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CAMBRIAN TRILOBITES OF EAST-CENTRAL ALASKA 

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 o r  sections are  the subject of 
this paper. The trilobites a re  assigned to 11 stratigraphically 
distinct faunas: three a re  of Early Oambrian age; two are of 
Middle Cambrian age;  and the Dresbachian, Franconian, and 
Trempealeauan Stages of Late Cambrian age a r e  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 youngwt. 

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 a re  almost completely with other North Amer- 
ican Early Cambrian species. Only a species of Aldonaia indi- 
cates affinities to Siberia. Olenellids a re  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 Early Cambrian age is based on the presence of Pagetides. 

Both Middle Cambrian faunas a re  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 Bolaspidelta 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 a n  early Dresbachian age. 
The Dresbachian-2 fauna includes 23 species that a re  predomi- 
nantly North American i n  aspect. The major exception is a 
species of Corynemochus that  i s  the first U t e  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. I t  includes the first valid North 
American record of Proceratopuge and other trilobites of the 

Ceratopygidae. This fauna is  correlated with the Elvbnia 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 
Ptyckaspis-Prosaz~kia zone of western North America because 
of the presence of Drumaspis. 

The Trempealeauan-1 fauna includes 10 species whose great- 
est affinities a re  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 
.in~erican elements during the Cambrian. The content of Asi- 
atic or European dements in the Cambrian faunas is  signifi- 
cant only in the areas closest to either Asi'a 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 t o  the 
east. Local disconformities a re  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 a r e  new. New taxa are: 
Crcragnostlls intcrmedius n. sp., Homagnostus alaskensis n. sp., 
I'cratagnostus hillardensis n. sp., Calodiseus nanus n. sp., Neo- 
cobboldia spinosa n. sp., Pagetia stenoloma n. sp., Pagetides 
uppolinis 11. sp., Pagetides granulosus n. sp., Pagetides occiden- 
talis n. sp., Y~rlionia intermedia n. gen., n. sp., Ghurkinia yukon- 
cnsis 11. gen., n. sp., Athabaskiella ardis n. sp., Bathyuriscua 
punctatus n. sp., Bonnia tatondukensis n. sp., Kooterzia granu- 
lospinosa 11. sp., Polliamis inflata n. gen., n. sp., Ogygopsis 
antiqua n. sp., Aldonaia alaskensis n. sp., Yupingia glabra n. 
sp., CAciloccpAalzis empausus n. sp., Dinesus arcticus n. sp., 
Zddingsia relativa n. sp., Dunderbergia seducta n. sp., Elburgia 
disgranosa n. sp., iLfodocia compressa n. sp., Yodocia trans- 
versa n. sp., Hardyoides aspinosa n. sp., Prolzedinia brevifrons 
11. SD., Cernuolimbus arcticus n. sp., Cernuolimbus longifrons n. 
sp., Ptcroccphalia constricta a. sp., Sigmocheilus? compressus 
n. sp., "Antagmus" Zaminatus n. sp., Onchocephalus profectus 
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n. sp., Pareuloma spinosa n. sp., Richardsonella nuchastria n. 
sp.. Richardsonella quadrispinosa n. sp., Gelasene acarcthinos n. 
gen., n. sp., Asiocephalus indigator n. gen., n. sp., Brabbia pus- 
tulomarginata n. gen., n. sp., Comanchia burlingi n. sp., Elrathia 
alaskensis n. sp., Hungaia burlingi n. sp., Liostracinoides? 
gz~konensis n. sp., Loganellus? arcus n. sp., Onchocephalites? 
uersilis n. sp., Onchonotopsis occidentalis n. sp., Onchonotus 
antiqus n. sp., Onchonotus breuifrons n. sp., Quebecaspis aspin- 
osa n. sp., Semisphaerocephalus latus n. sp., Xpencella acan- 
thina n. sp., Tholifrow advena n. gen., n. sp., Tholifrons mhutus 
n. sp. 

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 

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 1913 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. 397,403,404; 1937, 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. Rrabb and Michael Churkin, Jr., studied the 
geology of the Cambrian rocks of eastern Alaska while 
mapping parts of the Charley River and Eagle 
1 : 250,000 quadrangles. I n  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 collectioi~s of Cambrian fossils have 
been obtained from Alaska. Only those collections 
codtaining either well-preserved or stratigraphically 
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FIGURE 1.-Index map showing outcrop areas of Cambrian rocks in eastern Alaska and immediately adjacent parts 
of Canada. 



B4 LOWER PALEOZOIC PALEIONTOLOGY AND STRATIGRAPHY OF EAST-CENTRAL ALASKA 

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. I t  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 archamyathid-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. 3 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 excellent 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. 3 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 c01- 
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 E Y2 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. 33, T. 2 N., R. 33 E., and 
through an interval of Middle ~ a m b r i a n  limestone 
in the north central part of sec. 3, T. 1 N., R. 33 E., 
southeast of Hillard Peak. All these localities are on 
the Eagle (D-1) quadrangle. The only Middle Cam- 
brian collection made by Cairnes in 1912 mas 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 1/2 sec. 35; the West Ridge subarea is 
a west dipping hogback exposed in the E l , ,  secs. 27 
and 34; the Adams Peak subarea includes a well- 
exposed section in the southwest part of sec. 26, all in 
T. 2N, R. 32 E., Eagle (D-1) quadrangle. 

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 NWXNEX,  sec. 
10, T. 2 N., R. 32 E., Charley River (A-1) quadrangle. 

illontauk B72~ff 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 Luck Creek area.-Trilobites from this area 
were obtained from a 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. I n  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 fauna and the evidence used to establish its 
relatire age must be presented. The faunas are there- 
fore discussed be lo^^^. 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 distinct 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 presence of the Early Cambrian-3 fauna in lime- 
stone interbeds in the upper part of the boulder con- 
glomerate 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 fauna is clearly older than the 
boulder conglomerate. Evidence from the Early Cam- 
brian-3 fanna that boulders in the upper part of the con- 
glomerate nlay not be much older than the matrix 
(see p. B6), 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. Until the source of the boulders is 
clearly established, however, the faunas are recorded 
here in the order of their present stratigraphic oc- 
currence. 

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 cornrnun., June 1964) believe that this lime- 
stone is the same as one that they found within the 
unit now cdled the Adams Argillite. ' 

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

YUKON BIVER (WATER LEVEL) AREA 

*USGS colln. 4295-GO : 
Calodiscus nanus n. sp. 
Dinesus sp. 
Neocobboldia spinosa n. sp. 
Pagetides granulosus n. sp. 
Berrodiscus sp. 

*USGS colln. 4296-GO: 
Churkinia gukonensis n. gen., n. sp. 
Dinesus arcticus n. sp. 
Gelasene acanthinos n. gen., n. sp. 
Neocobboldia spinosa n. sp. 
Polliaxis inflata n. gen., n. sp. 
Yukonia intermedia n. gen., n. sp. 

HILLABD PEAK ABEA 

USGS colln. 4449-GO: 
Dinesus sp. 
Neocobboldia spinosa n. sp. 
Polliaxis sp. 

The presence of Neoco b bo ldia and archaeocyathids 
in each collection confirms the dating of this fauna as 

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 grawbsa 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 rjonsnitakii (Lermon- 
tova). (See p. B37.) PoZZi&s infZata 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 Early Cambrian faunas. 
Ranges for the eodiscids, pagetiids, and Erbia g raw-  
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. Ac- 
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 Siberian 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 olcler 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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W Y  CAMBRIAN4 

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 i n  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. sp. 
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 "Antagrnus"-Onchocephalm 
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 ~ ~ ~ i d i u m  
of 0. antiqua 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 Bonrnia 
tatondukemis 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 Obnellus s. s. (p. B39), is 
known elsewhere on species of OZZenellus 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. a7nskensi.s 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. 

The Early Cambrian-3 fauna includes seven spe- 
cies 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 (433340  and 4334-CO) are from limestone 
interbedded with the conglomerate, and a third col- 
lection (433540)  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 : 
K w t m h  sp. indet. 
Onchocephalites? versilis n. sp. 
Pagetia sp. indet. 

*USGS colln. 4333-(30: 
Kootenia sp. 1 
I'agetia stenoloma n. sp. 
Pagetides occidentalis n. sp. 
Zacanthoides sp. 1 

*USGS colln. 4334-CO : 
Kootenia sp. 1 
Onchocephalites? versilis n. sp. 
Pagetia spp. 
Pagetides appolimis n. sp. 
Zacalzthoides sp. I?  

*USGS colln. 4335-CO : 
Icootenia 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 a t  Austinville, Va., (Resser, 
1938) and western Nevada (Palmer, 1964), suggests 
that the long-ranging coryiiexochoid 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. 

Onckocephalites? versilis 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. 

MIDDLE CAlKBRIAN 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 Bolas@- 
della zone fauna (Middle Cambrian-a), can be dis- 
tinguished. The evidence for the age and correlation 
of each of these faunas is discussed below. 

The identification by Resser of AZberteZZa, 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 (442440  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 Albertella 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. 

MIDDLB CAMBRIAN-1 

The Middle Cambrian-1 fauna includes 22 species 
from eight collections scattered among the Hillard 

Peak, Yukon River, Tatonduk River, Montauk Bluff, 
and Hard Luck Creek areas. 

I n  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. I n  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. I n  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. East 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 : 

*USGS colln. 4 3 3 0 4 0  : Spencella montanensis Rasetti 

YUKON RIVER (ADAMS PEAK) AREA 

*USGS colln. 4426CO : 
cf. Alokistocare lobatum Rasetti 
Dolichometopid, genus and species undetermined 
Kootenia grannlospinosa n. sp. 
I ioo te~ ia  cf. K. serrata (Meek) 
Spencella montanensis Rasetti 

YUKON RIVER (WEST RIDGE) AREA 

*USGS colln. 434&CO: ?Kootmia cf. K. serrata (Meek) 

HARD LUCK CREEK AREA 

USGS colln. 4382-CO : 
Kootcnia cf. K. serrata (Meek) 
Vodocia transversa n. sp. 
Semisphaerocephalus latus n. sp. 
Spcncella montanensis Rasetti 

TATONDUK RIVER AREA 

*USGS colln. 4303-CO : 
Dorupugc cf. D. olcnekmsis Lazarenko 
Prohedinia brevifrons n. sp. 
Scmispl~aerocepkalus latus n. sp. 
Spencella acanthina n. sp. 
Spencella? sp. 
Genus and species undetermined 5 
Genus and species undetermined 6 

*USGS colln. 4339-CO : 
Prohedinia brevifrons n. sp. 
Senzisphaerocephalus latus n. sp. 
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HILLARD PEAK ABEA Elrathinu zone of British Columbia (see p. B69). 
*USGS colln. 4341-CO : Prohedinia thus has a range throughout most of the 

Bathyuriscus punctatus n. sp. interval represented by the Bolaspidella zone. Collec- 
Bolaspidella wellsuillensis (Lochman and Duncan) lion 4303-CO also contains Dor.ypyge cf. D. olenekensis 
Elrathia alaskensis n. sp. Lazarenko. This species is reported by Lazarenko (in 
Modocia compressa n. sp. 
Peronopsis c f .  P. gaspensis Rasetti Markovskiy 1960, p. 219) to be characteristic of the 
Ptuchagnostus (Ptychagnostz~s) punctuosus a p i s  lower Maya Stage of northern Siberia and is shown 

. - 

(Bf igger ) 
Semisphaerocephalus latus n .sp. 
Zacanthoides sp. 2 

M O N T A U K  BLUFF AREA 

USGS colln. 4 3 4 6 4 0 :  
c f .  Cotalagmstus Zens Cla~diCans Westergard 
Corynexochid, genus and species undetermined 
Ptychagnostus sp. undet. 

Four of the collections, 4330-CO, 4424-CO, 4348-c0 
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 Bathyuriscw-Elrathim 
zone. However, in 1956, I collected several agnostids, 
including P t y  chagnostus atavus (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 BoZaspidelZa zone genus, in 
438240.  !bypical BolaspidelZa zone genera, Nodocia, 
Blrathia, and Bolaspidella, are also present in collec- 
tion 4341-CO. Both 4382-CO and 4341-CO also 
contain Semisphaerocephalus Zatus n. sp.; the other 
two collections with this species (4303-CO and 4339- 
CO) thus are probably also correlative with the 
BoZaspidella zone. 

I n  Kazakhstan, Semisphaerocephulus is placed by 
Ivshin (1953) in the uppermost Middle Cambrian 
Anornocare-Phoidagnostus bituberculatus zone. This 
age assignment strengthens the assignment of the 
Alaskan species of Semisphaerocephalus to the late 
Middle Cambrian. I n  collections 4303-CO and 4339- 
CO, another species, Prohedinia brevifrons n. sp., is 
congeneric with P. attenuata Lermontova and Cherny- 
s h v a  and P. sors (0pik) from the latest Middle Cam- 
brian of Siberia and Australia, respectively, and with 
P. palliseri (Walcott) from the Bathyurisczcs- 

by Pokrovskaya and others (1963) to be associated 
with Ptychagnostus atavzcs (Tullberg) and P .  punctu- 
osus (Angelin). Both of the agnostids characterize 
zones correlated by Robison (196413, p. 990) with the 
Bolaspidella zone. This correlation adds further sup- 
port to the correlation of the trilobites in collection 
4303-CO with the Bolmpidella 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 Zens daudi- 
cans Westergard. This species is found only in the 
Ptychagnostus atavus zone or younger beds in Sweden 
(Westerglrd, 1946), and the subspecies is restricted 
to the P. atavus zone. As noted above, this zone is 
correlated by Robison (196413, p. 990) with the lower 
Bolaspidella 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 BoZaspidella 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 Willard Peak areas. I n  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. I n  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. I n  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 than indicated by Robison, (2) the range of L. caha 
collections are listed below : may be greater than indicated by the Utah material 

TATONDUK RIVE AREA 
alone, or (3) the range of P. bituberculatus may be 
greater than indicated by Westergird. The Alaskan *USGS colln. 431@CO : cf. Marjumia callas Walcott 
collections do not provide evidence to determine which 

YUKON RIVER (WEST RIDGE) AREA interpretation is correct, but they do indicate that 
*uSGS colln. 3832-co : minor revision of the Middle Cambrian agnostid ranges 

Lejopyge laevigata (Dalman) or correlations is needed. 
Genus and species undetermined 4 

*USGS colln. 4347-co : Collection 434440, which contains Bathyurkci- 
Lejopyge sp. d e l h  socialis Rasetti and Hemirhodon? sp., is found 
Onchonotopsis sp. in the partial section east of Hillard Peak midway be- 

YUKON RIVER (ADAM$ PEAK) AREA tween collections containing Ptychagnostus pwnctuosm 

*USGS colln. 4 3 3 7 4 0  : afinis (Middle Cambrian-1 ) and Le jop yge laevigata 
Athabaskiella ardis n. sp. (Middle Cambrian-2). These agnostids characterize 
Hemirhodm sp. intervals in the Swedish Middle Cambrian that Robi- 
Lejopyge calva Robison son (1964b) correlates with the lower and upper parts 
Onchonotopsis qccidentalis n. sp. respectively of the BoZaspideZla zone. Robison (1964a, 

HILLARD PEAK A B E ~  p. 512) records species of Bathyuriscidella and Bemi-  
*USGS colln. 4344-co : rhodon from just above the middle of the Bolaspidella 

Bathyuriscidella socialis &setti zone but below the range of Lejopyge c h a  in Utah. 
Hemirhodon? sp. Collection 4344-CO i6 here arbitrarily assigned to the 

*USGS colln. 4345-CO : Lejopyge laevigata (Dalman) Middle Cambrian-2 fauna because the only other 
GSC 282: 

Lejopyge calva  obis son Alaskan specimens msigned to Bemirhodon, are asso- 
Phalagnostus bituberculatus (Angelin) ciated with L. c d v a  in 4337-CO. 
Ptyohapmstus (P . )  souloatus (Angelin) Collection 4310-CO, which contains only &farjumh 
Genus and species undetermined 1 cf. M. c d h  Walcott, is assigned to the Middle Cam- 
Genus and species undetermined 8 
Genus and species undetermined 9 

brian-2 fauna because M. callas is reported by Robison 
(1964a, p. 512) only from the upper part of the Bola- 

Lejopyge is a well-known and geographically wide- spidelb mne. 
'pread guide to beds of latest Cambrian a@' The ,idence presented above indicates that the col- 
In the sedion of Sweden, lections to the Middle Cambrian-2 fauna are 
the LejoPY~e laevigata 'One is the 'One of collectively with the middle and upper 
the Middle Cambrian, although L.  2oeuigata is shown parts of the Boh+ezla zone .and are, on the basis of 
by Westergird range into the their faunal content, younger than those assigned to 
underlying soleno~Zeuula brachymetopa In west- the Middle Cambrian-l fauna. The only Alaskan 
ern United State% the L .  calva subzone is the upper- sections where col~ections frorn the two Middle Cam- 
most division of the latest Middle Cambrian Bola- brian faunas were adually collected in sequenoe are 
'pidella 'One' This subvone has been by the Tatonduk River section and the partial section 
Robison (1964a) p. 512) with the L. laevigata zone of 
Sweden. Five of the Middle Cambrian-2 collections 

east of Hillard Peak. In  these areas, the fauna1 evi- 
contain species of Lejopyge (383sC0, 4337x0, dence and stratigraphic evidence are in agreement. 

4345-CO, 4347-CO, and ESC 282), and the presence of In the Yukon River area, all the Oarnbrim 

these species is the strongest evidence for datkg this collections come from an interval about 30 feet thick 

fauna as latest Middle Cambrian. and no two collections were obtained in sequence, SO 

In GSC collection 282, Lejopyge c&a Robison is the relative ages of collections assigned to the two 
associated with P t y c h g n o s t ~  amka tus  (Angelin) faunas can only be determined by faunal analysis. 
and PhZagnostws bitubercubtzls (Angelin). Both of U T E  CABIBRIAN FAUNAS 
these species are reported only from the Xolenophra  
brachyrnetopa zone of Sweden, although opik (1961%) The six Late Cambrian faunas present the greatest 
has shown that P. acubatus ranges through beds diversity of any of the Alaskan Cambrian faunas. 
equivalent to both the S. brach,ymtopa and L. h v i -  Each of the standard Amerioan Late Cambrian stages 
gata zones in Australia. Three interpretations of this is reprwented by two distinct faunas. Only the Jones 
information are possible: (1) L.  caha  may be older Ridge, Squaw Mountain, and Hillard Peak areas have 
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yielded more t.han one fauna, however, and even in 
these areas no more th,an three faunas have been found 
in succession in any one section. 

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 

WSGS colln. 4326-CO : 
IIypagnostus sp. 
Cedaria sp. 

HARD LUCK CREEK AREA 

USGS colln. 4 3 7 6 4 0  : Cedaria sp. 

Both collections contain a well-preserved, distinc- 
tive, and largely new fauna of inarticulate brachiopods 
not found in any older or younger Alaskan collections. 
The presence of Gedaria, 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. 

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 Dresbachiail-2 fauna. Collection 3717-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. I n  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 collectioils (4380-CO 
and 438140 )  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. I n  
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- 

sented by inadequate material. This is also the only 
Cambrian collection i11 ,4laska 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 
\$-it11 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 Rurling in 
his 1913 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. I n  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 (WEBT RIDGE) AREA 

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

HI-YO AREA 

USGS colln. 4380-GO: 
Hontagnostus tumidosus (Hall and Whitfield) 
?Iddingsia relativa n. sp. 
Pseudagnostus communis (Hall and Whitfield) 
Quebecaspis sp. 
Sigmocheilus? compresssus n. sp. 

USGS colln. 4381-CO : 
Acmarhachis acutus (Kobayashi) 
Cernuolimbus longifrons n. sp. 
Dytremacephalus? sp. 
Elburgia disgranosa n. sp. 
Homagnostus azaskensis n. sp. 
Homagnostus tumidosus (Hall and Whitfield) 
Homagnostus sp. 
Iddingsia relativa n. sp. 
Olenaspella evansi (Kobayashi) 
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Pseudagnostus communis (Hall and Whitfield) 
Pterocephalia constricts n. sp. 
Quebecaspis aspinosa n. sp. 
Qzcebecaspis conifrom? Rasetti 
Sigmocheilus ? compressus n. sp. 
Tholifrons advma n. gen., n. sp. 
Tholifrons minutus n. gen., n. sp. 

JONES BIDQE 

*USGS colIn. 4361-CO : 
Cheilocephalus empansus n. sp. 
Dunderbergia seducta q. sp. 
Hardyoides aspimsa n. sp. 

*GSC 4674: 
Cheilocephalus sp. 
Quebecaspis sp. 

*GSC 4676 : 
Elburgia? sp. 
Qzcebecadpis aspinosa n. sp. 

SQUAW MOUNTAIN 
*GSC 4719: 

Cltcilocepl~alus expansus n. sp. 

HILLARD PEAK AREA 

*USGS colln. 4360-CO : 
Cernuolimbus arcticus n. sp. 
Iddingsda sp. 
Oligometopus breviceps? (Walcott) 
Quebecaspis sp. 
Tholifrolzs advena n. gen., n. sp. 

GSC 4635 : 
Cernuolimbus arcticus? n. sp. 
Cheilocephalus sp. 
Dunderbergia sp. 
Quebecaspis sp. 
Tholifrons advena n. gen., n. sp. 

HILLARD PEAK AREA 

Burling section 

*GSC 4645 (=4728) : 
Acnaarhachis 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) 
Tlzolifrons advena n. gen., n. sp. 

*GSC 4646: 
Cernuolimbus arcticus n. sp. 
Comanchia hurlingi n. sp. 
Elburgia sp. 
Quebecaspis sp. 
Tholifrons advena n. gen., n. sp. 

*GSC 4643: 
Comalzchia burlingi n. sp. 
Oligometopus breviceps? (Walcott) 
Pseudagnost&s communis (Hall and Whitfield) 
Tholifrolzs advena n. gen;, n. sp. 

*GSC 4637 : 
CheQocepha Zus sp. 

*GSC 4722: 
Acmarhachis acutus (Kobayashi) 
Cheilocephalus cf. C. granulosus Palmer 
Homagnostus sp. 
Iddingsia sp. 
Olenaspella? sp. 
Pseudagnostus s p  
Quebecaspis aspinosa n. sp. 

*GSC 4639: 
Cernuolimbus arcticus? n. sp. 
Sigmocheilus cf. S. grata (Resser) 

*GSC 4641 : 
Cflyptagnostus 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). I n  addition, the collec- 
tion is characterized by Quebecaspis and Tholifrons 
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 
436040,  GSC 4635, GSC 4645, GSC 4646, GSC 4643, 
GSC 4722, and GSC 4639 (Hillard peak area). Col- 
lection GSC 463'7, 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 Iddingsia relativa 
n. sp. is most similar to a species identified as Dunder- 
bergia cf. D. uariagranula 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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Hungaia burlingi n. sp. 
Loganellus ? arcus n. sp. 
Pareuloma spinosa n. sp. 
Richardsonella c f .  R. quadrispinosa n. sp. 
Yupingia glabra n. sp. 

*GSC 4649 (= GSC 4704) : 
Pareuloma sphosa n. sp. 
Yiipingia glabra n. sp. 

Brabb-Palmer sections 

'USGS colln. 3709-CO : 
BienvilZia sp. 
?Hungaia burlhgi  n. sp. 
Onchonotus brevifrons n. sp. 
Richardsonella quadrispinosa n. sp. 
Richardsonella sp. 3 
Genus and species undetermined 7 

*USGS colln. 435540  : 
Geragnostus in temedius  n. sp. 
?Hungaia burlingi n. sp. 
?Lauxonella? tripunctata (Kobayashi) 
Lotagnostus? sp. 
Onchonotus brevifrons n. sp. 
Pseudagnostus vulgaris Rozova 
Richardsonella quadrispinosa n. sp. 
Richardsonella sp. 3 

*USGS colln. 435640 : 
Brabbia pustulomarginata n. gen., n. sp. 
?Hungaia burlingi n. sp. 
Onchonotzcs antiqus n. sp. 
Pseudagnostus vulgaris Rozova 
Richardsonella c f .  R.  qzcadrispinosa n. sp. 

*USGS colln. 4357-CO: 
Drumaspis idahoensis Resser 
Hungaia burlingi n. sp. 
Onchonotus antiqus n. sp. 
Parezcloma spinosa? n. sp. 
Richardsonella c f .  R.  quadrispinosa n. sp. 

*USGS colln. 435840  : 
Brabbia pustulomarginata n. gen., n.  sp. 
Drzcmaspis idahoensis Resser 
Hedinaspis sp. 
Hungaia bzcrlingi n. sp. 
Loganellus? arcus n. sp. 
Onchonotus antiqus n. sp. 
P a r e u l m  spinosa n. sp. 
Richardsonella c f .  R .  quadrispinosa n. sp. 

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 
Bungaia magnijka 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-Prosaulcia (late Franconian) and Saulcia (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. 

I n  the Hillard Peak area, collections assigned to 
the Fra~conian-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, 
Bungaia 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 late Franconian age. 

The characteristic trilobites of this fauna besides 
Drz~maspis idahoensis and Hungaia burZilzgi, are 
species of Onchonotus and Richardsonella, Pareuloma 
spinosn n. sp., and Loganellzcs? 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 (Asio- 
cephalus indigator n. gen., n. sp., and Yupingia  ghbra  
11. sp.) . H e d i m p i s ,  another Asiatic genus, is repre- 
sented ill this fauna by a fragmenlt of one of its very 
unusual and distinctive thoracic segments. Psezcdag- 

*USGS colln. 4859-CO: Loganellus? arcus n. sp. nostus vulgaris Rozova is a species from the upper 

USGS colln. 3710-CO : 
Loganellus? a r m s  n. sp. 
Onchonotus antiqus? n. sp. 

MONTAUK BLUFF ABEA 

USGS colln. 437940 : 
?Brabbia pustulomarginata n. gen., n. sp. 

SQUAW MOUNTAIN AlZEA 

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-Prosazckia 

part of the Tolstochikhin ~imestone in the ~ a l a i r  
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. 

Except for the relatively rich assemblage described 
by Kobayashi (1935a), Trempealeauan collections from 
Alaska contain few specimens and species of trilobites. 
The Trempedeauan-1 fauna is represented by 10 c01- 



CAMBRIAN TRILOBITES OF EAST-CENTRAL ALASKA B15 

lections including at least 10 species, all from the Jones 
Ridge Limestone. Eight of the collsctions are from 
the Jones Ridge area, and two are from the Squaw 
Mountain area. I n  several partial sections of the 
Jones Ridge Limestone, this fauna is found in the 
lowest beds that can be dahd as Trempealeauan. 

I n  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 t,he 
first identifiable Lower Ordovician collection. 

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

SQUAW M O U N T A I N  AREA 

Burling section 
*GSC 4717 : 

Tatonaspis alaskensis Kobayashi 
Richardsmella sp. 

*GSC 4718 : 
Tatonaspis? sp. 
Richardsonella sp. 

J O N E S  RIDGE ABEA 

Burling international boundary section 

*GSC 4669 : Richardsonella sp. 
*GSC 4671 (=GSC 4736) : 

"Briscoia" elegans (Kobayashi) 
Lauxonella? tripunctata Kobayashi 
Pseudagnostus clarki Kobayashi 
Richardsonella sp. 4 
Tatonaspis alaskensis Kobayashi 

*GSC 4679: 
Pseudagnostus sp. 
Richardsonella sp. 

Mertie, south end o f  Jones Ridge 

USKM loc. 250 : Briscoia scptentrionalis Kobayashi 
"Briscoia" clegans (Kobayashi) 
Chuangiella intermedia Kobayashi 
Hzingaia pacifiea Kobayashi 
Lazcxonella? tripunctata (Kobayashi) 
Psezidagnostus clarki Kobayashi 
Tatonaspis alaskcnsis Kobayashi 

The most characteristic trilobites of this fauna are 
Tat0nrtspi.s alaskensis Kobayashi and species of Rich- 
cirdsoneZ2a. 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 
Briscoia or on their stratigraphic position above 
Briscoia. Tatonaspis and Pseudagnostus cZarki Koba- 
yashi have also been found a t  several localities in 
Nevada in association with the characteristic Trem- 
pealeauan genera Eurekia and I d i o m s m .  Rasettia 
is a rare bnt persistent element of the Trempealeauan 
faunas in the central and western conterminous United 
States. 

T3XDMPDAIiEAUAN-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 Ri'dge 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. 

ROSS traverse, south end o f  Jones Ridge I n  the Jones Ridge Limestone on Jones Ridge there 
USGS colln. 38.3340 : 

Rasettia c f .  R.  capax (Billings) 
Richardsonella nuchastria n. sp. 

USGS colln. 383GCO : 

- - 

is no apparent change in lithology or bedding charac- 
teristics of the limestone a t  the Cambrian-Ordovician 
boundary. The basal Ordovician can be recognized 

Hungaia sp. by the relatively common occurrence of the trildbite 
Pseudagnostus sp. 
Pseudosaukia c f .  P. brevifrons (Clark)  
Richardsonella nuchastria n. sp. 

USGS colln. 3 8 3 5 4 0  : 
Briscoia scptentrionalis Kobayashi 
La~txonclla? tripunctata (Kobayashi) 
Pscudagnostzcs sp. 
Ricliardsonclla? sp. 2 
Tatonaspis alaskcnsis Kobayashi 

Brabb 2nd Churkin international boundary section 

WSGS colln. 4362-CO : 
Richardsonella nucl~astria n. sp. 
Richardsonella sp. 1 

Xymphysurina and the associated orthoid brachiopod 
Apheoorthis. Less than 30 feet of limestone separate 
the highest unequivocally dated Cambriman collections 
from the lowest Ordovician collections. 

I n  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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*USGS colln. 4351-CO : 
Hedinaspis sp. 
Liostracinoides? ynkonensis n. sp. 
Yukonaspis kindlei Kobayashi 

*USGS colln. 4352-CO : 
Hedinaspis sp. 
Rasettia? sp. 

SQUAW MOUNTAIN AREA 

Burling section 
*GSC 4685 : 

Y~ckonaspis kindlei Kobayashi 
Undetermined eurekiid 

"GSC 4732 : 
Yukonaspis kindlei Kobayashi 
Undetermined eurekiid 

*GSC 4744: 
Psezidagnostus elarki Kobayashi 
Yukonaspis kindlci Kobayashi 
Undetermined eurekiid 

JONES RIDGE AREA 

Burling section, south end of Jones Ridge 

*GSC 4628 (=GSC 4749) : 
Bayfieldia? sp. 
Pseudagnostus sp. 
Yt[konaspis kindlei Kobayashi 

*GSC 4629: 
Bayfieldia? sp. 
Pseudagnostzcs sp. 
Y~ikonaspis kindlei Kobayashi 

*GSC 4634 : Yukonaspis kindlei Kobayashi 
*GSC 4631 : 

Bayfieldia sp. 
Pscudagnostus sp. 
Yukonaspis kindlei Kobayashi 

*GSC 4691 : Yztl~onaspis kindlei Kobayashi 
*GSC 4632 : 

Yzikolzaspis kindlei Kobayashi 
Undetermined eurekiid 

Brabb and Churkin, international boundary section 

"4371-CO : 
Bayfieldia sp. 
Pseudagnostus sp. 

'4363-CO : 
Bayfieldia sp. 
Pseudagnostus sp. 

"4374-CO : Bayfieldia sp. 

Cairnes collection 

GSC 266 : Psendagnostus sp. 
Yz~11:onaspis kindlei Kobayashi 
Undetermined eurekiid 

This small fauna is characterized by Y u k o m p i s  
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 

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, c). 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 belt. 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. 
I n  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 genera. Thus, in beds of Dresbachian age, the 
Crepicephalus zone includes abundant individuals of 
Crepicephalzcs 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, Tricrepi- 
cephalus is common in the Crepicephalus 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 Crepicephaluzcs 
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. 

I n  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 LateCambrian, a t  least, there 
was also a marine connection around the southern part 
of North America as evidenced by the distribution of 
the Cedarin 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 described 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. 

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. I n  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 a t  the base of 
Jones Ridge, and on the Tatonduk River a t  the inter- 
national boundary. During much of this time, snow 
covered many parts of the working areas and field- 
work was conducted in belor\*-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. to have been reasonably continuous, as shown by the 
This information, together with subsequent informa- parallel distribution of the units of the Tindir Group 
tion obtained by Brabb, Churkin, and me, is summar- and the massive carbonate rocks representing the Fun- 
ized in figure 2. nel Creek Limestone and the lower part of the Jones 

Prior to the Cambrian, and into the earliest Cam- Ridge Limestone (Brabb, 1967). However, during the 
brian, sedimentation in the eastern Alaska area seems Early Cambrian, carbonate sedimentation was replaced 

N $- 4 rn les 
S 

J.--- 6 m l e s  - - 
JONES RIDGE SQUAW MOUNTAIN HILLARD PEAK 

INTERNATIONAL BOUNDARY SOUTH END 

(E. E. Brabb and Mlchael 
Churkln, Jr.) 

(L. D. Burl~ng) 
E X P L A N A T I O N  

Black shale and chert 

1 
L 100 

Ltrnestone edgewlse conglomerate 

r\-- 

Inferred dlsconform~ty 

Approximate boundary 
between faunal u n ~ t s  

4355-CO 
USGS collect~on number 

4632 

GSC collection number 

FIGURE 2.-Correlation of the Upper Cambrian parts of the Hillard anci Jones Ridge Limestones showing facies contrasts and 
evidence for local disconformities. 
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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 Early 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. I n  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-l 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 

changes in thickness of the eclgewise conglomerate 
units in the section are shown by Brabb (1967, fig. 6, 
p. 10). 

A t  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 a t  
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 a t  the geologic map. 

My suggested interpretation is that Jones Ridge 
Limestone represents a carbonate bank deposit a t  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 ik 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 conglamerate 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 Gambrian into on both sides of the fault may be evidence that tectonic 
the Early Ordovician without apparent interruption displacement has not significantly complicated the 
in the Jones Ridge Limestone area. Except for a col- interpretation of the Cambrian history of 6he area. 
lection containing the Early Ordovician trilobite Sym- 
physurina in the Tatonduk River area (but not in the SYSTEMATIC PALEONTOLOGY - - 
Water Level section), no Early ~rdovician faunas 
have been identified from the Hillard Limestone, and 
it is everywhere overlain disoonformably 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 
unconforrnities 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 ~ i v e r  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 see. 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. 
I t  is easy to assume that the contrasts between the 
Jones Ridge-Squaw Peak areaa and the Hillard Peak 
area result from tectonic juxtaposi~tion 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 

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 0 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. 

CataJog 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 "Occurrence" 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 ithe 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 classijication of Alaskan Cambrian trilobites 

H .  alaskensis n. sp - _ _ - _ _ - - _ _ _ _ _ - _ _ _ - - - - -  
H. tumidosus (Hall and Whitfield)-- - - - - - -  
H.? s p _ - _ - _ _ - _ _ - - - _ - - - _ - - - - - - - - - - - - - - - -  

Lotagnostus Whitehouse _ - - - _ _ _  _ _ - - -  - - - - - - -  - 
L.? s u - - - - _ _ _ _ _ _ _ - - - - - - _ - - - - - - - - - - - - - - - -  

Peratagnostus ijpik_-- - - - _ _ _ - _ - - - - - - - - - - - -  - 

Peratagnostus hillardensis n. sp- - - - - - -  - - - - 
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Agnostida-Continued 
Agnostina-Continued 

Glv~tagnostidae-.. 
" A  - . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Gl yptagnostus Whitehouse- - - _ - - - _ _ - - - - .- - - - - 
G. reticulatus (Angelin) - - _ _ _ _ _ - _ - - - - - - - - -  

Lejopyge Corda - - - - - - - - _ - _ _ _ - - - - - - - - - - - - - -  
L .  calva Robison - _ - - - - _ _ _ - - - - - - - - - - - - - - -  
L .  laevigata (Dalman) _-- -_ . . - - - -_____-- - -  

Ptychagnostus Jaekel- - - _ _ _ _ -  - - - - - - _ _ _ - - - -  - 
P. (Ptychagnostus) aculeatus (Angelin) --- - - - 
P .  (P. )  punctuosus a f ln i s  (Brogger) - _ - - - - -  

Pseudagnostidae- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Aemarhachis Resser- - -_---_-. - - - - _ _ _ - _ - - - -  

A .  acutus (Kobayashi) - - _ _ - _ - - - - - - - - - - - - -  
Pseudagnostus Jaekel---__ - - _ - - - - - - _  _ _ A  --.. - 

P.  clarlci Kobayashi . . . . . . . . . . . . . . . . . . . . .  
P .  communis (Hall and Whitfield) - - _ _ _ - - - -  
P .  vulgaris Rozova - - _ - - - _ _ - _ - _ _ - - - - - - - - -  

Quadragnostidae--_-__-------------------------- 
Cotalagnostus Whitehouse . . . . . . . . . . . . . . . . . . . . . .  

cf. C. lens claudicans Westerghrd - _ - _ _ _ - - _ _  
Hypagnostus Jaekel- - - - _ _ -  _ _ - - _ _ _ _ _ _  _ _ - - - -  

H . s p - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Peronopsis Corda . . . . . . . . . . . . . . . . . . . . . . . . .  

P .  cf. P. gaspensis Rasetti ___-______- . . -__  
Phalagnostus Howell- - - - _ _ _  _ _ _ _ _ _  - - - -  - - - - -  

P .  bituberculatus (Angelin) - - - _  _ _ - _  _ _ _ - - _  - 
Eodiscina----_--- . . --------------------- . ---------  . . 

Eodiscidae-----------------------------------  
Calodiscus Howell.. -- - - _ - _ - - - - - - - - - - - - - - - - - 

C.nanus  n.~p--_-----_----_--------~--- 
Serrodiscus R. and E. Richter _ _ - - _ _ _ _ _ _ _ _ _ _  

Pageti idae-----------------------------------  
Neocobboldia Rasetti-- -----_----______.--- 

N .  spinosa n. sp- . . . . . . . . . . . . . . . . . . . . . . .  
Pagetia Walcott . . . . . . . . . . . . . . . . . . . . . . . . . .  

P .  stenoloma n. sp . . . . . . . . . . . . . . . . . . . . . . .  
P .  spp---------------------------------  

Pagetides Rasetti- - - - - - - _ _ _ - _ - _  _ _ _ _  _ _ _ _ - - -  . . 
P.  appolznzs n. sp - - - _ - _ _ _ - _ - _ _ _ _ _ _ - - - - - -  
P .  granulosus n. sp - - - - _ _ _ _ _ - - _ _ _ _ _ _ - - - - -  
P. occidentalis n. sp - - - - _ _ _ _ - _ _ _ _ - _ - _ _ _ _ _  

Yukonia  n.gen-- - - - - - - - - - - - - - - - - - - - - - - - - -  
Y.  intermedia n. sp _ - - _ _ _ _ - _ - _ _ _ - _ _ _ _ _ - - -  

Redl i ch i ida - - -__ -_ - - - - - - -_ -_ - - - - -_____- -________- - -  
Olenel l ina----____-,------------------------------  

Olenellid species I -  - - - - - - - - - - - - _ _ _ _ - - -  - -  

Olenellid species 2--- - - - _ _ - _ - - _ _ - - - _ - -  - - - 
? Redlichiacea- - - - - - - - - - - - - - - - - - - _ _ - - - - _ _ _ _ - _ _ .. .. 

Churkinia n. g e n - - - - - - - - - - - - _ _ - - - - - - - - - - - -  
C. yukonensis n. sp - - - - - - - - - - -_ -___- - - - - -  

Corynexochida- - - _ - - - - - - - - - - - - - - - - - - - _ - - - - - _ _ _ _ _ - .. - 
Corynexochidae- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

Bonnaspis Resser - - - - - - - _ - _ _ _ _ - - - - _ _ _ - - _ - -  
Corynexochid, genus and species undeter- 

mined-------------------------------  
Corynezochus Angelin . . . . . . . . . . . . . . . . . . . . . .  

C. plumula Whitehouse - - - - - - - - - - - - - - - - - -  

Page 

B27 
27 
27 
27 
27 
28 
28 
28 
28 
28 
28 
39 
29 
29 
29 
30 
30 
30 
30 
31 
3 1 
3 1 
31 
32 
32 
32 
32 
32 
32 
33 
33 
33 
34 
34 
35 
35 
36 
36 
36 
37 
37 
38 
38 
38 
38 
38 
39 
39 
39 
39 
41 
41 
41 

A .  ardis n. sp . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bathyuriscidella %setti . . . . . . . . . . . . . . . . . . . .  

B. socialis Rasetti . . . . . . . . . . . . . . . . . . . . . . .  
Bathyuriscus Meek . . . . . . . . . . . . . . . . . . . . . . . .  

B. punctatus n. sp . . . . . . . . . . . . . . . . . . . . . . .  
Hemirhodon Raymond . . . . . . . . . . . . . . . . . . . . .  

H.spp---------------_----------------- 
Dolichometopid, genus and species un- 

determined-----------_------------------ 
Dorypygidae--------------------------------- 

Bonnia Walcott . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B .  tatondukensis n. sp . . . . . . . . . . . . . . . . . . . .  

Dorypyge Dames . . . . . . . . . . . . . . . . . . . . . . . . . .  
D. cf. D. olenekensis Lazarenko - - - - - - - - - - -  

Kootenia Walcott- . . . . . . . . . . . . . . . . . . . . . . . .  
K .  granulospinosa n. sp - - - - - - - - - -_ - - - - - - -  
K. cf. K .  ~er ra ta  (Meek) - - - - - - - - - - - - - - -_-  
K. species 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Edelsteinaspidae-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Polliazis n. gen . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P .  injlata n. sp . . . . . . . . . . . . . . . . . . . . . . . . .  
Ogygopsidae--------------------------------- 

Ogygopsis Walcott ------_------------ . . ----  
0. antiqua n. sp ----------- - - - - - -_- - - - - - - -  

Zacanthoididae------------------------------- 
Zacanthoides Walcott . . . . . . . . . . . . . . . . . . . . . .  

Z.species 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Z. species 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ptychopariida--_----------------------------------- 
Aldonaiidae---------------------------------- 

Aldonaia Lermontova -------- - -  - -  - - --  - - - -  - - 
A .  alaskensis n. sp . . . . . . . . . . . . . . . . . . . . . .  

Cedariidae---------_-------------------------- 
Cedaria Walcott: . . . . . . . . . . . . . . . . . . . . . . . . .  

Dinesidae------------------------------------ 
Dinesus Etheridge- - - - . . . . . . . . . . . . . . . . . . . .  

D. arcticus n. sp- _ _ - _ - _ _ - - - - - - _ - - _ _ -  - - - - - -  
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Ptychopariida-Continued 
Elviniidae------------------------------------ 

Dokimocephalinae- - - - - - - - - - - - - - - - - - - - - - - - - - 
Zddingsia Walcott . . . . . . . . . . . . . . . . . . . . . . . . .  

I .  relativa n. sp . . . . . . . . . . . . . . . . . . . . . . . . .  
Dunderbergia Walcott . . . . . . . . . . . . . . . . . . . . . .  

D. seducta n. sp - - - - - - - - - - - - - -  - - - - - - - - - - -  
Elburgia Palmer . . . . . . . . . . . . . . . . . . . . . . . . . .  

E. disgranosa n. sp . . . . . . . . . . . . . . . . . . . . . .  

Marjumiidae--------------------------------- 
Marjumia Walcott . . . . . . . . . . . . . . . . . . . . . . . .  

C f .  M. callas Walcott - - - - - - - - - - - - - - - - - - -  
Modocia Walcott . . . . . . . . . . . . . . . . . . . . . . . . . .  

M .  compressa n. sp--- - - -  - - - - - -  - - -  - - -  _-_- 
M. transversa n. sp-- - - - - -  - - -  - - - - - -  - - -  - - -  

Menomoniidae-------------------------------- 
Bolaspidella Resser . . . . . . . . . . . . . . . . . . . . . . . .  

B.  wellsvillensis (Lochman and Denson)---- 

B .  sp- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Olenid undetermined 1- ---------- - - -  - - - - - -  - 
Olenid undetermined 2 - -_--- - - -  - - -  - - - - - - - - -  

Pappiaspididae------------------------------- 
Prohedinia Lermontova and Chernysheva--- - 

P. brevifrons n. sp . . . . . . . . . . . . . . . . . . . . . . .  

Pterocephaliinae- - - - - - - - - - - - - - - - - - - - - - - - - - - - 
Cernuolimbus Palmer-- - -  - -  - - - - -  - -  - -  - -  - -  - - -  

C. arcticus n. sp . . . . . . . . . . . . . . . . . . . . . . . . .  
C. longifrons n. sp-- -- - _ - - - - - - - - - - - - - - - - - 

Pterocephalia Roemer ----- - - - - - - - - - - - - - - - -  
P .  constricts n. sp . . . . . . . . . . . . . . . . . . . . . . . .  

Sigmocheilus Palmer ---- - - -  - - -  - -  - - -  - -  - -----  
S.? compressus n. sp - - - - -  - - - - - - - - - - - - - - - -  
S.? cf. S .  grata (Resser) - - - - - - - - - - - - - - - - - 

Ptychopariidae------------------------------- 
Antagiminae-------------------------------  

Antagmus Resser . . . . . . . . . . . . . . . . . . . . . . . . . .  
"A." laminosus n. sp- - _ - - - - - - -  - -  - - - -_- - -  - 

Onchocephalus Resser . . . . . . . . . . . . . . . . . . . . . .  
0. profectus n. sp ------ - - - - - - - - - - - - - - - - - -  

Eulominae---------------------------------  
Pareuloma Rasetti . . . . . . . . . . . . . . . . . . . . . . . .  

P.  spinosa n. sp . . . . . . . . . . . . . . . . . . . . . . . . .  . . Remopleund~dae------------------------------ 
Richardsoneuinae--_------------------------ 

Richardsonella Raymond - - - - - - - - - - - - - - - - - - -  
R.  nuchastria n. sp . . . . . . . . . . . . . . . . . . . . . . . .  
R .  quadrispinosa n. sp - - - - - - - - - - - - - - - - - - -  
R. cf. R .  quadrispinosa n. sp - - - - - - - - - - - - - -  
R. species l----------_------------------ 

Ptychopariida-Continued 
Remopleurididae-Continued 

Richardsonellinae-Continued 
Richardsonella Raymond-Continued 

R.species 3 - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
R .  species 4 . . . . . . . . . . . . . . . . . . . . . . . . . .  - -  

Solenopleuridae----__--------------------------- 
Gelasene n. gen- . . . . . . . . . . . . . . . . . . . . . . . . . .  

G. acanthinos n. sp - - - - - - - - - -  .-------_-__ 

Unassigned trilobites . . . . . . . . . . . . . . . . . . . . . . . .  - - -  - - - -  - 
Alokistocare? Lorenz ------------- - ---  ------  

cf. A .  lobatum Rasetti ------------..------- 
Asiocephalus n. gen- - -  . . . . . . . . . . . . . . . . . . . .  

A. indigator n. sp- - - - - - - - -  - - ------  - -----  
Brabbia n. gen . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B .  pustulomarginata n. sp - - - - - - - - - - - - - - - -  
Comanchia Frederickson- - - -  - - - -  - -  - - -----  - -  

C. burlingi n. sp- - - - - A _ -  - - -  - - - - -  - ------  - 
Drumaspis Resser . . . . . . . . . . . . . . . . . . . . . . . . .  

D. idahoensis Resser . . . . . . . . . . . . . . . . . . . . .  
Dytremacephalus Palmer--- - - - - - - - - - - - - - - - -  

D.? sp- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Elrathia Walcott . . . . . . . . . . . . . . . . . . . . . . . . . .  

E. alaskensis n. sp- - . . . . . . . . . . . . . . . . . . . .  
Hedinaspis Troedsson- - - -  - - --  - ----  ------  - - 

H .  sp- - - - - - - - - - - - - - - - - -_ - - - - - - - - - - - - - - - -  
Hungaia Walcott . . . . . . . . . . . . . . . . . . . . . . . . .  

H .  burlingi n. sp--- - - - ----  - - -  - -  - -  - - - - - - -  

Lauzonella Rasetti . . . . . . . . . . . . . . . . . . . . . . . . .  
L.? tripunctata (Kobayashi) - - - - - - - -_ - - - - -  

Liostracinoides Raymond- - - - - - - - - - - - - - - - - -  
L.? yukonensis n. sp-- - - - - - - - - - - - - - - - - - - -  

Loganellus Devine--- . . . . . . . . . . . . . . . . . . . . .  
L.? arcus n. sp--- - . . . . . . . . . . . . . . . . . . . . . .  

Onchocephalites Rasetti 
O.? versilis n. sp- - . . . . . . . . . . . . . . . . . . . . . .  

Onchonotopsis Rasetti- - - - - - - - - - - - - - - - - - - - -  
0. occidentalis n. sp- - -  - - - - - - - - - - - - - - - - - -  

Onchonotus Raymond- - - - - - - - - - - - - - - - - - - - -  
0. antiqus n. sp- - - - - - - - - - - - - - - - - - - - - - - - -  
0. brevifrons n. sp . . . . . . . . . . . . . . . . . . . . . . . .  

Pseudosaukia Rasetti . . . . . . . . . . . . . . . . . . . . . .  
P .  cf. P .  brevifrons (Clark) ---------------  

Quebecaspis Rasetti- - - - -  - - -  - -  - - - -  - - -  - - - - -  - 
Q. aspinosa n. sp- - - - - - - - - - - - - - - - - - - - - - - -  
Q. conifrons? Rasetti . . . . . . . . . . . . . . . . . . . .  
Q.sp . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Rasettia Lochman . . . . . . . . . . . . . . . . . . . . . . . . .  
R. cf. R. capax (Billings) - - - - - - - - - - - - - - - - -  

Semisphaerocephalus Ivshin ----- - -  - -  - - - -  - -  - - 
S .  latus n. sp 

Spencella Rasetti- . . . . . . . . . . . . . . . . . . . . . . . .  
S .  acanthinan. sp - - - - - - - - - - - - - - - - - - - - - - -  
S .  montanensis Rasetti - - - - -_---- - - - - - - - - -  
S.? sp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Tholifrons n. gen ----- - - - - - - - - - - - - - - - - - - - - - 
T .  advena n. sp . . . . . . . . . . . . . . . . . . . . . . . . .  
T .  minutus n. sp . . . . . . . . . . . . . . . . . . . . . . . .  

Yukonaspis Kobayashi--- - - - - - - - - - - - - - - - - -  
Y .  kindlei Kobayashi-- - - - - - - _ - - - - - - - - - - - 

Genus and species undetermined 1 - - - - - - - - - -  
Genus and species undetermined 2 - - - - - - - - - -  
Genus and species undetermined 3 - - - - - - - - - -  
Genus and species undetermined 4 ---------  - 
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Unassigned trilobites-Continued Page nostus is well supported by evidence of both morpho- 
Genus and species undetermined 5- - - - - - - - - - B103 logic and stratigraphic continuity ( WetergLd, 1946, 
Genus and species undetermined 6- - - - - - - - - - 103 p. 87 ; opik, 1961a, p. 75-86). ~h~ continuation of 
Genus and species undetermined 7 - - - - - - - - _ -  103 
Genus and species undetermined 8 - - - - - - - - - -  103 this lineage into the Late Cambrian genus Glyptag- 
Genus and species undetermined 9- - - - - _ _ - - - 104 nostus has suggested by both opik (1961a, p- 76) 

Indeterminate or undescribed taxa - - - - - - -  - ----. - - - -_ - -  104 and Palmer (1962, p. 16). Thus Lejopyge and Pty- 
Chuangiella intermedia Kobayashi- - - - - - - - - - - 104 chagnostus are here assigned to a family taxon 
Geragnostus subobesus (Kobayashi) - - - - _  - _ _ _ - Io4 Glyptagnostidae comparable to the Glyptagnostinae Parabolinella punctolineata Kobayashi- - _ _ _ - - 104 
Ptychopleurites brevifrons (Kobayasbi) - - - _ - - - 104 Opik ( lg61a). 

Agnostidae and Pseudagnostidae.-opik (1963, p. 
Order AGNOSTIDA Kobayashi 

Suborder AGNOSTINA Salter 

The agnostids so far identified from Almka 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. 

Quadragnastidae : Cotalagnostzts, Hypagnoatus, Peronopsis, 
Phalagnostus 

Glyptagnostidae : Glyptagnostus, Lejopyge, Ptychagnostus 
Agnostidae : Geragnostus, Homagnostus, Lotagnostus, Per- 

atagnostus 
Pseudagnostidae : Acmarhachis, Pseudagnostus 

Qz~adragnostidae.-Cotalagnostus, Hypagnostus, and 
Perolzopsis, were shown by Westerggrd (1946) to be 
phylogenetically related Middle Cambrian genera and 
this relation was confirmed by Robison (1964a). Rob- 
ison also suggested that Homagnostzcs 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 Homagnostzls (p. B24). However, his sug- 
gestion of a possible phylogenetic relationship between 
the late Dresbachian and younger genera (grouped 
here with Bomagnostus 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 Q~adra~nost idae is used here for 
Phcclagnostus and for the genera that Robison assigned 
to the Spinagnostidae, exclusive of Homagnostus. 

G1yptagnostidae.-The phylogenetic relationship of 
the Middle Cambrian genera Lejopyge and Ptychag- 

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 Pseudagnostua 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 
(Rornagnostzcs, Geragnostus, Peratagnostus, Lotagnos- 
tus) and Pseudagnostidae (Pseudagnostus, A m r -  
hachis). I have discussed the reasons for this group- 
ing earlier (Palmer, 1962, p. 11, 18; exclusive of 
Peratag?tostus). The criterion of axial lobe morphol- 
ogy on the pygidium-the same criterion that under- 
lies the classification of the Middle Cambrian agnos- 
tids-mas emphasized as an important suprageneric 
grouping character. 

Family AGNOSTIDAE BIuCoy 

Genus GERAGNOSTUS Howell 

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

Type species.-Agnostus sidenbladh; Linnarsson, 
1869, p. 82, pl. 2, figs. 60, 61. 

Discussion.-In some of my earlier papers (Palmer, 
1954b, 1955) I considered Homaglzostus and Gerag- 
nostus to be synonymous. The genera are certainly 
related and Gemgnostus probably includes descendants 
of Ho~nagnostus. However, all species of Eomagrtos- 
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- - 

oilymy 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. 
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Qeragnostus 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 
strofigly 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 se,ment. Furrows between first and second 
axial segments directed inward and slightly forward 
for one-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. 
P~gidial  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 intermsdizcs n. sp. 
from others assigned to Geragnostus. The distinct 
tripartite division of the first axial segment of the 
pygidium and the relative-ly 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 Hornag- 
nostus. This species is intermediate both morpho- 
logically and stratigraphically between HmnagnosDus 
and more typical species of Geragnostzcs 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. 

Genus HOXAGNOSTUS Howell 

Hontagno8tus Howell, 193k, p. 15; Kobayashi, 1939, p. 162; 
\IThitehouse, 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. 
Gcragnost~cs Howell. Palmer, 1954b, p. 719 ; Palmer, 1955, p. 

SS ( G .  tumidosus only). 

Type species.-Agnostus pisif omis obesus Belt, 
1867, p. 295, pl. 12, fig. 4. 

Discussion.-Hornagrntzls 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 Eomagnostzcs 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 Hon~agnostus 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 dehed, 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- 

A ,  

row on outside of bwal 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 furrcrws 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.-Homagmstus &kernis 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 

-4gnostzrs tzimidosus Hall and Whitfield, 1877, p. 231, pl. 1, fig. 
32. 

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

Gcragnostzcs tztmidoszis (Hall and Whitfield). Palmer, 1955, p. 
59, pl. 19, figs. 3, 4 ;  pl. 20, figs. 1-3, 12, 15; Robison, 1960, 
1). 11, pl. 1, fig. 3. 

Ii-onlagnostus tumidost~s (Hall and Whitfield). Palmer, 1%0a, 
p. 63, p1. 4, figs. 1, 2 ;  Bell and Ellinwood, 1962, p. 388, pl. 
31, figs. 1 4 .  

Discz~ssion.-The diagnosis of Homagwstus turnido- 
sus (Hall and Whitfield) that I have given earlier 
(Palmer, 1960a) applies fully to the excellent silicified 
material of H. tumidosw from Alaska. Cephala of 
this species can be distinguished from very similar 
associated cephala of Acmarhachis acutw (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 A. t u m i d ~ ~ w  
are most similar to associated pygidia of 8. alaskensis 
11. 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. 

Occurreme.-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 Acmar- 
hachis acutus (Kobayashi) , Homagnostus tzcmidosus 
(Hall and Whirtfield) and H. a7asEensis 11. 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- - 
inents is straight and not continuous across the ,axis. 

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 2osteriorly 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 Aomagnostus alas- 
kensis 11. sp. The transverse furrow behind the second 
segment is more posteriorly directed than in H. a h -  
kernis, 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 a t  least 
of specific value. Without knowledge of a cephalon 
for this species, it cannot be satisfactorily assigned. 
I t  is tentatively placed in Homagnostw, even though 
the well-defined posterior part of the 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, 1933, p. 91; Howell ,1959, p. 178; Pokrovskaya, 
1960, p. 61 ; ijpik, 1963, p. 53. 

Type species.-Agwstw 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 vuZg,aris Rozova and 
Geragnostu.~ intermediw 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 ~ ~ g i d i a l  axis is tri- 
lobate, the second segment has a strong median node, 
and the third segment is smooth and undivided. The 
cephalon has a shal101~-er preglabellar furrow and a 
better defined frontal glabellar lobe than similar 
cephala of P. vulgaris. The pygidium has a narrower 
and shorter axis than G. in temdius .  lo tag no st^ 
essentially includes Late Cambrian agnostids with a 
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Pseudagnostus-like cephalon and a Gqnos tus - l ike  
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 
(3  cephala, 1 pygidium), USGS colln. 4355-CO, Hil- 
lard Peak area. 

Genus PERATAQNOSTUS idpik 

Peratagnostus ~ p i k ,  1967, p. B86. 

Type species.-Peratagnostzcs nobilis Opik, 1967, p. 
86-90, pl. 52, figs. 10, l l c ;  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 delined 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 shallm 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.-Peratag1u)stus 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 contrarsting 
definition of the cephalic and pygidial borders. Phd- 
acroma, Phalagnostus, Gallagnostus, and Oiceragnos- 
tus all have wide pygidial axes; Grandagnostzcs and 
Litagnostw have the terminal node adjacent to the 
posterior border furrow which indicates a long py- 
gidial axis; Pkoidagnostus and Lejopyge (considered 
synonyms by opik, 1961a) have the poskrior axial 
node on the axial lobe and not at its terminus, com- 
parable to the position in Ptychagnostzcs; Leiagnostzcs 
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 Kcrbayslshi 

(1935b, 1962) from the Eochuangia zone of south 
Korea seems to represent this genus. I have excellent 
replicas of the Australian species obtained on my visit 
there in 1961; i t  differs from P. hiliardensis 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 
Krys'kov, 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- 
utagnostus. I 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 PeratccgnosiW hillwdensis 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 mobilis 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 CILYPTAGNOSTUS Whitehouse 

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

Type species.-Glyptagnostus toreuma Whitehouse 

As (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 consicterable detail ( ~ p i k ,  1961b ; Palmer, 
1962), and the single pygidium recorded from Alaska 
contributes no new morphologic information. 

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. 

Diswsion.-Westergiircl (1946, p. 75) and Opik 
(1961a, p. 76) have discussed the characteristics of 

Glyptagnostus reticulatus (Angelin) Lejopy& and its included species most hlly. Because 
Plate 7, figure 11 of the small number of characteristics available for 

Agnostus reticulatus Angelin, 1851, p. 8, pl. 6, fig. 10. specific discrimination, few species of Lejopyge have 

Glyptagnostus reticulatus (Angelin). Palmer, 1962, p. 16, pl. been different are present in 
2, figs. I, 3, 4, 6-8, 11 [this paper gives full synonymy the Alaskan collections. One has axial furrows on the 
through 19611 ; Kobayashi, 1962, P. 27, pl. 9, figs. 10-15; cephalon that are shorter than the basal glabellar lobes 
OPW 1963, p. 38, pl. 2, figs. 6-9; Bor~vikov and Krys'kovg and axial furrows on the pygidium that outline only 
1963, p. 273, pl. 1, figs. 10, 11, 12. the lateral parts of the first axial segment. The other, 

Discussion.-The single pygidium illustrated here known only from pygidia, has the lateral parts of the 
conforms in all characteristics to Glyptagwstus reticu- first two axial segments outlined by the axial furrows. 
latus reticuzatus (Angelin), the youngest subspecies of These axial features are the characteristics, respec- 
the genus (Palmer, 1962, pl- 2, figs. 1, 3). Unfortun- tively, of L. c&a Robison and L. laezrigata (Dal- 
ately, the specimen is not associated with other trilo- man), to which the Alaskan specimens are therefore 
bites. I t  was collected by L. D. Burling about 5 feet assigned. 
below collections containing Cernuolimbus, Sigmoche- 
ilus, and other elements of a Dunderbergia zone fauna. Lejopyge calva Robison 

Thus it can be no younger than the Dunderbergia Plate 6, figure 15-18 

zone. In  the conterminous United States, this sub- Lejopyge calva Robison, I-, p. 521, pl. 83, figs. 14. 
'pecies is found in beds of the A ~ h e l o s ~ i s  'One. Diagnosis.-Cephalon has axial furrows poorly de- 
In western Canada, it is associated with O1enas~ella veloped anterior to basal lobes; length generally less 
e'Uansi tKobayashi) which has been found in than length of basal lobes Pygidium has axial fur- 
*laska in ' Dunderbergia 'One This evidence rows outlining lateral parts of first axial segment only. 
now seems to indicate that the total time range of G. Border of pygidium without border spines. 
reticulatus reticulatus may have to be extended from 
the ApheZaspis zone to the Dunderbergia zone; the Discussion.-Lejopyge cdwa Robison was first de- 

value of this widespread subspecies for precise inter- scribed from the uppermost Middle Cambrian beds of 
the Great Basin in Nevada and Utah where it is char- 

continental correlation is thus slightly decreased. acteristic of the upper part of the Bolas@deZZa zone. 
The occurrences of Gzypta9mstus in I t  is therefore one of the critical species for precise 

and in southern Kazakhstan (Borovikov and correlation of the Alaskan Cambrian succession with 
Krys'kov, 1963) significantly increase the known gee- that of the western conte-inous United States. 
graphic range G1yptagnostus shown earlier (Palm- A collection made by Cairnes in 1912 from -just east 
er, 1962, p. 2, fig. 1). of the Alaskan boundary east of Hillard Peak has 

Occurrence--Dresbachian-2 fauna. Rare (1 pygi- cephala of this species showing both the external sur- 
dium), GSC colln. 4641, Hillard Peak area. face and surface of the mold (pl. 6, fig. 16). The 

Genus LEJOPYGE Corda 
exfoliated specimen shows the outline of a large 
anterior glabellar lobe and rugose cephalic flanks typi- 

Lejopyge Corda in Hawle and Corda, 1847, p. 51; Kobayashi, cal Of the ptychagnostidae. 1939, p. 131; Lermol~~tova, 1940, p. 130; Westerglrd, 1946, 
p. 87; Pokrovskaya, 1958, p. 72; &Pik, 1961a, 85;  Robi- Occurrence.-Middle Cambrian-2 fauna. Moder- 
son, 1964a, P. 521. ately common (4 cephala, 4 pygidia), USGS colln. 
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4337-CO, Yu.kon River (Adams Peak) area; 5 cephala, 
GSC colln. 282, Hillard Peak area. 

Lejopyge laevigata (Dalman) 

Plate 6, figure 19 

Rattus lae~igatus Dalman, 1828, p. 136. 
Lejopyge laevigata Dalman. WestergBrd, 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 laevigata (Dalman) lack border spines and are 
thus referable to the typical subspecies L. hv iga ta  
laevigata, a widespread subspecies that has been de- 
scribed from beds of late Middle Cambrian age in north- 
western Europe, Siberia, and Australia. 

Occurrence.-Middle Cambrian-2 fauna. Rare (1 
pygidium) , USGS colln. 4345-CO, Hillard Park area ; 
1 pygidium, USGS colln. 383%CO, Yukon River 
(West Ridge) area. 

Genus PTYCHAGMOSTUS Jaekel 

Ptychagnostus Jaekel, 1909, p. 401; Kobayashi, 1939, p. 152; 
WestergBrd, 1946, p. 67 ; Opik, 1961a, p. 76 ; Robinson, 1964a, 
p. 522. 

Triplagnostus Howell, 1935c, p. 14. 
Goniagnostus Howell, 1935c, 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. 

~ i s m s i o n . - - ~ ~ i k  (1961a, p. 76-79) has given a 
thorough review of the content and concept of Pty- 
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. (P8ychagnostus) . 

Ptychagnostus (Ptychagnostus) aculeatus (Angelin) 

Plate 6, figure 20 

Agnostus aculeatus Angelin, 1851, p. 8, pl. 6, fig. 12; Briigger, 
1878, p. 71, pl. 5,  fig. 5a,b; Tullberg, 1880, p. 23, pl. 1, fig. 
11; Strand, 1929, p. 345, pl. 1, fig. 7. 

Ptychagnostus (Ptychagnostus) aculeatna (Angelin). We~ter- 
gFird, 1946, p. 79, pl. 12, figs. 8-11 ; Opik, 1961a, p. 80, pl. 
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 Ptychagnostus. The ornamentation and 
structure of the axial lobe distinguish this species 
from all other Alaskan agnostids. 

0ccwrrence.-Middle Cambrian-2 fauna. Rare (1 
pygidium) , GSCcolln. 282, Hillard Peak area. 

Ptychagnostus (Ptychagnostus) punctuosus afRnis (Brogger) 

Plate 4, figures 26, 27 

Sgnostrcs punctuosus afinis Brijgger, 1878, p. 68, pl. 5, fig. 2 a,b. 
Agnostus intermedius Thorslund [not Tullberg], in Asklund 

and Thorslund, 1935, p. 106, pl. 1, figs. 5-7. 
Ptychagnostus (Ptychagnostus) punctuosus afinis (Brijgger). 

Westerghrd, 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. 

Disczcssion.-Westergird (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 afinis, which seemed to be 
intermediate in an evolutionary series between the 
older P. atavus and the younger P. pnctzcosus, 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. afinis. Therefore, although the Alaskan 
sample is small, it is assigned to the subspecific taxon 
described by Westergird. 

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

Family PSEUDAGNOSTIDAE Whitehouse 

Genus ACMBRHACHIS 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. 

Type  species.-Acmarhhis typicalis Resser, 1938, 
p. 47, pl. 10, figs. 4, 5. 

Discussion.-I have recently reviewed the content 
and concept of Acmarhachis (Palmer, 1962), and the 
excellent silicified material of A. m t x ~  (Kobayashi) 
from Alaska does not provide any new information. 
The presence of a completely dehed  deuterolobe on 
the pygidium distinguishes this genus from other 
associated amostids. 

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 acutzcs (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 tlie diagnosis of A c m r h a -  
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 Eomgnos tu s  
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 

Pseudagnostzls Jaekel, 1909, p. 400 ; Kobayashi, 1935b, p. 107 ; 
Kobayashi, 1937, p. 451 ; Kobayashi, 1939, p. 157; Lermon- 

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 13 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 laeui: 
(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 Tato- 
naspis alaskensk, Briscoicc septentrionalis, and "B." 
elegans. I have since found one mold of an exfoliated 
cephalon of P. clarki that has a shallow preg1abellar 
median furro~v. Thus there are no longer any appar- 
ent differences between P. clurki and P .  Zaevis. 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 Pseudagnostzcs in Alaska. 

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

Pseudagnostus communis (Hall and Whitfield) 

tova, 1940, p. 125 ; Shimer and Shrock, 1944, D. 601 : Shaw. Plate 7, figures 5, 10 

lg5" p' llli; Palmer' lmb9 p' lgs9 933: dgnostus connunis Hall and Whitfield, 1877, p. 228, pl. 1. figs. 
Ivshin, 1956, p. 11; Howell, 1959, p. 182; Palmer, 1960a, 

28, 29. P 61; Rozova, 1960, P. 7;  Palmer, 1962, p. 21 ; Opik, 1963, 
dgnostus aall and whitfield, 1877, 229, pl. 1, figs. 26, p. 48. nn 

& I .  

Type  species.-Agnostus cyclopyge Tullberg, 1880, Pseudagnostw, commwnis (Hall and Whiaeld). Palmer, 1954b, 
P. 26. p. 720, pl. 76, figs. 1-3 ; Palmer, 1955, p. 94, pl. 19, figs. 16, - 

Discussion.-Pseudagnostus is one of the most com- 19-21 ; pl. 20, figs. 4-11, 14; Palmer, 1960a, p. 61, pl. 4, figs. 
3, 4; Robison, 1960, p. 14, pl. 1, figs. 2, 5 ;  Rasetti, 1961, 

Late Cambrian in western p. 109, pl. 23, figs. 15-17; Rasetti, 1965, p. 39, pl. 10, figs. 
America, but specimens are rarely found in suflicient 23-25. 
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[Not]  Pseudagnostzcs commzcnis Bell and Ellinwood, 1962, p. 
389, Dl. 51, figs. 7-21. 

Discz~ssion.-Psezcdlagnostus 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 Eureka 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 Psew?agnostus com- 
m i $ .  One P. mon (Hall and Whitfield), has already 
been considered a synonym of P. co.mmzcnis. 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. cornonrum,& species group" pending 
an opportunity to stndy 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. oriental& (Ko- 
bayashi, 1935b), P. nupemcs (Whitehouse, 1936), P. 
latus (Kobayashi, 1938), P. rotundatus (Lermontova, 
1940), P. pseudocycZopyge (Ivshin, 1956), P. angus- 
tilobus, (Ivshin, 1956), and P. mavginisulcatus (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. 

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. vulgar& 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 l& of 
the glahlla are the most distinctive characteristics of 
this species. Both the Alaskan and Siberian specimens 
are associated with species of the Richardsonellidae. 

0ccur;reme.-Franconian-2 fauna. Moderately com- 
mon (4 cephala, 7 pygidia) , USGS colln. 4355-CO ; 
moderately rare (2 pygidia) , USGS colln. 4 3 5 6 4 0  ; 
both from Hillard Peak area. 

Family QUADRAGNOSTIDBE Howell 

?Genus COTALAGNOSTUS Whitehouse 

cf. Cotalagnostus lens claudicans Westerglrd 

Plate 4. fieure 30 

Cotalagmstus lens clazulicans Westerghrd, 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 cephaloc that has 
a glabella lacking definition of the frontal lobe and a 
specifically indeterminate cephalon of Ptychagnostw. 
Comparison with the Middle Cambrian agnostids from 
Sweden illustrated by WestergHrd (1946) shows that 
only Cotahgfiostus lem ckudicuns 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 Hypugnostus sublatus (Ivshin, 1953, p. 21, 

Pseudagnostus vulgaris Itozova pl. 2,  figs. 10-12) from medial to upper Middle Cam- 
Plate 12, figures 5 , 6  brian beds in Kazakhstan. However, Ivshin's speci- 

Pseudagnostus v u z g a ~ s  Rozova, 1960, p. 14, pl. 1, figs. 5-13. lnens do not show the anterior median inbend of the 

Description.-Cephalon slightly elongate, strongly border furrow that characterizes the Alaskan and Swe- 
and evenly rounded anteriorly. Glabella well defined 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 ITYPAGNOSTUS Jaekel 

H~pagnostus Jaekel, 1909, p. 399; Kobayashi, 1939, p. 122; 
Lermontova, 1940, p. 129 ; Westergad, 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. 1186; Howell, 1959, p. 175. 
Tomagnostella: Kobayashi, 1939, p. 150; Howell, 1959, p. 186. 

Type species.-Agnostus parvifrons Linnarsson, 
1869, p. 82, pl. 2, figs. 56, 57. 

Discussion.-The concept and content of Hypagnos- 
tus have been fully discussed by WestergHrd (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. 

Eypagnostus 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 Ge- 
ahria, a genus that is diagnostic of beds of earliest Late 
Cambrian age. I t  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 IIypagnostus, but the specific char- 
acteristics cannot be adequately determined without 
knowledge of more specimens. 

Occurreme.-Dresbachian-1 fauna. Rare (1 cepha- 
lon), USGS colln. 4326-CO, Tatonduk River area. 

Genus PEBONOPSIS Corda 

Peronopsis Corda in Hawle and Corda, 1847, p. 115; Kobaya- 
shi, 1939, p. 115; WestergLrd, 1946, p. 36; Rasetti, 1951, 
p. 133; Ivshin, 1953, p. 7 ;  Palmer, 1954a, p. 60; Howell, 
1959, p. 186; Robison, 1964a, p. 529. 

dfesophenic~~s Corda in Hawle and Corda, 1847, p. 46. 
Diplorrhina Corda in. Hawle and Corda, 1847, p. 46; White- 

house, 1936, p. 88. 
Mesagnostzis 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. 

Dismsion.-Most species of Peronops& 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. fallax (Linnarsson) (Wester- 
gHrd, 1946), P. taitzehoensis Lu (1957), and P. gas;oem- 
sis Rasetti (1948b). P. interstrictus differs from the 
Alaskan specimens by having the border spines on the 
pygidium barely developed. P. f a l l a ~  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 WestergHrd. If the 
specimens of Peronopsis from China, Alaska, and 
eastern Canada are really conspecific, the oldest name 
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is P. gaspemis. 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. 

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

Genus PHALACilPOSTUS Howell 

Phalagnostus Howell, 1955, p. 926 ; Snajdr, 1958, p. 76 ; Howell, 
1959, p. 181. 

Type species.--Battus nudm Beyrich, 1845, p. 46, 
fig. 20. 

Phalagnostus bituberculatus (Angelin) 

Plate 6, figure 13 

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

Phoidagnostus 6itubercuZatus (Angelin). Lermontova, 1940, 
p. 130, pl. 36, figs. 6, 6a.d; Westerglrd, 1946, p. 91, pl. 14, 
figs. 10-14 ; Ivshin, 1953, p. 25, pl. 1, figs. 1 4  ; 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 WestergHrd (1946, pl. 14, fig. 12). 
Whitehouse (1936, p. 93) included Agnostus bituber- 
cuZatus in his new genus Phoidagnostus, an assignment 
accepted by most subsequent paleontologists. How- 
ewr, Opik (1961a, p. 86) concluded that the types 
of P. limbats, the, type species of Phoidagnostua, 
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. mdus 
(Snajdr, 1957, pl. 1, fig. 7),  has poorly defined basal 
lobes on an otherwise featureless cephalon; Snajdr 
also suggested that bituberculatus belongs in Phalag- 
nostzcs. Thus, Opik7s suggestion that P ~ O ~ ~ L M J T W ~ ~ U ~ Y  
bitubercuZatus is a species of Phalagnostus character- 
ized by the presence of an anteriorly located elongate 
axial node is accepted here. 

0ccwence.-Middle Cambrian-2 fauna. Rare, 
(1 cephalon), GSC colln. 282, Hillard Peak area. 

Suborder EODISCIMA Kobayaahi 
Family EODISCIDAE Raymond 

Genus CALODISCUS Howell 

Goniodiscus Raymond, 1913, p. 101 [not Muller and Troschel, 
18421. 

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. 

Brevidisczcs Kobayashi, 1943a, p. 39. 

Type species.-Agnostus lobatus Hall, 1847, p. 258, 
pl. 57, figs. 5a-f. 

Discussion.-The current concept of Calbdisczls 
Howell was established by Rasetti (1952) and has not 
been modified by subsequent authors. I t  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 unequal length. Anterior lobe 
subovate ; leugth 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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Discwsion.-This distinctive species seems to fit 
best into the current concept of Calodisczcs. 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 glahllar 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 Cdodisas  and Serrodisms. 
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; HUH, 1952, p. 109; Howell, 1959, p. 188; Pok- 
rovskaya, 1959, p. 170; Pokrovskaya, 1960, p. 55; Poletae- 
va, 1960, p. 54. 

Paradiscz~s Kobayashi, 1943a, p. 38; 1944, p. 50. 
Eodiscus (Serrodiscus) , Shaw, 1950, p. 582. 
Eodiscus (Paradisczcs), Shaw, 1950, p. 582. 

Type specks.-Eodiscus (Xerrodiscus) serratus 
Richter and Richter, 1941, p. 24, pl. 1, figs. 1-10; pl. 
2, figs. 22-24; pl. 4, fig. 59. 

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. P~g id ium 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 Xerrodiscus 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. 

8e~odiSCus 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 Xerrodisczcs. 
Not enough of the specimen is preserved to compare 
it adequately with the described species of Xerrodiscus. 

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. Pour present no problems for 

generic indentification : Yukonia 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; Pagetia 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- 
getina and Pagetides. 

Neopagetinu 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 ~r incipal  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, N. rjonsnitakii (Lermontova) . 

Pagetides has been used only by Rasetti (1945b, 
1948a, 1966) and Lazarenko (1959) for species that 
have nearly smooth ~ ~ ~ i d i a l  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 mh- 
deltsis Resser and assigned them to Pageticc. 

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, I 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. sen- 
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, 
1887l. 

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- 
tata (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 N. spinosa n. sp. described below. 

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 

FIGURE 3.-Reconstruction of dorsal and left lateral views of 
Neocobboldia spinosa n. sp. X 40. 



CAMBRIAN TRILOBITES 0 IF EAST-CENTRAL ALASKA B35 

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 
gldbellar 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 Neocobboldia 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 colln. 
4296-CO, with a small eodiscid, Yukonia intermedia 
11. gen., a. sp., that also has an xxial 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. 

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 colln. 4449-CO, 
Canada, east of Hillard Peak area. 

Genus PAGETIA Walcott 

Pagetia Walcott, 1916, p. 407; Cobbold, 1931, p. 462; Lemon- 
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. 36 ; 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. 26-3; 
Lazarenko, 1964, p. 176 ; Rasetti, 1966, p. 503. 

Type species.-Pagetin bootes Walcott, 1916, p. 408, 
pl. 67, figs. 1-lf. 

Disczcsswn.-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 Pagetia. 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 

Desc+tion.-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. connexa (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. 

Occurrence.-Early Cambrian4 fauna. Moderately 
common (2 cranidia, 9 pygidia), USGS colln. 4333- 
CO, Yukon River (West Ridge) area. 

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. I t  lacks 
evidence of pleural furrows and thus resembles P. 
connexa, but it has tiny axial nodes which are appar- 
ently present only on P. cZytia and P. stenoloma. The 
cranidium has distinct radial grooves in the border. 
These grooves are the characteristics that distinguish 
P. clytia and P. connexa from P. stenoloma. The 
border is also narrow; this feature is more llrke P. 
connexa than P. dytia. 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. 

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

Genus PAGETIDES Rasetti 

Pagetides Rasetti, 1%5b, p. 311 ; Howell, 1959, p. 190 ; Lazaren- 
ko, 1959, p. 5 ; Pokrovskaya, 1960, p. 55; Chernysheva, 1961, 
p. 42. 

?Pagetina Lermontova, 1940, p. 121 [not Pagetina, Barnard, 
19311 ; 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 descrilbed below, P. 
granulosus n. sp. is most similar to P. rjonsnitzbii 
(Lermontova), the type species of Neopagetinu, 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, P. appozilzis n. sp. and P. occide?ttalis 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. I t  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 

Pagetides occidentalis n. sp. 

Plate 4, figures 12, 13 
ring furrow on the axis and lacks distinct develop- Description.-Cranidium subquadrate, strongly and 
ment of the pleural furrows. evenly rounded anteriorly. Glabella elongate, tapered 

0ccuwence.-Early Cambrian-3 fauna. Rare (2 forward, bluntly pointed anteriorly, well defined by 
pygidia), USGS '''ln, 4336C09 Yukon River (West moderately deep axial furrows. Two pairs of short 
Ridge) area. glabellar furrows present only at sides of glabella; 

Pagetides granulosus n. sp. 

Plate 2, figures 15, 16, 24 

posterior pair directed obliquely backward. occipital 
furrow deep, narrow distally; shallow, curved slightly 
forward over axis; long slender gently upsloping 

Description.-Cephalon semicircular, gently to mod- 
erately convex transversely and longitudinally. Gla- median spine directed backward from axial part of 

bella unfurrowed, tapered forward, lVell defined by occipital ring- Border gently convex, has many short 

deep axial furrows, connected to border by shallow radially directed, generally poorly defined grooves; 

median longitudinal furrow; occipital ring produced sagittal length about one-half sagittal length of 
into long slender posteriorly directed axial spine; frontal area. Broad shallow longitudinal depression 
sagittal glabellar length, exclusive of occipital ring, connects front of glabella to border furrow. Fixed 
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- 
snitzlcii (Lermontova) , the type species of Neopage- 
tina. 

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

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 distinct 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 
p ygidium. 

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. I t  is most similar to P. appolinis n. sp., 
which occurs in slightly older beds and has one more 
distinct ring furrow and distinct pleural furrows. It 
is also similar to P. elegafis (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.-Early Cambrian-3 fauna. Moderately 
rare (2 cranidia, 4 pygidia), USGS colln. 4333430, 
Yukon River (West Ridge) area. 
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Genus YUKONIA n. gen. 

Type species.-Yukonia 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 AuZacodL~cncs) 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 occipital spine. 
Border narrow, convex, width constant; sagittal length 

FIGURE 4.-Reconstruction of dorsal view of Yukonia intermedia 
n. gen., n. sp. X 30. 

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 
indented 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. It 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. 

0cmwence.-Early Cambrian-1 fauna. Moderably 
common (more than 10 cephala and pygidia, many im- 
mature), USGS wlln. 429640, Yukon River (Water 
Level) area. 

Order RWLICHUDA Richter 
Suborder OLENELLINA Resser 

Olenellid species undetermined 1 

Plate 3, dgnre 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 i t  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. 

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

Olenellid species undetermined 2 

Plate 3, figure 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. 430240 ,  Tatonduk 
River area. 

?Superfamily REDLICEIACEA Poulsen 

Genus CHUBgISIB n. gen. 

Type species.-Churkinia yukonensia n. sp. 
Diagnosis.-Redlichiacea 8 that have subparallel an- 

terior sections of facial sutures, anterior ends of palpe- 
bra1 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. 

Disczusion.-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. 

Chnrkinia ynkonensis 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. 

FIGURE 5.-Reconstruction of dorsal view of Churkinia yuko- 
newis 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 seagent divided transversely 
into three parts by pair of shallow posteriorly diver- 
gent furrows that originate from posterior transglabel- 
lar 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 moderateky 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. A11 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 

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 seapent. 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; Iength 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 seapent. 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, vie11 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.-Chzcrkinia 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 struc- 
ture of the thoracic segments and pygidium indicate 
some relationship to RedZichia. The ankriorly tapered 
glabella that has well-defined transglabellar furrows is 
a charaoteristic 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 thorarr, (text fig. 5) is analogous to that in 
R. fonresti (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, 13) are characteristics of female pygidia 
of R. 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 RedZichia. The form of the 

cranidium is remarkably like that of PaZeofosszls zaicevi 
Pokrovskaya (1959, pl. 8) except that P. ~aicevi 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 G. 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, 
Ne~:adeZla nddeye?~si.s Okulitch. The pygidium of C .  
yukmensis, as noted above, is similar to that of Red- 
Zichia, and opik (1958) has pointed out similarilties 
between pygidia of RedZichia 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 CORYNEXOCIIIDLLE Angelin 

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

Type species.-KarZia 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 ( 9 ) 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 Rasett,i (1951), have included speci- 
mens assignable to two different corynexochid species 
in stephenemis. Both species have small palpebral 
lobes well separated from the axial furrows. One of 
these species (Walcott, 1916, pl. 55, fig.. 5a; 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 defmed oc- 
cipital furrow, an occipital spine, a thorax that is 
inuch 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 Bonnas$ 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 

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  specimen^ 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 CORYAEXOCHUS 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 ; Suvorov8a 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.-Corylzexochus is 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 Corynexochw, except C. plu'1wu1a 
Whitehouse, have come from beds of Middle Cambrian 
age. C. phmula 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- 
nexochus is one of the most long-lived nonagnostid 
Cambrian trilobite genera. 

Corynexochus plumula Whitehouse 

Plate 10, figures 15, 16, 19-22 

Corynexockus plumula Whitehouse, 1939, p. 234, pl. 24, figs. 
8-10 ; ijpik, 1967, p. 178, pl. 3, figs. 1-11 ; text fig. 57. 
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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 
~l-idtl~.  Glabellar furrows barely apparent. Occipital 
furrow broad, straight, moderately deep. Occipital 
ring convex, has lbw 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 ~osterior 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 1% 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 distinct ring furrow present posterior 
to deep articulating furrow. Two additional shallow 
ring furrows are barely apparent on most specimens. 
Pleural regions lack distinct 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 Coryneaochw plwmu,la 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. 

Family DOLICHOMETOPIDAE Walcott 

Genus ATHABASKIELLA Kobayashi 

Athabaskiella Kobayashi, 1942b, p. 471; Poulsen, 1959, p. 222. 

Type species.-Bathyurisczcs (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 ldbes 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 Bathyzcriscus 
(Poliella) probus (Walcott) in his new genus Bath- 
yuriscidella without apparently being aware that 
Kobayashi (194213) 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 
Bathyzcriscidella Zongicauda 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 distinct from 
BathyuriscideZla. 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. 

Pkte 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 
lateral 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- 
ly common (3 cranidia, 3 pygidia), USGS colln. 4337- 
CO, Yukon River (Adams Peak) area. 

Genus BATHYURISCIDELLa Rasetti 

Bathyuriscidella Rasetti, 1948b, p. 322; Pouhen, 1959, p. 222. 

Type species.-BathyuriscideZZa socialis Rasetti, 
1948b, p. 322, pl. 47, figs. 1-12. 

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

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 

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. External surface 
obscurely granular. 

Discussion.-This pygidium has the outline, antero- 
lateral spine, number of axial furrows, and pattern of 
pleural furrows of Bathyuriscidella socidis 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- 
guishing 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 Ieek 

Bathyuriscus Meek, 1873, p. 484; Walcott, 1886, p. 215; Wal- 
cott, 1916, p. 330334; 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. 
221; 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. 

Orriello RaseCti, 1948b, g. 329; Poulsen, 1959, p. 2%. 

Type specks.-Bath~wmcs? haydelzi Meek,' 1873, 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. 

Bathynriscus pnnctatus n. sp. 

Plate 6, figures 3,4 

De8mptio.n.-Cranidium subtrapezoidal in outline, 
gently to moderately convBx 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-fif ths 
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 1y2 times basal 
glabellar width. Posterior border furrow shallow, 
crosses posterior limb diagonally. External surfaces of 
all parts covered with h e  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 p~gidial 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.-Bathywkm p m t a t w  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 Bathyzcriscus that the palpebral lobes 
are one-third of the cranidial length, a growth series of 
B. fomosus Deiss ( =B. hydkni) 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. 434140, Hil- 
lard Peak area. 

Genus HEHIRHODON Raymond 

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

Type species.-Hemirhodon schwherti 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 
lobes. Associated larger pygdia 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 

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. 

0 ccurrence.-Middle Cambrian-2 fauna. Moder- 
ately common (3 cranidia, 5 pygidia), USGS colln. 
4337-CO, Yukon River (Adams Peak) area. Rare (1 
pygidium) , USGS colln. 434440,  Hillard Peak area. 

Dolichometopid, genus and species undetermined 

Plate 4, figure 16 

Discussion.-Resser (in Mertie, 1933, p. 398) listed 
a new species Albertella merteii from Mertie's col- 
lection 25AMt148 (4424420 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 rnerteii. 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- 
deZb 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. 

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, 1W8a, 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.-Bathprus p a r u u h  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, figures 6, 7 

Description.-Cranidium subquadrate, gently round- 
ed anteriorly, moderately to strongly convex trans- 
versely and longitudinally. Glabella well ddned  by 
narrow axial furrows, moderately to strongly convex 
transversely and longitudinally, extended onto inner 
part of border. Glabellar furrows absent. Occipital 
furrows deep, straight. Occipital ring has short 

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 
concerltric 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 tntmdukensis 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 
USNM 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) brennw. 
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I have examined the figured specimens of B. brennus 
and a large collectioii of unfigured specimens from 
USNM locality 20. There are two species of Bonnia in 
the collectioii: one lias no occipital spine, a single pair 
of anterolateral pygidial spines, and a generally well 
developed ornamentation of terrace lines; tlie otlier has 
an occipital spine, ~ I T O  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 (1048a, 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 tlie 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 fra-mentary cranidia, 3 pygidia), 
USGS colln. 4305C0, Tatonduk River area. 

Genus DORYPYGE Dames 

Dorypvge Dames, 1883, p. 23; Matthew, 1897, p. 186; Gron- 
wall, 1902, p. 126; Walcott, 1913, p. 107; Kobayashi, 193513, 

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. 

Disczcssion.-A single incomplete pygidium lias the 
general characteristics of the Dorypygidae. Its closest 
relationship seems to be \\-it11 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, (D. bispinosa Wal- 
cott, U. dunica Gronwall, D. grandispirzosa Resser and 
Endo, and D. olenekensis Lazarenko) have the fourth 
pair of spines long. D. bispinosn and D. danica also 
have the fifth pair of spines long, and D. grandispinosa 
has a sliort fifth pair of spines. D. olenekensis, from 
Siberia, is the only species having only four pairs of 
spines, of xTliich the fourth is the longest. The anterior 
border spines on the Siberian species seem to be longer 
than those on the Alaskan specimen, and tlie pygidial 
outline is more nearly semicircular. More knowledge of 
otlier parts of the trilobite and of intraspecific variabil- 
ity is needed before the Alaskan species can be distin- 
guished reliably from the Siberian species. 

0ccu~rence.-Middle Cambrian-1 fauna. Rare (1  
pygidium) , USGS colln. 4303-CO, Tatonduk River 
area. 

Genus KOTENIA Walcott 
p. 145; Lake, 1938, P. 250; Lermontova, lg407 p. 14'; Bathytlriscus (Kootenia) Walcott, 1889, p. 446. 
ser, 1942a, p. 15; Whitehouse* 19457 p. Pou1sen3 ls9? ICootenia Walcott, 1925, p. 92; Kobayashi, 193513, p. 156; Ler- 
p. 217. montora, 1940, p. 139; Shimer and Shrock, 1944, p. 613; 

Type species.-Dorypyge richtofeni Dames, 1883, p. 
24, pl. 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 of. D. olenekensis Lazarenko 

Plate 4, figure '25 

Dorypyge olenekensis 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 sllallow pleural furrows that reach to inner 
edge of poorly defined border. Interpleural furrows 

Rasetti, l948b, p. 332; Thorslund, 1949, p. 4 ;  Lermontova, 
1951, p. 122; Palmer, 1954a, p. 64; HupB, 1955, p. 91; 
Irshin, 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.-Bathyzcriscus (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 lias 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.-Kooten 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 Kootenia 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 dc they 
seem to represent extreme intraspecific variability. 
Perhaps the development of the pygidial spines, which 
is the principal characteristic used for discrimination of 
species, is particularly susceptible to minor ecologic 
differences. 

Eootenia 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. 

Discmussion.-The granular ornamentation of only the 
occipital ring, occipital spine, and the pygidial border 

spines distinguishes Kootenia .granuZospinosa n. sp. 
from other similar species in Kootenia. Pygidia de- 
scribed below as Kootenia 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. 
442440 ,  Yukon River (Adams Peak) area. 

Kootenia cf. K. serrata (Meek) 

Plate 4, figure 2l 

Batl~yurus serratus Meek, 1873, p. 480. 
Ziootenia 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 X. serrata, specific identity 
cannot be certainly determined. Rasetti (1948b) 
described K. paraZZeZa which has a pygidium nearly 
indistinguishable from K. serrata but a different 
cranidium. Pygidia of Rasetti's species lack distinct 
ornamentation. Thus, the Alaskan specimens can be 
distinguished from K. paraZZeZa 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. 
434840 ,  Yukon River (West Ridge) area; 2 pygidia 
USGS colln. 4382-CO, Hard Luck Creek area. 

Kootmia sp. 1 

Plate 4, figures 14, 15 

Deschpti0.n.-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. 
A11 surfaces except furrows covered with low scattered 
granules. 

Discussion.-Differences between pygidia of Koo- 
ten& sp. 1 and pygidia of superficially similar K. 
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 ( 2  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 Hup5 

Genus POLLIAXIS n. gen. 

Type species.-PolZiaxis injlata 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 Edelsteinaspis 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 
areatest affinities with Edelsteinaspis. I t  is here con- ? 
sidered 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, exclusive of posterior 
limbs, subquadrate. Glabella, large, moderately to 

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 PoZZiaxis infiata 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. la-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 PoZZiaxis. 

Occurrence.-Early Cambrian-1 fauna. Moderately 
rare (6 cranidia, 6 pygidia), USGS colln. 429640 ,  
Yukon River (Water Level) area. 

Family OGYGOPSIDAE Rasetti 

Genus OGYGOPSIS 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 klotai Rominger, 1887, p. 12, 
pl. 1, fig. 1. 

Discussion.-I 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- 
cies. 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. 

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 se-ments. 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 a n t i p a  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 Ogygop&s pygidia. However, 
the anterior end of the glabella extends onto the border, 
a characteristic more like B m n h  and not previously ob- 
served in Ogygopsis. Thus, the pygidium of 0. a n t i p a  
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 ZACABTHOIDIDAE Swinnerton 

Genus ZACANTHOIDES Walcott 

Embolimus Rominger, 1887, p. 15 [not Embolemus Wedwood, 
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.-EmboZimzcs spinosa Rominger, 188'7, 
p. 15, pl. 1, fig. 3. 

Discussion.-The species described below conform in 
all characteristics to the description of Zucalzthoides 
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 zbrupt 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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pita1 ring broad, nearly flat. Frontal area short, flat, 
subequally divided on axial line into brim and border 

Zacanthoides sp. 2 

Plate 4. figure 17 , - - -  

by barely apparent, gently curved border furrow; sag- 
ittal length of frontal area slightly more than one- Descriptim-Cranidium, exclusive of posterior 

eighth sagittal length of glabella, exclusive of occipital limbs, elongate, subquadrate, gently to moderately con- 
ring. Lateral parts of frontal area subtriangular. vex transversely and longitudinally. Glabella long, 
Fixed cheeks moderately broad, gently convex, hori- slender, gently to moderately convex transversely and 

zontal; width slightly more than one-half basal glabel- longitudinally, expanded slightly forward, broadly 

lar width. Palpebral lobe long, slender, arcuate, raised rounded at  front. Glabellar furrows barely apparent. 

above surface of cheek, well defined by shallow, narrow Occipital furrow deep, straight. Occipital ring has 

palpebral furrow; anterior end touches axial furrow; strong posteriorly directed axial spine developed from 

line tangent to posterior ends of palpebral lobes passes posterior margin. Frontal area nearly flat; sagittal 

over anterior part of occipital ring. Form of posterior length less than one-fifth sagittal glabellar length, ex- 

limb not known. clusive of occipital ring. Border convex, well defined 

Course of anterior section of facial suture strongly by evenly curved border furrow that parallels anterior 

divergent anterolaterally from palpebral lobe to border margin; sagittal length of border slightly more than 

furrow, then strongly curved forward and inward to sagittal length of brim. Brim has pair of poorly 

anterior margin. Course of posterior section of facial defined ridges extending anterolaterally from shallow 

suture not known. fossulae at anterolateral corners of glabella. Fixed 
cheeks approximately horizontal; width, exclusive of 

Freo cheek subpentagonal ; anterolateral margin gen- 
palpebral lobe, slightly more than one-half basal gla- 

tly curved and posterolateral margin nearly straight. 
bellar width. Palpebral lobe long, arcuate, well defined Genal spine large, advanced; length unknown. Border 
by palpebral furrow; anterior end touches axial fur- 

moderately broad, gently convex; width slightly more 
than one-half anterior width of ocular platform. Lat- row; width slightly more than one-fourth width of 

era1 border furrow curved inward at  base of genal spine interocular area of fixed cheek. Line tangent to pos- 

and continuous with posterior border furrow. terior ends of palpebral lobes passes just posterior to 

pygidium subellipticall. ~~i~ moderately wide, con- occipital furrow. Form of posterior limb unknown. 

vex, reaches nearly to posterior margin; width slightly surfaces parts smooth. 

more than one-fourth greatest width of pygidium. Course of anterior section of facial suture strongly 

Two anterior ring furrows shallow, narrow, complete; divergellt f0rwa1-d from palpebral lobe. Course of Pas- 
one posterior ring furrow present only at  sides of axis. terior section of facial suture unknown. 
Pleural regions gently convex, crossed by two or three Discussion.-Without knowledge of at  least the form 
broad shallow pleural furrows that do not reach pygi- of the pygidium, Zacanthoides sp. 2 cannot be ade- 
dial margin. Posterior margin has four pairs of spines. quately with other species of Zacanthoides. 
Size and shape of anterior spine not known but prob- Ho\vever, the cranidium differs from that of the other 
ably larger than remaining spines- Three posterior Alaska11 species described above by having a well- 
spines short, sharp, of nearly equal length. defined border, narrower palpebral lobes, and a smooth 

Surfaces of all parts obscurely covered with closely slightly granular surface, 
spaced fine granules. Rare scattered poorly defined Occurrence.-Middle Cambrian-1 fauna. Rare (1  
coarse granules also present on fixed cheeks of crani- cranidium), USGS colln. 4341-CO, Hillard Peak area. 
dium and on axis and pleural regions of pygidium. 

Discussion.-Although Zacanthoides sp. 1 is repre- Order PTYCHOPARIIDA Swinnerton 

sented by a cranidium, free cheeks, and pygidium, all Family ALM)NLLI.IDAE Hup6 
the parts are fragmentary and knowledge of the mor- Hup6 (1952) originally proposed the Aldonaiinae 
phology of the species is inadequate for proper naming. 
Nevertheless, none of the described species for which all as a subfamily of the Protolenidae and this proposal 

parts are known has the combination of characteristics by Hemingsmoen (1959). Sdzuy 
observed on the Alaskan species. (1961a) included Aldonaia in the Protolenidae and 

Occuwme.-Early Cambrian-3 fauna. Moderately preferred not to recognize separate subfamily group- 

rare (1 cranidium, 2 free cheeks, 1 pygidium), USGS ings. Pokrovska~a (1959) and Suvorova (1960a,b) 

colln. 4333-CO ; ( ?)rare (pygidial fragment), uSGS have raised HupB's taxon to family rank. Because 
colln. 4334-CO, about 20 feet stratigraphically below the Russian paleontologists are working more closely 
4333-CO; Yukon River (West Ridge) area. with Aldonaia and related trilobites than Hup6, 
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Sdzuy, or Henningsmoen, their classification is fol- cipital spine, and by lacking a deep narrow occipital 
lowed here. furrow across the axial line. Dr. N. P. Suvorova has 

sent me a photograph of an undescribed Siberian 
Genus ALDONAIA Lermontova species from the Sanashtykgol' horizon of the Botoma 

Aldonaia Lermontova, 1940, P. 133; Richter and Richter, 1948, Stage that also lacks strong ornamentation and a dis- 
p. 29 ; Lermontova, 1951, p. 144 ; H u g ,  1952, p. 157; HupB, 
1953, p. 96; Henningsmoen, 1959, p. 212; Pokrovskaya, tinct occipital furrow and that may have an occipital 

1959, p. 89; Suvorova, 1960a, p. 70; Suvorova, 1960b, p. 76; spine. The Siberian differs the Alaskan 
Sdzuy, 1961a, p. 572. species by having strongly convex areas of the fixed 

Type species.-Aldonaia omata Lermontova, 1940, cheek adjacent to the posterior end of the ~ a l ~ e b r a l  
p. 133, pl. 37, figs. 2, 2a-e. lobe and having eye lines that are less strongly di- 

Discussion.-The content and concept of Aldonaia rected poster0lateral1J'. 

have been discussed most thoroughly by Pokrovskaya occurre~e.-Earl~ Cambrian-2 fauna- Moderately 

(1959) and Suvorova (1960b). Several Alaskan rare (3 cranidia) , USGS colln. 4302-CO, Tatonduk 
specimens have the wide flat fixed cheeks, subcylindri- River area. 

cal glabella with slightly concave sides, posteriorly Pamily CEDARIIDAE Raymond 
located palpebral lobes, and small slender posterior 
limbs that characterize species of Aldonaia. I sent Genus CEDARIA Walcott 

photographs of the best specimen to Dr. N. P. Suva- CedaPia Walcott, 1924b, P. 55; Walcott, 1925, P. 78; Shimer 
and Shrock, 1944, p. 621 ; Palmer, 1954b, p. 726; Lochman, rova at the Paleontologic Institute of the Academy of 1959, 301; Palmer, 1862, p. 24. 

Sciences, U.S.S.R., and she confirmed the generic 
identification. Type species.--Cedaria prozifica Walcott, 1925, p. 79, 

pl. 17, figs. 18-21. 
Aldonaia alaskensie n. sp. Discussion.-The characteristics of the fragmentary 

Plate 3, figure 15 specimens described below conform in all respects to 

Description.-Cranidium elongate, subquadrate, those described for Cedaria (Palmer, 1962, p. 24). 

strongly rounded anteriorly. Glabella slender, semi- Cedaria sp. 
cylindrical; sides slightly concave; anterior end trun- Plate 6, figures 24, 25 
cated. Three shallow pairs of furrows present, con- 
nected nearly straight across glabella on surface of unfurrOwed, tapered for- 
mold, deepest at sides of glabella. Occipital furrow ward, at well defined b~ shal- 
straight, deepest at sides of glabella. Occipital ring low and preglabellar furrows. 
extended posteriorly into moderately large median area long; length three- 
spine. ~~~~~~l area long, sagittal length fifths sagittal length of glabella exclusive of occipital 

about three-fifths sagittal glabellar length. Border ring. Ibrder gently convex anteriorly, turned down 
narrow, upturned, of nearly constant width; sagittal steeply on inner edge into narrow furrow that is even- 
length about two-fifths that of flat brim. Fixed cheeks ly curved and a row of pits, each of which 

broad, flat, upsloping; width about equal to basal has a granule. Sagittal length of border 
glabellar width. Palpebral lobes long, elevated, situ- about one-ha1f sagitta1 length flat brim. 
ated opposite posterior third of glabella; length about Fixed cheek width palpebral 
one-half sagittal glabellar length. Eye ridges low, lobe 'lightly than One-fourth glabellar 
posterolaterally directed, barely apparent. Distal part width. Course of anterior section of facial suture 

of posterior limb short, depressed; transverse length strongly divergent forward. External surfaces of all 

about one half length of proximal part. Border fur- parts smooth. 

row broad, deep. Pygidium semicircular. Axis slender, tapered pos- 
Course of anterior section of facial suture nearly teriorly, not quite reaching t~ inner edge of narrow, 

straight forward from palpebral lobe to gently 'Onvex border breadth. 
cranidial margin. Course of posterior section of facial postaxial ridge extends inner edge of bar- 

suture convex from palpebral lobe to posterior cranid- der. P1eural gently b~ five 
ial margin. shallow narrow nearly straight pleural furrows. 

Other parts unknown. Discussion.-This species of Cedaria is represented 
Discussion.-Aldonaia alaskensis n. sp. differs from by imperfect specimens that do not have preserved 

all described species of Aldonaia, by having a subdued the occipital ring, posterior limb, palpebral lobe, py- 
granular ornamentation and a moderately large oc- 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. I n  addition to the speci- 
mens described above, scraps that seem referable to 
Cedaria are associated with Bypugnostus sp. (p. B31) 
in collection 4326CO from the upper part of the 
Tatonduk River section. Collections 4326-CO and 
4372-CO, from which the described Ced~r ia  specimens 
were obtained, have very similar faunas of undescribed 
inarticulate brachiopods. Cednria 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 

Iwayaspis Kobayashi, 1962, p. 122. 

Discussion.-Kobayashi has diagnosed Iwayaspis as 
"Similar to Proceratopyge but possesses no spine on 
pygidium." I n  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 of. 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 

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 a t  least congeneric 
and possibly conspecific with Iwayaspis asaphoides 
Kobayashi, the only species presently known in Iwa- 
yaspis. Without knowledge of the associated crani- 
dium, a more exact identification cannot be attempted. 

0ccz~rrence.-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; WestergPlrd, 1922, p. 120; 
Troedsson, 1937, p. 33; Whitehouse, 1939, p. 245 ; Lermon- 
tova, 1940, p. 157; Westerglrd, 1947, p. 9 ; Kobayashi and 
Ichikawa, 1955, p. 68; Ivshin, 1956, p. 21; Poulsen, 19.59, 
p. 364; Balashova, 1960, p. 103; Ivshin, 1962, p. 286; 
Kobayashi, 1962, p. 119 ; ijpik, 1963, p. 97. 

Kogenium Kobayashi, 1935b, p. 273. 
Lopnorites Troedsson, 19.37, p. 34. 

Type species.-Proceratopyge conifrow Wallerius, 
1895, p. 57, pl. 1, fig. 6. 

Dis6ussion.-Westerglrd (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. I n  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 
WestergDrd (1947) to be a synonym of Proceratopyge, 
and Kobayashi and Ichikawa (1955) placed Kogemium 
(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 Lopnorites 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) chuhsiernsis Lu (196513, 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. I f  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.  chuhsiemis Lu. 

Proceratopyge (Lopnorites) rectispinatus (Troedsson) 

Plate 10, figures 1-6 

Lop%orites rectispinatu.s Troedsson, 1937, p. 35, p1. 2, figs. 1-2. 
Proceratopyge (Lopnorites) rectispinatus (Troedsson) . Lu, 

1957, p. 281, pl. 145, figs. 10, 11; Kobayashi, 1962, p. 120, 
PI. 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- 

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 palperbra1 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. Ex- 
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 only 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. I n  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 Loporites 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. I n  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. rectispirzatus 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 

Proceratogpge 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- 

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. 
(7huhsiensis Lu. It is very closely related to, if not 
conspecific with, the species figured by Lu (1956b) 
from Anhwei, China, and by opik (1963) 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 0pik 
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. 

0cczcrrence.-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 Y8PINGIA Ln Yiipingia glabra n. sp. 

Yiipingia Lu, 1956a, Q. 377; Jaanusson, in H~mri&on and Plate 13, figures 9, 12-16 
others, 1959, p. 350 

Type species.-Yupingia niobiformis Lu, 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. Genal 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 Yiipingia 
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. chzchsiensis Lu (pl. 10 figs. 11- 
14). However, P. chuhsiensis has a distinct plectrum, 
slightly wider fixed cheeks, and anterolateral pygidial 
spines. Zwaya8pis 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 Iwayaspis are also situated 
somewhat more anteriorly than those of Yiipingh, SO 

the posterior limbs have a more triangular outline. Lu 
(1956a) and Jaanusson (1959) have included Yiipingia 
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. 

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. miobi- 
formis Lu, by having the glabellar tubercule poorly 
defined, fewer defined segments on the pygidium, and 
an evenly dolvnsloping 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 Iwayaspis cf. I. usaphoides KO- 
bayashi, both from older beds, most nearly resemble 
the respective parts of Y. glubra. P. chuhsiensis has a 
distinct plectrum, however, and the pygidium of I. 
usaphoides 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, 1989, p. 312; Palmer, 1965, p. 29. 

Pscudolisania Kobayashi, 193513, p. 162 ; Shimer and Shroclr, 
1944, p. 621. 

Type species.-Cheilocephab st. croixemis 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. I n  addition, the free cheek, which 
has not previously been reported for any species of 
Cheilocephal~us, 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 Cheilocephulus is an opisthoparian trilobite with 
cedariiform facial sutures as suggested by Lochrnan 
(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. Owiptial furrow deep at sides of 
glabella, curved slightly forward near axial f u r r o ~ ~ ,  
shallo~v 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 \\-ell-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 

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 a t  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 h e  
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 
line. Anterior border narrow, nearly flat, curved 
sharply downward into short, sharp alae. Lateral bor- 
der strongly expanded posterolaterally opposite mid- 
length of llypostome. 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 furro\17s present posterior to articulating furrow. 
Pleural region broad; width nearly twice greatest 
\\-idth 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- 
1-ow deep, continued nearly to lateral pygidial margin. 
Anterior band of first seapent strongly expanded dis- 
tally. Remaining pleural and interpleural furrows 
shallo\\-, evenly spaced, contiiluing 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. 

Uisc~cssion.-Meraspid cranidia of Cheilocephdus 
expanslbs 11. sp. (pl. 9, fig. 6) have virtually the same 
cranidid outline as llolaspid 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 C. 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 C. 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 Cheilocephalw expan- 
sus and C. grandosw. Small associated pygidia have a 
relatively narrow border, and the specimens may there- 
fore represent C. granulom. The material is uqsatis- 
factory for description or illustration. 

Occurrence.-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. 

Genus OLIGOMETOPUS Resser 

Oligometopus Rwser, 1936, p. 28; Palmer, 1960a, p. 100; 
Palmer, 1965, p. 31. 

Bemicella Frederickson, 1949, p. 347. 

Type species.-Ptychoparia (Solenopleura?) breui- 
ceps Walcott, 1S84, 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, sligl~tly downsloping. Palpebral lobes situ- 
ated opposite or slightly anterior to glabell'ar mid- 
length. 

D&czcssion.-I 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. 

Discussim.-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 0. breviceps. The other two cranidia are slightly 
larger and have the proportions of 0. bre.viceps, but 
they are exfoliated. The external surfaces of these 

specimens are not known, but they have a coarsely 
pitted surface on the mold. Specimens of 0. 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. 

Occ?cryence.-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 TValcott, 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.-Briscoh sinelairensis 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 1 x 2  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. rnertiei is represented by a single 
cranidium and a free cheek. The characteristics that 
distinguish B. mr t ie i  and B. robwta from B. sep- 
tentrionalis are superficial, and I cannot agree that 
there is a valid reason for their specific separation. 
B. mertiei and B. robmta are therefore considered 
here to be synonyms of B. septentrionalis. For the 
same reasons, Parabriscoia stenorhachis is considered 
here to be a synonym of P. elegans. 

The six pygidia assigned to Parabriscoia elegam 
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, 192413). For this 
reason, Lochman placed Parabrkcoia in synonomy 
with Elkia. I n  the Alaskan collection, however, there 
are only Briscoia cranidia, which differ strikingly 
from Elkia cranidia by having a narrow poorly de- 
fined border instead of a broad inflated triangular 
border. Furthermore, two of the three pygidia of 
B .  septentrionulis 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 differeqces 
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 .  septentrionulis 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 cieptentrionalis 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. 
Briscota rnertiei 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 fro@, well defined by 

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 fuirows 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" elegam 
(Kobayashi). E. lzasuta and "B." elegans each have 
well-developed pygidial border spines. D. inequalis 
does not have its posterior margin preserved and can- 
not be adequately compared with other species. 

Occurrence.-Trempealeauan-1 fauna. Common (11 
cranidia, 2 free cheeks, 4 pygidia), USNM colln. 250 
(= Mertie collection 30AMt147) ; ?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 elegans Kobayashi, 1935a, p. 53, pl. 10, figs. 8-10. 
Parabrdscoia 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. External sur- 
faces of all parts smooth. 

Discussion.--"Briscoia" elegans (Kobayashi) differs 
from all described dikelocephalids in the pattern of the 
posterior marginal spines. I f  the pygidia ark 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 
(1935a) as Panabriscoia dolichorachis. However, all 
associated dikelocephalid parts in the collection are 
characteristic of Briscoia, and the associated pygidia of 
B. septentriomlis have incipient border spines in the 
same positions as the border spines of "B." e l e g m .  
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. 

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 DWESIDAE Lermontova 

Genus DINESUS Etheridge 

Dilzesus Etheridge, 1896, p. 56; Gregory, 1903, p. 154; Chap 
man, 1917, p. 98; Kobayashi, 193513, 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, 
subparallel 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. ida from beds 
assigned to the Middle Cambrian in Australia. White- 
house (1939, p. 228) suggested that Solenopleura ( ? )  
sibiriaa (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 ida 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. arcticn n. sp. These three species 
are here considered to be congeneric and to represent 
Dinesus, which differs from Brbia in the characteristic 
discussed above. 

The statement in the generic diagnosis about orna- 
menta~ion conflicts with a statement by Koba~ashi 
(194313, p. 317) that Dinessus ida is smooth. I have 
examined the specimen figured by Kobayashi (1935a, 
p. 22, fig. 3) ; 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 arctions n. sp. 

Plate 1, figures 1, 2, 4 

Description.-Cranidium subquadrate, moderately to 
strongly convex transversely and longitudinally. Gla- 
bella well defined a t  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 short, 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.-Diltesw m t i m  n. sp. is most similar to 
Erbia granulosa Lermontova, from which it differs by 

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. 

Dinems 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-CO ; ?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 ELVIBIIDAE Kobayashi 
Subfamily DOKIMOGEPHALINAE Kobayashi 

Genus IDDINGSIA Walcott 

Iddingsia Walcott, 1924b, p. 58; Walcott, 1925, p. W ;  Shimer 
and Shrock, 1944, p. 627; Bell and others, 19152, p. 184; 
Lochman, 1959, p. 282 ; Palmer, 1960a, p. 95 ; Palmer, 1965, 
p. 35. 

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

Discussion.-The species described below conforms in 
most respects to the characteristics of lddingsia 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 a t  
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. Occipital 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 
sllghtly 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.-lddingsia 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 I. relati.r*a. The structure of the free cheek is 
typical of the Dokimocephalinae by having the lateral 
and posterior border furrows intermpted 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 simllar to cranidia of 
Dunderbergia in its ornamentation, poor development 
of glabellar furrows, and tendency towards a median 
:ulgulation of the border furrow. These characteristics 

also distinguish I. relativa from other species of Id- 
dings&. 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. variugranula 
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 Iddimpia. The species differs from I. 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 I. wbativa than with D. variagranuZa, and it 
should be considered as an unnamed species of 
Iddingsia. 

Dunderhergia seducta 11. 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. 

Occurrence.-Dresbachian-2 fauna. Moderately 
common (more than 20 cranidia and free cheeks, 1 
pygidium) , USGS colln. 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, 
195413, 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, 26-28 

Descvipti0.n.-Cranidium has outline subquadrate; 
anterior margin bluntiy 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 distinctly 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 distinct 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 
p ygidium. 

Discussion.-The mixture of fine and coarse granules 
in the ornamentation of Dunderberqia seducta n. sp. 
and the moderately well-developed posterior pair of 
glabellar furrows are characteristics of the early 
species of Dunberberqia (cf. D. brevispina and D. 
calculosa, 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. caZcuZosa, and the 
development of coarse granules is intermediate be- 
tween that of D. calculosa and D. brevispina. 

The cranidium of this species is quite similar to 
that of Zddinysia relativa 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 

Elbur~iU Palmer, 1960a, p. 68, 69; Palmer, 1965, p. 42. 

Type species.-Grepicephah ( LoganelJus) gram- 
ulosus Hall and Whitfield, 1877, p. 214, pl. 2, figs. 2, 3. 

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. Occipital 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 lo\$- median ridge. Two 
distinct 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.-Elburgia disgranosa n. sp. is most like 
E. granulosa (Hall and Whitfield) in posessing gran- 
ular ornamentation on nearly all parts. I t  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 E. 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 E. 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. 

Family EUREKIIDAE Hup6 

Genus BAYFIELDIA Clark 

Bayfleldia Clark, 1924, p. 31; Kobayashi, 1935b, p. 317; Rasetti, 
1944, p. 239; Lochman, 1959, p. 325. 

Type species.-BayfieMia 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, 

fig. 22). However, the cranidium of 0. horatio has 
smaller and more anteriorly placed palpebral lobes 
than the Alaskan cranidium. 

The specimens that are here assigned to BayfieZdia 
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.-Trempealeauan-2 fauna. Species 1, 
rare (1 cranidium), USGS colln. 4363-CO. Species 2, 
rare ( I  cranidium), USGS colln. 4371-CO; 3 cranidia, 
1 pygidium, USGS colln. 4374-CO. All from Jones 
Ridge area. 

Family XARJUMIIDAE Kobayashi 

Genus XAMlJMIA Walcott 

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

Type species.-Marjumia.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. Xarjumia callas Walcott 

Plate 6, figure 10 

Marjumia callas Walcott, 1916, p. 402, pl. 65, figs. 3, 3a, b ;  
Robison, l m a ,  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 width of border slightly more than one-half width of 
Modocia Walcott, 1924b, p. 59; Walcott, 1925, p. 105; Koba- ocular platform. Genal spine short; length slightly 

yashi, 1935b, p. 291; Kobayashi, 19443, P. 322; Resser, more than one-half length of posterior section of 
1935, p. 41 ; Resser, 1936, p. 25; Shimer and Shrock, facial suture. 
p. 629; Tasch, 1951, P. 301; Palmer, 1954a, P. 81; Palmer, pygidium semicircular; .\.vidth slightly more than 
195413, p. 762; Lochman, 1959, p. 306; Robison, l w a ,  
p. 550; Rasetti, 1965, p. 106. twice length. Axis broad, convex, bluntly terminated 

Armenia Walcott, 192413, p. 54 ; Walcott, 1925, p. 69 ; Resser, posteriorly ; width slightly ~ e s s  than one-third greatest 
1936, p. 4 ;  Shimer and Shrock, 1944, p. 605. pygidial width; length about three-fourths sagittal 

Metisia Resser, 1937b, P. 19. pygidial length. Two distinct ring furrows present 
Perioura Resser, 19% P. 94; Resser, 1942a9 P- 38; Howell* posterior to articulating furrow. Pleural regions have 

1959, p. 241. only first pleural furrow distinctly defined. Posterior 
Semnocephalus Resser, 1942a, p 50. 

margin lacks spines. External surface has ornamenta- 
Type species.-ArionelZus (Crepicephalw) oweni tion of l.\..eakly defined pits. 

Meek and Hayden, 1861, p. 436. Discussion.-Although the Alaskan specimens de- 
Discussion.-Robison (1964% Pa 550-552) has re- scribed above are largely exfoliated and incomplete, 

viewed the content and concept of Modocia and hls there are enough features preserved to show that they 
description is followed here. He has shown the im- do not belong to any previously described species of 
portance of knolvledge pygidia as as cranidia Nodocia. 'The only previously described species of 
for adequate identification of trilobites in this genus Yodocia having a pitted external surface are N. typi- 
and also the need to know the nature of ornamentation Galis (Resser) (Robison, 1964a, p. 552)  and Y. crassi- 
to identify species. Although several collections con- 7,unlqinata Rasetti (1965, ~h~ ~l~~.~~ species 
tain cranidia of probable marjumiid trilobites, only of these by having narrower fixed 
two collections have associated pygidia and free cheeks cheeks, a slender glabella, and less well defind 
and preserved external surfaces that permit compari- pleural furrows on the pygidium. 
son with other species of Modocia. These specimens Occurrence.Middle Cambrian-l fauna. ~ ~ d ~ ~ -  
show that there are at least two species of Nodocb ately rare cranidium, free cheek, 6 pygidia), 
in Alaska. USGS colln. 4341-CO, Hillard Peak area. 

Modocia compressa n. sp. Modocia transversa n. sp. 
Plate 5, figures 6-8 Plate 5, figures 1-5 

Descri~tion.-Cranidium elongate, subquadrate' ~ ~ ~ ~ f i ~ t i ~ ~ . - c ~ ~ ~ i d i ~ ~  elongate, subquadrate, 
G1abella long, 'lightly forward, and gently to moderately convex transversely and longi- 
evenly rounded at  front, well defined by axial and tudinally. Glabella moderately convex transversely, 
preglabellar furrows of nearly constant depth; basal 
glabellar width slightly more than three-fourths sagit- gently convex longitudinally, tapered forward, strong- 

tal glabellar length. Glabellar furrows absent. Oc- ly rounded at  front, well defined by moderately deep 

cipital furrow straight, moderately deep. Occipital axial and preglabe1Iar furrows of 

ring convex, has small median node. Frontal area depth. Glabellar furrows absent. Occipital furrow 
short, downsloping, subequally divided into brim and deep, straight- Occipital ring convex, narrow, lacks 
border by broad, gently curved border furrow that has distinct median node or spine. Frontal area down- 
slight median inbend. Fixed 'cheeks narrow, slightly sloping, subequally divided by broad, gently curved, 
downsloping; width about one-fourth basal glabellar shallow border furrow into moderately convex, gently 
width. Palpebral lobes long, arcuate, moderately well downsloping border and gently convex, steeply down- 
defined by shallow palpebral furrow. Form of pos- sloping brim; sagittal length of frontal area slightly 
terior limbs not known. Fragments of preserved exo- less than one-half sagittal length of glabella, exclusive 
skeleton at  sides of glabella and posterior limb show of occipital ring. Fixed cheek gently convex, slightly 
a finely pitted external ornamentation. downsloping; with between one-third and one-half 

course of anterior section of facial suture slightly basal glabellar width. Palpebral lobe well defined, 
divergent forward from palpebral lobe to border fur- nearly flat, slightly curved, depressed slightly below 
row. Course of posterior section divergent-sinuous. level of cheek, situated opposite middle third of gla- 

Free cheek has broad convex border well defined by bella; length between one-third and one-half sagittal 
moderately deep lateral border furrow that intersects glabellar length, exclusive of occipital ring. Posterior 
posterior section of facial suture near genal angle; 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 ocular 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. 438240, Hard Luck Creek area. 

Family XENOMONIIDAE Walcott 

Genus BOLASPIDELLA Resser 

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

IIysteropleura Raymond, 1937, p. 1094. 
Deissella 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. 

Discussion.-The content and concept of BoZaspi- 
deZZa have been fully reviewed by Robison (1964a, 
p. 553-555). His description of the characteristics of 
BoZaspideZla is followed here. 

Bolaspidella wellsvillensis (Lochman and Denwn) 

Plate 5, figure 23 

Howellaspis wellswillensis 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. Occipital 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 BolaspideZZa 
weZZsvilZensis. 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 

Genns TATONASPIS Kobayashi 

Tatonaspis Kobayashi, 1936a, p. 48. 

Type species.-Tatonaspis ataskemis Kobayashi, 
1935a, p. 48, pl. 9, figs. 5-7. 

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 Tatonaspis and described only the cran- 
idium of the type species, T. alaskensis. Subsequently, 
Rasetti (1945a) illustrated a magnificent cephalon of 
a second species, T. levisensis. The description given 
above summarizes all knowledge gained about Taton- 
aspis since 1935. 

Lochman (1953, p. 887; 1959, p. 271) stated that 
Tatonaspis is a subjective junior synonym of MaceZ- 
Zoura (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 Tatonaspis. 

The palpebral lobe is slender, arcuate, and moderately 
well defined on the mold by a shallow palpebral fur- 
row. I t  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 khese characteristics distinguish M. dia from T. 
alaskensis, and all of them are at least of generic 
value. Thus Tatonaspis 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 
Tatonmpis, the morphology of T. alaskensis Kobayashi 
is given in the generic description. T. alaskensis dif- 
fers from T. Zevisensis Rasetti, the only other species 
presently assigned to Tatonaspis, 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. I t  shows 
the essential rnorphologic identity of T. alaskensis and 
T. levisensis exclusive of ornamentation, although the 
nature of the genal spine of T. 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 i t  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 

Desc&ption.-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 ta 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 distinct 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 OLENIDAE Burmeister 

 enu us BIENVILLIA Clark 

Bienvillia Clark, 1924, p. 21 ; Rasetti, 1944, p. 240 ; Hennings- 
moen, 1957, p. 142; Poulsen, 1959, p. 267. 

Diatemnus Raymond, 1937, p. 1092. 

Type species.-Dikelocephaks? corax Billings, 1865 
[part], p. 334, text. fig. 322a. 

Bienvillia sp. 

PIate 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- 
bra1 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- 

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 

Dbcu.wion.-Two similar but specifically distinct 
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 
then 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 Leptoplasttcs 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 

Discu~sion.-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 facial 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 
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Family PAPYRIASPIDIDAE Whitehouse 

Genus PROHEDIIPIA Lermontova and Chernysheva 

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

Tosotgchia 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 \vide 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 attenuah (Chernysheva, 
1950, pl. 1, figs. 9-12), Chancia paZl&er% (Walcott) 
and C. odarayensis Rasetti (Rasetti, 1951, pl. 29, figs. 
1-3; pl. 33, fig. 15 only), Tosotychia sors (opik, 1961a, 
111. 15, figs. 1-7), and the Alaskan species described 
below all have the characteristics cited in the diagnosis 
just given. These species constitute a distinctive 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 Pnohedinia (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 TosoCychia 
prior to Opik's letter. However, I agree with opik 
that Chernysheva seems to be correct and that Toso- 
tychia is a junior synonym of Prohedinia. 

The only similar American genus is Chancia, as 
noted by Opik. Typical Chaneia species, however, have 
n 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- 

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 glablla;  best preserved specimen has 
shallow median groove dividing eye ridge into anterior 
and posterior parts. Distal part of posterior 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. 

Discu.ssion.-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 Ghancia paZZiseri (Walcott) (Rasetti, 
1951) from the medial Middle Cambrian Bathyuriscus- 
Elrathinu zone in the Canadian Rockies. T. 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. C. 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 0. odarayeltsis 
(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 gobayashi 
Subfamily APHELASPIDINAE' Palmer 

Genus OLEMASPELLA Wilson 

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

Type species.-ParaboZineZla? evansi Kobayashi, 
1936b, p. 92, figs. 7 ,  8, 10. 

Olenaspella evansi (Kobayashi) 

Plate 8, figures 1 4  

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

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

Olenaspella evansi (Kobayashi). Palmer, 1962, p. 37, pl. 5, 
figs. 4, 5, 7. 

Description.-Cranidium, 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 fa,cial 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. 

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 transversely elliptical. Axis convex, 
tapered slightly .posteriorly, well defined at  sides by 
narrow axial furrows, poorly defined a t  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 surfacesof all parts smooth. 
Discussion.-The Alaskan specimens assigned to 

Obnaspella 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 
uizcompressed 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 07enaspeZla evansi. The ~ ~ ~ i d i u m  
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 0. 
paucisegmnta Palmer (1965, p. 64, pl. 10, figs. 1-31 
from pre-Dunderbergia zone beds of Nevada and typi- 
cal 0. evansi which seems to be from beds correlative 
with the Duderbergk  zone. 0. p u u c h e ~ l z t u  has 
only two pairs of pygidial spines, but 0. regularis 
Palmer, an older two-spined species of OZenaspelZa, 
occasionally has an incipent inner third pair of spines; 
thus there possibly is a similar development and a 
transitional morphologic series between 0. pauciseg- 
menta and 0. evumi. 



CAMBRIAN TRILOBITES OF EAST-CENTRAL ALASKA B71 

Occurrence.-Dresbachian-2 fauna. Moderately curved sharply inward across border to intersect 
rare (3 cranidia, 2 free cheeks, 4 pygidia), USGS anterior margin at distinct angle nearly at axial line. 
colln. 4381-CO, Hi-yu area. ?Rare (1  cranidium, 1 Course of posterior section of facial suture divergent- 
pygidium) , USGS colln. 3717-CO, Yukon River sinuous. 
(West Ridge) area. Pree cheek has evenly curved lateral margin con- 

tinuous with margin of genal spine. Lateral and 
Subfamily PTEBOCEPHALIINAE Kobayashi posterior border furrows moderately deep, joined at 

Genus CERNUOLIXBUS Palmer genal angle. Lateral border concave; width about 
Gernuolirnbus Palmer, 1980a, p. 84; Palmer, 1965, p. 69. three-fourths width of ocular platform at anterior 

Type species.-Cernuolimbus orygmtos Palmer, margin. Posterior border nearly as wide as lateral 

1960a, p. 85, pl. 8, figs. 1, 3, 5, 8, 11. border. Genal spine long, broad; length at  least 

Discussion.-The species described below conform twice and probably more than three times length of 

in all essential respects to the diagnosis of Cernuolim- posterior section of facial suture. External surface 

bus given earlier (Palmer, 1965, p. 69) except for the has scattered low moderately coarse granules on all 

unusual sagittal length of their cranidial borders. parts. 

Species of the only other closely related genus, Pygidium transversely elliptical; posterior margin 

Sigmocheikcs, generally have such a relatively -broad evenly rounded. Axis convex, tapered slightly pos- 

border. However, they lack the distinctly pointed teriorly; length about four-fifths pygidial length. 

anterior cranidial margin, the deepest part of the con- Four ring furrows present on mold posterior to articu- 

cave border is at about the midlength of the border lating furrow. Pleural region lacks separately defined 

rather than anterior to the midlength, and the pygidi- border; lateral margin slightly concave. Two or three 

um has a relatively shorter axis and less transversely broad shallow pleural furrows separated by low 

elliptical outline. Thus the diagnosis of Cernuolimbus moderately sharp pleural ridges cross pleural region 

is here emended to include species that have the but do not reach margin. External surface of pleural 

sagittal length of the cranidial border as much as region covered with fine granules; surface of axis not 

five times the sagittal length of the brim. known. 
Discussion.-Although Cernwlimbw arcticus n. sp. is 

Cernnolimbns arcticus n. sp. represented by incomplete material that does not show 
Plate 8, figures 17-19 clearly the ornamentation of the cranidium or of the 

Description.-Cranidium, exclusive of posterior axial part of the pygidium, enough of its character- 

limbs, elongate pentagona], pointed Glabel- istics can be ~bW'ved to shoW that it differs from 

la moderately convex transversely and longitudinally, assigned C e ~ ~ o z i m b u s .  It differs from the 
well defined by deep axial and shallow preglabellar only other described Alaskan species, C. longifrons 

furrows, tapered slightly forward, bluntly rounded n. sP.7 by having the sagittal length of the border on 
anteriorly. Glabellar furrows shallow. Occipital fur- the cranidium only ll/z rather than 4-5 times the 
row broad. Occipital ring has low median node. sagittal length of the brim and by having distinct 
Frontal area broad, concave; sagittal length about two granular ornamentation on preserved parts of the 
thirds sagittal length of glabella, exclusive of occi- exoskeleton. The relatively long cranidial border 
pita1 ring- Border broad, concave, separated from distinguishes C. arcticus from all other described 
brim moderately deep border furrow bearing many species of Cem.m&bm except C. smigra ;ndos~.  I k  
pits; sagitta1 length 1% times sagittal length differs from C. semigranlLzosus by having a much 
of brim' Fixed cheeks narrow, upsloping; transverse broader posterior border on the free cheek, narrower 
width between one-third and one-fourth basal glabellar and more strongly upsloping fixed cheeks, more and 
width. Palpebral lobes arcuate, well defined by shal- 
low palpebral furrow, situated opposite middle third better defined ring and pleural furrows on the pygidi- 

of glabella; exsagittal length about four-tenths sagit- um, a longer pygidial axis, and a more strongly de- 

tal glabellar length exclusive of occipital ring. Pas- veloped granular on all observed parts. 
terior limb slender, tapered to point; transverse length Oc~u~~ence.-Dresbachian-2 fauna.   ode rat el^ rare 
slightly less than basal glabellar width. External (6 cranidia, 2 free cheeks, 1 ~ ~ g i d i u m )  , USGS colln. 
surface of at least part of border and of posterior 4360-CO; moderately common, GSC colln. 4646; rare 

part of glabella covered with low granules. (1 cranidium) , GSC colln, 4648 ; ?rare (1 cranidium) , 
Course of anterior section of facial suture divergent GSC 4635 ; ?rare (1 cranidium), GSC colln. 4639 ; all 

forward from palpebral lobe to border furrow, then from Hillard Peak area. 
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Cernnolimbns 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, 

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.-Cernuolimbzcs Zongif rons 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. I t  is also the 
only species in the genus without any distinct 
ornamentation. 

Two other species of the Pterocephalinae are asso- 
ciated with CernzcoZimbus longifrons. Pterocephalia 
comtricta n. sp. is easily distinguished by its lack of a 
distinct border furrow on the cranidium and free 
cheek and by its brorlder and longer pygidium. 
Sigmochei'Zus 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 PTEROCESHALIA 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. 421, 

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 510 

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 
tmo-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 lack distinct 
ornamentation. 

Discussim.-Pterocephalia constricta n. sp. differs 
most significantly from others assigned to Pterocepha- 
Zia 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 CernuoZimbus 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 X? compressus, but pygidia for 
other species of S i g m c h i h s  such as S. 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 21-24 

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 STRATIGRAPHY OF EAST-CENTRAL ALASKA 

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.-SigmocheiZus ? 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 SigmocheiZus, 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. I t  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 SigmcheiZw. 
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. 

Discwswn.-A few fragmentary cranidia and a 
pygidium represent a species that differs from all 

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- 
ium. 

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. grata 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 ANTAGXINAE HupC 

Genus "ANTAGMUS" Resser 

Antagmus Resser, 1936, p. 3 ;  Shimer and Shrock, 1944, p. 6 6 ;  
Lochman, 1947, p. 62; Rasettii, 1955, p. 9 ;  Rasetti, 1959, 
p. 235. 

Antagmus (Amtagmus) , Shaw, 1962, p. 335. 

Type species.-Antagmus typical6 Resser (= Pty- 
choparia teucer Walcott, 1886, p. 197, pl. 26, fig. 3.). 

Discussion.-The type specimen of Antagmus typi- 
cdis is a poorly preserved internal mold of a cranidi- 
um in weathered dolomite from Vermont. I f  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 Antagms, we 
might all be better off. However, the name is now 
deeply entrenched in the literature, and Antagmzcs is 
the nominal genus of a family and subfamily. 

A decision to assign a specimen to Antagmus is 
fraught with problems. Rasetti (1955) criticized 
Lochman's stringent criteria for discrimination of 
Early Cambrian ptychoparioid genera. He presented 
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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 distinct 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 
Alztagmus-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. Low median boss on frontal area crossed 
by shallow. border furrow. Fixed cheek wide, gently 
convex, nearly horizgntal; width slightly less than 
basal glabellar width. Eye ridge low, nearly straight; 
interrupts axial furrow a t  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. 

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.-"Antagmud' hminahw 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 "Antagmus" are discussed under 
the genus. 

Occurrence.-Early Cambrian-2 fauna. Moderately 
rare (4 cranidia), USGS colln. 430240 ,  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 slightiy 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 Sham (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 "Antagmus" (p. B74). 
Onchocephalz~s 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. 

Qnchocephalus 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 shallo~v 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- 

ently assigned to Onchocephalus. 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. 3 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 96440 ,  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. 430240, 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. Occipital ring has large straight median 
spine directed up~vard 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 1engt.h 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 perf orations. 

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. One shallow 
ring furrow present posterior to articulating furrow. 
Pleural region gently convex, subtriangular. Pleural 
field crossed by two broad shallow l~leural furrows. 
Border narrow, convex; width constant. External 
surface covered with closely spaced fine granules and 
scattered coarse granules. 

Discussion.-The external ornamentation of Pareu- 
loma spinosa 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 spinosa 11. 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.-Francoiiian-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 RICEARDSONELLINAE Raymond 

Genus RICHARDSONEUA Raymond 

Richardsonclla Raymond, 1924, p. 440; Rasetti, 1944, p. 255; 
JVhittington, in Harrington and others, 1959, p. 329; Bala- 
shova, 1960, p. 115. 

Type species.-DikeZocephaZus megalops Billings, 
1860, p. 311, fig. 309. 

Disczcssion.-Rasetti (1944) has reviewed the con- 
tent and concept of Ricl~ardsonella and has given a 
diagnosis that represents the currently accepted under- 
standing of the generic characteristics. However, 
study of the L41askan trilobites referable to Richard- 
.yonella and of contemporary related trilobites from 
undescribed faunas in Nevada indicates that there are 
possibly two or three genera 110~~- 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 Tostonia 
iob  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 R. unisulcata 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 Richardsomlla, R. 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. puadrispinosa 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- 

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 glabellar 
furrows also distinguishes R. nuchast~i,.~ n. sp. from 
all the other species except R. cristata (Billings). 
However, R. cristata has a pecnliar highly convex 
posterior part to the glabella and fully developed 
terrace-line ornamentation on all parts. 

Occurrence.-Trempealeauan-1 fauna. Moderately 
rare (6 cranidia), USGS colln. 3834-CO; rare (1 
cranidium) , USGS colln. 3833-CO ; (2 cranidia) , USGS 
colln. 4 3 6 2 4 0  ; all from Jones Ridge area (south end). 

Riehardsonella quadrispinosa n. sp. 

Plate 14, figures 1-4 

Description.-Cranidium elongate, evenly rounded 
anteriorly. Glabella 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. Occipital 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 



CAMBRIAN TRILOBITES OF EAST-CENTRAL ALASKA B79 

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 q d -  
rispinosa n. sp. is most similar to that of the type 
species, R. megalopa (Billings). The principal differ- 
ence is that R. quadrispinoscc 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- 
eZZa species for which either the pygidium or the free 
cheek are known. 

RichardsoneZZa u&suZcata Rasetti, R. subcristata 
Rasetti, and R. eurekensis Kobayashi all have pygidia 
with short axes, broad borders, and short border 
spines. They are probably not congeneric with R. 
puadrispinosa n. sp. However, it is not possible at 
present to determine the full characteristics of the 
genotype, R. megalops, and thus to decide which 
species should be retained in Richardsonella. (See 
generic discussion.) 

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. qnadrispinosa n. sp. 

Plate 14, figures 7, 8 

Disczcssion.-A species of RichardsoneZZa represented 
only by cranidia and free cheeks is present in beds 
slightly older than those containing undoubted speci- 
mens of R. quadrispinosa. It differs from R. 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. puadrispinosa 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 

Disczcssion.-A single cranidium associated with 
Richardsonella nzcchmtria a. sp. represents another 
species of RichardsoneZZa. This cranidium has distinct 
terrace lines on the occipital ring and very faint ter- 
race lines oil 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 
nncl the specimen is not formally named here. 

0cctcrrence.-Trempealeauan-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 qtiadrispinosrc n. sp. but differs by having six 
pairs of border spines and at least five distinct ring 
furro\vs and pleural furrows. Fragmentary Richard- 
sonella cranidia associated with this pygidium have 
an unfurro\ved glabella with the sides slightly bowed 
outward, relatively short palpebral lobes that are close 
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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 R. puadri- 
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. 

Occurrence.-Trempealeauan-1 fauna. Rare (1 py- 
gidium), USGS colln. 3835-CO, Jones Ridge area 
(South end). 

Richardsonella sp. 3. 

Plate 14, figures 5, 6 

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. 

Occurrence.-Trempealeauan-1 fauna. Rare (1 
cranidium), GSC colln. 4671, Jones Ridge section. 

Family SOLENOPLEURIDAE Angelin 

Genus GELASEBE n. gen. 

Type species.-Gelasene acanthims n. sp. 
Diagnosis.-Micropygous Solenopleuridae. Cepha- 

lon has short frontal area; well-defined anteriorly 

Discussion.-Several pygidia have a short tapered tapered glabella bearing three pairs of deep subparal- 

axis that does not quite reach to the inner margin of lel oblique furrows; deep pits in axial furrows just 

a broad border. The margin of the border is not pre- anterior to junctions with ocular ridges; broad fixed 

served, but a median notch is indicated. The axis has cheeks; moderately small medially situated palpebral 

two ring furrows posterior to the articulating furrow lobes ; broad free cheeks ; and long slender slightly 

and a postaxial ridge that extends onto the border. advanced genal spines. Thorax has pleural regions 

The entire outer surface is covered with the character- horizontal except for depressed tips of segments. Py- 

istic swirling terrace lines of Richardsonella. Al- gidium minute; axis large, poorly defined, occupies 

though the specimens are not well enough preserved most of pygidium, consists of one segment and termi- 

for specific identification, they retain enough distinctive nal part. Surfaces of all convex parts have strong 
granular ornamentation. 

features to show that they are probably congeneric 
Discussion.-The diagnosis of Gelasene gives the with pygidia assigned to R. unisulaata Rasetti and 

characteristics of the type species that are of probable R. eurekensis Kobayashi. The pygidia are associated generic significance. The overall structure of the with pygidia of R. puadrz'spinosa n. sp. 
One of the collections (USGS colln. 3709-CO) con- 

cephalon, particularly the glabellar shape, wide fixed 
cheeks, and granular ornamentation indicate affinities 

taining Richardsonella puadrispinosa also has a second 
with the Solenopleuridae. The deep axial pits and kind of Richardsonella cranidium that differs from 
glabellar furrows on the cranidium and general spin- R. quadrispinosa by having much more widely flared 
osity distinguish the type species from all described 

anterior branches of the facial sutures and a relatively trilobites. 
broad infraocular cheek-probably the cranidium of Gielasene acanthinos n. sp. 
the trilobite represented by the pygidium described 
above. The specimens are illustrated here to show Plate 2, figures 1-3, 5, 6 ;  text figure 6. 

that two strikingly different kinds of richardsonellids, Description.-Body subovate, maximum estimated 
both presently assigned to Richardsonelh, are found length about 45 mm. Cephalon moderately convex 
together in Alaska as well as in Nevada. transversely and longitudinally; width about twice 

Occurrence.-Franconian-2 fauna. Moderately corn- h g t h ;  sagittal length slightly less than one-half total 
mon (5 pygidia), USGS colln. 4355-CO; rare (1 body length; genal spines slightly d ~ a n c e d .  Gla- 
cranidium, 1 pygidium), USGS colln. 3709-CO; both bella moderately to strongly convex transversely and 
from Hillard Peak area. longitudinally, well defined at sides by broad deep 

axial furrows that terminate just anterior to proximal 
Richardsonella sp. 4 ends of ocular ridges in deep circular pits. Broad 
Plate 14, figure 12 shallow depressions extend anterolaterally from these 

Discwszon.-A single incomplete cranidium repre- pits to border furrow. Glabellar sides bowed slightly 
sents an unusually ornamented species of Richardson- outward between occipital furrow and first glabellar 
ella that is not represented by adequate material for furrow, then convergent forward to strongly rounded 
separate naming. The glabella has barely apparent, glabellar front just before reaching the border. Three 
narrow glabellar furrows, the infraocular cheeks are pairs of deep nearly straight subparallel glabellar 
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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 
h e  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- 

I 
bella. 

I Thorax consists of more than 15 segments; sides 
I I 

convergent posteriorly ; length unknown. Pleural 
regions of each segment nearly horizontal except for 
depressed distal tips; pleural furrows broad, deep, 

I 1  
nearly straight. Tips of each segment pointed. First 
four or five segments have slender median axial spines 

&b that decrease in length posteriorly. Posterior border 
F~~~~~ 6.-~construction of dorsal view of Gelasene acanthinos of each of these segments has long slender posterolat- 

n. gen., n. sp. X 2. erally directed spine at geniculation. Remaining 

furrows extend inward and backward from axial fur- 
thoracic segments have no apparent axial spines or 

rows about one-third width of glabella. Occipital spines at geniculation. Ornamentation consists of 

furrow straight, deepest distally. Occipital ring con- closely spaced fine granules in pleural furrows and 

vex, with short slender median spine directed at steep 
abundant coarse granules and spinules on all convex 
parts. 

angle from posterior part. Frontal area short; sagit- 
tal length about one-fifth sagittal glabellar length, Pygidium tiny, consists of one segment and a termi- 

nal part; axis occupies nearly all of surface. Border exclusive of occipital ring. Border convex, of nearly 
not apparent. Ornamentation consists only of close- 

constant width. Brim narrow in front of glabella, spaced coarse granules. 
slightly concave; lateral parts gently convex, strongly Hypostome not known. 
downsloping to bmad shallow border furrow. Fixed DisCwsion;--The external ornamentation of aelaaene 
cheek wide, moderately convex, upsloping; width, ex- ncanthinos is unusual for Early Cambrian trilobites. 
clusive of palpebral lobes, generally slightly more than Several fragments show that many of the coarse "gran- 
one-half basal glabellar width. Ocular ridge slender, 

ules" on the outer surface of the exoskeleton are actual- 
nearly straight, continuous with inner end of palpebral 
lobe. Palpebral lobe strongly arcuate, well defined by ly bases of small spinules. Thus, in addition to an occi- 

palpebral furrow, situated opposite middle third of pita1 spine, short posterior fixigenal spines, nearly ver- 
glabl]a; length about onemthird sagittal glabellar tical and ~ o s k r ~ ~ ~ b ~ a l ~ ~  directed 
length, exclusive of ring. -posterior limb at the geniculations of the anterior thoracic segments, 

long, slender, tapered slightly distally, strongly round- the surfaces the ce~halon and at least the an- 

ed a tip. Posterior border furrow broad, deep. An- terior part of the thorax bristled with spinules. 

terior section of facial suture curved slightly outward The only significant variability noted in this species 
from palpebral lobe to border furrow, then curved is a decrease in convexity of the glabella from the 
strongly inward to cut anterior margin near antero- smallest cranidium, 3 mm long, to the largest cranidi- 
lateral cranidial corner. Posterior section of facial um, 20 mm long. Differences in ornamentation are ap- 
suture directed strongly outward in nearly straight parent only between the external surface and the sur- 
line to border furrow, then curved abruptly backward face of the mold. Although coarse granular ornamen- 
to cranidial margin. tation of the convex surfaces is present on both, the 

Free cheek has broad gently convex ocular platform fine granular ornamentation of the furrows is pres- 
and well-dehed convex border that increases slightly ent only on the external surface. 
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0 ccurrence.-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 Easetti 

Plate 5, figure 17 

Alolcistocare lobatum Rasetti, 1963, p. 577, pl. 67, fig. 10. 

Descm$tion.-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 m d -  
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 pa& of border. Sagittal 
length of frontal area slightly less than one-half sagit- 
t t l  glabellar length, exclusive of occipital ring. Fixed 
cheeks moderately broad, convex. Ocular ridge mod- 
erately distinct, 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. 

Discwsion.-A single fragmentary cranidium asso- 
ciated with Spencella montanensis Rasetti in the Alas- 
kan material is very similar to a single cranidium de- 
scribed as Alokistocare Zobatum by Rasetti from a 
boulder including S. 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. 
lobatum 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. cataractewe Rasetti, from the 
Bathyuriscus-Elrathina zone of the Stephen Formation 
in British Columbia. 

Occurrence.-Middle Cambrian-1 fauna. Rare (1 
cranidium) , USGS colln. 442PC0, Yukon River (Ad- 
ams Peak) area. 

Genus ASIOCEPHALUS n. gen. 

Type species.-Asiocephah i d g a t o r  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 

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 defined by 
shallow, curved palpebral furrow, situated opposite an- 
terior half of glabella; exsagittal length about three- 
eighths sagittal glabellar length, exclusive of oocipital 
ring. Ocular ridge low, extended straight inward from 
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 i t  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 Aswce- 
phalus with Hedinaspi&, a widespread Asiatic Late 
Cambrian genus. I t  differs from Hedinaspis by having 
a, large multisegnaented 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- 
ccspis, and the pleural spines may have been longer. NO 
previously described North American trilobite can be 
compared with Asiocephdus. 

Asiocephalns indigator n. sp. 

Plate 13, figures 17-22 

Disczcssion.-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. 

&nus BBABBIA n. gen. 

Type specks.-Brabbia pustulomrginata 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 

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, ~urved 
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. Eye ridge short, poorly 
defined, connects palpebral lobe to axial furrow near 
anterior glabellar furron-. 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. 
I t  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 Leiostegium 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 pnstnlomarginata n. sp. 

Plate 11, figures 1043 

Diszcssion,-Brabbia pustulornargilzata 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. 413, pl. 57, figs. 2, 22) 
as Leiostegium? sp. I t  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, 3 free cheeks), USGS colln. 4356- 
CO ; 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. 

Genns COYANCHXA Frederickson 

Comanchia Frederickison, in Wilson and Frederickson, 1950, 
p. 900 ; Lochman, 1959, p. 252; Palmer, 1965, p. 82. 

Type species.-PtychopZeu7.ites 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 

assigned to that genus. A full description of the 
genus is given elsewhere (Palmer, 1965). 

Comanchia burlingi n. sp. 

Plate 9, figures 26, 27 

Desc+twn.-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 burlingi 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 C. 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 C. 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. arn- 
plooculata, C. Zippa, 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 Comanchia is still not apparent, however, 
among other trilobites of the Pterocephaliid biomere 
(Palmer, 1965). 

Occurrence.-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. 

&nus DRUXASPIS 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. 3741. 

Discwsion.-Grant (1962) has given a thorough 
description of Dmcmaspis 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. 1Cl2, 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 

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, excIusive 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.-Dmcmaspis idahoemis 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 Drzcmaspis 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- 
ensis 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. He 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 DYTREFdACEPHaLUS Palmer 

Dytremacephalus Palmer, 195413, p. 749; Lochman, 1959, p. 258; 
Palmer, 1965, p. 84. 

Type species.-Dytremacephdus granulosw Palmer, 
1954b, p. 750, pl. 85, figs. 5, 6. 

Dytrernaeephalns? 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- 
era1 corners. TTO 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 Dy tremacephdw 8 species is known 
only from cranidia that seem to have the characteris- 
tic deep glabellar furrows, anterolateral glabellar pits, 
cmvex border, and anterior course of the facial suture 
af 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 yrtain assignment to D~ t r emacephah  
cannot be made. 

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.-Cmocoryphe (Conocephalites) kingii 
Meek, 1870, p. 63. 

Discussion.-Robison (1964a, p. 540-542) has re- 
viewed the content and concept of Elrathia and has 
presented a description of the genus that is followed 
here. 

Elrathia alaskensis n. sp. 

Plate 5, figures 1&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 gens1 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; \.r-idth 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.-EZrathia ala~kelzsis n. sp. differs from 
all species assigned to Elrathia by Robison (1964a, p. 
541, 542), except E. kingii (Meek), by having rela- 
tively long slender palpebral lobes. E. gaspensis 
Rasetti and E. qwbecemis Rasetti (1963, p. 580, 581) 
also have relatively long slender palpebral lobes. 
However, E. alaskensis 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 ornamentition 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 colln. 4341-CO, Hillard Peak area. 

Genus HEDINASPIS Troedsson 

Hedinia Troedsson, 1937, p. 56 [preoccupied by Hedinia Navas, 
19361. 

Iledinaspis 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. 3, 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 Bedinaspis. 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 

flat, have subparallel 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 fra,ments), USGS colln. 4 3 5 2 4 0  ; 1 partial 
thorax, USGS colln. 4351420; both from Yukon 
River (Adams Peak) area. Franconian-2 fauna. 
Rare (2 fragments of thoracic segments), USGS 
colln. 4358-CO, Hillard Peak area. 

Genns HUNGAIA Walcott 

Hltngaia Walcott, 1914, p. 351 ; Rasetti, 1944, p. 241 ; Lochman, 
1959, p. 332. 

Type species.-Dikelocephalus magnificus Billings, 
1860, p. 307, fig. 5. 

Discwsion.-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 

Desc&ption.-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 occi- 
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pita1 ring. Shallow, nearly straight border furrow 
interrupted by anterior end of glabella. Fixed cheek 
narrow, horizontal ; width, exclusive of palpebral lobe, 
slightly 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 ( 2 ) that are not inter- 
rupted by facial sutures. All other areas of exo- 
skeleton smooth. 

Discussion.-Eungaia hurlingi 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. 

Both species have subquadrate glabellas and moder- 
ately deep posterior glabellar furrows. The pygidium 
of 8. puelchana has shallower pleural furrows and 
shorter pygidial spines than the Alaskan species, and 
the first interpleural furrow on the pygidium is 
absent. H. rnagnifica (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. pacijica Koba- 
yashi (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 Hwngaiu 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. 3709-CO ; 3 cranidia, 
USGS colln. 435540;  1 pygidium, USGS colln. 
435640 ; all from Hillard Peak area. 

Hnngaia 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. rnagnifica (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 py gi- 
dia), USGS colln. 383&CO, Jones Ridge area (south 
end). 

Genus LAUZONELLB Rasetti 

Lauzonella Rasetti, 1944, p. 243 ; Rasetti, 1959, p. 331. 

Type species.-Dikelocephalus planifrons Billings, 
1860, p. 309, fig. 6. 

Lauzonella? tripnnctata (Kobapshi) 

PlaCe 14, figures 14, 15 

Parabriscoia 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? tripunctata (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. 37, 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 o'f 
Parabriscoia? tripunctata described by Kobayashi. 
The type species of Lauzonella, L. planifrons (Bil- 
ling;), has the palpebral lobes adjacent to the glabella 
and there is practically no infraocular cheek. This 
characteristic is quite different from the cheek struc- 

ture of P.? tripunctata and D. broggeri, and the 
assignment of these species to Lauzonella 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 
LauzoneZZa? tripunctata. Each collection has only two 
cranidia. I n  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.? tripunctata (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. I n  Pterocephalia concava Palmer, a 
species that has a similar broad concave frontal area, 
the frontnl area increases in sagittal length during 
holaspid ontogeny (Palmer, 1960a, p. 88). I f  a paral- 
lel development takes place in L.? tripunctata, 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 ~ranidia)  , USGS colln. 3835-CO ; 
?2 cranidia GSC colln. 4671; all from Jones Ridge 

area. Franconian-2 fauna. ?Rare (2 cranidia) , USGS 
colln. 435540 ,  Hillard Peak area. 

Genus LIOSTBACINOIDES Raymond 

Liostracinoides Raymond, 1937, p. 1092; Howell, 1959, p. 248. 

Type species.-Liostracimides vemn tanus  Ray- 
mond, 1937, p. 1092, pl. 1, fig. 20. 

Discz~ssion.-Liostracinoides was proposed by Ray- 
n~ond 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 furroe. Several small cranidia 
in a Late Cambrian collection in Alaska may represeit 
this genus, but some uncertainty about the assignment 
will remain until more is known about the type species. 

Liostracinoides? ynkonensis 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 \veil-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. A11 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 L. vemontanus, the type spe- 
cies of Liostracinoides. 

Occurrence.-Trempenlenuan-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.-Olenzu? Zogani Devine, 1863, p. 95, 
figs. 1, 2. 

Discussion.-Rasetti (1944) revised the content of 
Loganellzcs and presented a good description that is fol- 
lowed here. 

Loganellus? arcus 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 

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. 

Discussio.n.-All the cephalic characteristics of Lo- 
ganeZZus ? arcus n. sp. except the course of the anterior 
section of the facial suture, seem to conform to those 
of Loganelltcs. 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 LogamlZus, 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 (=4'705) ; all from Hillard Peak area. 

Genus OXCHOCEPHALITES Rasetti 

Onchocephalites Rasetti, 1957, p. 962. 

Type species.-OnchocephaZites 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- 
bra1 lobes, and a relatively short frontal area that may 
constitute meaningful generic characteristics. All the 
species except O. pnctatus, discussed on page B97, are 
from beds no younger than early Middle Cambrian in 
age. 

Onchocephalites? versilis n. sp. 

Plate 4, figores 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 

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, dwp; 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.-OnchocephaZites? versilis 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 OnchocephaMtes. 
No other small ptychoparioid from the early Cambrian 
o r  early Middle Cambrian seems sufficiently similar to 
O.? zersilis to warrant a different generic assignment. 

0cczcrrence.-Early Cambrian-3 fauna. Moderately 
common (more than 15 cranidia), USGS collns. 4334- 
CO, 4335-CO, 3715-CO; Yukon River (West Ridge) 
area. 

&nus ONCHONOTOPSIS Rasetti 

Onchonotopsiv 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.-Onchonotopsh is a rare genus that 
seems to be characteristic of faunas at the Middle-Up- 
per Cambrian boundary. The type species, 0. per- 
gibba, is associated with trilobites having both Middle 
and Upper Cambrian affinities in a boulder from a pre- 
sumed Ordovician conglomerate on the western Gasp6 
Peninsula, Quebec (Rasetti, 1946). The Alaskan spe- 
cies described below is associated with Lejopyge cdva 
Robison, an a-mostid that is characteristic of the upper- 
most Middle Cambrian beds of the Great Basin in 
Nevada and Utah (Robison, 1964a). 

Onchonotopsis occidentalis 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 limb 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 ocd- 
dentaZis 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 

anterior view, and the fixed cheeks are relatively wider. 
The back of the glabella of 0. occidentalh does not 
overhang the occipit,al ring as it does in 0. pergibbus, 
and the ornamentation of the Alaskan species is gran- 
ular instead of pitted. 

Occurrence.-Middle Cambrian-2 fauna. Rare (1 
cranidium), USGS colln. 4337-CO, Yukon River 
(Adams Peak) area. 

Genus ORCHONOTUS Raymond 

Onchonotus Raymond, 1924, p. 405; Kobayashi, 1934, p. 543; 
Kobayashi, 1935b, p. 260; Kobayashi, 1938, p. 187; Ivshin, 
1960, p 120. 

Type species.-Menoce;DhuZus globosus Billings, 1860, 
p. 317, 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 speci s Frontal 
area short, downsloping; brim concave; lo. rder 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 Onchonotzcs 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 Omhonotus. 0. waZcotti 
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 0. ovoidea probably represents an- 
other genus. Furthermore, it occurs in a Dunderber- 
gia zone fauna and is considerably older than the 
characteristic species of Onchonotus. Bathyums 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 0. con- 
vexus from beds of Late Cambrian age seem to be 
fully typical of the genus. 0. sulcatus Rasetti is a 
small Late Cambrian trilobite having moderately deep 
posterior glabellar furro~vs and distinct axial and 
preglabellar furrows. These characteristics are atypi- 
cal for Omhonotus, and its generic assignment may be 
incorrect. Menocephalus sedgwicki Billings was ques- 
tionably assigned to Onchonotzcs, 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 0. globosus (Billings), 0. 
convexus Rasetti, 0. foveoZatus Rasetti, 0. granulatus 
Rasetti, 0. nasutus (Walcott) , and 0. richardsoni 
(Walcott). The description given above is based on 
examination of material of 0. nasutus, 0. richardsoni, 
0. brevifrons n. sp. and 0. antipus 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 antiqns 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, 

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, 0. 
richardsoni, 0. naszctzcs, and 0. conuexus . It differs 
from all three by having a much deeper border fur- 
row and a relatively wide cranidial border. 

0cczcrrence.-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. Occipital furrow broad, deep, straight; 
deepest across top of glabella. Occipital 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, Ilorizontal; width, exclusive of 
palpebral lobe, variable between one-fourth and one- 
fifth basal glabellar width. Palpebral lobe large, 
arcuatc, 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 Onchonotm 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. 3709-CO; common 
(more than 20 cranidia), USGS colln. 435540;  both 
from Hillard Peak area. Rare (3 cranidia), GSC colln. 
264, Squaw Mountain area. 

Genus PSEUDOSAUKIA Rasetti 

Pseudosaulcia Rasetti, 1944, p. 252. 

Type species.-Dikelocephalus sesostris Billings, 
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 informakion. 

Pseudosaukia cf. P. brevifrons (Clark) 

Plate 15, figure 9 

Osceolia brevifrons Clark, 1924, p. 30, pl. 4, fig. 4. 
Pseudosaukia 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, l a ~ k s  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 

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.-Quebecasp 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 is represented in Alaska by three spe- 
cies. Two of the species, Q. 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 DuruZerbergia 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 SeZetelZa 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. 

Qnebecaspis 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. Occipital furrow mod- 
erately deep, narrow, straight. Occipital 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 palpebraJ 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. 

Discussion.-Quebecaspis aspinosa n. sp. is similar 
to both Q. breviceps Rasetti and Q. marylandica Ra- 
setti. However, both of the species described by Ra- 
setti have occipital spines. Q. aspinosa is represented 
by many silicified cranidia in one collection. The 
smaller cranidia generally have the glabellar length 
slightly 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 Q. ma~ylandica 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. 4'722, 
Hillard Peak area. Rare (2 cranidia), GSC colln. 
4676, Jones Ridge area. 

Qnebecaspis conifrons? Rasetti 

Plate 9, figures 8-10 

Quebecaspis conifrons Ra~setti, 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 differencm 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 Q. 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 sulbquadrate, 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- 

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 RASETTIA Lochman 

Platycolpus Raymond, 1913, p. 63; Rasetti, 1944, p. 250; 
Shimer and Shrock, 1944, p. 629 [not Platycolpus Donald, 
19011. 

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 eapax (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 R. capax, 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 

Semisphaerocephalus Ivshin, 1953, p. 87; Suvorova, 1960a, 
p. 85. 

Type species.-SemisphaerocephaZus 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 tbree-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.-Senzisphaerocephalus may be related to 
OnchocephaZites (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 Sernisphaerocephalus Zatus n. sp. 

Semisphaerocephalns 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 %t 
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. Occipi- 
tal furrow deep, broad. Occipital 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. 

External surfaces of frontal area and fixed cheeks 
covered with coarse pitted ornamentation. Ornamen- 
tation of glabella and occipital ring unknown. 

Discussion.-Xem&phaerocep/~aZus latus n. 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, 
Semisphaerocephalz~s, 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 \vide 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 Xemisphaerocephalus. 

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, 0. 
punctatus, which has fixed cheeks slightly less than 
one-half the basal glabellar width may also belong to 
Semisphuerocephalus. 

The type species of Onchocephalites is 0. Zaevis 
(Rasetti, 1955) 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 0. punctatus and a more 
rounded anterior end to the glabella. It is also con- 
siderably older than 0. yunctatus. Therefore, I con- 
sider that a more meaningful taxonomic arrangement 
of these trilobites is to recognize Onchocephalites and 
Semisphuerocephalus as possibly related genera of dif- 
ferent ages and to place 0. punctatus, with its ap- 
proximately 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. Tlie 
species of Semisphaerocephalus differ principally in 
width of the fixed cheeks. 

0cczcrrence.-Middle Cambrian-1 fauna. Moderate- 
ly rare (2 cranidia), USGS colln. 4303-CO; 3 cran- 
idia, USGS colln. 4 3 3 9 4 0 ;  Tatonduk River section; 
3 cranidia, USGS colln. 4341-CO, Hillard Peak area; 
1 cranidium, USGS colln. 4382-CO, Hard Luck Creek 
area. 
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Genus sPENCEI&A Rasetti Description.-Cranidium subquadrate, moderately 
Spencella Rasetti, 1963, p. 590. convex transversely and longitudinally. Glabella un- 

Type species.-#penoeJza numtanensis Rasetti, 1963, fu'rol'ed, gel'tly to moderately convex 

p. 592, pl. 68, figs. 1-11. and longitudinally, tapered forward, bluntly rounded 

Discussion.-Spence~~ has recently been proposed anteriorly; sides nearly straight; anterior end and 

by Rasetti and its content, and concept thoroughly dis- sides Well defilled by abrupt change slope of crani- 
cussed. *he specimens daxlribed below in dial surface. Occipital furrow deepest at sides of gla- 

all features to the diagnostic of Spen- kl la .  Occipital ring broad, nearly flat on axial 
cella. line; sagittal length nearly one-third sagittal glabellar 

spencelIa acanthina n. sp. length, exclusive of occipital ring; lob axial node pres- 

Plate 5, figures 18, 19 ent near posterior margin. Frontal area downsloping, 
divided into broad convex border and narromT down- 

~esc*tion.-cranidium trapezoidal, moderately sloping brim of variable width by deep narrow slightly 
convex transversely and longihdinally. G1abel1a curved border furrow. Sagittal length of frontal area 
defined, moderately convex and longitu- bout one-half or slightly more than one-half sagittal 
dinally, tapewd slightly forward, bluntly rounded an- ,c~l~bellar length, exclusive of occipital ring. Fixed 
teriorly. Glabellar furrows shallow on external sur- cheeks gently convex, downsloping; width, including 
face. occipital furrow deep. Occipital ring has shod palpebral lobe, about t\%-o-tllirds basal glabellar \vidth. 

'pine at posterior margin' area short, Palpebral lobes small, poorly defined, situated slightly 
border 'Onvex, wider than brim; inner margin ex- anterior to glabellar rnidlength; lell@ slightly less 
panded 'lightly posteriorlY On line. Border fur- one-tllird sagittal grabellnr length, exclusive of 
mw Sagitta1 length of area 'lightly ring. Posterior limb short, bluntly termi- 
more than two-fif$s sagitta1 length of glabella, nated; transverse length about three-fourths basal gla- 
sive Of ring. Fixed cheek wide, bellar width. Posterior border furrow deepest near 
gently convex, downsloping; width two-thirds glabella. External surfaces of all smooth. 

glabellar width' Pal~ebral  lobes situ- Course of anterior sectioll of facial sutun slightly 
atad third Of glabella; length about forward in gentle curve from palpebral 
one-third sagittal glabellar length, exclusive of occi- lobe to anterior Course of posterior 
pita' ring' Posterior limbs have part short; slightly divergent posterolaterally for short distance 
transverse length one-fifth transverse length Of behind palpebral lobe, then turned abruptly and di- 
proximal part. Ornamentation of fixed cheeks not rected nearly straight backward to posterior margin. 
known; surface of glabella smooth; surface of frontal Discussion.-The Alaskan specimens cannot be dis- 
area obscurely covered with fine granules. tinguished by any consistent objective feature from 

Course of anterior section of facial suture conver- \veil-preserved limestone specimens of Spewella mon- 
gent forward in gentle curve from palpebral lobe to tanensis collected by Rasetti from boulders a t  Metis, 
anterior margin. Course of posterior section diver- 
gent behind palpebral lobe, then curved abruptly back- Quebec. The variability of the sggittal length of the 

ward and continued in nearly straight line to posterior brim and differences in angularity of the course of the 
cranidial margin. posterior section of the facial suture are well sho'wn on 

Discussion.-SpencelJa is the only species Rasetti's material in the collections of the U.S. Na- 

in Alaska of ~Ypencella that has an occipital spine. I n  tional Museum. 
addition to having an obscure granular ornamentation Occurrence.-Middle Cambrian-1 fauna. Moderate- 
on the frontal area, it differs from 8. spirwsa Rasetti ly common (10 cranidia, all exfoliated), USGS colln. 
from Middle Cambrian boulders in Quebec by having. 4382-CO, Hard Luck Creek area; 3 cranidia, uXS 
a narrower occipital ring, more upturned spine, and colln. 4424-CO, Yukon River (Adams Peak) area; 
less convex cranidial border. 2 exfoliated cranidia, USGS colln. 4330-CO, Yukon 

Occurrence.-Middle Cambrian-1 fauna. Moderate- River (Water Level) area. 
ly common (11 cranidia), USGS colln. 4303-CO, Ta- Spencella? sp. 
tonduk River area. 

Plate 5, figures 20, 21 

Spencella montanensis Rasetti Discussion.-Four cranidia associated with Spen- 
Plate 5, figures 14-18 cella acanthinn n. sp. represent a species which differs 

Spencella montalzensis Rasetti, 1963, p. 592, pi. 68, figs. 1-11. by having small anteriorly situated palpebral lobes 
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that are only one-fourth of the sagittal length of the Tholifrons advena n. sp. 

glabella exclusive of the occipital ring, and a median Plate 9, figures 17-23, 28 

node rather than a median spine on the occipital ring. Description.-Cranidium elongate, subquadrate, an- 
Specimens of 9. virginica illustrated by R m t t i  (19G3, terior margin moderately to stmngly rounded. Gla- 
pl. 68, figs. 19-21) have comparable anariorly bella elongate, subquadrate, gently to moderately con- 
situated palpebral lobes. Perhaps these small but con- vex transversely and longitudinally, sides subparallel, 
sistent differences from typical species of Spe@eZln, bluntly rounded anteriorly, well defined by abrupt 
n-llicll have larger and more posteriorly placed palpe- changes in slope of exoskeleton surface. Glabellar fur- 
bra1 lobes, indicate a difference a t  the generic l e d  that ro\vs barely apparent. Ooeipital furrow broad, shal- 
will be more apparent when other Parts of the exO- 1 ,  Occipital ring convex, lacks distinct node or 
skeletons of these species become known. spine. Frontal area undivided, arched downward in 

Occurrence.-Middle Cambrian-1 fauna. Moderate- sagittal plane, anterior margin nearly vertical; sagit- 
ly rare (4 cmnidia) 7 USGS colln. 4303-C0, Tatonduk tal length about t\ro-thirds sagittal length of glabella, 
River section. exclusive of occipital ring. Fixed cheek horizontal or 

tienns TIXOLIFRONS n. gen. slightly upsloping; width, exclusive of palpebral lobe, 

Type species.-TlwZifrons d v e m  n. sp. 
about one-half basal glabellar width. Palpebral lobe 

Diagnosis.-Cranidium, exclusive of posterior limbs, moderately wide, arcuate, poorly defined, situated 
slightly posterior to glabellar midlength; exsagittal elongate, subquadrate, moderately to strongly rounded 
length decreases from about one-half sagittal glabellar anteriorly. Glabella subparallel sided or tapered 
length to about one-third sagittal glabellar length dur- slightly forward, bluntly rounded anteriorly. Glabel- . 

lar furrows barely apparent or absent. Occipital ring lng holaspid ontogeny. Posterior limbs short, bluntly 
rounded distally; transverse length decreases from simple. Frontal area undivided; sagittal length one- 

half to two-thirds sagittal length of glabella exclusive nearly equal basal glabellar width to about four- 

of occipital ring. Fixed cheek horizontal or slightly fifths basal glabellar width during holaspid ontogeny. 

upsloping; width, exclusive of palpebral lobe, two- Posterior border furrow shallow except on smallest 

fifths to one-half basal glabellar width. Palpebral holaspid. 

lobe small, situated slightly posterior to glabellar mid- Course of anterior section of facial suture slightly 

length. Posterior limb short, has rounded distal tip. divergent forward from palpebral lobe for short dis- 

Course of anterior section of facial suture straight tance, then curved broadly and evenly inward to inter- 

forward or slightly divergent for short distance in sect anterior margin imperceptibly near axial line. 

front of palpebral lobe, then curved broadly and Course of posterior section of facial suture convex. 

evenly inward to intersect anterior margin impercep- Free cheek narrow, tapered both forward and back- 

tibly near axial line. Course of posterior section ward, lateral margin broadly and evenly rounded. No 

convex. border present. Genal spine long, broad, sharply 

Characters of free cheek and pygidium known only pointed, flattened in cross section, lateral margin 

for type species. Details given in species description. sharp; length at least 3 times length of posterior sec- 

Discussion.-Tholifrons does not have any close re- tion of facial suture. Anterior doublure directed in- 

lationship to any described Late Cambrian genus. Its ward in normal fashion from cephalic margin and then 
most distinctive features are the complete absence of a bent abruptly upward and back towards margin form- 
border on either the cranidium or the free cheeks and ing unusual three-layered exoskeleton in marginal area. 
the posterior placement of the palpebral lobes. The Dorsal and ventral surfaces of genal spine have longi- 
only reasonably similar described species is S t i g m -  tudinal terrace lines. 
cepkalus? distorta (Wilson, 1951, p. 652, pl. 92, figs. Pygidium ( ? ) semicircular, nearly flat except for 
16, 17) from a fatula that is slightly younger than the "arro\v convex posteriorly tapered axis. Ring furrows 
one oontaining Th~Zifron~. This species has an undi- barely apparent. Pleural regions have poorly defined 
vided frontal area, but the glabella is fully defined by narrow border and are crossed by three or four shal- 
axial and preglabellar furrows and the palpebra] lobes low gently curved pleural furrows. 
are more anteriorly placed than on either species of External surfaces of all parts except genal spine 
Thl i f rom described here. Wilson's specimens are dis- lack apparent ornamentation. 
torted and incomplete, and when more is learned about Di~wssion.-The differences between Tholifrons ad- 
the Appalacllian species i t  possibly may be included in vena 11. sp. and T. minuttrs n. sp. are discussed after 
Tholifrons. the description of 7'. minutus. No other trilobite in 
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the Alaskan fauna is likely to be confused with T. 
adwena. 

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 T. 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. Xoderately 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. 

External surface lacks apparent ornamentation. 
Discussion.-Cranidia assigned to  Tholifrorn nzinu- 

tus n. sp. were first thought to be immature specimens 
of T. advem n. sp., but there are two kinds of cranidia 
among the suite of 14 Tholifrom 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 T. 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 T. adqena 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 'Tvithout question to 
T. advena, these differences are unlikely be only 

Tholifrons minutus n. sp. ontogenetic ; the specimens are theref ore considered 
Plate 9, figures 24, 25 here to represent a second species of ThoZifmrn. 

Description.-Tiny trilobite, length of largest ob- Occurreme.-Dre~bachian-2 fauna. Moderately rare 
served cranidium slightly more than 2 mm. Crani- (13 cranidia), USGS colln. 4381-CO, ~ i - ~ u  area. - - 
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 slope 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 a t  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 dis'tance, then curved broadly and evenly 
inward to intersect anterior margin near axial line. 
Posterior section of facial suture convex. 

Genus YWONASPIS Kobayashi 

Yzrkonaspis Kobayashi, 1936a, p. 164. 

Type species.-Yukonasph 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 
Yzckonaspis and Tatonmpis both to be synonyms of 
il4acelloura. However, the poorly 'defined palpebral 
lobes and presence of a brim distinguish Yukowpis  
from il!aceZloura, and the strongly arched convex 
border and deep border furrow distinguish it from 
Ta@naspis. 

Yukonaspis kindlei Kobayashi 

Plate 15, figures 15, 19 

Y~tkonaspiu kindlei Kobayashi, 1936a, p. 164, pl. 21, figs. 3-6. 

Descriz?tion.-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 shallou- 
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 
glabellar length, exclusive of occipital ring. Border 
narrow, strongly upsloping, differentiated from brim 
by abrupt change in slope of exoskeleton surface, near- 
ly straight in dorsal view-, strongly arched upward in 
front view. Fixed cheek very narrow, sliglitly 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 tt~-ice 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. 

Dismsion.-The specimens described above are like 
the types of Yukonmpis kindbi 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 Squab 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, 

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. Otli- 
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 a t  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; sagittal 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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t 11x11 one-half sagittal glabellar length. Posterior limbs 
broken on all known specimens. 

Course of anterior section of facial suture slightly 
divergent f o r~~a rc l  from palpebral lobe onto border, 
then turned sharply in\~-:~rd to intersect anterior mar- 
gin in front of anterior end of palpebral lobe. Course 
of posterior section not kno\vn. 

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.-I 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. 

0ccurr~ence.-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.-Cranidium 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. Occipital 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. 

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 
Solontsella subata 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 glabell~. 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 ,lobe; 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 lob0 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.-Pygidium 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- 
ilar in all characteristics to pygidia of Prochuungiu 
nzansuyi (ICobayashi, 1935b, 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. 

Occurrence.-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 

convexity of pygiuia 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 simi1:tr to the pygidium of Met- 
anornocare 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 

Descril,tion.-Pygidiuni semicircular, gently convex 
transversely :uld longitudinally, all parts weakly de- 
fined by shallo\v furrows. Axis long, tapered poste- 
riorly, tip tangent to inner edge of border; moderately 
broad postaxial median ridge extends onto border. 
Four shal1011- 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. 

Discusswn.-The pygiclia described above are asso- 
ciated with Onchonotus brevifrons n. sp. and Richard- 
sonella puadrispinosa 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 Loganellus 
have a similar outline and convexity, but in that genus 
the tip of the axis is :lnterior to the inner edge of the 
border instead of touching it. 

0ccur1-ence.-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 a t  sides and front by 
broad moderately deep axial and preglabellar furrows. 
Two 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 concare, subequally 
divided into gently do\~nsloping brim and moderately 
convex border by broad shallo~v 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. Palpebrd lobe small, situated opposite 
anterior thirrl 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. E:xternnl 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. 

Discz6ssio.n.-This unusual species h i s  the upsloping 
fixed cheeks, anteriorly situated palpebral lobes, notch- 
like glabelln furrows and large posterior limbs typical 
of the Menomoniidae. I t  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 

lobe only slightly more than transverse width; lateral 
nzargin 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 ornamentatioiz 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 i t  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. I t  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, P,araboZineZZa 
punctolinaatn, and PtychopZeura brevifrm-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 is 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 
Nunorthis, a characteristic Early Ordovician form. 
All three species are represented by poor material, and 
they are not included here in the Cambrian fauna. 

border furrow on axial line; sagittal length of border Chuangiella intermedia Kobayashi 

about one-fifth sagittal length of glabella, exclusive of ClluansieZZa M e m e d i a  Kobayashi, 1935a, P. 47, pl. 9, fig. 3. 

occipital ring. Border furrow nearly straight; bor- Discwsion.-ChuangieZZa intermedia Kobayashi is 
der tapered to point laterally. Fixed cheek flat, gen- based on one imperfectly preserved exofoliated crani- 
tly upsloping; width about tm-0-fifths basal glabellar dium. It has an unfurrowed glabella, a flaplike palpe- 
width. Palpebral lobe short, wide, situated opposite bral lobe that is not defined by a palpebral furrow, 
glabellar midlength; exsagittal length of palpebral and narrow fixed cheeks. The frontal area is not 
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clearly preserved, and the part that Hobayashi inter- 
preted as ;I border does riot belong to the cranidiurn. 
S o  other Alaskaii cranidia have been found that seem 
to represent this species. I t  is here considered to 
be ~iideterminatc, aiicl the name sliould be restricted 
to the liolotype \vliicll was adequately figured by 
IZobnyasl~i. 

Occurrence.--Tre11111eitleauan-l fauna. Rare ( I  cra- 
iiidium) , USNM loc. 250 ( =Mertie colln. 30AMt147), 
Jones Ridge area. 
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PLATES 1-15 



SLATE 1 

Early Cambrian-1 

[All specimens from USGS colln. 4296-CO, Yukon River area] 

FIGURES 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). 
3. Pygidium showing distinct asymmetry, X 3, USNM 146646. 
5. Pygidium showing slight asymmetry, X 4, USNM 146647. 
6. Free cheek, X 3, USNM 146648. 
7. Holotype cranidium, X 3, USNM 146649. 
8. Hypostome, X 3, USNM 146650. 
9, 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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PLATE 2 

Early Cambrian-1 

[Flgs. 1-6, 9-28 from Yukon River (Water level) area; figs. 7, 8 from Canada, east of Hillard Peak area] 

FIGURES 1-3, 5, 6. Gelasene acanthinos n. gen., n. sp. (p. B80). 
1. Holotype cranidium, X 2, USNM 146663. 
2. Latex cast of cranidium showing form of palpebral lobe, X 2, USNM 146664. 
3. Pygidium, X 10, USNM 146665. 
5. Left free cheek, X 2, USNM 146666. 
6. Broken thorax, X 3, USNM 146667. 
All from USGS colln. 4296-CO. 

4. Serrodiscus sp. (p. B33). 
Pygidium, X 5, showing broken spinose margin, USNM 146668, USGS colln. 4295-CO. 

7-13. Neocobboldia spinosa n. sp. (p. B34). 
7, 8. Dorsal and left lateral views of nearly complete individual, X 15, USNM 146669, USGS 

colln. 4449-CO 
9, 10. Right lateral and dorsal views of holotype cephalon, X 15, USNM 146670, USGS 

colln. 4 2 9 6 4 0 .  
11. Oblique right lateral view of cranidium, USNM 146671, USGS colln. 4295-CO. 
12. Pygidium, X 15. USNM 146672, USGS colln. 429540 .  
13. Pygidium showing curved axial spine, X 15, USNM 146673, USGS colln. 4296-CO. 

14, 17-19, 22, 23, 27, 28. Yukonia intermedia n. gen., n. sp. (p. B38). 
14. Holotype cephalon, X 20, USNM 146673. 
17. Right oblique view of latex cast of cephalon, X 20, USNM 146675. 
18. Anterior thoracic segment, X 20, USNM 146676. 
19, 23. Dorsal and posterior views of meraspid-2 thorax, X 15, USNM 146677. 
22. Meraspid pygidium showing bases of axial spine and spine on second(?) thoracic segment, 

X 20, USNM 146678. 
27, 28. Meraspid-2 and holaspid pygidia, X 15, USNM 146679, 146680. 
All from USGS colln. 4296-CO. 

15, 16, 24. Pagetides granulosus n. sp. (p. B37). 
15. Small holotype cranidium, X 15, USNM 146681. 
16. Pygidium, X 10, USNM 146682. 
24. Fragmentary large cranidium, X 10, USNM 146683. 
All from USGS colln. 4295-CO. 

20, 21, 25, 26. Calodiscus nanus n. sp. (p. B32). 
20. Latex cast of large cephalon, X 8, USNM 146684. 
21. Latex cast of pygidium, X 10, USNM 146685. 
25. Holotype cephalon, X 10, USNM 146686. 
26. Right side view of cephalon, X 10, USNM 146687. 
All from USGS colln. 4 2 9 5 4 0 .  
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PLATE 3 

Early Cambrian-2 

[All specimens from USGS colln. 4302C0, Tatonduk River area] 

FIGURE 1. Olenellid species undetermined 1, (p. B38). 
Latex cast of incomplete cephalon X 5, USNM 146688. 

2. Olenellid species undetermined 2, (p. B39). 
Fragment of left part of cephalon, X 3, USNM 146689. 

3, 4. Ogygopsis antiqua n. sp. (p. B50). 
3. Fragmentary cranidium, X 3, USNM 146690. 
4. Holotype pygidium, note ornamentation, X 5, USNM 

146691 
5. Genus and species undetermined 3, (p. B102). 

Cranidium, X 8, USNM 146692. 
6, 7. Bonnia tatondukensis n. sp. (p. B46). 

6. Pygidium, X 3, USNM 146693. 
7. Stereogram of holotype crandiium, X 4, USNM 146694. 

8-10, 12-14, 18. Onchocephalus profectus n. sp. (p. B75). 
8. Stereogram of large holotype cranidium, X 3, USNM 

146695. 
9, 10. Cranidia showing variation in development of frontal 

area, X 5, USNM 146696, 146697. 
12. Right free cheek, associated with pygidium of Ogygopsis 

antiqua n. sp., X 3, USNM 146698. 
13. Cranidium; note granular rather than pitted ornamen- 

tation, X 8, USNM 146699. 
14. Small cranidium, X 10, USNM 146700. 
18. Pygidium, X 10, USNM 146701. 

11. Genus and species undetermined 2, (p. B101). 
Cranidium, X 4, USNM 146702. 

15. Aldonaia alaskensis n. sp. (p. B52). 
Latex cast of holotype cranidium, X 8, USNM 146703. 

16-17. "Antagmus" laminatus n. sp. (p. B75). 
16. Holotype cranidium, X 4, USNM 146704. 
17. Small cranidium, X 5, USNM 146705. 
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PLATE 4 

Early Cambrian-3 

[Figs. 1-15,lB-20 from Yukon River (West Ridge area)] 

FIGURES 1-5. Onchocephalites? versilis n. sp. (p. B91). 
1, 2. Anterior and dorsal views of cranidium, X 6, USNM 146706. 

USGS colln. 433440 .  
3, 4. Cranidia, X 5, USNM 146707, 146708, USGS colln. 4335-CO. 
5. Holotype cranidium, X 6, USNM 146709, USGS colln. 3715-CO. 

6, 7. Pagetia stenoloma n. sp. (p. B35). 
6. Cranidium, X 15, USNM 146710. 
7. Holotype pygidium, X 15, USNM 146711. 
Both from USGS colln. 4333-CO. 

8-10. Pagetia spp. (p. B36). 
8, 9. Top and right lateral views of cranidium, X 15, USNM 146712. 
10. Pygidium, X 15, USNM 146713. 
Both from USGS colln. 4334-CO. 

11. Pagetides appolinis n. sp. (p. B36). 
Holotype pygidium, X 15, USNM 146714, USGS colln. 4 3 3 4 4 0 .  

12, 13. Pagetides occidentalis n. sp. (p. B37). 
12. Holotype pygidium, X 15, USNM 146715. 
13. Cranidium X 10, USNM 146716. 
Both from USGS colln. 4333-CO. 

14, 15. Kootenia sp. I (p. B48). 
14. Pygidium, X 3, USNM 146717. 
15. Pygidium, X 5, USNM 146718. 
Both from USGS colln. 4333-CO. 

18-20. Zacanthoides sp. 1, (p. B50). 
18. Pygidium, X 6, USNM 146721. 
19. Cranidium, X 6, USNM 146719. 
20. Right free cheek, X 6, USNM 146720. 
All from USGS colln. 4333-CO. 

Middle Cambrian-l 

[Bigs. 16, 21-24 from Yukon River (Adams Pesk) area; fig. 25 from Tatonduk River area; figs. 17,26-29 from Nillard Peak 
area; fig. 30 from Montauk Bluff area] 

FIGURE 16. Dolichometopid, species undetermined (p. B45). 
Cranidium, X 5, USNM 146722, USGS colln. 4424-CO. 

17. Zacanthoides sp. 2 (p. B51). 
Cranidium, X 5, USNM 146723, USGS colln. 4341-CO. 

21. Kootenia cf. K. serrata (Meek) (p. B48). 
Pygidium, X 2, USNM 146724, USGS colln. 4424-CO. 

22-24. Kootenia granulospinosa n. sp. (p. B48). 
22. Latex cast of cranidium, X 2, USNM 146725. 
23. Cranidium, X 4, USNM 146726. 
24. Holotype pygidium, X 4, USNM 146727. 
All from USGS colln. 4424-C0. 

25.  Dorypyge cf. D. olenekensis Lazarenko, (p. B47). 
Pygidium, X 3, USNM 146728, USGS colln. 4303-CO. 

26, 27. Ptychagnostus (Ptychagnostus) punctuosus a#nis (Brijgger) (p. B28). 
26. Cephalon, X 8, USNM 146729. 
27. Pygidium, X 10, USNM 146730. 
Both from USGS colln. 4341-CO. 

28, 29. Peronopsis cf. P .  gaspensis Rasetti (p. B31). 
28. Cephalon, X 6, USNM 146731. 
29. Pygidium, X 6, USNM 146732. 
Both from USGS colln. 4341-CO. 

30. cf. Cotalagnostus lens claudicans Westergird (p. B30). 
Pygidium, X 6, USNM 146733, USGS colln. 4346-CO. 
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PLATE 5 

Middle Cambrian-1 

[Figs. 1-5,16, from Hard Luck Creek area; figs. 6-8,lO-13,M, 25 from Hillard Peak area; figs. 9,1&22, 24 fromTatonduk 
River area; figs. 14,15,17 from Yukon River (Adams Peak) area] 

FIGURES 1-5. Modocia transversa n. sp. (p. B65). 
1. Left free cheek, X 4, USNM 146619. 
2. Cranidium, X 4, USNM 146620. 
3, 4. Pygidia, X 3, USNM 146621, 146622. 
5. Holotype cranidium, X 3, USNM 146623. 
All from USGS colln. 4382-CO. 

6-8. Modocia compressa n. sp. (p. B65). 
6. Left free cheek, X 4, USNM 146624. 
7. Holotype cranidium, X 4, USNM 146625. 
8. Pygidium, X 3, USNM 146626. 
All from USGS colln. 4341-C0. 

9. Prohedinia brevijrons n. sp. (p. B69). 
Holotype cranidium, X 4, USNM 146627, USGS colln. 4303-CO. 

10-13. Elrathia alaskensis n. sp. (p. l386). 
10. Left free cheek, X 4, USNM 146628. 
11. Holotype cranidium, X 5, USNM 146629. 
12. Small cranidium, X 8, USNM 146630. 
13. Pygidium, X 4, USNM 146631. 
All from USGS colln. 4341-CO. 

14-16. Spencella montanensis Rasetti (p. B98). 
14. Cranidium showing thick exoskeleton, X 5, USNM 146632. 
15. Exfoliated cranidium showing variability in form of frontal area, 

X 5, USNM 146633. 
Both from USGS colln. 4424-CO. 
16. Exfoliated cranidium X 5, USNM 146634, USGS colln. 4382-C0. 

17. cf. Alokistocare lobatum Rasetti (p. B82). 
Cranidium, X 4, USNM 146635. 
USGS colln. 4424-CO. 

18, 19. Spencella acanthina n. sp. (p. B98). 
18. Holotype cranidium, X 5, USNM 146636. 
19. Small exfoliated cranidium, X 10, USNM 146637. 
Both from USGS colln. 4303-CO. 

20, 21. Spencella? sp. (p. B98). 
Cranidia, X 5, USNM 146638, USGS colln. 4303-CO. 

22. Genus and species undetermined 5 (p. B103). 
Pygidium, X 5, USNM 146639, USGS colln. 4303-CO. 

23. Bolaspidella wellsvillensis (Lochman and Denson) (p. B66). 
Cranidium, X 8, USNM 146640, USGS colln. 434140 .  

24, 25. Semisphaerocephalus latus n. sp. (p. B97). 
24. Exfoliated cranidium, X 5 USNM 146641, USGS colln. 4339-CO. 
25. Exfoliated holotype cranidium, USGS 146642, X 5, USGS colln. 

4 3 4 1 4 0 .  
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PLATE 6 

Middle Cambrian-1 

[Fig. 1 from Tatonduk River area; fig. 2 from Montauk Bluff area; figs. 3, 4 from Hillard Peak area] 

FIGURE 1. Genus and species undetermined 6 (p. B103). 
Pygidium, X 6, USNM 146734. USGS colln. 4303-CO. 

2. Corynexochid, genus and species undetermined (p. B42). 
Cranidium, X 8, USNM 146735, USGS colln. 4346-CO. 

3, 4. Bathyuriscus punctatus n. sp. (p. B44). 
3. Cranidium, X 6, USNM 146736. 
4. Holotype pygidium, X 6, USNM 146737. 
Both from USGS colln. 434140 .  

Middle Cambrian-2 

[Figs. 6,7,9,12,13,17,18 from Yukon River area (Adams Peak); figs. 5,8, from Hillard Pear area; fig. 10 from Tatonduk 
River area; figs. 11, 15,16, 19-23, 27 from east of Canadian boundary, Hillard Peak area; fig. 14 from Yukon River 
area (West Ridge)] 

FIGURES 5-7. Hemirhodon sp. (p. B45). 
5. Pygidium, X 4, USNM 146738, USGS colln. 4344-CO. 

6. Cranidium, X 10, USNM 146739. 
7. Pygidium, X 2, USNM 146740. 

All from USGS colln. 4337-CO. 
8. Bathyuriscidella socialis Rasetti (p. B44). 

Pygidium, X 5, USNM 146741, USGS colln. 4344-C0. 
9. Athabaskiella ardis n. sp. (p. B44). 

Holotype pygidium (composite photograph; anterior part latex casl,), 
X 5, USNM 146742, USGS colln. 4337-CO. 

10. cf. Marjumia callas Walcott (p. B64). 
Pygidium X 6, USNM 146743, USGS colln. 4310-CO. 

11, 12. Onchonotopsis occidentalis n. sp. (p. B92). 
Left side and dorsal views of holotype cranidium, X 8, USNM 146744, 

USGS colln. 4337-CO. 
13. Phalagnoslus bituberculatus (Angelin) (p. B32). 

Cephalon, X 10, GSC 20261, GSC colln. 282. 
14. Genus and species undetermined 4 (p. B102). 

Cranidium (composite photograph; right anterolateral part latex cast), 
X 5, USNM 146745, USGS colln. 3832-CO. 

15-18. Lejop yge calva Robison (p. B27). 
15. Cephalon, showing outer surface, X 6, GSC 20262. 
16. Exfoliated cephalon, X 6, GSC 20263. 
Both from GSC colln. 282. 
17. Fragmentary cephalon, X 8, USNM 146746. 
18. Pygidium, X 8, USNM 146747. 
Both from USGS colln. 4337-CO. 

19. Lejopyge laevigata (Dalman) (p. B28). 
Pygidium, X 8, USNM 146748, USGS colln. 434540 .  

20. Ptychagnostus (Ptychagnostus) aculeatus (Angelin) (p. B28). 
Pygidium, X 10, GSC 20264, GSC colln. 282. 

21. Genus and species undetermined 1 (p. B101). 
Cranidium, X 10, GSC 20265, GSC colln. 282. 



PLATE 6-Continued 

22, 23. Genus and species undetermined 9 (p. B104). 
22. Large cranidium, X 5, GSC 20266. 
23. Small cranidium, X 10; note change in ornamentation :ind size of 

palpebral lobe, GSC 20267. 
Both from GSC colln. 282. 

27. Genus and species urldetermincd 8 (p. B103). 
Cranidium, X 6, GSC 20268, GSC colln. 282. 

Late Cambrian. Ilresbachian-1 

[Vigs. 24, 25 fsorn Hard Luck Creek area; fig. 26 f i o ~ ~ l  Tntonduk 1Xirc.r areal 

 FIGURE^ 24, 25. Cedaria sp. (p. B52). 
24. Cmnidium, X 5 USNM 146749. 
25. Pggidiurn, X :;, US?;I\Z 146730. 
Both from rSG;S colln. 437G-CO 

26. Hl~pagnoslus sp. (p U 3  1). 
Cephnlon, )< 10, USNM 146751, LJSGS colln. 4326-CO. 
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PLATE 7 

Late Cambrian, Dreabachian-2 

[Figs. 1-10,1220, D2.5,  29 from Hi-Yu area; figs. 21,2&28,32,33 from Jones Ridge area; figs. 11,30,31 from Hillard Peak 
areal 

FIGURES 1, 2, 6, 7, 12. Acmarhachis acutus (Kobayashi) (p. B29). 
1, 2. Cephala showing range in variation, X 10, USNM 146752, 

146753. 
6, 7, 12. Pygidia showing range of variation, X 10, USNM 

146754, 146755, 146756. 
All from USGS colln. 4381-CO. 

3, 8. Homagnostus tumidosus (Hall and Whitfield) (p. B25). 
3. Cephalon, X 10, USNM 146757. 
8. Pygidium, X 10, USNM 146758. 
Both from USGS colln. 4381-CO. 

4, 9, 14, 15. Homagnostus alaskensis n. sp. (p. B24). 
4. Cephalon, X 10, USNM 146759. 
9. Pygidium, X 10, USNM 146760. 
14, 15. Holotype pygidium, top and right side profile, X 10, 

USNM 146761. 
All from USGS colln. 4381-CO. 

5, 10. Pseudagnostus communis (Hall and Whitfield) (p. B29). 
5. Cephalon, X 8, USNM 146762. 
10. Pygidium, X 8, USNM 146763. 
Both from USGS colln. 4381-CO. 

11. Glyptagnostus reticulatus (Angelin) (p. B27). 
Pygidium, X 5, GSC 20269, GSC colln. 4641. 

13. Homagnostus? sp. (p. B25). 
Pygidium, X 10, USNM 146764, USGS colln. 4381-CO. 

16, 17,22. Iddingsia relativa n. sp. (p. B61). 
16. Left free cheek, X 3, USNM 146765. 
17. Holotype cranidium, X 4, USNM 146766. 
22. Pygidium, X 4, USNM 146767. 
All from USGS colln. 4381-CO. 

18-20, 23-25. Elburgia disgranosa n. sp. (p. B63). 
18. Left free cheek, X 4, USNM 146768. 
19. Cranidium, X 4, USNM 146769. 
20. Holotype cranidium, X 4, USNM 146770. 
23. Pygidium, X 4, USNM 146771. 
24. Pygidium, X 10, USNM 146772. 
25. Small cranidiurn questionably assigned, X 6, USNM 146773. 
All from USGS colln. 4381-CO. 

21, 26-28. Dunderbergia seducta n. sp. (p. B62). 
21. Pygidium, X 8, USNM 146774. 
26. Holotype cranidium, X 5, USNM 146775. 
27. Exfoliated cranidium, X 4, USNM 146776. 
28. Right free cheek, X 3, USNM 146777. 
All from USGS colln. 4361-CO. 

29. Dytremacephalus? sp. (p. B86). 
Cranidium, X 8, USNM 146778, USGS colln. 4381-CO. 

30, 31. Oligometopus breviceps? (Walcott) (p. B58). 
30. Cranidium, X 8, USNM 146779, USGS colln. 436GCO. 
31. Small cranidium, X 20, GSC 20270, GSC colln. 4643. 

32, 33. Hardyoides aspinosa n. sp. (p. B68). 
32. Holotype cranidium, X 15, USNM 146780. 
33. Cranidium, X 15, USNM 146781. 
Both from USG$ colln. 4361-CO. 
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PLATE 8 

Late Cambrian, Dresbachian-2 

[Figs. 1-16, 21-24 from Hi-Yu area; figs. 17-20, 25, from Hillard Peak area] 

FIGURES 1-4. Olenaspella evansi (Kobayashi) (p. B70). 
1. Latex cast of cranidium, X 3, USNM 146783. 
2. Pygidiym, X 3, USNM 146784. 
4. Right free cheek, X 3, USNM 146785. 
All from USGS colln. 4381-CO. 
3. Pygidium questionably assigned, X 3, USNM 146786, USGS colln. 

3717-CO. 
5-10. Pterocephalia constricta n. sp. (p. B72). 

5. Pygidium, X 2, USNM 146787. 
6. Left free cheek, X 2, USNM 146788. 
7. Holotype cranidium, X 3, USNM 146789. 
8. Latex cast of small cranidium, X 8, USNM 146790. 
9. Pygidium, X 3, USNM 146791. 
10. Pygidium questionably assigned, X 5, USNM 146792. 
All from USGS colln. 4381-CO. 

11-16. Cernuolimbus longifrons n. sp. (p. B72). 
11. Holotype cranidium, X 4, USNM 146793. 
12. Right free cheek, X 5, USNM 146794. 
13. Ventral view of left free cheek showing form of doublure, X 6, 

USNM 146795. 
14. Pygidium, X 4, USNM 146796. 
15. Small pygidium, X 6, USNM 146797. 
16. Small cranidium, X 10, USNM 146798. 
All from USGS colln. 4381-CO. 

17-19. Cernuolimbus arcticus n. sp. (p. B71). 
17. Fragmentary left free cheek questionably assigned, X 4, USNM 

146799. 
18. Holotype cranidium (composite photo; central part latex cast), 

X 4, USNM 146800. 
19. Pygidium, X 5, USNM 146801. 
All from USGS colln. 4360-CO. 

20, 25. Sigmocheilus? cf. S. grata (Resser) (p. B74). 
20. Cranidium X 4, GSC 20271. 
25. Pygidium, X 3, GSC 20272. 
Both from GSC colln. 4639. 

21-24. Sigmocheilus compressus n. sp. (p. B73). 
21. Left free cheek, X 3, USNM 146802. 
22. Holotype cranidium, X 4, USNM 146803. 
23. Cranidium, X 5, USNM 146804. 
24. Small cranidium, X 10, USNM 146805. 
All from USGS colln. 4381-CO. 
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PLATE 9 
Late Cambrian, Dresbachian-2 

[Figs. 1-7 from Jones Ridge area; figs. 8-16,17-25,28 from Hi-Yu area; figs. 16,26,27 from Hillard Peak area] 

FIGURES 1-7. Cheilocephalus expansus n. sp. (p. B57). 
1. Left free cheek, X 5, USNM 146806. 
2. Cranidium, X 4, USNM 146807. 
3. Cranidium, X 6, USNM 146808. 
4. Holotype pygidium, X 2, USNM 146809. 
5. Hypostome, X 4, USNM 146810. 
6. Meraspid cranidium, X 15, USNM 146811. 
7. Small pygidium, X 6, USNM 146812. 
All from USGS colln. 436140 .  

8-10. Quebecaspis conifrons? Rasetti (p. B95). 
8, 9. Cranidia, X 8, USNM 146813, 146814. 
10. Cranidium, X 10, USNM 146815. 
Both from USGS colln. 4381-CO. 

11-15. Quebecaspis aspinosa n. sp. (p. B95). 
11. Left free cheek, X 6, USNM 146816. 
12. Left free cheek, X 10, USNM 146817. 
13. Exfoliated cranidium (composite photo; posterior part latex 

cast), X 6, USNM 146818. 
14. Holotype cranidium, X 8, USNM 146819. 
15. Small cranidium, X 10, USNM 146820. 
All from USGS colln. 4381-CO. 

16. Quebecaspis sp. (p. B96). 
Cranidium, X 5, USNM 146821, USGS 4 3 6 0 4 0 .  

17-23, 28. Tholifrons advena n. gen., n. sp. (p. B99). 
17. Stereogram of holotype cranidium, X 5, USNM 146822. 
18. Cranidium, X 8, USNM 146823. 
19. Small cranidium, X 15, USNM 146824. 
20. Left free cheek, X 3, USNM 146825. 
21. Interior view of right free cheek, X 3, USNM 146826. 
22. Detail of anterior part of doublure of free cheek in fig. 21, X 10. 
23. Right free cheek, X 3, USNM 146827. 
28. Pygidium, X 8, USNM 146828. 
All from USGS colln. 4381-CO. 

24, 25. Tholifrons minutus n. gen., n. sp. (p. B100). 
24. Holotype cranidium, X 15, USNM 146829. 
25. Small cranidium, X 15, USNM 146830. 
Both from USGS colln. 4381-CO. 

26, 27. Comanchia burlingi n. sp. (p. B84). 
26. Left free cheek, X 6, GSC 20273, GSC colln. 4728. 
27. Holotype cranidium, X 8, GSC 20274, GSC colln. 4643. 
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PLATE 10 

Late Cambrian, Franconian-1 

[Figs. 2-14, 17,18,23,24 from GSC oolln. 4638 (=4727), Hillard Peak area] 

FIGURES 1-6. Proceratopyge (Lopnorites) rectispinatus (Troedsson) p. B54). 
1. Replica of holotype, complete specimen, X 3, (Troedsson, 

1937, pl. 2, fig. I), eastern T'ien Shan, China. 
2. Cranidium, X 4, GSC 20275. 
3. Pygidium, X 4, GSC 20276. 
4. Meraspid-6, X 8, GSC 20277. 
5. Meraspid-O?, X 20, GSC 20278. 
6. Right free cheek, X 4, GSC 20279. 

7. Olenid undetermined 1 (p. B68). 
Cranidium, X 5, GSC 20280. 

8. Olenid undetermined 2 (p. B68). 
Cranidium, X 3, GSC 20281. 

9, 10. Iwayaspis cf. I. asaphoides Kobayashi (p. B53). 
9. Thorax and pygidium X 4, GSC 20282. 
10. Pygidium, X 5, GSC 20283. 

11-14. Proceratopyge cf. P. chuhsiensis Lu (p. B55). 
11-13. Cranidia, X 4, X 6, X 8; GSC 20284, 20285, 20286. 
14. Pygidium, associated with I. asaphoides pygidia, X 3, GSC 

20287. 
17, 18, 23, 24. Peratagnostus hillardensis n. SF. (p. B26). 

17. Cephalon, X 8, GSC 20288. 
18. Holotype pygidium, X 8, GSC 20289. 
23, 24. Pygidia, X 10, X 15, GSC 20290, 20291. 

Late Cambrian, Dresbachian-2 
[Figs. 15,16,19-22 from USGS wlln. 3717-CO Yukon River (West Ridge) area] 

FIGURES 15, 16, 19-22. Corynexochus plumula Whitehouse (p. B42). 
15, 16, 20. Cranidia, X 8, X 10, X 10, USNM 146831, 146832, 

146833. 
19. Holotype pygidium, X 4, USNM 146834. 
21, 22. Pygidia, X 6, X 8, USNM 146835, 146836. 
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PLATE 11 

Late Cambrian, Franconian-2 

[All figures from Hillard Peak area] 

FIGURES 1-9. Pareuloma spinosa n. sp. (p. B76). 
1. Holotype cranidium, X 5, GSC 20292. 
2, 3. Cranidia, X 6, X 8, GSC 20293, 20294. 
5. Right free cheek, X 5, GSC 20295. 
7. Pygidium, X 5, GSC 20296. 
All from GSC colln. 4649 (= 4704). 
4, 6. Cranidia, X 5, X 10 (larger specimen crushed), GSC 20297, 20298. 
9. Right free cheek, X 3, GSC 20299. 
All from GSC colln. 4661 (= 4705). 
8. Cranidium, X 6, USNM 146837, USGS colln. 4358-CO. 

10-13. Brabbia pustulomarginata n. gen., n. sp. (p. B84). 
10. Small incomplete cephalon, X 10, GSC 20300, GSC colln. 4661 

(= 4705). 
11. Stereogram of holotype cranidium, X 3, USNM 146838, USGS colln. 

4356-CO. 
12. Small cranidium, X 5, USNM 146839, USGS colln. 4358-CO. 
13. Right free cheek, X 3, USNM 146840, USGS colln. 435640 .  
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PLATE 12 

Late Cambrian, Franconian-2 

[All figures except fig. 18 from Hillard Peak area; fig. 18, Late Cambrian, Trempealeauan-1, Jones Ridge area] 

FIGURES 1, 2. Geragnostus intermedius n. sp. (p. B24). 
1. Cephalon, X 10, USNM 146841. 
2. Holotype pygidium, X 10, USNM 146842. 
Both from USGS colln. 435540 .  

3, 4. Lotagnostus? sp. (p. B25). 
3. Cephalon, X 8, USNM 146843. 
4. Pygidium, X 8, USNM 146844. 
Both from USGS colln. 4 3 5 5 4 0 .  

5, 6. Pseudagnostus vulgaris Rozova (p. B30). 
5. Cephalon, X 10, USNM 146845. 
6. Pygidium, X 10, USNM 146846. 
Both from USGS colln. 4355-CO. 

7-13. Hungaiu burlingi n. sp. (p. B87). 
8. Holotype cranidium, X 4, GSC 20301. 
9. Small cranidium showing length of frontal area, X 6, GSC 20302. 
10. Right free cheek, X 3, GSC 20303. 
13. Pygidium, X 2, GSC 20304. 
All from GSC colln. 4661 (= 4705). 
7. Cranidium, X 3, USNM 146847, USGS colln. 4355-CO. 
11. Pygidium, X 4, USNM 146848, USGS colln. 4358-CO. 
12. Pygidium, X 1.5, USNM 146849, USGS colln. 3709-CO. 

14. Hungaia pacijica Kobayashi (p. B88). 
Holotype pygidium, X 1, USNM 93066, USNM loc. 250. 

15, 19. Onchonotus brevijrons n. sp. (p. B93). 
15. Exfoliated cranidium, X 4, USNM 146850. 
19. Stereogram of holotype cranidium, X 5, USNM 146851. 
Both from USGS colln. 3709-CO. 

16. ?Lauzonella? tripunctata (Kobayashi) (p. B89). 
Fragmentary cranidium, X 3, USNM 146852, USGS colln. 4355-CO. 

17. Bienvillia sp. (p. B68). 
Cranidium, X 8, USNM 146853, USGS colln. 370940 .  

18. Hungaia sp. (p. B88). 
Pygidium, X 6, USNM 146854, USGS colln. 3834-CO. 

20. Onchonotus antipus n. sp. (p. B93). 
Stereogram of holotype cranidium, X 5, USNM 146855, USGS colln. 

4357-CO. 
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PLATE 13 

Late Cambrian, Franconian-2 

[All figures from Hillard Peak area] 

FIGURES 1-5. Drumaspis idahoensis Resser (p. B85). 
1. Exfoliated cranidium, X 5, GSC 20305, GSC colln. 4661 (= 4705). 
2. Cranidium showing external surface, X 4, USNM 146856, USGS 

colln. 4357-CO. 
3. Exfoliated cranidium, X 4, USNM 145857, USGS colln. 4358-CO. 
4. Immature cranidium, X 10, USNM 146858, USGS colln. 4358-CO. 
5. Left free cheek, X 8, GSC 20306, GSC colln. 4661 (= 4705). 

6-8, 11. Loganellus? arcus n. sp. (p. B90) . 
6. Holotype cranidium, X 5, USNM 146859. 
7. Right free cheek, X 4, USNM 146860. 
11. Pygidium, X 3, USNM 146861. 
All from USGS colln. 4358-CO. 
8. Right free cheek, X 3, GSC 20307, GSC colln. 4661 (= 4705). 

9, 12-16. Yiipingia glabra n. sp. (p. B56). 
9. Holotype cranidium, X 5, GSC 20308. 
13. Pygidium, X 4, GSC 20309. 
14. Left free cheek, X 5, GSC 20310. 
15. Small cranidium, X 5, GSC 20311. 
All from GSC colln. 4649 (= 4704). 
12. Small cranidium, X 10, GSC 20312. 
16. Pygidium, X 10, GSC 20313. 
Both from GSC colln. 4661 (= 4705). 

10. Genus and species undetermined 7 (p. B103). 
Pygidium, X 3, USNM 146862, USGS colln. 3709-CO. 

17-22. Asiocephalus indigator n.  gen., n. sp. (p. B83). 
17. Holotype cranidium, X 8, GSC 20314. 
18. Cranidium, X 10, GSC 20315. 
19. Left free cheek, and associated pygidium of Loganellus? arcus n. 

sp., showing anteriorly flared development of doublure, X 3, GSC 
20316. 

20. Pygidium showing development of marginal spine only on left, 
X 2, GSC 20317. 

21. Pygidium, X 5, GSC 20318. 
22. Right free cheek, X 4, GSC 20319. 
All from GSC colln. 4661 (= 4705). 
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PLATE 14 

Late Cambrian, Franconian-2 

[Figs. 1-8, Hillard Peak area] 

FIGURES 1-4. Richardsonella quadrispinosa n. sp. (p. B78). 
1. Cranidium, X 4, USNM 146863. 
2. Right free cheek, X 3, USNM 146864. 
3. Holotype pygidium, X 4, USNM 146865. 
4. Pygidium, X 4, USNM 146866. 
All from USGS colln. 4355-CO. 

5,  6. Richardsonella sp. 3. (p. B80). 
5. Cranidium, X 6, USNM 146867. 
6. Pygidium, X 5, USNM 146868. 
Both from USGS colln. 3709-CO. 

7, 8. Richardsonella cf. R .  quadrispinosa n. sp. (p. B79). 
7. Cranidium, X 6, USNM 146869. 
8. Yoked free cheeks, X 6, USNM 146870. 
Both from USGS colln. 4358-CO. 

Late Cambrian, Trempealeauan-1 

[Figs. 9-20 from Jones Ridge area] 

FIGURES 9. Richardsonella sp. 1 (p. B79). 
Cranidium, X 4, USNM 146871, USGS colln. 4362-CO. 

10, 11. Richardsonella nuchastria n. sp. (p. B78). 
10. Fragmentary larger cranidium, X 5, USNM 146872. 
11. Holotype cranidium, X 8, USNM 146873. 
Both from USGS colln. 3834-CO. 

12. Richardsonella sp. 4 (p. B80). 
Cranidium, X 8, GSC 20320, GSC colln. 4671. 

13, 17. Rasettia cf. R .  capax (Billings) (p. B96). 
Dorsal and front views of cranidium, X 1.5, USNM 146874, USGS colln. 

3833-CO. 
14, 15. Lauzonella? tripunctata (Kobayashi) (p. B89). 

14. Holotype cranidium, X 5, USNM 93056, USNM loc. 250. 
15. Cranidium, X 5, USNM 146875, USGS colln. 3 8 3 5 4 0 .  

16. Richardsonella? sp. 2 (p. B79). 
Pygidium, X 3, USNM 146876, USGS colln. 3835-CO. 

18-20. Tatonaspis alaskensis Kobayashi (p. B67). 
18. Exfoliated cranidium, X 3, USNM 146877. 
19. Anterior view of yoked free cheeks, X 3, USNM 146878. 
Both from USGS colln. 3835-CO. 
20. Holotype, exfoliated cranidium, X 3, USNM 93065, USNM loc. 

250. 
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PLATE 15 

Late Cambrian, Trempealeaun-1 

[Figs. 1-7,9,10, 13,14 from Jones Ridge area] 

FIGURES 1-5. Briscoia septentrionalis Kobayashi (p. B59). 
1. Left free cheek, X 1.5, USNM 146879. 
2. Cranidium, X 1.5 ,USNM 146880. 
3. Latex cast of pygidium, X 2, USNM 146881. 
4. Latex cast of holotype pygidium, USNM 93060. 
5. Cranidium, X 2, USNM 146882. 
All from USNM loc. 250. 

6, 7. "Briscoia" elegans (Kobayashi) (p. B60). 
6. Latex cast of pygidium described by Kobayashi as holotype of 

Parabriscoia stenorachis, X 1.5, USNM 93059. 
7. Latex cast of lectotype, X 1.5, USNM 93058. 
Both from USNM loc. 250. 

9. Pseudosaukia cf. P .  brevifrons (Clark) (p. B94). 
(Cranidium, X 3, USNM 146886, USGS colln. 3834-CO. 

10, 13, 14. Pseudagnostus clarki Kobayashi (p. B29). 
10. Cephalon, X 8, USNM 146887. 
13. Lectotype pygidium, X 8, USNM 93062. 
14. Exfoliated cephalon showing faint preglabellar furrow, X 8, 

USNM 146888. 
All from USNM loc. 250. 

Late Cambrian, Trempealeauan-2 

[Figs. 8,11,12 from Jones Ridge area; figs. 15,16,18-20, 22 from Yukon River (Adams Peak) area; figs. 17, 21 from eastern 
T'ien Shan, China] 

FIGURES 8, 11, 12. Bayjieldia spp. (p. B64). 
8. Cranidium, X 3, USNM 146883. 
11. Pygidium, X 2, USNM 146884. 
Both from USGS colln. 4374-C0. 
12. Cranidium, X 3, USNM 146885, USGS colln. 4363-CO. 

15, 19. Yukonaspis kindlei Kobayashi (p. B100). 
Anterior and dorsal views of most complete cranidium, X 10, USNM 

146889, USGS colln. 4351-CO. 
16, 18, 22. Hedinaspis sp. (p. B87) 

16, 18. Fragmentary cranidium, :< 4, X 5, USNM 146890, 146891, 
USGS colln. 4352-CO. 

22. Partial thorax, X 1.5, USNM 146892, USGS colln. 4351-CO. 
17, 21. Hedinaspis regalis (Troedsson) (p. B87). 

Cranidium and partial thorax, X 2, replicas of specimens illustrated 
by Troedsson (1937, pl. 7, fig. 9; pl. 8, (fig. 3), for comparison 
withAlaskan specimens. 

20. Liostracinoides? yukonensis n. sp. (p. B89). 
Cranidium, X 8, USNM 146893, USGS colln. 4351-CO. 
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