteristic of the
lower Maya Stage of northern Siberia and is shown
by Pokrovskaya and others (1963) to be associated
with Ptychagnostus atavus (Tullberg) and P. punctu-
osus (Angelin). Both of the agnostids characterize
zones correlated by Robison (1964b, p. 990) with the
Bolaspidella zone. This correlation adds further sup-
port to the correlation of the trilobites in collection
4303-CO with the Bolaspidella zone.

The assignment of collection 4346-CO to the Middle
Cambrian-1 fauna is based on the presence of an
agnostid closely related to Cotalagnostus lens claudi-
cans Westergard. This species is found only in the
Ptychagnostus atavus zone or younger beds in Sweden
(Westergird, 1946), and the subspecies is restricted
to the P. atavus zone. As noted above, this zone is
correlated by Robison (1964b, p. 990) with the lower
Bolaspidello, zone.

On the basis of the evidence given above, all the
collections here assigned to the Middle Cambrian—1
fauna contain trilobites that can be correlated directly
or indirectly with the Bolaspidella zone of the late
Middle Cambrian, and most probably with the lower
part of that zone.

MIDDLE CAMBRIAN-2

The Middle Cambrian-2 fauna includes 13 species
from seven collections obtained from the Tatonduk
River, Yukon River, and Hillard Peak areas. In the
Yukon River area, three collections (3832-CO, 4337—
CO, and 4347-CO) have been made. Two of these
(3832-CO and 4347-CO) are from the West Ridge
subarea, and 4337-CO is from the Adams Peak sub-
area. All three were collected from bedded limestone
within 20-30 feet above the basal boulder conglomerate
of the Hillard Limestone. On the Tatonduk River,
the single collection assigned to the Middle Cambrian-
2 fauna (4310-CO) was found more than 150 feet
above the basal conglomerate. In the Hillard Peak
area, three collections are assigned to the Middle
Cambrian-2 fauna. Two of these (4344-CO and
4345-CO) were obtained from a partial section of
the lower part of the Hillard Limestone east of
Hillard Peak. In this section there is at least 100
feet of limestone below the youngest Middle Cambrian—
2 fauna. The third collection (GSC 282) was col-
lected just east of the international boundary by
Cairnes in 1912 and its exact stratigraphic position
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is unknown. The trilobites identified in each of the
collections are listed below :

TATONDUK RIVER AREA
*USGS colln. 4310-CO: ef. Marjumia collas Walcott

YUKON RIVER (WEST RIDGE) AREA
*USGS colln. 3832-CO :
Lejopyge laevigate (Dalman)

Genus and species undetermined 4
*USGS colln. 4347-CO:

Lejopyge sp.
Onchonotopsis sp.
YUKON RIVER (ADAMS PEAK) AREA

*USGS colln. 4337-CO:
Athabaskiella ardis n. sp.
Hemirhodon sp.

Lejopyge calva Robison
Onchonotopsis occidentalis n. sp.

HILLARD PEAK AREA

*USGS colln. 4344-CO:
Bathyuriscidella socialis Rasetti
Hemirhodon? sp.
*USGS colln. 4345-CO : Lejopyge laevigata (Dalman)
GSC 282:
Lejopyge calva Robison
Phalagnostus bituberculatus (Angelin)
Ptychagnostus (P.) aculeatus ( Angelin)
Genus and species undetermined 1
Genus and species undetermined 8
Genus and species undetermined 9

Lejopyge is a well-known and geographically wide-
spread guide to beds of latest Middle Cambrian age.
In the western European reference section of Sweden,
the Lejopyge laevigata zone is the terminal zone of
the Middle Cambrian, although L. laevigata is shown
by Westergird (1946) to range downward into the
underlying Solenopleura dbrachymetopa zone. In west-
ern United States, the L. calva subzone is the upper-
most division of the latest Middle Cambrian Bola-
spidella zone. This subzone has been correlated by
Robison (1964a, p. 512) with the Z. laevigata zone of
Sweden. Five of the Middle Cambrian—2 collections
contain species of Zejopyge (3832-CO, 4337-CO,
4345-CO, 4347-CO, and GSC 282), and the presence of
these species is the strongest evidence for dating this
fauna as latest Middle Cambrian.

In GSC collection 282, Lejopyge calva Robison is
assoclated with Ptychagnostus aculeatus (Angelin)
and Phalagnostus bituberculatus (Angelin). Both of
these species are reported only from the Solenopleura
brachymetopa zone of Sweden, although Opik (1961a)
has shown that P. aculeatus ranges through beds
equivalent to both the S. brachymetopa and L. laevi-
gata zones in Australia. Three interpretations of this
information are possible: (1) L. calva may be older
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than indicated by Robison, (2) the range of L. calwa
may be greater than indicated by the Utah material
alone, or (3) the range of P. bituberculatus may be
greater than ‘indicated by Westergird. The Alaskan
collections do not provide evidence to determine which
interpretation is correct, but they do indicate that
minor revision of the Middle Cambrian agnostid ranges
or correlations is needed.

Collection 4344-CO, which contains Bathyurisci-
della socialis Rasetti and Hemirhodon? sp., is found
in the partial section east of Hillard Peak midway be-
tween collections containing Ptychagnostus punctuosus
affinis (Middle Cambrian-1) and ZLejopyge laevigata
(Middle Cambrian-2). These agnostids characterize
intervals in the Swedish Middle Cambrian that Robi-
son (1964b) correlates with the lower and upper parts
respectively of the Bolaspidella zone. Robison (1964a,
p. 512) records species of Bathyuriscidella and Hemi-
rhodon from just above the middle of the Bolaspidella
zone but below the range of Lejopyge calve in Utah.
Collection 4344-CO is here arbitrarily assigned to the
Middle Cambrian—-2 fauna because the only other
Alaskan specimens assigned to Hemirhodon are asso-
ciated with Z. calva in 4337-CO.

Collection 4310-CO, which contains only Marjumia
cf. M. callas Walcott, is assigned to the Middle Cam-
brian—2 fauna because 3. callas is reported by Robison
(19644, p. 512) only from the upper part of the Bola-
spidella zone.

The evidence presented above indicates that the col-
lections assigned to the Middle Cambrian-2 fauna are
collectively correlative with the middle and upper
parts of the Bolaspidella zone and are, on the basis of
their faunal content, younger than those assigned to
the Middle Cambrian-1 fauna. The only Alaskan
sections where collections from the two Middle Cam-
brian faunas were actually collected in sequence are
the Tatonduk River section and the partial section
east of Hillard Peak. In these areas, the faunal evi-
dence and stratigraphic evidence are in agreement.
In the Yukon River area, all the Middle Cambrian
collections come from an interval about 30 feet thick
and no two collections were obtained in sequence, so
the relative ages of collections assigned to the two
faunas can only be determined by faunal analysis.

LATE CAMBRIAN FAUNAS

The six Late Cambrian faunas present the greatest
diversity of any of- the Alaskan Cambrian faunas.
Each of the standard American Late Cambrian stages
is represented by two distinct faunas. Only the Jones
Ridge, Squaw Mountain, and Hillard Peak areas have
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yielded more than one fauna, however, and even in
these areas no more than three faunas have been found
in succession in any one section.

DRESBACHIAN-1

The oldest of the Late Cambrian trilobite faunas
is represented by only two small collections. One of
these (4376-CO) is the only Cambrian collection from
a partial section in the Hard Luck Creek area, and
the other (4326-CO) is from the upper part of the
Tatonduk River section. Both collections are 100
feet or less from the disconformable contact between
the Hillard Limestone and the overlying Road River
Formation. The identified trilobites from these col-
lections are listed below:

TATONDUK RIVER AREA

*USGS colln. 4326-CO :
ITypagnostus sp.
Cedaria sp.

HARD LUCK CREEK AREA
USGS colln, 4376-CO : Cedaria sp.

Both collections centain a well-preserved, distinc-
tive, and largely new fauna of inarticulate brachiopods
not found in any older or younger Alaskan collections.
The presence of Cedaria, a well-known and widely
distributed trilobite of early or middle Dresbachian
age, is the principal evidence for including these col-
lections in the Late Cambrian.

DRESBACHIAN-2

Sixteen collections, including 23 species, from the
Yukon River (West Ridge), Hillard Peak, Jones
Ridge, Hi-yu, and Squaw Mountain areas are assigned
to the Dresbachian-2 fauna. Collection 8717-CO from
the Yukon River (West Ridge) area came from a
bed of limestone very near the top of a unit of black
siltstone that seems to be locally developed along the
Yukon River and in the West Ridge subarea above the
Middle Cambrian limestone and below the edgewise
intraformational conglomerate of the Upper Cambrian
part of the Hillard Limestone. In the section of
Hillard Limestone on Adams Peak less than a mile
to the east, which seems to be completely exposed, this
black siltstone unit was not seen.

The Hi-yu area yielded two collections (4380-CO
and 4381-CO) both from structurally disturbed parts
of the Jones Ridge Limestone. Collection 4381-CO
contains one of the largest single assemblages of spe-
cies of Dresbachian age of which I am aware. In
addition to 14 named species and 2 unnamed species
that are assigned to 12 genera and described later in
this report, at least 5 additional species are repre-
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sented by inadequate material. This is also the only
Cambrian collection in Alaska that has yielded a
significant number of silicified trilobites. Elements
of this fauna are also found in the Jones Ridge and
Hillard Peak areas, and it is one of the key faunas
for correlating part of the Jones Ridge Limestone
with the Hillard Limestone. Three collections from
the Jones Ridge area (4361-CO, GSC 4674, and GSC
4676) and one collection from Squaw Mountain (GSC
4719) complete the Dresbachian faunas known from
the Jones Ridge Limestone. Present stratigraphic
evidence indicates that these collections came from
beds about 250 feet below the base of the Ordovician
part of the lower member of the Jones Ridge Lime-
stone.

Two sections that include the Dresbachian-2 fauna
were measured on slightly different parts of the spur
northeast of Hillard Peak referred to by Burling in
Lis 1918 notes as Interformation Mountain. The sec-
tion examined by Brabb and me yielded only a single
collection of this fauna (4360-CO). Burling meas-
ured a section at the tip of the spur about one-fourth
of a mile north of our section. In the lower 40 feet
of this section, he obtained seven collections that are
assigned to this fauna. An eighth collection (GSC
4635) was obtained from float near the base of his
section.

The identified trilobites from each Dresbachian-2
collection are listed below. The collections from Bur-
ling’s section are listed in stratigraphic order begin-
ning with the youngest.

YUKON RIVER (WEST RIDGE) AREA

USGS colln. 3717-CO:
Corynexochus plumule Whitehouse
Olenaspelle evansi? (Kobayshi)
Pseudagnostus sp.

HI-YU AREA

USGS colln. 4380-CO:
Homagnostus tumidosus (Hall and Whitfield)
Uddingsia relative n. sp.
Pseudagnostus communis (Hall and Whitfield)
Quebecaspis sp.
Sigmocheilus? compresssus n. sp.

USGS colln. 4381-CO:
Acmarhachis aecutus (Kobayashi)
Cernuolimbus longifrons n. Sp.
Dytremacephalus? sp.
Elburgia disgranose n. sp.
Homagnostus alaskensis n. sp.
Homagnostus tumidosus (Hall and Whitfield)
Homagnostus sp.
Iddingsiae relative n. sp.
Olenaspelle evansi (Kobayashi)
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Pseudagnostus communis (Hall and Whitfield)

Pterocephalia constricta n. sp.
Quebecaspis aspinosa n, sp.
Quebecaspis conifrons? Rasetti
Sigmocheilus? compressus n. sp.
Tholifrons adverne n. gen., n. Sp.
Tholifrons minutus n. gen., n. sp.

JONES RIDGE AREA

*USGS colln. 4361-CO:
Cheilocephalus expansus n. sp.
Dunderbergia seducta n. sp.
Hardyoides aspinosa n, sp.

*@SC 4674 :

Cheilocephalus sp.
Quebecaspis sp.

*GSC 4676
Elburgia? sp.

Quebecaspis aspinosa n. sp.

SQUAW MOUNTAIN
*GSC 4719 :
Cheilocephalus expansus n. sp.

HILLARD PEAK AREA

*USGS colln. 4360-CO:
Cernuolimbus arcticus n. sp.
Iddingsia sp.

Oligometopus breviceps? (Walcott)
Quebecaspis sp.
Tholifrons advena n. gen,, n. sp.

GSC 4635
Cernuolimbus arcticus? n. sp.
Cheilocephalus sp.

Dunderbergia sp.
Quebecaspis sp.
Tholifrons edvena n. gen., n. Sp.

HILLARD PEAK AREA
Burling section

*GSC 4645 (=4728):
Acmerhachis acutus (Kobayashi)
Cernuolimbus arcticus n. sp.
Cheilocephalus granulosus? Palmer
Comanchia burlingi n. sp.
Dunderbergia? sp.

Homagnostus tumidosus (Hall and Whitfield)

Iddingsia sp.

Oligometopus breviceps? (Walcott)

Tholifrons advena n. gen., n. sp.
*GSC 4646:

Cernuolimbus arcticus n, sp.

Comanchia burlingi n. sp.

Elburgia sp.

Quebecaspis sp.

Tholifrons advena n. gen., n. sp.
*GSC 4643:

Comanchia burlingi n. sp.

Oligometopus breviceps? (Walcott)

Pseudagnostus communis (Hall and Whitfield)

Tholifrons aedvena n. gen,, n. sp.
*GSC 4637:
Cheilocephalus sp.
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*GSC 4722:
Acmarhachis acutus (Kobayashi)
Cheilocephalus cf. C. granulosus Palmer
Homagnostus sp.

Iddingsia sp.

Olenaspella? Sp.
Pseudagnostus sp.
Quebecaspis aspinosa n. Sp.

*GSC 4639:

Cernuolimbus arcticus? n, sp.
Sigmocheilus cf. 8. grata (Resser)

*GSC 4641:

Glyptagnostus reticulatus (Angelin)

Evidence from all the collections assigned to the
Dresbachian-2 fauna indicates the presence of two or
three assemblages that differ in faunal content but are
perhaps not greatly different in age. They indicate
an interval approximately equivalent to the lower
Dunderbergia zone or immediately underlying beds
in the Great Basin of the conterminous United States.

The key for dating most of the collections of the
Dresbachian-2 fauna is 4381-CO, the large silicified
assemblage from the Hi-yu area. The presence of
Cernuolimbus, Sigmocheilus, and an early species of
Iddingsia indicates an age approximately correlative
with the lower part of the Dunderbergia zone of the
Great Basin (Palmer, 1965). In addition, the collec-
tion is characterized by Quebecaspis and T holifrons
n. gen. Eleven of the Dresbachian-2 collections con-
tain species or genera relating them directly to col-
lection 4381-CO. These are: 4380-CO (Hi-yu area) ;
GSC 4674 and GSC 4676 (Jones Ridge area); and
4360-CO, GSC 4635, GSC 4645, GSC 4646, GSC 4643,
GSC 4722, and GSC 4639 (Hillard peak area). Col-
lection GSC 4637, which contains only Cheilocephalus
sp., is bracketed in Burling’s section by collections
related to 4381-CO and therefore must also be related
to that collection. Although most of the trilobites in
these collections have affinities with the Great Basin
faunas, species of Quebecaspis are known elsewhere
only in eastern North America, and /ddingsia relativa
n. sp. is most similar to a species identified as Dunder-
bergia cf. D. variagranule by Rasetti from the Fred-
erick Limestone of Maryland. The lack of Quebecaspis
in any of the many Great Basin Dunderbergia zone
collections indicates that Quebecaspis was not a sig-
nificant element of the western shelf faunas at that
latitude. Therefore, its occurrence in both northwest-
ern and eastern North America indicates the probable
presence of a marine connection around the north part
of North America during the Late Cambrian.

Collections 4361-CO and GSC 4719, both from the
Jones Ridge Limestone, have Cheilocephalus expan-
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sus n. sp., and 4361-CO also has Dunderbergia seducta
n. sp. and Hardyoides aspinosa n. sp. Both Cheilo-
cephalus and Hardyoides are relatively long ranging
genera, and the new species do not provide any clues
to their placement within the generic ranges. Dun-
derbergia seducta, however, has relatively well defined
glabellar furrows that seem to characterize the older
species of the genus. Therefore, the assemblage is
probably no younger than the early Dunderbergia
zone. Its age relative to the assemblage of 4381-CO
cannot be established by stratigraphic evidence
although the faunal evidence indicates that the two
assemblages are not greatly different in age.

The presence of Olenaspella evansi? (Kobayashi)
in 3717-CO establishes the age of this collection some-
where in the interval from the Aphelaspis zone
through the Dunderbergia zone of the late Dresbach-
ian. The associated species, Corynexochus plumula
Whitehouse, characterizes a zone in the middle of the
Idamean Stage of Opik (1963) in Australia. The
faunas of the Idamean Stage correlate almost exactly
with the faunas of the Pterocephaliid biomere of late
Dresbachian and early Franconian age (Palmer,
1965). In the Australian section the Corynexochus
plumula zone is overlain by the Erizanium sentum
zone, and in the Pterocephaliid biomere Erizanium is
a rare but characteristic element of the Dunderbergia
zone. Available evidence thus indicates that the C.
plumula zone is probably slightly older than the
Dunderbergia zone, and collection 3717-CO may be
slightly older than the Alaskan collections correlated
with the Dunderbergia zone.

Glyptagnostus reticulotus (Angelin) is represented
by a single specimen in collection GSC 4641. This
species is characteristic of beds no older than the
Aphelaspis zone of late Dresbachian age (Palmer,
1962). In British Columbia it is associated with
Olenaspelle, evansi (Kobayashi) which has been identi-
fied in Alaskan collections that seem to be as young
as the Dunderbergia zone. Thus, the age range of .
reticulatus, which was previously thought to be largely
restricted to the Aphelaspis zone, may have to be ex-
tended. . reficulatus came from the lowest collection
in place in Burling’s section near Hillard Peak.
Therefore, it is dated as older than the assemblages
grouped with 4381-CO and is correlated with the
lower Dunderbergia zone.

FRANCONIAN-1

The Franconian-1 fauna is represented by three
collections, containing six species, from a 60 foot in-
terval in Burling’s measured section on the spur north-
east of Hillard Peak. The identified trilobites are:

263-797 O-68—2
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HILLARD PEAK AREA
Burling section
*GSC 4648 : Peratagnostus hillardensis n. sp.
*GSC 4638 (=GSC 4727) :
Iwayaspis cf. I. asaphoides Kobayashi
Olenid, genus and species indeterminate 1
Olenid, genus and species indeterminate 2
Peratagnostus hillardensis n. sp.
Proceratopyge cf. P. chuhsiensis Lu
Proceratopyge (Lopnorites) rectispinatus (Troedsson)
*GSC 4642
Peratagnostus sp.
Proceratopyge sp.

These three collections are grouped together in a
single fauna because of the presence of the agnostid
genus Peratagnostus. The entire aspect of this fauna
is Asiatic. Peratagnostus, Proceratopyge, and Iwayas-
pis are present in the Late Cambrian faunas of Korea
(Kobayashi, 1962) ; Proceratopyge and Peratagnostus
are associated in the upper part of the Idamean Stage
of Opik (1968) in Australia (Opik, 1967); and Pro-
ceratopyge (Lopnorites) rectispinatus was originally
described from northwestern China by Troedsson
(1937). The olenids are nondescript forms without
apparent regional affinities.

The fauna is dated as early Franconian because in
both Australia and Korea Peratagnostus and Pro-
ceratopyge are associated with early species of Irvin-
gella, which is a characteristic genus of the basal
Franconian Fwinia zone in North America.

FRANCONIAN-2

The Franconian-2 fauna is represented by 11 col-
lections containing 19 species. Eizht of the collections
are from partial sections of the upper 200 feet of the
Hillard Limestone in the Hillard Peak area (pl. 16).
Two of the remaining three collections (3710-CO and
4379-CO) were from the upper 20 feet of the Hillard
Limestone: from west of Hillard Peak and from the
Montauk Bluff area, respectively. The third collection
(GSC 264) was from an unknown level within the
Jones Ridge Limestone in the Squaw Mountain area
by Cairnes in 1912.

Identified trilobites from these collections are listed
below. The collections from measured sections are
listed in stratigraphic order, beginning with the

youngest.
HILLARD PARK AREA

Burling section

*G3SC 4661 (=GSC 4705) :
Asiocephalus indigator n. gen., n. sp.
Brabbia pustulomarginata n. gen,, n. sp.
Drumaspis idahoensis Resser
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Hungaia burlingi n. sp.
Loganellus ? arcus n. sp.
Pareuloma spinosa n. Sp.
Richardsonella cf. R. quadrispinosa n. sp.
Yiipingia glabra n. sp.
*GSC 4649 (= GSC 4704) :
Pareuloma spinosa n. Sp.
Yiipingia glabra n. sp.

Brabb-Palmer sections

*USGS colln. 3709-CO:
Bienvillia sp.
THungaio burlingi n. sp.
Onchonotus brevifrons n. sp.
Richardsonella quadrispinosa n. sp.
Richardsonella sp. 3
Genus and species undetermined 7
*USGS colln. 4355-CO:
Geragnostus intermedius n. sp.
?Hungaia burlingi n. sp.
?Lauzonella? tripunctata (Kobayashi)
Lotagnostus? sp.
Onchonotus brevifrons n. sp.
Pseudagnostus vulgaris Rozova
Richardsonella quadrispinose n. sp.
Richardsonella sp. 3
*USGS colln. 4356-CO:
Brabbia pustulomarginate n. gen., n. sp.
Hungaia burlingi n. sp.
Onchonotus antiqus n. sp.
Pseudagnostus vulgaris Rozova
Richardsonella cf. R. quadrispinosa n. sp.
*USGS colln. 4357-CO:
Drumaspis idahoensis Resser
Hungaia burlingi n. sp.
Onchonotus antiqus n. sp.
Pareuloma spinosa? n. Sp.
Richardsonella cf. R. quadrispinosa n. sp.
*USGS colln. 4358-CO:
Brabbia pustulomarginate n. gen., n. Sp.
Drumaspis tdahoensts Resser
Hedinaspis sp.
Hungaia durlingi n. sp.
Loganellus? arcus n. sp.
Onchonotus antiqus n. sp.
Pareuloma spinosa n. sp.
Richardsonella cf. R. quadrispinosa n. sp.
*USGS colln. 4359-CO: Loganellus? arcus n. sp.

HILLARD PARK AREA (WEST SIDE)
USGS colln. 3710-CO:
Loganellus? arcus n. sp.
Onchonotus antiqus? n. sp.
MONTAUK BLUFF AREA
USGS colln. 4379-CO:
?Brabbia pustulomarginata n. gen., n. sp.
SQUAW MOUNTAIN AREA
GSC 264 : Onchonotus brevifrons? n .sp.
The most important trilobite for dating the Fran-

conian-2 faunas is Drumaspis idahoensis Resser, a
characteristic species of the Ptychaspis-Prosaukia
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zone in the northern Rocky Mountain region of west-
ern conterminus United States. All the remaining
trilobites in this fauna with North American affinities
are known elsewhere only from boulders bearing the
Hungaia magnifica fauna in conglomerates from east-
ern United States and Canada (Rasetti, 1943, 1944,
1945a) or from unstudied sections in the Great Basin
in western United States. The H. magnifica fauna
was considered as a lateral equivalent of the Ptychas-
pis-Prosaukia (late Franconian) and Saeukia (early
Trempealeauan) zone faunas by Lochman and Wilson
(1958, p. 339). Correlation of at least some elements
of the fauna with the older zone is borne out by the
Alaskan study.

In the Hillard Peak area, collections assigned to
the Franconian-2 fauna were obtained from an inter-
val at least 180 feet thick. The upper two collections
(3709-CO and 4355-CO) do not contain Drumaspis
and have different species of Onchonotus and Richard-
sonella from the remaining collections. However,
Hungaia burlingi ranges through the section in the
Hillard Peak area and indicates that age differences
between the collections are probably not great.
Because of similarity of the upper collections at the
generic level with those bearing Drumaspis and lack
of any definitive Trempealeauan elements, all the col-
lections are considered here to represent a faunal
complex of Jate Franconian age.

The characteristic trilobites of this fauna besides
Drumaspis idahoensis and Hungaia burlingi, are
species of Onchonotus and Richardsonella, Pareuloma
spinosa n. sp., and Loganellus? arcus n. sp. Burling’s
section in the Hillard Peak area includes not only most
of the characteristic North American genera, but also
two trilobites with strong Asiatic affinities (Aséo-
cephalus indigator n. gen., n. sp., and Yipingia glabra
n. sp.). Hedinaspis, another Asiatic genus, is repre-
sented in this fauna by a fragment of one of its very
unusual and distinctive thoracic segments. Pseudag-
nostus vulgaris Rozova is a species from the upper
part of the Tolstochikhin Limestone in the Salair
region of southwestern Siberia. Rozova (1960, p. 85)
concluded that the age of the Tolstochikhin fauna was
late Franconian to early Trempealeauan, a conclusion
which agrees very well with the suggested age for the
beds containing P. vulgaris in Alaska.

TREMPEALEAUAN-1

Except for the relatively rich assemblage described
by Kobayashi (1935a), Trempealeauan collections from
Alaska contain few specimens and species of trilobites.
The Trempealeauan—1 fauna is represented by 10 col-
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lections including at least 10 species, all from the Jones
Ridge Limestone. Eight of the collections are from
the Jones Ridge area, and two are from the Squaw
Mountain area. In several partial sections of the
Jones Ridge Limestone, this fauna is found in the
lowest beds that can be dated as Trempealeauan.

In one of the Jones Ridge sections, less than 100
feet separate a Trempealeauan-1 collection (GSC
4679) from a Dresbachian-2 collection (GSC 4674).
Correlation of the several partial sections of the Jones
Ridge Limestone (fig. 2, p. B18) shows that the Trem-
pealeauan-1 fauna occurs about 200 feet below the
first identifiable Lower Ordovician collection.

The trilobites identified in each collection are listed
below. Within each partial section, collections are
listed from youngest to oldest.

SQUAW MOUNTAIN AREA

Burling section
*QSC 4717:
Tatonaspis alaskensis Kobayashi
Richardsonella sp.
*GSC 4718:
Tatonaspis? sp.
Richardsonella sp.

JONES RIDGE AREA
Burling international boundary section

*QSC 4669 : Richardsonella sp.
*GSC 4671 (=GSC 4736) :
“Briscoia” elegans (Kobayashi)
Lauzonella? tripunctatae Kobayashi
Pseudagnostus clarki Kobayashi
Richardsonella sp. 4
Tatonaspis alaskensis Kobayashi
*GSC 4679:
Pseudagnostus sp.
Richardsonella sp.

Ross traverse, south end of Jones Ridge

USGS colln. 3833-CO:
Rasettia cf. R. capax (Billings)
Richardsonella nuchastria n. sp.
USGS colln. 3834-CO:
Hungaia sp.
Pseudagnostus sp.
Pseudosaukia cf, P. brevifrons (Clark)
Richardsonelle nuchastria n. sp.
USGS colln. 3835-CO :
Briscoia septentrionalis Kobayashi
Lauzonella? tripunctate (Kobayashi)
Pscudagnostus sp.
Richardsonella? sp. 2
Tatonaspis alaskensis Kobayashi

Brabb and Churkin international boundary section

*USGS colln. 4362-CO:
Richardsonelle nuchastrie n. sp.
Richardsonella sp. 1
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Mertie, south end of Jones Ridge

USNM loc. 250 : Briscoia septentrionalis Kobayashi

“Briscoia” elegans (Kobayashi)

Chuangiella intermedia Kobayashi

Hungaie pacifiee Kobayashi

Lauzonella? tripunctata (Kobayashi)

Pscudagnostus clarki Kobayashi

Tatonaspis alaskensis Kobayashi

The most characteristic trilobites of this fauna are

Tatonaspis alaskensis Kobayashi and species of Rich-
ardsonella. The species of Briscoia, although rare
and generally fragmentary, also seem to be character-
istic elements. Most of the trilobites have their affin-
ities with species described from boulders in the Levis
conglomerate of Quebec (Rasetti, 1944, 1945a) and
their assignment to a Trempealeauan age is based
largely on their association with the dikelocephalid
Briscota or on their stratigraphic position above
Briscoia. Tatonaspis and Pseudagnostus clarki Koba-
yashi have also been found at several localities in
Nevada in association with the characteristic Trem-
pealeauan genera Furekia and Idiomesus. Rasettia
is a rare but persistent element of the Trempealeauan
faunas in the central and western conterminous United

States.
TREMPEALEAUAN-2

The youngest Cambrian fauna in Alaska is repre-
sented by 15 collections that include a restricted
trilobite fauna of four or five species, only two of
which are named. Thirteen of the collections are from
the upper 100 feet of the Cambrian part of the Jones
Ridge Limestone in the Jones Ridge and Squaw
Mountain areas (pl. 16). Two collections (4351-CO
and 4352-CO) are from the upper 30 feet of the
Hillard Limestone in the Yukon River (Adams Peak)
area.

In the Jones Ridge Limestone on Jones Ridge there
is no apparent change in lithology or bedding charac-
teristics of the limestone at the Cambrian-Ordovician
boundary. The basal Ordovician can be recognized
by the relatively common occurrence of the trilobite
Symphysurina and the associated orthoid brachiopod
Apheoorthis. Less than 30 feet of limestone separate
the highest unequivocally dated Cambrian collections
from the lowest Ordovician collections.

In the Yukon River (Adams Peak) area, the Cam-
brian beds are unconformable beneath the Middle
Ordovician part of the Road River Formation (Chur-
kin and Brabb, 1965, fig. 4, col. 4).

The identified trilobites from each collection are
listed below. Within each partial section the col-
lections are listed from youngest to oldest.
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YUKON RIVER (ADAMS PEAK) AREA

*USGS colln. 4351-CO:
Hedinaspis sp.
Liostracinoides? yukonensis n. sp.
Yukonaspis kindlei Kobayashi
*USGS colln. 4352-CO :
Hedinaspis sp.
Rasettia? sp.

SQUAW MOUNTAIN AREA

Burling section
*GSC 4685
Yukonaspis kindlei Kobayashi
Undetermined eurekiid
*GSC 4732
Yukonaspis kindlei Kobayashi
Undetermined eurekiid
*GSC 4744 :
Pseudagnostus clarki Kobayashi
Yukonaspis kindlei Kobayashi
Undetermined eurekiid

JONES RIDGE AREA
Burling section, south end of Jones Ridge

*GSC 4628 (=GSC 4749) :
Bayfieldia? sp.
Pseudagnostus sp.
Yukonaspis kindlei Kobayashi
*GSC 4629 :
Bayfieldia? sp.
Pseudagnostus sp.
Yukonaspis kindlei Kobayashi
*GSC 4634 : Yukonaspis kindlei Kobayashi
*GSC 4631 :
Bayfieldia sp.
Pseudagnostus sp.
Yukonaspis kindlei Kobayashi
*GSC 4691 : Yukonaspis kindlei Kobayashi
*GSC 4632:
Yukonaspis kindlei Kobayashi
Undetermined eurekiid
Brabb and Churkin, international boundary section
*4371-CO :
Bayfieldia sp.
Pseudagnostus sp.
*4363~-CO :
Bayfieldia sp.
Pscudagnostus sp.
#*4374—CO : Bayfieldio sp.
Cairnes collection
GSC 266: Pseudagnostus sp.
Yukonaspis kindlei Kobayashi
Undetermined eurekiid
This small fauna is characterized by Yukonaspis
kindlei Kobayashi and scraps of eurekiid trilobites,
some of which can be identified as Bayfieldia. Eu-
rekiidae are found throughout central and western
conterminous United States in the uppermost beds of
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the Cambrian System and are probably the most
reliable guides to beds of Trempealeauan age.

BIOGEOGRAPHIC SIGNIFICANCE OF THE ALASKAN
CAMBRIAN TRILOBITES

Evidence obtained from analysis of the regional
relationships of the Alaskan Cambrian trilobites sug-
gests a remarkable symmetry to the distribution of
Cambrian faunas in North America. This symmetry
can best be shown by consideration of the Upper
Cambrian facies and faunas for the whole of North
America.

During Late Cambrian time, the continental inte-
rior was flanked by three principal facies belts whose
shifting marginal relationships and gradual move-
ment towards the continental interior produced the
stratigraphic framework as it is now understood (Pal-
mer, 1960b, ¢). The continental shoreline was always
flanked by a broad belt of sandy and silty, often
glauconitic, sediments. Seaward of this belt, a broad
belt of relatively detritus free limestone and dolomite
developed. Much of this clean limestone and dolo-
mites is oolitic or calcarenitic and crossbedded, and
it must have accumulated under high energy condi-
tions. Algal stromatolites are also characteristic of
rocks in this beit. Both lines of evidence indicate
that the carbonates of this belt represent a bank or
coalescing complex of banks that was never very far
below sea level. Still further from the continental
interior, on the oceanic side of the carbonate belt,
another belt of generally silty sediments accumulated.
In contrast to the inner detrital belt, sediments of this
outer belt generally formed dark, often pyritic or
organic-rich siltstone and limestone. The limestone
is fine grained and thin bedded and many of the beds
are laminated—a feature that suggests relatively deep
and quiet conditions of deposition.

Each of the belts has its characteristic fauna which
differs from the adjacent belt, or belts, generally at
the species level and in the relative abundance of cer-
tain gemera. Thus, in beds of Dresbachian age, the
Crepicephalus zone includes abundant individuals of
Crepicephalus and Lonchocephalus in the inner detri-
tal belt but both genera are rare in the carbonate belt
and outer detrital belt. On the other hand, 7ricrepi-
cephalus 1s common in the Orepicephalus zone faunas
of the carbonate belt but is relatively rare in the
detrital belts; and species of the Cedaria prolifica
species-group are found only in the Crepicephalus
zone faunas of the outer detrital belt (Palmer, 1962).
In beds of late Franconian age, Ptychaspis is a com-
mon genus in the inner detrital belt, but it is relatively
rare in the carbonate belt and almost completely
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absent in the outer detrital belt. On the other hand,
in the late Franconian faunas of the outer detrital
belt, Richardsonella is a common genus that is rare or
absent in the carbonate and inner detrital belts.

In Alaska, both the lithology and the faunas of the
nonconglomeratic parts of the Hillard Limestone are
suggestive of the outer detrital belt, whereas the lower
member of the Jones Ridge Limestone to the east rep-
resents almost pure carbonate sedimentation through-
out much of the Cambrian.

Although two faunas (Early Cambrian-1 and Fran-
conian-1) are almost entirely Asiatic in their affinities,
and scattered Asiatic genera are present in other
faunas, most of the Alaskan trilobites have affinities
with forms found elsewhere in North America. When
the North American affinities of the Cambrian trilo-
bites of all ages are examined more closely, about half
of the Alaskan species have affinities with species
known from the southern Cordilleran region, and about
one-fourth of the species have affinities with species
known either from Cambrian boulders in the Levis
Conglomerate of Quebec or from localities in Eastern
United States. The absence of Alaskan Dresbachian-2
genera such as Quebecaspis (p. B12) from the reason-
ably well known faunas of comparable age to the south
(Palmer, 1965) suggests that a trans-Arctic migration
route was available between eastern and western North
America at that time, and probably throughout the
Cambrian. During the Late Cambrian, at least, there
was also a marine connection around the southern part
of North America as evidenced by the distribution of
the Cedaria prolifica species group (Palmer, 1962, p.
26). Thus, the picture that emerges is one of a conti-
nental core surrounded by concentric facies belts with
generally characteristic faunas.

Lochman and Wilson (1958) have shown a some-
what similar pattern of faunal facies belts. Their cra-
tonic biofacies includes the faunas of the carbonate
and inner detrital belts deseribed above. Their extra-
cratonic biofacies roughly coincides with the faunas of
the outer detrital belt. However, their subdivision of
the extracratonic biofacies into the extracratonic-
intermediate and extracratonic-euxinic realms needs
reevaluation. Most of the faunas that they assign to
the extracratonic-intermediate realm are those that I
would describe as typical American outer-detrital belt
faunas. On the Pacific side of the continent, non-
American elements in these faunas have Asiatic affini-
ties, and the Asiatic elements increase as Asia is ap-
proached. On the Atlantic side of the continent, the
non-American elements have strong European affini-
ties, which also increase as Europe is approached.
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The western American faunas were still poorly
known at the time of the study by Lochman and Wil-
son. Thus, Lochman and Wilson believed that the
faunas with European affinities, which they identi-
fied primarily with their extracratonic-euxinic realm,
formed a continuous belt around the continent. How-
ever, most of the supposed European affinities of trilo-
bites from Western United States are due to over-
generalization of some morphologic tendencies. Olena-
spella, for example, was cited as a western American
olenid. Although Olenaspella does have some common
characteristics with early olenids, its close affinities
are with early pterocephaliid trilobites of Siberia and
Australia (Palmer, 1965, p. 64). Likewise, the olenids
that are present in western North America have differ-
ent pygidial structures from olenids found in eastern
North America and western Europe, and their affinities
seem to be with other olenids of the Pacific region
(Palmer, 1965, p. 56). Thus, an extracratonic-euxinic
fauna characterized by European elements and flank-
ing both sides of the continent does not seem to exist.
The important biogeographic contribution from the
Alaskan study is the evidence that an outer detrital
belt with peripheral, but typically American, faunas
probably circumscribed North America. In addition,
the non-American elements in this belt are related to
the nearest adjacent continent and do not themselves
constitute an even more peripheral belt.

GEOLOGICAL HISTORY OF THE CAMBRIAN
OF EASTERN ALASKA

Although there are many questions about details of
the Cambrian history of eastern Alaska that cannot be
answered from present knowledge, enough has now
been learned to permit description of at least some of
the significant happenings in the area during the
Cambrian Period.

Credit for valuable data that helped to demonstrate
the complicated sedimentary history of the Late Cam-
brian must be given here to L. D. Burling of the Geo-
logical Survey of Canada. Between August 20 and
September 16, 1913, Burling studied the Jones Ridge,
Squaw Mountain, and Hillard Peak areas on foot
from campsites along Hard Luck Creek at the base of
Jones Ridge, and on the Tatonduk River at the inter-
national boundary. During much of this time, snow
covered many parts of the working areas and field-
work was conducted in below-freezing temperatures.
Nevertheless, Burling measured in considerable detail,
and carefully located, more than 30 valuable Late
Cambrian collections in four sections: two on Jones
Ridge, one on Squaw Mountain, and one on the north
end of the high spur northeast of Hillard Peak that
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he refers to in his notes as Interformation Mountain.
This information, together with subsequent informa-
tion obtained by Brabb, Churkin, and me, is summar-
ized in figure 2.

Prior to the Cambrian, and into the earliest Cam-
brian, sedimentation in the castern Alaska area seems

LOWER PALEOZOIC PALEONTOLOGY AND
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to have been reasonably continuous, as shown by the
parallel distribution of the units of the Tindir Group
and the massive carbonate rocks representing the Fun-
nel Creek Limestone and the lower part of the Jones
Ridge Limestone (Brabb, 1967). However, during the
Early Cambrian, carbonate sedimentation was replaced
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by deposition of argillaceous and arenaceous detritus
of the Adams Argillite in the western part of the area.
No direct evidence of interruption of carbonate sedi-
mentation during the Early Cambrian is apparent in
areas now bearing the Jones Ridge Limestone, but
there may have been periods of erosion of the carbon-
ate sediments to produce the boulder conglomerate
that is within the Adams Argillite and that also
marks the base of the overlying Hillard Limestone.
Faunal evidence from the upper part of the basal Hil-
lard Limestone conglomerate (Early Cambrian-3) in-
dicates that this conglomerate reflects one of the termi-
nal events of Karly Cambrian time in the present
Cambrian area. There is no faunal evidence to indi-
cate the presence of any lower Middle Cambrian strata
in eastern Alaska, although there is adequate room for
such strata in the thick and largely unfossiliferous
lower part of the Jones Ridge Limestone. In the Hil-
lard Limestone, the Lower Cambrian boulder con-
glomerate is directly and perhaps disconformably
overlain by beds of late Middle Cambrian age (Mid-
dle Cambrian-1). From this time on to the end of the
Cambrian, the materials that compose the Hillard
Limestone accumulated in an irregular manner.

On the Tatonduk River, more than 200 feet of upper
Middle Cambrian thin-bedded limestone is present,
and there are no significant units of edgewise con-
glomerate. Six miles to the southeast in the Hillard
Peak area, a comparable thickness of upper Middle
Cambrian rocks that are almost entirely massive lime-
stone, in part with units of edgewise conglomerate,
makes up the Hillard Limestone. About 4 miles from
both of these areas, in the Yukon River area, the
entire Middle and Upper Cambrian section is only
slightly more than 100 feet thick and not more than
50 feet of beds, including oolitic limestone, edgewise
conglomerate, and possibly an impersistent black silt-
stone, can represent late Middle Cambrian time (pl.
16).

Upper Dresbachian rocks are present in both the
Hillard and Jones Ridge Limestones. The Dresbach-
ian-2 fauna from these rocks provides an important
datum for correlation between sections of the two for-
mations (fig. 2). Above this datum in the Hillard
Peak area, the section measured by Burling in 1913
contains a more or less continuous sequence of faunas
of early and late Franconian age (Franconian-1 and
-2). However, less than a mile to the south of Bur-
ling’s section, the Franconian-1 fauna, which has a
minimum vertical range of 60 feet, was not found, and
only 40 feet separate a Franconian-2 fauna from the
Dresbachian-2 fauna. An oblique view of the moun-
tainside in the area of this section, and the lateral
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changes in thickness of the edgewise conglomerate
units in the section are shown by Brabb (1967, fig. 6,
p. 10).

At least 200 feet of trilobite-bearing beds of Fran-
conian age are interbedded with edgewise conglomer-
ate in the Hillard Peak area, but no Trempealeauan
trilobites have been collected. The Hillard Limestone
is disconformably overlain here by the Lower Ordovi-
cian part of the Road River Formation. On Jones
Ridge at the international boundary, 9 miles north of
the Hillard Peak area, less than 100 feet of massive
Jones Ridge Limestone separates the Dresbachian—2
fauna from the lowest Trempealeauan—1 collection.
Thus, either a reduction in rate of carbonate sedi-
mentation took place in the area of the Jones Ridge
Limestone or an unsuspected disconformity exists
there. The presence of a Trempealeauan—2 fauna at
the top of the Hillard Limestone in the Yukon River
(Adams Peak) area is evidence that the area south-
west of Jones Ridge received some sediments until the
end of the Cambrian. However, in the Adams Peak
section, less than 100 feet separates the Middle Cam-
brian-2 faunas from the Trempealeauan—2 faunas.
Beds including the intervening Dresbachian and Fran-
conian faunas are a minimum of 220 feet thick in the
Hillard Peak area, and beds containing Desbachian-2
through Trempealeauan-1 faunas are a minimum of
300 feet thick on Jones Ridge. The lateral changes
in thickness and lithology of Middle and Upper Cam-
brian beds within the Hillard Limestone and the pos-
sible Late Cambrian disconformity within the Jones
Ridge Limestone indicate a more complicated history
of sedimentation of the Cambrian in eastern Alaska
than is apparent from a look at the geologic map.

My suggested interpretation is that Jones Ridge
Limestone represents a carbonate bank deposit at the
seaward edge of the carbonate belt, and that the Hill-
ard Limestone includes, in part, the debris eroded
from this bank and deposited as talus on its western
flank and, in part, sediment accumulating normally
in deeper water adjacent to the bank. Some evidence
supporting this conclusion is indicated by the edge-
wise conglomerate units of the Hillard Limestone.
The edgewise conglomerate units occupy a greater
stratigraphic thickness and have more parts of the
Cambrian represented eastward towards the Jones
Ridge area. The contrast between the even bedding
of the Tatonduk River section and the abundant edge-
wise conglomerate of the other sections may reflect
different local positions relative to the main talus
accumulations from bank deposits of the Jones Ridge
Limestone.
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Sedimentation continued from the Cambrian into
the Early Ordovician without apparent interruption
in the Jones Ridge Limestone area. Except for a col-
lection containing the Early Ordovician trilobite Sym-
physuring in the Tatonduk River area (but not in the
Water Level section), no Early Ordovician faunas
have been identified from the Hillard Limestone, and
it is everywhere overlain disconformably by younger
Ordovician parts of the Road River Formation.

PROBLEMS FOR FUTURE INVESTIGATION

Much of the preceding section is speculative. How-
ever, there are no immediate prospects for future work
on the Cambrian of eastern Alaska and it is hoped
that the interpretations of facies relationships and
Cambrian history are not too inaccurate. Important
points concerned with the demonstrability of the local
unconformities in the Hillard Peak area can be re-
solved by careful lateral tracing of units in the good
exposures north and east of Hillard Peak. The nature
of the facies changes in the more or less continuous
strike belt connecting the Hillard Peak, Yukon River,
and Tatonduk River areas may be resolved by follow-
ing the reasonably good outcrops of the Hillard Lime-
stone, which have not been closely examined in the
intervening areas. Additional examination of the
Yukon River area is needed to determine if the black
siltstone just above river level near the center of sec-
tion 35, T. 3 N, R. 32 E., is really a lens or wedge,
as suspected, or if its absence in the apparently con-
tinuous section less than a mile to the north on the
south flank of Adams Peak is due to an undetected
bedding fault.

Evidence concerning the possible existence of Cam-
brian and Ordovician talus along the flanks of a bank
represented by the Jones Ridge Limestone may be
obtained by examination of a puzzling breccia, made
up of large jumbled angular blocks of limestone that
caps the spur extending southwest from the Hi-yu
area in the southwest part of sec. 19, T., 2 N., R. 33 E.

Nature and magnitude of the movement on the fault
that separates outcrops of Jones Ridge Limestone
from those of the Hillard Limestone must be studied.
It is easy to assume that the contrasts between the
Jones Ridge-Squaw Peak areas and the Hillard Peak
area result from tectonic juxtaposition of formerly
widely separated areas. However, the similarity of
the Dresbachian-2 faunas on both sides of the fault,
the presence of Hillard Limestone on the Jones Ridge
side of the fault in the Hard Luck Creek area, and
the occurrence of the same units of the Tindir Group

STRATIGRAPHY OF EAST-CENTRAL ALASKA

on both sides of the fault may be evidence that tectonic
displacement has not significantly complicated the
interpretation of the Cambrian history of the area.

SYSTEMATIC PALEONTOLOGY

The classification of the Cambrian trilobites from
Alaska is summarized below. The taxa are listed in
the order that they appear on the following pages. A
diagnosis or description is provided for each species
and for most supraspecific taxa. Lack of discussion
of a suprageneric taxon indicates acceptance of this
taxon as it is constituted in part O of the “Treatise
on Invertebrate Paleontology” (Harrington and oth-
ers, 1959). Most descriptive terms used here are
defined or illustrated in the treatise on pages 42, 44,
46, 47 and 117-126. “Plectrum” is a term apparently
introduced by Opik (1961a) for a posteriorly directed
median expansion of the cranidial border.

Catalog numbers of specimens deposited in the col-
lections of either the U.S. National Museum or the
Geological Survey of Canada are given in the plate
descriptions and preceded by USNM or GSC, respec-
tively. Collecting localities mentioned in the section
on “QOccurrence” following each species description
are recorded in the U.S. Geological Survey (USGS
colln.) or Geological Survey of Canada (GSC colln.)
locality catalogs.

All figures show the exterior of the exoskeleton
unless otherwise specified. All dimensions in the ver-
tical plane that includes the axis of symmetry of the
trilobite are sagittal dimensions, those in planes paral-
lel to the sagittal plane are exsagittal dimensions, and
those in a vertical plane at right angles to the sagittal
plane are transverse dimensions. Particular dimen-
sions on cranidia were measured as straight-line dis-
tances between furrows or from margins to furrows as
described earlier (Palmer, 1965, p. 23).

Summary of classification of Alaskan Cambrian trilobites
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Order AGNOSTIDA Kobayashi
Suborder AGNOSTINA Salter

The agnostids so far identified from Alaska repre-
sent 13 genera that are here assigned to four families.
The suprageneric classification within this suborder
is not yet stabilized, and there are important differ-
ences of opinion concerning criteria for meaningful
taxonomic relationship between genera. The family
groupings used here are listed and discussed below.

Quadragnostidae : Cotalagnostus, Hypagnostus, Peronopsis,
Phalagnostus

Glyptagnostidae : Glyptagnostus, Lejopyge, Ptychagnostus

Agnostidae: Geragnostus, Homagnostus, Lotagnostus, Per-
atagnostus

Pseudagnostidae : Acmarhachis, Pseudagnostus

Quadragnostidae—Cotalagnostus, Hypagnostus, and
Peronopsis, were shown by Westergard (1946) to be
phylogenetically related Middle Cambrian genera and
this relation was confirmed by Robison (1964a). Rob-
ison also suggested that Homagnostus might be a part
of this phylogenetic complex, on the basis of his identi-
fication of a Middle Cambrian species that I do not
consider to be congeneric with typical Late Cambrian
members of Homagnostus (p. B24). However, his sug-
gestion of a possible phylogenetic relationship between
the late Dresbachian and younger genera (grouped
here with Homagnostus in the Agnostidae) and the
Middle Cambrian genera (that he assigned to the
Spinagnostidae following Howell, 1959) can be tested
when the agnostid faunas of the beds of early Dres-
bachian age in the Great Basin of the Western United
States are described. Opik (1961a) restricted the
Spinagnostidae to the nominal genus Spinagnostus and
included Peronopsis, Phalagnostus, and Hypagnostus
in the Quadragnostidae. Robison did not comment on
this, and I have no reason to reject Opik’s interpreta-
tion. Therefore Quadragnostidae is used here for
Phalagnostus and for the genera that Robison assigned
to the Spinagnostidae, exclusive of Homagnostus.

Glyptagnostidae—The phylogenetic relationship of
the Middle Cambrian genera Lejopyge and Ptychag-
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nostus is well supported by evidence of both morpho-
logic and stratigraphic continuity (Westergard, 1946,
p. 87; Opik, 1961a, p. 75-86). The continuation of
this lineage into the Late Cambrian genus Glyptag-
nostus has been suggested by both Opik (1961a, p. 76)
and Palmer (1962, p. 16). Thus Lejopyge and Pty-
chagnostus are here assigned to a family taxon
Glyptagnostidae comparable to the Glyptagnostinae
of Opik (1961a).

Agnostidae and Pseudagnostidae—Opik (1963, p.
37, 38) recently revised the Glyptagnostidae and
placed great stress on the higher taxonomic importance
of the identification of genal caecae on the agnostid
pygidium. This revision has resulted in a grouping
of Pseudagnostus and Lotagnostus in the same family
with Glyptagnostus and obscures what I consider to
be important morphologic differences and strati-
graphic trends. The Late Cambrian agnostid genera
from Alaska are grouped here into the Agnostidae
(Homagnostus, Geragnostus, Peratagnostus, Lotagnos-
tus) and Pseudagnostidae (Pseudagnostus, Acmar-
hachis). 1 have discussed the reasons for this group-
ing earlier (Palmer, 1962, p. 11, 18; exclusive of
Peratagnostus). The criterion of axial lobe morphol-
ogy on the pygidium—the same criterion that under-
lies the classification of the Middle Cambrian agnos-
tids—was emphasized as an important suprageneric
grouping character.

Family AGNOSTIDAE M’Coy
Genus GERAGNOSTUS Howell

Geragnostus Howell, 1935b, p. 231; Kobayashi, 1939, p. 167;
Shaw, 1951, p. 110; Sdzuy, 1955, p. 14; Howell, 1959, p.
176 ; Pokrovskaya, 1960, p. 61.

Type species—Agnostus sidenbladhi Linnarsson,
1869, p. 82, pl. 2, figs. 60, 61.

Discussion—In some of my earlier papers (Palmer,
1954b, 1955) I considered Homagnostus and Gerag-
nostus to be synonymous. The genera are certainly
related and Geragnostus probably includes descendants
of Homagnostus. However, all species of Homagnos-
tus have the pygidial axis reaching nearly to the pos-
terior border furrow and they are all known from
rocks of either late Dresbachian or early Franconian
age. Species that I would now assign to Geragnostus
and that conform to the diagnoses listed in the syn-
onymy above have a shorter pygidial axis that is well
separated from the posterior border furrow. These
species range in age from late Franconian to Early
Ordovician. Cephala of Geragnostus species cannot
be generically separated from cephala of Homagnos-
tus species.



B24 LOWER PALEOQZOIC PALEONTOLOGY AND

Geragnostus intermedius n. sp.
Plate 12, figures 1, 2

Description—Cephalon semielliptical, evenly round-
ed anteriorly. Glabella has anterior lobe well defined
by deep transglabellar furrow. Glabellar node poorly
defined, situated about at midlength of posterior
glabella lobe. Preglabellar median furrow extended
forward of anterior glabellar lobe for short distance;
length variable. Basal glabellar lobes simple. Border
narrow, well defined by broad, shallow border furrow.

Pygidium subquadrate, posterior margin broadly
rounded. Axis broad, sides subparallel; posterior end
strongly rounded. Pleural field confluent behind axis;
sagittal length of postaxial part of pleural field about
equal to sagittal length of inner end of lateral lobe of
first axial segment. Furrows between first and second
axial segments directed inward and slightly forward
for cne-third width of axis, then turned strongly
forward parallel to axial line to divide first axial
segment into three parts. Posterior margin of middle
part of first axial segment not defined. Furrow be-
tween second axial segment and posterior part of
axial lobe straight, interrupted by end of axial node.
Pygidial border broad laterally, slightly narrower
between short posterolateral border spines. Border
furrow broad, shallow.

Discussion.—The relatively long axis and presence
of a partial preglabellar axial furrow on some speci-
mens distinguishes Geragnostus intermedius n. sp.
from others assigned to Geragnostus. The distinct
tripartite division of the first axial segment of the
pygidium and the relatively greater sagittal length
of the pleural field behind the pygidial axis distin-
guish the pygidium of this species from similar
pygidia of older Alaskan species assigned to Homag-
nostus. This species is intermediate both morpho-
logically and stratigraphically between Homagnostus
and more typical species of Geragnostus that are char-
acteristic of rocks of Trempealeau and younger ages
and that have still shorter pygidial axes.

Occurrence—Franconian-2 fauna. Moderately rare
(2 cephala, 4 pygidia), USGS colln. 4355-CO, Hillard
Peak area.

Genns HOMAGNOSTUS Howell

Homagnostus Howell, 1935c, p. 15; Kobayashi, 1939, p. 162;
Whitehouse, 1939, p. 261; Shimer and Shrock, 1944, p. 600;
Lochman and Duncan, 1944, p. 139; Shaw, 1951, p. 110;
Howell, 1959, p. 173; Porkrovskaya, 1960, p. 61; Palmer,
1960a, p. 62; Palmer, 1962, p. 12; Robison, 1964a, p. 531.

Oncagnostus Whitehouse, 1936, p. 84.

Geragnostus Howell. Palmer, 1954b, p. 719 ; Palmer, 1955, p.

88 (@. tumidosus only).
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Type species—Agnostus pisiformis obesus Belt,
1867, p. 295, pl. 12, fig. 4.

Discussion—Homagnostus is a common genus that
has nearly worldwide distribution in beds of late
Dresbachian and early Franconian age. Robison
(1964a) has expanded the concept of Homagnostus to
include a late Middle Cambrian species that lacks
well-defined transverse axial furrows on the pygidium.
However, the lack of any morphologically and strati-
graphically intermediate forms between this species
and more typical forms of Homagnostus weakens the
possibility of a real genetic relationship between the
species. The range of the genus also is greatly ex-
tended by Robison’s action. Until we know more
about the evolutionary development of the agnostids,
I prefer not to accept Robison’s emendation of the
concept and range of Homagnostus. The description
and discussion that I have given earlier (Palmer,
1960a) summarize my concept of this genus.

Homagnostus alaskensis n. sp.
Plate 7, figures 4, 9, 14, 15

Description—Cephalon semielliptical, moderately
convex transversely and longitudinally, evenly rounded
anteriorly. Glabella well defined by deep axial fur-
rows, tapered slightly forward. Anterior lobe lower
than posterior lobe, well defined by deep transglabellar
furrow. Glabellar node poorly defined, located slightly
anterior to midlength of posterior glabellar lobe.
Preglabellar median furrow deep, reaches nearly to
border furrow. Border narrow, of nearly constant
width around anterior margin of cephalon. Basal
glabellar lobes simple, well defined, triangular. Pos-
terior border furrow deep, continuous with axial fur-
row on outside of basal glabellar lobe.

Pygidium semielliptical, moderately to strongly con-
vex transversely and longitudinally. Axis broad;
sides slightly concave opposite second axial segment;
posterior lobe slightly expanded posteriorly. Poster-
ior margin of first axial segment defined at distal
ends by short straight deep furrows that extend in-
ward and slightly forward from axial furrows about
one-third width of axis. Posterior margin of second
axial segment defined distally by straight deep trans-
verse furrows that are interrupted by prominent
median node that extends onto posterior axial lobe
for distance more than half sagittal length of second
axial segment. Border well defined by deep border
furrow; width nearly constant. Short border spines
present.

Discussion.—Homagnostus alaskensis n. sp. is most
similar to H. obesus (Belt), from which it differs by
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lacking distinct trilobation of the first axial segment
on the pygidium and by having a nearly complete
median preglabellar furrow. Pygidia differ from
associated pygidia of H. tumidosus (Hall and Whit-
field) by having an inflated posterior lobe, deeper fur-
rows on the axis, and a much longer and larger axial
node.

Occurrence—Dresbachian~2 fauna. Common (more
than 10 cephala and pygidia), USGS colln. 4381-CO,
Hi-yu area.

Homagnostus tumidosus (Hall and Whitfield)
Plate 7, figures 3, 8

Agnostus tumidosus Hall and Whitfield, 1877, p. 231, pl. 1, fig.
32.

Geragnostus of. G tumidosus (Hall and Whitfield). Palmer,
1954Db, 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; Robison, 1960,
p. 11, plL. 1, fig. 3.

Homagnostus tumidosus (Hall and Whitfield). Palmer, 1960a,
p. 63, plL. 4, figs. 1, 2; Bell and Ellinwood, 1962, p. 388, pl.
51, figs. 14.

Discussion—The diagnosis of Homagnostus tumido-
sus (Hall and Whitfield) that I have given earlier
(Palmer, 1960a) applies fully to the excellent silicified
material of H. twmidosus from Alaska. Cephala of
this species can be distinguished from very similar
associated cephala of Acmarhachis acutus (Koba-
yashi) (pl. 7, figs. 1, 2) by the presence of a smaller
anterior glabellar lobe, which causes the glabella to be
slightly tapered forward. The glabella of Acmar-
hachis has subparallel sides. Pygidia of H. tumidosus
are most similar to associated pygidia of H. alaskensis
n. sp., but they can be distinguished by their shallower
transverse axial furrows and shorter median node that
barely extends onto the posterior lobe of the pygidial
axis. The posterior lobe of the axis is also less in-
flated.

Occurrence—Dresbachian-2 fauna. Common (more
than 10 cephala and pygidia), USGS colln. 4381-
CO; rare (1 cephalon, 1 pygidium), USGS colln.
4380-CO; Hy-yu area. Rare (1 cephalon, 1 pygi-
dium), GSC colln. 4645, Hillard Peak area.

Homagnostus? sp.
Plate 7, figure 13

Discussion—Two pygidia associated with Aemar-
hachis acutus (Kobayashi), Homagnostus tumidosus
(Hall and Whitfield) and H. alaskensis n. sp. repre-
sent a fourth species of agnostid that has a broad
axis with a well-defined posterior part. The trans-
verse furrow between the first and second axial seg-
ments is straight and not continuous across the axis.
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The transverse furrow between the second axial seg-
ment and the posterior part of the axis is directed in-
ward and slightly backward to the sides of a large
median node that extends slightly onto the posterior
part. of the axis. The sides of the pygidium converge
slightly backward to the bases of slender border
spines.

The posterior lobe of this species is slightly ex-
panded josteriorly and extended to the border furrow;
in this respect the species resembles Acmarhachis.
However, the shape of the axis indicates that the clos-
est affinities of this species are to Homagnostus alas-
kensis n. sp. The transverse furrow behind the second
segment is more posteriorly directed than in H. alas-
kensis, the axis reaches to the border furrow, the
pygidial sides are more convergent posteriorly, and
the median node does not extend as far onto the pos-
terior part of the axis. These differences are at least
of specific value. Without knowledge of a cephalon
for this species, it cannot be satisfactorily assigned.
It is tentatively placed in Homagnostus, even though
the well-defined posterior part of tiie axis reaches the
posterior border furrow.

Occurrence—Dresbachian-2 fauna. Rare (2 py-
gidia), USGS colln, 4381-CO, Hi-yu area.

Genus LOTAGNOSTUS Whitehouse

Lotagnostus Whitehouse, 1936, p. 101; Kobayashi, 1939, p. 164 ;
Palmer, 1955, p. 91; Howell ,1959, p. 178; Pokrovskaya,
1960, p. 61 ; Opik, 1963, p. 53.

Type species—Agnostus trisectus Salter, 1864, p. 10,

pl. 1, fig. 11.

Discussion—The Alaskan specimens discussed below
accord with my interpretation of Lotagnostus pre-

sented earlier (Palmer, 1955).

Lotagnostus? sp.
Plate 12, figures 3, 4

Discussion.—Several cephala and a pygidium asso-
ciated with Pseudagnostus wulgaris Rozova and
Geragnostus intermedius n. sp. may represent a species
of Lotagnostus. The cephala have a bilobed glabella
and a narrow shallow preglabellar median furrow.
The pygidium has a short narrow well-defined axis
that is strongly rounded posteriorly and short border
spines. The first segment of the pygidial axis is tri-
lobate, the second segment has a strong median node,
and the third segment is smooth and undivided. The
cephalon has a shallower preglabellar furrow and a
better defined frontal glabellar lobe than similar
cephala of P. vulgaris. The pygidium has a narrower
and shorter axis than @. intermedius. Lotagnostus
essentially includes Late Cambrian agnostids with a
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Pseudagnostus-like cephalon and a Geragnostus-like
pygidium. Thus, the association of the cephala and
pygidium described above as parts of a single species
is probably correct. However, until more material can
be found to confirm the association, the specimens can
only tentatively be assigned to Lotagnostus.

Occurrence.—Franconian-2 fauna. Moderately rare
(83 cephala, 1 pygidium), USGS colln. 4355-CO, Hil-
lard Peak area.

LOWER PALEOZOIC PALEONTOLOGY AND

Genus PERATAGNOSTUS Opik
Peratagnostus Opik, 1967, p. BS6.

Type species—Peratagnostus nobilis Opik, 1967, p.
86-90, pl. 52, figs. 10, 11c; pl. 53, figs. 1-11 ; text fig. 18.

Description—Cephalon semiovate, gently to mod-
erately convex transversely and longitudinally; all
axial furrows effaced. Border narrow, continues slope
of cheeks, moderately to poorly defined along sides
and front of cephalon. Posterior border furrow deep
directly behind glabella. Basal lobes weakly defined
only at rear. Glabellar node low, situated slightly
posterior to glabellar midlength.

Pygidium semiovate, moderately to strongly convex
transversely and longitudinally, highest at position of
low poorly defined axial node. Axial furrows narrow
and shallow or effaced. Axial lobe narrow, short, pos-
teriorly tapered, does not reach border; width at an-
terior end less than one-half width of pygidium;
transverse furrows absent; terminal node present.
Border broad, well defined by narrow border furrow
that is continuous in smooth curve with anterior lat-
eral] furrow. Border spines absent. Articulating ring
simple.

Discussion.—Peratagnostus is a distinctive effaced
Late Cambrian genus that differs from all other super-
ficially similar genera by having a short narrow py-
gidial axis with a terminal node and contrasting
definition of the cephalic and pygidial borders. Phal-
acroma, Phalagnostus, Gallagnostus, and COiceragnos-
tus all have wide pygidial axes; Grandagnostus and
Litagnostus have the terminal node adjacent to the
posterior border furrow which indicates a long py-
gidial axis; Phoidagnostus and Lejopyge (considered
synonyms by Opik, 1961a) have the posterior axial
node on the axial lobe and not at its terminus, com-
parable to the position in Ptychagnostus; Leiagnostus
lacks both cephalic and pygidial borders and axial
nodes; and Gallagnostoides has narrow cephalic and
pygidial borders, no apparent axial nodes, and no dis-
tinct anterior lateral pygidial furrows.

Besides the type species from Australia, and Pera-
tagnostus hillardensis n. sp. from Alaska, Agnostus
(subsequently Phoidagnostus) obsoletus Kobayashi
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(1935b, 1962) from the FKochuangia zone of south
Korea seems to represent this genus. I have excellent
replicas of the Australian species obtained on my visit
there in 1961; it differs from P. hillardensis by having
the pygidial axis slightly longer and the cephalic bor-
der narrow and poorly defined. Kobayashi’s reference
(1935b, p. 106) to an Agnostus-like axis for his species
obsoletus, together with the fair illustrations and the
knowledge that this species is from a fauna near the
same age as the ones from Alaska and Australia,
rather than from Middle Cambrian beds as first de-
scribed, all indicate the probability that this species,
which is reported to lack a defined cephalic border,
belongs to Peratagnostus.

Another species possibly belonging to Peratagnostus
is Lejopyge? controversa Krys’kov (in Borovikov and
Kryskov, 1963) from southern Kazakhstan. This spe-
cies, which is associated with Glyptagnostus, seems to
have the smooth curve between the border furrow and
the anterior lateral furrow on the pygidium and the
posteriorly tapered pygidial axis characteristic of Per-
atagnostus. 1 cannot determine from the illustrations
or description either the exact length of the axis or
whether the axis has a terminal node or a node that
is distinctly anterior to the terminus. If the node is
distinctly anterior to the terminus, then the suggested
relationship to Lejopyge is more probably correct.

Because of the structure of the pygidial axis, which
is short and narrow and has a terminal node, Peratag-
nostus is here considered to be an effaced member of
the Agnostidae. None of the cephala show the glabel-
lar outline clearly, but there is some indication, when
a whitened specimen is observed in strongly oblique
light, that the frontal lobe of the glabella may be
lacking.

Peratagnostus hillardensis n. sp.
Plate 10, figures 17, 18, 23, 24

Diagnosis—Cephalic border continues slope of sur-
face of cephalon; moderately well defined by shallow
narrow border furrow. Distance from end of axis to
border furrow about twice sagittal length of posterior
border.

Discussion—The generic description presents most
of the characteristics of Peratagnostus hillardensis n.
sp. The principal features that differentiate this from
other species in the genus are the details of definition
of the cephalic border and length of the pygidial axis
described above. The axis is slightly shorter than the
axis of Peratagnostus nobilis Opik.

Occurrence—Franconian—1 fauna. Moderately com-
mon (3 cephala, 12 pygidia), GSC colln. 4638 (=
4727) ; moderately rare (1 cephalon, 1 pygidium),
GSC colln. 4648; both from Hillard Peak area.
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Family GLYPTAGNOSTIDAE Whitehouse
Genus GLYPTAGNOSTUS Whitehouse

Glyptagnostus Whitehouse, 1936, p. 101; Kobayashi, 1939, p.
155; Shimer and Shrock, 1944, p. 600; Kobayashi, 1949,
p. 1-6; Opik, 1961b, p. 428 ; Palmer, 1962, p. 15.

Type species—Glyptagnostus torewme Whitehouse
(1936, p. 102, pl. 9, figs. 17-20) = Agnostus reticulatus
Angelin, 1851, p. 8, pl. 6, fig. 10.

Discussion.—The characteristics of this distinctively
ornamented Late Cambrian genus have recently been
described in considerable detail (Opik, 1961b; Palmer,
1962), and the single pygidium recorded from Alaska
contributes no new morphologic information.

Glyptagnostus reticulatus (Angelin)
Plate 7, figure 11

Agnostus reticulatus Angelin, 1851, p. 8, pl. 6, fig. 10.

Glyptagnostus reticulatus (Angelin). Palmer, 1962, p. 16, pl.
2, figs. 1, 3, 4, 6-8, 11 [this paper gives full synonymy
through 1961]; Kobayashi, 1962, p. 27, pl. 9, figs. 10-15;
Opik, 1963, p. 38, pl. 2, figs. 6-9; Borovikov and Krys'kov,
1963, p. 273, pl. 1, figs. 10, 11, 12.

Discussion.—The single pygidium illustrated here
conforms in all characteristics to Glyptagnostus reticu-
latus reticulatus (Angelin), the youngest subspecies of
the genus (Palmer, 1962, pl. 2, figs. 1, 3). Unfortun-
ately, the specimen is not associated with other trilo-
bites. It was collected by L. D. Burling about 5 feet
below collections containing Cernuolimbus, Sigmoche-
ilus, and other elements of a Dunderbergia zone fauna.
Thus it can be no younger than the Dunderbergia
zone. In the conterminous United States, this sub-
species is found only in beds of the Aphelaspis zone.
In western Canada, it is associated with Olenaspella
evanst (Kobayashi) which has also been found in
Alaska in a Dunderbergia zone fauna. This evidence
now seems to indicate that the total time range of @G.
reticulatus reticulatus may have to be extended from
the Aphelaspis zone to the Dunderbergia zone; the
value of this widespread subspecies for precise inter-
continental correlation is thus slightly decreased.

The occurrences of Glyptagnostus reticulatus in
Alaska and in southern Kazakhstan (Borovikov and
Krys’kov, 1963) significantly increase the known geo-
graphic range of Glyptagnostus shown earlier (Palm-
er, 1962, p. 2, fig. 1).

Occurrence—Dresbachian-2 fauna. Rare (1 pygi-
dium), GSC colln. 4641, Hillard Peak area.

Genus LEJOPYGE Corda

Lejopyge Corda in Hawle and Corda, 1847, p. 51; Kobayashi,
1939, p. 131; Lermontova, 1940, p. 130; Westergird, 1946,
p. 87; Pokrovskaya, 1958, p. 72; Opik, 1961a, p. 85; Robi-
son, 1964a, p. 521.
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Type species—Battus laevigatus Dalman, 1828, p.
136.

Diagnosis—Cephalon nearly smooth: only basal
lobes, posterior parts of axial furrows, and border fur-
rows apparent on external surface. Median glabellar
node usually present. Lateral and anterior borders
narrow ; not visible in dorsal view of uncrushed speci-
mens. Pygidium nearly smooth; only anterior parts
of axial furrows apparent on external surface. Small
median node on second axial segment usually present.
Border distinctly wider than cephalic border. Border.
spines present or absent.

Discussion—Westergird (1946, p. 75) and Opik
(1961a, p. 76) have discussed the characteristics of
Lejopyge and its included species most fully. Because
of the small number of characteristics available for
specific discrimination, few species of Lejopyge have
been recognized. Two different forms are present in
the Alaskan collections. One has axial furrows on the
cephalon that are shorter than the basal glabellar lobes
and axial furrows on thé pygidium that outline only
the lateral parts of the first axial segment. The other,
known only from pygidia, has the lateral parts of the
first two axial segments outlined by the axial furrows.
These axial features are the characteristics, respec-
tively, of L. calva Robison and L. laevigata (Dal-
man), to which the Alaskan specimens are therefore
assigned.

Lejopyge calva Robison
Plate 6, figure 15-18

Lejopyge calva Robison, 1964a, p. 521, pl. 83, figs. 1-4.

Diagnosis—Cephalon has axial furrows poorly de-
veloped anterior to basal lobes; length generally less
than length of basal lobes. Pygidium has axial fur-
rows outlining lateral parts of first axial segment only.
Border of pygidium without border spines.

Discussion—Lejopyge calva Robison was first de-
scribed from the uppermost Middle Cambrian beds of
the Great Basin in Nevada and Utah where it is char-
acteristic of the upper part of the Bolaspidella zone.
It is therefore one of the critical species for precise
correlation of the Alaskan Cambrian succession with
that of the western conterminous United States.

A collection made by Cairnes in 1912 from just east
of the Alaskan boundary east of Hillard Peak has
cephala of this species showing both the external sur-
face and surface of the mold (pl. 6, fig. 16). The
exfoliated specimen shows the outline of a large
anterior glabellar lobe and rugose cephalic flanks typi-
cal of the Ptychagnostidae.

Ocourrence—Middle Cambrian—2 fauna. Moder-
ately common (4 cephala, 4 pygidia), USGS colln.
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4337-CO, Yukon River (Adams Peak) area; 5 cephala,
GSC colln. 282, Hillard Peak area.
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Lejopyge laevigata (Dalman)
Plate 6, figure 19

Batius laevigatus Dalman, 1828, p. 136.

Lejopyge laevigata Dalman. Westergird, 1946, p. 87, pl. 13,
figs. 18-26, pl. 16, fig. 9 [synonymy to that date]; Pokrov-
skaya, 1958, p. 76, pl. 5, figs. 16, 17; Opik, 1961a, p. 85, pl.
21, figs. 5—9b.

Diagnosis—Cephalon has axial furrows generally
as long or longer than basal glabellar lobes. Pygidium
has axial furrows outlining lateral parts of first two
axial segments.

Discussion—The Alaskan pygidia assigned to Lejo-
pyge laevigate (Dalman) lack border spines and are
thus referable to the typical subspecies L. laevigata
laevigata, a widespread subspecies that has been de-
scribed from beds of late Middle Cambrian age in north-
western Europe, Siberia, and Australia.

Qcourrence~—~Middle Cambrian-2 fauna. Rare (1
pygidium), USGS colln. 4345-CO, Hillard Park area;
1 pygidium, USGS colln. 3832-CO, Yukon River
(West Ridge) area.

Genus PTYCHAGNOSTUS Jaekel
Ptychagnostus Jaekel, 1909, p. 401; Kobayashi, 1939, p. 152;
Westergird, 1946, p. 67; Opik, 1961a, p. 76 ; Robinson, 1964a,
p. 522.
Triplagnostus Howell, 1935¢, p. 14.
Goniagnostus Howell, 1935¢, p. 13.
Doryagostus Kobayashi, 1939, p. 148.

Type species—Agnostus punctuosus Angelin, 1851,
p- 8, pL 6, fig. 11.

Diagnosis—Cephalon has scrobiculate cheeks and
pointed anterior glabellar lobe. Pygidium has non-
scrobiculate pleural fields and well-defined furrows
outlining anterior two axial segments. Granular
ornamentation present on most species.

Discussion—Opik (1961a, p. 76-79) has given a
thorough review of the content and concept of Pry-
chagnostus. The diagnosis given above is derived
from his revision. He recognized two subgenera: P.
(Ptychagnostus), which generally lacks pygidial bor-
der spines and a distinct transverse secondary division
of the posterior lobe of the pygidial axis, and P.
(Goniagnostus), which has both of these features.
The Alaskan specimens described below have the diag-
nostic characteristics of P. (Poychagnostus).

Ptychagnostus (Ptychagnostus) aculeatus (Angelin)
Plate 6, figure 20
Agnostus aculeatus Angelin, 1851, p. 8, pl. 6, fig. 12; Brogger,

1878, p. 71, pl. 5, fig. 5a,b; Tullberg, 1880, p. 23, pl. 1, fig.
11; Strand. 1929, p. 345, pl. 1, fig. 7.
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Ptychagnostus (Ptychagnostus) aculeatus (Angelin). Wester-
gird, 1946, p. 79, pl. 12, figs. 8-11; Opik, 1961a, p. 80, plL
21, figs. 3, 4a,b.

Discussion—A single pygidium has the long axial
node extending for a considerable distance along the
anterior part of the posterior lobe of the pygidial axis,
the coarse granular ornamentation on all parts, and
the nonspined border characteristic of this distinc-
tive species of Piychagnostus. The ornamentation and
structure of the axial lobe distinguish this species
from all other Alaskan agnostids.

Occurrence—Middle Cambrian-2 fauna. Rare (1
pygidium), GSC colln. 282, Hillard Peak area.

Ptychagnostus (Ptychagnostus) punctuosus affinis (Brégger)
Plate 4, figures 26, 27

Agnostus punctuosus afiinis Brogger, 1878, p. 68, pl. 5, fig. 2 a,b.
Agnostus intermedius Thorslund [not Tullbergl, in Asklund
and Thorslund, 1935, p. 106, pl. 1, figs. 5-7.
Ptychagnostus (Ptychagnostus) punctuosus afinis (Brogger).
Westergiird, 1946, pl. 11, figs. 26-33.

Diagnosis.—Cephalon has glabella well defined by
axial furrows, posterolateral spines short, and gran-
ular ornamentation generally not apparent. Pygidium
has axis and transverse furrows well defined, post-
axial median furrow generally present, incipient trans-
verse depression on posterior axial lobe, and subdued
granular ornamentation on pleural fields.

Discussion.—Westergdrd (1946, p. 78) discussed
the characteristics of Ptychagnostus punctuosus and
noted that considerable variability exists in ornamenta-
tion, division of the basal glabellar lobes, width of
the pygidial axis, and degree of development of the
postaxial furrow on the pygidium. Only one distinc-
tive variant, P. punctuosus affinis, which seemed to be
intermediate in an evolutionary series between the
older P. atavus and the younger P. punctuosus, was
recognized. The Alaskan specimens lack distinct gran-
ular ornamentation on the cephalon, and the pygidium
has subdued granular ornamentation. Westergird
described this type of ornamentation as the distinctive
feature of P. affinis. Therefore, although the Alaskan
sample is small, it is assigned to the subspecific taxon
described by Westergard.

Occurrence—Middle Cambrian-1 fauna. Moder-
ately rare (3 cephala, 3 pygidia), USGS colln. 4341-
CO, Hillard Peak area.

Family PSEUDAGNOSTIDAE Whitehouse
Genus ACMARHACHIS Resser

Acmarhachis Resser, 1938, p. 47; Howell, 1959, p. 173; Palmer,
1962, p. 19.

Oedorhachis Resser, 1938, p. 48; Shimer and Shrock, 1944, p.
601 ; Howell, 1959, p. 185.
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Cyclagnostus Lermontova, 1940, p. 126; Howell, 1959, p. 182;
Pokrovskaya, 1960, p. 58.

Tupe species—Acmarhachis typicalis Resser, 1938,
p- 47, pl. 10, figs. 4, 5.

Discussion—1 have recently reviewed the content
and concept of Acmarhachis (Palmer, 1962), and the
excellent silicified material of A. acutus (Kobayashi)
from Alaska does not provide any new information.
The presence of a completely defined deuterolobe on
the pygidium distinguishes this genus from other
associated agnostids.

Acmarhachis acutus (Kobayashi)
Plate 7, figures 1, 2, 6, 7, 12
Homagnostus acutus Kobayashi, 1938, p. 172, pl. 16, figs. 18-22.
Pseudagnostus? acutus (Kobayashi). Palmer, 1960a, p. 62, pl
4, figs. 10-12.
Acmarhachis acutus (Kobayashi). Rasetti, 1961, p. 109, pl. 23,
figs. 1-8; Palmer, 1962, p. 20, pl. 2, figs. 14, 15.

Discussion—The silicified specimens from Alaska
conform in all respects to the diagnosis of Acmarha-
chis acutus (Kobayashi) that I have presented earlier
(Palmer, 1962). The shape of the deuterolobe in the
Alaskan sample is slightly variable. In some speci-
mens the posterior part is pointed, in others this part
is bluntly rounded. However, a continuous series of
intermediate forms is present, and all other character-
istics are common to the end members; all of the
associated specimens of Acmarhachis are therefore con-
sidered to represent a single species. The cephala are
very similar to associated cephala of Homagnostus
tumidosus (Hall and Whitfield) but can be recognized
by the relatively large frontal lobe of the glabella that
causes the glabella to have subparallel sides rather
than to taper slightly forward.

Occurrence—Dresbachian-2  fauna.  Moderately
common (8 cephala, 16 pygidia), USGS colln. 4381-
CO, Hi-yu area. Rare (1 pygidium), GSC colln.
4722; rare (1 pygidium), GSC colln. 4645, Hillard
Peak area.

@Genus PSEUDAGNOSTUS Jaekel

Pseudagnostus Jaekel, 1909, p. 400; Kobayashi, 1985b, p. 107;
Kobayashi, 1937, p. 451; Kobayashi, 1939, p. 157; Lermon-
tova, 1940, p. 125; Shimer and Shrock, 1944, p. 601; Shaw,
1951, p. 112; Palmer, 1954b, p. 719; Palmer, 1955, p. 93;
Ivshin, 1956, p. 11; Howell, 1959, p. 182; Palmer, 1960a,
p. 61; Rozova, 1960, p. 7; Palmer, 1962, p. 21; Opik, 1963,
p. 48.

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

Discussion.—Pseudagnostus is one of the most com-
mon Late Cambrian trilobites in western North
America, but specimens are rarely found in sufficient
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numbers to determine adequately meaningful specific
characteristics. Opik (1963) has given the most com-
plete modern summary of the generic features of Pseu-
dagnostus. Although specimens assignable to Pseu-
dagnostus have been identified in 18 of the Late Cam-
brian collections from Alaska, only 2 collections con-
tain a sufficient number of specimens to allow adequate
species identification. Specimens from two additional
collections can be related to these species. A third
species, P. clarki Kobayashi, is known from only
three specimens in one of Mertie’s collections and has
not been collected again. It can be distinguished from
the other identified Alaskan species, however. The
remaining material is specifically indeterminate.

Pseudagnostus clarki Kobayashi
Plate 15, figures 10, 13, 14
Pseudagnostus (Plethagnostus) clarki Kobayashi, 1935a, p. 47,
pl. 9, figs. 1, 2.

Pseudagnostus laevis Palmer, 1955, p. 97, pl. 19, figs. 8, 9, 11, 12,

Discussion.—When I described Pseudagnostus laevi:
(Palmer, 1955), the only apparent difference between
it and P. clarki was the absence of the preglabellar
median furrow on the only known cephalon of P.
clarki. Among the limestone blocks collected by Mertie
that yielded P. clarki and the associated species 7'ato-
naspis alaskensis, Briscoia septentrionalis, and “B.”
elegans, I have since found one mold of an exfoliated
cephalon of P. clarki that has a shallow pregliabellar
median furrow. Thus there are no longer any appar-
ent differences between P. clarki and P. laevis. This
species differs from other Alaskan species of Pseudag-
nostus by having all furrows nearly effaced on the
external surface of the exoskeleton. It is also the
youngest species of Pseudagnostus in Alaska.

Occurrence—Trempealeauan-1 and Trempealeauan—
2 faunas. Rare (2 cephala, 1 pygidium), USNM loc.
950 (=AMt 147), Trempealeauan-1; 1 pygidium,
GSC colln. 4671, Trempealeauan-2; both from Jones
Ridge area.

Pseudagnostus communis (Hall and Whitfield)
Plate 7, figures 5, 10

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

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

Pseudagnostus communis (Hall and Whitfield). Palmer, 1954b,
p. 720, pl. 76, figs. 1-3; Palmer, 1955, p. 94, pL 19, figs. 16,
19-21; pl. 20, figs. 4-11, 14 ; Palmer, 19602, p. 61, pl. 4, figs.
3, 4; Robison, 1960, p. 14, pl. 1, figs. 2, 5; Rasetti, 1961,
p. 109, pl. 23, figs. 13-17; Rasetti, 1965, p. 39, pl. 10, figs.
23-25.
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[Not] Pseudagnostus communis Bell and Ellinwood, 1962, p.
389, pl. 51, figs. 7-21.
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Discussion—Pseudagnostus communis (Hall and
‘Whitfield) has already been described in considerable
detail (Palmer, 1955) on the basis of limestone speci-
mens from the type area in the Fureka district,
Nevada. The excellently silicified Alaskan specimens
differ from the Nevada material principally by hav-
ing the deuterolobe less well defined. Enough
material of this species from many localities has now
been examined so that this minor difference is prob-
ably not of specific value. Bell and Ellinwood (1962)
adopted a very loose taxonomic approach to this
species and illustrated many specimens identified as
P. communis that probably represent other species. P.
communis is one of the oldest species of Pseudagnostus.
The cephalon is characterized by having deep axial
furrows around the glabella, a relatively shallow pre-
glabellar furrow, and a relatively shallow trans-
glabellar furrow outlining the anterior glabellar lobe.
The pygidium has deep axial furrows adjacent to the
anterior two axial segments, the anterior part of the
deuterolobe is only partly defined, the transverse fur-
row behind the second axial segment is poorly defined
or absent, the sides of the pygidium are subparallel,
and the posterior border spines are small.

Among described species, nine named forms seem to
have the general characteristics of Pseudagnostus com-
maumis. One P. neon (Hall and Whitfield), has already
been considered a synonym of P. communis. The others
may be either synonyms or closely related species that
together with P. communis form a distinctive species
group of early Late Cambrian age. These species are
here assigned to a “P. comemunis species group” pending
an opportunity to study the entire complex of species of
this common and widespread Late Cambrian genus.
Besides P. communis, (synonym, P. neon) the group
includes P. chinensis (Dames, 1883), P. orienialis (Ko-
bayashi, 1935b), P. nuperus (Whitehouse, 1936), P.
latus (Kobayashi, 1938), P. rotundatus (Lermontova,
1940), P. pseudocyclopyge (Ivshin, 1956), P. angus-
tilobus, (Ivshin, 1956), and P. marginisulcatus (Ko-
bayashi, 1962).

Occurrence—Dresbachian-2 fauna. Common (more
than 20 cephala and pygidia), USGS colln. 4381-CO;
moderately common (2 cephala, 1 pygidium), USGS
colln. 4380-CO ; both from Hi-yu area.

Pseudagnostus vulgaris Rozova
Plate 12, figures 5, 6
Pseudagnostus vulgaris Rozova, 1960, p. 14, pl. 1, figs. 5-13.
Description—Cephalon slightly elongate, strongly
and evenly rounded anteriorly. Glabella well defined
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by moderately deep axial furrows. Basal lobes simple.
Anterior lobe defined by shallow transglabellar furrow.
Preglabellar median furrow deep. Border well defined
by deep border furrow.

Pygidium subquadrate. Axis defined only at sides
opposite anterior two segments. Deuterolobe not de-
fined. Axial node distinct. Ring furrow across axis
posterior to axial node shallow or absent. Border
broad, flattened; deep border furrow lacking; sagittal
length one-third or slightly more than one-third trans-
verse width of anterior part of axis. Border spines
small, situated well forward from posterior margin.

Discussion.—The only described species of Pseudag-
nostus that has features comparable to the Alaskan spe-
cimens is P. vulgaris Rozova from the Tolstochikhin
Group near the top of the Upper Cambrian succession
in the Salair region of western Siberia. The relatively
broad pygidial border, poor development of the second
ring furrow on the pygidial axis, deep preglabellar fur-
row, and relatively poor definition of the frontal lobe of
the glabella are the most distinctive characteristics of
this species. Both the Alaskan and Siberian specimens
are associated with species of the Richardsonellidae.

Occurrence—Franconian-2 fauna. Moderately com-
mon (4 cephala, 7 pygidia), USGS colln. 4355-CO;
moderately rare (2 pygidia), USGS colln. 4356-CO;
both from Hillard Peak area.

Family QUADRAGNOSTIDAE Howell
?Genus COTALAGNOSTUS Whitehouse
cf. Cotalagnostus lens claudicans Westergérd
Plate 4, figure 30
Cotalagnostus lens claudicans Westergird, 1946, p. 54, pl. 6,
figs. 20-27.

Discussion—Two incomplete slightly crushed agnos-
tid pygidia have a short subparallel-sided axis and a
postaxial furrow and lack posterior border spines. As-
sociated with them is a badly crushed cephalon that has
a glabella lacking definition of the frontal lobe and a
specifically indeterminate cephalon of Ptychagnostus.
Comparison with the Middle Cambrian agnostids from
Sweden illustrated by Westergard (1946) shows that
only Cotalagnostus lens claudicans has a pygidium
comparable to the observed features of the Alaskan
specimens. One other species that has a pygidium with
a similar short axis, postaxial furrow, and lack of bor-
der spines is Hypagnostus sublatus (Ivshin, 1953, p. 21,
pl. 2, figs. 10-12) from medial to upper Middle Cam-
brian beds in Kazakhstan. However, Ivshin’s speci-
mens do not show the anterior median inbend of the
border furrow that characterizes the Alaskan and Swe-
dish specimens. The lack of a preserved top to the axis
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and of a well-preserved cephalon makes the Alaskan
specimens unsatisfactory for adequate indentification or
description.

Occurrence—Middle Cambrian-1 fauna. Rare (2
pygidia, (?)1 cephalon), USGS colln. 4346-CO, Mon-
tauk Bluff area.

Genus HYPAGNOSTUS Jaekel

Hypagnostus Jaekel, 1909, p. 399; Kobayashi, 1939, p. 122;
Lermontova, 1940, p. 129; Westergird, 1946, p. 43; Ivshin,
1953, p. 17; Howell, 1959, p. 184; Opik, 1961a, p. 57;
Robison, 1964a, p. 529.

Spinagnostus Howell, 1935a, p. 219; Kobayashi, 1939, p. 128;
Howell, 1959, p. 184.

Cyclopagnostus Howell, 1937, p. 1166 ; Howell, 1959, p. 175.

Tomagnostella Kobayashi, 1939, p. 150; Howell, 1959, p. 186.

Type species—Agnostus
1869, p. 82, pl. 2, figs. 56, 57.

Discussion—The concept and content of Hypagnos-
tus have been fully discussed by Westergird (1946),
Opik (1961a), and Robison (1964a) ; their conclusions
regarding diagnostic characteristics and synonymy are
followed here. The Alaskan specimen described be-
low conforms in all respects to the characteristics of the
genus.

parvifrons Linnarsson,

Hypagnostus sp.
Plate 6, figure 26

Description—Cephalon subquadrate; anterior mar-
gin broadly rounded. Glabella represented only by pos-
terior lobe that is strongly rounded anteriorly and well
defined by axial and transglabellar furrows of equal
depth; sagittal length slightly less than one-half sagit-
tal length of cephalon. Low axial node present slightly
anterior to midlength of posterior glabellar lobe. Basal
lobes moderately large, undivided; exsagittal length
slightly more than two-fifths sagittal length of poster-
ior glabellar lobe. Border of cephalon flat, moderately
wide; sagittal length about one-eighth sagittal length
of cephalon.

Discussion—A single cephalon of an undetermined
species of Hypagnostus is present about 80 feet below
the top of the Cambrian section along the Tatonduk
River in association with specimens of a species of Ce-
daria, a genus that is diagnostic of beds of earliest Late
Cambrian age. It seems to differ from cephala of most
described species of Hypagnostus by having larger ba-
sal glabellar lobes, a more nearly subcentral node on the
posterior lobe of the glabella, and a relatively wide
cephalic border. This cephalon may represent an un-
described species of I/ypagnostus, but the specific char-
acteristics cannot be adequately determined without
knowledge of more specimens.
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Occurrence—Dresbachian-1 fauna. Rare (1 cepha-
lon), USGS colln. 4326-CO, Tatonduk River area.

Genus PERONOPSIS Corda

Peronopsis Corda in Hawle and Corda, 1847, p. 115; Kobaya-
shi, 1939, p. 115; Westergird, 1946, p. 36; Rasetti, 1951,
p. 133; Ivshin, 1953, p. 7; Palmer, 1954a, p. 60; Howell,
1959, p. 186; Robison, 1964a, p. 529.
Mesophenicus Corda in Hawle and Corda, 1847, p. 46.
Diplorrhina Corda in Hawle and Corda, 1847, p. 46; White-
house, 1936, p. 88.
Mesagnostus Jaekel, 1909, p. 398.
Acadagnostus Kobayashi, 1939, p. 113; Shimer and Shrock,
1944, p. 600; Howell, 1959, p. 184,
Type species—Battus integer Beyrich, 1845, p. 44, pl.
1, fig. 19.
Discussion—Robison (1964a, p. 529) has presented
the most recent diagnosis of this common Middle Cam-
brian genus. The small collection from Alaska con-

forms in all respects to Robison’s diagnosis.

Peronopsis cf. P, gaspensis Rasetti
Plate 4, figures 28, 29

Peronopsis gaspensis Rasetti, 1948b, p. 319, pl. 45, figs. 1-3.

Diagnosis—Cephalon subquadrate, bluntly rounded
anteriorly. Glabella bilobed, transverse furrow at back
of anterior lobe straight; median tubercule barely ap-
parent or absent. Pygidium subquadrate; margin with
pair of short spines; border between spines broadly
curved posteriorly. Axis subparallel sided in anterior
two-thirds, tapered to sharp point, connected to poster-
ior border by postaxial longitudinal furrow; length
about three-fourths length of pygidium. Transverse
furrows absent. Median tubercule present.

Discussion—Most species of Peronopsis that have a
distinct longitudinal postaxial furrow on the pygidium
lack marginal pygidial spines. The only species with
the combination of pygidial spines and a postaxial
longitudinal furrow are P. interstrictus (White)
(Robison, 1964a), P. fallox (Linnarsson) (Wester-
gird, 1946), P. taitzehoensis Lu (1957), and P. gaspen-
sis Rasettl (1948b). P. interstrictus differs from the
Alaskan specimens by having the border spines on the
pygidium barely developed. P. fallaw is a variable
species In which the postaxial furrow is not a charac-
teristic feature although it is present on some speci-
mens. P. taitzehoensis and P. gaspensis are possibly
conspecific with each other and with the Alaskan
specimens. The apparent differences are minor when
compared to the considerable variability in the related
species P. fallax, as described by Westergird. If the
specimens of Peronopsis from China, Alaska, and
eastern Canada are really conspecific, the oldest name
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is P. gaspensis. I cannot find an objective criterion
for separating these forms, but they are all repre-
sented by small samples and the apparent relationship
may be superficial. The Alaskan specimens differ
from P. gaspensis by lacking the slight deflection of
the anterior end of the axial furrow on the pygidium
and by having a barely apparent median node on the
glabella.

QOccurrence—Middle Cambrian-1 fauna. Moder-
ately rare (5 cephala, 3 pygidia), USGS colln. 4341-
CO, Hillard Peak area.

Genus PHALAGNOSTUS Howell
Phalagnostus Howell, 1955, p. 926; Snajdr, 1958, p. 76; Howell,
1959, p. 181.
Type species.—Battus nudus Beyrich, 1845, p. 46,
fig. 20.

Phalagnostus bituberculatus (Angelin)
Plate 6, figure 13

Agnostus bitudberculatus Angelin, 1851, p. 6, pl. 6, fig. 2; Holm
and Westergird, 1930, p. 11, pl. 1, figs. 10-12; pl. 4, figs.
4-6.

Phoidagnostus bituberculatus (Angelin). Lermontova, 1940,
p. 130, pl. 36, figs. 6, 6a-d; Westergird, 1946, p. 91, pl. 14,
figs. 10-14; Ivshin, 1953, p. 25, pl. 1, figs. 1-6; Pokrovskaya,
1958, p. 39, pl. 3, figs. 13, 14; Chernysheva, 1960, pl. 1,
figs. 24, 25; Rozova, 1964, p. 19, pl 3, figs. 13-20.

Discussion.—A single nearly featureless exfoliated

cephalon that has only an elongate axial node located
slightly anterior to its midlength and has moderately
well defined basal glabellar lobes is indistinguishable
from the broad form of Phoidagnostus bituberculatus
illustrated by Westergdrd (1946, pl. 14, fig. 12).
Whitehouse (1936, p. 93) included Agnostus bituber-
culatus in his new genus Phoidagnostus, an assignment
accepted by most subsequent paleontologists. How-
ever, Opik (1961a, p. 86) concluded that the types
of P. limbatus, the type species of Phoidagnostus,
which were distinguished from P. bituberculatus by
having a narrow cephalic border, are crushed speci-
mens of Lejopyge. He suggested (Opik, 1961a, p. 54)
that P. bituberculatus should be reassigned to Phalag-
nostus. The type species of Phalagnostus, P. nudus
(Snajdr, 1957, pl. 1, fig. 7), has poorly defined basal
lobes on an otherwise featureless cephalon; Snajdr
also suggested that bituberculatus belongs in Phalag-
nostus. 'Thus, Opik’s suggestion that Phoidagnostus
bituberculatus is a species of Phalagnostus character-
ized by the presence of an anteriorly located elongate
axial node is accepted here.

Occurrence—Middle Cambrian-2 fauna. Rare,

(1 cephalon), GSC colln. 282, Hillard Peak area.
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Suborder EODISCINA Kobayashi
Family EODISCIDAE Raymond

Genus CALODISCUS Howell

Goniodiscus Raymond, 1913, p. 101 [not Muller and Troschel,
1842].

Calodiscus Howell, 1935b, p. 223; Kobayashi, 1943a, p. 38;
Kobayashi, 1944, p. 47; Rasetti, 1952, p. 440 ; Howell, 1959,
p. 188; Pokrovskaya, 1959, p. 167; Pokrovskaya, 1960, p.
55; Poletaeva, 1960, p. 58; Repina and others, 1964, p. 262;
Lazarenko, 1964, p. 166.

Brevidiscus Kobayashi, 1943a, p. 39.

Type species—Agnostus lobatus Hall, 1847, p. 258,
pl. 57, figs. ba—f.

Discussion.—The current concept of Calodiscus
Howell was established by Rasetti (1952) and has not
been modified by subsequent authors. It includes small
blind eodiscids that have semicircular cephala and
pygidia, an elongate glabella reaching nearly to the
border furrow, and generally six or fewer well-defined
segments in the pygidial axis. Border spines and
nodes are generally absent.

Calodiscus nanus n. sp.
Plate 2, figures 20, 21, 25, 26

Description—Cephalon broadly rounded anteriorly;
width slightly greater than length; moderately con-
vex transversely and longitudinally. Glabella long,
tapered forward, extended to border furrow, divided
into three lobes of tnequal length. Anterior lobe
subovate; length slightly more than two-fifths length
of glabella. Middle lobe short, sunken between an-
terior and posterior lobes, bounded by. pair of shallow,
straight transverse furrows; length slightly less than
one-sixth length of glabella. Posterior lobe subovate;
length slightly less than one-half length of glabella.
Occipital ring differentiated from glabella only ad-
jacent to axial furrow by shallow, short occipital fur-
row. Occipital spine or node absent. Border well
defined by deep border furrow that is distinctly bent
backward on axial line; width greatest on axial line,
decreases laterally. Fixed cheeks convex, steepest
near border furrow; no evidence for eyes or ocular

ridges.
Thorax not known.
Pygidium elongate, semielliptical. Axis long,

slender, reaches to border furrow, crossed by six ring
furrows posterior to articulating furrow; depth of
furrows decreases posteriorly. Pleural regions con-
vex, unfurrowed. Border narrow, without nodes or
spines.

Ornamentation of both cephalon and pygidium con-
sists of closely spaced shallow pits.
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Discussion—This distinctive species seems to fit
best into the current concept of Calodiscus. The form
of the cephalon is most like that of C. helena (Rasetti,
1952, pl. 54, figs. 18-20; Lazarenko, 1964, pl. 1, figs. 1,
4-6), particularly in proportions of glabellar segments
and glabellar profile. The associated pygidium has
smooth pleurae and a relatively slender axis that has six
well-defined segments, thus is intermediate in form be-
tween typical members of Calodiscus and Serrodiscus.
The combined features of the cephalon and pygidium
distinguish this species from all known eodiscids.

Occurrence—Early Cambrian-1 fauna. Moderately
rare (5 cephala, 3 pygidia), USGS colln. 4295-CO,
Yukon River (Water Level) area.

Genus SERRODISCUS Richter and Richter

Serrodiscus Richter and Richter, 1941, p. 23; Rasetti, 1952,
p. 444; Hupé, 1952, p. 109; Howell, 1959, p. 188; Pok-
rovskaya, 1959, p. 170; Pokrovskaya, 1960, p. 55; Poletae-
va, 1960, p. 54.

Paradiscus Kobayashi, 1943a, p. 38; 1944, p. 50.

Eodiscus (Serrodiscus), Shaw, 1950, p. 582.

Eodiscus (Paradiscus), Shaw, 1950, p. 582.

Type species—Eodiscus (Serrodiscus) serratus
Richter and Richter, 1941, p. 24, pl. 1, figs. 1-10; pl.
2, figs. 22-24; pl. 4, fig. b9.

Diagnosis.—Cephalon semielliptical. Glabella long,
tapered forward, reaches to, or nearly to, border fur-
row; furrows shallow or absent. Occipital ring
smooth or has short spine. Pygidium semielliptical.
Axis has seven or more segments, extends to posterior
border. Pleural regions generally smooth. Border
narrow; ventral part generally has short downward-
directed spines.

Discussion—Rasetti (1952) has presented a care-
ful analysis of the characteristics of Serrodiscus that
is largely followed here. This genus includes gener-
ally large eodiscids that lack well-developed axial
spines and that have seven or more axial segments on
the pygidium.

Serrodiscus sp.
Plate 2, figure 4

Discussion—A single incomplete pygidium of a
large eodiscid has the characteristic smooth pleurae
and ventrally directed border spines of Serrodiscus.
Not enough of the specimen is preserved to compare
it adequately with the described species of Serrodiscus.

Occurrence—Early Cambrian-1 fauna.  Rare,
USGS colln. 4295-CO, Yukon River (Water Level)
area.

Family PAGETIIDAE

At least seven distinct Alaskan species are assign-

able to the Pagetiidae. Four present no problems for
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generic indentification: Ywkonia intermedia n. gen.,
n. sp., differs from all other species in the family by
having the facial sutures fused and by having a large
median spine on the second axial segment of the pygid-
ium; Pagetio stenoloma n. sp. and Pagetia sp. have
pygidia with smooth pleurae and a terminal axial
spine and with poorly developed palpebral lobes,
which are characteristic of Pagetia; and Neocobboldia
spinosa n. sp. has the cephalic and pygidial morphol-
ogy typical of Neocobboldia but differs from all de-
scribed species by having an occipital spine and a large
axial spine on the third segment of the pygidium.
The remaining three species indicate a real problem
in the consistent discrimination of species of Neopa-
geting and Pagetides.

Neopagetina has been used only by the Russian pal-
eontologists for species from Siberia. The only for-
eign species that they include is Pagetia significans
(Etheridge). The principal grouping characteristics
seem to be the presence of pleural furrows on the
pygidium and an occipital spine on the cranidium.
A terminal or subterminal axial spine on the pygidium
may be present or absent. It is absent on the type
species, V. rjonsnitzkéi (Lermontova).

Pagetides has been used only by Rasetti (1945b,
1948a, 1966) and Lazarenko (1959) for species that
have nearly smooth pygidial pleurae, an occipital
spine, and no axial pygidial spines. The species de-
scribed by Rasetti are all of Early Cambrian age
whereas those described by Lazarenko are all from
the Middle Cambrian. Lazarenko’s species all have
a swollen terminal part of the pygidial axis. Rasetti
(1966) has compared these species with Pagetia mala-
densis Resser and assigned them to Pagetia.

The three problematical Alaskan species all have
pygidia that lack axial pygidial spines. One of these
has a short glabella and deep pleural furrows repre-
senting all segments of the pygidium and is closely
related to Neopagetina rjonsnitzkii. The other two
species are closely related to each other, differing only
by degree of development of the pleural furrows on
the pygidium. One of these, which has the pleural
furrows barely apparent, conforms to the concept of
Pagetides, but the other, which has distinct pleural
furrows, should be assigned to Neopagetina under the
current scheme of classification within the Pagetiidae.
However, 1 think that the Russians have placed too
much emphasis on the presence of pleural furrows and
have therefore included a variety of possibly unrelated
forms in Neopagetina.

Neopagetina significans (Etheridge), N. glabrata
(Lermontova), N. orbiculata Lazarenko, and N. ven-
usta Lazarenko, all of which have terminal or subter-
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minal axial spines, are morphologically very similar
to typical species of Pagetia and might better be
placed in that genus. If these species are removed
from Neopagetina, the remaining forms all lack sig-
nificant development of axial pygidial spines. This
interpretation leaves only the degree of development
of the pleural furrows as a criterion for discriminat-
ing Neopagetina from Pagetides, and Rasetti (1966)
has cast doubt on the value of this criterion for spe-
cies of the closely related genus Pagetia. Cranidia as-
signed to Neopagetina and Pagetides show consider-
able variety, and no consistent discriminating generic
characteristics are apparent. Therefore, the Alaskan
specimens are all assigned to the older named genus,
Pagetides, which has been characterized by Rasetti
(1966, p. 503) as a genus of Pagetiidae including all
species bearing an upturned occipital spine and well-
defined palpebral furrows on the cranidium but lack-
ing any well-developed axial spines on the pygidium.

Genus NEOCOBBOLDIA Rasetti

Cobboldia Lermontova, 1940, p. 120; Lermontova, 1951, p. 22;
Egorova and others, 1955, p. 105 [not Cobboldia, Brauer,
18871.

Neocobboldia Rasetti, 1952, p. 438; Pokrovskaya, 1960, p. 56;
Egorova, 1961, p. 218; Repina and others, 1964, p. 255;
Lazarenko, 1964, p. 178.

Type species—Cobboldia dentata Lermontova, 1940,
p. 120, pl. 35, figs. 3, 3a—e.

Discussion.—The genus Neocobboldia is presently
known from three species in Early Cambrian faunas
of Siberia and a questionably assigned species from
the Lower Cambrian of North Africa. A pygidium
has been described only for the type species, N. den-
tate (Lermontova). The most distinctive character-
istics of cranidia of Neocobboldia seem to be: a broad,
flat or concave frontal area that has a narrow border,
a subcylindrical, unfurrowed glabella, and large pal-
pebral lobes that are well defined by a deep narrow
palpebral furrow and are situated near the lateral
cephalic margins. Two Alaskan collections contain
a species with cranidia that have the typical charac-
teristics of Neocobboldia. The associated pygidia have
marginal nodes or denticles comparable to those of
N. dentata (Lermontova). However, the Alaskan
pygidia have a strong median axial spine on the third
segment that distinguishes them from N. dentata.
There are so many similarities between the Alaskan
and Siberian species that I consider the presence of
the axial spine on the pygidium to have only specific
value and to be the principal distinguishing charac-
teristic of V. spinosa n. sp. described below.
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Neocobboldia spinosa n. sp.
Plate 2, figures 7-13 ; text figure 3

Description—Cephalon semicircular, moderately
convex transversely and longitudinally. Glabella long,
gently tapered forward, strongly rounded at front,
evenly sloped forward in longitudinal profile, well
defined at sides by deep axial furrows, defined at front
by abrupt change in slope of exoskeleton. Glabellar
furrows absent. Occipital furrow deep at sides of
glabella, relatively shallow to barely apparent across
top. Occipital ring has slender, broad-based, poster-
iorly directed median spine. Frontal area concave;
sagittal length about one-third sagittal length of gla-
bella, exclusive of occipital ring. Border narrow, con-
vex, of constant width ; sagittal length about one-third
sagittal length of frontal area. Inner margin of

Ficure 3.—Reconstruction of dorsal and left lateral views of
Neocobboldia spinosa n. sp. X 40.
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frontal area marked by very sharp change in slope of an-
terior part of fixed cheeks. Fixed cheek broad, moder-
ately convex, nearly horizontal; width, exclusive of
palpebral lobe, slightly more than two-thirds basal
glabellar ‘width. Palpebral lobe large, convex, well
defined along inner and posterior margins by deep
narrow palpebral furrow ; length about two-fifths sagit-
tal glabellar length, exclusive of occipital ring. An-
terior margin poorly defined. Posterior limb short,
blunt, barely extended laterally beyond palpebral lobe.
Posterior border furrow broad, deep.

Free cheek tiny, consists of subtriangular plate bear-
ing small convex eye surface and narrow border. Max-
imum length about equal to length of palpebral lobe.

Thorax composed of two segments. Pleural fur-
rows broad, deep; distal tips of segments blunt. First
segment may have short spines developed from pos-
terior band at geniculation.

Pygidium semicircular, moderately to strongly con-
vex transversely and longitudinally. Axis moderately
wide, tapered backward nearly to border furrow,
strongly rounded at rear, well defined by narrow axial
furrows. One deep complete ring furrow present pos-
terior to articulating furrow. At least two additional
segments indicated by shallow indentations of sides
of axis adjacent to axial furrows. Third axial seg-
ment bears large median spine directed upward and
then backward from top of axis. Pleural fields have
only deep pleural furrow of first segment. Border
narrow, well defined by border furrow. Several pairs
of marginal nodes or short blunt spines present.

External surfaces of well-preserved specimens have
very fine grained closely spaced granules and scat-
tered, very shallow pits. Less well preserved speci-
mens appear to be smooth.

Discussion—Neocobboldia spinosa differs from all
others in Neocobboldie by having an occipital spine
on the cranidium and a median axial spine on the
pygidium. The presence of a single well-defined axial
segment and only an anterior pleural furrow are fur-
ther distinguishing features. A single complete speci-
men, (pl. 2, figs. 7, 8) shows that this species has only
two thoracic segments, compared to three segments
in N. dentata (Lermontova).

Neocobboldia spinosa is associated, in USGS eolln.
4296-CO, with a small eodiscid, Yukonia intermedia
n. gen., n. sp., that also has an axial spine on the
pygidium; however the spine is on the second axial
segment. Furthermore, the cephalon of Y. intermedia
lacks distinct palpebral lobes, and the thorax consists
of three segments.
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Occurrence—Early Cambrian-1 fauna. Moderately
rare (9 cephala or cranidia, 2 pygidia), USGS colln.
4296-CO; 1 cranidium, 1 pygidium, USGS colln.
4295-CO, Yukon River (Water Level) area; 1 com-
plete specimen, 1 pygidium, USGS colin. 4449-CO,
Canada, east of Hillard Peak area.

Genus PAGETIA Walcott

Pagetia Walcott, 1916, p. 407; Cobbold, 1931, p. 462; Lermon-
tova, 1940, p. 121 ; Richter and Richter, 1941, p. 17; Koba-
yashi, 1943a, p. 40; Kobayashi, 1944, p. 63; Shimer and
Shrock, 1944, p. 615; Rasetti, 1945b, p. 315; Lermontova,
1951, p. 86 ; Howell, 1959, p. 189 ; Pokrovskaya, 1960, p. 55;
Egorova, 1961, p. 215; Egorova and others, 1955, p. 104;
Poletaeva, 1960, p. 154; Repina and others, 1964, p. 263;
Lazarenko, 1964, p. 176 ; Rasetti, 1966, p. 503.

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

Discussion—Pagetia Walcott has been described and
discussed many times, and its characteristics are well
shown and summarized by Rasetti (1966). The Alas-
kan specimens, although relatively uncommon, have
the terminal axial spine on the pygidium, which is
the most distinctive feature of Pagcotia. Associated
cranidia differ from cranidia of other Pagetiidae in
the same collections by lacking distinct development
of palpebral lobes.

Pagetia stenoloma n. sp.
Plate 4, figures 6, 7

Description—Cranidium subquadrate, moderately to
strongly rounded anteriorly. Glabella slender, tapered
forward, strongly rounded at front, well defined by
broad shallow axial furrows. Glabellar and occipital
furrows not apparent. Occipital ring extended pos-
teriorly into long slender nearly horizontal spine.
Border narrow, convex, without radial grooves; sagit-
tal length less than one-half sagittal length of frontal
area. Border furrow broad, shallow. Axial furrow
connected to border furrow by broad, shallow pre-
glabellar median furrow. Fixed cheek upsloping,
moderately convex; width slightly greater than basal
glabellar width. Palpebral lobe at highest part of
cheek; palpebral furrow absent. Narrow eye ridge
barely apparent on largest cranidium. Posterior bor-
der furrow deep. Posterior border expanded slightly
distally.

Pygidium semielliptical, moderately convex trans-
versely. Axis narrow, posterior tip slightly separated
from posterior border. Four deep narrow ring fur-
rows define four anterior axial segments; fifth and
sixth segments not clearly differentiated; sixth seg-
ment has long slender nearly horizontal, posteriorly

directed median spine. Pleural fields moderately con-
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vex, downsloping to depressed ; inner parts have three
shallow pleural furrows barely apparent. Border well
defined, narrow.

Ornamentation consists of barely apparent median
axial nodes on first four pygidial segments and barely
apparent fine granules on pygidial border. First two
axial segments on pygidia of some specimens have
pair of low nodes flanking median node. Cranidium
without apparent ornamentation.

Discussion—Pagetia stenoloma n. sp. differs from
all others in the genus by having a narrow cranidial
border that lacks radial grooves. Of the 20 species
presently included in Pagetia, P. clytia (Walcott) and
P. connexra (Walcott) are the most similar to P. steno-
loma. The remaining species differ in either glabellar
shape, width of the cranidial border, number of axial
segments or presence of complete pleural furrows on
the pygidium. P. connexa, from the Lower Cambrian
of New York, has a relatively narrow cranidial border,
but it has distinct radial grooves. Furthermore, the
pygidium of P. connexa shows no evidence of either
pleural furrows or axial nodes. The pygidium of P.
clytia, from the lower Middle Cambrian of the Cor-
dilleran region, however, has shallow pleural furrows
near the axis, and median axial nodes and cannot be
certainly distinguished from that of P. stenoloma. The
cranidium of P. clytia, however, has a broad border
with distinct radial grooves.

Ocourrence—Early Cambrian-3 fauna. Moderately
common (2 cranidia, 9 pygidia), USGS colln. 4333-
CO, Yukon River (West Ridge) area.

LOWER PALEOZOIC PALEONTOLOGY AND

Pagetia spp.
Plate 4, figures 8-10

Discussion.—A pygidium and three associated cran-
idia representing Pagetia may be conspecific. The
pygidium could represent either P. stenoloma n. sp.,
P. connexa (Walcott), or P. clytia Walcott. It lacks
evidence of pleural furrows and thus resembles P.
connexa, but it has tiny axial nodes which are appar-
ently present only on P. ¢lytia and P. stenoloma. The
cranidium has distinct radial grooves in the border.
These grooves are the characteristics that distinguish
P. clytia and P. conmexa from P. stenoloma. The
border is also narrow; this feature is more like P.
connexa than P. clytia. If the parts are correctly
associated, the most comparable species seems to be
P. connexa, an Early Cambrian species from New
York. However, the cranidium has a pitted orna-
mentation of the convex parts of the glabella and
fixed cheeks, and the pygidium is smooth. Thus the
association may be incorrect, and two species of
Pagetia may be present.

STRATIGRAPHY OF EAST-CENTRAL ALASKA

Occurrence—Early Cambrian-3 fauna. Rare (3
cranidia, 1 pygidium), USGS colln. 4334-CO, Yukon
River (West Ridge) area.

Genus PAGETIDES Rasetti

Pagetides Rasetti, 1945b, p. 311 ; Howell, 1959, p. 190 ; Lazaren-
ko, 1959, p. 5; Pokrovskaya, 1960, p. 55; Chernysheva, 1961,
. 42,
?Pagpetina Lermontova, 1940, p. 121 [not Pagetina, Barnard,
1931]; Lermontova, 1951, p. 27.
?Neopagetina Pokrovskaya, 1960, p. 56; Egorova, 1961, p. 217;
Lazarenko, 1962, p. 37; Lazarenko, 1964, p. 177,

Type species— Pagetides elegans Rasetti, 1945b,
p. 313, pl. 1, figs. 15-18.

Diagnosis—Pagetiidae that have a well-developed
strongly upturned occipital spine and well-defined
palpebral furrows, and they lack significant develop-
ment of axial pygidial spines.

Discussion.—The problems of generic discrimination
between Pagetides and Neopagetina are discussed on
page B33. Of the three species described below, P.
granulosus n. sp. is most similar to P. rjonsnitzkii
(Lermontova), the type species of Neopagetina, and,
if satisfactory criteria can be determined for the sepa-
rate recognition of both genera, P. granulosus should
be included in Neopagetina. The remaining two
species, . appolinis n. sp. and P. occidenialis n. sp.,
are most like the Early Cambrian species of Pagetides
described by Rasetti, except for the presence of axial
nodes on the pygidium.

Pagetides appolinis n. sp.
Plate 4, figure 11

Description—Pygidium semielliptical in outline.
Axis slender, convex, raised above convex, downslop-
ing to depressed pleural fields; width at anterior end
about one-third width of pygidium. Five complete
narrow deep ring furrows behind articulating furrow
define five axial segments and short terminal part
that does not quite reach to posterior border. Pleural
fields crossed by four subparallel pleural furrows ex-
clusive of the anterior marginal furrow. Interpleural
furrows barely apparent. Border narrow. Orna-
mentation consists of distinct median nodes on each
axial segment and barely apparent scattered granules
on pleural fields.

Discussion.—Pagetides appolinis n. sp., although
represented by only two pygidia, has furrowed pleural
fields and a well-segmented axis that lacks a terminal
spine. It differs from all described species by having
five distinct axial segments and four subparallel pleu-
ral furrows exclusive of the anterior marginal furrow.
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The most similar species is P. occidentalis n. sp., from
slightly younger beds, which has one less complete
ring furrow on the axis and lacks distinct develop-
ment of the pleural furrows.

Occurrence—Early Cambrian-3 fauna. Rare (2
pygidia), USGS colln, 4334—CO, Yukon River (West
Ridge) area.

Pagetides granulosus n, sp.
Plate 2, figures 15, 16, 24

Description—Cephalon semicircular, gently to mod-
erately convex transversely and longitudinally. Gla-
bella unfurrowed, tapered forward, well defined by
deep axial furrows, connected to border by shallow
median longitudinal furrow; occipital ring produced
into long slender posteriorly directed axial spine;
sagittal glabellar length, exclusive of occipital ring,
about two-thirds sagittal length of cranidium. Bor-
der narrow, separated from cheeks by broad border
furrow. Fixed cheeks wide; convexity greatest on
small specimens; width, including palpebral lobes, al-
most equal to greatest cranidial width. Palpebral lobes
small, well defined by abrupt change in slope; situated
below level of cheek about opposite anterior third of
glabella ; length between one-fifth and one-sixth sagit-
tal cranidial length, exclusive of occipital spine.
Ornamentation consists of scattered coarse granules
on all convex surfaces except palpebral lobes.

Free cheeks and thorax not known.

Pygidium semicircular, moderately convex trans-
versely and longitudinally. Axis slender, reaching
to posterior border furrow; seven axial segments well
defined by deep ring furrows; each segment has well-
developed median node. Pleural fields crossed by five
deep pleural furrows exclusive of anterior marginal
furrow; angle of each furrow with axis decreases
posteriorly. Interpleural furrows barely visible on
some whitened specimens. Ornamentation consists of
single coarse granules flanking each axial node, two
rows of granules on anterior three or four pleural
segments, and single rows of granules on posterior
pleural segments; border smooth.

Discussion—Pagetides granulosus n. sp. differs from
all others in the genus by having well developed coarse
granular ornamentation on all convex parts. In all
other respects it is most similar to Pagetides? rjon-
snitzkii (Lermontova), the type species of Neopage-
tina.

Occurrence—Early Cambrian-1 fauna. Moderately
common, USGS colln. 4295-CO, Yukon River (Water
Level) area.
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Pagetides occidentalis n. sp.
Plate 4, figures 12, 13

Description—Cranidium subquadrate, strongly and
evenly rounded anteriorly. Glabella elongate, tapered
forward, bluntly pointed anteriorly, well defined by
moderately deep axial furrows. Two pairs of short
glabellar furrows present only at sides of glabella;
posterior pair directed obliquely backward. Occipital
furrow deep, narrow distally; shallow, curved slightly
forward over axis; long slender gently upsloping
median spine directed backward from axial part of
occipital ring. Border gently convex, has many short
radially directed, generally poorly defined grooves;
sagittal length about one-half sagittal length of
frontal area. Broad shallow longitudinal depression
connects front of glabella to border furrow. Fixed
cheek gently convex, about as wide as glabella. Pal-
pebral lobe moderately well defined by isolated curved
narrow palpebral furrow. Form of posterior limb
unknown.

Anterior section of facial suture strongly divergent
forward from palpebral lobe to anterolateral cranidial
margin. Course of posterior section unknown.

Pygidium semielliptical. Axis long, slender, con-
vex, elevated above convex downsloping to depressed
pleural fields; width at anterior end one-third width
of pygidium. Four complete ring furrows behind
the articulating furrow outline four distinet axial
segments; fifth segment poorly differentiated from
short terminal part that does not quite reach posterior
border. Each axial segment has small median node.
Pleural fields nearly smooth. Border narrow, well
defined.

Ornamentation absent except for axial nodes on
pygidium. '

Discussion.—Pagetides occidentalis n. sp. differs
from all others in the genus by having four distinct
axial rings, a poorly defined fifth ring, and a short
terminal part. It is most similar to P. appolinis n. sp.,
which occurs in slightly older beds and has one more
distinet ring furrow and distinet pleural furrows. It
is also similar to P. elegans (Rasetti, 1948a, pl. 1,
figs. 1-3) from which it differs by having a broader
axis, axial nodes, and one less axial segment on the
pygidium and by having the palpebral lobes located
at about the same level as the cheek surface and in-
completely defined by the palpebral furrow.

Occurrence—FEarly Cambrian-3 fauna. Moderately
rare (2 cranidia, 4 pygidia), USGS colln. 4333-CO,
Yukon River (West Ridge) area.
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Genus YUKONIA n. gen.

Type species—Y ukonia intermedia n. sp.

Diagnosis—Eodiscinae having glabella unfurrowed,
prominent eyes and eye lines, and fused facial sutures.

Discussion.—Only one other eodiscid genus, Opsidis-
cus (Westergird, 1946, as Awlacodiscus) has well-
developed eyes and fused facial sutures. However,
the only known species has a well-defined transgla-
bellar furrow outlining an anterior agnostiform gla-
bellar lobe, a morphologic difference of probable major
significance; the two genera may not even be closely
related. Because Yukonia is at present a monotypic
genus, the species description gives all of its known
characteristics.

Yukonia intermedia n. sp.
Plate 2, figures 14, 17-19, 22, 23, 27, 28; text figure 4

Description.—Cephalon semicircular, gently to mod-
erately convex transversely and longitudinally. Gla-
bella long, tapered forward, strongly rounded at front,
well defined by narrow axial furrows. Glabellar fur-
rows lacking. Occipital furrow present only adjacent
to axial furrow, lacking across axial line. Occipital
ring has long slender posteriorly directed median spine.
Frontal area concave; sagittal length about one-third
sagittal length of glabella, exclusive of oceipital spine.
Border narrow, convex, width constant; sagittal length

F1cURE 4.—Reconstruction of dorsal view of Yukonia inlermedia
n. gen., n. sp. X 30.
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about one-third sagittal length of frontal area. Fixed
cheeks very convex, forming a low broad-based cone
having its apex near outer margin and above strongly
developed eye node. Narrow eye ridge extends from
eye node inward across cheek towards anterolateral
part of glabella. Lateral margin adjacent to eye node
mdented slightly, interrupting course of cephalic bor-
der. Posterolateral corner of cephalon nearly a right
angle. Well-preserved specimens have only a short
ridge connecting posterior end of eye node to inner edge
of marginal indentation.

Thorax composed of three segments. First segment
has pair of long posterolaterally directed spines devel-
oped from distal parts of posterior band; pleural fur-
row curved strongly forward ; axial part without spine.
Second and third segments lack lateral spines, have
straight pleural furrows, and at least third segment also
lacks axial spine.

Pygidium semicircular, gently to moderately convex
transversely and longitudinally. Axis strongly convex,
tapered posteriorly nearly to border furrow, well de-
fined by abrupt change in slope of exoskeleton. Dis-
tinct axial furrows lacking posterior to articulating
furrow. Second axial segment bears broad-based dor-
sally directed median spine. Pleural regions crossed
only by single deep anterior pleural furrow. Border
narrow, irregular margin on some specimens indicates
possible marginal nodes.

External surfaces of all parts smooth.

Discussion.—No described eodiscid closely resembles
Yukonia intermedia. 1t is tentatively included in the
Pagetiidae because, although it lacks functional facial
sutures, it has well-developed eyes and eye ridges, one
of the principal characters for separating the Pageti-
idae from the blind eodiscids of the Eodiscidae.

Occurrence—Early Cambrian-1 fauna. Moderately
common (more than 10 cephala and pygidia, many im-
mature), USGS colln. 4296-CO, Yukon River (Water
Level) area.

Order REDLICHIIDA Richter
Suborder OLENELLINA Resser

Olenellid species undetermined 1
Plate 3, figure 1

Description—Cephalon semicircular; genal spine
slender, continuing curvature of cephalic margin,
slightly advanced ; short intergenal spine present. An-
terior end of glabella separated from convex border by
narrow brim; narrow parafrontal band barely appar-
ent. Palpebral lobe long, curved, divided by deep lon-
gitudinal furrow into wide proximal band and narrow
distal band. External surfaces of all parts, including
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furrows, covered with reticulate meshwork of raised
ridges. Other details not known.

Discussion.—Olenellid species undetermined 1 has the
cephalic form of Olenellus, to which it may belong.
The distinctive reticulate ornamentation has not been
observed previously on a species of this genus from wes-
tern North America, but species of most olenellid genera
in regions surrounding the Atlantic Ocean are character-
ized by this kind of ornamentation. The most complete
specimen of this species is illustrated. Information
about the axial part of the cephalon in front of the
glabella came from much smaller scraps identified by
their characteristic ornamentation.

Ocourrence—Early Cambrian-2 fauna. Moderately
common (12 fragments), USGS colln. 4302-CO, Taton-
duk River area.

Olenellid species undetermined 2
Plate 3, figzure 2

Description—Cephalon semicircular, genal spine
slender, not noticeably advanced, continues curvature of
cephalic margin. Intergenal spine not apparent. An-
terior end of glabella separated from border by narrow
brim. Palpebral lobe long, evenly curved. Ornamen-
tation consists of fine terrace lines arranged parallel to
border furrow on extraocular cheek and forming
chevron-shaped pattern pointing forward on border.
Additional details unknown.

Discussion.—The structure of the posterolateral part
of the cephalon of olenellid species undetermined 2 is
characteristic of Paedeumias, and a comparable orna-
mentation has been observed on some species of that
genus. The best specimen is illustrated. Additional
information was obtained from a poorly preserved
incomplete cephalon.

Occurrence—Early Cambrian-2 fauna. Moderately
rare (2 fragments), USGS colln. 4302-CO, Tatonduk
River area.

?Superfamily REDLICHIACEA Poulsen
Genus CHURKINIA n. gen.

Type species.—Churkinia yukonensis n. sp.

Diagnosis—Redlichiacea? that have subparallel an-
terior sections of facial sutures, anterior ends of palpe-
bral lobes widely separated from glabella, relatively
short palpebral lobes terminating opposite preoccipital
furrow, and long broad posterior limbs on cranidium.
Free cheeks have short slightly advanced genal spines.
Thoracic segments have slender distal spines developed
only from anterior pleural ridges; posterior parts of
pleural tips strongly angular. Pygidium small; axis
broad, poorly defined, occupies most of pygidial area.
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Discussion~The characteristics cited in the diag-
nosis summarize the features of the type species that
are probably of generic value. The suprageneric posi-
tion of this species seems to be within the Redlichiacea,
but recent classifications of trilobites within this super-
family (Henningsmoen, 1951; Poulsen, 1959 ; Suvorova,
1960a) indicate a considerable divergence of opinion
about the nature and content of the included families
and subfamilies. Although this genus does not fit into
any of the currently recognized families, I am reluctant
to propose a monotypic taxon above the rank of genus
in a systematic framework that already seems somewhat
unstable. Therefore the species is assigned with ques-
tion to the Redlichiacea, and no smaller taxon of supra-
generic rank is recognized. Possible affinities of the
type species are discussed after the species description.

Churkinia yukonensis n. sp.
Plate 1, figures 3, 5-16; text figure 5

Description—Cranidium subtrapezoidal; anterior

and posterior margins straight; sagittal cranidial
length and cranidial width between anterior branches
of facial sutures at anterior margin both about one-half
width between tips of posterior limbs.

Ficure 5.—Reconstruction of dorsal view of Churkinia yuko-
nensis n. gen., n. sp. X 1.
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Glabella long, slender, evenly tapered forward,
strongly rounded at front, reaches nearly to anterior
margin, separated from adjacent parts of cranidium by
change in slope. Axial and preglabellar furrows ab-
sent. Three transglabellar furrows present anterior to
occipital furrow. Posterior furrow strongly curved
backward on axial line; anterior two furrows nearly
straight. Preoccipital segment divided transversely
into three parts by pair of shallow posteriorly diver-
gent furrows that originate from posterior transglabel-
tar furrow near axial line. Sagittal lengths of preoc-
cipital and third glabellar segments distinctly less than
sagittal lengths of second and anterior glabellar seg-
ments. Occipital furrow straight, deepest at sides of
glabella. Occipital ring has large short blunt median
spine at posterior margin, surmounted by tiny median
node. This spine interrupts a shallow furrow that par-
allels the posterior margin of occipital ring and divides
it into anterior and posterior sections. Anterior section
of occipital ring subequally divided transversely into
three parts by short, shallow longitudinal furrows.

Frontal area consists only of narrow nearly flat bor-
der on axial line. Laterally, border is separated from
flat downsloping brim by shallow border furrow.

Fixed cheeks moderately wide, gently upsloping;
width, including palpebral lobes, decreases from slight-
ly more than one-half basal glabellar width on smallest
specimens to slightly less than one-half basal glabellar
width on largest specimens. Eye ridges well defined,
raised, directed posterolaterally from about midlength
of anterior glabellar segment, continuous with strongly
curved well-defined palpebral lobes.

Posterior limbs long transversely; tips sharply
rounded. Posterior border consists of narrow raised
ridge and narrower depressed marginal flange.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then curved inward to cut anterior cranidial mar-
gin near anterolateral cranidial corners. Posterior sec-
tion of facial suture directed posterolaterally about par-
allel to eye ridge, curved more strongly backward near
tip, but cuts cranidial margin slightly anterior to pos-
terior edge of limb.

Ornamentation of most cranidia consists of well-
defined terrace lines on glabella, border, eye ridges, pal-
pebral lobes and posterior limbs. Brim, fixed cheeks,
and most of posterior limbs except for posterior border
have scattered fine granules, and generally distinct net-
work of caecal ridges. All specimens have two pairs of
especially well developed caecal ridges. One pair is
directed anterolaterally across brim from near proxi-
mal ends of eye ridges to border furrow about midway
between anterior end of glabella and anterolateral
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cranidial corners. Many specimens have tiny node or
accentuation of terrace lines on anterior margin directly
in front of junction between each caecal ridge and bor-
der furrow. The other pair of caecal ridges extends
posterolaterally across posterior limbs from near pos-
terior tips of palpebral lobes almost to tips of limbs.
Most specimens have a low circular knob on proximal
part of each posterior limb near posterolateral margins
of preoccipital glabellar segment. The degree of defini-
tion of all ornamentation and of the axial parts of the
transglabellar furrows is slightly variable among speci-
mens of all sizes.

Free cheek large, nearly flat. Lateral border long,
gently curved, well defined by shallow border furrow
that curves sharply inward near base of genal spine to
intersect posterior sutural margin. Posterior border
short ; length about equal to basal width of genal spine.
Genal spine short, slender; length about one-third
length of posterior sutural margin; inner spine angle
slightly acute. Ornamentation includes many well-
defined anastomosing caecal ridges on ocular platform,
rows of fine granules on tops of these ridges on many
specimens, and coarse terrace lines on anterior part of
border that grade backward into close-spaced moder-
ately coarse granules on posterior part of border and
genal spine.

Number of thoracic segments unknown. Axial ring
convex. Articulating furrow deep. Articulating half
ring sagittally convex; sagittal length nearly one-half
sagittal length of segment. Distinct transaxial furrow
divides remainder of segment into narrow posterior and
wider anterior sections. Posterior section has small
marginal median node. Pleural regions flat, sides sub-
parallel, lateral geniculation absent. Each region con-
sists of a broad subcentral trough flanked by narrow
strongly raised ridges that are separated from anterior
and posterior margins of segment by narrow flanges.
Anterior pleural ridge continues laterally into slender
slightly curved spine. Posterior pleural ridge decreases
in height laterally and merges with segmental surface.
Distal tip of segment behind spine is nearly a right-
angle. Some specimens have small distal marginal
node posterior to base of spine. Ornamentation con-
sists of coarse terrace lines on axial ring and pleural
ridges; coarse close-spaced granules on lateral spine,
and fine scattered granules on remaining parts of
pleurae. Pleural regions of anterior thoracic segments
relatively wide transversely, directed straight laterally.
Pleural regions of ‘posterior thoracic segments are
shorter and directed posterolaterally.

Pygidium small, outline pentagonal ; anterior margin
nearly straight; posterior end bluntly pointed. Axis
poorly defined, broad, occupies nearly all of pygidium.
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Narrow pleural regions present only along anterior
two-thirds of pygidium. Anterior half of axis poorly
differentiated into two segments and articulating half
ring. Posterior half has pair of large round knobs sepa-
rated by deep median cleft; behind knobs, broad smooth
region slopes down to posterior margin. Ornamenta-
tion poorly developed, consists of scattered fine gran-
ules in area behind knobs and low terrace lines in
median part of axial region anterior to knobs and in
cleft between knobs.

Hypostome subquadrate, strongly convex trans-
versely, moderately convex longitudinally, posterior
margin broadly rounded. Anterior margin upturned
into narrow flange. Midde body undivided. Lateral
border convex, narrow, well defined by border furrow;
posterior border narrow, poorly defined. Anterior
wings short. Posterior wings slender, pointed, dorsally
directed. Ornamentation consists of irregular terrace
lines, similar to those on glabella, which cover middle
body and convex parts of border.

Discussion—Churkinia yukonensis n. sp. is repre-
sented by more than 50 cranidia and somewhat fewer
pygidia, free cheeks, hypostomes and thoracic segments.
The cephalon, as a whole, is unlike that of any de-
scribed trilobite. However, the glabellar form, the
presence of “facial lines” on the brim, and the strue-
ture of the thoracic segments and pygidium indicate
some relationship to Zedlichia. The antériorly tapered
glabella that has well-defined transglabellar furrows is
a characteristic Redlichia feature. Opik (1958, p. 31)
has described “facial lines” similar to the anterolater-
ally directed caecal ridges of the Alaskan species (pl. 1,
figs. 7; 10, 11) as characteristic features of Australian
species of Redlichia. The change of direction of thor-
acic pleurae from laterally directed in the anterior part
of the thorax to posterolaterally directed in the posterior
part of the thorax. (text fig. 5) is analogous to that in
R. forresti (Etheridge) (Opik, 1958, pl. 1, fig. 2). The
well-developed knobs at the end of the wide pygidial
axis and the narrow pleural regions that are present
only along the anterolateral parts of the pygidium (pl.
1, figs. 3, 5, 9, 18) are characteristics of female pygidia
of B. forresti (Opik, 1958, pl. 1, figs. 2, 3, 6).

Although more than 20 pygidia were examined, no
dimorphs such as described by Opik (1958, p. 16) were
observed. Opik noted, however, that the male dimorph
is relatively rare. Thus, material in the Alaskan collec-
tion may be insufficient to determine adequately the real
absence of such pygidia from the collection.

The relatively small palpebral lobes of Churkinia
yukonensis and the relatively strong development of the
two anterior transglabellar furrows distinguish this
species from all species of Redlichia. The form of the
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cranidium is remarkably like that of Paleofossus zaicevi
Pokrovskaya (1959, pl. 8) except that P. zaicev: has a
slight constriction of the glabella across the second seg-
ment anterior to the occipital ring. Furthermore, the
pygidium assigned to P. zaicevi is totally different from
that of €. yukonensis but nearly identical with that of
Polliaxis inflata n. sp. (pl. 1, figs. 19,20). The cranidial
similarities therefore may not indicate any real rela-
tionship between these species.

The glabellar shape and segmentation of Churkinia
yukonensis is similar to that of the early Olenellid,
Nevadella addeyensis Okulitch. The pygidium of C.
yukonensis, as noted above, is similar to that of Red-
lichia, and Opik (1958) has pointed out similarities
between pygidia of Redlichia and some olenellids.
Thus, C. yukonensis may be a descendant of the Neva-
diinae characterized by the appearance of facial su-
tures. Similar evolution from sutureless to sutured
forms seems to take place between the Olenellidae and
Paradoxididae.

Occurrence—Early Cambrian-1 fauna. Common
(more than 50 cranidia, pygidia, cheeks, hypostomes
and thoracic segments), USGS colln. 4296-CO, Yukon
River (Water Level) area.

Order CORYNEXOCHIDA Kobayashi
Family CORYNEXOCHIDAE Angelin

Genus BONNASPIS Resser
Bonnaspis Resser, 1936, p. 5; Poulsen, 1959, p. 227; Suvorova,
1960a, p. 78; Suvorova, 1964, p. 219.

Type species—Karlia stephenensis Walcott, 1889,
p. 445.

Discussion—Walcott (1889, p. 445) proposed the
name Karlia stephensis for a species represented by a
specimen from Mount Stephen, British Columbia, that
Rominger (1887, p. 16) had identified as Menoce-
phalus salteri(?) Devine. Subsequently, Resser (1936)
made this species the type species of Bonnaspis.

Resser based his concept of Bonnaspis on a recon-
struction of the type species published by Walcott (as
Corynexochus stephenensis, 1916) and derived from
material in Walcott’s collection. I have found that
Walcott, and later Rasetti (1951), have included speci-
mens assignable to two different corynexochid species
in stephenensis. Both species have small palpebral
lobes well separated from the axial furrows. One of
these species (Walcott, 1916, pl. 55, fig.. ba; Rasetti,
1951, pl. 28, figs. 4, 6) has a distinct occipital furrow,
a smooth occipital ring and a thorax nearly as wide as
the posterior margin of the cranidium. The anterior
expansion of the glabella of this species begins just
in front of the posterior pair of glabellar furrows,
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and the free cheek has a short nub of a genal spine
that is well shown on a specimen illustrated by Rasetti
(1951, pl. 28, fig. 6). This species is much more com-
mon in the collections from Mount Stephen than the
associated second species and is the species to which
the holotype specimen of stephenensis in Rominger’s
collection belongs.

The second species (Walcott, 1916, pl. 55, fig. 5c;
Rasetti, 1951, pl. 28, fig. 5) has a poorly defined oc-
cipital furrow, an occipital spine, a thorax that is
much narrower than the width of the posterior cra-
nidial margin, and slightly smaller palpebral lobes.
The anterior expansion of the glabella begins just
anterior to the second pair of glabellar furrows, and
the free cheek has a long genal spine. A complete
specimen of this species has not yet been found. The
reconstruction of stephenensis published by Walcott
(1908, pl. 3, fig. 4; 1916, pl. 55, fig. 5) was compiled
from the posterior part of one species and the anterior
part of the other!

The common species must bear the name stephen-
ensis and must be the species from which the char-
acteristics of Bonnaspis are derived. Information for
a correct diagnosis of the cephalic and thoracic char-
acteristics of Bonnaspis is given in the second para-
graph of this discussion. The cephalic characteristics
cited in all existing diagnoses of Bonnaspis are those
of the less common species, which is now without a
name. Two Alaskan cranidia are congeneric with the
now unnamed species and all the material is, in my
opinion, generically distinct from Bonnaspis in struc-
ture of the cephalon and thorax. However, although
this material probably represents a new genus, too
few specimens are known and they provide no in-
formation about the form of the pygidium which is
so important in corynexochid systematics. Therefore,
the Alaskan material is described below as corynexo-
chid, genus and species undetermined.

Corynexochid, genus and species undetermined
Plate 6, figure 2

Description—Cranidium trapezoidal. Glabella slen-
der in posterior half, expands and increases in height
toward front, reaches to cranidial margin, sides slight-
ly concave. Two pairs of distinct shallow glabellar
furrows present; anterior pair situated about at gla-
bellar midlength. Occipital furrow moderately deep
at sides of glabella, shallow across axial line. Oc-
cipital ring incomplete on known specimens, possibly
has axial spine at posterior margin. Cranidial border
very narrow, present only lateral to glabella. Fixed
cheeks gently convex, slightly downsloping; width at

STRATIGRAPHY OF EAST-CENTRAL ALASKA

palpebral lobes slightly less than narrowest part of
glabella. Palpebral lobes small, situated opposite
glabellar midlength. Low ocular ridge connects an-
terior end of palpebral lobe to axial furrow near an-
terolateral end of glabella. Distinct anterolateral fos-
sulae present just anterior to junction of ocular ridges
and axial furrows. Posterior limbs large; transverse
length distinctly greater than basal glabellar width.
Posterior border furrow moderately deep. External
surface covered with obscure fine granules.

Course of anterior section of facial suture slightly
divergent forward; course of posterior section of
facial suture divergent in broad curve from palpebral
lobe to posterior cranidial margin.

Discussion—The Alaskan corynexochid specimens
are most similar to congeneric specimens identified as
Bonnaspis stephenensis and illustrated by Walcott
(1916, pl. 55, fig. 5c) and Rasetti (1951, pl. 28, fig. 5).
They are inadequate for comparison at the specific
level.

Occurrence.—Middle Cambrian-1 fauna. Moderate-
ly rare (2 cranidia), USGS colln. 4346-CO, Montauk
Bluff area.

Genus CORYNEXOCHUS Angelin

Corynexochus Angelin, 1854, p. 59; Gronwall, 1902, p. 136;
Walcott, 1916, p. 309; Lake, 1934, p. 180; Resser, 1936, p.
22; Whitehouse, 1939, p. 233; Lermontova, 1940, p. 144;
Ivshin, 1953, p. 71; Poulsen, 1959, p. 227; Suvorova 1960a,
p. 77 ; Opik, 1967, p. 177.
Karlia Walcott, 1889, p. 444.
Type species—Corynexochus spinulosus Angelin,
1854, p. 59, pl. 33, fig. 9 [only].
Discussion.—Corynexochus 1s well described and
discussed in papers by Whitehouse (1939) and Ivshin
(1953). The diagnosis given by Poulsen (1959) pre-
sents the essential generic characteristics. All the
described species assigned by Whitehouse and subse-
quent authors to Corynexochus, except C. plumula
Whitehouse, have come from beds of Middle Cambrian
age. O.plumula is from approximately correlative beds
of Late Cambrian age in both Australia and Alaska.
The palpebral lobes of the Late Cambrian species
seem to be smaller and more anteriorly placed than
those of the Middle Cambrian species, but all other
characteristics are typical for the genus. Thus Cory-
newochus is one of the most long-lived nonagnostid
Cambrian trilobite genera.

Corynexochus plumula Whitehouse
Plate 10, figures 15, 16, 19-22

Corynexochus plumula Whitehouse, 1939, p. 234, pl. 24, figs.
8-10; Opik, 1967, p. 178, pl. 8, figs. 1-11; text fig. 7.
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Description—Cranidium  subtrapezoidal, tapered
forward, bluntly rounded anteriorly. Glabella long,
expanded anteriorly, moderately convex transversely,
longitudinal convexity greatest at anterior end, ex-
tended to anterior margin of cranidium; width at an-
terior end slightly less than twice basal glabellar
width. Glabellar furrows barely apparent. Occipital
furrow broad, straight, moderately deep. Occipital
ring convex, has low median node. Axial furrows
broad, curved, moderately deep. Small deep fossula
present in each axial furrow adjacent to anterior end
of palpebral lobe. Frontal area small, present only
lateral to anterior end of glabella; width slightly
less than one-seventh width of anterior end of glabella.
Fixed cheek and posterior limb together form large
convex triangular area with small poorly defined
palpebral lobe near anterior angle and slightly an-
terior to glabellar midlength; length of palpebral lobe
variable between one-fourth and one-seventh sagittal
glabellar length, exclusive of occipital ring; smallest
on large cranidia. Posterior border furrow deep near
occipital ring, curves forward and becomes broader
and shallower distally; transverse width of posterior
limb about 114 times basal glabellar width.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe to anterior
cranidial margin. Course of posterior section of
facial suture moderately to strongly convex, forms
even curve with posterior cranidial margin.

Pygidium semielliptical, gently convex transversely
and longitudinally. Axis convex, tapered slightly
posteriorly, strongly rounded at rear, well defined
laterally and posteriorly by shallow axial furrows;
sagittal length, exclusive of articulating half ring,
slightly more than seven-eighths sagittal pygidial
length. One distinet ring furrow present posterior
to deep articulating furrow. Two additional shallow
ring furrows are barely apparent on most specimens.
Pleural regions lack distinet border but have mar-
ginal zone of barely apparent terrace lines. Two
broad deep pleural furrows extend laterally from
axial furrows but disappear before reaching pygidial
margin. Pygidial margin smoothly curved.

External surfaces of all parts except border region
of pygidium smooth.

Discussion.—The small anteriorly placed palpebral
lobes of Corynexochus plumula Whitehouse distinguish
it from all other species in the genus.

Occurrence—Common (more than 15 cranidia and
pygidia), USGS colln. 3717-CO, Yukon River (West
Ridge) area.
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Family DOLICHOMETOPIDAE Walcott

Genus ATHABASKIELLA Kobayashi
Athabaskielle Kobayashi, 1942b, p. 471; Poulsen, 1959, p. 222.

Type species—Bathyuriscus (Poliella) probus Wal-
cott, 1916, p. 354, pl. 65, figs. 2, 2a.

Description—Cranidium subtrapezoidal, gently to
moderately convex transversely and longitudinally,
anterior margin gently rounded. Glabella long, ex-
panded forward, reaches nearly to anterior margin
of cranidium; sides slightly concave. Posterior gla-
bellar furrows deep, oblique; remaining glabellar fur-
rows shallow. Occipital furrow moderately deep,
slightly sinuous. Occipital ring nearly flat, has small
median node. Frontal area very narrow in front of
glabella. Fixed cheek gently convex; width, exclusive
of palpebral lobe, about three-tenths basal glabellar
width. Palpebral lobe slender, arcuate; length about
one-third sagittal glabellar length, exclusive of oc-
cipital ring; anterior end distinctly separated from
glabella by short ocular ridge. Line tangent to pos-
terior ends of palpebral lobes passes across glabella
posterior to junction of posterior glabellar furrows
and axial furrow. Posterior limb long, slender, ta-
pered to point; transverse length distinctly greater than
basal glabellar width.

Course of anterior section of facial suture divergent
forward from palpebral lobe to anterior margin.
Course of posterior section of .facial suture strongly
divergent behind palpebral lobe, subparallel to pos-
terior margin for most of length of posterior limb,
curved strongly backward distally.

Pygidium semielliptical to subtriangular. Axis
short, broad, has one or two ring furrows posterior
to articulating furrow. Pleural regions lack well-
defined border. Two or three pleural furrows and
one or two interpleural furrows extend obliquely
across pleural regions but do not reach pygidial
margin.

Discussion—Rasetti (1948b) included Bathyuriscus
(Poliella) probus (Walcott) in his new genus Bath-
yuriscidella without apparently being aware that
Kobayashi (1942b) had made this species the type of
Athabaskiella. Poulsen (1959), however, recognized
both genera and noted that the presence of a narrow
frontal area distinguished Athabaskiella from Bath-
yuriscidella. Rasetti had compared probus with
Bathyuriscidella longicauda Rasetti, which he con-
sidered an atypical species of the genus because of its
narrow frontal area, more posteriorly placed palpebral
lobes, and relatively short pygidial axis. A species
having most of these characteristics is also present in
the Alaskan collections. Thus several species share
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these characteristics and are here assigned to Athabas-
kiella and considered to be generically distinet from
Bathyuriscidella. The generic description is based on
examination of all available specimens of A. probus
(Walcott) and A. ardis n. sp. and of Rasetti’s excel-
lent illustrations of A. longicauda (Rasetti).

Athabaskiella ardis n. sp.
Plate 6, figure 9

Description—Pygidium triangular; anterolateral
corners strongly rounded; sides slightly concave; pos-
terior margin produced into long tapered median spine
that has low median keel. Axis convex; sides sub-
parallel, defined by abrupt change in slope of pygidial
surface. Two shallow ring furrows present posterior
to articulating furrow. Pleural regions gently convex.
Two pairs of pleural and interpleural furrows out-
line posterior bands of two segments. These bands
narrower than anterior bands, tapered laterally and
curved distally so that ends, before merging with
Iateral part of pygidium, are subparallel to axis.

External surface smooth except for obscure fine
granular ornamentation on tops of axial rings.

Discussion—Fragmentary cranidia associated with
the pygidia described above conform in all observable
characteristics with cranidia of Athabaskiella probus
(Walcott). None of them show the size and position
of the palpebral lobes, however, and all are too in-
complete for illustration. The pygidia have a short
axial lobe comparable in structure to other species of
Athabaskiella, but they are easily distinguished by the
presence of a long median marginal spine.

Occurrence—Middle Cambrian-2 fauna. Moderate-
Iy common (3 cranidia, 3 pygidia), USGS colln. 4337—
CO, Yukon River (Adams Peak) area.

Genus BATHYURISCIDELLA Rasetti

Bathyuriscidelle Rasetti, 1948b, p. 322; Poulsen, 1959, p. 222.

Type species—Bathyuriscidella Rasetti,
1948b, p. 322, pl. 47, figs. 1-12.

Discussion.—Rasettl has given a full description of
Bathyuriscidella, to which the Alaskan specimen adds
no new information.

socialis

Bathyuriscidella socialis Rasetti
Plate 6, figure 8

Bathyuriscidella socialis Rasetti, 1948b, p. 322, pl. 47, figs. 1-12.

Description—Pygidium subsemicircular. Axis broad,
convex, reaches to inner edge of narrow border;
short postaxial ridge continues to posterior margin.
Two ring furrows present posterior to articulating fur-
row, most deeply impressed at sides of axis. Pleural
regions gently convex, triangular. Pleural field crossed
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by two pleural furrows and one or two interpleural fur-
rows of about equal depth. Posterior band of first
pleural segment noticeably tapered distally. Border
flat, tapered towards axial line; greatest width slightly
more than one-third width of pleural field. Short an-
terolateral border spines present. KExternal surface
obscurely granular.

Discussion.—This pygidium has the outline, antero-
lateral spine, number of axial furrows, and pattern of
pleural furrows of Bathyuriscidella socialis Rasetti
from Quebec. Although Rasetti states that the surface
of B. socialis is smooth, I examined paratypes from
Boulder 33 at Grosses Roches, Quebec, and found that
they have an obscure granular ornamentation when
whitened. Thus there are no reliable means of distin-
cuishing the Alaskan specimen from the Quebec speci-
mens, and they are here considered to be conspecific.

Occurrence.—Middle Cambrian-2 fauna. Rare (1
pygidium), USGS colln. 4344-CO, Hillard Peak area.

Genus BATHYURISCUS Meek

Bathyuriscus Meek, 1873, p. 484; Walcott, 1886, p. 215; Wal-
cott, 1916, p. 330-334; Resser, 1935, p. 13; Kobayashi,
1942a, p. 155; Kobayashi, 1942b, p. 471; T.ake, 1934, p.
186; Shimer and Schrock, 1944, p. 607; Poulsen, 1959, p.
224 ; Robison, 1964a, p. 534.

Orria Walcott, 1916, p. 379; Kobayashi, 1942a, p. 172; Kobay-
ashi, 1942b, p. 473; Shimer and Schrock, 1944, p. 613;
Poulsen, 1959, p. 224,

Orriella Rasetti, 1948b, p. 329 ; Poulsen, 1959, p. 225.

Type species—Bathyurus? haydeni Meek, 1878, p.
484.

Discussion.—Robison (1964a, p. 534) has recently
reviewed the content and concept of Bathyuriscus and
described it fully. The Alaskan specimens described
below conform in all respects to this description.

Bathyuriscus punctatus n. sp.
Plate 6, figures 3, 4

Description—Cranidium subtrapezoidal in outline,
gently to moderately convex transversely and longi-
tudinally. Glabella long, slender posteriorly, expanded
evenly forward, extended nearly to anterior margin of
cranidium. Glabellar furows shallow, barely apparent.
Occipital furrow shallow, straight. Occipital ring
nearly flat, lacks distinct median node or spine. Fron-
tal area barely present in front of glabella; lateral parts
narrow transversely; width less than one-eighth width
of anterior end of glabella. Fixed cheek gently convex,
very slightly downsloping; width about three-fifths
basal glabellar width. Palpebral lobe gently curved,
moderately well defined by shallow palpebral furrow;
anterior end of palpebral furrow touches axial furrow
just posterior to moderately deep fossula. Length of
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palpebral lobe about one-half sagittal glabellar length,
exclusive of occipital ring. Posterior limb long, slen-
der, slightly backswept; length nearly 114 times basal
glabellar width. Posterior border furrow shallow,
crosses posterior limb diagonally. External surfaces of
all parts covered with fine pits barely apparent even
after whitening.

Pygidium semicircular, anterior width about twice
sagittal length; margin evenly curved, marginal spines
absent. Axis slender, convex, reaches to inner edge of
narrow border. Width of axis slightly less than one-
fourth anterior pygidial width. Four ring furrows
present posterior to articulating furrow. Axial rings
lack axial nodes. Pleural fields gently convex, crossed
by five moderately broad pleural furrows and four nar-
rower interpleural furrows that reach to inner edge of
border. External surfaces of all parts covered with
shallow pits barely apparent even after whitening.

Discussion—Bathyuriscus punctatus n. sp. is most
like B. haydeni (Meek) from medial Middle Cambrian
limestone beds in Montana. It differs by having an
obscurely pitted rather than fine granular ornamenta-
tion and by lacking a distinct occipital node. The rel-
atively small number of pygidial segments and the lack
of anterolateral pygidial spines distinguish B. puncta-
tus from all other species assigned to the genus. Wal-
cott’s statement (1916, p. 342) that B. haydeni has axial
nodes on the pygidium is incorrect. The artist who
retouched the photograph for illustration (Walcott,
1916, pl. 46, fig. 2) accentuated imperfections on the
illustrated specimen.

The relatively long palpebral lobes of the Alaskan
species probably are not a valid specific character. Al-
though Robison (1964a, p. 534) stated in the generic
description of Bathyuriscus that the palpebral lobes
are one-third of the cranidial length, a growth series of
B. formosus Deiss (=B. haydeni) from USNM locality
19z, Nixon Gulch, Mont., shows that the length of the
palpebral lobe decreases relative to the glabellar and
cranidial length as the size of the cranidium increases.
Small cranidia, comparable in size to the Alaskan speci-
men, also have palpebral lobes about one-half the length
of the glabella, exclusive of the occipital ring, whereas
larger cranidia have palpebral lobes more nearly one-
third of the glabellar length.

Occurrence—Middle Cambrian-1 fauna. Rare (1
cranidium, 1 pygidium), USGS colln. 4341-CO, Hil-
lard Peak area.

Genus HEMIRHODON Raymond

Hemirhodon Raymond, 1937, p. 1104 ; Kobayashi, 1942a, p. 173;
Kobayashi, 1942b, p. 473; Rasetti, 1946, p. 452; Poulsen,
1959, p. 224 ; Robison, 1964a, p. 536.

263-797 O-68—4

B45

Type species—Hemirhodon schucherti Raymond,
1937, p. 1104, pl. 2, figs. 12, 13.

Discussion—Poulsen (1959, p. 224) has presented an
adequate diagnosis of Hemirhodon. The relatively
large anteriorly expanded glabella that reaches to the
cranidial margin and the small palpebral lobes charac-
terize cranidia of Hemirhodon. Pygidia seem to be
characterized by lack of a clearly defined border and by
pleural and interpleural furrows of about equal depth
that extend nearly to the pygidial margin.

Hemirhodon spp.
Plate 6, figures 5-7

Discussion.—Several small incomplete cranidia in one
collection have a strongly expanded glabella that
reaches to the cranidial margin, and small palpebral
Iobes. Associated larger pygidia have three pairs of
pleural and interpleural furrows that are about equally
deep and that reach nearly to the pygidial margin.
The depth of the furrows is shallowest on the largest
pygidium and therefore this depth may be inversely
related to size during holaspid development. The char-
acteristics of both the cranidia and pygidia are those of
Hemirhodon. The specimens are too incomplete, how-
ever, for adequate comparison with other species of the
genus, although the pygidia are most similar to those of
Hemirhodon amplipyge Robison (1964a, p. 536) in
shape and in distribution of furrows on the pleural
region.

A second collection has one small pygidium possibly
referable to Hemirhodon that is characterized by six
evenly spaced deep pleural and interpleural furrows
that extend nearly to the pygidial margin. The fur-
rows on the pleural region are deeper and more evenly
spaced than those on the pygidia described above, but
the specimen is also only about one-half the size of the
smallest known pygidium in that collection. The dif-
ferences between this specimen and the larger pygidia
may be due principally to the suggested change in depth
of furrows during holaspid development.

Occurrence—Middle Cambrian-2 fauna. Moder-
ately common (8 cranidia, 5 pygidia), USGS colln.
4337-CO, Yukon River (Adams Peak) area. Rare (1
pygidium), USGS colln. 4344-CO, Hillard Peak area.

Dolichometopid, genus and species undetermined
Plate 4, figure 16

Discussion.—Resser (in Mertie, 1933, p. 398) listed
a new species Albertella merteiz from Mertie’s col-
lection 25AMt148 (4424-CO of this report), but this
trilobite was never described or figured, and the name
is a nomen nudum. I have relocated all the material
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from Mertie’s collection in the U.S. National Museum
there is only one trilobite to which Resser could have
applied the name Albertella merteii. This trilobite
is represented by several cranidia that have a long
glabella reaching to the anterior cranidial margin,
small lateral parts to the frontal area, long palpebral
lobes, and slender posterior limbs. This cranidium is
typical of trilobites of the Dolichometopidae and not
of the Zacanthoididae to which Albertella presently
belongs. The associated trilobites are characteristic
late Middle Cambrian forms of the lower Bolaspi-
della zone rather than the early Middle Cambrian
Albertella zone. Furthermore, I have not found any
pygidia resembling those of Albertella in Mertie’s
collection. Trilobites of the Dolichometopidae cannot
be certainly identified even generically without knowl-
edge of their pygidia. Resser’s generic identification
is therefore probably incorrect, and the cranidia to
which he applied the name Albertella merteii are not
adequate for naming. The best specimen is illustrated
here to show the material on which Resser’s identifi-
cation was based.

Occurrence—Middle Cambrian-1 fauna. Moderate-
ly rare (3 cranidia), USGS colln. 4424-CO, Yukon
River (Adams Peak) area.
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Family DORYPYGIDAE Kobayashi

Genus BONNIA Walcott

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

Bonnia Walcott. Raymond, 1928, p. 309; Resser, 1936, p. 6;
Resser, 1937a, p. 44; Lermontova, 1940, p. 142; Lochman,
1947, p. 68; Rasetti, 1948a, p. 14; Lermontova, 1951, p.
118; Pokrovskaya, 1959, p. 135; Poulsen, 1959, p. 217;
Suvorova, 1960a, p. 80; Egorova, 1961, p. 225; Palmer,
1964, p. 5.

Type species—Bathyurus parvulus Billings, in

Hitchcock and others, 1861, p. 953, fig. 361.

Discussion.—Bonnia has been described many times,
and there is no longer much disagreement as to its
included species. Rasetti (1948a) has presented the
most complete discussion of the species from the type
region in eastern Canada. Bonnia tatondukensis n. sp.
described below, may be conspecific with one of these
eastern Canadian species.

Bonnia tatondukensis n. sp.
Plate 3, figures6, 7

Description—Cranidium subquadrate, gently round-
ed anteriorly, moderately to strongly convex trans-
versely and longitudinally. Glabella well defined by
narrow axial furrows, moderately to strongly convex
transversely and longitudinally, extended onto inner
part of border. Glabellar furrows absent. Occipital
furrows deep, straight. Oceipital ring has short
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median spine. Border narrow, flat, separated from
brim laterally by abrupt change in slope. Fixed cheek
gently convex, downsloping; width about one-half
basal glabellar width. Eye ridge barely apparent.
Palpebral lobe gently curved, upsloping, separated
from cheek by broad, shallow palpebral furrow;
length about one-third sagittal glabellar length. Pos-
terior limb moderately broad; transverse length of
distal part slightly less than one-half length of limb.
Border furrow deep, broad. Ornamentation of small
cranidia (sagittal length < 2 mm) consists of strong
concentric pattern of terrace lines on glabella and oc-
cipital ring, scattered fine granules on fixed cheeks and
posterior limb, and transverse terrace lines on border.
On larger cranidia, concentric terrace lines subdued
and granules on cheeks and posterior limb merged into
short irregular ridges increasing in abundance with
size of specimen.

Course of anterior section of facial suture con-
vergent forward in gentle curve from palpebral lobe
to anterior margin. Course of posterior section
straight, at 45° to axial line from palpebral lobe to
border furrow, then curved strongly backward to pos-
terior margin.

Free cheek, hypostone, and thoracic segments un-
known.

Pygidium semicircular, gently to moderately convex
transversely and longitudinally. Axis convex, tapered
“slightly posteriorly, connected to posterior border by
short broad terminal ridge; anterior width slightly
less than one-third anterior pygidial width. Three
complete ring furrows present posterior to articulat-
ing furrow. Pleural field crossed by three shallow
pleural furrows. Margin opposite ends of two an-
terior furrows has short slender spines; margin oppo-
site end of posterior pleural furrow has incipient
spine. Anterior pleural furrow continues to base of
anterolateral border spine. Border furrow shallow,
extends between ridge at end of axis and anterior
pleural furrow. Ornamentation consists of low gran-
ules grading into irregular short ridges on tops of all
convex areas and outer part of border; barely appar-
ent on some specimens. Furrows and sides of axis
smooth.

Discussion.—Bonnia tatondukensis n. sp. is charac-
terized by the presence of an occipital spine, two pairs
of short, slender anterolateral pygidial spines, and an
incipient third pair of spines. Specimens that seem to
be conspecific with Bonnia tatondukensis are present in
TUSNM collection 20, from a boulder in a conglomerate
at Bic, Quebec. The pygidium of this species was fig-
ured by Walcott (1916, pl. 57, fig. 3a, USNM 62749)
as a paratype of Corynexochus (now Bonnia) brennus.
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I have examined the figured specimens of B. brennus
and a large collection of unfigured specimens from
USNM locality 20. There are two species of Bonnia in
the collection : one has no occipital spine, a single pair
of anterclateral pygidial spines, and a generally well
developed ornamentation of terrace lines; the other has
an occipital spine, two pairs of pygidial spines and an
incipient third pair, and an ornamentation that is vari-
able but includes granules on the cranidium and pygi-
dium. Specimens of the two species have not been
found associated on the same piece of rock, so they may
originally have come from separate boulders. The first
species includes Walcott’s designated type specimen and
was subsequently redescribed by Rasetti (1948a, p. 16).
However, Rasetti fails to mention the fact that Wal-
cott’s paratype pygidium, representing the second spe-
cies in USNM collection 20, does not agree with his re-
description of the species. Thus the second species has
never been recognized or described. The specimens
from Bic and Alaska are not identical, but both samples
show a moderate amount of variation. No previously
described species of Bonnia has a pygidial structure
comparable to B. tatondukensis.

Occurrence—Early Cambrian-2 fauna. Moderately
rare (6 mostly fragmentary cranidia, 3 pygidia),
USGS colln. 4302-CO, Tatonduk River area.

Genus DORYPYGE Dames

Dorypyge Dames, 1883, p. 23; Matthew, 1897, p. 186; Gron-
wall, 1902, p. 126; Walcott, 1913, p. 107; Kobayashi, 1935b,
p. 145; Lake, 1938, p. 250; Lermontova, 1940, p. 141; Res-
ser, 1942a, p. 15; Whitehouse, 1945, p. 118; Poulsen, 1959,
p. 217.

Type species—Dorypyge richtofeni Dames, 1883, p.
24, plL. 1, figs. 1-6.

Discussion.—The characterization of the widespread
Middle Cambrian genus Dorypyge given by Poulsen
(1959) is adequate and needs to be modified only
slightly to include the four-spined Alaskan and Sibe-
rian specimens, discussed below, that have been discov-
ered since that date.

Dorypyge c¢f. D. olenekensis Lazarenko
Plate 4, figure 25
Dorypyge olenckensis Lazarenko, in Markovskiy, 1960, p. 218,
pl. 50, fig. 4.

Description—Pygidium semielliptical. Axis strong-
ly convex, extends nearly to posterior pygidial margin.
Three broad shallow ring furrows present posterior to
articulating furrow; terminal unfurrowed part of axis
moderately long. Pleural fields convex, crossed by
three broad shallow pleural furrows that reach to inner
edge of poorly defined border. Interpleural furrows
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indistinct or absent. Border has four pairs of spines;
three anterior pairs short, sharp, subequal in length;
posterior pair long, slender. External surfaces not dis-
tinctly ornamented.

Discussion—A single incomplete pygidium has the
general characteristics of the Dorypygidae. Its closest
relationship seems to be with Dorypyge, which has a
similar arrangement of one long pair of border spines
and several short pairs. Pygidia of almost all species
of Dorypyge have at least five pairs of border spines,
and generally the fifth pair is considerably longer than
the others. However, four species, (2. bispinosa Wal-
cott, D. danica Gronwall, D. grandispinosa Resser and
Endo, and D. olenekensis Lazarenko) have the fourth
pair of spines long. D. bispinosa and D. danica also
have the fifth pair of spines long, and D. grandispinosa
has a short fifth pair of spines. 2. olenckensis, from
Siberia, is the only species having only four pairs of
spines, of which the fourth is the longest. The anterior
border spines on the Siberian species seem to be longer
than those on the Alaskan specimen, and the pygidial
outline is more nearly semicircular. More knowledge of
other parts of the trilobite and of intraspecific variabil-
ity is needed before the Alaskan species can be distin-
guished reliably from the Siberian species.

Occurrence—Middle Cambrian—1 fauna. Rare (1
pygidium), USGS colln. 4303-CO, Tatonduk River
area.

Genus KOOTENIA Walcott

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

Kootenia Walecott, 1925, p. 92; Kobayashi, 1935b, p. 156; Ler-
montova. 1940, p. 139; Shimer and Shrock, 1944, p. 613;
Rasetti, 1948b, p. 332; Thorslund, 1949, p. 4; Lermontova,
1951, p. 122; Palmer, 1954a, p. 64; Hupé, 1955, p. 91;
Ivshin, 1957, p. 37; Poulsen, 1959, p. 218; Suvorova, 1960a,
p. 78; Chernysheva, 1961, p. 126; Lazarenko, 1962, p. 60.

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

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

Diagnosis—Cranidium has long moderately broad
unfurrowed anteriorly expanded glabella that reaches
onto border. Fixed cheeks convex, slightly downslop-
ing. Palpebral lobes small, situated opposite middle
third of glabella.

Pygidium has well-defined axis generally reaching to
inner edge of moderately well defined border. Three to
five ring furrows present. Pleural fields crossed by three
to five generally deep pleural furrows; interpleural fur-
rows barely apparent or absent. Border has from five
to seven pairs of spines, generally more or less evenly
spaced along margin. ,

Discussion.—K ootenia is a widespread genus of the

Dorypygidae that is characterized particularly by a
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pygidium that has a spinose margin and that lacks well-
defined interpleural furrows. At many localities, two
or more strikingly different species of Aootenia may be
associated. Lack of consistent pairing or grouping of
species indicates that these differences are probably not
the result of dimorphism or polymorphism, nor do they
seem to represent extreme intraspecific variability.
Perhaps the development of the pygidial spines, which
is the principal characteristic used for discrimination of
species, 1s particularly susceptible to minor ecologic
differences.

Kootenia granulospinosa n. sp.
Plate 4, figures 22-24

Description—Cranidium subquadrate, moderately
convex transversely and longitudinally. Glabella long,
moderately broad, unfurrowed, expanded slightly for-
ward, evenly rounded at front, extended onto border
and nearly to anterior cranidial margin, well defined by
narrow axial furrows. Occipital furrow deep, straight.
Occipital ring has short axial spine at posterior margin.
Cranidial border very narrow in front of glabella,
slightly wider in front of fixed cheeks. Fixed cheek
moderately convex, downsloping; width about one-half
basal glabellar width. Palpebral lobe distinct, depressed
below surface of cheek; length about one-third sagittal
length of glabella, exclusive of occipital ring. Trans-
verse length of posterior limb about equal to basal
glabellar width. Posterior border furrow moderately
deep. External surfaces of all parts except occipital
ring smooth. Occipital ring and axial spine have gran-
ular ornamentation.

Course of anterior section of facial suture slightly
convergent forward in gentle curve from palpebral lobe
to anterior cranidial margin. Course of posterior sec-
tion divergent in broad curve from palpebral lobe to
posterior cranidial margin.

Pygidium semicircular. Axis well defined, convex,
reaches to inner edge of border; three complete ring
furrows present posterior to articulating furrow.
Pleural fields crossed by three distinct pleural furrows.
Exfoliated specimens show one additional shallow ring
furrow and pleural furrow. Border nearly flat, mod-
erately well defined, has six pairs of short slender bor-
der spines; length of spines nearly uniform, equal to
about one-half width of axis. Distance between pos-
terior pair of border spines slightly greater than dis-
tance between other spines. Surfaces of all parts ex-
cept border spines smooth ; border spines have granular
ornamentation.

Discussion.—The granular ornamentation of only the
occipital ring, occipital spine, and the pygidial border
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spines distinguishes Kootenia granulospinosa n. sp.
from other similar species in Kootenia. Pygidia de-
scribed below as Hootenia sp. 1 are closely similar in
form to K. granulospinosa, but the notches between the
border spines are narrower, the gap between the last
pair of spines is not noticeably greater than between
other spines, and the entire pygidial surface is
granular.

Occurrence—Middle Cambrian-1 fauna. Moder-
ately common (7 cranidia, 6 pygidia), USGS colln.
4424-CO, Yukon River (Adams Peak) area.

Kootenia cf. K. serrata (Meek)
Plate 4, figure 21

Bathyurus serratus Meek, 1873, p. 480.
Kootenia serrata Resser, 1937b, p. 16.

Description—Pygidium semicircular. Axis convex,
reaches to inner edge of border; three ring furrows
present posterior to articulating furrow; exfoliated
specimens have narrow postaxial ridge extending to
posterior margin. Pleural fields crossed by three
pleural furrows; exfoliated specimens have one addi-
tional shallow furrow near end of axis; anterior
pleural furrow continues to pygidial margin. Border
moderately well defined, has six pairs of short broad
slightly hooked border spines; length of spines ap-
proximately uniform, less than width of border. Sur-
faces of spines and at least parts of pleural fields
covered with granules; ornamentation of remaining
surfaces not known.

Discussion.—The Alaskan specimens have virtually
the same form as pygidia of Kootenia serrata (Meek).
However, without associated cranidia or a knowledge
of the ornamentation of A. serrata, specific identity
cannot be certainly determined. Rasetti (1948b)
described K. parallela which has a pygidium nearly
indistinguishable from XA. serrate but a different
cranidium. Pygidia of Rasetti’s species lack distinct
ornamentation. Thus, the Alaskan specimens can be
distinguished from K. parallela but not certainly from
K. serrata.

Occurrence—Middle Cambrian-1 fauna. Rare (2
pygidia), USGS colln. 4424-CO, Yukon River
(Adams Peak) area; ? 1 pygidium, USGS colln.
4348-CO, Yukon River (West Ridge) area; 2 pygidia
USGS colln. 4382-CO, Hard Luck Creek area.

Kooteni:;. sp. 1
Plate 4, figures 14, 15

Description—Pygidium semicircular. Axis convex,
reaches nearly to inner’ edge of border; three ring
furrows present posterior to articulating furrow.
Pleural fields crossed by three distinct pleural fur-
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rows. Border moderately well defined, has six pairs
of slender border spines; length of spines approxi-
mately uniform, equal to about one-half width of axis.
All surfaces except furrows covered with low scattered
granules.

Discussion.—Differences between pygidia of Koo-
tenia sp. 1 and pygidia of superficially similar XA.
granulospinosa are discussed under that species. None
of the other Alaskan species discovered so far have
pygidia similar to those described above. Although
the available material is not adequate for determining
all the characteristics necessary for description of a
new species, I can find no other Kootenia pygidia that
seem to be identical with these Alaskan specimens.

Occurrence—Early Cambrian-3 fauna. Moderately
common (4 pygidia), USGS colln. 4333-CO; rare (1
pygidium), USGS colln. 4334-CO, about 20 feet strati-
graphically below 4333-CO; Yukon River (West
Ridge) area.

Family EDELSTEINASPIDAE Hupé

Genus POLLIAXIS n. gen.

Type species—DPolliaxis inflata n. sp.

Diagnosis—Glabella large, slightly expanded an-
teriorly, extended onto anterior border; fixed cheeks
narrow; palpebral lobes strongly arcuate; posterior
limbs long, slender. Pygidium has slender axis; pleu-
ral regions sigmoid in profile; six well-defined axial and
pleural segments; and interpleural furrows that extend
nearly to pygidial margin.

Discussion.—The diagnosis cites the principal char-
acteristics of probable generic importance that were
observed on the type species. Cranidia, except for the
long slender posterior limbs, have a general resem-
blance to cranidia of Paradoxides. However, the
associated pygidia are relatively large and multi-
segmented, totally unlike pygidia of the Paradoxididae
but comparable in all features with pygidia of Edel-
steinaspis (Lermontova, 1940). The cranidia share
many characteristics with F/delsteinaspis including
long glabella that has a posterior transglabellar fur-
row and a relatively large unfurrowed anterior part,
narrow fixed cheeks, and long slender posterior limbs.
Thus, when all parts are considered, Polliaxis has its
greatest affinities with E'delsteinaspis. It is here con-
stdered to be a member of the Edelsteinaspidae char-
acterized by an anteriorly expanded and inflated
glabella.

Polliaxis inflata n. sp.
Plate 1, figures 17-20

Description.—Cranidium,
limbs, subquadrate.

exclusive of posterior
Glabella, large, moderately to
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strongly convex transversely and longitudinally,
slightly expanded forward, well defined at sides by
deep axial furrows, strongly rounded at front, ex-
tended onto border. Three pairs of glabellar furrows
present on posterior two-thirds of glabella; anterior
two pairs narrow, nearly straight, extended inward
and slightly backward from axial furrows across about
one-third of glabellar width; posterior pair connected
across top of glabella. Occipital furrow narrow,
slightly curved forward on axial line. Occipital ring
narrow, convex; sagittal length about equal to sagittal
length of posterior glabellar segment; median node
present. Frontal area consists only of narrow border
in front of glabella; border slightly wider laterally;
exsagittal length of border only slightly less than
exsagittal length of downsloping brim. Border fur-
row broad, shallow, intersects axial furrow near an-
terior end of glabella. Fixed cheek narrow, upslop-
ing; width, exclusive of palpebral lobe, about one-
third basal glabellar width. Ocular ridge poorly de-
fined, directed strongly posterolaterally, intersects
axial furrow just anterior to first glabellar furrow.
Palpebral lobe strongly curved, well defined by broad
deep arcuate palpebral furrow; length about one-third
sagittal glabellar length, exclusive of occipital ring.
Posterior limb long, slender, directed at nearly right-
angle to axis; posterior border furrow broad, deep;
posterior border expanded slightly toward tip of limb.

Anterior section of facial suture slightly divergent
forward from palpebral lobe to border furrow, then
curved inward to intersect anterior margin near an-
terolateral cranidial corner. Posterior section diver-
gent-sinuous.

Free cheek, thoracic segments and ventral struc-
tures not known.

Pygidium elongate, semiovate; posterior margin
with slight median indentation. Axis narrow, strong-
ly convex, elevated above pleural regions; crossed by
six complete ring furrows posterior to articulating
furrow; depth of furrows decreases slightly posterior-
ly; terminal section short; length of axis about three-
fifths sagittal length of pygidium; width at anterior
end slightly less than one-third greatest pygidial
width. Pleural regions have sigmoid profile; inner
and outer parts gently downsloping; middle part
steeply downsloping. Six pleural segments outlined
by narrow interpleural furrows that extend from axis
nearly to pygidial margin; distal parts of anterior
segment strongly curved posteriorly; angle between
proximal part of each interpleural furrow and axis
decreases posteriorly. Each segment has deep pleural
furrow on inner half subparallel to adjacent inter-
pleural furrows.
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External surfaces of all convex parts thickly cov-
ered with coarse and medium-sized granules.

Discussion—Although Polliaxis inflata n. sp. is
relatively uncommon in the Early Cambrian-1 fauna,
the association of cranidium and pygidium as parts
of the same species is here considered to be reasonably
certain for the following reasons: both are found in
about equal numbers in the faunule, have similar
external ornamentation, and have affinities to the
respective parts of Edelsteinaspis (Lermontova, 1940,
pl. 45, figs. 1la—e), a Siberian genus for which a com-
plete individual is known. Dinesus arcticus n. sp. is
the only trilobite in the Early Cambrian-1 fauna that
does not have a pygidium assigned to it. However,
it represents a genus known from complete individuals
in Australia. Pygidia of Dinesus are small and have
few segments, totally unlike the pygidium here as-
signed to Polliaaxis.

Occurrence—FEarly Cambrian-1 fauna. Moderately
rare (6 cranidia, 6 pygidia), USGS colln. 4296-CO,
Yukon River (Water Level) area.

Family 0GYGOPSIDAE Rasetti

Genus 0GYGOPSIS Walcott

Ogygopsis Walcott, 1889, p. 446; Walcott, 1916, p. 375; Ray-
mond, 1912, p. 116; Shimer and Shrock, 1944, p. 613; Ras-
etti, 1951, p. 190; Rasetti, 1959, p. 219; Palmer, 1964, p. 6.

Taxioura Resser, 1939, p. 62; Shimer and Shrock, 1944, p. 617.

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

Discussion.—1I have recently presented a description
of Ogygopsis and a review of the characteristics of
all species known to that time (Palmer, 1964, p. 6, 7).
The specimens described below provide no new in-
formation about the characteristics of the genus.

Ogygopsis antiqua n. sp.
Plate 3, figures 3, 4

Description—Cranidium known only from a single
incomplete specimen questionably assigned to the spe-
cles. (Glabella long; sides subparallel; anterior end
strongly rounded, extends onto border. Border narrow,
well defined by shallow border furrow. Exsagittal
length of brim lateral to glabella about equal to exsag-
ittal length of border. Eye ridges poorly defined.
Fixed cheek gently convex, downsloping. Other mor-
phologic details not preserved.

Glabella covered by irregular network of anastomos-
ing terrace lines; fixed cheek has closely spaced fine
granules; anterior part of border has transversely ar-
ranged subparallel terrace lines.

Pygidium semicircular in outline. Axis long, slen-
der, tapered posteriorly, extended to border furrow.
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Six complete ring furrows present posterior to articu-
lating furrow; seventh ring furrow incomplete.
Pleural fields crossed by five deep pleural furrows.
Shallow diagonal interpleural furrows barely appar-
ent on all segments. Border narrow, posterior margin
has slight median indentation. Anterior two or three
segments of pygidium have short slender border spines.

Ornamentation consists of closely spaced anastomos-
ing network of terrace lines on all parts.

Discussion—The cranidium tentatively assigned to
Ogygopsis antiqua n. sp. may be a specimen of the asso-
ciated species of Bonnia. The ornamentation differs
from the associated specimens assigned to Bonnia,
which have a concentric arrangement of terrace lines on
the glabella, by having a dense network of terrace lines
of the glabella more similar to the ornamentation of the
pleural regions of the Ogygopsis pygidia. However,
the anterior end of the glabella extends onto the border,
a characteristic more like Bonnia and not previously ob-
served in Ogygopsis. 'Thus, the pygidium of 0. antiqua
presents all the diagnostic characteristics of this species.
It differs from all others in the genus by having two or
three pairs of short marginal spines and only six com-
plete ring furrows on the axis. The small number of
pleural furrows is characteristic of other Early Cam-
brian species of Ogygopsis and distinguishes them as a
group from all known Middle Cambrian species, which
have at least seven pleural furrows. '

Occurrence—Early Cambrian-2 fauna. Moderately
rare (? 1 cranidium, 5 pygidia), USGS colln. 4302-CO,
Tatonduk River area.

Family ZACANTHOIDIDAE Swinnerton

Genus ZACANTHOIDES Walcott

Embolimus Rominger, 1887, p. 15 [not Embolemus Westwood,
1833—Hymenoptera].

Zacanthoides Walcott, 1888, p. 165; Kobayashi, 1935b, p. 123;
Shimer and Shrock, 1944, p. 619; Palmer, 1954a, p. 69;
Rasetti, 1959, p. 227; Suvorova, 1960a, p. 77.

Type species—Embolimus spinosa Rominger, 1887,

p- 15, pl. 1, fig. 3.

Discussion—The species described below conform in
all characteristics to the description of Zacanthoides
presented earlier (Palmer, 1954a).

Zacanthoides sp. 1
Plate 4, figures 18-20

Description—Cranidium  elongate, subquadrate.
Glabella long, slender, slightly expanded forward,
broadly rounded anteriorly, well defined at front and
sides by abrupt change in slope of cranidial surface.
Two pairs of short glabellar furrows present; posterior
pair oblique. Occipital furrow straight, narrow. Occi-
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pital ring broad, nearly flat. Frontal area short, flat,
subequally divided on axial line into brim and border
by barely apparent, gently curved border furrow; sag-
ittal length of frontal area slightly more than one-
eighth sagittal length of glabella, exclusive of occipital
ring. Lateral parts of frontal area subtriangular.
Fixed cheeks moderately broad, gently convex, hori-
zontal; width slightly more than one-half basal glabel-
lar width. Palpebral lobe long, slender, arcuate, raised
above surface of cheek, well defined by shallow, narrow
palpebral furrow; anterior end touches axial furrow;
line tangent to posterior ends of palpebral lobes passes
over anterior part of occipital ring. Form of posterior
limb not known.

Course of anterior section of facial suture strongly
divergent anterolaterally from palpebral lobe to border
furrow, then strongly curved forward and inward to
anterior margin. Course of posterior section of facial
suture not known.

Free cheek subpentagonal ; anterolateral margin gen-
tly curved and posterolateral margin nearly straight.
Genal spine large, advanced ; length unknown. Border
moderately broad, gently convex; width slightly more
than one-half anterior width of ocular platform. Lat-
eral border furrow curved inward at base of genal spine
and continuous with posterior border furrow.

Pygidium subelliptical. Axis moderately wide, con-
vex, reaches nearly to posterior margin; width slightly
more than one-fourth greatest width of pygidium.
Two anterior ring furrows shallow, narrow, complete;
one posterior ring furrow present only at sides of axis.
Pleural regions gently convex, crossed by two or three
broad shallow pleural furrows that do not reach pygi-
dial margin. Posterior margin has four pairs of spines.
Size and shape of anterior spine not known but prob-
ably larger than remaining spines. Three posterior
spines short, sharp, of nearly equal length.

Surfaces of all parts obscurely covered with closely
spaced fine granules. Rare scattered poorly defined
coarse granules also present on fixed cheeks of crani-
dium and on axis and pleural regions of pygidium.

Discussion.—Although Zacanthoides sp. 1 is repre-
sented by a cranidium, free cheeks, and pygidium, all
the parts are fragmentary and knowledge of the mor-
phology of the species is inadequate for proper naming.
Nevertheless, none of the described species for which all
parts are known has the combination of characteristics
observed on the Alaskan species.

Ocourrence—Early Cambrian-3 fauna. Moderately
rare (1 cranidium, 2 free cheeks, 1 pygidium), USGS
colln. 4333-CO; (?)rare (pygidial fragment), USGS
colln. 4334-CO, about 20 feet stratigraphically below
4333—-CO; Yukon River (West Ridge) area.
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Zacanthoides sp. 2
Plate 4, figure 17

Description—Cranidium, exclusive of posterior
limbs, elongate, subquadrate, gently to moderately con-
vex transversely and longitudinally. Glabella long,
slender, gently to moderately convex transversely and
longitudinally, expanded slightly forward, broadly
rounded at front. Glabellar furrows barely apparent.
Occipital furrow deep, straight. Occipital ring has
strong posteriorly directed axial spine developed from
posterior margin. Frontal area nearly flat; sagittal
length less than one-fifth sagittal glabellar length, ex-
clusive of occipital ring. Border convex, well defined
by evenly curved border furrow that parallels anterior
margin; sagittal length of border slightly more than
sagittal length of brim. Brim has pair of poorly
defined ridges extending anterolaterally from shallow
fossulae at anterolateral corners of glabella. Fixed
cheeks approximately horizontal; width, exclusive of
palpebral lobe, slightly more than one-half basal gla-
bellar width. Palpebral lobe long, arcuate, well defined
by palpebral furrow; anterior end touches axial fur-
row; width slightly more than one-fourth width of
interocular area of fixed cheek. Line tangent to pos-
terior ends of palpebral lobes passes just posterior to
occipital furrow. Form of posterior limb unknown.
External surfaces of all parts smooth.

Course of anterior section of facial suture strongly
divergent forward from palpebral lobe. Course of pos-
terior section of facial suture unknown.

Discussion.—Without knowledge of at least the form
of the pygidium, Zacanthoides sp. 2 cannot be ade-
quately compared with other species of Zacanthoides.
However, the cranidium differs from that of the other
Alaskan species described above by having a well-
defined border, narrower palpebral lobes, and a smooth
rather than slightly granular surface.

Occurrence—Middle Cambrian-1 fauna. Rare (1
cranidium), USGS colln. 4341-CO, Hillard Peak area.

Order PTYCHOPARIIDA Swinnerton
Family ALDONAIIDAE Hupé

Hupé (1952) originally proposed the Aldonaiinae
as a subfamily of the Protolenidae and this proposal
was followed by Henningsmoen (1959). Sdzuy
(1961a) included Aldonaia in the Protolenidae and
preferred not to recognize separate subfamily group-
ings. Pokrovskaya (1959) and Suvorova (1960a,b)
have raised Hupé’s taxon to family rank. Because
the Russian paleontologists are working more closely
with Aldonaic and related trilobites than Hupé,
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Sdzuy, or Henningsmoen, their classification is fol-
lowed here.

Genus ALDONAIA Lermontova

Aldonaia Lermontova, 1940, p. 133; Richter and Richter, 1948,
p. 29; Lermontova, 1951, p. 144; Hupé, 1952, p. 157; Hupé,
1953, p. 96; Henningsmoen, 1959, p. 212; Pokrovskaya,
1959, p. 89 ; Suvorova, 1960a, p. 70; Suvorova, 1960b, p. 76;
Sdzuy, 1961a, p. 572.

Type species—Aldonaia ornate Lermontova, 1940,
p. 133, pl. 37, figs. 2, 2a—e.

Discussion.—The content and concept of Aldonaia
have been discussed most thoroughly by Pokrovskaya
(1959) and Suvorova (1960b). Several Alaskan
specimens have the wide flat fixed cheeks, subcylindri-
cal glabella with slightly concave sides, posteriorly
located palpebral lobes, and small slender posterior
limbs that characterize species of Aldonaia. 1 sent
photographs of the best specimen to Dr. N. P. Suvo-
rova at the Paleontologic Institute of the Academy of
Sciences, U.S.S.R., and she confirmed the generic
identification.

Aldonaia alaskensis n. sp.
Plate 3, figure 15

Description.—Cranidium  elongate, subquadrate,
strongly rounded anteriorly. Glabella slender, semi-
cylindrical; sides slightly concave; anterior end trun-
cated. Three shallow pairs of furrows present, con-
nected nearly ‘straight across glabella on surface of
mold, deepest at sides of glabella. Ocecipital furrow
straight, deepest at sides of glabella. Occipital ring
extended posteriorly into moderately large median
spine. Frontal area long, concave; sagittal length
about three-fifths sagittal glabellar length. Border
narrow, upturned, of nearly constant width; sagittal
length about two-fifths that of flat brim. Fixed cheeks
broad, flat, upsloping; width about equal to basal
glabellar width. Palpebral lobes long, elevated, situ-
ated opposite posterior third of glabella; length about
one-half sagittal glabellar length. Eye ridges low,
posterolaterally directed, barely apparent. Distal part
of posterior limb short, depressed; transverse length
about one half length of proximal part. Border fur-
row broad, deep.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe to anterior
cranidial margin. Course of posterior section of facial
suture convex from palpebral lobe to posterior cranid-
ial margin.

Other parts unknown.

Discussion.—Aldonaia alaskensis n. sp. differs from
all described species of Aldonaia by having a subdued
granular ornamentation and a moderately large oc-
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cipital spine, and by lacking a deep narrow occipital
furrow across the axial line. Dr. N. P. Suvorova has
sent me a photograph of an undescribed Siberian
species Trom the Sanashtykgol’ horizon of the Botoma
Stage that also lacks strong ornamentation and a dis-
tinct occipital furrow and that may have an occipital
spine. The Siberian species differs from the Alaskan
species by having strongly convex areas of the fixed
cheek adjacent to the posterior end of the palpebral
lobe and having eye lines that are less strongly di-
rected posterolaterally.

Occurrence—Early Cambrian-2 fauna. Moderately
rare (3 cranidia), USGS colln. 4302-CO, Tatonduk

River area.

Family CEDARIIDAE Raymond

Genus CEDARIA Walcott
Cedaria Walcott, 1924b, p. 55; Walcott, 1925, p. 78; Shimer
and Shrock, 1944, p. 621; Palmer, 1954b, p. 726; Lochman,
1959, p. 301; Palmer, 1962, p. 24.
Type species—Cedaria prolifica Walcott, 1925, p. 79,
pl. 17, figs. 18-21.
Discussion.—The characteristics of the fragmentary
specimens described below conform in all respects to
those described for Cedaria (Palmer, 1962, p. 24).

Cedaria sp.
Plate 6, figures 24, 25

Description—Qlabella unfurrowed, tapered for-
ward, strongly rounded at front, well defined by shal-
low narrow axial and preglabellar furrows. Frontal
area moderately long; sagittal length about three-
fifths sagittal length of glabella exclusive of occipital
ring. Border gently convex anteriorly, turned down
steeply on inner edge into narrow furrow that is even-
ly curved and contains a row of pits, each of which
has a tiny central granule. Sagittal length of border
about one-half sagittal length of nearly flat brim.
Fixed cheek narrow; width exclusive of palpebral
lobe slightly more than one-fourth basal glabellar
width. Course of anterior section of facial suture
strongly divergent forward. External surfaces of all
parts smooth.

Pygidium semicircular. Axis slender, tapered pos-
teriorly, not quite reaching to inner edge of narrow,
gently convex border of nearly constant breadth.
Narrow postaxial ridge extends to inner edge of bor-
der. Pleural fields gently convex, crossed by five
shallow narrow nearly straight pleural furrows.

Discussion—This species of Cedaria is represented
by imperfect specimens that do not have preserved
the occipital ring, posterior limb, palpebral lobe, py-
gidial axis, or external pygidial surface. Neverthe-
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less, they have the characteristic narrow pygidial
border of species of the geographically widespread
Cedaria prolifica group (Palmer, 1962, p. 26). The
narrow cranidial border may prove to be a distinctive
specific characteristic when more and better material
of this species is discovered. In addition to the speci-
mens described above, scraps that seem referable to
Cedaria are associated with Hypagnostus sp. (p. B31)
in collection 4326-CO from the upper part of the
Tatonduk River section. Collections 4326-CO and
4372-CO, from which the described Cedaria specimens
were obtained, have very similar faunas of undescribed
inarticulate brachiopods. Cedaria has not yet been re-
ported from rocks older than Late Cambrian and these
collections are therefore here recognized as the earliest
Late Cambrian collections from Alaska.
Occurrence—Dresbachian—1 fauna. Rare (1 cranid-
ium, 1 pygidium), USGS colln. 4376-CO, Hard Luck
Creek area. Rare (scraps of 1 cranidium, 1 pygid-
ium), USGS colln. 4326-CO, Tatonduk River area.

Family CERATOPYGIDAE Raymond

Genus IWAYASPIS Kobayashi
Twayaspis Kobayashi, 1962, p. 122.

Discussion.—Kobayashi has diagnosed [wayaspis as
“Similar to Proceratopyge but possesses no spine on
pygidium.” In the collection with Proceratopyge
(Lopnorites) rectispinatus are several pygidia and a
headless individual with nine thoracic segments that
conform in all observable aspects to the characteristics
of Iwayaspis. The assignment of these specimens to
the Ceratopygidae is supported by the structure of
the first pygidial segment which is larger than the
more posterjor segments and has its posterior margin
defined by an interpleural furrow that extends nearly
to the pygidial border.

Kobayashi assigned this genus to a new subfamily,
the Iwayaspidinae, having the same characteristics as
the type genus. Such a monotypic taxon has little
meaning, and no supergeneric assignment below fam-
ily is used here.

Iwayaspis c¢f. I. asaphoides Kobayashi
Plate 10, figures 9, 10

Iwayaspis asaphoides Kobayashi, 1962, p. 122, pl. 6, figs. 1-10.

Description—Thorax composed of nine segments.
Pleural tips of each segment have short curved spine.
Pleural furrows shallow near axis, increase in depth
to geniculation which lies two-thirds the width of
pleural region from axial furrow.

Pygidium semicircular, posterior margin evenly
rounded. Axis slender, long, tapered, extended onto
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inner edge of moderately narrow concave border. Six
or seven shallow ring furrows present posterior to
articulating furrow. Pleural regions gently to mod-
erately convex. First pleural segment larger than
more posterior segments, expanded distally. Inter-
pleural furrow between first and second pleural seg-
ments extends nearly to pygidial margin. Shallow
pleural and interpleural furrows indicating two or
three additional pleural segments extend across pleural
field but not onto border. Border furrow shallow,
interrupted by end of axis. External surface smooth.

Discussion.—Several pygidia having the character-
istics described above seem to be at least congeneric
and possibly conspecific with Jwayaspis asaphoides
Kobayashi, the only species presently known in /wa-
yaspis. Without knowledge of the associated crani-
dium, a more exact identification cannot be attempted.

Occurrence.—Franconian—-1 fauna. Moderately rare
(1 thorax and pygidium, 4 pygidia), GSC colln. 4638
(= 4727), Hillard Peak area.

Genus PROCERATOPYGE Wallerius

Proceratopyge Wallerius, 1895, p. 56; Westergird, 1922, p. 120;
Troedsson, 1937, p. 33; Whitehouse, 1939, p. 245; Lermon-
tova, 1940, p. 157; Westergird, 1947, p. 9; Kobayashi and
Ichikawa, 1955, p. 68; Ivshin, 1956, p. 21; Poulsen, 1959,
p. 364; Balashova, 1960, p. 103; Ivshin, 1962, p. 286;
Kobayashi, 1962, p. 119 ; Opik, 1963, p. 97.

Kogenium Kobayashi, 1935b, p. 273.

Lopnorites Troedsson, 1937, p. 34.

Type species—Proceratopyge conifrons Wallerius,
1895, p. 57, pl. 1, fig. 6.

Discussion.—Westergird (1947) has given a satis-
factory diagnosis of Proceratopyge. He does not men-
tion the presence of an axial glabellar node, however,
which seems to be characteristic of most species of the
genus, as noted by Ivshin (1956, p. 22). In the Alas-
kan sample, the glabellar node is most apparent on
small specimens. It is very small and can easily be
overlooked on large specimens. This node is an im-
portant morphologic feature and not just casual ex-
ternal ornamentation, so all species of Proceratopyge
probably should have such a node. In addition to the
glabellar node, Proceratopyge is characterized by a
subparallel-sided or slightly conical generally poorly
furrowed glabella; flat poorly defined palpebral lobes;
nine thoracic segments; and a pair of large poster-
iorly directed spines clearly developed from the pleu-
ral part of the first segment of the pygidium.

Lopnorites (Troedsson, 1937) was considered by
Westergird (1947) to be a synonym of Proceratopyge,
and Kobayashi and Ichikawa (1955) placed A ogenium
(Kobayashi, 1935b) also in the synonymy of Pro-
ceratopyge. Kobayashi and Ichikawa considered both
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Lopnorites and Kogenium to be subgenera of Pro-
ceratopyge. Kogenium was characterized by its long
pygidium, and Zopnorites was characterized by its
subparallel-sided glabella. Opik (1963) criticized the
subgeneric criteria of Kobayashi and Ichikawa and
suggested that the subgenus Lopnorites could be char-
acterized better by pygidia that have six or more axial
rings in contrast to pygidia of Proceratopyge that
have five rings or less.

Two distinct species assignable to Proceratopyge
are associated in one Alaskan collection. One has
relatively small anteriorly placed palpebral lobes and
therefore exsagittally long posterior limbs. The other
has large arcuate medially located palpebral lobes and
relatively narrow straplike posterior limbs; it also
has a well-defined plectrum. The first cranidium can-
not be objectively distinguished from the cranidium
of Lopnorites rectispinatus Troedsson, the type species
of Lopnorites. The second cannot be objectively dis-
tinguished from the cranidium of Proceratopyge
(Lopnorites) chuhsiensis Lu (1965b, pl. 1) and from
the cranidium of an Australian species compared with
P. chuhsiensis by Opik (1963, p. 99). The two Alas-
kan species represent extremes in cranidial character-
istics of species included in Proceratopyge. If the
genus is to have meaningful subgenera, it is unlikely
that both species will represent the same subgenus—
the situation that exists now. Thus, none of the cri-
teria currently suggested for subgeneric division of
Proceratopyge seem to be satisfactory. If Lopnorites
is to remain as a viable taxon, the Alaskan species
identified below as P. (L.) rectispinatus will certainly
belong to it. The other species may represent the
typical subgenus, or yet another subgeneric taxon. It
is certainly a species of Proceratopyge as now defined,
but because of uncertainty of the value of current
subgeneric concepts, it is identified below only as
P. cf. P. chuhsiensis Lu.

Proceratopyge (Lopnorites) rectispinatus (Troedsson)
Plate 10, figures 1-6
Lopnorites rectispinatus Troedsson, 1937, p. 35, pl. 2, figs. 1-2.
Proceratopyge (Lopnorites) rectispinatus (Troedsson). Lu,
1957, p. 281, pl. 145, figs. 10, 11; Kobayashi, 1962, p. 120,
pL 6, figs. 11, 12.

Description—Cranidium subtrapezoidal, anterior
margin gently rounded. Glabella iarge, low, gently
convex transversely and longitudinally, tapered slight-
ly forward, bluntly rounded at front, well defined at
sides and front by abrupt changes in slope of exo-
skeleton surface. Median glabellar node situated pos-
terior to line connecting posterior tips of palpebral
lobes. Occipital furrow shallow. Occipital ring sim-
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ple. Frontal area short, sagittal length variable be-
tween one-fourth and three-eighths sagittal length
of glabella, exclusive of occipital ring. Border slight-
ly unsloping, poorly defined only by change in slope
of frontal area; sagittal length equal to or less than
sagittal length of brim. Fixed cheek narrow, nearly
flat; width, including palperbral lobe about two-fifths
basal glabellar width. Palpebral lobe short, poorly
defined, connected to glabella by low barely apparent
ocular ridge; situated opposite anterior third of gla-
bella; exsagittal length variable, from slightly more
to slightly less than one-third sagittal glabellar length,
exclusive of occipital ring. Posterior limb large;
exsagittal length behind palpebral lobe greater than
exsagittal length of palpebral lobe; transverse width
slightly greater than basal glabellar width. Posterior
border furrow broad, moderately deep, straight. Ix-
ternal surface smooth.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe, then curved
broadly inward across border to intersect anterior
margin between point directly anterior to antero-
lateral corners of glabella and axial line. Course of
posterior section gently convex.

Free cheek certainly known onlty on holotype. Genal
spine short, sharp; length about equal to length of
posterior section of facial suture. Lateral and pos-
terior border furrows moderately distinct, not joined
at genal angle. Posterior border furrow continues
short distance onto inner part of genal spine.

Thorax consists of nine simple segments that have
short pointed tips. Pleural furrows increase in depth
outward from axis to point of geniculation which is
near tip of pleuron. ‘

Pygidium semicircular. Axis narrow, elongate,
evenly tapered, reaches onto inner part of border.
Six or seven ring furrows present posterior to articu-
lating furrow. Width of axis at anterior end about
one-fifth anterior width of pygidium. Pleural regions
gently convex. Anterior pleural segment well defined,
expanded distally, continued into large long lateral
spine that is directed straight backward. Interpleural
furrow between first and second segments extended
nearly to pygidial margin. Pleural furrow of first
segment moderately deep, curved distally and extended
for short distance onto anterolateral spine. Pleural
field posterior to first segment has shallow pleural
and interpleural furrows that indicate two or three
additional segments. These furrows do not cross shal-
low border furrow. Border concave, narrow, slightly
downsloping behind axis. Ornamentation subdued.
Best preserved specimens have covering of very fine
closely spaced granules barely visible in extreme
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oblique light. Areas of muscle scars on each axial
ring are smooth. In addition, scattered coarse gran-
ules are also barely apparently on the border and, on
one specimen, in pairs on each axial ring. Well-
defined terrace lines are present along the outer edge
of the border and along the pygidial spine.

Discussion—The Alaskan specimens described above
agree in all observable details with the complete
individual that is the holotype of Lopnorites recti-
spinatus Troedsson from eastern T’ien Shan, China.
A replica of this specimen—cast from a latex mold
made on my visit to the Riksmuseet in Stockholm,
Sweden, in 1962—is illustrated here (pl. 10, fig. 1) to
show some details that are not apparent in the pub-
lished illustration. In the Alaskan collection, Pro-
ceratopyge (Lopnorites) rectispinatus is associated
with P. cf. P. chuhsiensis Lu. P. chuhsiensis is repre-
sented by many cranidia, and at first the relatively
common Proceratopyge pygidia were assigned to that
species. However, the complete meraspid individual
(p. 10, fig. 4) shows that a pygidium comparable to
P. rectispinatus belongs to a trilobite having small
palpebral lobes and large posterior limbs. Compar-
able sized meraspid cranidia of P. chuhsiensis (pl. 10,
fig. 13) have large palpebral lobes and slender pos-
terior limbs. Thus the characters of the palperbral
lobe and posterior limb that separate the two asso-
ciated species of Proceratopyge are recognizable even
on immature specimens, and the common pygidia are
here associated with relatively rare cranidia that have
small anteriorly placed palpebral lobes and are assigned
to P. rectispinatus. Only one fragmentary pygidium
seems to belong with the relatively common cranidia
of P. cf. P. chuhsiensis.

Occurrence—Franconian-1 fauna. Moderately com-
mon (5 mature cranidia, 3 meraspid cranidia, 8 mature
pygidia, 2 protopygidia), GSC colln. 4638 (= GSC
4727), Hillard Peak area.

Proceratopyge cf. P. chuhsiensis Lu
Plate 10, figures 11-14
Proceratopyge (Lopnorites) chuhsiensis Lu, 1956b, p. 280, pl. 1,
figs. 1-6
Proceratoypge cf. P. chuhsiensis Lu. Opik, 1963, p. 99, pl. 5,
fig. AA, text fig. 37
Description—Cranidium, exclusive of posterior
limbs, elongate, subquadrate. Glabella long, low, un-
furrowed; sides very slightly tapered forward; front
bluntly rounded; well defined all around by abrupt
changes in slope of exoskeleton. Occipital furrows
very shallow on mature cranidia, present only across
top of axis. Occipital ring simple. Axial glabellar
node situated adjacent to posterior edge of line con-
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necting posterior tips of palpebral lobes. Meraspid
cranidia have deep occipital furrow and very promi-
nent axial node. Frontal area moderately long, con-
cave; sagittal length between four-tenths and one-half
sagittal glabellar length, exclusive of occipital ring.
Border furrow extends inward from facial suture in
broad curve to anterolateral margin of glabella out-
lining broad low plectrum. Pair of shallow longi-
tudinal furrows outline low narrow axial ridge on
inner part of plectrum. Fixed cheeks horizontal.
Palpebral lobe large, semicircular, not differentiated
from inner part of cheek, situated opposite middle
third of glabella. Width of fixed cheek including
palpebral lobe variable from slightly more to slightly
less than one-half basal glabellar width. Width of
fixed cheek at anterior end of palpebral lobe about
one-fifth basal glabellar width. Exsagittal length of
palpebral lobe about two-fifths sagittal glabellar
length, exclusive of occipital ring. Posterior limb
slender ; exsagittal length behind palpebral lobe about
equal to exsagittal length of palpebral lobe. Posterior
border furrow moderately deep, straight.

Pygidium semicircular. Axis moderately broad,
tapered posteriorly, extended to inner edge of poorly
defined narrow concave border. Four or five ring
furrows present posterior to articulating furrow.
Pleural regions gently convex. First pleural segment
expanded distally and continued into posterolaterally
directed spine. Interpleural furrow between first and
second pleural segments extended nearly to pygidial
margin. Shallow pleural and interpleural furrows of
one or two additional segments present. External
surfaces of all observed parts smooth.

Discussion.—The large crescentic palpebral lobes,
slender posterior limbs, and well-developed plectrum
seem to be the characteristics of Proceratopyge cf. P.
chuhsiensis Lu. It is very closely related to, if not
conspecific with, the species figured by Lu (1956b)
from Anhwei, China, and by Opik (1968) from
Queensland, Australia. Lu’s material is poorly pre-
served, and the presence of a plectrum cannot be de-
termined. The number of pygidial segments on the
Chinese specimen seems comparable to the Alaskan
specimen. The single cranidium illustrated by Opik
seems to be identical with the Alaskan specimens.
The pygidium of P. cf. P. chuhsiensis from Alaska
differs from the associated pygidia of P. (Lopnorites)
rectispinatus by having fewer axial and pleural seg-
ments.

Occurrence—Franconian-1 fauna. Moderately com-
mon (10 mature cranidia, 3 meraspid cranidia, 1
pygidium), GSC colln. 4638 (= 4727), Hillard Peak

area.
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Genus YUPINGIA Lu

Yiipingia Lu, 1956a, p. 377; Jaanusson, i» Harrington and
others, 1959, p. 350.

Type species—Yupingia niobiformis L, 1956a, p.
378, pl. 1, figs. 6-13.

Diagnosis—Cranidium, including posterior limbs
subtrapezoidal, anterior margin broadly rounded. Gla-
bella large, unfurrowed, tapered slightly forward,
bluntly rounded at front. Axial glabellar node present
on line tangent to posterior ends of palpebral lobes.
Occipital furrow barely apparent, frontal area short,
concave ; border poorly differentiated from brim. Fixed
cheek consists almost entirely of large semicircular flap
of palpebral lobe located opposite glabellar midlength.
Posterior limb slender; transverse length slightly less
than basal glabellar width.

Course of anterior section of facial suture convex out-
ward in broad, nearly even curve from palpebral lobe
to near axial line. Course of posterior section diver-
gent and sinuous.

Free cheek narrow. Ocular platform triangular, nar-
row at anterior sutural margin. (enal spine short.

Pygidium semicircular. Axis moderately wide, con-
vex, well defined, tapered to inner edge of border.
Ring furrows shallow. Pleural regions have poorly
defined pleural furrows on anterior part. Border nar-
rower than anterior width of pleural field, poorly de-
fined. Posterior margin evenly curved.

Discussion.—The large palpebral lobes, narrow fixed
cheeks, short frontal area and simple, relatively unfur-
rowed and unspined pygidium distinguish Yéipingia
Lu from other similar genera. The presence of an
axial glabellar node and large palpebral lobes indi-
cates affinity with the slightly older Alaskan species,
Proceratopyge cf. P. chuhsiensis Lu (pl. 10 figs. 11—
14). However, P. chuhsiensis has a distinct plectrum,
slightly wider fixed cheeks, and anterolateral pygidial
spines. Jwayaspis is a member of the Ceratopygidae
that has pygidia lacking anterolateral spines, but the
first pleural segment is well defined and the anterior
interpleural furrow extends nearly to the pygidial mar-
gin. The palpebral lobes of Jwayaspis are also situated
somewhat more anteriorly than those of Y4ipingia, so
the posterior limbs have a more triangular outline. Lu
(1956a) and Jaanusson (1959) have included Yipingia
in the Asaphidae, but the subparallel-sided moderately
well defined glabella and large crescentic palpebral lobe
indicate to me a closer relationship to the Ceratopygi-
dae. The glabellar tubercule seems to be an impor-
tant morphologic feature of both the Ceratopygidae
and Asaphidae, and the families are probably closely
related.
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Yiipingia glabra n. sp.
Plate 13, figures 9, 12-16

Description.—Cranidium, including posterior limbs,
subtrapezoidal, moderately rounded anteriorly. Gla-
bella large, low, unfurrowed, tapered slightly forward,
bluntly rounded anteriorly, moderately well defined by
changes in slope of exoskeleton. Low obscure axial
glabellar node present on line tangent to posterior ends
of palpebral lobes. Occipital furrow barely apparent.
Occipital ring simple. Frontal area short, concave,
barely differentiated into brim and border of subequal
sagittal length. Sagittal length of frontal area variable
between one-third and one-fourth sagittal glabellar
length, including occipital ring. Fixed cheek narrow;
palpebral lobe large, semicircular, nearly horizontal,
not separated from inner part of cheek, situated oppo-
site middle third of glabella. Width of cheek, includ-
ing palpebral lobe, variable between one-half and one-
third basal glabellar width, greatest on small specimens.
Posterior limb slender, short; transverse length vari-
able from subequal to basal glabellar width on small
specimens to about three-fourths basal glabellar width
on larger specimens.

Course of anterior section of facial suture divergent
forward from palpebral lobe in broad, outwardly con-
vex curve that continues across frontal area nearly to
axial line. Course of posterior section strongly diver-
gent and sinuous behind palpebral lobe.

Free cheek narrow, triangular. Lateral border poorly
defined in anterior part by shallow border furrow;
width about equal to anterior sutural width of ocular
platform. Lateral margin of cheek moderately curved
at anterior end, nearly straight posteriorly along mar-
gin of moderately short convex genal spine. Length of
spine slightly more than one-half length of posterior
sutural margin.

Pygidium subsemicircular. Axis well defined at sides
by narrow axial furrows, convex, tapered posteriorly,
poorly defined at end, reaches to inner edge of obscure
border. Only first ring furrow barely apparent on axis.
Pleural regions gently convex ; only first pleural furrow
moderately distinct; remaining area lacks distinct fur-
rows. Border barely defined, downsloping; width less
than greatest width of pleural platform. Posterior
margin smoothly curved.

External surfaces of all parts smooth.

Discussion—Yiipingia glabra n. sp. differs from the
genotype and only other species in the genus, Y. niobi-
formis Lu, by having the glabellar tubercule poorly
defined, fewer defined segments on the pygidium, and
an evenly downsloping rather than concave pygidial
border. Among the Alaskan species, the cranidium as-
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signed to Proceratopyge cf. P. chuhsiensis Lu and the
pygidium assigned to Jwayaspis cf. I. asaphoides Ko-
bayashi, both from older beds, most nearly resemble
the respective parts of Y. glabra. P. chuhsiensis has a
distinct plectrum, however, and the pygidium of 7.
asaphoides has a distinctly defined anterior pleural
segment.

Occurrence—Franconian-2 fauna. Moderately com-
mon (7 cranidia, 1 free cheek, 10 pygidia), GSC colln.
4649 (=4704); rare (1 cranidium, 1 pygidium), GSC
colln. 4661 (=4705) ; both from Hillard Peak area.

Family CHEILOCEPHALIDAE Shaw

Genus CHEILOCEPHALUS Berkey

Cheilocephalus Berkey, 1898, p. 289; Palmer, 1954b, p. 757;
Lochman, 1959, p. 312 ; Palmer, 1965, p. 29.
Pscudolisania Kobayashi, 1935h, p. 162; Shimer and Shrock,
1944, p. 621.

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

Discussion—Cheilocephalus is represented by one dis-
tinctive species in the Alaskan fauna. It conforms in
all characteristics to the descriptions or diagnoses that I
have given earlier. In addition, the free cheek, which
has not previously been reported for any species of
Cheilocephalus, has been found in association with the
Alaskan species. It is narrow transversely and has a
short broad-based genal spine. The posterior section of
the facial suture is intersected by the lateral border
furrow. The free cheek demonstrates clearly, therefore,
that Cheilocephalus is an opisthoparian trilobite with
cedariiform facial sutures as suggested by Lochman
(1959, p. 312) and not a proparian trilobite as suggested
by Shaw (1956, p. 49).

Cheilocephalus expansus n. sp.
Plate 9, figures 1-7

Description.—Cranidium trapezoidal; anterior mar-
gin gently rounded. Glabella large, well defined, ta-
pered forward, bluntly rounded anteriorly, extended
onto inner part of nearly flat cranidial border. Glabel-
lar furrows obscure. QOcciptial furrow deep at sides of
glabella, curved slightly forward near axial furrow,
shallow and relatively broad across top of glabella.
Occipital ring narrow, has small median node. Frontal
area consists only of nearly flat border; sagittal length
about one-seventh sagittal length of glabella, including
occiptal ring. Fixed cheek narrow, gently to moder-
ately convex, slightly downsloping, has well-defined eye
ridge; width of cheek, exclusive of palpebral lobe,
slightly less than one-third basal glabellar width. Pal-
pebral lobe poorly defined, slightly upsloping, situated
slightly anterior to glabellar midlength; exsagittal
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length slightly less than one-fourth sagittal length of
glabella, including occipital ring. Posterior limb mod-
erately broad; posterior border furrow deep near axial
furrow, disappears laterally; posterior border has dis-
tinct “elbow” about two-fifths transverse length of limb
from axial furrow.

External surfaces of all convex parts except areas of
muscle scars covered with fine, moderately closely
spaced granules. Anterior part of border has narrow
zone of terrace lines.

Free cheek long, moderately narrow. Border wide
anteriorly, constricted posteriorly at base of genal spine
by distal part of posterior section of facial suture,
poorly defined by shallow lateral border furrow that
intersects posterior section of facial suture at about its
midlength. Ocular platform narrow; width opposite
eye less than one-fourth width of border. Genal spine
short, broad based, pointed; length slightly less than
one-half length of posterior section of facial suture.
Surfaces of all parts covered with closely spaced fine
granules.

Hypostome large. Anterior lobe of middle body con-
vex, strongly rounded anteriorly, bluntly rounded pos-
teriorly, separated from smaller, less convex posterior
lobe by curved furrows that are indistinct on axial
hne. Anterior border narrow, nearly flat, curved
sharply downward into short, sharp alae. Lateral bor-
der strongly expanded posterolaterally opposite mid-
length of hypostome. Posterior border broad, gently
undulating. Maculae not apparent. Ornamentation
consists of strongly developed terrace lines on anterior
lobe of middle body and on posterior border. Posterior
lobe of middle body and anterior border have closely
spaced fine granules.

Pygidium semicircular. Axis well defined, tapered
posteriorly, continued onto inner part of border. Six
ring furrows present posterior to articulating furrow.
Pleural region broad; width nearly twice greatest
width of axis. Pleural field gently convex, separated
from broad concave border by poorly defined shallow
border furrow; width of border slightly greater than
greatest width of pleural field. Anterior pleural fur-
row deep, continued nearly to lateral pygidial margin.
Anterior band of first segment strongly expanded dis-
tally. Remaining pleural and interpleural furrows
shallow, evenly spaced, continuing laterally onto inner
part of border in anterior half of pygidium. Surfaces
of all parts covered by closely spaced fine granules,
most apparent on axis and outer part of border.

Discussion—Meraspid cranidia of Cheilocephalus
expansus n. sp. (pl. 9, fig. 6) have virtually the same
cranidial outline as holaspid cranidia, but the glabella
is distinctly more parallel sided. Small pygidia (pl. 9
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fig. 7) have more clearly defined pleural and inter-
pleural furrows than large pygidia, and nearly all the
furrows extend a short distance onto the border. This
species is most similar to €. granulosus (Palmer, 1965,
p. 31, pL. 1 figs. 6-8) in all features except width of the
pygidial border and perhaps in a slightly more pos-
terior position of the palpebral lobes. The width of the
pygidial border of O. granulosus is equal to or narrower
than the width of the pleural field, whereas in the
Alaskan species the border on both small and large
pygidia is broader than the pleural field.

Fragmentary cranidia in GSC collections 4722 and
4728, Hillard Peak area, have the characteristic com-
plete granular ornamentation of Cheilocephalus expan-
susand 0. granulosus. Small associated pygidia have a
relatively narrow border, and the specimens may there-
fore represent O. granulosus. The material is ungatis-
factory for description or illustration.

Ocourrence—Dresbachian—2 fauna. Common (10
cranidia, 2 cheeks, 1 hypostome, 5 pygidia), USGS
colln. 4361-CO, Jones Ridge area; 4 cranidia, 4 pygi-
dia, GSC colln. 4719, Squaw Mountain.
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Genus OLIGOMETOPUS Resser

1936, p. 28; Palmer, 1960a, p. 100;

Oligometopus Resser,
Palmer, 1965, p. 31.

Bernicella Frederickson, 1949, p. 347.

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

Diagnosis—Glabella broad, tapered, unfurrowed,
strongly rounded at front, reaches to deep nearly
straight anterior border furrow. Fixed cheeks wide,
convex, slightly downsloping. Palpebral lobes situ-
ated opposite or slightly anterior to glabellar mid-
length.

Discussion.—1 have recently described Oligometopus
Resser and discussed its content. The Alaskan material
conforms in all respects to the published description.

Oligometopus breviceps? (Walcott)
Plate 7, figures 30, 31
Ptychoparia (Solenopleura?) breviceps Walcott, 1884, p. 49,
pl 10, fig. 9.
Oligometopus breviceps (Walcott). Resser, 1936, p. 29; Pal-
mer, 1960a, p. 100, pl. 10, figs. 19, 20; Palmer, 1965, p. 32,
pl. 1, fig. 3.

Discussion.—Three cranidia from three different col-
lections represent one or more species of Oligometopus.
One of the cranidia, slightly more than 1 mm long, has
a coarse granular external ornamentation and wide
fixed cheeks that I have considered to be characteristic
of O. breviceps. The other two cranidia are slightly
larger and have the proportions of O. breviceps, but
they are exfoliated. The external surfaces of these
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specimens are not known, but they have a coarsely
pitted surface on the mold. Specimens of Q. breviceps
from Nevada also have a coarsely pitted surface on the
cranidial mold. Thus, the Alaskan specimens may all
represent 0. breviceps. They are illustrated here pri-
marily to record a significant increase in the known
geographic range of this rare genus.

Occurrence~—Dresbachian—2 fauna. Rare (1 crani-
dium), USGS colln. 4360-CO; 1 cranidium, GSC colln.
4643; 1 cranidium, GSC colln. 4645; all from Hillard
Peak area.

Family DIKELOCEPHALIDAE Miller
Genus BRISCOIA Walcott

Briscoia Walcott, 1924a, p. 37; Walcott, 1925, p. 74; Ulrich
and Resser, 1930, p. 59; Kobayashi, 1935a, p. 50; Shimer
and Shrock, 1944, p. 621; Lochman, 1959, p. 254; Suvorova,
1960a, p. 89.

Type species—Briscoia sinclairensis Walcott, 1924a,
p- 37, text fig. 9.

Discussion—The current concept of the generic
characters of Briscoia is summarized by Lochman
(1959). Kobayashi (1935a) assigned to Briscoia the
Alaskan species B. septentrionalis, B. robusta, and
B. mertiei. At the same time he described a new genus
Parabriscoia on the basis of pygidia assigned to P.
elegans and P. stenorachis. All specimens of all five
species came from a single collection made by Mertie
along Harrington Creek in the Jones Ridge area. All
this material has been reexamined in the course of the
present study. The only additional Alaskan material
of Briscoia consists of a few pygidial and cranidial
fragments from approximately Mertie’s locality col-
lected by R. J. Ross in 1962 and a small collection
from the Jones Ridge section made by L. D. Burling
in 1913.

Most of the material of Briscoia in Mertie’s col-
lection was assigned by Kobayashi to B. septentrion-
alis. 'This includes 10 cranidia, three pygidia, and
one free cheek. B. robusta is represented by a single
broken pygidium that does not have its posterior mar-
gin preserved. B. mertiei is represented by a single
cranidium and a free cheek. The characteristics that
distinguish B. mertiei and B. robusta from B. sep-
tentrionalis are superficial, and I cannot agree that
there is a valid reason for their specific separation.
B. mertiei and B. robusta are therefore considered
here to be synonyms of B. septentrionalis. TFor the
same reasons, Parabriscoia stenorhachis is considered
here to be a synonym of P. elegans.

The six pygidia assigned to Parabriscoia elegans
are identical in every feature except for the presence
of distinct border spines to the pygidia of Briscoia
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septentrionalis. They are also remarkably similar in
all features to pygidia from Nevada described by
Kobayashi as Parabriscoia dolichorachis. Lochman
(1956) has shown that the Nevada pygidia are the
pygidia of Elkia nasuta Walcott, the type and only
known species of Elkia (Walcott, 1924b). For this
reason, Lochman placed Parabriscoiz in synonomy
with Elkia. In the Alaskan collection, however, there
are only Briscoia cranidia, which differ strikingly
from KLlkia cranidia by having a narrow poorly de-
fined border instead of a broad inflated triangular
border. Furthermore, two of the three pygidia of
B. septentrionalis have incipient border spines at the
same positions as the- well-developed border spines of
P. elegans, the type species of Parabriscoia (pl. 15,
figs. 6, 7). Thus it seems unlikely that the differences
between the pygidia of B. septentrionalis and P.
elegans are more than specific. I have not been able
to demonstrate that pygidia of these two species are
actually associated, and thus I cannot determine
whether they came from slightly different limestone
beds, or whether they might possibly represent an
unusual kind of dimorphism. At the present time,
therefore, B. septentrionalis and P. elegans are kept
as separate but congeneric species and P. elegans is
tentatively assigned to Briscoia. This solution to the
generic relationships of the species is not totally satis-
factory because Briscoia is generally considered to in-
clude only species with a nonspinose pygidium. How-
ever, because all the cranidia in the collection are fully
characteristic of Briscoia and differ, by the presence
of a narrow poorly defined border, from cranidia of
either Dikelocephalus or Elkia, the only other possi-
bly related genera, no other generic assignment except
the possible resurrection of Parabriscoia seems reason-
able. A reexamination of the generic groupings with-
in the Dikelocephalinae is needed, but it must await
more knowledge of the stratigraphic and geographic
distribution of dikelocephaline species, most of which
are rare and generally .represented by fragmentary
material in Upper Cambrian rocks.

Briscoia septentrionalis Kobayashi
Plate 15, figures 1-5
Briscoia septentrionalis Kobayashi, 1935a, p. 51, pl. 9, figs.
10-17.

Briscoia robusta Kobayashi, 1935a, p. 52, pl. 9, fig. 18.
Briscoia mertiei Kobayashi, 1935a, p. 53, pl. 10, figs. 6, 7.

Description—Cranidium elongate, subquadrate, an-
terior margin broadly rounded, has very small down-
sloping median point. Glabella large, low, moderately
convex transversely and longitudinally, tapered slight-
ly forward, bluntly rounded at front, well defined by
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abrupt changes in slope of exoskeleton surface. Two
pairs of glabellar furrows present; anterior pair very
shallow, barely apparent; posterior pair deep at sides
of glabella, connected across top by shallow transverse
furrow. Occipital furrow deep at sides, shallow across
axis. Occipital ring gently convex, simple. Frontal
area moderately broad, concave; sagittal length slight-
ly variable from one-half to slightly less than one-half
sagittal length of glabella, exclusive of occipital ring.
Border poorly defined by shallow border furrow;
sagittal length slightly less than sagittal length of
brim. Fixed cheek narrow, slightly upsloping; width,
exclusive of palpebral lobe, variable from slightly
more to slightly less than one-fifth basal glabellar
width; greatest on smaller cranidia. Palpebral lobe
large, arcuate, well defined by shallow palpebral fur-
row, situated opposite posterior third of glabella;
exsagittal length about one-half sagittal length of
glabella, exclusive of occipital ring. Posterior limb
short, slender; transverse length distinctly less than
basal glabellar width. Posterior border furrow mod-
erately deep.

Course of anterior section of facial suture divergent
forward from palpebral lobe to border furrow, then
curved inward along anterior margin of cranidium
to axial line. Ventral course not known. Course of
posterior section of facial suture nearly at right angles
to axial line behind palpebral lobe, curved abruptly
backward to posterior- cranidial margin at distal end
of posterior limb.

Free cheek broad, triangular. Narrow lateral bor-
der poorly defined by shallow lateral border furrow
that disappears near base of genal spine. Posterior
border furrow moderately deep, parallels posterior
margin of cheek, extends short distance onto slender
genal spine.

Pygidium transversely elliptical. Axis convex, ele-
vated above pleural regions, tapered slightly posterior-
ly, lacks well-defined end. Four distinct ring furrows
present posterior to articulating furrow. Pleural
regions broad, concave, lack separately defined border.
Anterior pleural furrow broad, deep, continued nearly
to pygidial margin. Interpleural furrows as deep as
pleural furrows; pleural furrows of each segment
close to anterior margin of segment, so pygidium has
three or four pairs of closely spaced pleural and inter-
pleural furrows that disappear towards lateral margin.
Posterior pygidial margin faintly scalloped; has four
pairs of incipient posterior projections on most speci-
mens. Slight median indentation present.

External surfaces of all known parts smooth.

Discussion.—The asymmetrical position of the pleu-
ral furrows on the pygidium, which produces a narrow
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anterior band and wide posterior band for each py-
gidial segment, distinguishes Briscoia septentrionalis
Kobayashi from all other described species of Briscoia.
A similar pattern of furrows is present on pygidia
assigned to Dikelocephalus inequalis Ulrich and Res-
ser, Elkia nasuta Walcott, and “Briscoia” elegans
(Kobayashi). E. nasuta and “B.” elegans each have
well-developed pygidial border spines. D. énequalis
does not have its posterior margin preserved and can-
not be adequately compared with other species.

Ocourrence—Trempealeauan-1 fauna. Common (11
cranidia, 2 free cheeks, 4 pygidia), USNM colln. 250
(= Mertie collection 30AMt147); f%rare (fragments
of 3 cranidia and 3 pygidia), USGS colln, 3835-CO;
both from Jones Ridge area (south end), possibly
same locality.

“Briscoia” elegans (Kobayashi)
Plate 15, figures 6, 7
Parabriscoia clegans Kobayashi, 1935a, p. 538, pl. 10, figs. 8-10.
Parabdriscote stenorachis Kobayashi, 1935a, p. 53, pl. 10, fig. 12.

Description—Pygidium identical to B. septentrio-
nalis except for posterior margin. Four pairs of mar-
ginal spines present. Three anterior pairs of compar-
able size, slender, moderately long, sharply pointed,
evenly spaced. Posterior pair very short, sharp, situ-
ated directly lateral to third pair of spines and closer
to spine than to axial line. Posterior margin between
posterior pair of spines convex forward. Ixternal sur-
faces of all parts smooth.

Discussion—*“Briscoia” elegans (Kobayashi) differs
from all described dikelocephalids in the pattern of the
posterior marginal spines. If the pygidia are not con-
sidered in relation to other dikelocephalid parts, they
would seem to be congeneric with the pygidium of Elkia
nasuta. Walcott which was described by Kobayashi
(1985a) as Parabriscoia dolichorachis. However, all
associated dikelocephalid parts in the collection are
characteristic of Briscoia, and the associated pygidia of
B. septentrionalis have incipient border spines in the
same positions as the border spines of “B.” elegans.
Therefore it is most probable that the two species are
congeneric, or perhaps really only represent well-
defined dimorphs of a single species. (See also generic
discussion.)

Kobayashi’s illustrations were improperly retouched
to show the fourth marginal spine as moderately long
and slender. I prepared the molds of his illustrated
specimens with a vibro-tool, and the latex casts illus-
trated here show the correct appearance of the pygi-
dial spines. The illustration of this species in Har-
rington and others (1959, figure 191-4c) is completely
erroneous.
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Occurrence—Trempealeauan-1 fauna. Moderately
common (6 pygidia), USNM loc. 250 (= Mertie colln.
30AMt147) ; 1 cranidium, 3 pygidia, GSC colln. 4671;
both from Jones Ridge area.

Family DINESIDAE Lermontova

Genus DINESUS Etheridge

Dinesus Etheridge, 1896, p. 56; Gregory, 1903, p. 154; Chap-
man, 1917, p. 98; Kobayashi, 1935b, p. 132; Whitehouse,
1939, p. 228; Lermontova, 1951, p. 113; Lochman, 1959,
p. 230 ; Ivshin, 1960, p. 124.

Type species—Dinesus ida Etheridge, 1896, p. 56, pl.
1, figs. 14 only.

Diagnosis.—Cranidium subquadrate. Glabella long,
subparalle]l sided. Preglabellar furrow tangent to bor-
der furrow. Single posterior glabellar furrow extends
inward obliquely from axial line to occipital furrow
outlining triangular posterior glabellar lobes. Pair of
furrows extends anterolaterally from axial furrows
near front of glabella outlining triangular lobes on
inner part of brim. Fixed cheeks moderately wide.
Palpebral lobes small, situated opposite middle third of
glabella. Anterior section of facial suture directed
nearly straight forward. Posterior section divergent
slightly posteriorly. Ornamentation partly or wholly
granular.

Discussion—For many years Dinesus has been a
monotypic genus, containing only D. ide from beds
assigned to the Middle Cambrian in Australia. White-
house (1939, p. 228) suggested that Solenopleura (%)
sibirica (Schmidt) (Von Toll, 1899) belonged to Dine-
sus, but Lermontova (1940, p. 145) made it the type of
Erbia. She recognized the relationship between the
genera, however, by including them in the Dinesidae.

Kobayashi (1943b, p. 317) pointed out that the prin-
cipal generic distinction between Dinesus ide and Erbia
sibirica is the presence of isolated triangular lobes adja-
cent to the anterior end of the glabella on D. ida.
These lobes are also characteristic of E. granulosa Ler-
montova and of D. arctica n. sp. These three species
are here considered to be congeneric and to represent
Dinesus, which differs from Erbig in the characteristic
discussed above.

The statement in the generic diagnosis about orna-
mentation conflicts with a statement by Kobayashi
(1943b, p. 817) that Dinessus ida is smooth. I have
examined the specimen figured by Kobayashi (1935a,
p. 22, fig. 8); when it is whitened, a faint granular
ornamentation can be seen on the glabella, the tops of
the anterolateral lobes, and the fixed cheeks. This spec-
imen is an internal mold, but granular ornamentation
on an internal mold is generally a reflection of original
external surface ornamentation.
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Dinesus arcticus n. sp.
Plate 1, figures 1, 2, 4

Description—Cranidium subquadrate, moderately to
strongly convex transversely and longitudinally. Gla-
bella well defined at sides by deep subparallel axial fur-
rows, strongly convex transversely and longitudinally;
front evenly and strongly rounded, reaches nearly to
border. Single transglabellar furrow crosses posterior
part of glabella; axial part tangent to occipital fur-
row and thus outlines small elongate posterolateral
glabellar lobes. Occipital furrow deep, straight except
for anteriorly deflected distal ends. Occipital ring
moderately wide on axial line, distinctly narrower at
distal ends, has prominent median axial node. Axial
furrows branched forward adjacent to anterior end of
glabella; inner branches deepest, outline anterior end of
glabella, and are tangent to border furrow on axial
line; outer branches slightly divergent forward across
inner part of brim to border furrow outlining lateral
parts of small triangular lobes. Posterior ends of axial
furrows deflected laterally from bases of posterolateral
glabellar lobes to border furrow by distal ends of occi-
pital ring. Frontal area short; sagittal length about
one-fourth sagittal length of glabella, exclusive of occi-
pital ring. Border convex, of nearly constant width.
Area between border and anterior end of glabella on
axial line concave. Lateral parts of brim convex, de-
pressed. Fixed cheek gently convex, horizontal; width
about one-half or slightly more than one-half basal
glabellar width. Ocular ridge absent. Palpebral lobe
small, convex, situated opposite midde third of glabella;
inner and posterior margins defined by shallow palpe-
bral furrow; anterior end continuous with surface of
cheek ; length slightly less than one-third sagittal length
of glabella exclusive of occipital ring. Distal part of
posterior limb short, depressed. Posterior border fur-
row deep. Posterior border has distinct angulation on
line directly behind palpebral lobe, directed slightly for-
ward lateral to this angulation.

Thorax composed of at least seven segments, tapers
slightly posteriorly. Axis broad, convex; width slight-
ly greater than width of adjacent pleural regions.
Each axial ring has shori, blunt median spinule.
Pleurae of each segment have broad deep pleural fur-
row extending to tip of segment. Anterior band of
each segment extended into short curved terminal spine.

External parts of all convex surfaces except palpe-
bral lobes covered with closely spaced coarse granules.
External surfaces of palpebral lobes smooth or ob-
scurely pitted.

Discussion—Dinesus arcticus n. sp. is most similar to
E'rbia granulosa Lermontova, from which it differs by
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having less strongly granular ornamentation that is
lacking on the palpebral lobes, a broader border and
frontal area, and shallower furrows outlining the lat-
eral parts of the triangular lobes adjacent to the antero-
lateral parts of the glabella. Both species differ from
E. sibirica (Schmidt), the type species of Erbia, by
lacking a distinct brim on the axial line and thus hav-
ing isolated ornamented triangular lobes on the frontal
area between the anteriorly divergent furrows that con-
nect the axial furrows to the border furrow. This
characteristic has been cited by Lermontova (1951) and
Suvorova (1960a,b) as one of the principal features that
distinguishes Dinesus from Erbia.

Dinesus arctica differs from D. ida Etheridge by lack-
ing an occipital spine and an externally expressed eye
ridge and by having relatively smaller eyes.

Occurrence—Early Cambrian—1 fauna. Moderately
rare (5 cranidia, 1 partly articulated specimen), USGS
colln. 4296-CQO; ?rare (1 cranidial fragment), USGS
colln. 4295-CO; both from Yukon River (Water Level)
area. ?Rare (2 cranidia), USGS colln. 4449-CO, Can-
ada, east of Hillard Peak area.

Family ELVINIIDAE Kobayashi
Subfamily DOKIMOCEPHALINAE Kobayashi

Genus IDDINGSIA Walcott

Iddingsia Walcott, 1924b, p. 58; Walcott, 1925, p. 97; Shimer
and Shrock, 1944, p. 627; Bell and others, 1952, p. 184;
Lochman, 1959, p. 282; Palmer, 1960a, p. 95; Palmer, 1965,
p. 35.

Type species—Ptychoparia similis Walcott, 1884, p.

52, pl. 10, fig. 10.

Discussion—The species described below conforms in

most respects to the characteristics of /ddingsia that I

have described earlier (Palmer, 1965, p. 35).

Iddingsia relativa n. sp.
Plate 7, figures 16, 17, 22

Description—Cranidium, exclusive of posterior
limbs, subquadrate. Glabella moderately convex trans-
versely and longitudinally, tapered slightly forward,
bluntly rounded anteriorly, moderately well defined at
sides by axial furrow, less well defined across front by
shallow preglabellar furrow. Glabellar furrows shal-
low; posterior pair bigeniculate. Occipital ring mod-
erately convex. Oceipital furrow broad, moderately
deep, nearly straight. Frontal area short, downsloping,
subequally divided into gently convex brim and border
by moderately deep border furrow that is bluntly angu-
lar on axial line; sagittal length slightly less than one-
half sagittal length of glabella, exclusive of occipital
ring. Fixed cheek narrow, upsloping; width, exclusive
of palpebral lobe, slightly more than two-fifths basal
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glabellar width. Palpebral lobe large, arcuate, raised
shightly above level of cheek, well defined by broad
shallow palpebral furrow; situated opposite glabellar
midlength; width between one-half and three-fourths
width of interocular part of cheek; exsagittal length
about three-fifths sagittal glabellar length exclusive of
occipital ring. Ocular ridge low, poorly defined.

Posterior limb slender, sharply pointed; transverse
length about equal to basal glabellar width.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then curved sharply inward across border to inter-
sect anterior margin directly anterior to juncture of
ocular ridge and axial furrow.

Free cheek broad; lateral margin strongly curved.
Genal spine long, slender, cylindrical, directed upward
and outward from genal angle in broad curve; length
on largest specimens nearly three times length of pos-
terior sutural margin. Lateral and posterior border
furrows moderately deep, interrupted at base of genal
spine. Width of lateral border slightly less than one-
half anterior width of ocular platform. Infraocular
ring well defined.

Pygidium subtrapezoidal; sides slightly convergent
posteriorly; posterior margin bluntly rounded. Axis
prominent, slightly tapered and bluntly rounded pos-
teriorly, not extended to poorly defined border; post-
axial ridge barely apparent. Two distinct ring furrows
present posterior to articulating furrow; first furrow
broad, deep; second furrow shallow. A third furrow
barely apparent. Pleural fields gently convex, nearly
horizontal, crossed by two shallow pleural furrows and
one interpleural furrow. Border narrow, wirelike, not
distinctly separated from pleural fields.

External surfaces of all parts covered thickly with
fine closely spaced granules. Scattered coarse granules
with median perforations present on all parts except
palpebral lobes, genal spines, and pygidial border.

Discussion.—Iddingsia relativa n. sp. is well repre-
sented by many excellently silicified cranidia and free
cheeks, but only one pygidium was found. The sugges-
tion of a close genetic relationship between Dunder-
bergia and Iddingsia that I have discussed earlier
(Palmer, 1965, p. 33) is supported by the character-
istics of 7. relativa. The structure of the free cheek is
typical of the Dokimocephalinae by having the lateral
and posterior border furrows interrupted by the base of
the genal spine and by having the genal spine directed
outward and upward at an angle to the lateral margin.
However, the cranidium is very similar to cranidia of
Dunderbergie in its ornamentation, poor development
of glabellar furrows, and tendency towards a median
angulation of the border furrow. These characteristics
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also distinguish /. relativa from other species of /d-
dingsia. The palpebral lobes are larger than those of
typical species of Dunderbergia, and the cranidial bor-
der is relatively wider.

Rasetti (1961, pl. 24, figs. 7-9) has illustrated a spe-
cies identified as Dunderbergia cf. D. variagranula
Palmer that has a free cheek typical of the Dokimo-
cephalinae and relatively deep posterior glabellar fur-
rows. These features are charactristics of the early
species of Iddingsia. The species differs from 7. rela-
tiva by having smaller palpebral lobes, a narrower
cranidial border, and a greater development of coarse
granules in its ornamentation. However, the affinities
of the species illustrated by Rasetti are certainly more
with /. relative than with D. veriegranule, and it
should be considered as an wunnamed species of
Iddingsia.

Dunderbergia seducta n. sp. is superficially similar
to Iddingsia relativa. The cranidium has a similar
ornamentation, but it has a narrower border and
smaller palpebral lobes, and the associated free cheek
has the lateral and posterior border furrows joined
at the genal angle.

Ocourrence—Dresbachian-2 fauna.  Moderately
common (more than 20 cranidia and free cheeks, 1
pygidium), USGS colin. 4381-CO; ?rare (3 cranidia),
USGS colln. 4380-CO, Hi-yu area.

Genus DUNDERBERGIA Walcott

Dunderbergia Walcott, 1924b,, p. 56; Walcott, 1925, p. 84;
Resser, 1935, p. 23; Raymond, 1937, p. 1112; Kobayashi,
1938, p. 181; Shimer and Shrock, 1944, p. 625; Palmer,
1954b, p. 760; Howell, 1959, p. 238; Palmer, 1960a, p. 65;
Palmer, 1965, p. 39.

Discussion.—Dunderbergia has recently been re-
viewed (Palmer, 1960a, p. 65; 1965, p. 39), and the
species described below conforms in all respects to
the generic characteristics.

Dunderbergia seducta n. sp.
Plate 7, figures 21, 2628

Description—Cranidium has outline subquadrate;
anterior margin bluntly pointed. Glabella moderately
convex transversely and longitudinally, tapered for-
ward, bluntly rounded anteriorly, well defined by
shallow axial and preglabellar furrows. Two pairs
of shallow glabellar furrows apparent; posterior pair
directed distinetly inward and backward from axial
furrows. Occipital furrow deep, moderately wide.
Occipital ring narrow, convex, has small median tu-
bercule. Frontal area downsloping, divided into mod-
erately convex brim and border by narrow border
furrow that has slight median angulation; sagittal
length of border about two-thirds sagittal length of
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brim. Fixed cheek gently convex, horizontal or slight-
ly upsloping; width, exclusive of palpebral lobe, about
one-half basal glabellar width. Eye ridge well defined.
Palpebral lobe arcuate, well defined by moderately
curved palpebral furrow; exsagittal length about
three-eighths sagittal glabellar length, exclusive of
occipital ring. Form of posterior limb not known.

Free cheek has gently curved lateral margin and
moderately long genal spine; length of spine slightly
greater than length of posterior section of facial su-
ture. Lateral and posterior border furrows joined
at genal angle. Border gently convex; width at an-
terior end about one-half width of ocular platform.

Pygidium semicircular. Axis broad, prominent,
subparallel-sided, bluntly rounded posteriorly, con-
nected to narrow convex well-defined border by broad
postaxial ridge. Two distinet ring furrows present
posterior to articulating furrow; third furrow barely
apparent. Pleural regions gently convex; pleural
fields crossed by three broad, shallow pleural furrows.
Width of pleural region about two thirds anterior
width of axis.

Ornamentation consists of closely spaced fine gran-
ules and scattered coarse granules on the cranidium
and free cheek and closely spaced fine granules on the
pygidium.

Discussion.—The mixture of fine and coarse granules
in the ornamentation of Dunderbergia seducta n. sp.
and the moderately well-developed posterior pair of
glabellar furrows are characteristics of the early
species of Dunberbergia (cf. D. brevispina and D.
caleulosa, Palmer, 1965, pl. 5, figs. 6-13, 15). D. se-
ducta differs from both of these by having a relatively
longer genal spine. The width of the fixed cheek is
significantly greater than that of D. calculosa, and the
development of coarse granules is intermediate be-
tween that of D. caleulosa and D. brevispina.

The cranidium of this species is quite similar to
that of Iddingsia relative n. sp. (pl. 7, fig. 17). It
differs principally by having a consistently narrower
border and smaller palpebral lobes. The free cheeks
of the two species are strikingly different. The simi-
larity of the cranidia of the species, however, empha-
sizes the close relationship of Zddingsia to Dunder-
bergia as discussed earlier (Palmer, 1965, p. 33).

Occurrence—Dresbachian-2 fauna.  Moderately
rare (4 cranidia, 2 free cheeks, 1 pygidium), USGS
colln. 4361-CO, Jones Ridge area.

Genus ELBURGIA Palmer
Elburgia Palmer, 1960a, p. 68, 69; Palmer, 1965, p. 42.
Type species—Crepicephalus (Loganellus) gran-
ulosus Hall and Whitfield, 1877, p- 214, pl. 2, figs. 2, 3.
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Discussion—The species described below conforms
in all respects with the characteristics of Elburgia
that I have described earlier (Palmer, 1965, p. 42).

Elburgia disgranosa n. sp.
Plate 7, figures 18-20, 23-25

Description—Cranidium, exclusive of posterior
limbs, subquadrate, moderately rounded anteriorly.
Glabella moderately convex transversely, gently con-
vex longitudinally, tapered slightly forward, bluntly
rounded at front, well defined by moderately deep
axial and preglabellar furrows. Two distinct pairs
of glabellar furrows present. Occipital furrow deep,
straight. Oceipital ring gently convex. Frontal area
downsloping; sagittal length about one-half sagittal
length of glabella, exclusive of occipital ring. Border
moderately convex, well defined by deep border furrow
that has slight median angulation; sagittal length
about two-thirds sagittal length of gently convex
brim. Fixed cheeek slightly upsloping, nearly flat;
width, exclusive of palpebral lobe, slightly less than
one-half basal glabellar width. Ocular ridge indis-
tinct. Palpebral lobe arcuate, well defined by curved
palpebral furrow; exsagittal length slightly less than
one-half sagittal glabellar length, exclusive of occipital
ring; width slightly less than one-half width of infra-
ocular part of cheek. Posterior limb tapered evenly
to sharp point; transverse length about equal to basal
glabellar width.

Free cheek has moderately curved lateral margin
and short slightly divergent genal spine; length of
genal spine about one-half length of posterior sutural
margin of cheek. Border convex, well defined by
lateral border furrow that joins posterior border fur-
row at genal angle; width of border slightly less than
one-third width of anterior sutural margin.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then turned abruptly inward to intersect anterior
margin directly anterior to juncture of ocular ridge
and axial furrow. Course of posterior section of
facial suture strongly divergent, slightly sinuous, from
palpebral lobe to posterior cranidial margin.

Pygidium semicircular. Axis large, convex, tapered
slightly posteriorly, bluntly rounded at back, reaches
nearly to inner edge of narrow convex border, con-
nected to border by broad low median ridge. Two
distinet ring furrows present posterior to articulating
furrow; anterior furrow broadest and deepest. Pleu-
ral regions nearly flat; width slightly less than three-
fourths width of axis. Pleural fields crossed by two
shallow pleural furrows; anterior furrow continuous

with border furrow.
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All parts of external surface except furrows, outer
parts of palpebral lobes, and genal spines thickly
covered with moderately coarse granules of one size.

Discussion—FElburgia disgranosa n. sp. is most like
E. granulosa (Hall and Whitfield) in posessing gran-
ular ornamentation on nearly all parts. It differs by
having a longer genal spine and by having the gran-
ules much more closely spaced and evenly distributed
over the external surface of the exoskeleton. The
genal spine on large specimens has pits along its
outer margin similar to the pits observed on the genal
spine of . granulosa.

Cranidia from Nevada that were questionably as-
signed to Elburgia granulosa (Palmer, 1965, p. 43,
pl. 5 fig. 18) have an ornamentation comparable to
that of £. disgranosa n. sp. and may be more properly
assigned to the Alaskan species when more is learned
about the associated free cheeks.

Occurrence~—Dresbachian-2 fauna. Moderately rare
(4 cranidia, 5 free cheeks, 3 or more pygidia), USGS
colln. 4381-CO, Hi-yu area.

LOWER PALEOZOIC PALEONTOLOGY AND

Family EUREKIIDAE Hupé

Genus BAYFIELDIA Clark
Bayfieldia Clark, 1924, p. 31; Kobayashi, 1935b, p. 317; Rasetti,
1944, p. 239; Lochman, 1959, p. 325.
Type species—Bayfieldia tumifrons Clark, 1924,
p. 31, pl. 4, fig. 6.
Discussion.—Lochman (1959) has given the most
complete diagnosis of Bayfieldia.

Bayfieldia spp.
Plate 15, figures 8, 11, 12

Discussion—At least two species referable to Bay-
fieldia are present in the Alaskan collections. Cran-
idia of both species have the palpebral lobes mod-
erately long and situated close to the glabella slightly
posterior to the glabellar midlength. The frontal area
of each species is narrow, but its exact nature is not
clear because the outer surface of the exoskeleton of
most specimens of the Eurekiidae clings to the matrix
so that the specimens are characteristically exfoliated.
The surface of the mold of species 1 is coarsely gran-
ular (pl. 15, fig. 12). The surface of the mold of
species 2 (pl. 15, fig. 8) is smooth, but a fragment of
the exoskeleton on the occipital ring shows that the
external surface was coarsely granular.

A pygidium associated with the cranidium of species
2 has five pairs of short border spines and a single
deep ring furrow crossing the axis. This specimen,
although exfoliated, has all the characteristics of the
pygidium of Corbinia horatio (Walcott, 1925, pl. 16,
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fig. 22). However, the cranidium of . horatio has
smaller and more anteriorly placed palpebral lobes
than the Alaskan cranidium.

The specimens that are here assigned to Bayfieldia
are too few and too poorly preserved to resolve any
questions about the systematics of the Eurekiidae.
They are illustrated to show the presence of these
characteristic latest Cambrian trilobites in the Alaskan
section.

Occurrence—Trempealeanan-2 fauna. Species 1,
rare (1 cranidium), USGS colln. 4363-CO. Species 2,
rare (1 cranidium), USGS colln. 4371-CO; 3 cranidia,
1 pygidium, USGS colln. 4374-CO. All from Jones
Ridge area.

Family MARJUMIIDAE Kobayashi

Genus MARJUMIA Walcott
Marjumia Walcott, 1916, p. 401; Shimer and Shrock, 1944,
p. 613; Lochman, 1959, p. 306; Robison, 1964a, p. 547.

Type species—Marjumic_typa Walcott, 1916, p. 402,
pl. 65, figs. 4, 4a,b.

Discussion—Robison (1964a) has recently reviewed
the concept and content of Marjumia. The pygidium
described below has the bluntly terminated axis, few
axial segments, deep anterior pleural furrows, and
marginal spines that together characterize pygidia
of Marjumia.

cf. Marjumia callas Walcott
Plate 6, figure 10

Marjumia callas Walcott, 1916, p. 402, pl. 65, figs. 3, 3a, b;
Robison, 1964a, p. 549, pl. 86, figs. 17-21.

Description—Pygidium semicircular. Axis short,
convex, bluntly terminated posteriorly. One distinct
ring furrow posterior to articulating furrow. Pleural
region lacks distinct border, crossed by single anterior
pleural furrow that extends to base of small antero-
lateral marginal spine.

Discussion—A single pygidium associated with a
scrap of a marjumiid cranidium is remarkably similar
to the pygidia of Marjumia callas Walcott figured by
Robison (1964a). The principal difference is that the
Alaskan specimen has only one ring furrow on the
pygidial axis posterior to the articulating furrow.
This distinction may be of specific value, but without
additional pygidia and associated exoskeletal parts, the
importance of the difference cannot be adequately
evaluated. The species is certainly more closely re-
lated to M. callas than to any other marjumiid.

Occurrence—Middle Cambrian-2 fauna. Rare (1
pygidium), USGS colln. 4310-CO, Tatonduk River
area.
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Genus MODOCIA Walcott

Modocia Walcott, 1924b, p. 59; Walcott, 1925, p. 105; Koba-
yashi, 1935b, p. 291; Kobayashi, 1943b, p. 322; Resser,
1935, p. 41; Resser, 1936, p. 25; Shimer and Shrock, 1944,
p. 629; Tasch, 1951, p. 301; Palmer, 1954a, p. 81; Palmer,
1954b, p. 762; Lochman, 1959, p. 306; Robison, 1964a,
p. 550; Rasetti, 1965, p. 106.

Armonie Walcott, 1924b, p. 54; Walcott, 1925, p. 69; Resser,
1936, p. 4; Shimer and Shrock, 1944, p. 605.

Metisia Resser, 1937b, p. 19.

Perioura Resser, 1938, p. 94; Resser, 1942a, p. 38; Howell,
1959, p. 241,

Semnocephalus Resser, 1942a, p. 50.

Type species—Arionellus (Crepicephalus)

Meek and Hayden, 1861, p. 436.

Discussion.—Robison (1964a, p. 550-552) has re-
viewed the content and concept of Modocia and his

description is followed here. He has shown the im-

portance of knowledge of pygidia as well as cranidia

for adequate identification of trilobites in this genus
and also the need to know the nature of ornamentation
to identify species. Although several collections con-
tain cranidia of probable marjumiid trilobites, only
two collections have associated pygidia and free cheeks
and preserved external surfaces that permit compari-
son with other species of Modocia. These specimens
show that there are at least two species of Modocia

in Alaska.

owent

Modocia compressa n. sp.
Plate 5, figures 6-8

Description—Cranidium  elongate, subquadrate.
Glabella long, tapered slightly forward, strongly and
evenly rounded at front, well defined by axial and
preglabellar furrows of nearly constant depth; basal
glabellar width slightly more than three-fourths sagit-
tal glabellar length. Glabellar furrows absent. Qc-
cipital furrow straight, moderately deep. Occipital
ring convex, has small median node. Frontal area
short, downsloping, subequally divided into brim and
border by broad, gently curved border furrow that has
slight median inbend. Fixed cheeks narrow, slightly
downsloping; width about one-fourth basal glabellar
width. Palpebral lobes long, arcuate, moderately well
defined by shallow palpebral furrow. Form of pos-
terior limbs not known. Fragments of preserved exo-
skeleton at sides of glabella and posterior limb show
a finely pitted external ornamentation.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row. Course of posterior section divergent-sinuous.

Free cheek has broad convex border well defined by
moderately deep lateral border furrow that intersects
posterior section of facial suture near genal angle;
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width of border slightly more than one-half width of
ocular platform. Genal spine short; length slightly
more than one-half length of posterior section of
facial suture.

Pygidium semicircular; width slightly more than
twice length. Axis broad, convex, bluntly terminated
posteriorly ; width slightly less than one-third greatest
pygidial width; length about three-fourths sagittal
pygidial length. Two distinet ring furrows present
posterior to articulating furrow. Pleural regions have
only first pleural furrow distinctly defined. Posterior
margin lacks spines. External surface has ornamenta-
tion of weakly defined pits.

Discussion—Although the Alaskan specimens de-
scribed above are largely exfoliated and incomplete,
there are enough features preserved to show that they
do not belong to any previously described species of
Modocia. The only previously described species of
Modocia having a pitted external surface are M. fypi-
calis (Resser) (Robison, 1964a, p. 552) and M. crassi-
marginate Rasetti (1965, p. 109). The Alaskan species
differs from both of these by having narrower fixed
cheeks, a more slender glabella, and less well defined
pleural furrows on the pygidium.

Occurrence—Middle Cambrian-1 fauna. Moder-
ately rare (1 cranidium, 1 free cheek, 6 pygidia),
USGS colln. 4341-CO, Hillard Peak area.

Modocia transversa n. sp.
Plate 5, figures 1-6

Description—Cranidium  elongate, subquadrate,
gently to moderately convex transversely and longi-
tudinally. Glabella moderately convex transversely,
gently convex longitudinally, tapered forward, strong-
ly rounded at front, well defined by moderately deep
axial and preglabellar furrows of nearly constant
depth. Glabellar furrows absent. Occipital furrow
deep, straight. Occipital ring convex, narrow, lacks
distinct median node or spine. Frontal area down-
sloping, subequally divided by broad, gently curved,
shallow border furrow into moderately convex, gently
downsloping border and gently convex, steeply down-
sloping brim; sagittal length of frontal area slightly
less than one-half sagittal length of glabella, exclusive
of occipital ring. Fixed cheek gently convex, slightly
downsloping; with between one-third and one-half
basal glabellar width. Palpebral lobe well defined,
nearly flat, slightly curved, depressed slightly below
level of cheek, situated opposite middle third of gla-
bella; length between one-third and one-half sagittal
glabellar length, exclusive of occipital ring. Posterior
limb bluntly rounded distally; transverse length about
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equal to basal glabellar width. Border furrow broad,
deep.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then curved abruptly inward across border to
merge imperceptibly with anterior margin. Course
of posterior section of facial suture strongly divergent
laterally behind palpebral lobe, then curved strongly
backward to posterior cranidial margin.

Free cheek has well-defined gently convex, gently
curved lateral border ; width slightly more than one-half
width of ocwar piatform at anterior margin. Lateral
border furrow distinct, shallow, intersects distal part
of posterior section of facial suture near genal angle.
Genal spine short, sharp; length slightly more than
one-third length of posterior section of facial suture.

Pygidium semicircular, margin lacks spines; sagittal
length about one-third greatest width. Axis convex,
tapered slightly backward, bluntly terminated pos-
teriorly, extended to inner edge of poorly defined
border; width between one-third and one-fourth great-
est width of pygidium. Two ring furrows present
posterior to articulating furrow; anterior one deepest.
Pleural regions crossed by three moderately broad
pleural furrows and two narrow interpleural furrows.
Posterior pleural and interpleural furrows poorly de-
fined on external surface.

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

Discussion.—The relatively short palpebral lobes on
the cranidium and short genal spine on the free cheek
distinguish Modocia transversa n. sp. from all de-
scribed species of Modocia except M. metisensis (Wal-
cott). However, M. metisensis differs from M. trans-
versa by having a strongly convex upturned cranidial
border and a broad pygidial axis that is more than
one-third the width of the pygidium.

Occurrence—Middle Cambrian—1 fauna. Moderate-
ly common (12 cranidia, 2 free cheeks, 6 pygidia),
USGS colln. 4382-CO, Hard Luck Creek area.

Family MENOMONIIDAE Walcott

Genus BOLASPIDELLA Resser

Bolaspidelle Resser, 1937b, p. 3; Shimer and Shrock, 1944,
p. 609; Shaw, 1952, p. 477; Lochman, 1953, p. 892; Palmer,
19544, p. 74; Palmer, 1954b, p. 739 ; Lochman, 1959, p. 304;
Robison, 1964a, p. 553.

Hysteropleura Raymond, 1937, p. 1094.

Deisselle Howell and Duncan, 1939, p. 7.

Howellaspis Lochman and Denson in Lochman and Duncan,
1944, p. 125,

Type species.—Ptychoparia housensis Walcott, 1886,
p. 201, pl. 25, fig. 5.
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Discussion.~—The content and concept of Bolaspi-
della have been fully reviewed by Robison (1964a,
p. 553-555). His description of the characteristics of
Bolaspidella is followed here.

Bolaspidella wellsvillensis (Lochman and Denson)
Plate 5, figure 23

Howellaspis wellsvillensis Lochman and Denson in Lochman
and Duncan, 1944, p. 125, pl. 15, figs. 18-20.

Bolaspidella wellsvillensis (Lochman and Denson). Palmer,
1954b, p. 741, pl. 83, fig. 11; Lochman and Hu, 1961, p. 138,
pL. 30, figs. 1-5.

Howellaspis snowyensis Duncan in Lochman and Duncan, 1944,
p. 126, pL 15, figs. 14-17.

Description—Cranidium subtrapezoidal, gently to
moderately convex transversely and longitudinally.
Glabella well defined, bluntly rounded anteriorly, sides
straight, tapered forward. Two pairs of short gla-
bellar furrows present at sides of glabella. Occipital
furrow straight, deep. Ocecipital ring widest on medi-
an line, lacks occipital spine. Frontal area subequally
divided into downsloping brim and upsloping border
by narrow, slightly curved border furrow; sagittal
length of frontal area about two-thirds sagittal length
of glabella, exclusive of occipital ring. Fixed cheek
convex, upsloping; width about two-thirds basal gla-
bella width. Ocular ridge moderately well defined,
directed slightly posterolaterally from near anterior
end of glabella. Posterior limb long, slender; trans-
verse length significantly greater than basal glabellar
width. Ornamentation consists of abundant fine gran-
ules on all parts, scattered coarse granules on border,
and two longitudinal rows of four granules on top
of glabella.

Discussion.—Except for more convex fixed cheeks,
the Alaskan specimens described here cannot be ob-
jectively distinguished from the types of Bolaspidella
wellsvillensis. Even the distribution of the scattered
coarse granules is comparable.

Occurrence—Middle Cambrian-1 fauna. Rare (3
cranidia), USGS colln. 4341-CO, Hillard Peak area.

Family NILEIDAE Angelin

Genus TATONASPIS Kobayashi

Tatonaspis Kobayashi, 1935a, p. 48.

Type species—Tatonaspis alaskensis XKobayashi,
1935a, p. 48, pl. 9, figs. 5-1.

Description—Cranidium, exclusive of posterior
limbs, subquadrate, gently convex transversely, mod-
erately convex longitudinally; anterior margin in
front view arched. Glabella large, low, poorly defined
only at sides on external surface by slight changes in
slope of the surface of the exoskeleton, slightly better
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defined on surface of mold, extended nearly to anterior
cranidial margin. No glabellar furrows apparent.
Occipital furrow barely apparent; occipital ring has
small median node best defined on surface of mold.
Frontal area barely present in front of glabella, forms
crescent-shaped area anterior to palpebral area of
fixed cheek; lateral corners strongly depressed. Fixed
cheek narrow; horizontal; width, including palpebral
lobe, about two-fifths basal glabellar width. Palpebral
lobe large, flaplike, semicircular, situated about oppo-
site glabellar midlength; palpebral furrow not ap-
parent. Posterior limb slender, sharply pointed;
transverse length slightly more than one-half basal
glabellar width. Posterior border furrow shallow or
absent.

Course of anterior section of facial suture nearly
straight forward immediately in front of palpebral
lobe, then curved evenly inward to form rounded an-
terolateral margin of cranidium, and continued intra-
marginally around front of cranidium. Connective
sutures absent. Course of posterior section of facial
suture strongly divergent and sinuous.

Free cheeks form a single unit connected by broad
nearly vertical cephalic border that has well-defined
transversely arranged terrace lines; border in front view
tapers laterally to a point, ventral margin gently
arched upward, dorsal margin strongly arched upward
deflecting course of facial suture; only tiny part of
dorsal margin of border remains on cranidium. Lat-
eral parts of cheek moderately broad, strongly de-
pressed, gently convex. Lateral border not defined.
Genal spine short, slender. Distinct infraocular ring
present.

Discussion—Kobayashi (1935a) gave only a brief
diagnosis of 7atonaspis and described only the cran-
idium of the type species, 7. alaskensis. Subsequently,
Rasetti (1945a) illustrated a magnificent cephalon of
a second species, 7. levisensis. The description given
above summarizes all knowledge gained about Zaton-
aspis since 1935.

Lochman (1953, p. 887; 1959, p. 271) stated that
Tatonaspis is a subjective junior synonym of Macel-
loura (Resser, 1935). However, the relationship of
Tatonaspis to M. dia (Walcott), the type species of
Macelloura, is at best superficial, and the synonymy
is almost certainly incorrect. The glabella of M. dia
is well defined at its sides and reaches to a deep border
furrow that is continuous along the entire anterior
cranidial margin. The border is broken from most
of the cranidia in the type lot, so its full character
cannot be seen; however, fragments show that it was
strongly upturned and not plastered to the front of
the cranidium only near the axial line as in 7'atonaspis.
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The palpebral lobe is slender, arcuate, and moderately
well defined on the mold by a shallow palpebral fur-
row. It is situated close to the glabella, and its pos-
terior end is closer to the glabella than its anterior
end. The facial suture is strongly divergent forward
from the palpebral lobe in an outwardly convex arc.
All these characteristics distinguish M. dia from 7.
alaskensis, and all of them are at least of generic
value. Thus 7atonaspis is resurrected here as a dis-
tinctive genus of Late Cambrian age.

Tatonaspis alaskensis Kobayashi
Plate 14, figures 18-20
Tatonaspis alaskensis Kobayashi, 1935a, p. 48, pl. 9, figs. 5-7.

Discussion.—Because ornamentation seems to be the
only criterion at present for distinguishing species of
Tatonaspis, the morphology of 7. alaskensis Kobayashi
is given in the generic description. 7. alaskensis dif-
tfers from 7. levisensis Rasetti, the only other species
presently assigned to 7atonaspis, by having a smooth
rather than strongly pitted surface. New material of
this species from Alaska has provided information
about the free cheeks, palpebral lobes, and external
surface that was not available to Kobayashi. It shows
the essential morphologic identity of 7. alaskensis and
7. levisensis exclusive of ornamentation, although the
nature of the genal spine of 7. alaskensis is not yet
known.

Occurrence—Trempealeauan—1 fauna. Moderately
common (more than 10 cranidia), USNM loc. 250
(=Mertie colln. 30AMt147) ; 7 cranidia, 1 cheek unit,
USGS colln. 3835-CO; both from approximately the
same locality, Jones Ridge area. Common (12 crani-
dia), GSC colln. 4671, Jones Ridge area. Common
(10 cranidia), GSC colln. 4717-CO; ‘?rare (1 cra-
nidium), GSC colln. 4718-CO; both from Squaw
Mountain area.

Family NORWOODIIDAE Walcott

Gensus HARDYOIDES Kobayashi
Hardyoides Kobayashi, 1938, p. 177; Palmer, 1965, p. 52.
Norwoodina Lochman, 1940, p. 11‘, 48.

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

Discussion—Hardyoides has recently been reviewed
and revised . (Palmer, 1965, p. 52). The species
described below is unusual because it lacks distinct
posterior fixigenal spines and has fixed cheeks some-
what wider than those of other species of the genus.
However, all other cranidial characteristics of this
species are typical of Hardyoides, and it is assigned
to the genus without question.
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Hardyoides aspinosa n. sp.
Plate 7, figures 32, 33

Description~—Cranidium small, outline subtrape-
zoidal, anterior margin gently rounded. Glabella long,
strongly convex transversely, gently convex longitudin-
ally; sides subparallel; anterior end strongly rounded;
well defined by narrow axial and preglabellar furrows.
Glabellar furrows not apparent. Occipital furrow
deepest adjacent to axial furrow. Occipital ring nar-
row, has small median node. Frontal area short, sub-
equally divided into convex brim and border by narrow
deep border furrow. Fixed cheek gently convex, mod-
erately wide; width, exclusive of palpebral lobe, about
two-thirds basal glabellar width. Palpebral lobe small,
poorly defined, situated opposite anterior one-fourth of
glabella. Eye ridge poorly defined, directed nearly
straight laterally from glabella to paplebral lobe. Pos-
terior limb large, moderately convex; exsagittal length
one-half sagittal length of glabella, exclusive of occipi-
tal ring; transverse width almost twice basal glabellar
width. Posterior border furrow deep adjacent to gla-
bella, disappears near distal tip of limb. Distinct pos-
terior fixigenal spine absent. External surfaces of all
convex parts have scattered moderately coarse granules.

Other parts not known.

Discussion.—Hardyoides aspinosa n. sp. is most like
H. minor Kobayashi (Palmer, 1965, p. 54) from which
it differs by lacking distinet posterior fixigenal spines
and by having slightly wider fixed cheeks. It differs
from all other species in the genus by lacking an occi-
pital spine. )

Occurrence—Dresbachian-2 fauna. Moderately rare
(2 cranidia), USGS colln. 4361-CO, Jones Ridge area.

Family QLENIDAE Burmeister

Genus BIENVILLIA Clark

Bienvillie Clark, 1924, p. 21; Rasetti, 1944, p. 240; Hennings-
moen, 1957, p. 142; Poulsen, 1959, p. 267.
Diatemnus Raymond, 1937, p. 1092.
Type species—Dikelocephalus? corax Billings, 1865
[part], p. 334, text. fig. 322a.

Bienvillia sp.
Plate 12, figure 17

Discussion.—Two slightly crushed cranidia in the
Alaskan collections have the characteristic straight pos-
terior glabellar furrows connected across the glabella,
moderately wide brim, small anteriorly placed palpe-
bral lobes and narrow fixed cheeks of Bienvillia. They
differ from B. corax by having a relatively shorter
brim and slightly broader posterior limbs. More mate-
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rial of the Alaskan species will be needed to evaluate
the significance of these slight differences.

Occurrence—Franconian-2 fauna. Rare (2 crani-
dia), USGS colln. 3709-CO, Hillard Peak area.

Olenid undet. 1
Plate 10, figure 7

Discussion.—Two similar but specifically distinet
olenid trilobites are associated with Proceratopyge.
One of these has relatively well defined glabellar fur-
rows; the fixed cheeks, including the palpebral lobes,
are about one-half the glabellar width on a line between
the palpebral lobes; the posterior limbs are about as
wide, transversely, as the basal glabellar width ; and the
anterior sections of the facial sutures are divergent for-
ward from the palpebral lobes for a short distance and
thenr curved inward to form an outwardly convex
course. The occipital ring has a distinct median node
that bears four pits arranged at the corners of a square
on the figured specimen. Whittington (1956, p. 177;
1965, p. 297) has noted similar features on some Odon-
topleuridae and Scutellidae from the Ordovician.

The general aspect of the cranidium of this species
seems closest to early species of Leptoplastus as de-
scribed by Henningsmoen (1957, p. 162), but without
knowledge of associated parts a meaningful generic
assignment for the Alaskan specimens is not possible.

Occurrence—Franconian-1 fauna. Moderately com-
mon (10 cranidia), GSC colln. 4638 (=4727), Hillard
Peak area.

Olenid undet. 2

Plate 10, figure 8

Discussion.—Olenid undet. 2, which is found with
Proceratopyge, differs from the associated species,
olenid undet. 1, by having shallower glabellar furrows,
more anteriorly flared and less outwardly convex ante-
rior sections of the faclal sutures, wider fixed cheeks
and longer posterior limbs. The width of the fixed
cheek, including the palpebral lobe, is about five-eighths
of the width of the glabella on a line through the pal-
pebral lobes; the transverse width of the posterior limbs
is consistently greater than the basal glabellar width.
The occipital ring of this species also has a small me-
dian node that bears four shallow pits arranged at the
corners of a square.

This species is probably closely related to olenid
undet. 1, but the degree of relationship cannot be
determined without knowledge of other parts of the
exoskeleton.

Occurrence—Franconian-1 fauna. Moderately rare
(4 cranidia), GSC colln. 4638 (=4727), Hillard Peak
area.
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Family PAPYRIASPIDIDAE Whitehouse
Genus PROHEDINIA Lermontova and Chernysheva

Prohedinia Lermontova and Chernysheva in Chernysheva, 1950,
p. 68; Egorova and others, 1955, p. 127; Balashova, 1960,
p. 109.

Tosotychia Opik, 1961a, p. 160.

Type species—Prohedinia attenuate Lermontova and
Chernysheva in Chernysheva, 1950, p. 69, pl. 1, figs.
9-12.

Diagnosis—Cranidium trapezoidal. (Glabella slight-
ly tapered forward, bluntly rounded anteriorly. Fron-
tal area has convex border distinctly narrower than
brim. Fixed cheeks nearly as wide as glabella, gently
convex, horizontal. Palpebral lobes upturned, situated
opposite middle third of glabella. Narrow eye ridge
present. Distal parts of posterior limbs long. Ante-
rior sections of facial sutures convergent forward.

Discussion—Prohedinia  attenuata (Chernysheva,
1950, pl. 1, figs. 9-12), Chancia palliseri (Walcott)
and C. odarayensis Rasetti (Rasetti, 1951, pl. 29, figs.
1-3; pl. 33, fig. 15 only), Tosotychia sors (Opik, 1961a,
pl. 15, figs. 1-7), and the Alaskan species described
below all have the characteristics cited in the diagnosis
just given. These species constitute a distinetive genus
of ptychoparioid trilobites of medial to late Middle
Cambrian age that seems to have a circum-Pacific
distribution.

Opik (written commun., 1964) reports that Cherny-
sheva pointed out to him the probable synonymy of
Tosotychia (Opik, 1961a) with Prohedinia (Lermon-
tova and Chernysheva in Chernysheva, 1950) and that
he now agrees with her. I had overlooked this rela-
tionship and included the Alaskan species in 7osotychia
prior to Opik’s letter. However, I agree with Opik
that Chernysheva seems to be correct and that 7oso-
tychia is a junior synonym of Prohedinia.

The only similar American genus is Chancia, as
noted by Opik. Typical Chancia species, however, have
a broad concave cranidial border rather than a narrow
convex border. Rasetti (1951) included in Chancia
species having both concave and convex borders, but I
consider the differences in structure of the frontal area
to be at least of generic significance, and the forms
with convex borders are here placed in Prohedinia. As
restricted, Chancia is found only in beds of early to
medial Middle Cambrian age, and Prohedinia is found
in beds of medial to late Middle Cambrian age.

Prohedinia brevifrons n. sp.
Plate 5, figure 9

Description—Cranidium subtrapezoidal in outline,
gently to moderately convex transversely and longitudi-
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nally. Glabella moderately convex transversely, gently
convex longitudinally, well defined by shallow axial
and preglabellar furrows, tapered slightly forward,
bluntly rounded at front. Four pairs of glabellar fur-
rows apparent on best preserved specimen ; two anterior
pairs weakly defined; two posterior pairs deeper,
curved, directed obliquely backward. Occipital fur-
row deep, straight. Occipital ring convex; median
node present. Frontal area short; sagittal length
slightly less than one-half sagittal length of glabella,
exclusive of occipital ring. Brim gently convex, down-
sloping. Border furrow broad, deep, nearly straight.
Border convex, narrow, nearly horizontal in profile,
slightly arched upward in anterior view; sagittal
length slightly more than one-half sagittal length of
brim. Fixed cheek wide, gently convex, horizontal;
width, excluding palpebral lobe almost as great as
basal glabellar width. Palpebral lobe small, straight,
upturned; length about one-third sagittal glabellar
length, exclusive of occipital ring. Eye ridge narrow,
gently curved, directed almost straight laterally from
near front of glabella; best preserved specimen has
shallow median groove dividing eye ridge into anterior
and posterior parts. Distal part of vosterior limb
long; transverse length slightly less than transverse
length of proximal part; transverse length of entire
limb one and one-half times basal glabellar width.
Posterior border furrow broad, deep, curved slightly
backward parallel to posterior cranidial margin.

Course of anterior section of facial suture conver-
gent forward in broad curve from palpebral lobe to
anterior cranidial margin. Course of posterior sec-
tion of facial suture nearly straight posterolaterally
at angle of about 45° to axial line from palpebral to
posterior margin.

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

Discussion—Prohedinia brevifrons n. sp. is charac-
terized particularly by its short frontal area, wide
fixed cheeks, short and upturned palpebral lobes, long
distal parts of the posterior limbs, and convex anteri-
orly convergent anterior section of the facial suture.
The most similar trilobites are Tosotychia sors (Opik,
1961a) from beds of late Middle Cambrian age in
Australia and Chancia palliseri (Walcott) (Rasetti,
1951) from the medial Middle Cambrian Bathyuriscus-
LElrathina zone in the Canadian Rockies. 7. sors has
cranidial proportions similar to the Alaskan speci-
mens and also has double eye ridges. It differs
from the Alaskan specimens by having considerably
larger and more arcuate palpebral lobes and a distinct
parafrontal band. O. palliseri has a relatively longer
brim and frontal area than the Alaskan specimens,
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and the facial sutures are less convergent anteriorly.
The cranidium tentatively assigned to C. odarayensis
(Rasetti, 1959, pl. 33, fig. 15) has proportions of the
frontal area more like the Alaskan specimens, but
the border furrow is shallow across the axial line and
the border is not upturned relative to the brim.

Occurrence—Middle Cambrian-1 fauna. Moderate-
ly rare (3 cranidia), USGS collns. 4303-CO. 1 cra-
nidium, 4339-CO ; Tatonduk River area.

Family PTEROCEPHALIIDAE Kobayashi
Subfamily APHELASPIDINAE' Palmer

Genus OLENASPELLA Wilson

Olenaspella Wilson, 1956, p. 1344 ; Palmer, 1962, p. 36; Ivshin,
1962, p. 68; Palmer, 1965, p. 63.

Type species—Parabolinella? evansi Kobayashi,

1936b, p. 92, figs. 7, 8, 10.

Olenaspella evansi (Kobayashi)
Plate 8, figures 14

Parabolinella? evansi Kobayashi, 1936b, p. 92, pl. 15, figs. 7, 8§,
10.

Parabolinella evansi Kobayashi, 1938, p. 186, pl. 16, figs. 11,
12(?)

Olenaspella evansi (Kobayashi).
figs. 4, 5, T.

Palmer, 1962, p. 37, pl. 5,

Description—Cranidinm, exclusive of posterior
limbs, subquadrate ; anterior margin broadly and gent-
ly rounded. Glabella low, gently convex transversely
and longitudinally, well defined by shallow axial and
preglabellar furrows; sides subparallel; anterior end
bluntly rounded. Glabellar furrows narrow, shallow;
posterior pair strongly oblique, deepest. Occipital fur-
row shallow, straight, deepest distally. Occipital ring
has small median node. Frontal area gently down-
sloping; sagittal length slightly more than one-half
sagittal glabellar length, exclusive of occipital ring.
Border narrow, convex, well defined by narrow, gently
curved border furrow; sagittal length about one-third
sagittal length of nearly flat brim. Fixed cheek gent-
ly convex, nearly horizontal; width, exclusive of
palpebral lobe, slightly less than one-half basal glabel-
lar width. Palpebral lobe slightly upsloping, well
defined by broad, shallow, curved palpebral furrow;
exsagittal length slightly more than two-fifths sagittal
glabellar length, exclusive of occipital ring. Ocular
ridge low, poorly defined, directed slightly postero-
laterally from axial furrow. Posterior limb slender.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then turned inward across border to intersect
anterior margin anterolateral to anterior corners of
glabella. Course of posterior section of facial suture
divergent and sinuous.
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Free cheek elongate, subtriangular. Lateral mar-
gin broadly curved, continuous with margin of slender
genal spine. Border gently convex, well defined by
deep narrow border furrow; width at anterior mar-
gin slightly more than one-third width of gently con-
vex ocular platform. Lateral and posterior border
furrows meet in sharp point at base of genal spine.
Length of genal spine slightly less than twice length
of posterior section of facial suture.

Pygidium trangversely elliptical. Axis convex,
tapered slightly .posteriorly, well defined at sides by
narrow axial furrows, poorly defined at rear; sagittal
length about four-fifths sagittal pygidial length;
width slightly more than one-fourth greatest pygidial
width. Two complete ring furrows and one incom-
plete furrow present posterior to articulating furrow.
Pleural regions have three shallow pleural furrows;
anterior two furrows curved backward distally, termi-
nated at inner edge of poorly defined border. Shallow
interpleural furrow barely apparent between first and
second pygidial segments. Posterior margin has
three pairs of short evenly spaced border spines.

External surfaces of all parts smooth.

Discussion—The Alaskan specimens assigned to
Olenaspella evansi differ from the types principally
by having shallower glabellar furrows on the cra-
nidium and shallower pleural furrows on the pygidium.
The types are in black limestone from British Colum-
bia that has much evidence for diagenetic compres-
sion. This compression has accentuated the furrows
of all specimens. Thus, the differences between the
uncompressed Alaskan specimens and the slightly
crushed Canadian specimens seem to be more apparent
than real.

An incomplete pygidium and fragmentary cranidi-
um from a second Alaskan locality are also tenta-
tively referred to Olenaspella evansi. The pygidium
has the short axis and three pairs of marginal spines
diagnostic of this species, but the inner pair of spines
is distinctly smaller than the outer two pairs. The
pygidium is thus morphologically, and perhaps also
stratigraphically, intermediate between that of O.
paucisegmenta Palmer (1965, p. 64, pl. 10, figs. 1-3)
from pre-Dunderbergia zone beds of Nevada and typi-
cal O. evansi which seems to be from beds correlative
with the Dunderbergia zone. O. paucisegmenta has
only two pairs of pygidial spines, but 0. regularis
Palmer, an older two-spined species of Olenaspella,
occasionally has an incipent inner third pair of spines;
thus there possibly is a similar development and a
transitional morphologic series between O. pauciseg-
mente and 0. evansi.
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Occurrence—Dresbachian-2 fauna.  Moderately
rare (3 cranidia, 2 free cheeks, 4 pygidia), USGS
colln. 4381-CO, Hi-yu area. ?Rare (1 cranidium, 1
pygidium), USGS colln. 3717-CO, Yukon River
(West Ridge) area.

Subfamily PTEROCEPHALIINAE Kobayashi

Genus CERNUOLIMBUS Palmer
Cernuolimbus Palmer, 1960a, p. 84 ; Palmer, 1965, p. 69.

Type species—Cernuolimbus orygmatos
1960a, p. 85, pl. 8, figs. 1, 3, 5, 8, 11.

Discussion—The species described below conform
in all essential respects to the diagnosis of Cernuolim-
bus given earlier (Palmer, 1965, p. 69) except for the
unusual sagittal length of their cranidial borders.
Species of the only other closely related genus,
Sigmocheilus, generally have such a relatively broad
border. However, they lack the distinctly pointed
anterior cranidial margin, the deepest part of the con-
cave border is at about the midlength of the border
rather than anterior to the midlength, and the pygidi-
um has a relatively shorter axis and less transversely
elliptical outline. Thus the diagnosis of Cernuolimbus
is here emended to include species that have the
sagittal length of the cranidial border as much as
five times the sagittal length of the brim.

Palmer,

Cernuolimbus arcticus n. sp.
Plate 8, figures 17-19

Description—Cranidium, exclusive of posterior
limbs, elongate pentagonal, pointed anteriorly. Glabel-
la moderately convex transversely and longitudinally,
well defined by deep axial and shallow preglabellar
furrows, tapered slightly forward, bluntly rounded
anteriorly. Glabellar furrows shallow. Occipital fur-
row broad. Occipital ring has low median node.
Frontal area broad, concave; sagittal length about two
thirds sagittal length of glabella, exclusive of occi-
pital ring. Border broad, concave, separated from
brim by moderately deep border furrow bearing many
pits; sagittal length about 114 times sagittal length
of brim. Fixed cheeks narrow, upsloping; transverse
width between one-third and one-fourth basal glabellar
width. Palpebral lobes arcuate, well defined by shal-
low palpebral furrow, situated opposite middle third
of glabella; exsagittal length about four-tenths sagit-
tal glabellar length exclusive of occipital ring. Pos-
terior limb slender, tapered to point; transverse length
slightly less than basal glabellar width. External
surface of at least part of border and of posterior
part of glabella covered with low granules.

Course of anterior section of facial suture divergent
forward from palpebral lobe to border furrow, then
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curved sharply inward across border to intersect
anterior margin at distinct angle nearly at axial line.
Course of posterior section of facial suture divergent-
sinuous.

Free cheek has evenly curved lateral margin con-
tinuous with margin of genal spine. Lateral and
posterior border furrows moderately deep, joined at
genal angle. Lateral border concave; width about
three-fourths width of ocular platform at anterior
margin. Posterior border nearly as wide as lateral
border. Genal spine long, broad; length at least
twice and probably more than three times length of
posterior section of facial suture. External surface
has scattered low moderately coarse granules on all
parts.

Pygidium transversely elliptical; posterior margin
evenly rounded. Axis convex, tapered slightly pos-
teriorly; length about four-fifths pygidial length.
Four ring furrows present on mold posterior to articu-
lating furrow. Pleural region lacks separately defined
border; lateral margin slightly concave. Two or three
broad shallow pleural furrows separated by low
moderately sharp pleural ridges cross pleural region
but do not reach margin. External surface of pleural
region covered with fine granules; surface of axis not
known.

Discussion.—Although Cernuolimbus arcticus n. sp. 1S
represented by incomplete material that does not show
clearly the ornamentation of the cranidium or of the
axial part of the pygidium, enough of its character-
istics can be observed to show that it differs from all
others assigned to Cernuolimbus. It differs from the
only other described Alaskan species, . longifrons
n. sp., by having the sagittal length of the border on
the cranidium only 114 rather than 4-5 times the
sagittal length of the brim and by having distinct
granular ornamentation on preserved parts of the
exoskeleton. The relatively long cranidial border
distinguishes C. arcticus from all other described
species of Cernuolimbus except C. semigranulosus. It
differs from C. semigranulosus by having a much
broader posterior border on the free cheek, narrower
and more strongly upsloping fixed cheeks, more and
better defined ring and pleural furrows on the pygidi-
um, a longer pygidial axis, and a more strongly de-
veloped granular ornamentation on all observed parts.

Occurrence—Dresbachian—2 fauna. Moderately rare
(6 cranidia, 2 free cheeks, 1 pygidium), USGS colln.
4360-CO ; moderately common, GSC colln. 4646; rare
(1 cranidium), GSC colln, 4648; ?rare (1 cranidium),
GSC 4635; ?rare (1 cranidium), GSC colln. 4639; all
from Hillard Peak area.
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Cernuolimbus longifrons n. sp.
Plate 8, figures 11-16

Description—Cranidium, exclusive of posterior
limbs, subpentagonal; anterior margin distinctly
pointed. Glabella moderately convex transversely,
gently convex longitudinally, tapered slightly forward,
bluntly rounded at front, well defined at sides by
moderately deep axial furrows, less well defined across
front by shallow preglabellar furrow. Two pairs of
moderately deep glabellar furrows present; posterior
pair deepest, directed strongly backward from axial
furrow. Occipital furrow moderately broad, deep,
nearly straight. Occipital ring has low median node
most apparent on small specimens. Frontal area
broad, concave; sagittal length about two-thirds sagit-
tal length of glabella, exclusive of occipital ring.
Border broad, concave; deepest part of concavity
distinctly anterior to midlength of border; sagittal
length of border variable between four and five times
sagittal length of narrow brim. Border furrow broad,
shallow, evenly curved. Fixed cheek moderately con-
vex, upsloping; width, exclusive of palpebral lobe,
about two-fifths basal glabellar width. Low, poorly
defined posterolaterally directed ocular ridge present.
Palpebral lobe arcuate, well defined by curved pal-
pebral furrow; exsagittal length changes during hola-
spid ontogeny from about three-fourths of sagittal
glabellar length, exclusive of occipital ring, on cranidia
less than 2mm long, to slightly less than one-half
sagittal glabellar length on cranidia 8mm long. Pos-
terior limb slender, tapered to sharp point; transverse
length about equal to basal glabellar width.

Course of anterior section of facial suture moderately
divergent forward from palpebral lobe onto cranidial
border, then turned abruptly inward across border to
intersect anterior margin nearly at axial line. Course
of posterior section divergent and sinuous.

Free cheek moderately narrow. Lateral margin
forms continuous broad curve with margin of long
genal spine. Lateral and posterior border furrows
joined at genal angle. Lateral border broad, concave;
concave depression continues onto genal spine; width
of border slightly greater than width of ocular plat-
form at anterior sutural margin. Genal spine moder-
ately broad, tapered to sharp point; length about
twice length of posterior section of facial suture.
Doublure of cheek joins lateral margin at acute angle;
profile of doublure strongly angular, so hollow space
exists between doublure and dorsal surface of cheek.
Anterior projection truncate, indicating probable
median suture.

Pygidium transversely elliptical, lateral margins
pointed. Axis convex, tapered slightly posteriorly,
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reaches nearly to posterior margin, connected to pos-
terior margin by low post-axial ridge. Three or four
shallow ring furrows present posterior to articulating
furrow. Pleural region not divided into distinct
border and pleural field. Three or four broad shallow
pleural furrows extend nearly to pygidial margin.
Posterolateral parts of pleural regions concave.

External surfaces of all parts lack distinct
ornamentation.

Discussion.—Cernuolimbus longifrons n. sp. differs
from all others in the genus by having the sagittal
length of the cranidial border more than four times
the sagittal length of the brim. It is also the
only species in the genus without any distinct
ornamentation.

Two other species of the Pterocephalinae are asso-
ciated with Cernuolimbus longifrons. Pterocephalia
constricta n. sp. is easily distinguished by its lack of a
distinct border furrow on the cranidium and free
cheek and by its broader and longer pygidium.
Sigmocheilus compressus n. sp. is distinguished by its
narrower cranidial border, its large palpebral lobes
that are closer to the glabella, its shorter and broader
genal spine, and by the doublure of the free cheek
that nearly parallels the dorsal surface of the cheek.

Occurrence—Dresbachian—-2  fauna.  Moderately
common (more than 20 cranidia, 12 free cheeks, 5
pygidia), USGS 4381-CO, Hi-yu area.

Genus PTEROCEPHALIA Roemer

Pterocephalia Roemer, 1849, p. 421 ; Roemer, 1852, p. 92; Bridge
in Bridge and Girty, 1937, p. 247; Shimer and Shrock,
1944, p. 631; Palmer, 1954b, p. 751 ; Lochman, 1959, p. 256 ;
Palmer, 1960a, p. 86; Palmer, 1965, p. 71.

Type species—Pterocephalia sanctisabae Roemer,
1849, p. 491.

Discussion.—The species described below conforms
in most respects to my recent diagnosis of Pterocepha-
lia (Palmer, 1965, p. 71). The principal difference,
which does not seem to be of generic significance and
requires only a minor emendation of the generic diag-
nosis, is the nearly complete absence of any indication
of the inner edge of the border on either the cranidium
or the free cheek. The width of the doublure, how-
ever, shows that the borders of both the cranidium
and the free cheek were very wide. These characters
are typical of other species of the genus.

Pterocephalia constricta n. sp.
Plate 8, figures 5-10

Description—Cephalon, exclusive of posterior limbs,
elongate subquadrate ; anterior margin bluntly pointed.
Glabella large, low, tapered slightly forward, gently
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convex transversely and longitudinally, moderately
well defined at sides and front by abrupt changes in
slope of exoskeleton, bluntly rounded anteriorly. Two
pairs of narrow, moderately well defined glabellar
furrows present, directed obliquely backward from
sides of glabella. Occipital furrow straight, deepest
at distal ends, shallow across axial line. Occipital
ring has small median node. Frontal area gently
concave; distinction between brim and border not
apparent, but inner edge of anterior projection of
doublure of cheek passes nearly tangent to front of
glabella and indicates that the frontal area consists
mostly of border; sagittal length of frontal area about
two-thirds sagittal length of glabella, exclusive of
occipital ring. Fixed cheeks narrow, slightly upslop-
ing; width, exclusive of palpebral lobe, about one-fifth
basal glabellar width. Palpebral lobe large, arcuate,
elevated slightly above surface of cheek; exsagittal
length slightly more than one-half the sagittal glabel-
lar length, exclusive of occipital ring; width equal to
width of infraocular part of cheek. Posterior limb
slender.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to most con-
cave part of frontal area, then curved sharply inward
to intersect cranidial margin at axial line and con-
tinue ventrally across doublure as median suture.
Course of posterior section of facial suture divergent
and sinuous.

Free cheek elongate subtriangular, nearly flat; lateral
margin gently and evenly curved from anterior projec-
tion to tip of genal spine. Border barely defined on
anterior part of cheek, nearly as wide as cheek along
anterior sutural margin. Low narrow ridges present
adjacent and parallel to lateral margin and to inner
margin of genal spine. Genal spine broad, flat,
tapered to sharp point. Doublure parallel to dorsal
surface of cheek. Infraocular ring present.

Pygidium transversely elliptical; length about one-
half width; posterior margin has slight median flat-
tening. Axis narrow, convex, tapered slightly pos-
teriorly; terminal part pointed; length slightly less
than one-half length of pygidium; width variable
between one-half and three-fourths width of pleural
region; narrow postaxial ridge extends short distance
posteriorly towards margin. Four or five shallow
narrow ring furrows present posterior to articulating
furrow. Pleural regions broad, concave, lack distinctly
defined border. Three or four broad shallow pleural
furrows present, disappear distally.

External surfaces of all parts
ornamentation.

lack distinect
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Discussion.—Pterocephalia constricta n. sp. differs
most significantly from others assigned to Pterocepha-
{ie by having very narrow fixed cheeks, a relatively
short frontal area, and nearly complete absence of
any indication of the inner edge of the border on
either the cranidium or the free cheek. Absence of
a clear indication of the inner margin of the border
distinguishes cranidia and cheeks of P. constricta
from associated parts of Sigmocheilus? compressus n.
sp. and Cernuolimbus longifrons n. sp.

The apparent variability in width of the pygidial
axis of Pterocephalia constricta may be the result of
including in the sample pygidia that should be assigned
to Sigmocheilus? compressus. No pygidia were cer-
tainly identified for S? compressus, but pygidia for
other species of Sigmocheilus such as 8. grata (Res-
ser) (Palmer, 1965, pl. 15 fig. 18) are very similar to
those of species of Pterocephalia. Thus, in a small
sample such as the Alaskan collection, apparent vari-
ability may be an artifact caused by association of
morphologically similar pygidia of two distantly re-
lated species.

Occurrence.—Dresbachian-2 fauna. Moderately rare
(5 cranidia, 10 free cheeks, 9 pygidia), USGS colln.
4381-CO, Hi-yu area.

Genus SIGMOCHEILUS Palmer
Sigmocheilus Palmer, 1960a, p. 89; Palmer, 1965, p. 73.

Type species—Dikellocephalus flabellifer Hall and
‘Whitfield, 1877, p. 227, pl. 2, fig. 29-30.

Sigmocheilus? compressus n. sp.

Plate 8, figures 2124

Description—Cranidium, exclusive of posterior
limbs, elongate, subquadrate; anterior margin has
small median point. Glabella elongate, tapered slight-
ly forward, bluntly rounded anteriorly, moderately
convex transversely, gently convex longitudinally, well
defined at sides by axial furrows, poorly defined across
front. Two pairs of moderately deep glabellar fur-
rows directed obliquely inward and backward from
axial furrows; length on external surface less than
one-fourth glabellar width, somewhat longer on mold.
Occipital ring has low median node. Frontal area
concave, divided by shallow narrow border furrow
into broad concave border and narrow downsloping
brim; sagittal length of frontal area about two-thirds
sagittal length of glabella, exclusive of occipital ring;
sagittal length of border variable between two and
three times sagittal length of brim. Fixed cheek
narrow, upsloping; width, exclusive of palpebral lobe,
between one-fourth and one-fifth basal glabellar width.
Palpebral lobe large, curved, situated slightly pos-



B74 LOWER PALEOZOIC PALEONTOLOGY AND

terior to glabellar midlength poorly defined by shallow
arcuate palpebral furrow; exsagittal length slightly
less than three-fourths sagittal length of galbella, ex-
clusive of occipital ring; width about equal to infra-
ocular part of cheek. Posterior limb slender.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border, then
curved sharply inward across border to intersect an-
terior margin on axial line and to connect with ventral
median suture. Course of posterior section of facial
suture divergent and sinuous.

Free cheek subtriangular; lateral margin evenly
curved from anterior projection to tip of genal spine;
infraocular ring present. Lateral border furrow dis-
tinct, shallow, connected to short section of posterior
border furrow near distal end of posterior sutural
margin. Border concave; width slightly less than
anterior width of ocular platform. Low narrow ridge
present near and parallel to outer edge of border.
Genal spine broad-based, nearly flat, tapered to sharp
tip; length slightly greater than length of posterior
section of facial suture. Doublure of cheek closely
parallel to upper surface.

External surfaces of all parts lack distinct orna-
mentation.

Discussion.—Sigmocheilus? compressus n. sp. differs
in several respects from typical members of Sigmo-
cheilus and may represent a new genus of the Ptero-
cephaliinae. Although the frontal area has the char-
acteristic development of Sigmocheilus, the large
palpebral lobes, narrow fixed cheeks, and relatively
short genal spine combine to give the cephalon an
appearance unlike any named species of the subfamily.

A single unnamed cranidium from Nevada (Palmer,
1965, p. 92, pl. 16 fig. 19) seems to be congeneric with
Sigmocheilus? compressus n. sp. It differs principally
by having the facial sutures meeting the anterior
margin lateral to the axial line so that the anterior
margin is evenly rounded rather than pointed. The
affinities of both trilobites are closest to Sigmocheilus.
Until a pygidium can be identified, the full extent of
possible generic differences cannot be evaluated, and
the species are included in that genus.

Occurrence~—Dresbachian—2 fauna. Moderately rare
(9 cranidia, 4 free cheeks), USGS colln. 4381-CO,

Hi-yu area.
Sigmocheilus? cf. S. grata (Resser)
Plate 8, figures 20, 25

Sigmocheilus grata (Resser). Palmer, 1965, p. 74, pl. 15, figs.
16-18.

Discussion~—A few fragmentary cranidia and a
pygidium represent a species that differs from all
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other Alaskan Pterocephalinae by having the cranidial
border poorly defined and about twice as long, sagit-
tally, as the brim. The width of the fixed cheek is
slightly more than one-third the basal glabellar width.
The pygidium has four or five ring furrows posterior
to the articulating furrow and about four low pleural
ridges that extend onto but not across the broad con-
cave border. The sagittal length of the axis is slightly
more than one-half the sagittal length of the pygid-
fum.

One cranidium has an external ornamentation of
very fine, closely spaced granules on all parts except
over the glabellar muscle areas. The granules increase
in size and distinctness posteriorly. Exfoliated cra-
nidia have a few low scattered large granules on the
occipital ring.

The cranidial and pygidial proportions are closest
to those of Sigmocheilus grata (Resser) which is a
variable species characteristic of the Dunberbergia
zone in the Great Basin of the conterminous United
States. The cranidial border is less well defined than
the border in most samples of S. grate and more like
species of Pterocephalia. However, all species of
Pterocephalia have a very narrow brim and a low
ridge on the border parallel to the anterior cranidial
margin. Until more can be learned about the Alaskan
species, it cannot be satisfactorily named.

Occurrence—Dresbachian—2 fauna. Moderately rare
(4 cranidia, 1 pygidium), GSC colln. 4639, Hillard
Peak area.

Family PTYCHOPARIIDAE Matthew
Subfamily ANTAGMINAE Hupé

Genus “ANTAGMUS” Resser

Antagmus Resser, 1936, p. 3; Shimer and Shrock, 1944, p. 605;
Lochman, 1947, p. 62; Rasetti, 1955, p. 9; Rasetti, 1959,
. 235.
Antal;mus (Antagmus), Shaw, 1962, p. 335.

Type species—Antagmus typicalis Resser (= Pty-
choparia teucer Walcott, 1886, p. 197, pl. 26, fig. 3.).

Discussion—The type specimen of Antagmus typi-
calis is a poorly preserved internal mold of a cranidi-
um in weathered dolomite from Vermont. If the
generic name based on this specimen had been re-
stricted to the holotype by Lochman (1947) and if a
new name based on better material had been proposed
for the species assigned at that time to Antagmus, we
might all be better off. However, the name is now
deeply entrenched in the literature, and Antagmus is
the nominal genus of a family and subfamily.

A decision to assign a specimen to Anfagmus is
fraught with problems. Rasetti (1955) criticized
Lochman’s stringent criteria for discrimination of
Early Cambrian ptychoparioid genera. He presented



CAMBRIAN TRILOBITES OF EAST-CENTRAL ALASKA

a new description of Antagmus (Rasetti, 1955, p. 9)
based largely on well-preserved limestone specimens
from Quebec that he believed might even be conspecific
with A. typicalis. Shaw (1962) assigned Rasetti’s
specimens to another family and presented his diag-
nosis of Antagmus supplemented by internal molds
that he identified as A. typicalis from weathered dol-
omite 25 miles south of the type locality. Thus An-
tagmus remains as a somewhat vague concept meaning
perhaps slightly different things to different people.
Assignment of the species described below to this
systematic quagmire results from having a small sam-
ple (4 specimens) of a specifically distinet ptycho-
parioid of Antagmus-aspect that probably represents
a genus as yet unnamed. However, there are already
enough problems with Early Cambrian ptychoparioids
without adding another generalized monotypic taxon.
Until such time as it is possible to have adequate ma-
terial for a comprehensive revision of the trilobites of
Antagmus-aspect, no generic assignment for trilobites
of this group is going to be very meaningful.

“Antagmus” laminatus n. sp.
Plate 3, figures 16, 17

Description—Cranidium transversely subquadrate
gently to moderately convex transversely and longi-
tudinally; anterior margin gently rounded. Glabella
well defined at sides and front by abrupt changes in
slope; tapered forward, truncated anteriorly. Glabel-
lar furrows shallow, hardly apparent. Occipital fur-
row deep, nearly straight. Occipital ring long, semi-
elliptical in outline; sagittal length almost one-half
sagittal length of glabella. Frontal area short, sub-
equally divided into convex border and flat or slightly
concave brim on axial line; sagittal length about one-
half or slightly more than one-half sagittal length of
glabella. TLow median boss on frontal area crossed
by shallow  border furrow. Fixed cheek wide, gently
convex, nearly horizpntal; width slightly less than
basal glabellar width. Eye ridge low, nearly straight;
interrupts axial furrow at junction with anterior end
of glabella; merges with cheek surface just before
reaching end of palpebral lobe. Palpebral lobe nar-
row, gently curved; length slightly more than one-
third sagittal glabellar length. Distal part of pos-
terior limb short; transverse length less than one-third
length of proximal part of limb. Posterior border
furrow broad, deep. Posterior border expanded
slightly near distal end.

Anterior section of facial suture convergent forward
in nearly straight line from palpebral lobe to anterior
margin. Posterior section convex from palpebral lobe
to posterior margin.
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External surfaces of brim, fixed cheeks, and top of
glabella have closely spaced granules. Anterior part
of border and flanks of glabella and occipital ring
covered by smooth raised layer of exoskeleton having
irregular margins.

Discussion—*Antagmus” lominatus n. sp. differs
from all other Lower Cambrian ptychoparioids by
having peculiar extra exoskeletal layers on the an-
terior part of the border and the flanks of the gla-
bella and occipital ring. The combination of wide
fixed cheeks, short frontal area having a median boss
on the border, short distal parts of the posterior limbs,
and long occipital ring is also unique. The reasons
for assigning it to “Anfagmus” are discussed under
the genus.

Occurrence—Early Cambrian-2 fauna. Moderately
rare (4 cranidia), USGS colln. 4302-CO, Tatonduk
River area.

Genus ONCHOCEPHALUS Resser

Onchocephalus Resser, 1937b, p. 20; Lochman, 1947, p. 63;
Rasetti, 1955, p. 16; Rasetti, 1959, p. 237.
Antagmus (Onchocephalus), Shaw, 1962, p. 336.

Type species—Ptychoparia thia Walcott, 1917, p.
96, pl. 12, fig. 6.

Diagnosis—Cranidium gently convex transversely
and longitudinally; glabella low, tapered forward,
generally bluntly rounded at front. Border convex.
Border furrow generally bent backward on axial line.
Fixed cheeks gently convex, horizontal or slightly
downsloping. Palpebral lobes poorly defined, situated
opposite middle third of glabella. Width of fixed
cheeks slightly more than one-half basal glabellar
width.

Discussion.—The systematics of the Early Cambrian
Ptychoprioidea have been in a state of flux for many
years (Lochman, 1947; Rasetti, 1955). The latest
revision by Shaw (1962) reduces many genera to sub-
genera while at the same time proposing new sub-
families. The degree of divergence of opinion on the
classification of Early Cambrian Ptychoparioidea is
shown in the discussion of “Anfagmus” (p. BT4).
Onchocephalus is, to me, a genus of small antagmids
of generally subdued relief that have the proportions
cited in the diagnosis. This concept is more nearly
that of Rasetti than it is the subsequent concept of
Shaw.

Onchocephalus profectus n. sp.
Plate 3, figures 8-10, 12-14, 18
Description—Cranidium subquadrate, gently convex

transversely and longitudinally, moderately rounded
anteriorly. Glabella moderately well defined by shal-
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low axial and preglabellar furrows; sides straight;
anterior end bluntly rounded; glabellar furrows ab-
sent. Occipital furrow straight, shallow, absent from
largest cranidia. Occipital ring has tiny median node.
Border convex, defined by a shallow border furrow
that is distinctly bent backward on axial line, has
narrow raised rim along anterior margin; distinctness
of border furrow variable, generally decreases with
size of cranidium; border barely apparent on largest
specimens (sagittal cranidial length 7-8 mm). Brim
gently convex; sagittal length variable, averages about
two-thirds sagittal length of border. Fixed cheek
gently convex, nearly horizontal; palpebral furrow
absent. Palpebral lobe gently curved, situated oppo-
site middle third of glabella; length about three-
tenths sagittal glabellar length, including occipital
ring. Eye ridge expressed on external surface only
as shallow depression along anterior edge. Posterior
limb short, blunt; length of distal part slightly less
than length of proximal part. Posterior border fur-
row shallow. All furrows and eye ridges better de-
fined on internal mold.

Course of anterior section of facial suture gently
curved; directed slightly outward immediately an-
terior to palpebral lobe; directed slightly inward
across border. Posterior section of facial suture di-
rected outward at about a 45° angle from axial line,
then curved strongly backward to intersect posterior
cranidial margin at nearly a right angle.

Free cheek subtriangular; width increases backward
to maximum opposite posterior cranidial margin.
Border broad, poorly defined by shallow, gently curved
border furrow that intersects posterior section of facial
suture at point of greatest curvature. Narrow raised
rim present along lateral margin. Genal spine broad
based, short; length about equal to length of posterior
section of facial suture. Borders of both free cheek
and cranidium have narrow, slightly raised rim about
one-tenth width of border.

Thorax and hypostome unknown.

Pygidium small, transversely elliptical. Axis broad,
unsegmented, reaches to posterior margin. Pleural
regions triangular; greatest width less than width of
axis.

Ornamentation variable, from closely spaced fine
granules on small specimens to mostly pitted on large
specimens. Free cheeks of large specimens have pitted
surfaces on ocular platforms and the anterior part
of the border; the posterior part of the border has
closely spaced fine granules.

Discussion.—Onchocephalus profectus n. sp., a re-
markably variable species, is distinguished by its
ornamentation and variability from other species pres-
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ently assigned to Omnchocephalus. Among the 17
cranidia that show the external surface, there is a
complete range among specimens having pitted orna-
mentation, from those that have a moderately well
defined border to those that hardly have the border
defined at all (pl. 8 figs. 8, 9). There is also a com-
plete range in ornamentation from small cranidia
that have the ornamentation composed entirely of
closely spaced fine granules, through cranidia that
have some parts pitted and some granular, to generally
large cranidia that have almost entirely pitted orna-
mentation. I have only seen comparably variable
species among Early Cambrian ptychoparioids in
Nevada. USGS collection 964-CO, a small collection
from a thin limestone bed in the Pioche Shale in the
Eureka district, yielded several ptychoparioid cranidia,
each of which represented a significant variation on
the antagmid theme. Supposedly correlative beds in
the Pioche Shale in the Pioche district, Nevada, yield-
ed hundreds of cranidia, both silicified and unsilicified,
of a single species having quite uniform characteristics
typically found on younger trilobites. The apparently
unpredictable variability in some Early Cambrian
ptychoparioid samples may have contributed to the
present chaos in the systematics of these simple trilo-
bites.

Occurrence—Early Cambrian-2 fauna. Moderately
common (17 cranidia, 3 free cheeks, 1 pygidium),
USGS colln. 4302-CO, Tatonduk River area.

Subfamily EULOMINAE Kobayashi

Genus PAREULOMA Rasetti
Pareuloma Rasetti, 1954, p. 583; Rasetti, 1959, p. 234.

Type species—Pareuloma brachymetopa Rasetti,
1954, p. 584, pl. 60, figs. 1-8; text fig. 2.

Discussion—The species described below conforms
in all essential respects with the description of Pareu-
loma given by Rasetti (1954). In addition, new in-
formation is provided about the structure of the oc-
cipital ring, free cheek, and thoracic segments.

Pareuloma was considered by Rasetti to be of Early
Ordovician age. The occurrence of P. spinosa n. sp.
in beds of probable late Franconian age requires either
an extension of the range of Pareuloma or a recon-
sideration of the age of the fauna described by Rasetti.

Pareuloma spinosa n. sp.
Plate 11, figures 1-9

Description.—Cranidium, exclusive of posterior
limbs, subquadrate; anterior margin nearly straight.
Glabella moderately convex transversely, gently con-
vex longitudinally, tapered forward, truncate anter-
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riorly, well defined by deep axial and preglabellar
furrows. Two pairs of short glabellar furrows present
at sides of glabella. Occipital furrow broad, deep,
straight. Oeceipital ring has large straight median
spine directed upward and backward; large axial
node present on base of spine. Frontal area long,
moderately arched in lateral profile; sagittal length
equal to or slightly less than sagittal length of gla-
bella, exclusive of occipital ring. Border narrow,
convex, separated from brim by narrow moderately
shallow border furrow; sagittal length slightly more
than one-fourth sagittal length of brim. Brim has
broad, low, poorly defined median swelling. Fixed
cheek wide, moderately to strongly convex, strongly
upsloping near glabella, slightly downsloping near
palpebral lobe; width slightly more than three-
fourths basal glabellar width. Palpebral lobe small;
situated opposite anterior third of glabella, connected
to glabella by narrow well-defined slightly curved
ocular ridge. Exsagittal length of palpebral lobe
about one-half or slightly less than one-half sagittal
length of glabella, exclusive of occipital ring. Pos-
terior limb long, tapered; transverse length signifi-
cantly greater than basal glabellar width. Posterior
border furrow broad, deep. External surfaces vari-
ably covered with closely spaced fine granules and
scattered coarse granules. Many coarse granules have
median perforations.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then curved abruptly inward across border and
along anterior margin nearly to axial line. Ventral
course not known. Course of posterior section of
facial suture divergent and sinuous.

Free cheek has broad gently convex ocular platform.
Lateral border narrow, moderately to strongly curved,
well defined by moderately broad border furrow that
is continuous with posterior border furrow, but shal-
low at genal angle. Genal spine long, slender, curved,
at distinct angle to cheek margin and advanced in
front of genal angle of cephalon; length greater than
length of posterior section of facial suture. External
surface variably covered with fine closely spaced gran-
ules and scattered coarse granules.

Pygidium transverse; greatest width about three
times length. Axis moderately short, bluntly termi-
nated, not quite extended to border. Omne shallow
ring furrow present posterior to articulating furrow.
Pleural region gently convex, subtriangular. Pleural
field crossed by two broad shallow pleural furrows.
Border narrow, convex; width constant. External
surface covered with closely spaced fine granules and
scattered coarse granules.

263-797 O-68—6
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Discussion—The external ornamentation of Pareu-
loma spinose n. sp. is remarkably variable. Some
cranidia have predominantly closely spaced fine gran-
ular ornamentation on all parts (pl. 11, fig. 4); some
clearly have two sizes of granules on all parts (pl. 11,
figs. 1-2); some have two sizes of granules, but the
fine granular ornamentation is present only on the
more convex parts of the fixed cheeks and glabella
(pl. 11, fig. 3); and some have only closely spaced
fine granules confined to the top of the glabella and
posterior parts of the fixed cheeks (pl. 11, fig. 8).
Free cheeks are relatively rare but show comparable
variability. Extremes of ornamentation have been
obtained from the same collection. No consistent
pattern can be determined, although the smaller speci-
mens tend to be the smoothest. Except for ornamenta-
tion, all the cranidia share the characters given in
the description, and I consider them to represent a
single unusually variably species.

Pareuloma spinose n. sp. differs most significantly
from P. impunctata Rasetti and P. brachymetopa
Rasetti (1954) by having longer palpebral lobes and
a prominent occipital spine. Both of Rasetti’s species
are from rocks believed to be of Early Ordovician
age.

Occurrence.—Franconian-2 fauna. Moderately com-
mon (18 cranidia, 2 free cheeks), GSC colln. 4649
(= 4704) ; moderately rare (6 cranidia, 2 free cheeks,
2 thoracic segments, 1 pygidium), GSC colln, 4661
(= 4705) ; rare (2 cranidia), USGS colln. 4358-CO;
? cranidium, USGS colln. 4357-CO; all from Hillard
Peak area.

Family REMOPLEURIDIDAE Hawle and Corda
Subfamily RICHARDSONELLINAE Raymond

Genus RICHARDSONELLA Raymond

Richardsonella Raymond, 1924, p. 440; Rasetti, 1944, p. 255;
‘Whittington, in Harrington and others, 1959, p. 329; Bala-
shova, 1960, p. 115.

Type species—Dikelocephalus megalops Billings,
1860, p. 311, fig. 309.

Discussion—Rasetti (1944) has reviewed the con-
tent and concept of Richardsonella and has given a
diagnosis that represents the currently accepted under-
standing of the generic characteristics. However,
study of the Alaskan trilobites referable to Richard-
sonelle and of contemporary related trilobites from
undescribed faunas in Nevada indicates that there are
possibly two or three genera now included in the
concept of Richardsonella. Trilobites representing
these genera have nearly indistinguishable cranidia,
but strikingly different pygidia and perhaps different
free cheeks. Pygidia of one of these genera, typified
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by R. quadrispinosa n. sp. have a long multisegmented
axis, and four or more slender border spines. Asso-
ciated cranidia have nearly straight glabellar sides.
At least two species of this genus are present in the
Nevada faunas where pygidia of one of them were
mistakenly associated with the cranidium of Z'ostonia
tole by Walcott (1925, pl. 18, figs. 13, 14). A second
kind of pygidium that has a short axis, few axial
segments, and short border spines is associated with
cranidia that have the glabellar sides slightly bowed
outward between the palpebral lobes. This generic
type is represented by A. wnisulcata Rasetti (1944,
pl. 39, figs. 54-56). A third genus that would be in-
cluded in Richardsonella if only the cranidium were
known is represented by undescribed complete speci-
mens in Nevada that have pygidia lacking any border
spines and having a straight-sided glabella. Species
of the first two generic types are associated in Nevada.

Most of the species included in Richardsonella by
Rasetti are known only from cranidia. These species,
and undescribed species from Nevada, include all
gradations in glabellar shape from straight-sided
forms to forms having the sides slightly bowed, and
this character alone may not be a reliable generic
criterion. All the species assignable to Richardson-
ella s. 1. are from beds of Franconian or younger age.
Richardsonella, as now used, seems to represent a
larger taxon comparable to the Aphelaspidinae (Palm-
er, 1965) in which accurate generic assignment can-
not be made from cranidia alone. Unfortunately the
type species of Richardsonella, B. megalops (Billings),
is known only from cranidia, and thus which, if any,
of the three generic types mentioned above can cor-
rectly be called Richardsonella in the strict sense can-
not be determined at present. Because this problem
cannot be resolved using the Alaskan material, Rich-
ardsonella is used here in the broad sense with the
understanding that R. quadrispinose n. sp. may not
really be congeneric with R. nuchastria n. sp.

Richardsonella nuchastria n. sp.
Plate 14, figures 10-11

Description—Cranidium elongate, slightly pointed
anteriorly. Glabella low, gentle convex transversely
and longitudinally, tapered forward, bluntly rounded
anteriorly, well defined all around by abrupt change
in slope of exoskeleton; sides slightly sigmoid in
dorsal view. Glabellar furrows absent. Occipital
furrow deep, straight. Occipital ring nearly flat,
simple. Frontal area narrow, flared strongly towards
anterolateral cranidial corners; sagittal length slightly
more than one-third sagittal length of glabella ex-
clusive of occipital ring. Border flat or slightly con-
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vex, well defined by shallow border furrow that has
many closely spaced pits; sagittal length variable,
equal to or slightly less than sagittal length of flat
downsloping brim. Fixed cheek very narrow; width,
exclusive of palpebral lobe, slightly variable, one-sixth
or less basal glabellar width. Palpebral lobe large,
long, arcuate; width greater than width of infraocular
cheek; exsagittal length about two-thirds sagittal
length of glabella, exclusive of occipital ring. Trans-
verse line through occipital furrow passes just pos-
terior to tips of palpebral lobes. Posterior limb not
known. External surfaces of all parts except occipital
ring, and posterior part of glabella on some specimens,
smooth. Occipital ring has well-defined terrace lines.

Course of anterior section of facial suture strongly
divergent forward from palpebral lobe to anterior
margin, then turned inward to intersect anterior mar-
gin near axial line.

Discussion.—This species is most similar to Rich-
ardsonella unisulcata Rasetti from which it differs by
lacking distinct glabellar furrows and by having the
terrace-line ornamentation confined principally to the
occipital ring. The lack of well-defined glabeliar
furrows also distinguishes R. nuchastria n. sp. from
all the other species except A. cristata (Billings).
However, R. cristata has a peculiar highly convex
posterior part to the glabella and fully developed
terrace-line ornamentation on all parts.

Ocourrence—Trempealeauan—-1 fauna. Moderately
rare (6 cranidia), USGS colln. 3834-CO; rare (1
cranidium), USGS colln. 3833-CO; (2 cranidia), USGS
colln. 4362—CO; all from Jones Ridge area (south end).

Richardsonella quadrispinoesa n. sp.
Plate 14, figures 1-4

Description—Cranidium elongate, evenly rounded
anteriorly. Glabeila large, low, gently convex trans-
versely and longitudinally, tapered slightly forward,
bluntly rounded anteriorly, well defined by abrupt
change in slope of exoskeleton surface. Two pairs
of shallow straight oblique glabellar furrows present;
posterior pair deepest. Occipital furrow broad, deep,
straight. Ocecipital ring simple. Frontal area short,
slightly downsloping; sagittal length slightly more
than one-third sagittal glabellar length, exclusive of
occipital ring. Border narrow, convex, well defined
by gently curved, moderately deep border furrow;
sagittal length equal to or slightly less than sagittal
length of flat brim. Fixed cheek narrow, nearly hori-
zontal; width, exclusive of palpebral lobe, variable
between one-third and one-fifth basal glabellar width,
greatest on small specimens. Palpebral lobe large,
strongly curved, well defined by moderately deep
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curved palpebral furrow; width slightly less than
width of infraocular part of cheek; exsagittal length
about eight-tenths sagittal length of glabella, exclusive
of occipital ring; transverse line across occipital fur-
row passes over posterior ends of palpebral lobes.
Posterior limb long, slender.

Course of anterior section of facial suture strongly
divergent forward from palpebral lobe to border fur-
row, then turned abruptly inward and intramarginal
around anterior cranidial margin. Connective sutures
absent. Course of posterior section of facial suture
strongly divergent and sinuous.

Free cheek narrow; lateral margin evenly curved.
Lateral border flattened, well defined by narrow deep
lateral border furrow that joins posterior border fur-
row with sharp angle at base of genal spine; width
at anterior margin about one-half width of ocular
platform. Genal spine long, slender, flattened; length
exceeds three times length of posterior section of
facial suture.

Pygidium semielliptical. ~Axis narrow, convex,
tapered posteriorly nearly to inner edge of border,
continued posteriorly by narrow postaxial ridge that
extends onto border. Four distinct ring furrows pre-
sent posterior to articulating furrow. Pleural regions
convex; border moderately well defined by shallow
border furrow. Three or four broad, shallow pleural
furrows present; anterior two pairs continued laterally
into the bases of border spines. Interpleural furrows
barely apparent. Border narrower than pleural field,
bears four pairs of flattened border spines; three an-
terior pairs moderately long, posterior pair short.

External surfaces of all parts of exoskeleton covered
with a fine swirling pattern of terrace lines.

Discussion—The cranidium of Richardsonella quad-
rispinose n. sp. is most similar to that of the type
species, 22. megalops (Billings). The principal differ-
ence is that 2. quadrispinosa has a relatively broader
border. The posterior pair of glabellar furrows is
also shallower than those on R. megalops. The long
multisegmented pygidial axis and long pygidial border
spines distinguish this species from other Richardson-
ella species for which either the pygidium or the free
cheek are known.

Richardsonella wnisulcata Rasetti, RB. subcristata
Rasetti, and 2. eurekensis Kobayashi all have pygidia
with short axes, broad borders, and short border
spines. They are probably not congeneric with Z.
quadrispinosa n. sp. However, it is not possible at
present to determine the full characteristics of the
genotype, . megalops, and thus to decide which
species should be retained in Richardsonella. (See
generic discussion.)
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Occurrence—Franconian-2 fauna. Moderately com-
mon (6 cranidia, 4 free cheeks, 6 pygidia), USGS
colln, 3709-CO; 12 cranidia, 6 free cheeks, 4 pygidia,
USGS colln. 4355-CO; both from Hillard Peak area.

Richardsonella cf. R. quadrispinosa n. sp.
Plate 14, figures 7, 8

Discussion—A species of Richardsonella represented
only by cranidia and free cheeks is present in beds
slightly older than those containing undoubted speci-
mens of R. quadrispinosa. 1t differs from Z. quadri-
spinosa principally by having smaller infraocular
cheeks on the cranidium so that the width of the
palpebral lobe is slightly more than the width of the
infraocular cheek. This difference may not be signifi-
cant, but without associated pygidia which would
have more definitive characteristics, the degree of
relationship to R. quadrispinosa cannot be determined.

Occurrence—Franconian-2 fauna. Moderately com-
mon (4 cranidia, 2 free cheeks), USGS colln. 4358-
CO; 6 cranidia, USGS colln. 4356-CO; rare (2 cran-
idia), USGS colln. 4357-CO; moderately rare (4
cranidia, 2 cheeks, 1 small poorly preserved nearly
complete individual lacking pygidium), GSC colln.
4661 (= 4705), all from Hillard Peak area.

Richardsonella sp. 1.
Plate 14, figure 9

Discussion—A single cranidium associated with
Richardsonella nuchastria n. sp. represents another
species of Richardsonella. This cranidium has distinct
terrace lines on the occipital ring and very faint ter-
race lines on the border; the border is slightly longer
than the brim; two shallow glabellar furrows are
present; and a transverse line across the occipital ring
passes over the posterior tips of the palpebral lobes.
These differences seem to be at least specific differ-
ences, but without more specimens in the sample, the
possibility of unusual variation cannot be eliminated
and the specimen is not formally named here.

Occurrence—Trempealeanan~1 fauna. Rare (1
cranidium), USGS colln. 4362-CO, Jones Ridge area.

Richardsonella? sp. 2
Plate 14, figure 16

Discussion—A single incomplete pygidium seems
to represent a species that is congeneric with Richard-
sonella quadrispinosa n. sp. but differs by having six
pairs of border spines and at least five distinct ring
furrows and pleural furrows. Fragmentary Richard-
sonella cranidia associated with this pygidium have
an unfurrowed glabella with the sides slightly bowed
outward, relatively short palpebral lobes that are close



B8O

to the glabella, and no apparent surface ornamenta-
tion. None of these cranidia are well enough pre-
served for illustration. Although they could be con-
specific with the pygidium, the slightly bowed glabellar
sides are not characteristic of species of the 2. quadri-
spinosa species group to which the pygidium belongs.
Cranidia of this type from Nevada belong to species
of the R. eurekensis species group. More information
is needed about the Alaskan specimens before they
can be satisfactorily identified.

Ocourrence—Trempealeauan—1 fauna. Rare (1 py-
gidium), USGS colln. 3835-CO, Jones Ridge area
(South end).

LOWER PALEOZOIC PALEONTOLOGY AND

Richardsonella sp. 3.
Plate 14, figures 5, 6

Discussion—Several pygidia have a short tapered
axis that does not quite reach to the inner margin of
a broad border. The margin of the border is not pre-
served, but a median notch is indicated. The axis has
two ring furrows posterior to the articulating furrow
and a postaxial ridge that extends onto the border.
The entire outer surface is covered with the character-
istic swirling terrace lines of Richardsonella. Al-
though the specimens are not well enough preserved
for specific identification, they retain enough distinctive
features to show that they are probably congeneric
with pygidia assigned to R. wnisulcata Rasetti and
R. eurekensis Kobayashi. The pygidia are associated
with pygidia of 2. quadrispinosa n. sp.

One of the collections (USGS colln. 3709-CO) con-
taining Richardsonella quadrispinosa also has a second
kind of Richardsonella cranidium that differs from
R. quadrispinosa by having much more widely flared
anterior branches of the facial sutures and a relatively
broad infraocular cheek—probably the cranidium of
the trilobite represented by the pygidium described
above. The specimens are illustrated here to show
that two strikingly different kinds of richardsonellids,
both presently assigned to Richardsonella, are found
together in Alaska as well as in Nevada.

Occurrence—Franconian—2 fauna. Moderately com-
mon (5 pygidia), USGS colln. 4355-CO; rare (1
cranidium, 1 pygidium), USGS colln. 3709-CO; both
from Hillard Peak area.

Richardsonella sp. 4
Plate 14, figure 12

Discussion.—A single incomplete cranidium repre-
sents an unusually ornamented species of Richardson-
ella that is not represented by adequate material for
separate naming. The glabella has barely apparent,
narrow glabellar furrows, the infraocular cheeks are
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narrower than the palpebral lobes, the facial sutures
are strongly flared anterolaterally, and the border is
narrower than the brim. The glabella has low coarse-
ly developed terrace lines, and the occipital ring bears
large scattered pustules. No other Alaskan species
of the Richardsonellidae has ornamentation compara-
ble to this species.
Occourrence—Trempealeauan~1 fauna. Rare (1
cranidium), GSC colln. 4671, Jones Ridge section.

Family SOLENOPLEURIDAE Angelin
Genus GELASENE n. gen.

Type species—Gelasene acanthinos n. sp.

Diagnosis—Micropygous Solenopleuridae. Cepha-
lon has short frontal area; well-defined anteriorly
tapered glabella bearing three pairs of deep subparal-
lel oblique furrows; deep pits in axial furrows just
anterior to junctions with ocular ridges; broad fixed
cheeks; moderately small medially situated palpebral
lobes; broad free cheeks; and long slender slightly
advanced genal spines. Thorax has pleural regions
horizontal except for depressed tips of segments. Py-
gidium minute; axis large, poorly defined, occupies
most of pygidium, consists of one segment and termi-
nal part. Surfaces of all convex parts have strong
granular ornamentation.

Discussion—The diagnosis of Gelasene gives the
characteristics of the type spectes that are of probable
generic significance. The overall structure of the
cephalon, particularly the glabellar shape, wide fixed
cheeks, and granular ornamentation indicate affinities
with the Solenopleuridae. The deep axial pits and
glabellar furrows on the cranidium and general spin-
osity distinguish the type species from all described
trilobites.

Gelasene acanthinos n. sp.

Plate 2, figures 1-3, 5, 6; text figure 6.

Description—Body subovate, maximum estimated
length about 45 mm. Cephalon moderately convex
transversely and longitudinally; width about twice
length; sagittal length slightly less than one-half total
body length; genal spines slightly advanced. Gla-
belta moderately to strongly convex transversely and
longitudinalty, well defined at sides by broad deep
axial furrows that terminate just anterior to proximal
ends of ocular ridges in deep circular pits. Broad
shallow depressions extend anterolaterally from these
pits to border furrow. Glabellar sides bowed slightly
outward between occipital furrow and first glabellar
furrow, then convergent forward to strongly rounded
glabellar front just before reaching the border. Three
pairs of deep nearly straight subparallel glabellar
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F1GURE 6.— Reconstruction of dorsal view of Gelasene acanthinos
n. gen., n. sp. X 2.

furrows extend inward and backward from axial fur-
rows about one-third width of glabella. Occipital
furrow straight, deepest distally. Occipital ring con-
vex, with short slender median spine directed at steep
angle from posterior part. Frontal area short; sagit-
tal length about one-fifth sagittal glabellar length,
exclusive of occipital ring. Border convex, of nearly
constant width. Brim narrow in front of glabella,
slightly concave; lateral parts gently convex, strongly
downsloping to broad shallow border furrow. Fixed
cheek wide, moderately convex, upsloping; width, ex-
clusive of palpebral lobes, generally slightly more than
one-half basal glabellar width. Ocular ridge slender,
nearly straight, continuous with inner end of palpebral
lobe. Palpebral lobe strongly arcuate, well defined by
palpebral furrow, situated opposite middle third of
glabella; length about one-third sagittal glabellar
length, exclusive of occipital ring. Posterior limb
long, slender, tapered slightly distally, strongly round-
ed a tip. Posterior border furrow broad, deep. An-
terior section of facial suture curved slightly outward
from palpebral lobe to border furrow, then curved
strongly inward to cut anterior margin near antero-
lateral cranidial corner. Posterior section of facial
suture directed strongly outward in nearly straight
line to border furrow, then curved abruptly backward
to cranidial margin.

Free cheek has broad gently convex ocular platform
and well-defined convex border that increases slightly
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in width towards genal spine. Lateral and posterior
border furrows continuous. Genal spine long, slender,
slightly curved at tip; length about twice length of
posterior section of facial suture. Posterior section
of facial suture cuts margin near base of genal spine.
Eye surface separated from ocular platform only by
abrupt change in slope.

Ornamentation of cephalon consists of close-spaced
fine granules on all parts, including furrows, and
abundant coarse granules and spinules on all parts
except furrows and brim immediately anterior to
glabella. Posterior limbs have short slender posterior
fixigenal spines near distal ends. Some cranidia have
few low longitudinal ridges on brim in front of gla-
bella.

Thorax consists of more than 15 segments; sides
convergent posteriorly; length unknown. Pleural
regions of each segment nearly horizontal except for
depressed distal tips; pleural furrows broad, deep,
nearly straight. Tips of each segment pointed. First
four or five segments have slender median axial spines
that decrease in length posteriorly. Posterior border
of each of these segments has long slender posterolat-
erally directed spine at geniculation. Remaining
thoracic segments have no apparent axial spines or
spines at geniculation. Ornamentation consists of
closely spaced fine granules in pleural furrows and
abundant coarse granules and spinules on all convex
parts.

Pygidium tiny, consists of one segment and a termi-
nal part; axis occupies nearly all of surface. Border
not apparent. Ornamentation consists only of close-
spaced coarse granules.

Hypostome not known.

Discussion—The external ornamentation of Gelasene
acanthinos is unusual for Early Cambrian trilobites.
Several fragments show that many of the coarse “gran-
ules” on the outer surface of the exoskeleton are actual-
ly bases of small spinules. Thus, in addition to an occi-
pital spine, short posterior fixigenal spines, nearly ver-
tical axial spines, and posterolaterally directed spines
at the geniculations of the anterior thoracic segments,
the convex surfaces of the cephalon and at least the an-
terior part of the thorax bristled with spinules.

The only significant variability noted in this species
is a decrease in convexity of the glabella from the
smallest cranidium, 3 mm long, to the largest cranidi-
um, 20 mm long. Differences in ornamentation are ap-
parent only between the external surface and the sur-
face of the mold. Although coarse granular ornamen-
tation of the convex surfaces is present on both, the
fine granular ornamentation of the furrows is pres-
ent only on the external surface.
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Occurrence—Early Cambrian-1 fauna. Moderately
common (more than 20 cranidia, several free cheeks,
and parts of thoraxes including 2 with attached py-
gidia), USGS colln, 4296-CO, Yukon River (Water
Level) area.

Unassigned Trilobites

Genus ALOKISTOCARE? Lorenz
cf. Alokistocare lobatum Rasetti

Plate 5, figure 17
Alokistocare lobatum Rasetti, 1963, p. 577, pl. 67, fig. 10.

Description.—Cranidium gently to moderately con-
vex transversely and longitudinally. (Glabella well de-
fined by shallow axial and preglabellar furrows, sides
slightly concave, anterior end bluntly rounded. Three
pairs of shallow straight glabellar furrows present.
Occipital furrow straight, narrow. Frontal area mod-
erately broad, concave. Border narrow, convex, well
defined by moderately deep evenly curved border fur-
row. Secondary transverse furrow outlines triangular
area on brim adjacent to axial part of border. Sagittal
length of frontal area slightly less than one-half sagit-
tal glabellar length, exclusive of occipital ring. Fixed
cheeks moderately broad, convex. Ocular ridge mod-
erately distinet, directed posterolaterally from near an-
terior end of glabella. External surfaces of all parts
covered with closely spaced fine granules and scattered
coarse granules. Brim shows obscure longitudinal
veination.

Discussion—A single fragmentary cranidium asso-
ciated with Spencella montanensis Rasetti in the Alas-
kan material is very similar to a single cranidium de-
seribed as Alokistocare lobatum by Rasetti from a
boulder including 8. montanensis in Quebec. The Alas-
kan specimen lacks its palpebral lobes, occipital ring,
and posterior limbs and cannot be adequately compared
at the species level. It is certainly congeneric with A.
lobatwm and is illustrated here to emphasize the simi-
larity between the Middle Cambrian faunas of Alaska
and Quebec. Two other congeneric forms are A.
sinuatum Rasetti and A. cataractense Rasetti, from the
Bathyuriscus-Elrathina zone of the Stephen Formation
in British Columbia.

Occurrence—Middle Cambrian-1 fauna. Rare (1
cranidium), USGS colln. 4424-CO, Yukon River (Ad-
ams Peak) area.

Genus ASIOCEPHALUS n. gen.

Type species—Asiocephalus indigator n. sp.

Description.—Cranidium, exclusive of posterior
limbs, subquadrate; anterior margin very slightly
pointed. Glabella elongate, moderately convex trans-
versely, gently convex longitudinally, well defined by

STRATIGRAPHY OF EAST-CENTRAL ALASKA

shallow axial and preglabellar furrows; sides subparal-
lel, anterior end strongly and evenly rounded. Three
or four pairs of glabellar furrows present, represented
by pits that are isolated from axial furrows. Glabellar
furrows increase in size and depth posteriorly. Axial
glabellar node located between posterior pair of glabel-
lar furrows. Occipital furrow straight, deep distally,
shallow across axial line. Occipital ring simple. Fron-
tal area gently concave, not clearly subdivided in front
of glabella; border furrow extremely shallow, curved
inward and backward to anterior end of glabella to
form broad obscurely defined plectrum; sagittal length
of frontal area about one-half sagittal length of glabel-
la, exclusive of occipital ring. Fixed cheek moderately
wide, nearly horizontal; width, exclusive of palpebral
lobe about one-half the basal glabellar width. Palpebral
lobe short, strongly curved, moderately well deﬁljned by
shallow, curved palpebral furrow, situated opposite an-
terior half of glabella; exsagittal length about three-
eighths sagittal glabellar length, exclusive of occipital
ring. Ocular ridge low, extended straight inward fr(?m
palpebral lobe to axial furrow at right angle to axial
line. Posterior limb moderately large; transverse
length probably as great or greater than basal glabellar
width.

Course of anterior section of facial suture moderately
divergent forward from palpebral lobe nearly to ante-
rior margin, then curved abruptly inward and con-
tinued nearly to axial line where it turns and continues
ventrally across doublure as median suture. Course of
posterior section convex, nearly parallel to lateral ce-
phalic margin.

Free cheek elongate, gently convex. Border poorly
defined, concave. Lateral border furrow shallow. joins
shallow posterior border furrow in sharp curve at genal
angle. Width of border at anterior sutural margin
about two-thirds width of ocular platform. Genal
spine very slender, flat; lateral margin continuous with
lateral margin of cheek. Inner spine angle obtuse.
Length of genal spine about equal to length of poste-
rior section of facial suture. Anterior doublure ex-
panded towards axial line, sharply truncated by median
suture.

Thorax and hypostome not known.

Pygidium semicircular, gently convex transversely
and longitudinally. Axis slender, tapered slightly pos-
teriorly; length about five-sixths total pygidial length.
Five or six shallow ring furrows present posterior to
articulating furrow ; anterior furrows deepest. Pleural
region broad, gently convex, width slightly more than
twice width of axis. Six pleural segments represented
by plueral and interpleural furrows of approximately
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equal depth and even spacing. Furrows extend across
most of pleural region but do not reach to margin.
First pleural segment may or may not be produced into
short sharp marginal spine. Posterior margin has
slight median indentation, more pronounced on larger
specimens.

Surfaces of all parts except ocular platform smooth.
Ocular platform has closely spaced veination.

Discussion—The glabellar pits, median glabellar
node, anteriorly placed palpebral lobes, and poorly de-
fined plectrum indicate the close relationship of Asioce-
phalus with Hedinaspis, a widespread Asiatic Late
Cambrian genus. It differs from Hedinaspis by having
a large multisegmented pygidium, relatively large pal-
pebral lobes, and an obscure ocular ridge. The first
pygidial segment indicates that the thoracic segments
may have lacked the distinctive narrow anterior and
posterior bands that characterize all species of Hedin-
aspis, and the pleural spines may have been longer. No
previously described North American trilobite can be
compared with Asiocephalus.

Asiocephalus indigator n. sp.
Plate 13, figures 17-22

Discussion—Asiocephalus indigator n. sp. is the
only species presently known in Asiocephalus, and the
generic description is therefore also a description of
the species. Anterolateral spines are absent from two
pygidia, developed only on the left side of one speci-
men, and present on a fourth specimen that has only
the right side preserved. The potential for developing
lateral spines from the first pygidial segment, together
with the characteristic presence of an axial glabellar
node, suggests that this trilobite may be related to
the Ceratopygidae.

Occurrence—Franconian—2 fauna. Moderately rare
(5 cranidia, 3 free cheeks, 5 pygidia), GSC colln.
4661 (= 4705), Hillard Peak area.

Genus BRABBIA n. gen.

Type species—Brabbia pustulomarginata n. sp.

Description.—Cephalon transversely subquadrate;
sagittal length about one-half width between bases of
genal spines. Genal spines advanced, directed pos-
terolaterally in broad curve. Cranidium subquadrate;
anterior margin gently curved; constricted between
palpebral lobes. Glabella large, long, moderately con-
vex transversely and longitudinally, well defined by
narrow axial furrows, sides subparallel or very slight-
ly tapered forward, anterior end bluntly rounded,
tangent to border furrow. Two pairs of glabellar
furrows barely apparent; posterior pair directed
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obliquely backward. Occipital furrow deep, straight.
Occipital ring has prominent median node. Frontal
area consists entirely of convex border that has outer
part flattened and downsloping; sagittal length about
one-fifth sagittal length of glabella, exclusive of oc-
cipital ring. Border furrow deep, nearly straight.
Fixed cheek narrow, slightly upsloping; width, ex-
clusive of palpebral lobe, slightly more than one-
fourth basal glabellar width. Palpebral lobe mod-
erately large, arcuate; defined by shallow, curved
palpebral furrow, situated opposite posterior third
of glabella; exsagittal length one-half or slightly
more than one-half sagittal length of glabella, ex-
clusive of occipital ring. Kye ridge short, poorly
defined, connects palpebral lobe to axial furrow near
anterior glabellar furrow. Posterior limb slender,
tapered to sharp point; transverse length slightly less
than basal glabellar width.

Course of anterior section of facial suture strongly
divergent forward from palpebral lobe to border fur-
row, then curved inward across border; further course
not known. Course of posterior section of facial
suture strongly divergent and sinuous.

Free cheek broad, subtriangular. Border well de-
fined in anterior part by deep lateral border furrow
that disappears near base of genal spine. Posterior
border furrow deep, not connected to lateral border
furrow. Genal spine moderately long, flattened;
length slightly more than length of posterior section
of facial suture. Inner spine angle generally obtuse;
slightly acute on partly crushed complete cephalon.

Surfaces of all parts exoskeleton except top of
border smooth. Top of border has transverse row of
pustules best developed on surface of mold. All fur-
rows much deeper on surface of mold.

Discussion.—Brabbia is characterized by its nearly
unfurrowed parallel-sided glabella that reaches to the
border furrow, narrow fixed cheeks, relatively large
posteriorly placed palpebral lobes, moderately broad
convex border, and slightly advanced genal spines.
It seems to be most nearly related to the Saukiidae
but differs from all genera in that family by lacking
deep posterior glabellar furrows that are connected
across the glabella.

The glabellar shape and relative size indicate a
possible relationship to ZLeiostegium and the Leio-
stegiidae, but the palpebral lobes are smaller than
those of Leiostegium and the eye ridge intersects the
glabella much farther from the anterior end than
in Leiostegium. Without knowledge of a pygidium
for the type species of Brabbia, its proper assignment
to either the Saukiidae or Leiostegiidae, which have
unlike pygidia, cannot be determined.
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Brabbia pustulomarginata n. sp.
Plate 11, figures 10-13

Disussion.—Brabbia pustulomarginate n. sp. is the
only species presently assigned to Brabbia, and its
characteristics are given in the description of the
genus. A possibly related species has been described
by Lochman and Hu (1959, p. 418, pl. 57, figs. 2, 22)
as Leiostegium? sp. It is represented only by a single
imperfect cranidium having a granular surface and
the glabella extending slightly onto the border; the
cranidium is from a fauna comparable in age to the
fauna from which B. pustulomarginata was obtained.

Fragmentary cranidia and an isolated free cheek
associated with the complete cephalon in GSC colln.
4661 are indistinguishable from the slightly younger
specimens in USGS colln. 4358-CO and show that
the apparent differences in appearance of the frontal
area and inner spine angle on the free cheek are due
to either size differences or infraspecific variation.

Occurrence—Franconian-2 fauna. Common (more
than 10 cranidia, 8 free cheeks), USGS colln. 4356—
COj; rare (2 cranidia), USGS colln. 4358-CO; mod-
erately rare (1 cephalon, 4 cranidia, 1 free cheek),
GSC colln. 4661 (= 4705); all from Hillard Peak
area. ?Rare (1 fragmentary cranidium), USGS colln.
4379-CO, Montauk Bluff area.

Genus COMANCHIA Frederickson
Comanchia Frederickson, in Wilson and Frederickson, 1950,
p. 900; Lochman, 1959, p. 252; Palmer, 1965, p. 82.

Type species—Ptychopleurites amplooculata Fred-
erickson, 1948, p. 802, pl. 123, figs. 9-11.

Diagnosis—Glabella low, subquadrate, tapered
slightly forward, bluntly rounded anteriorly. Pos-
terior pair of glabellar furrows moderately distinct,
narrow, directed obliquely inward and backward from
axial furrows. Frontal area short. Border convex,
well defined by narrow evenly curved border furrow;
width nearly constant. Fixed cheeks very narrow,
flat or gently upsloping; width, including palpebral
lobe, one-third or less than one-third basal glabellar
width. Posterior limbs slender.

Anterior sections of facial sutures slightly divergent
forward from palpebral lobes; intersect anterior mar-
gin about in front of anterolateral corners of glabella.

Free cheek has narrow border well defined by nar-
row lateral border furrow of nearly constant depth
that intersects posterior border furrow at acute angle
at base of genal spine.

Discussion—The diagnosis given above presents the
salient features of the cranidium and free cheek of
Comanchia that relate to the Alaskan trilobites here
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assigned to that genus. A full description of the
genus 1s given elsewhere (Palmer, 1965).

Comanchia burlingi n. sp.
Plate 9, figures 26, 27

Description~—Cranidium subquadrate, gently round-
ed at front, gently to moderately convex transversely
and longitudinally. Glabella low, subquadrate, taper-
ed slightly forward, bluntly rounded anteriorly. Two
posterior pairs of glabellar furrows distinct, narrow,
shallow; posterior pair directed obliquely backward
and inward from axial furrow. Occipital furrow
moderately broad, straight. Occipital ring has tiny
median node. Frontal area short, subequally divided
into narrow convex border and flat brim by moderately
deep evenly curved border furrow; sagittal length
between one-third and one-half sagittal length of
glabella, exclusive of occipital ring. Fixed cheek
narrow, gently upsloping; width, including palpebral
lobe, about one-third basal glabellar width. Palpebral
lobe large, curved, well defined by arcuate palpebral
furrow; exsagittal length about two-thirds sagittal
length of glabella, exclusive of occipital ring. Pos-
terior limb slender.

Course of anterior section of facial suture mod-
erately to strongly divergent forward from palpebral
lobe to border furrow in sinuous course, then curved
sharply inward and across border to intersect anterior
margin about opposite anterolateral corner of glabella.
Course of posterior section strongly divergent and
sinuous.

Free cheek nearly flat. Lateral margin moderately
curved, continuous with margin of slender genal spine;
length of spine slightly more than length of posterior
section of facial suture. Lateral and posterior border
furrows moderately deep, of nearly equal and con-
stant depth, joined at acute angle near base of genal
spine.

External surfaces of all parts smooth.

Discussion.—Comanchia burling: n. sp. differs from
the others presently assigned to Comanchia by having
a relatively longer frontal area and longer palpebral
lobes. In addition, the facial sutures are more an-
teriorly flared than €. prior Kurtz (in Bell and others,
1952), which has a subequally divided frontal area;
and C. burlingi has a longer brim on the cranidium,
and a longer genal spine and narrower border on the
free cheek than either C. amplooculata, C. lippa Grant,
or . minor Palmer.

This species is the oldest presently assigned to
Comanchia. C. prior is intermediate in age between
C. burlingi and the Irvingella subzone species C. am-
plooculata, C. lippa, and C. minor. Two possible
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morphologic trends within the genus are now indi-
cated. The length of the frontal area and length of
the palpebral lobes both decrease progressively from
the oldest species to the youngest species. The ances-
tory of Comanchic is still not apparent, however,
among other trilobites of the Pterocephaliid biomere
(Palmer, 1965).

Occourrence.—Dresbachian-2 fauna. Rare (1 crani-
dium, 1 free cheek), GSC colln. 4645; 1 cranidium,
GSC colln. 4643; 1 cranidium, GSC 4646; all from a
4-foot interval in Burling’s measured section, Hillard
Peak area.

Genus DRUMASPIS Resser

Drumaspis Resser, 1942b, p. 4, 28; Shimer and Shrock, 1944,
p. 623; Kobayashi, 1954, p. 36; Lochman, 1959, p. 297;
Grant, 1962, p. 983; Bell and Ellinwood, 1962, p. 390;
Grant, 1965, p. 1140.

Type species—Drumaspis walcotti Resser, 1942b,

p. 28, pl. 4, figs. 37—41.

Discussion—~—Grant (1962) has given a thorough
description of Drumaspis to which the Alaskan speci-
mens conform in all respects.

Drumaspis idahoensis Resser
Plate 13, figures 1-5

Drumaspis idahoensis Resser, 1942b, p. 29, pl. 4, figs. 32-36;

Shimer and Shrock, 1944, pl. 264, figs. 31, 32; Grant, 1965,

p. 115, pl. 14, figs. 11-12.
Drumaspis deckeri Resser, 1942b, p. 31, pl. 5, figs. 14-16; Bell

and Ellinwood, 1962, p. 391, pl. 52, figs. 10-12, 15.
Drumaspis utahensis Resser, 1942b, p. 34, pl. 5, figs. 31-33.

Description—Cranidium subtrapezoidal, tapered

forward. Glabella large, low, well defined at sides
and anterior end by abrupt change in slope of exo-
skeleton surface, tapered slightly forward; anterior
end blunt, has slight median indentation, slightly
overhangs brim; transverse convexity gentle across
top of glabella, abruptly curved down at glabellar sides.
Three pairs of glabellar furrows present; anterior
pair short, transverse, narrow, shallow, isolated on an-
terior part of glabella; middle pair narrow, straight,
moderately deep, connected to lateral glabellar mar-
gin; posterior pair deep, narrow, oblique to glabellar
margin on lateral parts of glabella, connected straight
across top of glabella by broad shallow furrow. Oc-
cipital furrow deep, straight, narrow. Occipital ring
gently convex, lacks node or spine. Frontal area
short ; sagittal length slightly less than one-sixth sagit-
tal glabellar length exclusive of occipital ring. Border
convex, widest on axial line; sagittal length about
twice sagittal length of narrow brim. Fixed cheek
moderately wide, gently convex, downsloping; width,
exclusive of palpebral lobe, variable from slightly
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less than one-third to about one-half of basal glabellar
width, greatest on small specimens. Palpebral lobe
long, narrow, arcuate, well defined by broad deep
curved palpebral furrow; anterior end adjacent to
anterior end of glabella; exsagittal length decreases
during ontogeny from slightly less than sagittal gla-
bellar length, exclusive of occipital ring, on specimens
less than 2 mm long to about five-eighths sagittal
glabellar length on specimens 6 mm long; line con-
necting widest part of cranidium at palpebral lobes
crosses glabella just posterior to middle pair of gla-
bellar furrows. Posterior limb moderately long; distal
part triangular, strongly downsloping. Posterior bor-
der furrow broad, deep. External surface roughened
but lacks well-defined ornamentation.

Course of anterior section of facial suture slightly
convergent forward from palpebral lobe to border,
then turned inward in straight line across border to
intersect anterior margin of cranidium on axial line.
Course of posterior section of facial suture divergent
and sinuous.

Free cheek small, narrow. Border gently curved,
convex, well defined by lateral border furrow; width
greater than width of ocular platform at anterior
sutural margin. Posterior part of ocular platform
subtriangular. Form of genal spine not known.

Discussion—Drumaspis idahoensis Resser differs
from all others in the genus by having the posterior
pair of glabellar furrows connected across the top of
the glabella and by lacking significant ornamentation.
I examined all of the well-preserved cranidia in the
type lots of all described species of Drumaspis and
found specimens of two species, D. deckeri Resser and
D. utahensis Resser, that cannot be objectively dis-
tinguished from D. idahoensis. None of these speci-
mens differ in any significant characters from the
cranidia found in Alaska and described above.

Lochman and Hu (1959) included Drumaspis idaho-
ensts as a synonym of D. walcotti because the apparent
range of variability in their sample included charac-
teristic features of cranidia of both species. How-
ever, Grant (1962) stated that specimens comparable
to the holotype of D. walcotti which lack the connec-
tion between the posterior glabellar furrows are gen-
erally stratigraphically older than specimens compar-
able to the types of D. idahoensis which have the pos-
terior glabellar furrows connected, but that there is
a narrow zone of overlap. Xe concluded that the
collection described by Lochman and Hu probably
came from this overlap zone and therefore contains
specimens of both D. walcotti and of D. idahoensis.
His conclusion is accepted here, and D. idahoensis is
removed from the synonymy of D. walcotti.
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Occurrence. — Franconian-2 fauna. Moderately
common (7 cranidia), USGS colln. 4357-CO; mod-
erately common (8 cranidia), USGS colln. 4358-CO;
moderately rare (4 cranidia, 1 free cheek), GSC colln.
4661 (=4705); all from Hillard Peak area.

Genus DYTREMACEPHALUS Palmer

Dytremacephalus Palmer, 1954b, p. 749 ; Lochman, 1959, p. 258
Palmer, 1965, p. 84.
Type species—Dytremacephalus granulosus Palmer,
1954b, p. 750, pl. 85, figs. 5, 6.

Dytremacephalus? sp.
Plate 7, figure 29

Description—Cranidium subquadrate, moderately
rounded anteriorly. Glabella moderately convex trans-
versely, gently convex longitudinally, tapered forward,
bluntly rounded anteriorly, well defined by axial and
preglabellar furrows; distinct shallow pits at anterolat-
eral corners. Two pairs of short deep glabellar furrows
present. Occipital furrow straight, deepest distally,
shallow on axial line. Occipital ring has large axial node
at posterior margin. Frontal area subequally divided
into convex border and nearly flat downsloping brim
by broad deep evenly curved border furrow; sagittal
length about one-half sagittal length of glabella, exclu-
sive of occipital ring. Fixed cheeks gently upsloping;
width exclusive of palpebral lobes slightly more than
one-third basal glabellar width. Palpebral lobe con-
vex, well defined by slightly curved palpebral furrow;
exsaggital length about one-half sagittal length of gla-
bella, exclusive of occipital ring; width slightly more
than one-half infraocular part of cheek. Posterior
limb tapered to blunt point; length slightly less than
basal glabellar width. Posterior border furrow deep.

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

Course of anterior section of facial suture nearly
straight forward from palpebral lobe to border fur-
row, then turned inward across border to intersect an-
terior cranidial margin directly in front of junction of
low ocular ridge and axial furrow. Course of posterior
section gently convex.

Discussion.—This Dytremacephalus? species is known
only from cranidia that seem to have the characteris-
tic deep glabellar furrows, anterolateral glabellar pits,
convex border, and anterior course of the facial suture
of Dytremacephalus. The palpebral lobes are more
posteriorly placed than in species so far included in
the genus; therefore, without knowledge of pygidia or
free cheeks, a certain assignment to Dytremacephalus
cannot be made.
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Occurrence.—Dresbachian-2 fauna. Rare (4 crani-
dia), USGS colln. 4381-CO, Hi-yu area.

Genus ELRATHIA Walcott

Elrathia Walcott, 1924b, p. 56; Walcott, 1925, p. 86; Resser,
1935, p. 27; Howell, 1937, p. 1184; Shimer and Shrock,
1944, p. 611; Palmer, 1954a, p. 78; Howell, 1959, p. 240;
Robison, 1964a, p. 540.

Type species.—Conocoryphe (Conocephalites) kingii
Meek, 1870, p. 63.

Discussion—Robison (1964a, p. 540-542) has re-
viewed the content and concept of Elrathic and has
presented a. description of the genus that is followed
here.

Elrathia alaskensis n. sp.
Plate 5, figures 10-13

Description—Cranidium  elongate, subquadrate,
gently to moderately convex transversely and longitu-
dinally. Glabella long, slender, well defined by axial
and preglabellar furrows of nearly constant depth, ta-
pered forward, strongly and evenly rounded at front.
Glabellar furrows absent. Occipital furrow deep,
straight. Occipital ring moderately convex, width near-
ly constant. Frontal area downsloping. Border well
defined by narrow moderately deep border furrow that
is gently curved forward; sagittal length slightly less
than sagittal length of brim. Fixed cheek slightly
downsloping ; width, exclusive of palpebral lobe slightly
less than one-half basal glabellar width. Palpebral
lobe narrow, well defined by narrow slightly arcuate
palpebral furrow ; length about one-half length of gla-
bella exclusive of occipital ring. Eye ridge barely
apparent, directed slightly posterolaterally. Posterior
limb slender; transverse length about equal to basal
glaballar width. Posterior border furrow deep, curved
slightly forward at distal tip of posterior limb. Ex-
ternal surfaces of top of glabella and lateral parts of
border covered with closely spaced fine granules; re-
maining surfaces smooth or finely pitted.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then turned strongly inward across border to in-
tersect anterior margin in front of fixed cheek. Course
of posterior section divergent and sinuous.

Free cheek known only from single imperfect exter-
nal mold. Border narrow, well defined by narrow bor-
der furrow; width slightly less than one-half width of
ocular platform. Infraocular ring present, not sepa-
rated from ocular platform. Posterior parts of border,
and perhaps genal spine, have closely spaced fine gran-
ular ornamentation. Remainder of border has poorly
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defined terrace lines. Surface of ocular platform fine-
ly pitted.

Outline of pygidium semicircular; greatest width
about, three times sagittal length. Axis narrow, con-
vex, has three ring furrows posterior to articulating
furrow; width slightly more than one-fifth greatest
pygidial width ; length slightly more than three-fourths
sagittal pygidial length. Pleural regions gently con-
vex. Border not clearly defined. Pleural regions
crossed by four broad pleural furrows and three nar-
row interpleural( furrows that reach nearly to pygidial
margin. Surfaces of most convex parts covered with
closely spaced fine granules.

Discussion—Elrathia alaskensis n. sp. differs from
all species assigned to Elrathia by Robison (1964a, p.
541, 549), except K. kingii (Meek), by having rela-
tively long slender palpebral lobes. K. gaspensis
Rasetti and E. quebecensis Rasetti (1963, p. 580, 581)
also have relatively long slender palpebral lobes.
However, E. aloskensis differs from these long-eyed
forms by having a granular ornamentation, down-
sloping fixed cheeks, a less well defined pygidial bor-
der and a relatively narrow pygidial axis. Small
cranidia that seem to represent this species have gran-
ular ornamentation on all surfaces and a subequally
divided frontal area.

Occurrence—Middle Cambrian-1 fauna. Moder-
ately rare (11 cranidia, 1 free cheek, 1 pygidium),
USGS colin. 4341-CO, Hillard Peak area.

Genus HEDINASPIS Troedsson

Hedinia Troedsson, 1937, p. 56 [preoccupied by Hedinia Navas,
19361.
Hedinaspis Troedsson, 1951, p. 695; Lu, 1957, p. 277; Poulsen,
1959, p. 269 ; Kobayashi, 1961, p. 228.
Type species—Hedinia regalis Troedsson, 1937, p.
56, pl. 8, fig. 5; pl. 7, figs. 1-5, 7-11; pl. 8, figs. 3-8.

Hedinaspis sp.
Plate 15, figures 16, 18, 22

Discussion—Several fragments in three collections
represent parts of the peculiar and morphologically
distinctive genus Hedinaspis. Two cranidial frag-
ments show the typical deep pits in the glabella that
represent the glabellar furrows, and one of these frag-
ments has part of the brim with the ornamentation and
the narrow ridge at the inner edge of the border pre-
served. These specimens are not distinguishable from
Hedinaspis regalis (Troedsson) (pl. 15 figs. 17, 21)
which is known from central China and south Korea
(Kobayashi, 1961, p. 228).

Two fragments of thoracic segments, including one
partial thorax, also represent Hedinaspis. They are
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flat, have subparalle]l margins, and have a very broad
flat-bottomed pleural furrow bounded along both seg-
mental margins by narrow raised anterior and pos-
terior bands. The anterior band is deflected postero-
laterally along the lateral margin of the short pleural
spine. The thoracic fragment is also indistinguishable
from comparable parts of H. regalis (Troedsson).
The Alaskan specimens are much too fragmentary for
adequate specific identification, however, but they do
establish without doubt the position of this distinctive
Asiatic genus in the American Upper Cambrian.

Occurrence.—Trempealeauan-2 fauna. Rare (2
cranidial fragments), USGS colln. 4352-CO; 1 partial
thorax, USGS colln. 4351-CO; both from Yukon
River (Adams Peak) area. Franconian-2 fauna.
Rare (2 fragments of thoracic segments), USGS
colln. 4358-CO, Hillard Peak area.

Genus HUNGAIA Walcott
Hungaia Walcott, 1914, p. 351; Rasetti, 1944, p. 241 ; Lochman,
1959, p. 332.

Type species—Dikelocephalus magnificus Billings,
1860, p. 307, fig. 5.

Discussion—Both Rasetti (1944) and Lochman
(1959) have given good diagnoses of the characteristics
of Hungaia. The only new information concerns the
course of the facial suture. Free cheeks in the Alaskan
collection and also in the biologic collections of the U.S.
National Museum show that Hungaia had a median
suture across the doublure.

The large glabella, the small posteriorly placed pal-
pebral lobes, and the broad concave frontal area on the
cranidium; the broad border on the free cheek; and
the short axis, the long deeply furrowed pleurae, and
the spinose margin on the pygidium distinguish speci-
mens of Hungaia from all other associated trilobites
in the Alaskan fauna.

Hungaia burlingi n. sp.
Plate 12, figures 7-13

Description—Cephalon semicircular. Cephalic bor-
der broad, concave. Genal spines short, broad-based,
pointed. Cranidium, exclusive of posterior limbs, sub-
quadrate, gently convex transversely and longitudi-
nally. Glabella low, large, well defined by abrupt
changes in slope of exoskeleton, reaches onto inner
part of border, sides subparallel, anterior end bluntly
rounded. One or two pairs of short moderately deep
glabellar furrows present; posterior pair deepest.
Occipital furrow moderately deep, straight. Occipital
ring simple. Frontal area broad, concave, bluntly
pointed on axial line; sagittal length slightly less than
one-half sagittal glabellar length, exclusive of ocel-
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pital ring. Shallow, nearly straight border furrow
interrupted by anterior end of glabella. Fixed cheek
narrow, horizontal; width, exclusive of palpebral lobe,
stightty more than one-fourth basal glabellar width.
Palpebral lobe long, strongly curved, moderately well
defined by shallow palpebral furrow situated opposite
posterior half of glabella; exsagittal length about one
half or slightly less than one half sagittal glabellar
length, exclusive of occipital ring. Posterior limb
short.

Course of anterior section of facial suture moder-
ately divergent forward from palpebral lobe to bor-
der furrow, then curved broadly inward across border
to axial line and then ventrally across doublure as
median suture. Course of posterior section strongly
divergent behind palpebral lobe, then broadly curved
to intersect posterior margin at nearly right angle.

Free cheek subtriangular. Border broad, coneave.
Ocular platform gently convex; width at anterior
sutural margin about two-thirds width of border.
Lateral border furrow shallow, intersects deeper pos-
terior border furrow at nearly right angle near distal
end of facial suture. Posterior border furrow con-
tinues parallel to posterior margin of cheek nearly to
tip. Narrow ridge present on anterior part of cheek
parallel to lateral margin and at about midwidth of
border. Anterior doublure broad, long, squarely trun-
cated by median suture.

Pygidium subquadrate; lateral margins slightly
flared posteriorly; posterior margin has four pairs of
short broad-based flat spines arranged in nearly
straight transverse line. Axis short, bluntly termi-
nated posteriorly. Two moderately deep ring furrows
usually present posterior to articulating furrow; pos-
terior furrow present only on top of axis. Pleural
region has four deep pleural furrows, all nearly paral-
lel to axis in distal parts; anterior two furrows
directed laterally near axis; posterior two furrows
directed nearly straight backward for entire length.
Very short interpleural furrow present near axis
between first and second segments.

External surfaces of border regions of cephalon
and pygidium covered with terrace lines parallel to
external margins. Frontal area crossed by several
anteriorly branching caecae(?) that are not inter-
rupted by facial sutures. All other areas of exo-
skeleton smooth.

Discussion—Hungaia burling: n. sp. seems to be
characterized principally by its subquadrate glabella,
moderately deep glabellar furrows, moderately short
pygidial spines, and the short interpleural furrow
between the first two pygidial segments. It is most
similar to H. puelchana Rusconi from Argentina.
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Both species have subquadrate glabellas and moder-
ately deep posterior glabellar furrows. The pygidium
of H. puelchana has shallower pleural furrows and
shorter pygidial spines than the Alaskan species, and
the first interpleural furrow on the pygidium is
absent. H. magnifica (Billings) lacks the first inter-
pleural furrow and has much longer pygidial spines
than the Alaskan species, and the anterior end of the
glabella is strongly rounded rather than blunt. The
free cheeks of the two species are remarkably similar,
even in the presence of the peculiar ridge that extends
down the middle of the border. H. pacifica Koba-
vashi (pl. 12, fig. 14), also described from Alaska, is
represented only by five large fragmentary pygidia,
none of which have the posterior margin preserved.
Three of these specimens have the axis preserved, and
it has three ring furrows posterior to the articulating
furrow. On these specimens, also, the third pleural
furrow is directed posterolaterally from the axis
rather than straight posteriorly and the first inter-
pleural furrow is lacking. Although Kobayashi’s
specimens can be recognized as Hungaia pygidia, they
are not really adequate for comparison at the specific
level with other described species. In addition to
having minor morphologic differences from H. bur-
lingi, they are associated with a totally different tri-
lobite fauna. Thus, neither available morphologic evi-
dence nor stratigraphic evidence favors the use of
Kobayashi’s name for the material described here, and
the name H. pacifica should be restricted to the frag-
mentary material in the lot originally described by
Kobayashi (1935a).

Occurrence—Franconian-2 fauna. Moderately com-
mon (8 cranidia, 2 free cheeks, 2 pygidia), GSC colln.
4661 (= 4705), rare (1 pygidium), USGS colln. 4358
CO; 1 pygidium, USGS colln. 4357-CO; all from
Hillard Peak area. Specimens assigned with ques-
tion: 1 pygidium, USGS colln. 8709-CO; 3 cranidia,
USGS colln. 4355-CO; 1 pygidium, USGS colln.
4356-CO; all from Hillard Peak area.

Hungaia sp.
Plate 12, figure 18

Discussion—A  species that is probably different
from Hungaia burlingi is represented by pygidia that
have relatively long border spines arranged along the
margins of a median indentation in the border so that
the outer spines extend the farthest posteriorly. These
specimens also lack any indication of an interpleural
furrow between the first and second pleural segments.
They seem to conform in all observable features to
small pygidia of H. magnifica (Billings) and may
possibly represent that species. However, without
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knowledge of additional parts, accurate identification
cannot be made.

Occurrence : Trempealeauan-1 fauna. Rare (3 pygi-
dia), USGS colln. 3834-CO, Jones Ridge area (south
end).

Genus LAUZONELLA Rasetti
Lauzonella Rasetti, 1944, p. 243 ; Rasetti, 1959, p. 331.

Type species—Dikelocephalus planifrons Billings,

1860, p. 309, fig. 6.

Lauzonella? tripunctata (Xobayashi)
Plate 14, figures 14, 15

Paraebriscoia tripunctata Kobayashi, 1935a, p. 54, pl. 9, fig. 8.

Description.—Cranidium subquadrate ; anterior mar-
gin broadly and evenly rounded. Glabella low, gently
to moderately convex transversely and longitudinally,
tapered slightly forward, bluntly rounded anteriorly,
well defined by abrupt changes in slope of exoskeleton.
Two or three pairs of glabellar furrows present as pits,
increasing in size posteriorly, isolated from sides of
glabella. Occipital furrow broad, moderately deep.
Occipital ring gently convex, has well-defined axial
node near posterior margin. Frontal area broad, con-
cave, lacks any indication of border furrow; sagittal
length about three-fifths sagittal length of glabella,
exclusive of occipital ring. Fixed cheek narrow,
upsloping; width about one-fourth basal glabellar
width. Palpebral lobe small, poorly defined, situated
about opposite glabellar midlength; exsagittal length
about one-fourth sagittal glabellar length, exclusive
of occipital ring. Posterior limbs not known. Exter-
nal surfaces of convex parts roughened but lack either
discrete pits or granules.

Course of anterior section of facial suture divergent
forward from palpebral lobe to anterior cranidial
margin; further course not known.

Discussion—Lauzonella? tripunctate (Kobayashi)
was based on a single cranidium and questionably
assigned to Parabriscoia. As discussed elsewhere (p.
B59?), Parabriscoia probably has a cranidium closely
comparable to that of Briscoia and thus unlike the
cranidium described_above.

Rasetti (1944, pl. 87, fig. 10) illustrated a cranidium
from the Levis Conglomerate that was described by
Clark (1924) as Dikelokephalina broggeri. This
cranidium, which was assigned to Lauzonella, is almost
certainly congeneric with the Alaskan specimen of
Parabriscoia? tripunctata described by Kobayashi.
The type species of Lauzonella, L. planifrons (Bil-
lings), has the palpebral lobes adjacent to the glabella
and there is practically no infraocular cheek. This
characteristic is quite different from the cheek struc-
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ture of P.? tripunciate and D. broggeri, and the
assignment of these species to LZauzonella should at
least be questioned until more can be learned about
the morphology of other parts of these rare trilobites.

Two of the more recent Alaskan collections have
specimens that are congeneric or conspecific with
Lauzonella? tripunctata. Each collection has only two
cranidia. In one collection (3835-CO), the specimens
are identical in every respect, including size, with the
specimen described and illustrated by Kobayashi. The
other collection (4355-CO) and a Burling collection
(GSC 4671) have incomplete specimens about three
times larger than typical L.? ¢ripunctata (pl. 12, fig.
16). They have a relatively longer frontal area that
is only slightly shorter than the sagittal glabellar
length, exclusive of the occipital ring, and fixed
cheeks that are only one-fifth as wide as the basal
glabellar width, but agree in all other features with
L.? tripunctata. In Pterocephalia concava Palmer, a
species that has a similar broad concave frontal area,
the frontal area increases in sagittal length during
holaspid ontogeny (Palmer, 1960a, p. 88). If a paral-
lel development takes place in L.%? iripunciaia, the
large specimens may be conspecific with the small
specimens. The available material is inadequate for
the determination of this possibility.

Occurrence.—Trempealeauan-1 fauna. Rare (1
cranidium; holotype), USNM loc. 250 (=Mertie colln.
30AMt147) ; rare (2 cranidia), USGS colln. 8835-CO;
2 cranidia GSC colln. 4671; all from Jones Ridge
area. Franconian-2 fauna. ?Rare (2 cranidia), USGS
colln. 4355-CO, Hillard Peak area.

Genus LIOSTRACINOIDES Raymond
Liostracinoides Raymond, 1937, p. 1092; Howell, 1959, p. 248.

Type species—Liostracinoides wvermontanus Ray-
mond, 1937, p. 1092, pl. 1, fig. 20.

Discussion~—Liostracinoides was proposed by Ray-
mond for a single small imperfect cranidium in the Up-
per Cambrian of Vermont that is characterized by hav-
ing a well-defined glabella, small medially situated pal-
pebral lobes, a narrow cranidial border, and a well-de-
fined median preglabellar furrow connecting the axial
furrows to the border furrow. Several small cranidia
in a Late Cambrian collection in Alaska may represent
this genus, but some uncertainty about the assignment
will remain until more is known about the type species.

Liostracinoides? yukonensis n. sp.
Plate 15, figure 20
Description~—Cranidium small, elongate, subquad-

rate, moderately rounded anteriorly. Glabella moder-
ately convex longitudinally, strongly convex trans-
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versely, well defined at sides by deep narrow axial fur-
rows that meet at blunt point on axial line. Glabellar
furrows absent. Occipital furrow deep, narrow,
straight. Occipital ring convex, has small median
node. Frontal area consists of narrow well-defined
border that has well-defined plectrum; broad shallow
longitudinal median furrow connects tip of plectrum to
anterior end of glabella. Border furrow deep, narrow
distally; shallower around plectrum. Sagittal length
of frontal area about one-half sagittal length of gla-
bella, exclusive of occipital ring. Fixed cheek moder-
ately wide, gently convex, nearly horizontal ; width, ex-
clusive of palpebral lobe, slightly more than one-half
basal glabellar width. Palpebral lobe small, moder-
ately well defined by shallow nearly straight palpebral
furrow, situated slightly posterior to glabellar mid-
length, connected to glabella by poorly defined narrow
eye ridge; exsaggital length about one-third sagittal
glabellar length exclusive of occipital ring. Posterior
limbs not known. All surfaces smooth, except for nar-
row zone of terrace lines along anterior part of border.

Course of anterior section of facial suture moderately
divergent forward from palpebral lobe to border fur-
row, further course not known.

Discussion.—Liostracinoides? yukonensis n. sp. is un-
like any other Alaskan Cambrian trilobite by possess-
ing an unfurrowed glabella connected by a median lon-
gitudinal furrow across the brim to a well-defined plec-
trum on the border. The presence of a plectrum on the
border, and the absence of glabellar furrows distin-
guish this species from Z. vermontanus, the type spe-
cies of Liostracinoides.

Occurrence.—Trempealeauan—2 fauna. Moderately
common (7 cranidia), USGS colln. 4351-CO, Yukon
River (Adams Peak) area.

Genus LOGANELLUS Devine
Loganellus Devine, 1863, p. 98; Rasetti, 1944, p. 246; Rasetti,
1959, p. 331.
Type species—Olenus? logani Devine, 1863, p. 95,
figs. 1, 2.
Discussion—Rasetti (1944) revised the content of

Loganellus and presented a good description that is fol-
lowed here.
Loganellus? areus n. sp.

Plate 13, figures 6-8, 11

Description—Cranidium, exclusive of posterior
limbs, subquadrate; anterior margin nearly straight.
Glabella low, tapered slightly forward, bluntly rounded
anteriorly, well defined at sides and front by shallow
narrow axial preglabellar furrows; preglabellar furrow
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deepest at anterolateral corners of glabella. Two pairs
of deep narrow obliquely directed glabellar furrows
present. Occipital furrow straight, narrow, shallow.
Occipital ring nearly flat, has small median node.
Frontal area narrow in front of glabella, flared later-
ally; sagittal length slightly less than one-fifth sagittal
glabellar length, exclusive of occipital ring. Border
convex, well defined by narrow nearly straight border
furrow; sagittal length about twice sagittal length of
flat brim. Fixed cheek narrow, nearly horizontal;
width, exclusive of palpebral lobe, slightly less than
one-fourth basal glabellar width. Palpebral lobe large,
slightly curved, moderately well defined by shallow pal-
pebral furrow; connected to glabella by low narrow
ocular ridge; situated about opposite glabellar mid-
length ; exsagittal length slightly less than sagittal gla-
bellar length exclusive of occipital ring. Posterior
limb slender, sharply pointed; transverse length about
equal to basal glabellar width. Posterior border fur-
row moderately deep, narrow.

Course of anterior section of facial suture strongly
divergent forward from palpebral lobe in broad out-
ward curve; intersects border furrow at nearly right
angle and then turns sharply inward and continues
across border nearly to axial line. Course of posterior
section of facial suture divergent and sinuous.

Free cheek gently convex; lateral margin broadly
curved and continuous with margin of slender genal
spine. Border narrow, convex, well defined by broad
shallow lateral border furrow that connects with pos-
terior border furrow near base of genal spine; width of
border about one-sixth width of ocular platform at an-
terior sutural margin. Infraocular ring present. Pos-
terior border narrow, moderately long transversely. In-
ner spine angle slightly obtuse. Length of genal spine
about equal to length of posterior section of facial
suture.

Pygidium semicircular. Axis convex, tapered poster-
iorly nearly to inner edge of narrow border, has three
or four ring furrows posterior to articulating furrow.
Pleural region nearly flat. Border narrow, well defined
by shallow border furrow; width at anterolateral mar-
gin variable between one-sixth and one-eighth width of
pleural region. Pleural field crossed by three or four
shallow pleural furrows. Interpleural furrows also
present, very.shallow.

Border of pygidium has well defined terrace lines.
All other parts of exoskeleton smooth.

Discussion—All the cephalic characteristics of Lo-
ganellus? arcus 1. sp. except the course of the anterior
section of the facial suture, seem to conform to those

of Loganellus. The unusual outwardly convex course
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of the facial suture is unlike that of any other species
in the genus, and such a striking modification of this
suture is usually of more than specific significance.
However, the pygidia that are associated with the cran-
idia have the appearance of pygidia characteristically
assigned to Loganellus. Until more is known about
this species, it is tentatively assigned to Loganellus, to
which it seems to have the greatest affinity.
Occurrence—Franconian-2 fauna. Moderately rare
(2 cranidia, 1 free cheek, 5 pygidia), USGS colln.
4358-CO; rare (1 cranidium), USGS colln. 4359-CO;
rare (1 cranidium), USGS colln. 3710-CO ; moderately
common (10 cranidia, 6 pygidia, 6 free cheeks), GSC
colln. 4661 (=4705) ; all from Hillard Peak area.

Genus ONCHOCEPHALITES Rasetti
Onchocephalites Rasetti, 1957, p. 962.

Type species.—Onchocephalites laevis Rasetti, 1957,
pl. 121, figs. 5-9, text fig. 2.

Diagnosis—Cranidium moderately convex trans-
versely and longitudinally. Glabella low, broad, mod-
erately well to poorly defined, tapered forward,
strongly rounded anteriorly. Glabellar furrows poorly
defined. Frontal area short; sagittal length less than
one-half sagittal glabellar length. Brim and border
subequal in sagittal length. Border furrow convex up-
ward in anterior view. Fixed cheeks gently convex,
downsloping. Palpebral lobes poorly defined, situated
about opposite middle third of glabella. Distal parts
of posterior limbs short, blunt.

Discussion—Onchocephalites presently includes spe-
cies that vary considerably in degree of definition of
glabella on the external surface. However, they all
have downsloping fixed cheeks, poorly defined palpe-
bral lobes, and a relatively short frontal area that may
constitute meaningful generic characteristics. All the
species except 0. punctatus, discussed on page B97, are
from beds no younger than early Middle Cambrian in
age.

Onchocephalites? versilis n. sp.
Plate 4, figures 1-5

Description—Cranidium subquadrate in outline,
gently rounded anteriorly, moderately convex trans-
versely and longitudinally. Glabella well defined by
narrow, shallow axial and preglabellar furrows of con-
stant depth; gently convex transversely and longitud-
inally, tapered gently forward, evenly rounded ante-
riorly. Glabellar furrows shallow; two pairs barely
visible; posterior pair directed obliquely inward and
backward. Occipital furrow deep straight. Occipital
ring convex, has distinct median node. Frontal area
short ; sagittal length variable between one-third and
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one-half sagittal length of glabella, exclusive of oc-
cipital ring. Border convex, moderately wide, well
defined by narrow border furrow that is convex upward
in anterior view; sagittal length one-half or more than
one-half sagittal length of frontal area. Brim convex;
sagittal length variable, less than one-half sagittal
length of frontal area. Fixed cheeks gently convex,
moderately wide, strongly downsloping; width slightly
less than one-half basal glabellar width. Transverse
line tangent to surface of cheek also tangent to glabella.
Palpebral lobes small, defined only by change in slope of
cheek surface, situated opposite middle third of glabella;
length between one-third and one-fourth sagittal glabel-
lar length. Posterior limbs short, blunt; transverse
width less than basal glabellar width. Posterior border
furrow broad, deep ; posterior border slightly expanded
distally.

Course of anterior section of facial suture slightly
convergent forward in gentle curve from palpebral
lobe to anterior margin. Course of posterior section
divergent for short distance behind palpebral lobe,
then curved and directed nearly straight backward to
posterior margin.

External ornamentation consists of low closely
spaced granules principally on glabella and occipital
ring; other parts not clearly ornamented. Surface of
mold shows strong pitting on cheeks but no pitting on
glabella. All furrows better defined on mold.

Discussion—Onchocephalites? wersilis n. sp. differs
from the species presently included in Onchocephalites
by Rasetti (1957, 1963) by having smaller palpebral
lobes and by having the axial, preglabellar, and bor-
der furrows distinctly defined. However, the overall
size, distinctly downsloping fixed cheeks, and dorsally
convex border furrow indicate a probable relation-
ship of the Alaskan specimens to Onchocephalites.
No other small ptychoparioid from the early Cambrian
or early Middle Cambrian seems sufficiently similar to
0.% versilis to warrant a different generic assignment.

Occurrence—Early Cambrian-3 fauna. Moderately
common (more than 15 cranidia), USGS collns. 4334
CO, 4335-CO, 3715-CO; Yukon River (West Ridge)
area.

Genus ONCHONOTOPSIS Rasetti
Onchonotopsis Rasetti, 1946, p. 460; Rasetti, 1959, p. 519.

Type species.—Onchonotopsis pergibba Rasetti, 1946,
p- 460, pl. 70, figs. 23-26.

Diagnosis—Small ptychoparioids. Glabella large,
unfurrowed, strongly convex transversely and longitu-
dinally, increases in height posteriorly and partly or
completely overhangs deep narrow occipital furrow.
Frontal area short, subequally divided into evenly
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curved convex border and flat downsloping brim.
Fixed cheeks narrow, downsloping. Palpebral lobes
small, poorly defined, situated opposite middle third of
glabella. Posterior limb subtriangular. Posterior bor-
der furrow deep near glabella.

Discussion—Omnchonotopsis 1s a rare genus that
seems to be characteristic of faunas at the Middle-Up-
per Cambrian boundary. The type species, O. per-
gibba, 1s associated with trilobites having both Middle
and Upper Cambrian affinities in a boulder from a pre-
sumed Ordovician conglomerate on the western Gaspé
Peninsula, Quebec (Rasetti, 1946). The Alaskan spe-
cies described below is associated with Lejopyge calva
Robison, an agnostid that is characteristic of the upper-
most Middle Cambrian beds of the Great Basin in
Nevada and Utah (Robison, 1964a).
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Onchonotopsis oceidentalis n. sp.

Plate 6, figures 11, 12

Description—Cranidium subtrapezoidal, strongly
convex transversely and longitudinally. Glabella large,
unfurrowed, subovate in dorsal outline, strongly con-
vex transversely and longitudinally, increases in height
posteriorly so that posterior surface is vertical and di-
rectly above deep narrow occipital furrow. Occipital
ring narrow, convex, lacks node or spine. Frontal area
short, subequally divided into horizontal convex evenly
curved border and downsloping flat brim by shallow
border furrow; sagittal length of frontal area about
one-third sagittal length of glabella, exclusive of occip-
ital ring. Fixed cheek narrow, downsloping; width,
including palpebral lobe, slightly more than one-third
basal glabellar width. Palpebral lobe short, poorly de-
fined by shallow palpebral furrow, situated opposite
middle third of glabella; length about one-third sagit-
tal glabellar length, exclusive of occipital ring. Pos-
terior imb triangular; transverse length slightly more
than two-thirds basal glabellar width. Posterior bor-
der furrow deep near glabella; broad, shallow distally.
Glabella and occipital ring covered with poorly defined,
closely spaced fine granules; remainder of cranidium
lacks distinct ornamentation.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe to border fur-
row, then curved strongly inward across border and
merged imperceptibly with anterior margin. Course
of posterior section of facial suture is broad curve from
palpebral lobe to posterior margin.

Discussion~—The cranidium of Ochonotopsis occi-
dentalis n. sp. is most similar in general proportions to
0. pergibbus Rasetti. However, the frontal area is
relatively longer and less strongly bowed upward in
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anterior view, and the fixed cheeks are relatively wider.
The back of the glabella of 0. occidentalis does not
overhang the occipital ring as it does in O. pergibbus,
and the ornamentation of the Alaskan specids is gran-
ular instead of pitted.

Occurrence—~Middle Cambrian—2 fauna. Rare (1
cranidium), USGS colln. 4337-CO, Yukon River
(Adams Peak) area.

Genus ONCHONOTUS Raymond
Onchonotus Raymond, 1924, p. 405; Kobayashi, 1934, p. 543;
Kobayashi, 1935b, p. 260; Kobayashi, 1938, p. 187; Ivshin,
1960, p. 120.

Type species—Menocephalus globosus Billings, 1860,
p- 817, figs. 17-19.

Description—Cephalon subglobose, strongly convex
transversely and longitudinally. Glabella large, mod-
erately convex transversely and longitudinally, tapered
slightly forward, bluntly or strongly rounded at
front, defined at sides and front by changes in slope
of exoskeleton. Distinct glabellar furrows absent.
Occipital furrow broad, deep, straight, has nearly
constant depth. Occipital ring simple, convex; small
median node present on at least some specigs. Frontal
area short, downsloping; brim concave; %order con-
vex, slightly nasute; border furrow deep or shallow.
Fixed cheek narrow, horizontal or slightly downslop-
ing. Palpebral lobe moderately small, poorly defined,
situated opposite or slightly anterior to glabellar mid-
length. Posterior limb short, pointed. Posterior bor-
der furrow shallow.

Course of anterior section of facial suture nearly
straight forward from palpebral lobes to border fur-
row, then turned abruptly inward and continued
across border to intersect anterior margin near axial
line. Course of posterior section nearly straight.

Free cheek broad, has strongly curved lateral mar-
gin. Border narrow, convex, moderately defined by
shallow lateral border furrow that does not connect
with shallow posterior border furrow. Genal spine
short, directed laterally at slight angle to margin of
cheek.

Discussion.—Brief diagnoses of Onchonotus have
been given by Raymond (1924) and by Ivshin (1960),
but no redescription of the genus has yet been pre-
sented to incorporate new material obtained since 1924.

Kobayshi (1934, p. 543; 1938, p. 187, 188) added
Onchonotus walcotti Kobayashi, 0. ovoidea Kobayashi,
and Bathyurus minor Sun to Onchonotus. O. walcotts
lacks a preserved frontal area and therefore is not
sufficiently preserved to be comparable to other tril-
obites. 0. ovoidea is a small trilobite that has a ta-
pered glabella, a narrow straight border furrow, and
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an evenly convex border of nearly constant width.
These characters are unlike those of typical species of
Onchonotus, and O. ovoidea probably represents an-
other genus. Furthermore, it occurs in a Dunderber-
gia zone fauna and is considerably older than the
characteristic spectes of Onchonotus. Bathyurus mi-
nor Sun is inadequately illustrated and described for
meaningful comparison with species of Onchonotus.

Raymond (1937) described Onchonotus eminens,
which was removed to Onchonotopsis by Rasetti
(1946).

Rasetti (1943, 1944, 1945a) added five species to
Onchonotus. 0. foveolatus Rasetti, from beds of
Early Ordovician age, and 0. granulatus and O. con-
vexus from beds of Late Cambrian age seem to be
fully typical of the genus. O. suwlcatus Rasetti is a
small Late Cambrian trilobite having moderately deep
posterior glabellar furrows and distinct axial and
preglabellar furrows. These characteristics are atypi-
cal for Onchonotus, and its generic assignment may be
incorrect. Menocephalus sedgwicki Billings was ques-
tionably assigned to Onchonotus, and the presence of
deep glabellar furrows and convex fixed cheeks cer-
tainly justifies only tentative generic assignment.

Thus, the only species that are unquestionably as-
signed to Onchonotus are O. globosus (Billings), O.
convexus Rasetti, 0. foveolatus Rasetti, O. gramulatus
Rasetti, 0. nasutus (Walcott), and O. richardsoni
(Walcott). The description given above is based on
examination of material of O. nasutus, 0. richardsoni,
0. brevifrons n. sp. and O. antiqus n. sp. in the col-
lections of the U.S. National Museum and supple-
mented by illustrations of the remaining species in
Rasetti (1943, 1944).

Onchonotus antiqus n. sp.
Plate 12, figure 20

Description.—Cranidium moderately convex trans-
versely and longitudinally, slightly pointed anteriorly.
Glabella large, moderately to strongly convex trans-
versely and longitudinally, tapered slightly forward,
defined at sides by change in slope of exoskeleton sur-
face, barely defined at front. Glabellar furrows
barely apparent. Occipital furrow broad, moderately
deep, straight. Occipital ring convex, has small me-
dian node. Frontal area short, downsloping; sagittal
length about one-third sagittal length of glabella, ex-
clusive of occipital ring. Border convex, tapered lat-
erally from maximum sagittal length on axial line,
well defined by deep border furrow that is bluntly
pointed forward on axial line; sagittal length slightly
greater than sagittal length of flat brim. Fixed
cheek narrow, horizontal. Palpebral lobe flaplike,

263-797 O-68—7

B93

barely separated from infraocular part of cheek.
Width of cheek exclusive of palpebral lobe slightly
less than one-sixth basal glabellar width. Exsagittal
length of palpebral lobe about one-third sagittal
length of glabella, exclusive of occipital ring. Poste-
rior limb triangular; transverse length distinctly less
than basal glabellar width. Posterior border furrow
shallow. External surface of border has well-defined
terrace lines; all other parts smooth.

Discussion—Onchonotus antiqus n. sp. is closely re-
lated to the other smooth species of Onchonotus, O.
richardsoni, O. nasutus, and 0. convexus . It differs
from all three by having a much deeper border fur-
row and a relatively wide cranidial border.

Ocourrence—Franconian—-2 fauna. Moderately com-
mon (4 cranidia), USGS colln. 4357-CO; rare (1
cranidium), USGS colln. 4358-CO; ?rare (1 cranidi-
um), USGS colln. 3710-CO; moderately common (10
cranidia), USGS colln. 4356-CO; all from Hillard
Peak area.

Onchonotus brevifrons n. sp.

Plate 12, figures 15, 19

Description.—Cranidium, exclusive of posterior
limbs, elongate, subquadrate; anterior margin slightly
pointed. Glabella large, moderately to strongly con-
vex transversely and longitudinally, well defined at
sides by distinct change in slope of exoskeleton sur-
face, less well defined at front; sides nearly subpar-
allel; anterior end bluntly rounded. Glabellar fur-
rows absent. Ocecipital furrow broad, deep, straight;
deepest across top of glabella. Ocecipital ring simple,
has barely visible median node. Frontal area short,
concave; sagittal length variable between one-fourth
and one-fifth sagittal length of glabella, exclusive of
occipital ring. Brim steeply depressed; sagittal length
slightly greater than sagittal length of border. Border
narrow, slightly raised, pointed on axial line, re-
sembles forward directed chevron with concave sides.
Fixed cheek narrow, horizontal; width, exclusive of
palpebral lobe, variable between omne-fourth and one-
fifth basal glabellar width. Palpebral lobe large,
arcuate, poorly defined on external surface by shal-
low palpebral furrow; better defined on mold; ex-
sagittal length about two-fifths sagittal length of gla-
bella, exclusive of occipital ring. Posterior limb slen-
der, sharply pointed; transverse length slightly less
than basal glabellar width. Posterior border furrow
moderately deep. External surfaces of all parts
smooth.

Course of anterior section of facial suture nearly
straight forward but curved slightly outward to bor-
der furrow, then turned abruptly inward and contin-
ued nearly to axial line in gentle posteriorly concave
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curve. Course of posterior section of facial suture
divergent and sinuous.

Discussion—The combination of a short frontal
area, large palpebral lobes, and subparallel sides to
the glabella distinguish Onchonotus brevifrons n. sp.
from others assigned to Onchonotus. Compared with
0. antiqus n. sp., the other Alaskan species, the bor-
der of 0. brevifrons is narrower, the border furrow is
not as well developed, the anterior margin of the
cranidium is more distinctly pointed, and the glabella
is less tapered anteriorly.

Most cranidia of Onchonotus brevifrons are exfoli-
ated but a few specimens retain parts of the exoskel-
eton that show the exterior characteristics. The ex-
foliated' specimens have a less distinct anterior border
and generally better defined palpebral lobes.

Occurrence—Franconian-2 fauna. Moderately com-
mon (10 cranidia), USGS colln. 8709-CO; common
(more than 20 cranidia), USGS colln. 4355-CQO; both
from Hillard Peak area. Rare (3 cranidia), GSC colln.
264, Squaw Mountain area.

Genus PSEUDOSAUKIA Rasetti
Pseudosaukia Rasetti, 1944, p. 252.

Type species—Dikelocephalus sesostris
1865, p. 198, fig. 184.

Discussion.—Rasetti (1944) has presented an ade-
quate diagnosis of Pseudosaukia, and the Alaskan ma-
terial does not add any new information.

Billings,

Pseudosaukia cf. P. brevifrons (Clark)
Plate 15, figure 9

Osceolia brevifrons Clark, 1924, p. 30, pl. 4, fig. 4.
Pseudosaukie brevifrons (Clark). Rasetti, 1944, p. 254, pl. 39,
fig. 34.

Description—Glabella large, low, gently to mod-
erately convex transversely and longitudinally, well
defined by narrow axial furrows, reaches nearly to
border, anterior end bluntly rounded; width decreases
slightly between palpebral lobes, then increases again
towards front so that sides are slightly concave. Two
pairs of glabellar furrows present, isolated from axial
furrows; posterior pair relatively deep, oblique. Oc-
cipital furrow deep, straight; ends isolated from axial
furrows. Occipital ring flattened, lacks node or spine.
Frontal area very short; sagittal length about one-
ninth sagittal length of glabella, exclusive of occipital
ring. Border strongly convex, wirelike; sagittal
length about three times length of slotlike brim. Fixed
cheek very narrow; width, exclusive of palpebral
lobe, about one-tenth basal glabellar width. Palpebral
lobe slightly curved, poorly defined in posterior part
by shallow palpebral furrow, situated adjacent to
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glabella and slightly anterior to glabellar midlength;
sagittal length about four-tenths sagittal length of
glabella, exclusive of occipital ring. Posterior limbs
not known. External surfaces of all parts smooth or
faintly roughened.

Discussion.—Pseudosaukia cf. P. brevifrons (Clark)
is very similar to P. brevifrons (Clark) in its cranidial
proportions but differs by having the posterior part of
the glabella more sharply defined and by lacking a
transaxial connection between the posterior pair of
glabellar furrows. Both of these characteristics may
be variable features. Determination of their reliabil-
ity as meaningful specific distinctions must await more
material. The large low subquadrate glabella that
has slightly concave sides, the short frontal area, and
small palpebral lobes adjacent to the glabella all com-
bine to distinguish this species from all other Alaskan
trilobites.

Occurrence—Trempealeauan—1 fauna. Moderately
common (4 cranidia), USGS colln. 3834-CO, Jones
Ridge area (South end).

Genus QUEBECASPIS Rasetti
Quebecaspis Rasetti, 1944, p. 254 ; Rasetti, 1959, p. 279.

Type species—Quebecaspis breviceps Rasetti, 1944,
p- 254, pl. 39, figs. 44, 45.

Discussion—Quebecaspis is known only from cran-
idia assigned to three species. The free cheek of one
of the species has been described, but pygidia are as
yet unknown. The generic characteristics seem to be
the combination of a short frontal area, a broad low
tapered glabella having the posterior glabellar fur-
rows nearly outlining posterolateral glabellar lobes, a
deep narrow occipital furrow, and narrow fixed cheeks.

Quebecaspis 1s represented in Alaska by three spe-
cies. Two of the species, ¢. conifrons? Rasetti and
Q. breviceps Rasetti, were originally described from
Upper Cambrian collections in Maryland and Quebec,
respectively. At all known localities, these species
are found in faunas correlative with the early Late
Cambrian Dunderbergia zone. The fact that Quebec-
aspis is absent from the large fauna in beds of this
age in the Great Basin of the Western United States
suggests that the geographic range of Quebecaspis did
not extend around the southern margins of the North
American continent during Late Cambrian time. Rath-
er, it becomes supporting evidence for a Late Cam-
brian marine connection between Alaska and eastern
North America across the present Arctic regions.

Ivshin (1962, p. 255-268) has described several spe-
cies of a new genus Seletella from Kazakhstan that
may be related to Quebecaspis. The cranidia have
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similar proportions, but the posterior glabellar fur-
rows are straight in the drawings of the species and
so shallow that they are not apparent in the photo-
graphs. The Kazakhstan species come from beds
approximately comparable in age to those containing
Quebecaspis. When more is known of the course of
the glabellar furrows on the species of Seletella, the
degree of relationship to Quebecaspis can be better
determined.

Quebecaspis aspinosa n. sp.
Plate 9, figures 11-15

Description—Cranidium, exclusive of posterior
limbs, subquadrate, gently rounded anteriorly. Gla-
bella large, low, moderately convex transversely and
longitudinally, tapered slightly forward, bluntly
rounded anteriorly, reaching to, or nearly to, border
furrow, well defined at sides by narrow axial fur-
rows, width on larger specimens slightly greater than
length. Glabellar furrows shallow; posterior pair
curved distinctly backward. Oceipital furrow mod-
erately deep, narrow, straight. Oeccipital ring has
small median node. Frontal area short, consisting al-
most entirely of convex border defined by shallow bor-
der furrow. Brim, when present, narrower than bor-
der. Sagittal length of frontal area variable be-
tween one-fourth and one-sixth sagittal glabellar
length, exclusive of occipital ring. Fixed cheek nar-
row, gently convex, slightly downsloping; width, ex-
clusive of palpebra} lobe, variable between one-third
and one-fourth basal glabellar width. Palpebral lobe
narrow, arcuate, poorly defined by shallow palpebral
furrow, situated about opposite glabellar midlength;
exsagittal length about three-eights sagittal glabellar
length exclusive' of occipital ring. Posterior limb
short, bluntly rounded distally; transverse length
distinctly less than basal glabellar width. Posterior
border furrow moderately deep, straight.

Course of anterior section of facial suture slightly
convergent forward from palpebral lobe to border fur-
row, then curved evenly inward to merge impercep-
tibly with anterior margin of cranidium. Course of
posterior section directed posterolaterally in nearly
straight line to border furrow, then curved abruptly
backward to posterior cranidial margin.

Free cheek slender. Lateral margin evenly curved.
Border convex, well defined anteriorly by shallow lat-
eral border furrow that becomes broader and less dis-
tinct towards base of short pointed genal spine. An-
terior width of border slightly less than width of ocu-
lar platform.

External surfaces of all parts lack distinct ornamen-
tation.
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Discussion.—Quebecaspis aspinosa n. sp. is similar
to both Q. brewiceps Rasetti and @. marylandica Ra-
setti. However, both of the species described by Ra-
settl have occipital spines. . aspinosa is represented
by many silicified cranidia in one collection. The
smaller cranidia generally have the glabellar length
shightly greater than the glabellar width, but the
larger cranidia have the glabellar width slightly great-
er than the glabellar length. A narrow brim is pres-
ent on some cranidia but absent on others. Differences
in proportions of the glabella and in presence or ab-
sence of a narrow brim which were used to discriminate
Q. breviceps from . marylandica may therefore not be
reliable characteristics in this genus.

Although there is a variety of pygidia in the col-
lection containing Quebecaspis aspinosa, there is no
satisfactory means of determining which of several
kinds of transversely elliptical simple pygidia prop-
erly belong with this species, and the pygidium must
therefore remain unknown.

Occurrence—Dresbachian-2 fauna. Common (more
than 40 cranidia, 6 free cheeks), USGS colln. 4381-
CO, Hi-yu area. Rare (2 cranidia), GSC colln. 4722,
Hillard Peak area. Rare (2 cranidia), GSC colln.
4676, Jones Ridge area.

Quebecaspis conifrons? Rasetti
Plate 9, figures 8-10

Quebecaspis conifrons Rasetti, 1961, p. 117, pl. 24, figs. 23-25.

Description—Cranidium subquadrate, moderately
rounded anteriorly. Glabella large, low, moderately
convex transversely and longitudinally, semielliptical
in plan view, well defined by narrow axial and pre-
glabellar furrows. Glabellar furrows barely apparent;
posterior pair nearly outlines posterolateral glabellar
lobes. Occipital furrow deep, broadest and slightly
arched forward on axial line. Occipital ring convex,
lacks node or spine. Frontal area short; sagittal
length variable between one-third and slightly less
than one-fourth sagittal glabellar length, exclusive of
occipital ring. Border convex, occupying all of fron-
tal area or separated from narrow nearly flat brim by
shallow border furrow; sagittal length of border at
least twice sagittal length of brim. Fixed cheek
narrow, gently convex, horizontal; width, exclusive of
palpebral lobe, variable between one-sixth and one-
eighth basal glabellar width. Palpebral lobe arcu-
ate, poorly defined by shallow palpebral furrow, situ-
ated about opposite glabellar midlength; exsagittal
length about one-half sagittal glabellar length, exclu-
sive of occipital ring. Posterior limb short, bluntly
rounded distally; transverse width less than one-half
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basal glabellar width. Surface not distinctly orna-
mented.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe to border, then
turned abruptly inward across border to intersect an-
terior margin about one-third of distance to axial line
Course of posterior section convex.

Discussion—The Alaskan specimens represent a
variable population that includes specimens both with
and without a separate brim on the cranidium. The
specimens without a brim are virtually indistinguish-
able from cranidia described by Rasetti as Quebecaspis
conifrons from the Frederick Limestone of Maryland.
Because Rasetti had only three cranidia, the range of
variability of the Maryland population is not known.
The unusual glabellar shape and lack of an occipital
spine distinguish the Maryland and Alaska sample from
the other described species of Quebecaspis. In the
absence of consistent differences between the Alaska
sample and the known specimens of Q. conifrons, the
Alaskan specimens are tentatively assigned to that
species.

Quebecaspis conifrons? differs from the associated
species ). aspinosa n. sp. by having a more strongly
tapered and anteriorly rounded glabella, barely ap-
parent glabellar furrows, narrower fixed cheeks, and
a distinct anterior bending of the axial part of the
occipital furrow.

Occurrence—Dresbachian-2  fauna.  Moderately
rare (5 cranidia), USGS colln. 4381-CO, Hi-yu area.

Quebecaspis sp.
Plate 9, figure 16

Description—Cranidium subquadrate, gently round-
ed anteriorly. Glabella low, broad, tapered slightly
forward, bluntly rounded at front, well defined by
shallow axial and preglabellar furrows. Glabellar
furrows shallow, posterior two pairs deepest; poste-
rior pair bigeniculate; transverse length about one-
third glabellar width. Occipital furrow broad, mod-
erately deep. Occipital ring has short median spine at
posterior margin. Frontal area short, consists almost
entirely of convex border; sagittal length slightly less
than one-sixth sagittal glabellar length, exclusive of
occipital ring. Border furrow broad, shallow, tangent
to preglabellar furrow in front of glabella. Fixed
cheek narrow, gently convex, nearly horizontal; width,
exclusive of palpebral lobe, about one-fourth basal
glabellar width. Palpebral lobe slightly arcuate, well
defined by broad shallow palpebral furrow; exsagittal
length slightly more than one-third sagittal glabellar
length, exclusive of occipital ring. Posterior limb
short, rounded distally ; transverse width distinctly less
than basal glabellar width. Posterior border fur-
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row broad, deep. External surfaces of convex parts
of cranidium have fine closely spaced obscure granules.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe. Course of
posterior section convex.

Discussion.—Several fragmentary cranidia agree in
all proportions with cranidia described as Quebecaspis
breviceps (Rasetti, 1944). However, Rasetti’s speci-
mens from the Levis Conglomerate in eastern Canada
have a pitted rather than granular external surface
and thus probably represent a different species. The
Alaskan specimens are inadequate for naming, but
they differ from the other Alaskan species of Que-
becaspis by possessing an occipital spine.

Occurrence.—Dresbachian-2  fauna.  Moderately
rare (5 cranidia), USGS colln. 4360-CO; rare (1
cranidium), GSC colln. 4646 ; moderately common (7
cranidia), GSC colln. 4635; all from Hillard Peak
area. Rare (1 cranidium), GSC colln. 4674, Jones
Ridge area.

Genus RASET'i‘IA Lochman

Platycolpus Raymond, 1913, p. 63; Rasetti, 1944, p. 250;
Shimer and Shrock, 1944, p. 629 [not Platycolpus Donald,
1901].

Rasettia Lochman, 1953, p. 886 ; Lochman, 1959, p. 380.

Type species—Bathyurus capax Billings, 1860, p.

318, ﬁg. 20.

Rasettia cf. R. capax (Billings)
Plate 14, figures 13, 17

Platycolpus capar (Billings). Rasetti, 1944, p. 250, pl. 39,

figs. 10-12.

Discussion.—A single large fragmentary cranidium
is characterized by a large poorly defined glabella
that reaches to the edge of a transversely striated bor-
der. The border is nearly vertical and appears to be
plastered onto the front of the cranidium. The fixed
cheek is narrow, and the palpebral furrow is barely
preserved but seems to have been curved and moderate-
ly well defined. This specimen has all the character-
istics of Rasettia and may represent F. capaw, from
which it seems to differ only by having shallower axial
furrows. Confirmation of the specific identity must
await more material.

Occurrence—Trempealeauan-1 fauna. Rare (1
cranidium), USGS colln. 3833-CO, Jones Ridge area.

Genus SEMISPHAEROCEPHALUS Ivshin

1953, p. 87; Suvorova, 1960a,

Semisphaerocephalus Ivshin,
p. 85.
Type species—~Semisphaerocephalus nominalis Iv-
shin, 1953, p. 88, pl. 6, figs. 10-16.
Diagnosis.—Cranidium in form of section of sphere.
Glabella low, broad, poorly defined on external sur-
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face, moderately well defined by axial and preglabellar
furrows on mold, tapered slightly forward, bluntly
rounded anteriorly. Glabellar furrows poorly devel-
oped. Length of frontal area less than one-half length
of cranidium. Brim and border poorly differentiated.
Width of fixed cheeks two-fifths to three-fifths basal
glabellar width. Palpebral lobes small, situated op-
posite middle third of glabella. Distal parts of pos-
terior limbs short, blunt. External surfaces of all
known species pitted.
Discussion—Semisphaerocephalus may be related to
Onchocephalites (Rasetti, 1957, 1963) from beds of ear-
ly Middle Cambrian age. Onchocephalites has spe-
cies that have generally longer palpebral lobes, less
semispherical form to the cranidium, a more strongly
rounded anterior end to the glabella, and a smooth
or granulated external surface. Further discussion of
relationships between the genera is given after the
description of Semisphaerocephalus latus n. sp.

Semisphaerocephalus latus n. sp.
Plate 5, figures 24, 25

Description—Cranidium subtrapezoidal in outline,
broadly and evenly rounded anteriorly, moderately
convex transversely and longitudinally ; sagittal length
about four-fifths width between palpebral lobes. Gla-
bella low, broad, straight sided, bluntly rounded at
front, tapered slightly forward; anterior end barely
raised above frontal area. Two pairs of short shal-
low glabellar furrows present on internal mold. Axial
furrow shallow, deepest at back of glabella. Ocecipi-
tal furrow deep, broad. Ocecipital ring convex; me-
dian node present. Frontal area gently convex, down-
sloping; length slightly less than one-half sagittal
glabellar length. Border furrow straight, barely ap-
parent even on internal mold, divides frontal area into
brim and border of about equal sagittal length. Bor-
der tapered laterally. Fixed cheek gently convex,
wide, downsloping to'same degree as frontal area, giv-
ing cranidium form of section of sphere; width about
three-fifths basal glabellar width. Palpebral lobe
small, situated opposite middle third of glabella;
length slightly less than one-fourth sagittal glabellar
length. Narrow curved eye ridges cross fixed cheeks
on internal mold. Distal part of posterior limb short;
transverse width about one-sixth width of proximal
part. Posterior border furrow broad, deep.

Course of anterior section of facial suture conver-
gent forward in even curve from palpebral lobe, inter-
sects anterior margin directly in front of anterolateral
corners of glabella. Course of posterior section slight-
ly divergent posteriorly, about subparallel to anterior
section.
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External surfaces of frontal area and fixed cheeks
covered with coarse pitted ornamentation. Ornamen-
tation of glabella and occipital ring unknown.

Discussion.—Semisphaerocephalus latus 1. sp. is rep-
resented by several mostly exfoliated cranidia in four
collections. Only fragments of the exoskeleton are
preserved to show the characteristic pitted ornamenta-
tion. Ivshin (1953, p. 87) has described a genus,
Semisphaerocephalus, from upper Middle Cambrian
beds of Kazakhstan that seems to include the Alaskan
species. Ivshin’s type species, S. nominalis, has its
fixed cheeks and frontal area downsloping, a low gla-
bella, small palpebral lobes, a pitted surface, and fixed
cheeks that are about half as wide as the basal gla-
bellar width. The Alaskan specimens differ prin-
cipally by having relatively wider fixed cheeks, and
they are therefore considered here as another species
of Semisphaerocephalus.

Most of the specimens from Alaska and Kazakhstan
are exfoliated. If their exoskeletons were completely
preserved, the specimens would probably have the
frontal area undivided, the anterior end of the gla-
bella barely defined, and no evidence of eye ridges—
characteristics of Onchocephalites punctatus (Rasetti,
1963, p. 588, pl. 67, figs. 22-25) from boulders of late
Middle Cambrian age at Levis, Quebec. Thus, O.
punctatus, which has fixed cheeks slightly less than
one-half the basal glabellar width may also belong to
Semisphaerocephalus.

The type species of Onchocephalites is O. laevis
(Rasetti, 1957) from pre-Albertella Middle Cambrian
beds in the Canadian Rockies. This species has rel-
atively long palpebral lobes that are more posteriorly
located than those of O. punctatus and a more
rounded anterior end to the glabella. It is also con-
siderably older than O. punctatus. Therefore, I con-
stder that a more meaningful taxonomic arrangement
of these trilobites is to recognize Onchocephalites and
Semisphaerocephalus as possibly related genera of dif-
ferent ages and to place 0. punciatus, with its ap-
proxXimately contemporaneous congeners, in Semi-
sphaerocephalus. 'The genera differ principally in
ornamentation, size and position of the palpebral lobes,
and shape of the anterior end of the glabella. The
species of Semisphaerocephalus differ principally in
width of the fixed cheeks.

Occurrence—Middle Cambrian-1 fauna. Moderate-
ly rare (2 cranidia), USGS colln. 4303-CO; 3 cran-
idia, USGS colln. 4339-CO; Tatonduk River section;
3 cranidia, USGS colln. 4341-CO, Hillard Peak area;
1 cranidium, USGS colln. 4382-CO, Hard TLuck Creek
area.
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Genus SPENCELLA Rasetti
Npencella Rasetti, 1963, p. 590.

Type species—Spencella montanensis Rasettl, 1963,
p- 592, pl. 68, figs. 1-11.

Discussion—Spencella has recently been proposed
by Rasetti and its content and concept thoroughly dis-
cussed. The specimens described below conform in
all features to the diagnostic characteristics of Spen-
cella.

Spencella acanthina n. sp.

Plate 5, figures 18, 19

Description—Cranidium trapezoidal, moderately
convex transversely and longitudinally. Glabella well
defined, moderately convex transversely and longitu-
dinally, tapered slightly forward, bluntly rounded an-
teriorly. Glabellar furrows shallow on external sur-
face. Occipital furrow deep. Occipital ring has short
axial spine at posterior margin. Frontal area short,
border convex, wider than brim; inner margin ex-
panded slightly posteriorly on axial line. Border fur-
row shallow. Sagittal length of frontal area slightly
more than two-fifths sagittal length of glabella, exclu-
sive of occipital ring. Fixed cheek moderately wide,
gently convex, downsloping; width about two-thirds
basal glabellar width. Palpebral lobes small, situ-
ated opposite middie third of glabella; length about
one-third sagittal glabellar length, exclusive of occi-
pital ring. Posterior limbs have distal part short;
transverse length about one-fifth transverse length of
proximal part. Ornamentation of fixed cheeks not
known; surface of glabella smooth; surface of frontal
area obscurely covered with fine granules. )

Course of anterior section of facial suture conver-
gent forward in gentle curve from palpebral lobe to
anterior margin. Course of posterior section diver-
gent behind palpebral lobe, then curved abruptly back-
ward and continued in nearly straight line to posterior
cranidial] margin.

Discussion—Spencella acanthine is the only species
in Alaska of Spencella that has an occipital spine. In
addition to having an obscure granular ornamentation
on the frontal area, it differs from S. spinose Rasetti

from Middle Cambrian boulders in Quebec by having -

a narrower occipital ring, more upturned spine, and
less convex cranidial border.
Oceourrence—Middle Cambrian~1 fauna. Moderate-

ly common (11 cranidia), USGS colln. 4303-CO, Ta-
tonduk River area.

Spencella montanensis Rasetti
Plate 5, figures 14-16

Spencelia montanensis Rasetti, 1963, p. 592, pl. 68, figs. 1-11.
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Description—Cranidium subquadrate, moderately
convex transversely and longitudinally. Glabella un-
furrowed, gently to moderately convex transversely
and longitudinally, tapered forward, bluntly rounded
anteriorly; sides nearly straight; anterior end and
sides well defined by abrupt change in slope of crani-
dial surface. Occipital furrow deepest at sides of gla-
bella. Occipital ring broad, nearly flat on axial
line; sagittal length nearly one-third sagittal glabellar
length, exclusive of occipital ring; low axial node pres-
ent near posterior margin. Frontal area downsloping,
divided into broad convex border and narrow down-
sloping brim of variable width by deep narrow slightly
curved border furrow. Sagittal length of frontal area
about one-half or slightly more than one-half sagittal
glabellar length, exclusive of occipital ring. Fixed
cheeks gently convex, downsloping; width, including
palpebral lobe, about two-thirds basal glabellar width.
Palpebral lobes small, poorly defined, situated slightly
anterior to glabellar midlength; length slightly less
than one-third sagittal glabellar length, exclusive of
occipital ring. Posterior limb short, bluntly termi-
nated; transverse length about three-fourths basal gla-
bellar width. Posterior border furrow deepest near
glabella. External surfaces of all parts smooth.

Course of anterior section of facial suture slightly
convergent forward in gentle curve from palpebral
lobe to anterior margin. Course of posterior section
slightly divergent posterolaterally for short distance
behind palpebral lobe, then turned abruptly and di-
rected nearly straight backward to posterior margin.

Discussion.—The Alaskan specimens cannot be dis-
tinguished by any consistent objective feature from
well-preserved limestone specimens of Spencella mon-
tanensis collected by Rasetti from boulders at Metis,
Quebec. The variability of the sagittal length of the
brim and differences in angularity of the course of the
posterior section of the facial suture are well shown on
Rasetti’s material in the collections of the U.S. Na-
tional Museum.

Occurrence—Middle Cambrian-1 fauna. Moderate-
ly common (10 cranidia, all exfoliated), USGS colln.
14382-CO, Hard Luck Creek area; 8 cranidia, USGS
colln. 4424-CO, Yukon River (Adams Peak) area;
2 exfoliated cranidia, USGS colln. 4330-CO, Yukon
River (Water Level) area.

Spencella? sp.
Plate 5, figures 20, 21
Discussion.—Four cranidia associated with Spen-

cella acanthina n. sp. represent a species which differs
by having small anteriorly situated palpebral lobes
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that are only one-fourth of the sagittal length of the
glabella exclusive of the occipital ring, and a median
node rather than a median spine on the occipital ring.
Specimens of 8. wirginica illustrated by Rasetti (1963,
pl. 68, figs. 19-21) have comparable small anteriorly
situated palpebral lobes. Perhaps these small but con-
sistent. differences from typical species of Spencella,
which have larger and more posteriorly placed palpe-
bral lobes, indicate a difference at the generic level that
will be more apparent when other parts of the exo-
skeletons of these species become known.
Occurrence—Middle Cambrian-1 fauna. Moderate-
ly rare (4 cranidia), USGS colln. 4303-CO, Tatonduk

River section.

Genus THOLIFRONS n. gen.

Type species—T holifrons advena n. sp.

Diagnosis—Cranidium, exclusive of posterior limbs,
elongate, subquadrate, moderately to strongly rounded
anteriorly. Glabella subparallel sided or tapered
slightly forward, bluntly rounded anteriorly. Glabel-
lar furrows barely apparent or absent. Occipital ring
simple. Frontal area undivided; sagittal length one-
half to two-thirds sagittal length of glabella exclusive
of occipital ring. Fixed cheek horizontal or slightly
upsloping; width, exclusive of palpebral lobe, two-
fifths to one-half basal glabellar width. Palpebral
lobe small, situated slightly posterior to glabellar mid-
length. Posterior limb short, has rounded distal tip.

Course of anterior section of facial suture straight
forward or slightly divergent for short distance in
front of palpebral lobe, then curved broadly and
evenly inward to intersect anterior margin impercep-
tibly near axial line. Course of posterior section
CONnvex.

Characters of free cheek and pygidium known only
for type species. Details given in species description.

Discussion—Tholifrons does not have any close re-
lationship to any described Late Cambrian genus. Its
most distinctive features are the complete absence of a
border on either the cranidium or the free cheeks and
the posterior placement of the palpebral lobes. The
only reasonably similar described species is Stigma-
cephalus? distorta (Wilson, 1951, p. 652, pl. 92, figs.
16, 17) trom a fauna that is slightly younger than the
one containing 7'holifrons. This species has an undi-
vided frontal area, but the glabella is fully defined by
axial and preglabellar furrows and the palpebral lobes
are more anteriorly placed than on either species of
Tholifrons described here. Wilson’s specimens are dis-
torted and incomplete, and when more is learned about
the Appalachian species it possibly may be included in
Tholifrons.
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Tholifrons advena n. sp.
Plate 9, figures 17-23, 28

Description—Cranidium elongate, subquadrate, an-
terior margin moderately to strongly rounded. Gla-
bella clongate, subquadrate, gently to moderately con-
vex transversely and longitudinally, sides subparallel,
bluntly rounded anteriorly, well defined by abrupt
changes in slope of exoskeleton surface. Glabellar fur-
rows barely apparent. Occipital furrow broad, shal-
low. Occipital ring convex, lacks distinet node or
spine. Frontal area undivided, arched downward in
sagittal plane, anterior margin nearly vertical; sagit-
tal length about two-thirds sagittal length of glabella,
exclusive of occipital ring. Fixed cheek horizontal or
slightly upsloping; width, exclusive of palpebral lobe,
about one-half basal glabellar width. Palpebral lobe
moderately wide, arcuate, poorly defined, situated
slightly posterior to glabellar midlength; exsagittal
length decreases from about one-half sagittal glabellar
length to about one-third sagittal glabellar length dur-
ing holaspid ontogeny. Posterior limbs short, bluntly
rounded distally; transverse length decreases from
nearly equal basal glabellar width to about four-
fifths basal glabellar width during holaspid ontogeny.
Posterior border furrow shallow except on smallest
holaspid.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe for short dis-
tance, then curved broadly and evenly inward to inter-
sect anterior margin imperceptibly near axial line.
Course of posterior section of facial suture convex.

Free cheek narrow, tapered both forward and back-
ward, lateral margin broadly and evenly rounded. No
border present. Genal spine long, broad, sharply
pointed, flattened in cross section, lateral margin
sharp; length at least 3 times length of posterior sec-
tion of facial suture. Anterior doublure directed in-
ward in normal fashion from cephalic margin and then
bent abruptly upward and back towards margin form-
ing unusual three-layered exoskeleton in marginal area.
Dorsal and ventral surfaces of genal spine have longi-
tudinal terrace lines.

Pygidium (?) semicircular, nearly flat except for
narrow convex posteriorly tapered axis. Ring furrows
barely apparent. Pleural regions have poorly defined
narrow border and are crossed by three or four shal-
low gently curved pleural furrows.

External surfaces of all parts except genal spine
lack apparent ornamentation.

Discussion.—The differences between Z'holifrons ad-
vena n. sp. and 7. minutus n. sp. are discussed after
the description of 7'. ménutus. No other trilobite in
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the Alaskan fauna is likely to be confused with 7.
adwvena.

The pygidium described above is assigned to this
species because most of the small trilobites associated
with Tholifrons advena have typical simple ptycho-
parioid cranidia, and most of the unassigned pygidia
are also typical simple ptychoparioid forms. Thus the
association of an unusual pygidium with the unusual
cranidia and free cheeks of 7. advena is a reasonable
probability.

Occurrence—Dresbachian-2 fauna. Moderately rare
(11 cranidia, 6 free cheeks, 2 pygidia), USGS colln.
4381-CO, Hi-yu area. Moderately common (5 crani-
dia), GSC colln. 4643; rare (3 cranidia), USGS colln.
4360-CO; 5 cranidia, GSC colln. 4646; 2 cranidia,
GSC colln. 4645; 1 cranidium, GSC 4635; all from
Hillard peak area.

LOWER PALEQZQIC PALEONTOLOGY AND

Tholifrons minutus n. sp.
Plate 9, figures 24, 25

Description.—Tiny trilobite, length of largest ob-
served cranidium slightly more than 2 mm. Crani-
dium, exclusive of posterior limbs, elongate, subquad-
rate, moderately to strongly rounded anteriorly. Gla-
bella tapered slightly forward, bluntly rounded ante-
riorly; transverse profile of posterior part conical;
height decreases anteriorly. Axial furrows narrow,
deeply incised along posterior two-thirds of glabella;
anterior third of glabella poorly defined by only slight
change in stope of exoskeleton. Glabellar furrows not
apparent. Occipital furrow narrow, straight, deeply
incised. Occipital ring convex, lacks either node or
spine. Frontal area flat or gently convex, slightly
downsloping, undivided ; sagittal length about one-half
sagittal length of glabella, exclusive of occipital ring.
Fixed cheek gently convex, horizontal; width, exclu-
sive of palpebral lobe, about two-fifths basal glabel-
lar width. Palpebral lobe prominent, situated slightly
posterior to glabellar midlength, elevated above inner
cheek surface, well defined by deep narrow palpebral
furrow that continues most of distance across infra-
ocular part of cheek outlining posterior edge of ocular
ridge; exsagittal length slightly more than two-fifths
sagittal glabellar length, exclusive of occipital ring.
Posterior limb slender, bluntly rounded at tip; trans-
verse length about equal to basal glabellar width. Pos-
terior border furrow deep.

Course of anterior section of facial suture straight
forward or slightly divergent forward from palpebral
lobe for short distance, then curved broadly and evenly
inward to intersect anterior margin near axial line.
Posterior section of facial suture convex.

STRATIGRAPHY OF EAST-CENTRAL ALASKA

External surface lacks apparent ornamentation.

Discussion—Cranidia assigned to Tholifrons minu-
tus n. sp. were first thought to be immature specimens
of 7. adwena n. sp., but there are two kinds of cranidia
among the suite of 14 Tholifrons cranidia less than
2 mm long (pl. 9, figs. 19, 24). One of these has the
shallow axial, occipital, and palpebral furrows char-
acteristic of 7. advena, a relatively low glabella, and
short distal parts to the posterior limbs. The rest have
the characteristics given in the description above and
differ consistently from both small and large cranidia
of 7. advena by having deeper axial, occipital, and
palpebral furrows, narrower fixed cheeks, a conical
profile across the posterior part of the glabella, and a
longer distal part to the posterior limbs. Because they
are present on cranidia both larger and smaller than
the small specimen that is assigned ‘without question to
T. advena, these differences are unlikely to be only
ontogenetic; the specimens are therefore considered
here to represent a second species of 7'holifrons.

Occurrence—Dresbachian-2 fauna. Moderately rare
(13 cranidia), USGS colln. 4381-CO, Hi-yu area.

Genus YUKONASPIS Kobayashi
Yukonaspis Kobayashi, 1936a, p. 164.

Type species—Yukonaspis kindlei Kobayashi, 1936a,
p. 164, pl. 21, figs. 3-6.

Discussion—Yukonaspis was based on three small
imperfect cranidia, none of which have the frontal
area completely preserved. Fairly numerous speci-
mens of Y. kindlei have been found in the youngest
Cambrian collection in the Yukon River (Adams Peak)
area. Most of the specimens are slightly crushed, so
the convexity is less than that on the specimens de-
scribed by Kobayashi, but in all other respects they are
like the specimens from the Jones Ridge area. The
description below can be considered as an emended and
expanded description of the genus and perhaps the
species.

Lochman (1953, p. 887; 1959, p. 271) considered
Yukonaspis and Tatonaspis both to be synonyms of
Macelloura. However, the poorly defined palpebral
lobes and presence of a brim distinguish Yukonaspis
from M acelloura, and the strongly arched convex
border and deep border furrow distinguish it from
Tatonaspis.

Yukonaspis kindlei Kobayashi
Plate 15, figures 15, 19
Yukonaspis kindlei Kobayashi, 1936a, p. 164, pl. 21, figs. 3-6.

Description—Cranidium elongate, subquadrate, an-
terior margin strongly arched upward in anterior
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view. Glabella low, moderately convex transversely
and longitudinally, very slightly tapered forward,
bluntly rounded anteriorly, defined at sides by shallow
axial furrows, defined at front by abrupt change in
slope of surface of exoskeleton. Glabellar furrows
absent. Occipital furrow straight, moderately deep
across top of glabella, not connected to axial furrows.
Occipital ring convex, has poorly defined median node.
Frontal area strongly concave; sagittal length about
one-fourth or slightly less than one-fourth sagittal
¢labellar length, exclusive of occipital ring. DBorder
narrow, strongly upsloping, differentiated from brim
by abrupt change in slope of exoskeleton surface, near-
ly straight in dorsal view, strongly arched upiward in
front view. Fixed cheek very narrow, slightly upslop-
ing; transverse width slightly less than one-ninth basal
glabellar width. Palpebral lobe large, semicircular,
nearly horizontal, not differentiated from infraocular
part of cheek, situated very slightly posterior to gla-
bellar midlength; width about twice width of infra-
ocular part of cheek; exsagittal length slightly less
than one-half sagittal glabellar length, exclusive of oc-
cipital ring. Posterior limb slender, tapered to sharp
point ; transverse length slightly less than basal glabel-
lar width. Posterior border furrow moderately deep.

Course of anterior section of facial suture curved
very gently inward from palpebral lobe to anterior
margin; further course not known. Course of pos-
terior section of facial suture divergent and sinuous.

Discussion.—The specimens described above are like
the types of Ywkonaspis kindlei described by Kobay-
ashi in all observable features.

Occurrence—Trempealeauan-2 fauna. Common (10
cranidia), USGS colln. 4351-CO, Yukon River (Ad-
ams Peak) area. Moderately common (3 cranidia)
GSC colln. 266; 1 cranidium, GSC colln. 4628; 8 crani-
dia, GSC colln. 4629; 9 cranidia, GSC colln. 4631; 3
cranidia, including holotype, GSC colln. 4632; 4 crani-
dia, GSC colln. 4634; 2 cranidia, GSC colln. 4691; all
from Jones Ridge area. Moderately rare (2 cranidia),
GSC colln. 4685; 1 cranidium, GSC colln. 4732; 1
cranidium, GSC colln. 4744 ; all from Squaw Mountain
area.

Genus and species undetermined 1

Plate 6, figure 21

Description—Cranidium  subtrapezoidal, gently
rounded anteriorly. Glabella low, unfurrowed, ta-
pered forward, bluntly rounded anteriorly, well de-
fined by broad deep lateral and preglabellar furrows.
Occipital furrow deep, narrow on axial line, disap-
pears laterally before reaching axial furrows. Occi-
pital ring simple. Frontal area short, undivided,
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gently downsloping, nearly flat; sagittal length about
one-third sagittal length of glabella, exclusive of oc-
cipital ring. Fixed cheek gently convex, horizontal;
width about one-half basal glabellar width. Palpebral
lobe small, poorly defined, situated opposite anterior
third of glabella; exsagittal length slightly less than
one-fourth sagittal glabellar length, exclusive of oc-
cipital ring. Posterior limb triangular; transverse
length slightly less than basal glabellar width. Ex-
ternal surface of glabella smooth; distal parts of fixed
cheeks, frontal area, and posterior limbs have mod-
erately strong terrace lines longitudinally directed
and gently convex laterally.

Course of anterior section of facial suture slightly
convergent forward from palpebral lobe. Course of
posterior section convex.

Discussion—This unusual small trilobite is unlike
any described form known to me in the peculiar lat-
eral longitudinal ornamentation of terrace lines. Oth-
erwise it is a nondescript ptychoparioid having small
anteriorly located palpebral lobes, unfurrowed gla-
bella, undivided frontal area, and moderately wide
fixed cheeks. More material is needed for formal
naming of this species.

Occurrence—Middle Cambrian-2 fauna. Rare (1
cranidium), GSC colln. 282, Hillard Peak area.

Genus and species undetermined 2
Plate 3, figure 11

Description—Cephalon subquadrate, gently to mod-
erately convex transversely and longitudinally, ante-
rior margin broadly rounded. Glabella moderately
convex transversely, tapered slightly forward, de-
fined at sides by abrupt change in slope; anterior end
bluntly rounded, barely differentiated from frontal
area by slight change in slope. Three pairs of shal-
low narrow glabellar furrows present at sides of gla-
bella; posterior pair directed slightly backward. Oc-
cipital furrow straight, deepest at sides of glabella.
Occipital ring convex, has median node on posterior
margin. Frontal area concave; border broad, concave,
barely differentiated from brim only lateral to glabella
by narrow shallow border furrow; sagiftal length of
frontal area slightly less than one-half sagittal gla-
bellar length. Fixed cheek broad, nearly flat, gently
upsloping; width about two-thirds basal glabellar
width. Eye ridge moderately well defined, particu-
larly posterior edge, directed posterolaterally from
point just anterior to front pair of glabellar furrows.
Palpebral lobe arcuate, strongly upsloping, situated
slightly posterior to glabellar midlength, well defined by
broad shallow palpebral furrow; length slightly less
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than one-half sagittal glabellar length. Posterior limbs
broken on all known specimens.

Course of anterior section of facial suture slightly
divergent forward from palpebral lobe onto border,
then turned sharply inward to intersect anterior mar-
gin in front of anterior end of palpebral lobe. Course
of posterior section not known.

Ornamentation consists of closely spaced fine gran-
ules on axial parts of glabella and occipital ring, pal-
pebral furrows, and palpebral lobes. Remaining areas
smooth or have barely apparent scattered low granules.

Other parts unknown.

Discussion.—1 have not been able to find any de-
scribed Early Cambrian trilobite that closely resembles
this species. Because its aspect is not like any Amer-
ican trilobites, I sent a replica to Dr. N. P. Suvorova
of the Paleontologic Institute of the Academy of
Sciences of the U.S.S.R. in Moscow in hope that it
might be familiar to her or her colleagues. However,
this is a new form to them also. The systematic
placement and naming of this species must await
more material.

Occurrence.—Early Cambrian-2 fauna. Moderate-
ly rare (3 cranidia), USGS colln. 4302-CO, Tatonduk
River area.

Genus and species undetermined 3

Plate 3, figure 5

Description—Cranidinm small, subquadrate, mod-
erately convex transversely and longitudinally, gently
rounded anteriorly. Glabella large, well defined by
shallow axial and preglabellar furrows, moderately
convex transversely and longitudinally, reaches to bor-
der furrow on axial line. Glabellar furrows absent.
Occipital furrow shallow, straight. Ocecipital ring
convex, without node or spine. Frontal area short;
border narrow, convex, well defined by shallow border
furrow that bends backward on axial line to touch
preglabellar furrow; lateral parts of brim gently
convex; sagittal length of frontal area slightly more
than one-fifth sagittal glabellar length. Fixed cheek
gently convex, moderately wide, downsloping; width
slightly more than one-third basal glabellar width.
Palpebral lobe poorly defined, narrow, situated oppo-
site middle third of glabella; length about one-third
sagittal glabellar length. Structure of posterior limb
unknown.

Course of anterior section of facial suture nearly
straight forward from palpebral lobe for short dis-
tance, then curves gently inward to intersect anterior
margin directly in front of posterolateral corner of
glabella. Course of posterior section strongly divergent
from palpebral lobe; distal part unknown.

STRATIGRAPHY OF EAST-CENTRAL ALASKA

External surfaces of all parts, including furrows,
evenly covered with closely spaced fine granules.

Discussion.—This small generalized ptychoparioid
trilobite is differentiated from other associated spe-
cies by its subquadrate glabella and short frontal area.
The most similar described Early Cambrian species is
Solontzella sulcata Repina (Repina and others, 1964,
p. 313, pl. 44, figs. 11, 12) which has deeper glabellar
furrows and slightly narrower fixed cheeks. More
knowledge of the Alaskan species is needed to pro-
vide it with a meaningful name, however.

Occurrence.—~—Early Cambrian-2 fauna. Rare (4
cranidia), USGS Colln. 4302-CO, Tatonduk River
area.

Genus and species undetermined 4

Plate 6, figure 14

Description—Cranidium subtrapezoidal, gently to
moderately convex transversely and longitudinally.
Glabella short, broad, moderately convex transversely,
tapered forward, truncate anteriorly. Axial and pleu-
ral furrows moderately deep. Shallow fossulae pres-
ent at anterolateral corners of glabella. Glabellar fur-
rows shallow. Occipital furrow deep, nearly straight.
Occipital ring narrow, convex. Frontal area short,
subequally divided into strongly convex border and
nearly flat brim; sagittal length slightly more than
one-half sagittal length of glabella, exclusive of occi-
pital ring. Fixed cheeks broad, strongly upsloping
from axial furrow to tip of transversely elongate pal-
pebral Jobe; distal parts anterior and posterior to pal-
pebral lobe depressed. Width of fixed cheek exclusive
of palpebral lobe about equal to basal glabellar width.
Palpebral furrow broad, shallow. Transverse width
of palpebral lobe about one-fourth width of fixed cheek.
Distal part of posterior limb short transversely, tri-
angular. Posterior border furrow deep. External sur-
faces of all convex parts have scattered coarse granules.

Course of anterior section of facial suture strongly
convergent forward from palpebral lobe to anterior
margin. Course of posterior section of facial suture
directed in nearly straight line posterolaterally from
palpebral lobe to posterior cranidial margin.

Discussion.—This trilobite is unlike any described
species in the combination of wide, upsloping fixed
cheeks, transversely elongate palpebral lobes, and
strongly convergent anterior sections of the facial
sutures. The most similar described species is Coenas-
pis spectabilis (Resser, 1938, p. 69, pl. 16, fig. 9) from
beds of early Late Cambrian age in Tennessee. How-
ever, C. spectablis lacks strongly convergent anterior
sections of the facial sutures, and the palpebral lobes
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are even longer transversely than those of the Alaskan
specimen. The similarity between the two species may
be only superficial, and the Alaskan specimen may rep-
resent an undescribed genus. However, the material
presently available is inadequate for satisfactory nam-
ing.,

Occurrence—~Middle Cambrian-2 fauna. Rare (1
cranidium), USGS colln. 3832-CO, Yukon River
(West Ridge) area.

Genus and species undetermined 5
Plate 5, figure 22

Description—Pygidinm transversely subquadrate.
Axis strongly convex, extends to inner edge of nearly
vertical posterior marginal area. Two shallow ring
furrows present posterior to articulating furrow. Pleu-
ral regions lack border. Two or three shallow pleural
furrows barely apparent. Lateral parts of pleural re-
gions extended into long, posterolaterally directed pair
of spines. Posterior margin between spines nearly
vertical. External surface unknown.

Discussion.—This species, represented by a single
exfoliated specimen, is in an assemblage of undoubted
Middle Cambrian age. However, it is extremely sim-
tlar in all characteristics to pygidia of Prochuangia
mansuyi: (Kobayashi, 19385b, p. 186, pl. 10, figs. 6, 7)
from beds of early Late Cambrian age in south Korea.
More must be learned about the other parts of the
Alaskan trilobite before the degree of its relationship
to Prochuangia can be determined.

Ocourrence—Middle Cambrian-1 fauna. Rare (1
pygidium), USGS, colln. 4303-CO, Tatonduk River
area.

Genus and species undetermined 6

Plate 6, figure 1

Description—Pygidium semicircular, gently con-
vex transversely and longitudinally, posterior margin
evenly curved. Axis moderately convex transversely,
tapered posteriorly, terminates slightly anterior to in-
ner edge of border; connected to border by low broad
postaxial ridge. Four or five shallow ring furrows
present posterior to articulating furrow. Pleural re-
gions have distinct slightly concave moderately broad
border; width nearly constant, about one-third great-
est width of pleural region. Pleural fields crossed by
four or five shallow gently curved pleural furrows; on
outer surface, furrows shallow and continue slightly
onto inner part of border; on surface of mold, fur-
rows longer and slightly deeper. External surfaces of
all parts smooth.

Discussion.—This pygidium has the outline, gently
concave border of nearly constant width, and gentle
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convexity of pygidia generally associated with genera
of the Anomocaridae (or Anomocarinae). Lack of
other associated parts makes adequate generic and
specific identification of this specimen uncertain. How-
ever, it is remarkably similar to the pygidium of Met-
anomocare petaloides (Lermontova, 1940, p. 91, pl. 47,
fig. 5a) from upper Middle Cambrian beds of Siberia.
Both species are alike in pygidial outline, length and
shape of the axis, and distribution of axial and pleu-
ral furrows. The Alaskan species differs from the Si-
berian species by having a slightly narrower pygidial
border and shallower pleural furrows.

Occurrence—Middle Cambrian-1 fauna.—Rare (1
pygidium), USGS colln. 4303-CO, Tatonduk River
area.

Genus and species undetermined 7

Plate 13, figure 10

Description—Pygidium semicircular, gently convex
transversely and longitudinally, all parts weakly de-
fined by shallow furrows. Axis long, tapered poste-
riorly, tip tangent to inner edge of border; moderately
broad postaxial median ridge extends onto border.
Four shallow ring furrows barely apparent on mold of
axis posterior to articulating furrow. Pleural regions
have broad, flattened, smooth border. Pleural fields
crossed by four very shallow straight pleural furrows
and three comparable interpleural furrows that reach
to inner edge of border. External surfaces of all parts
smooth.

Discussion—The pygidia described above are asso-
clated with Onchonotus brevifrons n. sp. and Richard-
sonella quadrispinosa n. sp. They cannot be assigned
with certainty to any described Late Cambrian trilo-
bite, and no possibly conspecific cranidia have been
found with them. Pygidia assigned to ZLoganellus
have a similar outline and convexity, but in that genus
the tip of the axis is anterior to the inner edge of the
border instead of touching it.

Occurrence—Franconian-2 fauna. Moderately rare
(4 pygidia), USGS colln. 3709—CO, Hillard Peak area.

Genus and species undetermined 8
Plate 6, figure 27

Description—Cranidium subtrapezoidal; anterior
margin strongly rounded. Glabella well defined,
straight sided, tapered forward, bluntly rounded at
front, moderately convex transversely, gently convex
longitudinally, well defined at sides and front by
broad moderately deep axial and preglabellar furrows.
T'wo pairs of glabellar furrows represented by shallow
notches adjacent to axial furrows. Occipital furrow
deep, broad. Occipital ring simple. Frontal area
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moderately long sagittally, gently concave, subequally
divided into gently downsloping brim and moderately
convex border by broad shallow border furrow; sagit-
tal length about three-fourths sagittal length of gla-
bella, exclusive of occipital ring. Border furrow has
two large deep pits directly in front of anterolateral
corners of glabella. Fixed cheek moderately wide,
strongly upsloping; width about two-thirds basal gla-
bellar width. Palpebral lobe small, situated opposite
anterior third of glabella. Posterior limb long, tri-
angular; length greater than basal glabellar width.
Posterior border furrow broad, deep, directed forward
at distal end of limb. External surface not known;
surface of mold has scattered large pustules on all
convex parts.

Course of anterior section of facial suture straight
forward from palpebral lobe to border furrow; fur-
ther course not known. Course of posterior section not
fully known; distal part crosses posterior part of
lateral border furrow rather than posterior border
furrow.

Discussion—This unusual species has the upsloping
fixed cheeks, anteriorly situated palpebral lobes, notch-
like glabella furrows and large posterior limbs typical
of the Menomoniidae. It differs from all trilobites in
that family by having large pits in the anterior border
furrow. None of the material available shows the
outer surface of the exoskeleton, the form of the palpe-
bral lobe, or the course of the posterior section of the
facial suture; it is not considered adequate for formal
naming.

Occurrence.—Middle Cambrian-2 fauna. Rare (2
cranidia), GSC colln. 282, Hillard Peak area.

Genus and species undetermined 9
Plate 6, figures 22, 23

Description—Cranidium, exclusive of posterior
limbs, subquadrate, moderately rounded anteriorly.
Glabella large, long, moderately to strongly convex
transversely and longitudinally; sides subparallel or
slightly convergent forward; anterior end strongly
rounded, reaches to or nearly to border furrow. Gla-
bellar furrows not apparent. Occipital furrow deep,
moderately wide. Occipital ring simple. Frontal area
short, consists only of downsloping border and narrow
border furrow on axial line; sagittal length of border
about one-fifth sagittal length of glabella, exclusive of
occipital ring. Border furrow nearly straight; bor-
der tapered to point laterally. Fixed cheek flat, gen-
tly upsloping; width about two-fifths basal glabellar
width. Palpebral lobe short, wide, situated opposite
glabellar midlength; exsagittal length of palpebral
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lobe only slightly more than transverse width; lateral
margin of lobe sharply curved. Length of palpebral
lobe slightly more than one-fourth sagittal glabellar
length, exclusive of occipital ring. Transverse length
of posterior limb about equal to basal glabellar width.
External surface of small specimens has closely spaced
fine granular ornamentation on top of glabella only.
Surface of mold has few low scattered coarse granules
on glabella and fixed cheeks.

Discussion—Several associated cranidia of different
sizes seem to represent a single species. The largest
cranidium (length about 6 mm) has a nearly subpar-
allel-sided glabella that reaches to the border furrow
and an unusually short and wide palpebral lobe that
has a sharply curved lateral margin (pl. 6, fig. 22).
The smallest cranidium (length 2.5 mm) has a narrow
brim, an anteriorly tapered glabella, and a relatively
larger palpebral lobe (pl. 6, fig. 23). A cranidium
intermediate in size has a slightly tapered glabella
reaching to the border furrow, and slightly smaller
palpebral lobes; thus it is intermediate in char-
acter between the large and small specimens. This
species is characterized particularly by its short wide
palpebral lobe and by the absence of a brim on the
larger specimens. It is a variation on the generalized
ptychoparioid theme that does not seem to represent
any described genus. The sample is too small for ade-
quate understanding of the characteristics necessary to
make a meaningful name in this complex group of
trilobites.

Occurrence—Middle Cambrian-2 fauna. Moderately
rare (4 cranidia), GSC colln. 282, Hillard Peak area.

Indeterminate or undescribed taxa

Three species—Agnostus subobesus, Parabolinella
punctolineata, and Ptychopleura brevifrons—were de-
scribed by Kobayashi (1936a) and assigned a Late
Cambrian age. They are all from a single collection
from the Jones Ridge section of Burling. The collec-
tion 1s from beds about 50 feet above the highest un-
doubted Cambrian collection and it lies above a collec-
tion that yielded only small brachiopods resembling
Nanorthis, a characteristic Farly Ordovician form.
All three species are represented by poor material, and
they are not included here in the Cambrian fauna.

Chuangiella intermedia Xobayashi
Chuangiella intermedic Kobayashi, 1935a, p. 47, pl. 9, fig. 3.
Discussion—Chuongiella intermedia Kobayashi is
based on one imperfectly preserved exofoliated crani-
dium. It has an unfurrowed glabella, a flaplike palpe-
bral lobe that is not defined by a palpebral furrow,
and narrow fixed cheeks. The frontal area is not
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clearly preserved, and the part that Kobayashi inter-
preted as a border does not belong to the cranidium.
No other Alaskan cranidia have been found that seem
to represent this species. It is here considered to
be indeterminate, and the name should be restricted
to the holotype which was adequately figured by
Kobayashi.

Occurrence—Trempealeanan—1 fauna. Rare (1 cra-
nidium), USNM loc. 250 (=Mertie colln. 30AMt147),
Jones Ridge area.
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parvifrons..___________________ JE 31
pisiformis obesus__ __._ . 24
punctuosus_ - _________________ [, 28
affimis__________________________ el 28
reticulatus. - _________ 27
sidenbladhi________ 23
subobesus__ ... _____ 104
trisectus_________________ 25
tumidosus _________ . _____ . _________ 25
alaskensis, Aldonaia. _. 1,52 pl.
Elrathig..__._. 9,86,87; pl. §
Homagnostus__.__________________ 11, 24,25; pl. 7
Tatonas8pis.. ... ___________ 15, 29, 66, 67, pl. 14
Albertella 8,46, 97
_.- 45,46
46

__.17,51,52
7,62, pl. 3

____________________________________ 52
51
Aldonaiinae. . __________ 51
Alokistocare _________..___ 82
cataractense 82
lobatum______. . ____________________ 8,82, pl.5
amplipyge, Hemirkodon -. . - 45
amplooculata, Comanchia_ ___.___.____________ 84
Ptychopleurites_ . ________________________ 84
angustilibus, Pseudagnostus __________________ 30
Amnomocare- Phoidagnostus bituberculatus zone__ 9
Anomocaridae_________.._____________________ 103
Anomocarinae________________________________ 103
Antagminae__________________________________
Antagmus_ . _______
laminatus
typicalis_ - .________
(Antagmus)
(Onchocephalus) .. ... ____________ 75
(Antagmus), Antagmus_.__.._________________ 74

INDEX

[Italic page numbers indicate descriptions]

Page
antiqua, Ogygopsis_ - __ .. __ B7,50; pl. 3
antigus, Onchonotus. . ______________ 14, 93, 94; pl. 12
Aphelaspidinae_ . __________
Aphelaspis_____
Z0ne______._
Apheoorthis_______
appolinis, Pagetides
arcticus, Cernuolimbus_ ... ___________ 12,71, pl. 8
Dinesus _ 6,50,60,61:pl. 1
arcus, Loganellus 14, 90; pl. 13
ardis, Athabaskiella_________________._____ 10, 44; pl. 6
Arionellus (Crepicephalus) oweni__. ... .. _ 85
Armonda. .. 65
Asaphidae________ - 56
asaphoides, Twayaspis_ . ... ._._______ 13, 58, 57; pl. 10
Asiocephalus___ .. 82,83
indigator - _ _ 13,14, 82, 83, pl. 13
aspinosa, Hardyoides. . ___ ... ... .. 13,68, pl. 7
Quebecaspis ~12,95,96; pl. 9
atavus, Ptychagnostus_________________________ 9,28
Athabaskiella . . .. .. . . ____ 43,44
ardis_____ 10, 44; pl. 6
longicauda ... ______________ - 44
probus . - 44
attenuate, Prohedinia ... .. ____________ 9,69
Aulacodiscts. ... 38
B
Bathyuriscidella_ .. ____________________ 10,43, 44
longicauda__ .. ________ . ___._. 43
socialis . ____________________ 10, 44; pl. 6
Bathyuriscus. ceen 4445
Jormosus_.._________________ - 45
haydeni___ R 45
punctatus ________________________ 9, 44,45; pl. 6
(Kooteniay . _________________________ 47
(Kootenia) dawsoni- . ... 47
(Poliella) probus__._______. 43
Bathyurus capar 96
heydeni___________ ..
MINOT
parvulus__
Serratus - ..
Battus integer-_ .. _____

laevigadus. - ...

Bernicella
Bienvillia.

Phalagnostus.__._..___ 10,3%; pl. 6
Phoidagnostus_ .___________ e 32
Bolaspidella . _ . .. 8,9,10, 27,66
wellsvillensis. . _______________________ 9,66; pl. 5
ZOTLC - e 9,10, 46
fauna 8
Bonnaspis. . 41
stephenensis - 42
Bonnia. .. ____________ .. 7, 46,47, 50
bremnus .. 46,47
tatondukensis___._____ 7,46,47; pl. 3
(Bonnia), Corynerochus______ . 46
bootes, Pagetia .. .. _____________ 35
Botoma stage, middle Early Cambrian______. 6,7,52

Page

Brabbia_. B8s

pustulomarganate. . _._______ 13,14, 83, 84; pl. 11

brachymetopa, Pareuloma. .. __________________ 76,77
Solenopleura
brennus, Bonnia

Corynexochus. . .. 46

Oligometopus_ . - o ._.____ _ 12,58, pl. 7

Ptychoparia (Solenopleura)....___. . 58
Quebecaspis - 94,95, 96
brevifroms, Onchonofus_ _________ 14, 93, 94,103; pl. 12
Osceolia ... 94
Prohewinia- ... ______ ~- 8,9,69; pl. 5
Pseudosaukia __ 15,94; pl. 15
Ptychopleura. ... 104
brevispina, Dunderbergia. .- .. ... 63
Briscoi@_ _ ... 15, 58, 59, 60, 89

15,29, 60; pl. 15

sinclairensis. .. oo..__ - 58
broggeri, Dikelokephaling_.________ _- 89
burlingi, Comanchia_______ - 12,84 pl.9

Hungait- oo 14, 87,88; pl. 12

C
calculosa, Duduerbergia . . .o ___________ 63

callas, Marjumia. ___ .2 10,64 DL 6
Calodiscus_ .. ..

helena. .
nanus.__.
calva, Lejopyge - 10, 27,92; pl. 6
capar, Bathyurus - - e 96
Platycolpus . 96
Rasettia_ . ____ . 15, 96, pl. 14

cataractense, Alokistocare._ 82

Cedaria_ oo

prolifica-
) o T
Cedariidae. - ... __.._._____
Ceratopygidae _.. 53,56
Cernuolimbus ... s 12,27,71
QrCliCUS - - - e 12,71; pl. 8
longifrons ... __ ... _11,71,72,73; pl. 8
oTYgMatoS - oo . 7
semigranulosus.__ - 71
CRANCIA - - e 69
0dATAYENSIS - -~ oo 69, 70
pallisert .. .. - 69
Cheilocephalidae. .___.___________ R 57
Cheilocephalus .- ___________ - 12,13, 57
CTOITENSTS - o oo 57
CLPATSUS - e e o oo
granulosus-

Chuangiella intermedia. -
chuhsiensis, Proceratopyge-_- .- 13,54, 55,56, 57; pl. 10
Proceratopyge (Lopnorites) - ..o ooo—oo- 54, 55
Churkinia
YUkOMENSIS o -
Ciceragnostus. .____
clarki, Pseudagnostus.. . -
Pseudagnostus (Plethagnostus) - ... _.___... 29
Classification, index.. ... 20
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Page

claudicans, Cotalagnostus lens_____ ____ B9, 30; pl. 4
clytia, Pagetia. ... ___.____ ___ . 36
Cobboldia 34
dentata. .- __ 34
Coenaspis spectabilis. . . R (1]
Collecting areas_ . __ 4
Comanchia_____ _ 84
amplooculata ... ... ___.______ IO 84
burlingi___________________ oo .- 12,84 L9

84

84

84

communis, Agnostus______________ JE . 29
Pseudagnostus._ _ 11,12, 29,30; pl. 7
compressa, Modocia_._____ e .- 9,65;plL. 5
compressus, Sigmocheilus. - 11,12,72,73,74; pl. 8
concava, Pterocephalia--__ ____ e o 89
conifrons, Proceratopyge- . ___________________ 53
Quebecaspis___________________ 12,94,95,96; pl. 9

36

connera, Pagetia_ _
(Conoepchalites) kingii, Conocoryphe._
Conocoryphe (Conocephalites) kingii____._.____
constricta, Pterocephalia_________.____
converus, Onchonotus.

corar, Dikelocephalus ... _____ . ______

Corbinia horatio. . _____________________

Corynexochid. __________________ I 42; pl. 6

Corynexochus. . _ . _______ 42
brennus___

plumula_ _
spinulosus. .
stephenensis__________ ____________________ 41
(Bommia) - - 46
Cotalagnostus. .. .- 23,80
lens claudicans. . _______ _-- 9,30 pl. 4
crassimarginate, Modocia______________________ 65
Crepicephalus___ . ______________________ 16
(Loganellus) granulosus. .. ______________ 63
ZODC. e 16
(Crepicephalus) oweni, Arionellus_ .. ___.______ 65
cristata, Richardsonella. . ____________...___ 78
croirensis, Cheilocephalus_______________._.____ 57
Cyclegnostus_____ .. ____________________ 29
Cyclopagnostus._ - _ 31
cyclopgye, Agnostus 29
D
danica, Dorypyge. ... ... 47
dawsoni, Bathyuriscus (Kootenia)_ . ....__.__. 47
deckeri, Drumaspis_ .. ... 85
Deisselle. ... 66
dentata, Cobboldia______.______________________ 34
Neocobboldia______________________________ 34,35
dia, Macellovra_______________________________ 67
Tatonaspis. .- 67
Diatemnus . 68
Dikelocephalus_ .. .. 59
COT@Y el 68
Rabellifer ... 73
inequalis_ . _____________________________ 60
magnificus_. . 87
MeGAloOPS el 7
planifrons 89
8€808tris . _________ 94
Dikelokephalina broggeri_ . ... ... 89
Dinesus_ - .. 50, 60, 61
aretic@ . 61
areticus. - .. ______ 6, 50, 60,61, pl. 1
dde- . 60, 61
S e 6
Diplorrhina. ... 31
disgranosa, Elburgia._ ... .____________ 11,68,64; pl. 7
distorta, Stigmacephalus ... _______________ 96
Dolichometopid. .. ____________.________ 8,46, pl. 4
dolichorachis, Parabriscoia. ... . ... _______ 59
Dorypyge . 47
bisPINOSA - - .. 47
danica 47

grandispinosa 47

INDEX
Page
Dorypyge—Continued
olenekensis_ . ___.______________ BS,9,47; pl. 4
richtofeni. - 47
Drumaspis. ___ . . 14,85
deckeri.________ . 85
idahoensis_
utahensis_ ________________________________
walcotti__ ..
Dunderbergia_ . ... ________
brevisping. .. ..
calculosa. - -
seducte_ __ . __________________
variagranula_ .. ___________________________ 12,62

Dytremacephalus. 86
granulosus. . .. ... ...

Edelsteinaspidae

Elburgia .. .
disgranos@. . . . ___.____________
granulosa._

elegans, Briscoia.

Pagetides . - .. 36, 37
Parabriscoia_ . ______________________ 58, 59,60

Elrathia. . ___._

alagkensis_ ________.__ U 9,86,87, pl. 5
gaspensts. . . ___________________________ 87
kingito .ol - 87
quebecensis..__ . ________ . _____.___________ 87
Eliniezone__________________________________ 13
Embolemus__ . _______________________________ 50
Embolimus. - 50
SPiNOS@- - 50
eminens, Onchonotus.______________________.___ 93
FEochuangia_ . _________________________ 26
Fodiscus (Serrodiscus) serratus_ __________.____ 33
Erbia.______ 60, 61

13
13
eurekensis, Richardsonella_ . _______.____ [P 79,80
evansi, Olenaspella
Parabolinella. ... ________________
erpansus granulosus, Cheilocephalus_._________ 58
Cheilocephalus. ... .. __._. 12, 57, pl. 9
F
Jallax, Peronopsgis_ .. _____________________.__ 31
flabellifer, Dikelocephalus_.___.________________ 73
formosus, Bathuriscus 45
Jorresti, Redlichia. 41
foveolatus, Onchonotus 93
G
gaspensis, Elrathia____________________________ 87

Peronopsis._
Gelagene __.___
acanthinos. . ____________________
Geragnostus ... __________________
intermedius
tumidosus..
glabra, Yipingia.._____
glabrata, Neopagetina
globosus, Menocephalus_ . . . .. __________ 92
Onchonotus
Glyplagnostus_ - . ____________________
reticulatus. - .. . __________
reticulatus reticulatus .- ... _______.__ 27
BOTEUM@ oo 27
47
93
64
Erbia- 6,60,61

Page

granulospinosa, Kootenia_..._._______ BS, 48,49; pl. 4
granulosus, Cheilocephalus. ... ._________ 12, 58
Cheilocephalus expansus.... . _____.____ 58
Crepicephalus (Loganellus) ... ._._.__.__ 63
Dytremacephalus .. ___________________ 86

... 6,36,37; pl. 2
12,73,74; pl. 8

grata, Sigmocheilus....

____________________________________ 13,67
12,13,68; pl. 7
_____________________________________ 67,68
haydeni, Bathyuriseus. .o _.____..__ 45
Bathyurts .- oo 44
Hedinaspis_ - - oo 14,83, 87
regalis .. 87; pl. 15
3 S 14,16, 87; pl. 15
Hediniq. .. oo 87
TeGaliS . - e 87
helena, Calodiscus. - .o e 33
Hemirhodon
amplipyge- - .. 45
schucherti . eceee 45
530 L 10, 46; pl. 6
hillardensis, Peratagnostus_. ... ...._. 13, 26; pl. 10
23,24
11,24, 25; pl. 7
29
24
-.-11,12,25,29; pl. 7
) J—— o-e- 11,12,26; DL 7
horatio, Corbinia. . ... o .. 64
housensis, Ptychoparia. .. ________________.____ 66
Howellaspis__.__._______ 66
SNOWYEnsis. 66
wellsvillensis 66
HUNGAI® - oo 87
burlingi- ... . 14, 87, 88; pl. 12
magnificd ... 14, 88
pacifica_ - _ _. 15,88; pl. 12
puelchana@ ... .. ____ 88
)+ T 15, 88; pl. 12
Hypagnostus. 23,31
sublatus. ... 30
SPocme 11,31,53; pl. 6
Hysteropleura. ..« oo 66
I
ida, Dinesus. ool 60, 61
idahoensis, Drumaspis. _13,14,85; pl. 13
Iddingsia. . ..o o .__o___....._. 12,61, 62, 63
relativa..____ . ___.___..____ 11,12, 61,62, 63; pl. 7
L) o 12
Idiomesus - 15
impunctata, Parevloma._____________._______.._ 77
indigator, Asiocephalus. .. __.__ 13,14,82,83; pl. 13
inequalis, Dikelocephalus___._____._____________ 60
inflata, Polliazis... ... ... 6,41, 49, 50; pl. 1
integer, Battus 31
intermedia, Chuangiella - ... ______.___.____.__ 15,104
Yukonia_ - . .
intermedius, Agnostus.__
Geragnostus. ...
interstrictus, Peronopsis. ...
dole, TOSLONAE - - - oo
Twayespis. oo ___ _-- 13,58, 56
asaphoides. - ..o _______ 13,568, 57; pl. 10
J
Jones Ridge area. . -« oo oo oo 4
Jones Ridge Limestone__.._._._______ 4,17,18,19,20
K
Karlia stephenensis. - -« o comocoooomm 41
kindlei, Yukonaspis_ .. _..__.__ 16, 100,101; pl. 15

.- 86

kingii, Conocoryphe (Conocephalites)

Elrathia- -« . ... 87
klotzi, Ogygia. - . 50
Kootenia._. e cemmean 8,47, 48,49

granulosPinos® - oo cooceeeeaae 8,48,49; pl. 4
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Kootente—Continued
parallela. .. B48
serrata. 8,9, 48; pl. 4
SP. Lo 7,49; pl. 4
Kootenia SP_. - _____. 7,48; pl. 4
(Kootenia), Bathyuriscus.___ .- 47
dawsoni, Bathyuriscus._ ____________ - 47

laevigata, Lejopyge- - ..o ____
Lejopyge laevigata._______
laevigata, Lejopyge
laevigatus, Battus. _________
laevis, Onchocephalites.________________________
Pseudagnostus. . ______ .. _________..____
leminatus, Antagmus______
latus, Semisphaerocephalus.__
Lauzonella___________________
planifrons -8
tripunctate_ . ________________ 14,15, 89; pl. 14
Leiostegium._ 83

laevigata
laevigata_ . ___________

Lena Stage, Lower Cambrian, Siberia
lens claudicans, Cotalagnostus

levisensis, TatonasPis ... _____._____
Liostracinoides ... ... ___________________
vermontanus._
yukonensis._ .
lippa, Comanchia. ... _____________________ 84
lobatum, Alokistocare. ... ... ____ 8,72, pl. 5
lobatus, Agnostus. . ... _.._________._._____ 32
Loganellus
ArewUs
(Loganellus) granulosus, Crepicephalus___.____ 63
logani, Olenus. ... ___._____________________ 90
longicauda, Athabaskiella_. .. __._____________ 44
Bathyuriscidelle-_ .. _____________________ 43

longifrons, Cernuolimbus. - 11,711,72,73; pl. 8

Lopnorites_ .. ... 53,54
rectispinatus .. ___________________________ 54, 55
(Lopnorites) chuhsiensis, Proceratopyge.._- ... 54, 55
rectispinatus, Proceratopyge--- 13, 53,54, 55; pl. 10
Lotagnostus .. ___..____________ ... 23,25,26
) 14, 25; pl. 12

magnifica, Hungaia
magnificus, Dikelocephalus
maladensis, Pagetia
mansuyi, Prochuangia_______
marginisuleatus, Pseudagnostus._ - . . .______ 30
Marjumia. .-l

marylandica, Quebecaspis
galops, Dikelocephalus ... ___________.___
Richardsomella .. ____________________._____
Menocephalus globosus_

merteii, Albertella_ ... ________
mertiei, Briscoin ... _____________.____
Mesagnostus. . ... _____._____._
Mesophenicus ... ___._.__
Metanomocare petaloides. - ... ___._____
metisensis, Modocia_ .. _____________________
minor, Bathywrus . __________________________
Comanchit ... ...
Hardyoides_____._____
minutus, Tholifrons. .. __ .. __________ 12,99, 100; pl. 9

INDEX

Modocia_ - ol
compressa.-
crassimarginata._ _
melisensis
transversa___________________._____
typicalis

montanensis, Spencella.______________ 8,9,82,98; pl. 5

Namorthis_ . _______ ..
nanus, Calodiscus-
nasuta, Elkie_ - __._
nasutus, Onchonotus._ ... _.________ 93
Neocobboldia- - ... _____._____________ 6,33, 34,35
dentate_ - . ____. 34,35

neon, Agnostus
Pseudagnostus .. oo __
Neopagetina_ ____.___
glabrata. . _ - 33

rjomsnitzkii. . ___ 6,33
significans_ . ______________________________ 33
VenUS 4. .____ 33
Nevadelle addeyensis_ 41
Nileidae.._..__.____ 66
niobiformis, Ydpingia 56
nobilis, Peratagnostus_ ________________________ 26
nominalis, Semisphaerocephalus._ __ - 96,97
nudus, Battus ... __.________ .32
Phalagnostus. . __________.____ .32
nuperus, Pseudagnostus... ... _...._______. 30
6]

obesus, Agnostus pisiformis - 24
Homagnostus_ ______________ - 24
obsoletus, Agnostus ... 26
Phoidagnostus. . .. ... ______._.______ 26
identalis, Onch i - 10,92, pl. 6
Pagetides________ - 7,3,37; pl. 4
odarayensis, Chancia_ - 69,70
Ogygia klotzi ... 50
OgygoPsis_ - - .. 7,50
antigua.. 7,50; pl. 3

pygidia. -

SpP---- -
olenekensis, Dorypyge-
Olenellid . . ...

Olenida>_ . ..

Oligometopus. -
breviceps.- -

Oncagnostus. - ... ______

Onchocephalites .. ___________________
laevis__.__
PUNCLABUS_ - .
versilis

Onchocephalus. .. ____
profectus. 7,76,76,pl. 3

(Onchucephalus), Antagmus. 75

Onchonotopsis__ - ______________.______ 91,92,93
occidentalis .. ________________ 10, 92; pl. 6

Onchonotus._ . .________.________________ 14, 92,93, 94
anbiqUS_ - ... 14,93, 94; pl. 11
_ 14,93, 94,103; pl. 12

COnverus.-
eminens.
foveolatus_ . _____ ...
GUOBOSUS. -« oo
granulatus
nasulus. ..
ovoidea_ ..
richardsoni

Page

Onchonotus—Continued
sulcatus. . B93
VETUS- - 93
walecotti_______ 92
orbiculata, Neopagetina. ... __.._.._________ 33
orientalis, Pseudagnostus 30
ornata, Aldonaia 52
orygmatos, Cernuolimbus_ ... _._____________ 71
Osceolia brevifrons_ . ____ . . 94
ovoidea, Onchonotus_ .. ______.__.___. 92,93
oweni, Arionellus (Crepicephalus).____...__.__ 65

P

pacifica, Hungeia .. ... ... 15, 88; pl. 12
Pagetia .- 33,34, 35,36
35
36
36
33
significans 33
stenoloma.__ 7,33,85,36; pl. 4
FS) o) o 7,33, 86; pl. 4
Pagetides. - - - .o 6,7,8,33,34,36
7,96,37; pl. 4
36,37

... 6,36,37; pl. 2
7,36,37; pl. 4
rjonsmtekii .o .. 36,37
Paleofossus zaicevi
palliseri, Chancia.-
Prohedinia.._ -
Parabolinella evansi
punctolineata. - - . oo
Parabriscoia- . ...
dolichorachis. .
elegans.____.
stemorachis_ . . . ..
tripunciato. .
(Parauiscus), Eodiscus.
parallela, Kootenia. -
Pareuloma___ ...
brachymetopa . -« oo
ImPURCtala. e naean

,32; pl. 4

Phoidagnostus. . ccooooaeeeaeee-

bituberculatus.

obsoletus____
prisiformis obesus, AGNOSEUS -~ -~ — - oo 24
planifrons, Dikelocephalus. 89

Lauzonellg ..o . oococeae- 89
Platycolpus-.- 96

capar--_ 96
(Plethagnostus) clarki, Pseudagnostus ... 29
plumula, Corynerochus . ... ___ 11,13, 42,43; pl. 10
(Poliella) probus, Bathyuriscus_ .. ... ——---- 43
Polliaris

AR oo e 6,41, 49,50; pl. 1

) ¢ J SO 6
prior, Comanchit . - oo 84
probus, Athabaskiella......___.---- 4

Bathyuriscus (Poliella) 43
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Proceratopyge__ .. ... __ e B13, 53, 54, 55,68

chuhsiensis 13, 54, 55, 56, 57; pl. 10

conifrons__________ U 53

rectispinetus . _______._________________ 55
(Lopmnorites) chuhsiensis

rectispinatus. ____________ 13,53, 54, 55; pl. 10

SPc [ - 13

Prochuangia__ ... __ e R 103

MANSUYE- o . 103

profectus, Onchocephalus

Prohedinia 9,69
attenuata 9,69
brevifrons_ . ________________________ 8,9, 69; pl. 5

palliseri

prolifica, Cedaria--
Pseudagnostus.__

QCUEUS - .
angustidobus_ . ____________ R _
chinensis.. - - 30
clarki__ _.. 15,16, 29; pl. 15
coMMUTIS_ 11, 12, 29, 30; pl. 7
laevis o . _ 29
marginisulcatus 30
MEON oo 30
nUPErus .. 30
orientalis 30
pseudocyclopyge 30
rotundatus ... __________________. 30
vulgaris
(Plethagnostus) clarki. . .. __ [, 29
pseudocyclopyge, Pseudagnostus.______________ 30
Pseudosaukia_ - _____________________________ 94
brevifrons . 15, 94, pl. 15
Pterocephalia . ... ___________________ 72,73,74
CONCAVA - _ .. 89
constricta 2,73; pl. 8
sanctisabae..___ . _________ 72
Ptychagnostus._ _ 23,26, 28,30

9

(Ptychagnostus), Ptychagnostus. 28
aculeatus, Ptychagnostus . _____ __ 10, 28, pl. 6
punctuosus affinis, Ptychagnostus_.___ 9,28; pl. 4
Ptychoparia housensis. . 66
stmilds_ . e 61
teueer oo R 74
BRI e . 75
(Solenopleura) breviceps 58
Ptychopleura brevifrons..______ 104
Ptychopleurites emplooculate.. . _____________ 84
puelchane, Hungaie .- _____________________ 88
punctatus, Bathyuriscus___ - 9,44,45,pl. 6
Onchocephalites. ... ___ ... 91,97
punctolineata, Parabolinella 104
punctuosus, Agnostus. . ____________ 28
Ptychagnostus ... _____._ [, 9,28
affinis, Ptychagnostus _.- 10,28

Ptychagnostus (Ptychagnostus) ... 9,28; pl. 4

pustulomarginata, Brabbia.-__.___ 13, 14,83, 84, pl. 11
Q

quadrispinosa, Richardsonella. 14,78, 79,80, 103; pl. 14

Quebecaspis_ - - - ________________ 12,17,94,95

aspinosa. - 12, 95,96; pl. 9

breviceps- _- ___- 94,95 96
conifrons- .. _ 12,94, 95,96; pl. 9
marylendica_ . ____ . ___ 95
S - - c e 11,12, 96, pl. 9

quebecensis, Elrathi@_ . ... ___________________ 87

rectispinatus, Lopnorites- - __ .. .______________ 54, 55
Proceratopyge
(Lopnorites) -
Redlichia._._____.
forresti__
regalis, Hedinaspis_ - - ___._.__.__. 87; pl. 15
Hedinia......____ 87
regularis, Olenaspella. .. ______ - - 70
relativa, Iddingsia - _11,12,61,62,63; pl. 7
reticulatus, Agnostus. . ... ___________.__.__ 27
Glyptagnostus . .- ... 12,13,27; pl. 7
reticulatus. . .- [ 27
reticulatus, Glyptagnostus._..___ - 27
Richardsonella - _______._______ 14,15,17,77,78,79,80
eristat@_ - . 78
eurekensis_ . ___________________
megalops. ...
quadrispinosa. - ... ______ 14,78, 79,80,103; pl. 14
subcristata. - - 79
unisuleate .- 78,79, 80
_______________________________ 15,79, pl. 14

- 15,79 pl. 14
14, 80; pl. 14
............................... 15,80; pl. 14

14,15
richardsoni, Onchonotus_ ... __________.____ 93
richtofeni, Dorypyge
rjonsnitzkii, Neopagetina . ________________._
Pagetides . - _____

robusta, Briscoia___
Briscola septentrionalis

rotundatus, Pseudagnostus_ .- ... ______.._.._.
s

salteri, Menocephalus_ .. _______.____ 41
sanctisabae, Pterocephalia - - 72
schucherti, Hemirhodon.._ - 45
sedgwicki, Menocephalus_ . . ________________ 93
seducta, Dunderbergia .. _______ 12,13,62,63; pl. 7
Seletella . . . _____________.___ _--- 94,95
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PLATE 1
Early Cambrian—1

[All specimens from USGS colln. 4286-CO, Yukon River area]

Fraures 1, 2, 4. Dinesus arcticus n. sp. (p. B61).
1. Stereogram of nearly complete holotype individual, X 5, USNM 146643.
2, 4. Cranidia, X 4, USNM 146644, 146645.
3, 5-16. Churkinia yukonensis n. gen., n. sp. (p. B39).
. Pygidium showing distinct asymmetry, X 3, USNM 146646.
. Pygidium showing slight asymmetry, X 4, USNM 146647.
. Free cheek, X 3, USNM 146648.
. Holotype cranidium, X 3, USNM 146649.
. Hypostome, X 3, USNM 146650.
, 13. Small pygidia, X 5, USNM 146651, 146652.
10 11. Cranidia, X 3, USNM 146653, 146654.
12. Hypostome, X 5, USNM 146655.
14-16. Thoracic segments, X 3, USNM 146656, 146657, 146658.
17-20. Polliaxis inflata n. gen., n. sp. (p. B49).
17. Holotype cranidium, X 2, USNM 146659.
18. Cranidium, X 3, USNM 146660.
19. Pygidium, X 2, USNM 146661.
20. Pygidium, X 3, USNM 146662.
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