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TRILOBITES OF THE UPPER CAMBRIAN PTYCHASPID BIOMERE

WILBERNS FORMATION, CENTRAL TEXAS
SUSAN ANN LONGACRE

Asstract—Trilobites collected during the past 20 years from the Morgan Creek, Point
Peak, and San Saba Members of the Wilberns Formation comprise 89 species assigned to
45 genera belonging to zones of the upper Franconian and Trempealeauan Stages of the
Upper Cambrian Croixan Series. New zonal names are proposed in the interest of a re-
gionally applicable nomenclature. Although none of the zonal nomenclature is identical to that
of the 1944 Cambrian Correlation Chart of Howell ef al., the four zones recognized in cen-
tral Texas are equivalent to the eight highest zones on the Chart. Stratigraphically lowest is
the Franconian Taenicephalus Zone, with a locally recognized Parabolinoides Subzone at its
base; this zone is equivalent to the Conaspis Zone of the Correlation Chart. The Franconian
Idahoia Zone, with a locally recognized Idahoia lirae Subzone at its base, is equivalent to
the Ptychaspis Subzone of the Plvchaspis-Prosaukia Zone of the Correlation Chart. The
sparsely fossiliferous Ellipsocephaloides Zone corresponds to the Prosaukia Subzone of the
Ptychaspis-Prosaukia Zone on the Chart. Almost two-thirds of the trilobite species deseribed
occur in the Trempealeanan Saukie Zone, which corresponds to the five highest zones of the
Correlation Chart; local subzones, in ascending order, are the Saukiella pyrene Subzone, the
Saukiclla junia Subzone, the Saukiclla seroting Subzone, and the Corbinia apopsis Subzone.

The succession of ptychoparioid trilobite faunas within these zones characterizes the
Ptychaspid Biomere. The base of the biomere is at the base of the Taenicephalus Zone;
the top coincides with the lowest occurrence of an Ordovician trilobite fauna. Trilobite
families that characterize the Ptychaspid Biomere are the Ptychaspididac and the Parabo-
linoididae.

Systematic descriptions include two new subfamilies, Drumaspidinae and Ptychaspidinae,
and eight new species, Conaspis leptoholcis, Idiomesus infimus, Eupiychaspis frontalis,
Keithiella scapane, Saukiclla serotina, Prosaukia remora, Calvinelle prethoparia, and

Westonaspis? texana.

INTRODUCTION

ETWEEN the base of the Upper Cambrian
Eoorthis bed and the lowest Ordovician tri-
lobites in central Texas is a complex of interre-
lated trilobite species and genera that constitute
the here named Ptychaspid Biomere. The sys-
tematic descriptions and study of relationships
among species in this new biomere are the sub-
jects of this paper.

This study has as its foundation the investiga-
tions and collections of many people. The litho-
stratigraphy of the Wilberns Formation was de-
scribed by Bridge, Barnes, & Cloud (1947) and
by Cloud & Barnes (1948). Fossil collecting
from the Wilberns was begun by Barnes and
others before 1947, and, during the summer of
1947, W. C. Bell collected from sections meas-
ured and painted by Barnes. While working as
a field assistant to Barnes (1949-1950), Howard
Ellinwood collected material from the Eoorthis
bed to the top of the Wilberns Formation in nu-
merous measured sections. These collections
were the basis for his Ph.D. thesis (1953), and
most of the material used in this study is from
his collections. Thesis studies by Alexander
(1956), Jansen (1957), Winston (1957), and
Wise (1964), and an unfinished study by Harry

Nicholls, all supervised by W. C. Bell, added
greatly to the Texas collections. As part of a
larger project by Barnes and Bell on the Cam-
brian of central Texas, Bell & Ellinwood
(1962} described and illustrated trilobite species
then known to occur from the Eoorthis bed to
the lower part of the San Saba Limestonc.
Based on material from the calcitic San Saba on
the western side of the Llano Uplift, Winston &
Nicholls (1967) described and illustrated Cam-
brian and Ordovician trilobites from the re-
mainder of the Wilberns Formation. I am
deeply indebted to all of these gentlemen for
having made the extensive collections on which
this study is based.

Although most of the trilobites were ade-
quately prepared before this study began, many
still required cleaning before the identifications
could be made. This additional preparation, the
borrowing of type specimens, and 4 years of rel-
atively uninterrupted work on the faunas have
led to certain opinions that differ from those of
Bell, Ellinwood, Winston, and Nicholls. This
paper is based on my Ph.D. dissertation at The
University of Texas at Austin, supervised by
W. C. Bell.

Reference is made to trilobites collected in the
Arbuckle Mountains of Oklahoma by James H.
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Stitt, and to his conclusions. Although most spe-
cies are common to both Oklahoma and central
Texas, only one new species, Saukiclla serotina,
occurs in both areas, Because its proposal is
based on specimens from central Texas and be-
cause its name is borne by a subzone we both
recognize, we have agreed that this paper ap-
pear in print before his, which is currently in
press at the Oklahoma Geological Survey.
Where taxonomic problems common to both
areas were resolved by Stitt, I have given him
the credit and the accompanying burden of de-
fense.
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TaE PrycHASPID BIOMERE

The biomere is a new type of biostratigraphic
unit recently recognized and named by Palmer
(1965a). Although the environmental and bio-
logic conditions responsible for the biomere are
open to debate, the unit does exist. Palmer rec-
ognized the first one in the Upper Cambrian

nonagnostid trilobites from the Great Basin
(1965a, 1965b), and he urged that similar units
be sought in other areas.

Palmer (1965a, p. 149) defined the biomere as
“a regional biostratigraphic unit bounded by
abrupt non-evolutionary changes in the domi-
nant elements of a single phylum,” Within its
boundaries is a complex of interrelated species
and genera; dominant families of the complex
either are unknown in or are insignificant ele-
ments of older or younger faunal complexes. Al-
though the biomere is of stage magnitude, it
should not be used as or substituted for the
stage because the boundaries are, or may be,
time-transgressive (Palmer, 1962, p. 9; 1965a, p.
150; 1965b, p. 4).

Palmer (1965a, p. 150; 1965b) described the
characteristics and faunal content of the type
biomere, the Pterocephaliid Biomere, named
after one of the two families that are dominant
in the interval between the base of the Aphelas-
pis Zone and the top of the Elvinia Zone.

Immediately above the Pterocephaliid Bio-
mere is a complex of interrelated ptychoparioid
trilobites that constitute another biomere. The
abrupt faunal change across the Elvinia-Taeni-
cephalus (or Conaspis) zonal boundary has long
been recognized (Frederickson, 1949; Wilson,
1951; Nelson, 1951; Bell, Feniak, & XKurtz,
1952; Bell, Berg, & Nelson, 1956; Lochman,
1964a; Grant, 1965). A comparable change in
the trilobite fauna occurs between the top of the
Cambrian Saukia Zone and the lowest Ordovi-
cian trilobite fauna (Frederickson, 1941; Pal-
mer, in Bass & Northrop, 1953; Lochman,
1964a, 1964b; Winston & Nicholls, 1967; Stitt,
in press). Between the base of the Taenice-
phalus Zone and the top of the Saukia Zone is a
complex of trilobite genera and species domi-
nated by two families, the Ptychaspididae and
the Parabolinoididae. These two families are not
represented in older or younger faunas. The
characteristics and faunal content of these fami-
lies are fully discussed in the systematic descrip-
tions and are illustrated in text-figure 1. The
lower boundary of this biomere is at the Eoor-
this coquina, a boundary that probably is time-
transgressive (Bell, 1950, p. 493). The upper
boundary may or may not be isochronous.

The most appropriate name for this distinct
complex of trilobites is the Ptychaspid Biomere.
The Ptychaspididae is the only family repre-
sented throughout the biomere, and the ptychas-
pid genus Conaspis is the possible progenitor of
the three Ptychaspididae subfamilies that domi-
nate the Saukia Zone: Eurekiinae, Ptychaspidi-
nae, and Saukiinae,
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The ranges of all species of the Ptychaspid
Biomere are illustrated on composite range
charts (text-figs. 2, 3). Evident on the charts
are greater species diversity and longer ranges
of species in the upper part of the biomere rela-
tive to those in the lower part of the biomere.
Relative abundance of each species is indicated
by the width of the bar: narrow bar for rare oc-
currence, wide bar for common to abundant oc-
currences, and variable width for significant
changes in relative abundance. The thickness of
the zones on the charts is composite; in 19 meas-
ured sections the Taenicephalus Zone averaged
about 45 feet thick, and the Idahoia Zone, about
18 feet. Although the base of the Ellipsoce-
phaloides Zone is present in nine sections, only
in the James River, Morgan Creek, Camp San
Saba, and Threadgill Creek sections (text-fig.
6) is the entire zone present. Therefore the
thickness of the Ellipsocephaloides Zone is a
composite from those four sections: 90 feet, fos-
siliferous; 80 feet, unfossiliferous. Thickness of
the Sawukic Zone is based on the Threadgill
Creek and James River sections, where total
thickness averages 175 feet.

The complex of species in the Ptychaspid Bio-
mere is divided into four assemblage zones and

several locally recognized subzones.

LitHoLoGY OF THE WILBERNS FORMATION

The {following discussion of the Wilberns
Formation is designed to give a general view of
the lithology and an understanding of the geo-
metric relationship between the lithic and faunal
boundaries (text-fig. 4). The Wilberns Forma-
tion contains four members: Welge Sandstone,
Morgan Creek Limestone, Point Peak Siltstone,
and San Saba Limestone.

The Welge Member is a tan, well sorted, me-
dium- to fine-grained, usually nonglauconitic
sandstone that unconformably overlies the Lion
Mountain Member of the Riley Formation. The
disconformity between the Riley and Wilberns
is correlative with the Dresbach-Franconia dis-
conformity in the Upper Mississippi Valley. The
Welge contains trilobites of the Elvinia Zone
(Pterocephaliid Biomere). Through a very
short interval, the Welge grades up into the
Morgan Creek Limestone.

The Morgan Creek Member, with an average
thickness of 120 feet, is a gray to greenish, fine-
to coarse-grained biosparite with some micrite
and biomicrite. It is locally o6litic, and extensive
algal accumulations are common in the upper
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part of the member. The lower one-third of the
Morgan Creck contains abundant Elvinia Zone
trilobites. Approximately 50 feet above the base
of the Morgan Creek is the base of the Taenice-
phalus Zone (Ptychaspid Biomere), in associa-
tion with the Eoorthis coquina. The Taenice-
phalus Zone is contained entirely within the
Morgan Creek. Approximately 95 feet above the
base of the Morgan Creek is the base of the
Idahota Zone. Although this zone is best repre-
sented in the Morgan Creek, a few [dahoia
Zone species occur in the overlying member.

The boundary between the Morgan Creek and
the Point Peak Members is gradational, and
placement of the boundary in the field is some-
what arbitrary. The Point Peak is composed of
interbedded micaceous, calcareous siltstone, silty
limestone, intraformational conglomerate, and

stromatolitic limestone. At best the Point Peak
can be described as poorly fossiliferous. The
boundary between the Idahoia and Ellipsoce-
phaloides Zones occurs near the base of the
member. At only one locality does the base of
the Saukia Zone occur in the Point Peak; at all
other localities, this boundary is in the San Saba
Member. The boundary between the Point Peak
and the San Saba ranges from gradational to
distinct.

The San Saba Member ranges in thickness
from 160 to almost 300 feet, and it is divisible
into two major facies. The calcitic limestone fa-
cies is abundantly fossiliferous, locally sandy,
fine- to coarse-grained glauconitic biosparite
and biomicrite. On the western edge of the
Llano Uplift, medium-grained, well-rounded
quartz sand commonly is interbedded with lime-
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Texr-F16. 2—Composite ranges of species in the Franconian part of the Ptychaspid Biomere, Wilberns
Formation. Only the lower, fossiliferous half of the Ellipsocephaloides Zone is illustrated. Narrow bar
indicates rare occurrence, wide bar indicates common to abundant occurrence.
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UExt-r16. 3—Composite ranges of species in the Trempealeauvan part of the Ptychaspid Biomere, Wilberns
Formation. Narrow bar indicates rare occurrence, wide bar indicates common to abundant occurrence.
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TEXT-FIG. 4—Columnar section illustrating general
relationship between lithostratigraphic and biostrati-
graphic units.

stone at about the Cambrian-Ordovician bound-
ary. The dolomitic facies is predominantly me-
dium- to coarse-grained, gray, dolomitized lime-
stone. About the only source of fossils in this
facies is residual chert. Generally the calcitic
facies is overlain by the dolomitic facies, with
some exceptions, and both facies are not always
present in any one section. The general trend in

thickness of the facies is that the dolomite
thickens eastward and the calcitic facies thick-
ens westward. Few Saukia Zone trilobites have
been collected from the dolomitic facies, and
those taxa that do occur in the dolomite look
quite different from species in the calcitic facies.
Saukia Zone taxa are abundant in the sparites
of the calcitic facies of the San Saba.

The Wilberns Formation is conformably
overlain by the Staendebach Member of the
Tanyard Formation, Ellenburger Group. Cal-
citic and dolomitic facies of the Staendebach
are superjacent to calcitic and dolomitic facies
of the San Saba, respectively.

TRILOBITE ZONATION
INTRODUCTION

The trilobite zonation used in this paper is di-
rectly applicable in central Texas, most of it is
applicable in Oklahoma, and I suggest that its
use could be even more extensive. Although
none of the zonal nomenclature is identical to
that of the Cambrian Correlation Chart (Howell
et al., 1944), the four zones recognized in cen-
tral Texas are equivalent to the eight highest
zones of the Croixan Series of the Chart. In ad-
dition, the four Texas zones are either equiva-
lent to or identical with zones locally recognized
in the Montana-Wyoming area and in the Upper
Mississippi Valley.

Ulrich & Resser (1930, 1933) initiated a large
scale description of trilobites from the Upper
Mississippi  Valley. Twenhofel, Raasch, &
Thwaites (1935) generally described the faunas
and stratigraphy of the Upper Cambrian in the
Upper Mississippi Valley. Their local faunal
succession and then unpublished work by Raasch
form the basis of the Croixan zonal units of
the Cambrian Correlation Chart. Implicit in this
Chart is the wide-spread applicability of the zonal
nomenclature. Some years later, Raasch (1951)
proposed that the Saukic Zone replace the five
highest zones of the Correlation Chart. Subse-
quently, specific details of faunas and lithostra-
tigraphy of the Upper Mississippi Valley were
published by Nelson (1951, 1956), Bell, Feniak,
& Kurtz (1952), Berg (1953, 1954), Bell, Berg,
& Nelson (1956), and Grant (1962).

Prior to 1960 very little detailed published in-
formation was available for comparing the lat-
est Cambrian nearshore trilobites of the Upper
Mississippi Valley with faunas from other areas
of the marginal cratonic sea. Grant (1965) pub-
lished the detailed systematic paleontology of
Franconian and Trempealeauan faunas collected
from measured sections in northwestern Wyo-
ming and southwestern Montana. Bell & Ellin-
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wood (1962) and Winston & Nicholls (1967)
did the same for comparable collections from
sections in central Texas. The use by these au-
thors of locally applicable zonal nomenclature
suggests possible dissatisfaction with the no-
menclature of the Cambrian Correlation Chart
outside of the Upper Mississippi Valley.

It is important to understand that during the
Late Cambrian the Upper Mississippi Valley
was an area of nearshore detrital accumulation.
Conversely, carbonate accumulation dominated
in all other marginal cratonic areas. That the
composition of a benthic fauna would be at least
in part affected by the kind of substrate is to be
expected. Although the Franconian and Trem-
pealeauan faunas of the Upper Mississippi Val-
ley are comparable to those from the carbonate
areas, there are distinct differences. Not only
are different taxa present, but the dominant ele-
ments of the faunas are different. If, apparently,
most of the Upper Cambrian marginal cratonic
rocks of North America are carbonates, then
the needs for establishing a regional biostratig-
raphy would best be served if zonal nomencla-
ture were derived from faunas in the carbonate
areas.

In all fairness to the other side of the argu-
ment, I recognize that the zones are based on
trilobite assemblages, and I realize that the
name-giving taxon need not be present for its
name to be applied to the assemblage. However,
if the name-giving taxon is geographically or
environmentally restricted, its choice as the
source for a zonal name was a poor one. Work-
ers in other areas will recognize and name local
zones rather than use a name that has little or
no local significance.

I believe that enough is now known about
Upper Cambrian trilobite faunas in the mar-
ginal cratonic areas of North America that an
attempt to establish a zonal nomenclature that is
both locally and regionally acceptable is possi-
ble. To this end, I submit the zonal nomencla-
ture used in this paper.

Shaw (1954), Shaw & Deland (1955), and
Grant (1965) used the Taenicephalus Zone as a
local equivalent of the Franconian Conaspis
Zone of the Correlation Chart. Taenicephalus is
abundant through most of the Conaspis Zone, or
its equivalents, in central Texas, Oklahoma
(Frederickson, 1949), the Upper Mississippi
Valley (Nelson, 1951; Bell, Feniak, & Kurtz,
1952; Berg, 1953), and the Montana-Wyoming
area (Shaw & Deland, 1955; Grant, 1965). Spe-
cimens assignable to species of Conaspis are
scarce outside of the Upper Mississippi Valley. I
propose that the name Taenicephalus be substi-

tuted for Ceonaspis on a revised correlation.

chart. In addition, I agree with Grant (1965, p.
85) that researchers be consistent and use only
trilobite names in their zonal nomenclature.
Therefore, the Eoorthis Subzone, based upon a
genus of brachiopod, should be abandoned.

The name Ptychaspis-Prosaukia is inconsis-
tent with the pattern of other zonal names in
that it combines two generic names into one
label. The hyphenated zonal name leads directly
to its own subzonation, the Ptychaspis Subzone
and the Prosankia Subzone. Because I think
subzonal nomenclature should reflect local sub-
divisions and bear locally applicable names, I
suggest that the Ptychaspis-Prosaukia label be
abandoned.

Evidently Twenhofel, Raasch, & Thwaites
(1935, p. 1702, 1704) first used the hyphenated
name, Ptychaspis-Prosaukia fauna, and until re-
cently this lead has been followed. Although the
entire fauna is characterized by species of Ply-
chaspis, the upper part also contains species of
Prosaukia, a genus that is represented in strati-
graphically higher faunas. The interval through
which Ptychaspis and Prosaukia overlap is
known as the Prosaukia division of the Ptychas-
pis-Prosaukia fauna (Twenhofel, Raasch, &
Thwaites, 1935, p. 1704 ), the Prosaukia Subzone
of the Piychaspis-Prosaukia Zone (Howell et
al., 1944), and the Prosaukia Zone (Moore,
1955, p. 564). Such a subdivision restricts Pty-
chaspis miniscaensis, the type species, to the
Prosaukia Zone or Subzone, an esthetically un-
tidy situation.

Outside the Upper Mississippi Valley, speci-
mens assignable to species of Piychaspis are not
common, and specimens assignable to species of
Prosaukia are exceedingly scarce. In Minnesota
and Wisconsin most of the Franconian species
(and specimens) of Prosaukia have come from
either cross-bedded or thin-bedded Mazomanie
sandstone (Berg, 1954, p. 867) ; a few additional
species (and specimens) have come from the
Reno greensands (Berg, 1954, p. 869). Thus, not
only are these genera restricted geographically,
but most species of Prosaukia are environmen-
tally segregated in the one area where the genus
is well represented.

Not only should the name Ptychaspis-Prosau-
kia be abandoned, but I think the interval can
and should be treated as two zones. In carbonate
areas it can be divided into a lower, fossilifer-
ous zone dominated by species of Jdahoia, Sara-
togia, Drumaspis, and Wilbernia and an upper,
poorly fossiliferous zone containing species of
Dartonaspis, Briscoia, Ptychaspis, Prosaukia,
Ellipsocephaloides, and, in Oklahoma, Saratogia.
Grant (1965) called the lower of the two the
Idaloia Zone and recognized three local sub-




8 FRANCONIAN STAGE

zones based on species of Idahoia; above this he
recognized a poorly fossiliferous Prosaukia
Zone, Stitt (in press) leaves the two parts in one
zone, the Saratogia Zone, the lower part divided
into I/dahoia lirae (basal) and Drumaspis Sub-
zones; the upper part of the Saratogia Zone is
not subzoned. I propose that the lower fossilif-
erous interval be named the [dahoia Zone, a
name that can be applied regionally, and that
the upper, sparsely fossiliferous interval be
named the Ellipsocephaloides Zone, after a
genus that is represented in all areas.

I agree with Raasch (1951), Bell, Berg, &
Nelson (1956), and Grant (1965) that the
Briscoia Zone of the Correlation Chart should be
abandoned. Furthermore, I follow Raasch

CAMBRIAN
CORRELATION CHART—1944

(Upper Mississippi ‘Valley)

RAASCH—1951
(Upper Mississippi Valley)

(1951), Bell, Berg, & Nelson (1956), and Win-
ston & Nicholls (1967) in recognizing only the
Saukia Zone as Trempealeauan and in abandon-
ing the five highest zones of the Cambrian
Correlation Chart.

Text-figure 5 compares the zonation of the
Cambrian Correlation Chart with that of Raasch
(1951), Bell, Berg, & Nelson (1956), Grant
(1965), Winston & Nicholls (1967), and this
paper.

FrRANCONIAN STAGE

The Franconian Stage is represented in the
Wilberns Formation by the Elvinia, Taenice-
phalus, Idaloia, and Ellipsocephaloides Zones.
Although a discussion of the Elwinia Zone

BELL,
BERG, NELSON—1956

(Upper Mississippi Valley)
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TAENICEPHALUS ZONE

fauna is outside the scope of this paper, several
species that originate in the Elvinia Zone occur
also in the very base of the Parabolinoides Sub-
zone of the Taenicephalus Zone; these include
Irvingella major, Sulcocephalus candidus, Co-
manchia amplooculata, and Dellea? punctata.

Taenicephalus zoNE

The Taenicephalus Zone is present in 20 meas-
ured sections in central Texas and occurs en-
tirely within the Morgan Creek Member of the
Wilberns Formation. The base of the zone is
usually marked by a coquina of brachiopods
dominated by the genera Eoorihis and Billing-
sella; the lowest occurrence of species of Para-
bolinoides is normally in this brachiopod co-

9

quina. The base of the Taenicephalus Zone is at
section localities B-312, CO-124, CR-697, E-848,
EC-1, GM-546, GR-118, JR-121, L.LL-671.8, MC-
660, PK-885, SK-200, SS-46, ST-478, SU-56,
TA-0.6, TC-934-934.5, TR-291, and WC-889.
Trilobites of the Taenicephalus Zone include
Conaspis leptoholcis, n. sp., C. masonensis, C.
parvafrons, Orygmaspis Uanoensis, Parabolin-
oides contractus, P. granulosus, Taenicephalus
gouldi, T. shumardi, T. sp., and Wilbernia halli.
IWilbernia expansa and Pseudagnostus commu-
nis occur in this zone but are not confined to it.
The top of the zone is at the base of the Idahoia
Zone. In most sections, the zone is abundantly
fossiliferous in its lower 15 feet and less fossil-
iferous toward the top.
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Parabolinoides Subzone—Grant (1965, p. 84)
defined a Parabolinoides Subzone at the base of
the Taenicephalus Zone in Montana and Wyo-
ming. A comparable limiting of species of Para-
bolinoides to the basal 1 to 3 feet of the Taeni-
cephalus Zone occurs in 19 measured sections in
central Texas; at Eckert's Crossing, the meas-
ured section base is in a creek bed and is strati-
graphically above the Parabolinoides Subzone.
The base of the Parabolinoides Subzone is the
base of the Taenicephalus Zone; the top of the
subzone is defined by the highest occurrence of
Parabolinoides. In the measured sections, the
top of the subzone is at B-312.5, CO-126, CR-
697, E-849.5, GM-547, GR-119, JR-122, LL-673,
MC-663, PK-886, SK-201, SS-47.5, ST-478,
SU-58, TA-2, TC-9355-936, TR-292.5, and
WC-889. Trilobites confined to the Paraboli-
noides Subzone include P. contractus and P.
granulosus; other species not confined to the
subzone include Orygmaspis llanoensis and
Taenicephalus gouldi. Brachiopods abundant in
the subzone include Eoorthis remnicha, E. indi-
anola and Billingsella coloradoensis.

The range of species in the Parabolinoides
Subzone of central Texas is similar to that in
the Parabolinoides Subzone of Oklahoma (Stitt,
in press). However, in Texas, Orygmaspis llano-
ensis occurs through as much as half of the sub-
zone and Taenicephalus gouldi occurs at the top
of the subzone, whereas, in Oklahoma, Oryg-
maspis and Taenicephalus occur above the
range of Parabolinoides. In Montana and Wyo-
ming (Grant, 1965, p. 84), the lowest occur-
rence of most species of the Taenicephalus Zone
is in the Parabolinoides Subzone, whereas in
Texas most species originate above the top of
the subzone. A Parabolinoides Subzone can be
recognized in the Upper Mississippi Valley
(Berg, 1953, p. 556), where Parabolinoides is
abundant in and confined to the lower part of
the Conaspis Zone. Parabolinoides is a subzonal
name that is both locally and regionally applica-
ble.

Idahoia zoxE

The Idahoia Zone is present in the Morgan
Creek and Point Peak Members of the Wilberns
Formation. Although some specimens were col-
lected from siltstone in the lower part of the
Point Peak, most of the fossil material is from
the Morgan Creek. The lowest occurrence of
Idahoia lirae, Wilbernia diademata, and Sarato-
gia americana marks the base of the zone. In
measured sections the base of the Idahoia Zone
is at B-346.5, CO-162, CR-743-747, E-894, EC-
20.5, GM-590, GR-165, JR-169, LL-714, MC-706,
PK-922, SK-232, $5-92.5, ST-528, SU-166, TA-
56, TC-983, TR-342, and WC-925. The top of

the Idahoia Zone is at the base of the Ellipsoce-
phaloides Zone. Trilobites confined to the Ida-
hoia Zone are Drumaspis texana, Idahoia lirae, I.
wisconsensis, Plychaspis bullasa, Saratogia
americana, S. fria, Taenicephalina globula, and
Wilbernia diademata. Drumaspis idahoensis is
common in the upper half of the zone. Three
cranidia, intermediate between D. idahoensis
and Dartonaspis but assigned to D. idahoensis,
were collected in the middle of the Ellipsoce-
phaloides Zone. Other species not confined to
the /dahoia Zone are Psendagnostus communis,
Saratogia modesta, Wilbernia cxpansa, and TV,
pero.

The I'dahoia Zone of central Texas is equiva-
lent to the Idahoia lirae and Druwmmaspis Sub-
zones of the Saratogiac Zone in Oklahoma
(Stitt, in press), to the Idahoia Zone in Mon-
tana and Wyoming (Grant, 1965, p. 85-87, pl.
4), and to the Ptychaspis Subzone of the Upper
Mississippi Valley (Nelson, 1951, p. 769, table
1; Bell, Feniak, & Kurtz, 1952, p. 177, table 1;
Grant, 1962, p. 974, table 2).

Idahoia lirae Subzone—Idahoia lirae is abun-
dant in and confined to a maximum interval of 6
feet at the base of the Idahoia Zone, and, al-
though scarce, Wilbernia diademata is also re-
stricted to this interval. Saratogia americana
and Pseudagnostus conmmunis can occur in the
interval, but they are not confined to it. No
other trilobites occur in this interval. The /da-
hoia lirae Subzone is defined from the base of the
zone to the top of the range of I. lirae. The top
of the I. lirae Subzone is at CO-162, CR-743-
747, E-894, EC-21.5, GM-594, GR-171, JR-177,
LL-719, MC-707, PK-922, SK-233, SS-94.5,
ST-528, TA-56, TC-987, TR-344.5, and WC-925,

The fauna of the Idahoia lirae Subzone of
central Texas is almost identical to that of the I.
lirae Subzone at the hase of the Saratogia Zone
in Oklahoma (Stitt, in press), the only differ-
ences being that Saratogia americana occurs in
the subzone only in Texas and Conaspis tumidas
occurs in the subzone only in Oklahoma. The
Idahoia lirac Subzone is equivalent to at least
the lower part of the I. wyomingensis Subzone
of Montana and Wyoming (Grant, 1965, p. 86)
and is comparable to the Stigmacephalus oweni
faunule of the St. Croix Valley in Minnesota
and Wisconsin (Nelson, 1951, p. 769, table 1)
and, thereby, to the Psalaspis zonule of south-
eastern Minnesota (Bell, Feniak, & Kurtz, 1952,
p. 177, table 1; Grant, 1962, p. 973-978, table 2).

Ellipsocephaloides zoNE

The Ellipsocephaloides Zone is represented in
the Point Peak Member of the Wilberns Forma-
tion in nine measured sections. The base of the
zone is normally marked by the lowest occur-
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rence of E. silvestris or, in the absence of E. sil-
vestris, by the lowest occurrence of Charioce-
phalus whitfieldi. The base of the zone is at
EC-55, GR-204, JR-210, LI-750, MC-750, SS-
138.5, TA-163, TC-1085, and WC-1060. The top
of the zone is at the base of the Saukia Zone.

The Ellipsocephaloides Zone is poorly fossil-
iferous, and collections are small and widely
spaced in the sections. The Point Peak is pre-
dominantly siltstone, with interspersed intrafor-
mational conglomerate and stromatolitic-lime-
stone units. Trilobites are not well preserved in
the siltstone. Most of the Ellipsocephaloides
fauna is from the limestone beds. Species lim-
ited to the zone include Briscoia sp., Charioce-
phalus whitfieldi, Dartonaspis wichitaensis, El-
lipsocephaloides silvestris, Idiomesus infimus, n.
sp., Prosaukia cf. P. curvicostata, P. cf. P. tu-
berculata, Ptychaspis sp., and Stigmacephaloides
curvabilis. Four species common in the Idahoia
Zone also occur in the Ellipsocephaloides Zone:
Saratogia modesta is scarce at the base of the
zone; three cranidia assigned to Drumaspis ida-
hoensis were collected above the middle of the
fossiliferous part of the zone; Wilbernia pero
occurs through the lower two-thirds of the
zone; and Pseudagnostus communis occurs at
the base.

Specimens that are stratigraphically scattered
and mostly broken or poorly preserved consti-
tute the fauna of the Ellipsocephaloides Zone,
In spite of my definition and naming of the zone
and Grant’s recognition of the equivalent Pro-
saukia Zone, the problems inherent in this part
of the section are not resolved, the type area
notwithstanding. In the Montana and Wyoming
area, Oklahoma, and central Texas, this interval
is sparsely fossiliferous, and specimens assign-
able to Prosaukia are very scarce. Grant (1965,
p. 142) identified one pygidium as Prosaukia sp.
Bell & Ellinwood (1962, p. 406) identified three
cranidia as P. cf. P. cwrvicostata and, by my
count, three cranidia as P. cf. P. tuberculata.
Stitt (in press) found no specimens assignable
to Prosaukia in this part of the section. I think
Prosankic is not a regionally applicable or ac-
ceptable name for this zone and prefer to use
the name Ellipsocephaloides; not only is it more
meaningful in Texas, but species of Ellipsoce-
phaloides occur in equivalent faunas in Montana
and Wyoming (Grant, 1965, p. 87) and in the
Upper Mississippi Valley (Bell, Feniak, &
Kurtz, 1952, p. 177, table 1; Berg, 1933, p. 557;
Grant, 1962, p. 974, table 2).

TREMPEALEAUAN STAGE

The Trempealeauan Stage is represented by
the Saukia Zone. The number of species in the
zone is almost twice that of the underlying three

zones combined. In the Saukia Zone, 55 species
are present, as opposed to 33 species in the three
Franconian zones above the Elvinia Zone.

Saukia zone

The Saukia Zone is present in eight measured
sections on the western side and one section on
the eastern side of the Llano Uplift. The base of
the zone in the James River section is 45 feet
below the top of the Point Peak Member, and in
all other sections the zone is confined to the San
Saba Member of the Wilberns Formation. On
the eastern side of the uplift, the San Saba is a
poorly fossiliferous, dolomitized limestone.
From only one section on the castern side, Mor-
gan Creek, have identifiable Saukia Zone taxa
been collected ; above these few collections from
the lower part of the San Saba, the limestone is
dolomitized. On the western side of the uplift
the San Saba is a fossiliferous calcitic limestone,
and the entire Saukic Zone is well represented.
The zone is dominated by species of Saukiella,
Calvinella, Bayfieldia, Euptychaspis, Corbinia,
and Eurekia.

The Saukia Zone of central Texas is equiva-
lent to the Saukic Zone of the Upper Missis-
sippi Valley (Raasch, 1951, p. 148-149, chart 1)
and to all except the lowest part of the Saukia
Zone of Oklahoma (Stitt, in press).

Four subzones are recognized in the Saukia
Zone and in ascending order arc: the Saukiella
pyrene Subzone, the Saukiella junia Subzone,
the Saukielle serotina Subzone, and the Corbi-
nia apopsis Subzone. Winston & Nicholls
(1967) studied part of the Sankia Zone and de-
fined three subzones: the Saukiella junia Sub-
zone, the Sankielle norwalkensis Subzone, and
the Corbinia apopsis Subzone. I have used their
subzonation with only one change, a new name
for the Saukielle norwalkensis Subzone hecause
of what I regard as a misidentification by them.
The lower Trempealcauan of Bell & Ellinwood
(1962) and Winston & Nicholls (1967) is
herein named the Saukiella pyrene Subzone.

Saukiella pyrene Subzone—This is the lowest
subzone of the Saukia Zone, and its base is nor-
mally marked by the lowest occurrence of Mon-
ocheilus truncatus and Ilaenwrus quadratus. In
measured sections the base is at BC-23, JR-347,
MC-915%, SPH-85.5, SS-302.5, and TC-1233.
The top of the subzone is at the base of the
Saukielle junia Subzone. Species confined to the
Saukiells pyrene Subzone are FEuptychaspis
frontalis, n. sp., Ewrekia granulosa, Geragnos-
tus? insolitus, IMlaenwrus quadratus, Keithia cf.
K. connexa, Keithiello scrupulosa, K. scapane,
n. sp., Leiocoryphe occipitalis, Monocheilus
truncatus, Plethopeltis sp., Rasettic magna,
Saukiella fallax, S. pyrene, and Stenopilus
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pronus. The highest occurrence of Pseudagnos-
tus communis is in the lowest part of this sub-
zone. Buptychaspis jugalis and Plethometopus
convergens range through the Saukiella pyrene,
S. junia, and S. serotina Subzones. Bayfieldia
binodosa and Idiomesus levisensis occur in the
Saukiella pyrene and S. junia Subzones.

The Saukiella pyrene Subzone is equivalent to
the [llaenurus Zone of Montana and Wyoming
(Grant, 1965) and to at least the upper half of
the Raseftia magna Subzone of the Saukia Zone
in Oklahoma (Stitt, in press).

Sawukielle  junia Subzone—The Saukiella
junia Subzone was first defined by Winston &
Nicholls (1967, p. 69). The base of the subzone
is at the lowest occurrence of Saunkiella pepinen-
sis, and species confined to the subzone are
Briscoia hartti, Euptychaspis typicalis, Saukia
timida, Saukielle junia, and S. pepinensis.
Bayfieldia simata, Eurekia eos, Idiomesus inter-
medius, Saukia imperatriz, and Stenopilus latus
range through the Saukiclla junia and S. sero-
tina Subzones. The base of the S. junia Subzone
is at BC-70, CC-27, JR-453, SH-12.6, S5-356,
and TC-1291. The top of the subzone is at the
base of the S. serotina Subzone.

The Saukiella junia Subzone of central Texas
is equivalent to the S. jumia Subzone of Okla-
homa (Stitt, in press).

Saunkiella serotina Subzone—Winston & Nich-
olls (1967, p. 69) defined a Saukielle norwalk-
ensis Subzone above the S. junia Subzone; but,
because I have placed S. norwalkensis in synon-
ymy with S. pyrene and propose a new species,
S. serotina, for the specimens identified as S.
norwalkensis by Winston and Nicholls, T have
renamed their S. norwalkensis Subzone the S.
serotina Subzone.

The base of the subzone is normally marked
by the lowest occurrence of Saukiella scrotina,
Euptychaspis kirki, and Calvinella procera. Spe-
cies confined to the S. serotina Subzone are
Bowmania americana, B. pennsylvanica, B. sag-
itta, Briscoia lanoensis, Calvinella prethoparia,
n. sp., C. procera, C. tenuisculpta, Euptychaspis
kirki, Heterocaryon tuberculatum, Leiocoryple
cf. L. longiceps, Macronoda cf. M. prima, Pro-
saukia remora, n. sp., Rasettia wichitaensis,
Sankiella planata, and Theodenisia brevis. Al-
though Saukiclla serotina is abundant through-
out the subzone, it can occur in the base of the
Corbinia apopsis Subzone. Other species occur-
ring in but not confined to the Saukiclla serotina
Subzone are Acheilops masonensis, Bayfieldia
simata, Euptychaspis jugalis, Eurekia eos, Idi-
omesus interimedius, Keithiello patula, Pletho-
metopus convergens, P. obtusus, Saukia impera-
triz, and Stenopilus latus. The base of the sub-

zone is at CC-58, JR-484, L.C-32, LCS-32, SH-
52, §8-375, and TC-1357. The top of the sub-
zone is at the base of the Corbinia apopsis Sub-
zone,

The Saukiells serotina Subzone of central
Texas is equivalent to the S. serotina Subzone
of Oklahoma ( Stitt, in press).

Corbinia apopsis Subzone—The Corbinia
apopsis Subzone is the highest subzone of the
Saukia Zone, and its base is marked by the low-
est occurrence of Corbinia apopsis. Species con-
fined to the subzone include Apatokephaloides
clivosus, Corbinia apopsis, Leiobienvillia leonen-
sis, Triarthropsis cf. T. limbata, T. nitida, T.
princetonensis, and Westonaspis? texana, n. sp.
Although Acheilops masonensis and Plethome-
topus obtusus are common in this subzone, they
first occur in the top of the Saukiella serotina
Subzone, Other species not confined to the Cor-
binia apopsis Subzone are Eurekia cos, Idiome-
sus intermedius, and Saukiclle serotina. The
base of the subzone is at CC-67, JR-538, LC-48,
LCS-53, SH-72, SS-411, and TC-1402. The top
of the subzone is at the base of the Ordovician
Missisquoia Zone, at CC-90, JR-597, LCS-108.5,
SS-417, and TC-1415,

The Corbinia apopsis Subzone of central
Texas is equivalent to the Corbinia apopsis Sub-
zone of Oklahoma (Stitt, in press).

SYSTEMATIC PALEONTOLOGY

Families of trilobites are arranged alphabeti-
cally under each order, subfamilies are alphabet-
ized within the families, genera are alphabet-
ized under each family or subfamily, and spe-
cies are alphabetized under each genus. Unless
stated otherwise in the descriptions, designa-
tions from the Treatise on Invertebrate Paleon-
tology have been used for familial assignments
of genera (Harrington et al., 1959), for mor-
phologic terminology for trilobites (Harrington,
1959; Harrington, Moore, & Stubblefield, 1959),
and for directional orientation terms (Harring-
ton, 1959). Ornament terms are from those of
the Treatise and others in common usage.
Where applicable, orientation and location of
measurements are indicated in the species de-
scriptions.

Not all species described and commented upon
are illustrated. This paper is to be used in con-
cert with those of Bell & Ellinwood (1962) and
Winston & Nicholls (1967). If the photographic
record of a species was sufficient or if additional
photographs would not enhance that record, the
species was not alloted space on the plates. The
figured specimens are deposited with the Bureau
of Economic Geology (BEG) and The Univer-
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Text-F16. 6—Index map showing location of measured sections.

sity of Texas at Austin; the support collections
are stored at The University of Texas at Aus-
tin. Plates contain three columns of stercophoto-
graphs, and the fossils were magnified or re-
duced to make pictures slightly less than 1 inch
square.

At the end of each species description is a list
of occurrences in measured sections. Each col-
lection is alphanumeric: the initials refer to the
specific measured section, the number refers to
the footage of the collection above the base of
that section. The bases of the sections are at
various lithostratigraphic and biostratigraphic
horizons. For the nine sections not discussed in
Bell & Ellinwood (1962, p. 386-388), the loca-
tion, section base, and footages of lithic bounda-
ries are given below. Measured section locations
are plotted in text-figure 6. The sections are
listed below in alphabetic order according to
their initials.

B Backbone Ridye.

BC Bluff Creck—Near mouth of Bluff Creek,
close to the Llano River, Bear Springs area,
southwestern Mason Cotnty. Base of section
is in Point Peak Member of Wilberns Forma-

tion. Top of Point Peak Member is at BC-2;
top of San Saba Member is at BC-262.

CC Calf Crech—On the Blockhouse Ranch,
northwestern Mason County, along lower
reach of Calf Creek and downstream along

San Saba River. Base of section in lower San
Saba Member; top of San Saba at CC-152.

CO Cold Creek.

CR Carter Ranch.

E East Canyon.

EC Eckert's Crossing, Leon Creek area.

GM Gray Mountain, Goodrich Ranch area.

GR Gipson Ranch—Base of section about 2,500
feet west-southwest of mouth of Hickory
Creck, about 4 miles northwest of Johnson
City, Blanco County. Base of section in Cap
Mountain Member of Riley Formation. Top
of Cap Mountain Member at GR-1; top of
Lion Mountain Member of Riley Formation
at GR-42; top of Morgan Creek Member at
GR-197; top of Point Peak Member at GR-
222.

JR (Upper) James River.

I.C Leon Creek (Ellinwood)—On Leon Creek
2 miles north of junction with Llano River
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Mason County, along prominent bend in Leon
Creek where course changes from north-south
to east-west. Base of section is in San Saba
Member; top of San Saba at L.C-154.

LCS Leon Creek Section (Winston)—Base of
section is in bed of Leon Creek in prominent
bend of creek about 1.4 miles southeast of
point where U.S. Highway 183 crosses Leon
Creek. Base of section is in San Saba Mem-
ber ; top of section at LCS-154.

L1 Little Llano.

MC Morgan Creek.

PK Packsaddle Mountain.

SH Spring Hollow, Leon Creck area—Base of
section is in bed of Spring Hollow, 40 fect
west of a fence that crosses Leon Creek and
1,650 feet south of the L. B. Eckert Ranch
headquarters, western Mason County. Base of
section is in San Saba Member; top of section
at SH-85.

SK Klett-Walker.

SPH Sheep Pen Hollow, Leon Creek area—
Base of section is in bed of Sheep Pen Hol-
low, 3,450 feet northeast of the Wes Eckert
Ranch headquarters, western Mason County.
Base of section is in Point Peak Member; top
of Point Peak at SPH-45; top of section at
SPH-166.

SS Camp San Saba.

ST Streeter.

SU Sudduth.

TA Tanyard.

TC Threadgill Creek.

TR Taylor Rancli—About 5 miles northeast of
Pontotoc, San Saba County. Top of section
about 3,000 feet north-northwest of intersec-
tion of Cherokee-Pontotoc road and road to
Taylor Ranch headquarters and about 1,000
feet cast of road to Taylor Ranch headquar-
ters. Base of section is in Cap Mountain
Member of Riley Formation; top of Cap
Mountain Limestone at TR-165; top of Lion
Mountain Sandstone at TR-215; top of Welge
Sandstone at TR-240; top of Morgan Creek
Member at TR-366; top of Point Peak Mem-
ber at TR-443.

WC White Creek.

The following publications or theses contain
graphic or verbal descriptions of the above meas-
ured sections. Plate 1 in Bridge, Barnes, &
Cloud (1947) graphically illustrates the sections
at Backbone Ridge, Bluff Creek, Calf Creek,
Camp San Saba, Carter Ranch, East Canyon,
Little Llano, Morgan Creek, Packsaddle Moun-
tain, Scott-Klett (Klett-Walker), Tanyard,
Threadgill Creek, and White Creek; plate 2
contains a profile section from Morgan Creek.
Cloud & Barnes (1948) described sections from

Backbone Mountain (p. 303-307), Bluff Creek
(p. 179-185), Klett-Walker (Scott-Klett, p.
343), and Tanyard (p. 244-251) ; plate 14 con-
tains graphic sections from Backbone Mountain,
Bluftf Creek, Camp San Saba, East Canyon,
Klett-Walker  (Scott-Klett), Tanyard, and
Threadgill Creek. Barnes & Bell (1954) de-
scribed sections from Streeter (p. 41-45), Camp
San Saba (p. 45-62), and Calf Creek (p. 62-
67). Ellinwood (1953) described the location
and faunal content of the following measured
sections: Leon Creek (p. 189), Calf Creek (p.
190), Strecter (p. 190-192), Upper James River
(p. 192-198), Camp San Saba (p. 198-203),
Threadgill Creek (p. 204-209), Leon Creek (p.
211-215), Carter Ranch (p. 215-216), Tanyard
(p. 217-219), Sudduth (p. 222-223), Backbone
Ridge (p. 224-225), and White Creek (p. 226-
229). Winston (1957) described sections from
Eckert’s Crossing (p. 122-125), Leon Creek (p.
128-133), Sheep Pen Hollow (p. 145-148), and
Spring Hollow (151-155). Jansen (1957) de-
scribed the section from Gray Mountain (p.
145-150). Sections described by Wise (1964)
include Gipson Ranch (p. 199-206).

The occurrence data for the Saukia Zone
taxa are not identical to those of Winston & Nich-
olls (1967); additional data and changes in
taxonomy and nomenclature contribute to the
differences.

Phylum Arrmroropa Siebold & Stannius, 1845
Class Trirosrra Walch, 1771
Order AexosTtipa Kobayashi, 1935
Family Ac~osTipae McCoy, 1849
Genus GeEracnosTus Howell, 1935
Geragnostus? insolitus Grant
Pl 3, figs. 19-21.
Geragnostus? insolitus Grant, 1965, p. 107, pl. 15,

figs. 9, 10, 12.

Remarks—Numerous cephala and pygidia
from one locality are assigned to this species.
Geragnostus? insolitus is characterized by its in-
flated, bilobed, deeply furrowed glabella, a com-
plete preglabellar median furrow, and a narrow,
distinctly furrowed, and nonexpanding pygidial
axial lobe that does not approach the border
furrow (sag.). Surface of cephalic exoskeleton
is not smooth and may have fine granules; pygi-
dial exoskeleton is granulate. Internal molds are
smooth and have more distinct furrows. Most of
the specimens are poorly preserved internal
molds.

These specimens appear to be conspecific with
those in Grant's illustrations. The generic as-
signment is tentative because the specimens dif-
fer from Geragnosius in possessing a complete
preglabellar median furrow.

G.? insolitus occurs in the Saukiella pyrene
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Subzone in central Texas, and in the Montana-
Wyoming area it also occurs low in the Trempea-
leauan.

Occurrence—Locally common in the Sauk-
iella pyrene Subzone at BC-34, 37-37.5, 41, 41.5-
44, 42,

Family PseupacNostipaAE Whitehouse, 1936
Genus Pseubacyostus Jaekel, 1909
Pseudagnostus communis (Hall & Whitfield)

Agnostus communis Hart & WHaITrFIELD, 1877, p.
228, pl. 1, figs. 28, 29.

Pseudagnostus communis (Hall & Whitfield) Par-
MER, 19552, p. 720, pl. 76, figs. 1-3; BELL & ELLIN-
woob, 1962, p. 389, pl. 51, figs. 7-21 (synonymy to
date).

Remarks—Pseudagnostus communis has been
described and illustrated by previous workers.
Bell & Ellinwood’s (1962) figured specimens il-
lustrate the variation in depth and completeness
of furrows on the Texas specimens.

P. communis has been reported from the
Aphelaspis, Elvinia, Taenicephalus, Idahoia, and
Ellipsocephaloides Zones in central Texas. Two
collections from the lowest part of the Saukia
Zone have two cephala and two pygidia that are
assigned to this species. The furrows are very
shallow and in most respects look like P. laevis
Palmer (1955b, p. 97, pl. 19, figs. §, 9, 11, 12),
even to the slightly depressed axial part of the
pygidial border. These four specimens are in-
cluded in P. communis because the convex py-
gidia are nearly equidimensional, whereas, P.
laevis pygidia are distinctly elongate and flatly
convex. Given more material and tighter bio-
stratigraphic control, the two may be shown to
be chronospecific.

Occurrence—Scarce at the base but becoming
more common toward the top of the Taenice-
phalus Zone at E-866, 875; EC-9, 14; GM-572,
575, 579; GR-133, 159; MC-661.5, 685; SS-77,
83; ST-511; TA-34; TR-324, 333, 335.5; WC-
889, 913.5, 917. Common to locally abundant in
the lower half, becoming scarce in the upper
half of the Idahoia Zone at B-377.5; CO-
193; CR-743-747; E-875, 876, 877, 894, 897, 916,
917, 923, 930, 932, 935; GM-594, 604, 606, 615;
GR-167, 168, 169, 173, 183, 185, 195; JR-177,
188, 196, 204; LL-725, 728, 738, 741; MC-706,
707, 712, 714, 718, 721; SS-109, 111.5, 116; ST-
574, 575, 578; SU-116; TC-994, 1009, 1015-1025,
1017, 1025; TR-342; WC-950, 968, 977, 988.
Scarce in the Ellipsocephaloides Zone at GR-
204, 210; LL-750, Scarce in the Saukiella pyrene
Subzone of the Seukia Zone at SPH-93, 95.

Order PrycroraRIIDA Swinnerton, 1915
Family CATILLICEPHALIDAE Raymond, 1938
Genus AcuerLops Ulrich, 1931

Acheilops Ulrich in Brineg, 1931, p. 218; RaAsETT],

1954b, p. 611; in HArrINGTON ef al., 1959, p. 0517;

Winston & Nicmorrs, 1967, p. 77.

Type species—Acheilops dilatus Ulrich, in
Bridge, 1931, p. 219, pl. 19, figs. 20-22.

Remarks—Although Rasetti (in Harrington
et al., 1959) did not make a definite familial as-
signment for Acheilops, Winston & Nicholls
(1967) discussed the current concept of this
genus and presented a sound argument for its
assignment to the Catillicephalidae.

Acheilops masonensis Winston & Nicholls
Pl 6, fig. 19.
Acheilops masonensis Winston & NicroLLs, 1967, p.

77, pl. 11, figs. 13-15.

Remarks—Although this is the third most
abundant species in the Corbinia apopsis Sub-
zone, it is not very common in relation to C.
apopsis and Apatokephaloides clivosus. Acheil-
ops masonensis is characterized by an anteriorly
expanded and truncated glabella, lack of a fron-
tal area and anterior fixigenae, short palpebral
lobes, and stout posterior limbs. The figured
specimen shows the base of an occipital spine
and a granular external surface ornament. Ad-
ditional range data are provided below.

Occurrence—Scarce in the Saukiella seroting
Subzone at CC-61. Scarce to common in the
Corbinia apopsis Subzone at CC-67, 69.5; JR-
538, 539, 540; LC-48; LCS-53, 53.5, 55.5; SH-
72; SS-411; TC-1402, 1405, 1409.

Genus Tueopenisia Clark, 1948

Theodenisia CLarxk, 1948, p. 643; Raserri, 1954b, p.
gggs 1963, p. 1012; in HarringTON ef al, 1939, p.
Type species—Denisia eminens Clark, 1924,

p. 23, pl. 3, fig. 10.

Remarks—Rasetti (1954b, p. 607; in Har-
rington ef al., 1959) gives an excellent diagno-
sis, description, and discussion of this genus and
the species included in it.

Theodenisia brevis (Rasetti)
Ag’;ﬁh’m brevis Raserry, 1944, p. 236, pl. 36, figs. 36,

Theodenisia brevis (Rasetti) RAsertI, 1954b, p. 609;
Winston & Nricsoris, 1967, p. 77, pl. 11, fig. 19.
Remarks—This species is characterized by its

equidimensional, anteriorly expanded glabella

with recurved glabellar furrows. Anterior fixige-
nae are reduced, and frontal area is obsolete.

Nine fragmentary cranidia are assigned to this

species.

Occurrence—Scarce in the Saukiella serotina

Subzone at LCS-45; SH-54. Scarce in the Cor-

binia apopsis Subzone at LCS-54.
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Genus TriartHRrROPsIS Ulrich, 1931
Triarthropsts Ulrich in Brincg, 1931, p. 214; Ras-
ETTI, 1954b, p. 606; in HARrRiNGTON ef al, 1939,
p. 0285,
Type species—Triarthropsis nitida Ulrich in
Bridge, 1931, p. 214, pl. 19, figs. 3, 4.

Remarks—Rasetti’s (1954b, p. 606) descrip-
tion of the genus is an adequate diagnosis of
Triarthropsis.

Triarthropsis cf. T, limbata Rasetti
PL 6, fig. 20.
Triarthropsis limbata Raserrr, 1939, p. 382, pl. 52,

figs. 1-8.

Remarks—Five fragmentary cranidia seem to
be conspecific with Rasetti’s types from the
Conococheague Formation in Maryland. The
stout, pointed glabella with four sets of shallow
furrows, the long frontal area, the divergent an-
terior facial sutures, and the long posterior
limbs set this taxon apart from other species of
Triarthropsis. Because the anterior border is
not clearly visible on any of the Texas speci-
mens, the specific assignment is tentative.

Occurrence—Scarce in the Corbinia apopsis
Subzone at CC-67; TR-539, 540,

Triarthropsis nitida Ulrich
Pl 6, fig. 21.

Triarthropsis nitida Ulrich in Bripce, 1931, p. 241,
pl. 9, figs. 3, 4; RaserTr, 1954b, p. 607, text-fig. 2d;
1959, p, 382, pl. 55, figs. 6-13: Winston & NicH-
orLs, 1967, p. 78, pl. 11, figs, 27, 28.
Remarks—Triarthropsis nitide is well de-

scribed and illustrated. Texas cranidia differ

from those illustrated by Rasetti (1959) in that
the glabella is not so long and on many speci-
mens the anterior facial sutures diverge in front
of the palpebral lobes, resulting in relatively
wide anterior fixigenae. T. witida is distin-

guished from the associated Triarthropsis cf. T.

limbate in having only three glabellar furrows,

a rounded instead of a pointed glabella, and rel-

atively shorter, posteriorly curved limbs,
Occurrence—Scarce in the Corbinia apopsis

Subzone at CC-67; JR-540; LCS-53, 53.3, 55.5;

SH-72.

Triarthropsis princetonensis Kobayashi

Triarthropsis princetonensis Kosayasni, 1935a, p. 56,
pl. 8 fig. 1; Winsron & NicHoLrLs, 1967, p. 78, pl.
11, fig. 26.

Theodenisia  princetonensis  (Kobayashi) Rasgrti,
1954b, p. 609.

Remarks—Only four cranidia are assigned to
this species. The nearly rectangular glabella, re-
curved glabellar furrows, broad fixigenae, and
short but definite frontal area distinguish this
species from other species of Triarthropsis or

from species of the closely allied genus Theode-
nista. Although these cranidia have slightly
broader posterior fixigenae than does the holo-
type from Montana, T think they are conspecific.

Occurrence—Sparse in the Corbinia apopsis
Subzone at CC-67; 1.CS-55.5; SH-72.

Family DikeLoceraALIpAE Miller, 1889
Genus Briscorta Walcott, 1924
Briscoia Warcort, 1924a, p. 37; 1925, p. 74; ULricH

& Resser, 1930, p. 59; Kosavasur, 1933a, p, 50;

Lochman in HarriNcToN cf al, 1939, p. 0254;

PaLmer, 1968, p. 58.

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

Remarks—Not only Briscoia but the entire
family needs to be reevaluated, preferably with
material from measured sections. A major prob-
lem encountered in the Dikelocephalidae in-
volves fragmented material from evidently large
specimens. Although the specimens from central
Texas are not sufficient for a generic diagnosis
or revision, one of the problems with Briscoia is
evident in the Texas collections: the pygidia of
Briscoia sp. (Ellipsocephaloides Zone) have
subequally divided pleurae, whereas the pleurae
on pygidia of B. llanoensis are markedly un-
equally divided. Both of these pygidial forms
are represented in other described species of
Briscoia.

Briscoia hartti (Walcott)

Conocephalites hartii Warcorr, 1879, p. 130.

Dikelocephalus hartti (Walcott) Warcorr, 1914, p.
368, pl. 63, figs. 1-7a (synonymy to date).

Briscoia hartti (Walcott) Kosavasur, 1935a, p. 51;
Winston & Nicrorrs, 1967, p. 73, pl. 10, fig. 9.
Remarks—The one specimen figured by Win-

ston and Nicholls and two lesser fragments

make up the total sample in the Texas collec-
tions. I offer no changes in the systematics or
range data of Winston and Nicholls.

Occurrence—Scarce in the Saukiella junia
Subzone at $5-372.5; TC-1341-1346.

Briscoia llanoensis Winston & Nicholls
Briscoia llanoensis Winston & Nicmoris, 1967, p.

73, pl. 10, figs. 1-3, 5.

Remarks—The only addition to Winston and
Nicholls’ description is that the frontal areas on
the smaller specimens are proportionally longer
than on the larger ones. Additional range data
are provided below.

Occurrence—Abundant in the Saukiella sero-
tina Subzone at CC-58.2, 61, 63=; JR-521.5, 529,
532; LCS-40, 44, 45, 45.4, 45.8, 52; SH-58.5-60,
61.5, 61.5-62, 65.5; SS-409; TC-1379-1385, 1388,
1391.5, 1392, 1394, 1395, 1400.
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Briscoia sp.
Briscoia sp. BeLr & Errinwoon, 1962, p. 390, pl. 52,

figs. 5, 6.

Remarks—All that is known about this spe-
cies is discussed and illustrated in Bell & Ellin-
wood (1962).

Occurrence—Locally abundant in the Ellipso-
cephaloides Zone at JR-275, 283, 284, 284.5;
MC-864; SS-188.

Family TLLAENURIDAE Vogdes, 1890
Genus ILLaexurus Hall, 1863

Ilaemerus Harv, 1863, p. 176 ; Lochman in HARRING-
ToN et al., 1959, p. 0271 ; Grant, 1965, p. 124.

Type species—Illaenurns quadratus Hall,
1863, p. 176, pl. 7, figs. 52-57.
Diagnosis—Cranidium moderately convex,

rectangular, may be wider (across eyes) than
long, or vice versa. Glabella only partly defined
by axial furrow. Occipital and posterior border
furrows faint to absent. Eyes behind, on, or in
front of cranidial midlength. Anterior border
narrow, almost flat, downsloping. Anterior fa-
cial sutures slightly convergent to divergent.
Pygidium tapered-clliptical, without axial and
pleural furrows.

Illaenurus quadratus Hall

Illaenurus quadratus Flary, 1863, p. 176, pl. 7, figs.
52-57; NreLsow, 1951, p. 783, pl. 110, fig. 11 (syn-
onymy to date) ; BELL & Errinwoon, 1962, p. 396,
12:‘]* 55, figs. 1-3; Grawt, 1965, p. 125, pl. 15, fig.

Remarks—This species is characterized by its
elongate cranidium, eyes that are posterior to
the cranidial midline, and anterior facial sutures
that are parallel to slightly divergent. One small
specimen (SPH-87) is quadrate, its eyes cen-
tered on the cranidial midline; it could belong to
Hlaenurus truncatus Feniak, but I believe it is
an early juvenile of I. quadratus that reflects its
ancestry, as Grant (1965) suggests.

Bell & Ellinwood (1962, pl. 55, fig. 2) figured
a cranidium that has markedly divergent ante-
rior facial sutures; one other specimen from the
same collection is comparable to it, but the rest
of the specimens have parallel or slightly diver-
gent facial sutures. I have included these two
specimens in [, guadratus and not in . monta-
nensis Kobayashi, which has divergent facial
sutures, because I am not convinced about the
validity of the latter species. Direction of the
anterior facial sutures is rather a poor feature
for separation of species, especially as it can be
affected by compaction or curling of the molt.
In collections of more than three or four speci-
mens there is a continuous gradation from
strictly parallel to more or less divergent ante-

rior facial sutures, without any relation to size
of the specimen. If the divergence of facial su-
tures among specimens of I. gquadratfus figured
hy Hall (1863), Nelson (1951), and Bell & El-
linwood (1962) is compared with that of I.
montanensis figured by Kobayashi (1935a) and
Grant (1965), the complete overlap in degree of
divergence between the two species is readily
apparent. Although I have seen neither Kobay-
ashi’s nor Grant’s original material, I suggest
two possible alternatives: (1) lump them into
one species with a variable degree of anterior
facial suture divergence, or (2) based on more
intensive study of existing and new material, ar-
rive at something more definitive for specific
identification than facial-suture divergence.

Occurrence—Locally common in the Sauk-
iella pyrene Subzone at BC-23; JR-347, 369.5,
357, 374.5; SPH-87, 91, 93, 94, 95, 96.5, 100,
114.5.

Family LecavopyeipaE Lochman, 1953
Genus RaserTia Lochman, 1953

P!’tzl.%m?pm Rayamonp, 1913, p. 63; Raserrr, 1944, p.

Rasettioc Locaman, 1933, p. 886; Lochman in Har-
RINGTON ef al., 1959, p. 0380.
Type species—Bathywrus

1860, p. 318, fig. 20.
Remarks—The diagnosis given by Lochman

(in Harrington et al, 1959) summarizes the

characteristics of this genus.

capaxr Billings,

Rasettia magna Ellinwood
PL 3, fig. 1.

Rasettia magne Ellinwood, in Berr & Errinwoon,
1962 (part), p. 397, pl. 55, fig. 9 (not fig. 10=R.
capax (Billings) ).

Remarks—Stitt (in press) has excellent col-
lections of Rasettia capax (Billings), R. magna
Ellinwood, and R. wichitaensis (Resser) from
Oklahoma, where the three have nonoverlapping
ranges. He found that the cranidia and pygidia
assigned by Ellinwood to R. magna are not asso-
ciated with one another in Oklahoma; pygidia
assigned by Ellinwood (Bell & Ellinwood, 1962,
pl. 55, fig. 10) to R. magna are associated with
cranidia Stitt assigned to R. capax, and the
Oklahoma cranidia of R. magna are associated
with different pygidia. The Texas material
comes from a spot locality and could have been
from one horizon or from an interval. It is not
possible to determine whether R. capar and R.
magna have overlapping ranges in Texas. My
assignments are based on Stitt’s associations.

Three relatively small pygidia are assigned to
this species, and they are characterized by the
smooth curvature of the anterior edge of the
pleural field, an articulating half ring, two axial
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rings, and a terminal axial piece with two low
nodes. Two faint pleurae are present, and a
third is suggested.

Occurrence—Scarce in the basal Saukiella
pyrene Subzone at MC-1065-1075; TC-1233,
1258.

Rasettia wichitaensis (Resser)
Pl. 4, fig. 18.

Platycolpus wichitaensis Resser, 1942b, p. 41, pl. 6,
figs. 26-29.

Platycolpus oklahomensis Resser, 1942b (part), p.
40, pl. 6, figs. 20, 21 (not figs. 22-25).
Remarks—Stitt (in press) concludes from

his Oklahoma material and from examination of

Resser’s types that some of the specimens Res-

ser assigned to Platycolpus oklahomensis (not

the holotype) actually belong in P. wichitaensis.

Comparison of one poorly preserved pygidium

from Texas with Stitt’s excellent collections has

confirmed the assignment of the pygidium to

Rasettia wichitaensis.

This pygidium is elliptical and characterized
by an articulating half ring, one axial ring, and
a terminal axial piece; the moderately convex
pleural field is crossed by only one furrow, the
shallow anterior pleural furrow.

Occurrence—Scarce in the Saukiella serotina
Subzone at SH-52.

Family OLENIDAE Burmeister, 1843
Genus LeroBienviLra Rasetti, 1954
Leiobienvillia Rasertr, 1954a, p. 583; HENNINGS-
MOEN, 1957, p. 159; Poulsen in HARRINGTON et al.,
1959, p. 0267.
Type species—Leiobienvillia laevigata Ras-
etti, 1954a, p. 583, pl. 61, figs. 3-6, text-fig. 3.

Remarks~—Henningsmoen (1957) gave an
excellent diagnosis and discussion of Leiobien-
willia, the only olenid represented in the Pty-
chaspid Biomere in central Texas,

Leiobienvillia leonensis Winston & Nicholls
Leiobienvillia leonensis Winstox & Nicuorrs, 1967,

p. 75, pl. 11, figs. 16, 20, 21.

Remarks—I1 have included this species in
order to give additional range data. This is the
only olenid present in the Ptychaspid Biomere,
and its occurrence at the very top of the bio-
mere may be significant.

Occurrence—Scarce in the Corbinia apopsis
Subzone at CC-67; JR-539, 540, 542, 543; LC-
48; LCS-53, 55.5; SH-72; SS-411; TC-1402,

Family PLETHOPELTIDAE Raymond, 1925
Genus LerocorypHE Clark, 1924

Leiocoryphe CLark, 1924, p. 21; Lochman in Har-
RINGTON et al., 1959, p. 0409.

Type species—Leiocoryphe gemma Clark,
1924, p. 21, pl. 3, fig. 8.

Remarks—The diagnosis given by Lochman
(in Harrington ef al., 1959) summarizes the
characteristics of this genus.

Leiocoryphe cf. L. longiceps Rasetti
Pl 6, fig. 13.
Leiocoryphe longiceps Raserri, 1963, p. 1010, pl. 130,

figs. 21-26.

Remarks—Four poorly preserved cranidia
are tentatively assigned to this species. The
semielliptical outline, sinuous posterior margin,
lack of palpebral lobes, and longer and narrower
proportions set this species apart from all others
of Leiocoryphe. However, the fragmentary
Texas specimens are flatter and have longer,
slightly elevated occipital segments that suggest
blunt spines. These specimens may belong to L.
longiceps, but the material is too poor to be def-
initely assigned.

Occurrence—Scarce in the Saukiella serotina
Subzone at CC-61.

Leiocoryphe occipitalis Rasetti

Leiocoryphe occipitalis Rasert1, 1944, p. 245, pl. 38,
fig. 4; BeLL & Ervinwoop, 1962, p. 403, pl. 39,
fig. 4.

Remarks—Six cranidia are assigned to this
species. Leiocoryphe occipitalis is characterized
by its lack of palpebral lobes, by a complete oc-
cipital furrow, and by its small size.

Occurrence—Scarce in the Saukiella pyrene
Subzone at MC-915 =+ ; $5-302.5, 307.5.

Genus PretTHomeToPUs Ulrich, 1931

Plethometopus Ulrich in Brioce, 1931, p. 221; Ras-
ETTI, 1944, p. 251; Lochman in HARRINGTON ¢f al.,
1959, p. 0410.

Type species—DBathyurus armatus Billings,

1860, p. 319, fig. 23,

Remarks.—The diagnosis given by Lochman

(in Harrington ef al., 1959) summarizes the

characteristics of this genus.

Plethometopus armatus (Billings)

Bathyurus armatus Brrings, 1860, p. 319, fig. 23;
1863, p. 238, fig. 273; 1865, p. 411, fig. 392.

Plethopeltis armata (Billings) Raymono, 1913, p. 65,
pl. 7, fig. 18; 1924, p. 416.

Plethometopits armatus (Billings) Ulrich in Brince,
1931, p. 221; Raserrr, 1944, p. 251, pl. 39, fig. 25;
1959, p. 383, pl. 53, figs. 1-8, and pl. 52, fig. 14.

Plethometopus convexus (Whitfield) BeLr & Errin-
woop, 1962 (part), p. 403, pl. 539, fig. 6 (not fig.
S5=Plethometopus sp.).

Remarks.—The specimen with an occipital
spine (Bell & Ellinwood, 1962, pl. 39, fig. 6)
that Bell assigned to Plethometopus convexus is
misnumbered in the explanation of the plate. It
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is from the spot locality 86T-5-13A and not
from the Saukiella pyrene Subzone at MC-1065.
The associated fauna in the dolomitic San Saba
at the spot locality is totally unfamiliar, and,
therefore, I cannot relate this specimen to any
subzone of the Saukia Zone.

This specimen is assigned to Plethometopus
armatus, the type species, because of its slender
occipital spine and its faint axial and preglabel-
lar furrows (see Ulrich in Bridge, 1931, p. 221).

Because of lack of biostratigraphic control,
Bell assigned this specimen to P. convexus, the
first described Midcontinent species. However, I
think this name should be avoided. Ulrich (in
Bridge, 1931, p. 221) reports that Whitfield had
10 specimens upon which he based Illaenurus
convexus. Although nine of those cranidia be-
long to Stenopilus, the figured holotype is Ple-
thometopus. The occipital ring on the holotype
is missing, but it was restored in the original il-
lustration by using the associated Stenopilus
material. Although Ulrich restored a blunt oc-
cipital spine in two of his figures (pl. 19, figs.
30, 31), he also stated that none of his speci-
mens preserve this feature. Because we don’t
know what Plethometopus convexus looks like, I
suggest that it be considered an indeterminate
species and that the name be restricted to the
holotype until more data from Wisconsin be-
come available.

Occurrence—Common at spot locality 86T-5-
13A.

Plethometopus convergens (Raymond)
PL 3, figs. 11, 12.
P.’i?g‘z%peﬂzif convergens RayMonp, 1924, p. 419, pl.
P!erfwﬂﬁ;ztopm convergens (Raymond) Ulrich in

Bringe, 1931, p. 221; Rasertr, 1944, p. 251, pl. 39,

fig. 27; 1939 p. 384 pl. 53, ﬁga 15-10.

Remarks.—This species is characterized by
convergent anterior facial sutures, palpebral
lobes that are on or behind the cranidial mid-
length, triangular posterior limbs, very shallow
furrows, and a broadly triangular occipital seg-
ment with a suggestion of a terminal node. The
larger the specimen, the more it looks like Ras-
etti’s illustrations of specimens of comparable
size. The pygidia agree quite well with Rasetti’s
illustration except that the axial node is absent.

Plethometopus convergens occurs stratigraph-
ically below P. obtusus and is distinguished
from it by the rearward position of the palpe-
bral lobes, by convergence of the facial sutures,
and by shallower furrows.

Occurrence—Scarce in the Saukiella pyrene
Subzone at BC-36, 41; SS-302.5. Scarce in the
Saukiella junia Subzone at BC-70. Scarce to
common in the Saukiells serotina Subzone at

CC-61; JR-529, 532; LCS-324, 35.7, 39, 40, 45;
SH-52.6, 54.

Plethometopus obtusus Rasett
PL 6, figs. 14, 15.
Plethometopus obtusus Rasetti, 1945b, p. 472, pl. 62,

figs. 1, 2; 1939, p. 383, pl. 53 figs. 11-14.
P:’c!hametopm modestis UIrlch Winston & NicH-

oLLs, 1967, p. 87, pl. 10, fig. 11.

Remarlks—Plethometopus obtusus is distin-
guished from the stratigraphically lower P. con-
vergens by the central or forward position of
the palpebral lobes, by divergent anterior facial
sutures, and by deeper furrows. P. obtusus is
distinguished from P. modestus by divergent an-
terior facial sutures, by more anteriorly located
palpebral lobes, and by broader triangular poste-
rior limbs. A bluntly pointed occipital ring and
lack of distinct axial and preglabellar furrows
distinguishes P. obiusus from P. armatus.

Winston & Nicholls (1967) assigned all speci-
mens of Plethometopus to P. modestus. I recog-
nize two stratigraphically separated species of
Plethometopus in the Saukia Zone, neither of
which is P. modestus. Winston and Nicholls' fig-
ured specimen (pl. 10, fig. 11) belongs to the
higher species, P. obtusus.

Occurrence—Very scarce at the top of the
Saukiella serotina Subzone at TC-1400. Scarce
to locally common in the Corbinia apopsis Sub-
zone at JR-539, 540; LC-48; LCS-53.3, 55.5;
SS-411.

Genus PreTnoreELTIS Raymond, 1913
Pl 4, figs. 1-6.

Plethopeltis Raymonp, 1913, 64; 1924, p. 412;
FievLp, 1915, p. 37; Ulrich in BRIDGI: 1931 p. 219,
Type species—Agraulos saratogensis Wal-

catt, 1890, p. 276, pl. 21, fig. 14.
Diagnosis—Cranidium moderately convex.

Glabella subrectangular to slightly tapering,

completely outlined by axial and preglabellar

furrows; glabellar furrows may or may not be
present. Frontal area not divided. Occipital ring
may extend back into blunt spine. Palpebral
lobes small, slightly elevated. Librigenae trans-
versely convex, unfurrowed, with blunt genal
spines. Pygidium wider than long; axis bluntly
rounded ; pleurae either strongly ribbed or with
furrows of variable strength ; no border furrow.

Remarks—Plethopeltis is distinguished from
all other genera of the Plethopeltidae by its dis-
tinct and complete axial and preglabellar fur-
rows and by its lack of an anterior border fur-
TOW.

The taxonomic and nomenclatorial history of
the material from Hoyt’s Quarry, 4 miles west of
Saratoga Springs, New York, needs to be com-
piled. Walcott (1886) began the sequence with a
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faunal list that included Ptychoparia (Agrau-
los) saratogensis, a nomen nudum. Four years
later he described Agraulos saratogensis Wal-
cott (1890, p. 276, pl. 21, fig. 14) and allied this
species to Bathyurus armatus Billings (1860, p.
319, fig. 23). Only the holotype is mentioned by
number (U.S.N.M. 23863); the drawing on
plate 21, figure 14, is presumably of the holo-
type.
In 1912, Walcott again published on Agraulos
saratogensis, describing a granular ornament
and illustrating five specimens with poorly re-
touched photographs (pl. 43, figs. 11-15). Fig-
ures 11 and 1la (U.S.N.M. 58558) illustrate an
internal mold of a eranidinum (pl. 4, fig. 1) ; the
glabellar furrows were added in retouching.
Written on the back of this specimen is “Type
of Agraulos saratogensis” The holotype num-
ber, 23863, does not appear on this or any other
specimen in the type collection or support mate-
rial. Resser (1942a, p. 41) stated that the two
numbers referred to the same specimen. In the
U.S. National Museum catalogue beside the
number 58558 is a notation, in what appears to
be Resser’s handwriting, that the original type
number was 23863 (Jesse Merida, U.S.N.M., let-
ter of January 11, 1968). Thus, 58558 does equal
23863. Comparison of the specimen 58558 with
Walcott’s drawing of 23863 also indicates that
58538 is indeed the holotype.

Figure 12 (Walcott, 1912) illustrates a free
cheek (U.S.N.M. 58559). It is an internal mold,
and Bertillon ornament is vaguely apparent
along the outer margin.

Figures 13 and 13a (U.S.N.M. 58560) are of
a partly exfoliated pygidium (pl. 4, fig. 4).
Small granules crest the axial rings and pleural
ribs, and low anastomosing lines cover the mar-
gin of the pleural field.

An unexfoliated cranidium (U.S.N.M. 58561)
is illustrated in Walcott’s figures 14 and 14a (pl.
4, fig. 3). A fine granular ornament covers this
cranidium, and delicate Bertillon ornament
crosses the frontal area, the fixigenae, and the
occipital ring. The recurved glabellar furrows
are distinct but not so deep as Walcott’s photo-
graph indicates. This is the specimen that be-
came holotype of Plethopeltis granulosa Resser
(1942a, p. 41).

A hypostoma is illustrated in figures 15, 15a.
This specimen was not found in the type collec-
tion or in the support material.

Two distinet groups are among the 50 speci-
mens in Walcott’s support collection, The first is
characterized by a smooth internal mold and an
exoskeleton that is smooth except for small
granules that can occur on the occipital ring,
posterior parts of the glabella and fixigenae, and

on the posterior border; the transverse or ante-
riorly bowed occipital furrow is impressed only
across the axial region; the axial furrow is
faint on the exoskeleton, moderately well im-
pressed on internal molds; and the glabellar fur-
rows are faint to absent. When he restudied
Walcott’s collection, Resser (1942a) restricted
P. saratogensis to this first group and estab-
lished P. granulosa for the second. P. gramdosa
is characterized by granules and Bertillon orna-
ment on the exoskeleton, internal molds that can
preserve part or all of this ornament, glabellar
furrows that are faint to well impressed (as on
the holotype, U.S.N.M. 58561) on both exoskele-
ton and mold, an axial furrow that is always
distinct, and a transverse or anteriorly bowed
occipital furrow that extends almost to the axial
furrow and has its lateral ends directed for-
ward.

Raymond established the genus Plethopeltis in
1913, made Agraulos saratogensis Walcott the
type species, and included Bathyurus armatus
Billings (1860) in his new genus.

Field (1915) studied material collected by
Raymond from Hoyt's Quarry and compared it
with that illustrated by Walcott. He concluded
that Plethopeltis was a valid genus quite distinct
from Agraulos. He also declared that the two
forms of P. saratogensis (one with a faint gla-
bellar furrow and no ornament and the other
with deeper furrows and granular ornament)
came from the same collecting horizons and be-
long in the same species.

In 1924, Raymond reevaluated the type spe-
cies, using the published literature and his own
collections from Hoyt's Quarry. Presumably,
from his statements, he did not see any of Wal-
cott’s specimens. Raymond noted that Walcott
had figured three forms under the name P.
saratogensis: one with no glabellar furrows
(1890, pl. 21, fig. 14), one with faint glabellar
and deep dorsal furrows (1912, pl. 43, figs. 11,
11a), and one with deep glabellar and dorsal
furrows (1912, pl. 43, figs. 14, 14a). Raymond
stated that, of the 37 cranidia he collected, 22
were of the unfurrowed form, 15 had the faint
glabellar and deeper dorsal furrows, and none
had the deep glabellar furrows. Because the spe-
cies originally described by Walcott had faint
glabellar furrows, Raymond restricted P. sara-
togensis to the form with faint glabellar fur-
rows and established P. walcotti for the form
with no glabellar furrows (pl. 4, fig. 2).

In Raymond’s collections, the trays labeled P.
walcotti contain 46 cranidia that are well
enough preserved to show presence or absence
of glabellar furrows; 10 of these (only one
unexfoliated) have smooth glabellas, 33 have
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faint glabellar furrows, and 3 granular cranidia
have faint glabellar furrows. Of the unorna-
mented specimens in the trays labeled P. sarato-
gensis (Walcott), 1 cranidium has a smooth
glabella, 10 have faint furrows, 1 has deep, re-
curved glabellar furrows; 5 granular cranidia
have faint furrows, and 1 granular cranidium
has deep and recurved glabellar furrows. Com-
parison of holotypes shows the only difference
to be that P. saratogensis has very vague
depressions where glabellar furrows would be,
whereas P. walcottl is smooth.

After looking at all of Walcott’'s and Ray-
mond’s material, I agree with Resser that there
are two distinct species in Hoyt’s quarry mate-
rial, P. saratogensis and P. granulosa, and I
consider P. walcotti to be a synonym of P. sara-
togensis. P. saratogensis is characterized by a
smooth to faintly furrowed glabella, distinct
axial and preglabellar furrows, an incomplete
occipital furrow, limited granulation, and
an elliptical pygidium with pleural furrows
ranging from faint to well impressed. Ray-
mond’s drawing of the holotype of P. walcotti
shows a faint anterior border furrow that is not
on the specimen. The holotype cranida and
associated pygidia assigned to these three nomi-
nal species are illustrated in unretouched photo-
graphs (pl. 4, figs. 1-6).

Ulrich (in Bridge, 1931, p. 219) proposed that
Plethopeltis be restricted to forms closely allied
to P. saratogensis. He established the genus Ple-
thometopus with Bathyurus armatus Billings as
the type species and included in the new genus
the following five of Raymond’s species of
Plethopeltis: P. arenicola, P. laevis, P. angusta,
P.lata, and P. convergens. Removal of these five
species and Bathyurus armatus restricts Pletho-
peltis to only those forms with a distinct cir-
cumglabellar furrow.

Species definitely assigned to Plethopeltis in-
clude P. saratogensis (Walcott), 1890; P. bu-
ehleri Ulrich, 1931; P. platymarginatus Ulrich,
1931; and P. granulosa Resser, 1942a. P. wal-
cotti Raymond, 1924, is here synonymized with
P. saratogensis. Raymond (1924) assigned spe-
cimens identified as Agraulos saratogensis Wal-
cott by Weller (1903) to a new species, Pletho-
peltis welleri. Walcott (1912) thought that
Weller’s assignment was correct. Although I
have not seen this material, I agree with Wal-
cott. Another species that Raymond assigned to
Plethopeltis, Agraulos hemisphericus Berkey
(1898), was placed in synonymy with Camaras-
pis convexra (Whitfield) by Frederickson (1948,
p. 798), and this assignment has not been dis-
puted (Wilson, 1951, p. 630; Nelson, 1951, p.
774; Lochman & Hu, 1960, p. 813).

Plethopeltis sp.
Pl 4, figs. 7, 8.

Remarks.—Four specimens from one locality
belong to Plethopeltis; the specific assignment is
uncertain because of poor preservation and a
dearth of specimens.

The specimens are closely allied to P. sarato-
gensis (Walcott) on the basis of low convexity,
shallow axial and almost nonexistent glabellar
furrows, a gently tapered glabella, and a re-
curved occipital furrow. On the other hand, the
completeness of the occipital furrow and well-
defined occipital segment and the sharply re-
curved, almost crimped appearance of the poste-
rior border furrow and border indicate a close
affinity to P. buehleri Ulrich. One of the speci-
mens has the granular ornament and deeper, re-
curved glabellar furrows of P. granulosa Res-
ser. The specimens are from the dolomitic facies
of the San Saba Member of the Wilberns For-
mation ; none have been recovered from the cal-
citic facies.

Occurrence—Scarce in the Saukiella pyrene
Subzone at MC-1065.

Genus StenoriLus Clark, 1924

Stenopilus CLark (June), 1924, p. 22; Raymonp
(July), 1924, p. 418; Raserri, 1959, p. 385; Loch-
man in HARRINGTON ¢f al., 1939, p. 0412,

Type species—Stenopilus intermedius Clark,
1924, p. 22, pl. 3, fig. 9.

Remarks—Although the diagnosis given by
Lochman (in Harrington et al., 1959) is suffi-
cient, the illustrations of the cranidia (fig. 313,
6a, 6b) can be misleading. Rasetti (1945a,
1959), Ulrich (in Bridge, 1931), and Bell & El-
linwood (1962) adequately illustrated the com-
mon form of the genus.

Stenopilus latus Ulrich

Stenopilus latus Ulrich in Brincg, 1931, p. 222, pl. 19,
figs. 27, 28, 32, 33; Winston & NicroLLs, 1967, p.
88, pl. 9, fig. 28; pl. 10, fig. 14

Leicoryphe halei Winston & Nicuorrs, 1967, p. 87,
pl. 10, figs. 10, 13.

Remarks—Stenopilus latus is common in the
Texas collections, and specimens larger than 4
or 5 mm correspond well with Ulrich’s figures
and descriptions. At this length the palpebral
lobes are long and narrow, and the notches or
pits along the posterior margin become less dis-
tinct. Leiocoryphe halei Winston & Nicholls
ranges in size from minute up to about 4 mm. In
the larger specimens there is a trace of long,
slender palpebral lobes and a hint of the notches
in the posterior margin. The ranges of the two
are nearly coincident,

Stitt (in press), bhasing his conclusion on ex-
tensive collections from Oklahoma, thinks that




22 STENOPILUS, IDAHOIA

Leiocoryphe haolei represents juvenile Stenopilus
latus, and the smaller collections from Texas
corroborate his conclusions. Leiocoryphe halei is
synonymized with Stenopilus latus.

Occurrence—Locally common in the Sauk-
tella junia Subzone at BC-109-110; JR-460, 481;
SH-12.6; S$S-356, 360.5, 370; TC-1320-1325,
1330-1335, 1341-1346. Locally common in the
Saukiells serotina Subzone at CC-58.2, 61; JR-
521.5, 529; 1L.CS-33, 33.5, 34-36, 40, 44, 45, 45.4,
52; TC-1379-1385, 1392, 1400.

Stenopilus pronus Raymond

Stenopilus pronus Raymonp, 1924, p. 420, pl. 13, figs.
6, 7: Raserer, 1944, p. 257, pl. 30, fig. 101 1950, p.
385, pl. 53, figs. 2(}—24 BELL & E[.meoon 1962
p. 403, pl. 59, figs. 7-9.

Stenopilus elongatw Raserr, 1944, p. 257, pl. 39,
figs. 20, 21; 1945a, p. 122, pl. 1, figs. 10-16.
Remarks—Two small collections are assigned

to this species and both are from the very base

of the Saukia Zone. The specimens are
markedly elongate (length-width ratio greater
than 1.25) and thus are easily separated from
the stratigraphically higher and more equidi-
mensional Stenopilus latus. S. elongatus Rasetti
looks like a small S. pronus, and examination of
the types of S. elongatus revealed no significant
difference other than size. Thus, I have placed

S. elongatus in synonymy with S. pronus.
Occurrence—Scarce in the base of the Sauk-

iella pyrene Subzone at MC-1075; 41-3.1, 35 feet

above the stromatolite bioherm at Camp San

Saba bridge, McCulloch County.,

Family ParaBorinoipipaE Lochman, 1956

Diagnosis—Subisopygous ptychoparioid tri-
lobites. Glabella normally tapering, rounded to
truncate anteriorly, with two or three pairs of
usually distinct glabellar furrows; eye ridges
strong to obsolete, eyes normally large and lo-
cated near glabellar midlength, rarely small and
more anteriorly located; frontal area one-third
to two-thirds cranidial length, usually with dis-
tinct anterior border furrow; width (tr.) of
posterior areas approximates basal glabellar
width, length (exsag.) wvariable, Pygidium
transversely elliptical, with well defined axis,
two to four axial rings, terminal piece, no post-
axial ridge; pleural furrows distinct; border
furrow poorly defined or obsolete; margin
smooth or spined. External surfaces commonly
ornamented with granules or vermiform ridges,
or both,

Remarks—Assembled in this family are gen-
era assigned to the families Parabolinoididae
and Idahoiidae in the Treatise (Harrington et
al., 1959). I have grouped these genera into one
family because of their morphologic similarities

and because I think they are probably geneti-
cally related. Palmer (1965b, p. 32-33) dis-
cussed the differences between the strictly mor-
phological families of the Treatise and the more
interpretive, evolution-oriented families he rec-
ognized in the Pterocephaliid Biomere. The
families Palmer recognized represent complexes
of genera that morphologically, spatially, and
temporally have a high probability of being ge-
netically related. T have tried to follow the con-
cept he outlined in erecting families in the Pty-
chaspid Biomere.

Three lineages are evident in the Parahbolinoi-
didae (text-fig. 1) : Parabolinoides to Orygmas-
pis, Parabolinoides to Taenicephalus to Idahoia
and Saratogia, and Parabolinoides to Wilbernia.
Orygmaspis differs from Parabolinoides in hav-
ing larger, more posteriorly located palpebral
areas and in having a generally less convex,
smoother cranidium ; Orygmaspis llanoensis var.
A is the tie between Parabolinoides contractus
and O. lanoensis (s.s.). The earliest species of
Wilbernia, W. halli and W. halli var. A, differ
from Parabolinoides contractus in having larger,
more posterior palpebral areas that are closer to
the glabella and in havinrg modifications on the
frontal area; later species of Wilbernia continue
the modifications of the frontal area, and the
glabella becomes proportionally larger and more
rectangular. A few specimens of Parabolinoides
granulosus have larger than normal palpebral
areas, a vermiform ridge ornament instead of
granules, and deeper furrows—features suggest-
ing that P. granulosus is ancestral to Taenice-
phalus gouldi. Continuation of the trend toward
a shorter, more blunt glabella and a deeper axial
furrow, combined with modifications of the
frontal area, relates 7. gouldi to T. shwmardi.
Although there are some specimens high in the
range of 7. shwmardi that indicate affinities
with Kendallina and Maustonia, none of these
specimens could be assigned to either genus.
Idahoia and Saratogia are related to Taenice-
phalus through T. sp., which shares characters
of all three genera.

Genus Inanora Walcott, 1924

Idahoia Wavcorr, 1924b, p. 58; Lochman in HAr-
RINGTON et al, 1959, p. 0232, Locaman & Hu,
1959, p. 420; BriL & Ervinwoop, 1962, p. 391;
GRANT, 1962 p. 986; 1965, p. 117.

Meeria FREDERICKSON, 1949, p. 358; Lochman in
HarriNgTON ef al., 1039, p. 0252; LocEMAN & Hu
(as a subgenus of Idahoia), 1959, p. 419.

Type species—Idahoia serapio
1924b, p. 58, pl. 14, fig. 1.

Diagnosis—Frontal area downsloping, gener-
ally longer than one-half the glabella (plus oc-
cipital ring). Glabellar furrows faint to absent.

Walcott,
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Occipital furrow shallow, medially obscured.
Anterior facial sutures widely divergent. Exo-
skeleton and internal molds ornamented.
Remarks—Grant (1965, p. 121) suggested
eight criteria that can be used to differentiate
between I[dahoia and Saratogia. The 320 Texas
specimens assigned to species of Idahoia con-
form rather well with the criteria. The only sig-
nificant discrepancy is that 64 specimens have
relatively shorter frontal areas; of these, 25 are
assigned to Idahoia lirae var. A, and many of
the remaining are small (less than 3 mm) /.
lirae (s.s.). The evaluation of the Texas ida-
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hoiids according to Grant’s criteria is summa-
rized in table 1.

Grant (1962, p. 986; 1965, p. 121) emphasized
that the critical feature for separating /dahoia
from Saratogia is the length of the frontal area
(sag.) relative to the length of the rest of the
cranidium. The species of /dahoia recognized by
Grant have frontal areas that are markedly lon-
ger than one-half the length of the glabella
(plus occipital ring); his species of Saratogia
have frontal areas with lengths ranging from
less than one-fifth to just less than one-half the
length of the glabella (plus occipital ring).

TABLE 1—Summary of measurements and observations of all specimens assigned to species of Idahoia and
Saralogia, according to Grant's (1965) eight criteria. For each criterion, the first alternative is
characteristic of Idahoia, the second of Saratogia.

1
=
Species § § E ‘E.
o 5|38 |2 2
= 2 B By & ]
Grant's criteria g §< | 88 g'ﬁ g:."; g
S | S5 |83 588|583 §
= a =
H\_HHH ~ =N o= =2 g 1k s
Total number of specimens 183 92 30 | 100 70 130
Total number measured 122 74 8 52 62 | 126
>1 83 | 49 8 4
Frontal area length relative to glabellar length
<% 39 25 62 62 88
Faint to absent 116 74 26 13 60 91
Glabellar furrows
Normally visible 6 48 3 18
Shallow, not visible across axis 106 70 23 4 1 49
Occipital furrow depth
Well impressed, visible across axis | 23 4 1 57 47 46
Wide 110 72 26 5 73
Anterior fixigenae
Narrow 7 2 56 58 44
Widely divergent 100 70 26 5 78
Anterior facial sutures
Narrowly divergent 17 4 36 58 39
Smooth external 2 10 21
External and internal Ornamented external 30 5 13 22 4 43
surface ornament
Smooth internal 5 35 1 3 41
Ornamented internal 85 21 14 42 10 80
Preglabellar field downsloping,
Frontal area border normally downsloping 122 74 18 4
topography
Preglabellar field downsloping,
border upturned 8 62 58 126
Long, narrow 100 50 5 3 5
Palpebral lobes
Large, flat, semicircular 5 8 55 53 100
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Thus he was not confronted with the problem of
an idahoiid with a frontal area usually slightly
longer than one-half the glabella.

Such an idahoiid occurs at the base of the
Idahoia Zone in Texas and Oklahoma. Freder-
ickson established the monotypic genus Meeria
for this taxon. I do not believe Meeria to be sig-
nificantly different from /dahois, and thus I fol-
low Bell & Ellinwood (1962) in synonymizing
Meeria with Idahoia.

Idahoia lirae (Frederickson)

Meeria lirae FrepErickson, 1949, p. 358, pl. 72, figs.
3-6; GranT, 1965, p. 121 (in discussion of Sara-
togia).

Idahoia lirac (Frederickson) BrLn & Ertinwoon,
1962, p. 392, pl. 53, figs. 1-12.
Description—~Idahoia lirae is characterized

by a downsloping frontal area that generally is
slightly longer (sag.) than one-half the glabella
(plus occipital ring), by faint to absent glabel-
lar furrows, by an occipital furrow that is shal-
low laterally and partially to completely ob-
scured across the axis, by widely divergent ante-
rior facial sutures, and by surface ornament. In
small specimens (less than 3-4 mm), length of
the frontal area can be less than one-half the
length of the glabella (plus occipital ring). The
occipital ring can be spinose, nedose, or smooth.
The stouter the occipital spine, the shallower is
the medial segment of the occipital furrow and
the longer (sag.) is the occipital ring; thus a
stout spine can influence the axial length of the
cranidium. Glabellar, occipital, and palpebral
furrows are more distinct on the internal mold
than on the exoskeleton; this appears to be true
for all idahoiids in central Texas. The anterior
border furrow ranges from narrow and distinct
in smaller specimens to broad and shallow in
larger ones. The specimens on which this fur-
row is indistinet to absent are grouped under /.
lirae var. A. The convex preglabellar field
slopes gently downward. The slightly convex
anterior border is horizontal to downsloping.

Exoskeleton ornament consists of elongate
ridges on at least the base of the occipital spine,
and these ridges splay out onto the occipital
ring; ridges and granules can cover the poste-
rior limbs, the occipital ring, and the posterior
one-half of the glabella. Internal molds have
longitudinal caecal venations on the preglabellar
field, and they can have low ridges and granules
on the occipital ring and posterior part of the
glabella.

Remarks—Based on material from the Ar-
buckle and Wichita Mountains in Oklahoma,
Frederickson (1949) erected the genus Meeria
and included in it only one species, M. lirae
Frederickson. From Frederickson's description,

M. lirae has the faint glabellar furrows, me-
dially obscurcd occipital furrow, biconvex and
downsloping frontal area, smooth outer surface,
and moderately wide anterior fixigenae that are
characteristic of Grant's concept of Idahoia.
Frederickson recorded his specimens as having
smooth or nodose occipital rings; none have
spines. No data were given on relative length of
the frontal area.

Lochman & Hu (1959) recognized Meeria as
a subgenus of Idahoia and described a new spe-
cies, Idahoia ( Meeria) modesta.

Bell & Ellinwood (1962) assigned Idahoia
(Meeria) modesta Lochman & Hu to Saratogia,
and they synonymized Meeria with Idahoia.
They said (p. 392) that generally the frontal
areas of /[. lirae are longer than one-half the
glabella (plus occipital ring), whereas the fron-
tal areas of S. modesta arc less than one-half.

In collections from the Arbuckle Mountains
in Oklahoma, Stitt (in press) has material con-
specific with Frederickson’s Meeria lirae. Most
of these specimens have occipital rings that are
broken off at the axial line, and thus their axial
lengths cannot be accurately measured. The bro-
ken specimens have medially obscured occipital
furrows. When a spine is broken off the occipi-
tal ring, part of the spine can remain, or, if the
spine is robust, part of the occipital ring is bro-
ken off. On specimens with well developed oc-
cipital spines, the medial part of the occipital
furrow will be shallower; the stouter the spine,
the more obscure the furrow. With these two
observations in mind, it is reasonable to con-
clude that some of Frederickson’s and Stitt’s
specimens did at one time have occipital spines.

The Texas cranidia from the basal part of the
Idahoia Zone are conspecific with Frederick-
son’s and Stitt’s taxon, and I think Bell & Ellin-
wood (1962) were correct in synonymizing
Meeria with Idahoia. Placement of M. lirae in
Idahoia does not contradict Grant's concept of
Idahoie—rather, it emphasizes the close rela-
tionship between /dahoia and Saratogia and
reiterates the point that the more we know
about closely related taxa (species and genera),
the less distinct are the lines of separation.

I. lirae is distinguished from the stratigraphi-
cally higher I. wisconsensis (Owen) by its rela-
tively shorter frontal area, generally smaller
size, and absence of granules in the anterior
border furrow of the internal molds. 1. lirae has
a preglabellar field-anterior border ratio of
about 2: 1, whereas the type species, [. serapio
Walcott, has a 1:1 ratio and a row of pustules
in the anterior border furrow.

I. lirae occurs through a maximum interval of
6 feet at the base of the Idahoia Zone in almost
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every measured scction in central Texas. To-
gether with Saratogic americana and Wilbernia
diademata, it signals the base of the Idahoia
Zone.

Occurrence—Abundant in the Idahoia lirae
Subzone at the base of the Idahoia Zone at
CO-162; CR-743-747; E-894; EC-20.5, 21.5;
GM-590, 391, 594; GR-165, 167, 168, 169, 171;
JR-172, 173, 175.5, 177; LL-714, 719; MC-706,
707 ; PK-922; SK-232, 233; S$S-92.5, 945; ST-
528; TA-56; TC-983, 986, 987; TR-342, 344.5;
WC-925.

Idahoia lirae (Frederickson), var. A, Bell

Meeria lirae Freperickson, 1949, pl. 72, fig. 5.
Idahoia lirae (Frederickson), var. A, Bell in BeLL &
Ervinwoon, 1962, p. 393, pl. 53, figs. 10-12.
Remarks—This morphologic variant occurs
through the range of /dahoia lirae (s.s.) and is
distinguished from it by the obscurely furrowed
or undifferentiated frontal area and by the rela-
tively longer preglabellar field. Variation is con-
tinuous between [. lirae (s.s.) and this variety.
Two-thirds of the measurable specimens had
frontal areas longer than one-half the length of
the glabella (plus occipital ring) ; one-third had
frontal areas slightly less than one-half the
length of the glabella (plus occipital ring). This
variant can have the same ornament distribution
and pattern as I. lirae (s.s.).
Occurrence—Common in the Idahoia lirae
Subzone at CR-743-747; E-894; GM-590, 591,
594; GR-165, 167, 168, 169, 171; JR-173; MC-
706; SK-232, 233; S5-92.5; T(C-983, 986, 987.

Idahoia wisconsensis (Owen)

Cr{rér':icepr’tahm? wisconsensis OWEN, 1852, table 1, fig.

Idahoia wisconsensis (Owen) BeLL, Feniak, &
Kurtz, 1952 (part), p. 189, pl. 37, figs. 3b, ¢, ¢, f
(figs. 3a, d = I. serapio Walcott) (synonymy to
date) ; Berr & Ervinwoon, 1962, p. 393, pl. 52,
figs. 19-21 (synonymy to date); Grant, 1062, p.
986, pl. 139, fig. 5a; 1965, p. 119, pl. 14, fig. 13.
Remarks—lIdahoia wisconsensis is character-

ized by a preglabellar field-anterior border ratio

ranging from about 3:1 to about 3:2; on 7 of

the 16 measurable specimens this ratio is 2: 1.

On the 8 specimens with the entire axial length

preserved, the length of the frontal area was 0.6

that of the glabella (plus occipital ring).
Exoskeleton ornament consists of two inter-

secting sets of ridges on the preglabellar field, a

transverse set of ridges on the anterior border,

a row of granules in the anterior border furrow,

and granules on the posterior edge of the occipi-

tal ring and back onto the occipital spine. Inter-
nal molds preserve only the ornament of the
frontal area.

I. wisconsensis can range down as far as the
transition zone between Drwmnaspis texana and
D. idahoensis; it can range up as far as the first
occurrence of Ellipsocephaloides silvestris.

Occurrence—TLocally common in the upper
one-third of the Idahoia Zone at JR-204, 205.5,
210; SK-260, 264, 265, 266; TC-1022, 1029.

Genus Orycmasreis Resser, 1937

Orygmaspis REsser, 1937, p. 21; FREDERICKSON,
1949, p. 359; Lochman in HarriNcTON et al., 1959,
p. 0272; GranT, 1965, p. 132,

Type species—Piychoparia Hanoensis Wal-
cott, 1890, p. 272, pl. 21, figs. 3-5.

Diagnosis—Palpebral lobes at least 0.3 of
glabellar length; posterior edge of palpebral
lobes behind glabellar midlength. Fixigenae
broad; posterior area triangular, long (tr.).
Frontal area usually longer than one-half gla-
bellar length.

Remarks—Orygmaspis is distinguished from
Parabolinoides, Maustonia, Kendallina, and
Taenicephalus by its relatively large, posteriorly
located palpebral lobes, broad fixigenae, shorter
(exsag.) posterior limbs, ornament, and rela-
tively longer frontal area.

Only one species, Orygmaspis lHanoensis
(Walcott), is included in the genus. O. firma
Frederickson, 1949, is synonymized with the
type species, and O. eryon (IHall) Resser, 1937,
was designated the type species of Kendallina
(=Kendallia) by Raasch (1939).

Orygmaspis llanoensis (Walcott)
Pl 1, figs. 7-16.

Ptychoparia llanoensis Wavrcorr, 1890, p. 272, pl. 21,
higs. 3-5; 1899, p. 458, pl. 64, fig. 4.

Conaspis llanoensis (Walcott) Warcorr, 1914, p. 358
(footnote).

Orygmaspis Hanoensis (Waleott) Resser, 1937, p.
22; Freperickson, 1949, p. 359, pl. 71, figs.
19-22; Bewr & Ervixwoon, 1962, p. 398, pl. 55,
figs. 11-15; Grant, 1965, p. 133, pl. 12, figs. 4, 7.

Orygmaspis firma FrepERICKSON, 1949, p. 339, pl. 71,
figs. 15-18; Berr & Evrninwoon, 1962, p. 398, pl
55, fig. 16; pl. 56, fig. 1; GrawnT, 1965, p. 132, pl.
12, figs. 3, 5, 6.

Description.—~Cranidium usually longer than
wide, flatly to moderately convex. Glabella ta-
pered, the front broadly rounded or truncate;
two or three pair of glabellar furrows that are
more deeply impressed in the lower 3 feet of the
range of the species; glabella usually keeled.
Axial furrow distinct; preglabellar furrow can
be shallower. Oceipital furrow broad and shal-
low; occipital ring broad, tapers laterally, bears
a median node. Frontal area highly variable; in
the lower 3 feet of the range it is subequally di-
vided into a flatly to moderately convex pregla-
bellar field that is horizontal or downsloping and
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Text-r16. 7—Ratio of palpebral lobe length to glabellar length for Parabolinoides contractus (144 speci-
mens) and Orygmaspis lanoensis (132 specimens). P. contractus has a ratio of less than 1:4, with the
posterior edge of the palpebral lobes opposite the anterior one-half of the glabella. O. llanoensis has a
ratio of greater than 1:4, with the posterior edge of the palpebral lobes opposite the posterior one-half of

the glabella.

a flatly convex anterior border that is horizontal
or downsloping; anterior border furrow distinct
and transverse on most specimens from lower
part of range. About 3 feet above the base of
the range almost all frontal areas are smooth
and lack an anterior border furrow; a few spec-
imens with a smooth frontal area and all gra-
dations toward the divided frontal area do occur
together in the basal 3 feet of the range. Fixige-
nae broad, crossed by faint ocular ridges. Palpe-
bral lobes relatively large, usually at least 0.3
the length of the glabella (text-fig. 7) ; posterior
edges of the palpebral lobes opposite or behind
glabellar midlength (text-fig. 7) ; these posterior
edges of the palpebral lobes are usually opposite
the lateral ends of the posterior pair of glabellar
furrows, with the palpebral lobes straddling the
interval between the posterior and middle pairs
of glabellar furrows. Palpebral furrow usually
absent. Posterior areas triangular, long (tr.);
posterior border furrow very broad and shallow.
Anterior facial sutures markedly divergent in
front of the palpebral lobes; however, they can
be only slightly divergent on specimens from the
lower 3 feet of the range. Although the external
surface is usually smooth, very low and longitu-
dinally oriented ridges can be seen on the pre-
glabellar field; a few specimens have a low,
transverse ridge crossing the otherwise undif-
ferentiated frontal area. Internal molds have
longitudinally oriented, irregular ridges on the
preglabellar field, a row of granules in the ante-
rior border furrow, or a smooth but usually
granulate ridge where this furrow should be; a
few specimens have coarse granules scattered
over the glabella, fixigenae, and frontal area, as
indicated in Walcott’s original figure (1890, pl.
21, fig. 3) and mentioned in Resser’s generic di-
agnosis (1937, p. 21).

Pygidium transversely elliptical; axis raised,
consists of an articulating half ring, three axial
rings, and a terminal piece that can have two
very low nodes or a low ridge across it. Fur-
rows across pleural field shallow but distinct.
Three or four pairs of marginal spines that can
be slender, or short and stout, or mere stubs
along the margin,

Remarks—Orygmaspis  lanoensis  occurs
throughout the lower half of the Taenicephalus
Zone. Although it is entirely absent from the
basal foot of the Parabolinoides Subzone, it is
common to very abundant in the 6 feet above
that point. There is a vast degree of morpho-
logic variation throughout the lowest 3 feet of
the range; above that the specimens conform
well with O. llanoensis of all previous workers.

Both O. llanoensis and O. firma have been
recognized in central Texas (Bell & Ellinwood,
1962). The two were distinguished on the basis
of presence or absence of an anterior border
furrow. Although there are specimens that can
casily be assigned to O. firma, there are numer-
ous specimens that close the gap between it and
O. llanoensis. All the specimens that could be
assigned to O. firma and the intermediates be-
tween it and O. Hanoensis occur in the basal 3
feet of the range. I prefer to think of this group
in terms of one variable species that, on exten-
sion through time, was morphologically re-
stricted to the taxon called O. llanoensis. I have
synonymized O. firma with O, Uanoensis.

The spectrum of variation in this species ex-
tends even farther from O. lUanoensis than O.
firma. In the lower 3 feet of the range of O.
Hanoensis (s.s.) there are specimens that would
not be assigned to that species were it not for
the fact that they grade continuously into it. All
these specimens have the large, posteriorly
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placed eyes and slender limbs of Orygmaspis,
and most of the frontal areas are longer than
one-half the glabellar length. The variation is in
the depth of all furrows, especially the anterior
border furrow, and in the topography of the
frontal area. There are several collections from
the basal 2 feet of the range (E-849, 849.5; JR-
122, 124; GR-120; TC-935.5, 935.5-936) in
which the variation can best be seen. If the spec-
imens from a collection are arranged in order
of distinctness of furrows, the few specimens
easily assignable to O. llanoensis are all at the
less distinct end of the array, with specimens
that could be called O. firma next in line. Be-
yond this, the furrows are quite distinct, the
frontal area is subdivided, and there is variation
in the topography of the frontal area. I am call-
ing this distinctly furrowed group O. lanoensis
var. A, a stratigraphically significant and mor-
phologically differing group that is still included
within O. Uanoensis.

The pygidia associated with O. lanoensis are
very similar to the one Frederickson figured
(1949, pl. 71, fig. 22) except that the spines are
shorter. These pygidia are also much like those
associated with Parabolinoides contractus.

Occurrence—Common to locally abundant in
the Parabolinoides Subzone and in the lower
one-half of the Taenicephalus Zone at B-315.5,
316; CO-129, 131; CR-711; E-849, 849.5, 850,
852, 855, 857; GM-547, 555, 559; GR-119, 120,
123, 124; JR-122, 124, 125, 126, 126.3, 127, 131,
132; LL-673, 676, 680.5, 682, 682.5; MC-661,
661.5, 662, 665, 667, 668, 671, 673; PK-886, 888,
895; SK-202, 204, 206; $S-48.25, 54, 55, 58, 60,
60.5, 62, 67, 68; ST-480, 481, 484; SU-60, 61;
TA-10, 12; T(C-935.5-936, 936-936.5, 939, 944.5;
TR-292.5, 294, 296, 297.5, 300.5, 302.5; WC-891,
891.5, 894.5, 896, 898.

Orygmaspis llanoensis (Walcott), var. A,
Longacre, n. var,
Pl 1, figs. 7-10.

Description—This variant is characterized by
its distinct furrows, particularly the anterior
border furrow, and a frontal area that has topo-
graphic relief and is subequally divided into a
preglabellar field and anterior border. The vari-
ety can have all or part of the ornament charac-
teristic of Orygmaspis Uanoensis. Palpebral fur-
rows can be distinct.

Remarks—Although this variant is distinct
from O. lUanoensis of previous workers, it
grades continuously into that morphologic
group. Because it is difficult to draw a line be-
tween the two, I have purposely left the bound-
ary vague. This variety occurs in the lower 3
feet of the species range. Although O. lanoensis
can occur with its variety, the collections are

dominated by the variety. The data indicate that
in the lower part of its range O. llanoensis is a
variable species. As time passed, a morphotype
that originally was one end member in the mor-
phologic distribution became dominant.

O. Uanoensis var. A can occur with Parabo-
linoides contractus and looks very much like
that species in the depth of furrows and charac-
ter of the frontal area. However, the palpebral
lobes are longer and more posteriorly located,
and the posterior limbs are correspondingly
shorter (exsag.). I think O. lanoensis var. A
represents the evolutionary tie between Parabo-
linoides and Orygmaspis.

Occurrence—Common in the interval 1 to 4
feet above the base of the Taenicephalus Zone
at E-849, 849.5, 850; GR-119, 120; JR-122, 124;
LL-673; MC-661, 661.5, 662; SK-202; SS-48.25;
ST-480; TC-935.5-936, 936-936.5; TR-292.5,
294; WC-891, 891.5. Occurs with O. lUanoensis
at E-849; GR-120; JR-124; MC-661.5; TC-
935.5-936.

Genus ParaBorLiNoiDEs Frederickson, 1949

Parabolinoides FreDERICKSON, 1949, p. 360; Bere,
1933, p. 564; Lochman in HARRINGTON ¢t al., 1959,
p. 0272; BerL & Evvinwoon, 1962, p. 398; GRANT,
1965, p. 133.

Bernia FREDERICKSON, 1949, p. 357.

Type  species—Parabolinoides  contractus

Frederickson, 1949, p. 361, pl. 71, figs. 4-10.
Diagnosis—Palpebral lobes small. Posterior

end of palpebral lobes opposite or forward of

glabellar midlength. Posterior fixigenae long

(exsag.) and broadly triangular.
Remarks—Parabolinoides differs from all

other genera in the family in its smaller and

more anteriorly located palpebral lobes and in
the correspondingly longer (exsag.) triangular
posterior limbs. In addition, the frontal area is
always divided into a preglabellar field and ante-
rior border by a distinct anterior border furrow.

Three described species are included in

Parabolinoides: P. contractus Frederickson,

1949, P. palatus Berg, 1953, and P. granulosus

Ellinwood, 1962.

Parabolinoides contractus Frederickson, 1949
Pl 1, figs. 2-6.

Parabolinoides contractus FreprrRICKSON, 1949, p.
361, pl. 71, figs. 4-10; Brrg, 1953, p. 564, pl. 59,
fig. 3; BELL & ErLiNwoon, 1962, p. 399, pl. 56, fig.
12; GranT, 1965, p. 134, pl. 10, figs. 20, 23-27.

Parabolinoides hebe FReDERICKSON, 1949, p. 361, pl
70, figs. 7, 8; pl. 71, figs. 1-3; BErg, 1953, p. 564,
pl. 59, figs. 2, 4; BELL & ELLiNwoob, 1962, p. 400,
i)é 56, figs. 6-~11; Grant, 1965, p. 135, pl. 10, fig.

Parabolinoides expansus NEeLson, 1951, p. 776, pl.
107, figs. 1, 3; LocamaxN & Hu, 1960, p. 811, pl
?g, Zﬁlgsz.232—35; GraNT, 1965, p. 135, pl. 10, figs.
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Maustonia cordillerensis T.ocaman, 1950, p. 331, pl.
47, figs. 6-13.

Parabolinoides cordillerensis (Lochman) BErg, 1933,
p. 563 (in discussion of Maustonia) ; GRANT, 1965,
p. 134, pl. 11, figs. 1-5.

Bernia obtiusa FrReDERICKSON, 1949, p. 338, pl. 70, figs.
1-6: Berg, 1953, p. 539, pl. 59, fig. 1.

Description—Cranidium usually wider than
long, many specimens nearly quadrate. Glabella
flatly to moderately convex, tapered, rounded to
slightly truncated anteriorly, may be keeled;
three pairs of glabellar furrows may be well im-
pressed, the posterior pair may connect, particu-
larly on small specimens. Axial and preglabellar
furrows distinet. Occipital furrow broad, shal-
low, better impressed on molds than on exoskel-
eton. Occipital ring tapers laterally; occipital
node usually present. Frontal area extremely
variable: the preglabellar field and anterior bor-
der normally are subequal in length (sag.), but
either one may be longer; the preglabellar field
is moderately to flatly convex, horizontal or
downsloping; the anterior border is flat to
slightly convex and can be raised, can slope up
or down, or can he horizontal ; the variation in
topography runs the gamut of possibilities. Al-
though the distinct anterior border furrow is
usually slightly curved or nearly transverse, it
can have a suggestion of recurvature at the
axial line. The length of the frontal areca rela-
tive to the glabella ranges from (.25 to greater
than 0.60. Fixigenae relatively narrow, flatly
convex, horizontal to downsloping laterally, nar-
rowest opposite palpebral lobes, crossed by ocu-
lar ridges. Palpebral lobes small, length never
greater than one-fourth glabellar length; poste-
rior edge of eye opposite glabellar midlength or
forward of this point, usually opposite anterior
0.4 of glabella; the posterior end of the eye is
usually opposite the lateral end of the second pair
of glabellar furrows. Palpebral furrow faint.
Posterior areas broadly triangular; posterior
border furrow broad, shallow. Anterior facial
sutures range from nearly parallel to markedly
divergent in front of the palpebral lobes. Sur-
face of exoskeleton usually smooth. Internal
molds can be ornamented, usually with just a
longitudinally oriented pattern of caecal vena-
tions on the preglabellar field; low transverse
pattern of ridges can be seen on some of the an-
terior borders. Eleven specimens from seven lo-
calities have a row of granules in the anterior
border furrow in addition to the caecal vena-
tions.

Pygidium transversely elliptical. Raised, con-
vex axis consists of an articulating half ring,
two well-defined axial rings, a third axial ring
that is partly or completely fused to a terminal
axial piece that can bear two low nodes or a

ridge. Pleural field crossed by shallow but dis-
tinct furrows. Two to five pairs of marginal
spines, ranging from stubs to long, slender
spines. Margin of exoskeleton covered by fine
terrace lines; internal molds smooth,

Remarks—More than 150 specimens from the
basal 2 feet of the Taenicephalus Zone in 19
measured sections yielded the information upon
which this species is revised. The specimens
were measured for glabellar length, length of
the palpebral lobe, length of frontal area, and
distance from the base of the glabella to a line
connecting the posterior edges of the palpebral
lobes.

The palpebral lobes are small and situated
well forward on the cranidium. The ratios of
palpebral lobe length and glabellar length
ranged from 0.14 to 0.25; most of the ratios
were between 0.20 and 0.25 (text-fig. 7). The
eyes were never more than one-fourth glabellar
length. The posterior edges of the palpebral
lobes were always opposite the anterior one-half
of the glabella; more than 50 percent of the spec-
imens had the base of the eyes opposite the an-
terior two-fifths of the glabella. Another consist-
ent relationship was that the posterior edges of
the eyes were usually opposite or forward of the
lateral ends of the second set of glabellar fur-
rows; the palpebral lobes straddled the interval
between the anterior and middle pair of glabel-
lar furrows.

The length of the frontal area relative to gla-
bellar length is quite variable. Values of the
ratio ranged from 0.25 to 0.60, with major con-
centrations around 0.40 to 0.45 and 0.48 to 0.53
(text-fig. 8). Bell & Ellinwood (1962) set the
cutoff between Parabolinoides hebe and P. con-
tractus at 0.50; my data indicate that, although
there appear to be two major clusters with re-
spect to this ratio, there is a complete gradation
between the two. There is no relation apparent
between length of frontal area and anterior fa-
cial suture divergence, Thus, I have placed the
two species in synonymy, the name of the type
species prevailing.

There is a marked degree of variation in the
topography of the frontal area; the preglabellar
field is flatly to moderately convex, horizontal or
downsloping; the anterior border is flatly to
moderately convex, upsloping, horizontal and
raised, or downsloping. Because this range in
topography includes that of P. expansus Nelson,
1951, P. expansus is synonymized with P. con-
tractus.

P. cordillerensis (Lochman) is characterized
by the low topography of its frontal area, caecal
venations on the preglabellar field, and, accord-
ing to Grant (1965), granules in the anterior
border furrow. The topography and caecal ve-
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TExT-FI6. §—Ratio of frontal area length to glabellar length for 166 specimens of Parabolinoides contractus.

nations are features common to many specimens
of P. contractus; the granules are present on a
few, not always in association with the caecal
venations. There is no reason sufficient for sepa-
rating P. cordillerensis from P. contractus.

Four or five cranidia conform to Bernia ob-
tusa Frederickson; I agree with Bell & Ellin-
wood (1962) and Grant (1965) that it is not a
separate taxon and here include it in P. contrac-
fis.

In the upper 1 foot or less of the range of P,
contractus and just above its range are cranidia
very similar to, yet distinct from, P, contractus.
Although the glabellae and frontal areas are
quite like those of P. contractus, the palpebral
lobes are larger and are farther back on the cra-
nidium. These cranidia, described as Orygmas-
pis llanoensis (Walcott), var. A, Longacre, n.
var., represent the intermediate form between
Parabolinoides and Orygmaspis.

The pygidia of P. contractus and O. Hanoensis
are remarkably similar. In P. contractus the
third axial ring is more or less fused to the ter-
minal axial piece; three distinet axial rings can
usually be seen on O. llanoensis pygidia. In all
other respects the two are identical.

Occurrence—Abundant in the basal Parabo-
linoides Subzone at B-312, 312.5; CO-124, 125,
126; CR-697; E-848.3, 848.7, 849, 849.5; GM-
546, 547; GR-118, 119; JR-121, 122; LL-672.5,
673; MC-660, 661.5, 663; PK-885, 885.5, 886;
SK-200-201, 201; SS-46, 46.5, 47, 47.5; ST-478;
SU-56, 58; TA-0.6, 08, 1, 2; TC-934-934.5,
934.5-935, 935.25, 935.5-936; TR-291.2, 292.5;
WC-889.

Parabolinoides granulosus Ellinwood

Parabolinoides granulosus Ellinwood in BerL & Ev-
LINWOoD, 1962, p. 399, pl. 56, figs. 13-18.
Remarks—Parabolinoides granulosus is char-

acterized by its ornament, transversely convex

preglabellar field that is flattened anterior to the

glabella, and the convex anterior border with a

recurved to backward-pointing posterior margin.
In small specimens, at least the posterior pair of
glabellar furrows may connect.

Occurrence—Common to locally abundant in
the basal 1 foot of the Parabolinoides Subzone
at B-312, 312.5; CO-124; CR-697; E-848, 848.7;
GM-546; GR-118; JR-121, 122; LL-672, 672.5;
MC-660, 661, 662; PK-885; SS-46, 46.5, 47;
SU-56; TC-934-934.5, 934.5-935.

Genus Saratocia Walcott, 1916

Saratogia Warcorr, 1916, p. 195; Locaman & Hu,
1959, p. 420; Brun & Ervinwoop, 1962, p. 393;
GraNT, 1962, p. 988; 1965, p. 120,

Minkella Locaman & Hu, 1959, p. 414.

Type species—Conocephalites calciferous
Walcott, 1879, p. 129; 1912, pl. 43, figs. 7-10a.

Diagnosis—Frontal area less than one-half
the length of glabella (plus occipital ring). Gla-
bellar furrows usually distinct. Occipital furrow
well impressed, visible across axis. Anterior fa-
cial sutures narrowly to widely divergent. Pre-
glabellar field downsloping, anterior border nor-
mally upturned. Exoskeleton and internal mold
ornamented.

Remarks—The two most consistent features
among species of Saratogio are the frontal area
length that is less than one-half that of the gla-
bella (plus occipital ring) and the upturned an-
terior border. These two features readily distin-
guish Saratogia from Idahoia. All Texas speci-
mens assigned to species of Saratogia were
evaluated according to Grant’s (1965, p. 121)
eight criteria; the results are summarized in
table 1, along with those for species of Idahoia.

Saratogia americana (Lochman & Hu)

Minkelle americana Locumanx & Hu, 1959, p. 414,
pl. 58, figs. 1-20.

Saratogia americana (Lochman & Hu) BrrL & Er-
LINwooDp, 1062, p. 393, pl. 34, figs. 1-5.
Remarks —Saratogia americana is character-

ized by a frontal area that is normally about
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two-fifths the length of the glabella (plus occip-
ital ring), distinct glabellar and occipital fur-
rows, narrowly divergent anterior facial su-
tures, surface ornament, and a convex, strongly
downsloping preglabellar field and sharply up-
turned anterior border. Of the three Texas spe-
cies of Saratogia, S. americana best conforms
with Grant's criteria for the genus (table 1 in
this study). As Bell & Ellinwood (1962, p. 393)
mentioned, S. americana has a striking orna-
ment and is relatively convex, and the length of
the blunt, tapered glabella is equal to its basal
width.

S. americana is abundant through the Idahoia
lirae Subzone and occurs as high in the Idahoia
Zone as the transition interval between Druwmas-
pis texana and D. idahoensis.

Qccurrence—Abundant in the Idahoia lirae
Subzone and scarce in the overlying beds of the
Tdahoia Zone at B-346.5, 347.5; CR-743-747 ; E-
894, 897; EC-25, 26, 30, 32.5; GR-173, 180, 183;
JR-169, 177, 189; LL-725, 728; MC-706, 707,
712, 718; SK-233, 245; ST-531, 536, 541, 572,
574.5, 575, 578; SU-116; TA-56; TC-986, 987,
904 ; W(C-925, 950, 968.

Saratogia fria Lochman & Hu

Saratogia fria Locaman & Hu, 1959, p. 422, pl. 59,
figs. 1-11; BerL & Ervinwoon, 1962, p. 394, pl
53, figs. 13-21; GranT, 1965, p. 122, pl. 13, fig. 21.
Remarks—Saratogia fria is characterized by

a frontal area that is slightly less than one-half

the length of the glabella (plus occipital ring),

by faint to absent glabellar furrows, by an oc-
cipital furrow that may or may not be visible
across the axis (depending on the stoutness of
the occipital spine), by widely divergent ante-
rior facial sutures, and by its surface ornament.

The preglabellar field is gently convex, slightly

downsloping.

Texas specimens assigned to this species are
very much like those from Montana assigned to
S. fria by Grant (1965, p. 121). However, some
specimens from both areas violate some of
Grant’s criteria for assignment to Saratogia
(table 1 in this study): the glabellar furrows
are faint to absent, the occipital furrow may or
may not be well impressed, and the anterior fa-
cial sutures may be narrowly or widely diver-
gent. In spite of these discrepancies and varia-
tions, S. fria is a compact and distinct species,

S. fria occurs with S. modesta but does not
range so high as does the latter. A few speci-
mens of S. americana occur in the lower one-
half of the range of S. fria.

Occurrence—Abundant in the middle of the
Idahoia Zone at B-364.5, 377.5; CO-176, 184,
193; E-916, 932, 934, 935; EC-35, 36; GM-604;

GR-180, 183; JR-188, 189, 195.5, 196, 200; LI.-
725, 728; MC-718, 721; SK-245, 248, 250.5, 260,
264; S5-101, 109, 111, 111.5; ST-536; SU-116;
TC-1003, 1009, 1017; WC-950, 968, 977.

Saratogia modesta (Lochman & Hu)

Idahoia (Meeria) modesta Locumax & Hu, 1939, p.
420, pl. 59, figs. 33-45.

Saratogia modesta (Lochman & Hu) BrrL & Eriix-
woop, 1962, p. 394, pl. 54, figs. 6-8.

Meeria modesta Lochman & Hu, GrawT, 1965, p. 121
(in discussion of Saratogia).
Remarks—Saratogia modesta is character-

ized by a frontal area about one-third the length
of the glabella (plus occipital ring), a broadly
rounded and normally unfurrowed glabella, a
very wide, shallow, and uninterrupted occipital
furrow, smoothly curved and narrowly divergent
anterior facial sultures, a gently convex and
down sloping preglabellar field, and a horizon-
tal to gently upsloping anterior border. The
occipital ring normally has a very low node. Pal-
pebral furrows are not evident on exoskeletons,
faint on internal molds.

The only ornament observed on the exoskele-
ton was a set of low, transverse, irregular
ridges on the occipital ring. A few internal
molds have longitudinal caecal venations on the
preglabellar field and rarely have low granules
in the anterior border furrow.

Grant (1965, p. 121) creates confusion by his
unique reference, without discussion, to Sarato-
gia (Meeria) lirae Frederickson and S. (M.)
modesta Lochman & Hu. I can understand that
confusion would arise from placing these two
species in the same genus. According to Grant’s
criteria, that species could be neither /dahoia nor
Saratogia. However, the confusion can be re-
solved by putting Idahoia (Meeria) modesta
Lochman & Hu, with a frontal area less than one-
half the length of the glabella (plus occipital
ring), in the genus Saratogia, and by putting
Meeria lirae Frederickson, with a frontal area
longer than one-half the length of the glabella
(plus occipital ring), in the genus Idahoia.

With the exception of the very faint to absent
glabellar furrows, S. modesta conforms well
with Grant’s criteria for the genus (table 1 in
this study).

S. modesta occurs with and above S. fria.
Their lowest occurrences are approximately 12
feet above the base of the Idahoia Zone, and S.
modesta extends up into the lower part of the
range of Ellipsocephaloides silvestris.

Occurrence—Common to locally abundant in
the middle and upper /dahoia Zone at B-377.5;
CO-176, 184, 202; E-917, 923, 932; GM-606, 615;
GR-195; JR-188, 189, 200; LL-738, 741; MC-
721; SK-248, 250.5, 264, 265; SS-109, 116, 119,
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120; TC-1009, 1017, 1025; WC-968. Scarce at
the base of the Ellipsocephaloides Zone at GR-
204, 210; LL-750; WC-1069.

Genus StiemacerHALOIES Ellinwood, 1962

Stigmacephaloides Ellinwood in BeLr & ErLiNwoop,

1962, p. 401.

Type species—Stigmacephaloides curvabilis
Ellinwood in Bell & Ellinwood, 1962, p. 401, pl.
56, figs. 2-5.

Remarks—The characteristics of this mono-
typic genus are well described in Bell & Ellin-
wood (1962, p. 401).

Stigmacephaloides curvabilis Ellinwood

Stigmacephaloides curvabilis Ellinwood in BeLL &
ErLrvwoon, 1962, p. 401, pl. 56, figs. 2-5; GRANT,
1965, p. 135, pl. 14, fig. 21.

Remarks—This species is well described and
tllustrated in Bell & Ellinwood (1962). Tt is dis-
tinguished from species of Stigmacephalus by
convexity of the anterior end of the cranidium,
general smoothness of features, and shallow
furrows.

Exoskeleton is without ornament. Internal
molds may have longitudinal caecal venations
across the anterior fixigenae and preglabellar
field. One internal mold has a short row of low
granules in its anterior border furrow adjacent
to the axial line. A very low occipital node can
be seen on internal molds.

Bell & Ellinwood (1962, p. 401) suggest that
Stigmacephalus may be ancestral to Stigmace-
phaloides. A second possible ancestor could be
Saratogia. Greater cranidial convexity and shal-
lower furrows distinguish Stigmacephaloides
curvabilis from stratigraphically lower Sarato-
gia modesia.

Occurrence—Scarce but locally common in
the lower Ellipsocephaloides Zone at TC-1085-
1090, 1093, 1095-1100, 1100, 1100-1105; WC-
1069.

Genus Taenicepnarus Ulrich & Resser, 1924

Taenicephalus Ulrich & Resser in Warcorr, 1924b, p.
59; 1925, p. 116; Bxrg, 1953, p. 565; Lochman in
Egunmcmu et al, 1939, p. 0274; GraNT, 1965, p.
Type Species—Conocephalites shumardi Hall,

1863, p. 154, pl. 7, figs. 1, 2; pl. 8, fig. 32.
Remarks—The diagnosis given by Lochman

(in Harrington et al., 1959) and the description

given by Berg (1933) is emended in one fea-

ture; the full length of the eyes extend opposite
the anterior one-half of the glabella,

Taenicephalus gouldi (Frederickson)

Bemaspis gouldi Freverickson, 1949, p. 357, pl. 71,
figs. 11-14.

Taenicephalus gouldi (Frederickson) BeLL & ELLnN-
woop, 1962, p. 401, pl. 57, figs. 1-9; GranT, 1965,
p. 137, pl. 12, figs. 1,2.

Remarks—The cranidium of Taenicephalus
gouldi is wider across the palpebral lobes than it
is long, lacks fossulae, and usually lacks an oc-
cipital node. The exoskeleton may be covered
with granules, and a coarse, longitudinally ori-
ented, vermiform ridge pattern may cross the
preglabellar field. The vermiform ridge pattern
is usually preserved on internal molds, and the
granular ornament may be preserved; some in-
ternal molds are smooth.

T. gouldi occurs in the lower Taenicephalus
Zone, normally just above the Parabolinoides
Subzone. In the 12 measured sections from
which it has been recovered, 7. gouldi com-
monly has a maximum range of 2 feet, but it
may extend 2 feet more. T. gouldi is separated
from T. shumardi by a minimum of 4 feet of
section.

A few specimens of Parabolinoides granulo-
sus look quite similar to Taenicephalus gouldi
and seem to indicate an ancestor-descent rela-
tionship between the two species.

Occurrence—Common in the lower Taenice-
phalus Zone at B-315.5, 316; CO-129; GM-551,
555(7); GR-120, 124(?); JR-125, 126, 126.3,
127; LL-676; PK-886; SK-202, 204; SS-50, 54;
ST-484(?); TC-939; TR-296, 297.5.

Taenicephalus shumardi (Hall)

Conocephalites shumardi Havry, 1863, p. 154, pl. 7,
figs. 1, 2; pl. 8, fig. 32.

Tacnicephalus shwmardi (Hall) Warcorr, 1924b, p.
59, pl. 13, fig. 1; BELL & Errtinwoon, 1962, p. 402,
pl. 57, figs. 10-21 (synonymy to date); GRANT,
1965, p. 137, pl. 12, figs. 21, 22, 25, 26 (synonymy
to date).

Remarks—Taenicephalus shumardi is very
common throughout most of the Taenicephalus
Zone in central Texas. Cranidial length is
greater than palpebral width, and the glabella is
broader at the base than it is long. Grant (1965,
p. 137) suggests as a third diagnostic character
that the preglabellar field is at least as long as
the anterior border. This character does not al-
ways occur on the Texas specimens, Of the
nearly 500 specimens of T. shumardi, 75 have
horders that are longer than their preglabellar
fields (Bell & Ellinwood, 1962, pl. 57, fig. 18).
In all other respects, these specimens are assign-
able only to T. slutmardi. Although on some spec-
imens the difference in relative length of the
border may have resulted from compaction,
there are numerous specimens on which the dis-
tinctly longer border is not a product of flatten-
ing of the border or curling of the preglabellar
field.
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In addition to the puckered anterior border
furrow mentioned by Bell & Ellinwood (1962, p.
402), internal molds can show the vermiform
ridge pattern or scattered pits on the preglabel-
lar field.

T. sluunardi ranges from a minimum of 8 feet
above the Eoothis bed up to the top of the
Taenicephalus Zone,

Occurrence—Common to locally abundant in
the Taenicephalus Zone at B-323, 328.5, 330;
CO-136, 143; CR-711; E-857, 860, 861, 864, 866;
EC-1, 35, 6, 7, 9, 14; GM-559, 568, 572, 573,
575; GR-126, 127, 131, 133, 137, 144, 148; JR-
131, 132, 136, 156, 169; L.1.-682, 682.5, 686, 691,
693, 700; MC-671, 673, 678, 678.5, 682, 685;
PK-895; SK-210, 213, 215; SS-58, 60, 60.5, 62,
67, 68, 69, 72, 83; ST-494, 511, 514, 520; SU-66;
TA-10, 12, 14, 34, 40, 42; TC-944.5, 946, 948,
952, 975, 982; TR-302.5, 304.5, 309.5, 312, 314.5,
319, 324; WC-898, 901.5, 910, 913.5.

Taenicephalus sp. Bell & Ellinwood
PL 2, figs. 1, 2.
Taenicephalus sp. Bere & Erninwoon, 1962, p. 402,

pl. 56, figs. 19-21.

Remarks—I1 agree with Bell and Ellinwood
that the systematic position of this taxon not be
solidified until more data are available from the
upper Taenicephalus Zone. The more than 75
very small cranidia assigned to Taenicephalus
sp. all have large, elevated, well-defined palpe-
bral lobes, a preglabellar field-anterior border
ratio between 2:1 and 1:4, and taenicephalid
ornament. Most specimens have an occipital
node. Seven specimens have a very short pregla-
bellar field and a thick, yet laterally tapering,
anterior border that is medially expanded on
both anterior and posterior edges, giving the
border a diamond shape (pl. 2, fig. 2).

Fossulae, a short frontal area, and depth of
furrows will distinguish this taxon from species
of Idahoia. Elevated palpebral lobes and the
highly convex but very slightly downsloping
preglabellar field will distinguish Taenicephalus
sp. from species of Saratogia. In the collection
from JR-169, Taenicephalus sp. and Saratogia
americana do occur together and are very diffi-
cult to separate. This mixture may represent the
transition from Taenicephalus sp. to S. ameri-
cana. Detailed collecting from this part of the
section would be most helpful.

Taenicephalus sp. occurs through a maximum
interval of 7 feet, with or just above the range
of T. shuwmardi.

Occurrence—Scarce to locally common at the
top of the Taenicephalus Zone at CO-143; CR-
730; E-875; EC-14; GM-572, 575; JR-169;
MC-685, 689; SK-220; SS-76, 84, 90; TA-35;
TC-975, 982; TR-333.5, 337; WC-912, 917.

Genus WiLBern1a Walcott, 1924

Wilbernia Warcort, 1924b, p. 60; 1925, p.
Lochman in HArrINGTON ef al.,, 1959, p. 0252.
Type species—Ptychoparia pero Walcott,

1890, p. 274, pl. 21, fig. 6.

Remarks—The characteristics of this genus
are summarized by Lochman (in Harrington et
al., 1959). Because the palpebral lobes are poste-
riorly located and the fixigenae are not very
wide, the eye ridges are angled back rather
sharply.

123;

Wilbernia diademata (Hall)

Conocephalites diadematus Harr, 1863 (part), p. 167,
pl. 7, fig. 36; pl. 8, fig. 21.

Wilbernia diademate (Hall) Rzsser, 1937, p. 28;
Nersow, 1951, p. 782, pl. 109, figs. 8, 11, 12; BeLL
& Erimwwoop, 1962, p. 395, pl. 54, figs. 9, 10;
GranT, 1965, p. 123, pl. 13, fig. 27.
Remarks—Wilbernia diademata is distin-

guished by its gently convex anterior border

that is about twice the length (sag.) of the
preglabellar field, by its parallel-sided to gently
tapered glabella that can be broadly rounded or
truncated, and by its large size. There are a few
specimens in the collections that seem to be in-
termediate between V. diademata and W. pero.

Exoskeleton smooth except for terrace lines
on posterior one-half of occipital ring. Internal
molds have a row of granules in the anterior
border furrow. Occipital node may be present.

W. diademata is restricted to the lowest 6 feet
of the Idahoia Zone, in association with Idahoia
lirae.

Occurrence—Common to locally abundant in
the Idahoia lirae Subzone at B-346.5; CR-743-
747; E-894, 897; EC-20.5, 21.5; GM-590; GR-
168, 171; JR-172, 173, 178; MC-706, 707 ; PK-
922; SK-232, 233; SS-94.5; ST-528; TC-983,
987.

Wilbernia expansa Frederickson
Wilbernia expansa FrEDERICKSON, 1949, p. 362, pl. 72,

figs. 13-16; Bern, Feniaxk, & Kurrz, 1952, p. 187,

pl. 32, figs. 3a-c; BeLL & Ervinwoop, 1962, p. 395,

pl. 54, figs. 11, 12; Granr, 1965, p. 123, pl. 14, fig. 5.
Wilbernia halli Resser, var, A, NeLsow, 1931, p. 777,

pl. 107, figs. 9, 16.

Remarks—This species is characterized by its
concave frontal area, particularly the anterior
border, and by its very short (sag.) preglabellar
field. Preglabellar field-anterior border ratio is
between 1: 4 and 1:7.

Surface of exoskeleton smooth. Internal
molds can preserve longitudinal caecal venations
on the anterior fixigenae and anterior border.
Many molds preserve a row of granules in the
anterior border furrow; these granules or low
irregularities may be evident on the exoskeleton.
A small occipital node can be present,
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Wilbernia expansa occurs with the other
three species of Wilbernia: W. halli in the
Taenicephalus Zone and W. diademata and W,
pero in the Idahota Zone,

Occurrence—Scarce to common in the Taeni-
cephalus Zone at CO-143; EC-1, 9, 14.5; LL-
686; MC-685; SS-83, 84; ST-511, 520; TA-40;
TC-952; TR-314; W(C-913.5, 917. Scarce but lo-
cally common in the Idahoia Zone at E-897, 920,
923, 932; EC-20.5, 21.5, 25, 26, 30; GM-591;
GR-171, 188, 195; MC-706, 721; SK-233, 266;
S8-92.5, 94.5, 116, 119, 120; ST-572, 578; TR-
344.5.

Wilbernia halli Resser

Conocephalites diadematus HavrL, 1863 (part), p. 167,
pl. 7, figs. 37, 38.

Wilbernia halli RessEr, 1937, p. 28; NELson, 1951, p.
777, pl. 107, figs. 17, 19; Brrr, Fentak, & Kurrz,
1952, p. 188, pl. 32, figs. 5a-b; BrrL & ErLinwoon,
1962, p. 395, pl. 54, figs. 13-18.
Remarks—Wilbernia halli is characterized by

a preglabellar field-anterior border ratio be-

tween 2:1 and 1:2, a tapering glabella, a con-

vex preglabellar field, and a nearly flat anterior
border. It is scarce to locally common in the
lower one-half of the Taenicephalus Zone

through a maximum interval of about 20 feet. IV,

halli var. A, Ellinwood, occupies the lower one-

third of the species range.

Ornament on the exoskeleton consists of
granules and a few low vermiform ridges over
all areas behind the preglabellar field, a longitu-
dinally directed system of ridges on the pregla-
bellar field, and a smooth anterior border. Inter-
nal molds usually preserve the ridge pattern on
the preglabellar field and a row of granules in
the anterior border furrow, and the occipital
ring can be pitted.

Occurrence—Scarce to locally common in the
lower one-half of the Taenicephalus Zone at B-
317, 323; CO-131; CR-711; E-852, 855; GR-144;
JR-131; LL-676, 680.5, 682; MC-665, 667, 668,
671, 673; PK-888; SK-204, 206, 210; SS-55, 60,
60.5, 62, 67, 68, 69; ST-481; SU-60, 61; TA-12;
TC-944.5, 946, 948; TR-296, 300.5, 301.5, 302.5;
WC-898.

Wilbernia halli Resser, var. A, Ellinwood

Wilbernia halli Resser, var. A, Ellinwood in BeLrL &

Errixnwoon, 1962, p. 395, pl. 54, figs. 16-18.
not Wilbernia halli Resser, var. A, NeLson, 1951, p.

777, pl. 107, figs. 9, 16 (= W. expansa Frederick-

son).

Remarks—This variety is characterized by a
preglabellar field-anterior border ratio from 2: 1
(at the base of the range of the variety) up to
but not including 1:1 (at the top of the range
of the variety). Wilbernia halli var. A occurs
stratigraphically below I¥. halli.

Occurrence—Locally common in the lower
part of the Taenicephalus Zone at B-317; CO-
131; CR-711; E-852, 855; GR-144; JR-131;
L1-676, 680.5, 682; MC-665, 667, 668; PK-888;
SK-204, 206, 210; SS-55, 60; ST-481; SU-60,
61; TA-12; TR-296, 300.5, 301.5, 302.5.

Wilbernia pero (Walcott)
Caé;oc;’g.-’mh'fcs diadematus Harr, 1863 (part), pl. 8,
g

Pivchoparia pero Warcort, 1890, p. 274, pl. 21, fig. 6.
Wilbernia pero (Walcott) Warcorr, 1924b, p. 60, pl.
13, fig. 4; Brrr & Ervinwoon, 1962, p. 396, pl. 54,
figs. 19-21 (synonymy to date) ; Grawnt, 1962, p.

989, pl. 139, figs. 8a-c; 1965, p. 124, pl. 14, fig. 6.

Remarks—Wilbernia pero is characterized by
a raised and convex anterior border that is more
than twice the length (sag.) of the preglabellar
field and by a parallel-sided, gently convex gla-
hella. The convex anterior border distinguishes
this species from IW. expansa. The relatively
longer and raised anterior border distinguishes
W. pero from the stratigraphically lower J¥.
diademata.

Ornament on the exoskeleton consists entirely
of fine terrace lines that are transverse on the
posterior one-half of the occipital ring; they
are longitudinally directed across the posterior
border, posterior, and palpebral areas of fixige-
nae, then curve around and become transverse
on the anterior border. Ornament on the gla-
bella unknown because of poor preservation.
The only ornament on the internal mold is a
row of granules in the anterior border furrow
and vague impressions of the terrace lines on
the anterior border. A very low occipital node is
usually present.

Occurrence—Common to locally abundant in
the Idahoia Zone at B-364.5; CO-193; E-917;
EC-25, 26, 29, 30, 35; GR-183; JR-188, 189,
195.5, 200; LL-725, 728; MC-721; SK-245, 260,
266; SS-109, 111.5; ST-574.5; SU-116; TC-
1009, 1022; WC-977. Scarce in the Ellipsoce-
phaloides Zone at JR-232, 233, 255; MC-764.

Family Prycuaspipipae Raymond, 1924

Diagnosis—Isopygous ptychoparioid trilo-
bites, with prominent, well-defined glabella that
exhibits considerable variation in shape, convex-
ity, and furrows; cranidial margins extremely
variable when the family is considered as a
whole, but relatively consistent within the sub-
families. Pygidium with prominent axis and nu-
merous axial rings and pleurae, may or may not
have marginal spines,

Remarks—In addition to being the dominant
family in the Ptychaspid Biomere, the Ptychas-
pididae is the only family represented through-
out the biomere. Four suhfamilies are recog-
nized within the family: the Drumaspidinae,
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Eurekiinae, Saukiinae, and Ptychaspidinae
(text-fig. 1).

Similarities in glabellar shape, convexity, and
furrowing, a reduced and pointed frontal area,
and narrow fixigenae suggest that the Drumas-
pidinae are probably derived from Conaspis
through Drumaspis. Similarities in glabellar
shape and furrows accompanied by general flat-
tening of the cranidium suggest that the Saukii-
nae are derived from Ptychaspis through Pro-
saukia. Cranidial similarities (exclusive of the
frontal area) between Maladia and Conaspis
lead me to think that Maladia is the intermedi-

ate form between Conaspis and the Eurekiinae.

Subfamily DrumaspIDINAE Longacre,
n. subfam,

Diagnosis—Ptychaspididae with relatively
large, nearly rectangular glabella; frontal area
reduced, preglabellar field usually lacking;
width of fixigenae up to one-half basal glabellar
width., Pygidium with prominent axis, pleural
region no wider than axis.

Remarks—Three genera assigned to two
closely related families in the Treatise are com-
bined here into one subfamily, which probably is
descended from Conaspis. Specimens in the
Texas collections indicate that Dartonaspis was
derived from Drumaspis. Chariocephalus could
also have been derived from Drmaspis.

Palmer (1965b) revised the family Elvinidae
and included in it genera of the Pterocephaliid
Biomere. The revision left Chariocephalus and
Drumaspis without a definite familial assign-
ment. Bell & Ellinwood (1962) placed Charioce-
phalus in the Komaspididae, the family to which
Dartonaspis is assigned in the Treatise. Komas-
pis, the Komaspididae, and the Komaspidacea
are in dire need of massive revision (Palmer,
pers. comm.). No name was available in the lit-
erature that would be suitable for the lineage
that T think is represented by the three Franco-
nian genera, Drumaspis, Chariocephalus, and
Dartonaspis. Because Drumaspis is the earliest
of the three to occur in the Ptychaspid Biomere
and because I think it gave rise to the other two
genera, the subfamily is appropriately named
after Drumaspis.

Genus CHartocepHALUs Hall, 1863

Chariocephalus Havrr, 1863, p. 175; Resser, 1942h,
p. 4; Lochman in HARRINGTON ¢! al.,, 1959, p. 0297.
Type species—Chariocephalus whitfieldi Hall,

1863, p. 175, pl. 6, figs. 49-51; pl. 10, fig. 20.
Remarks.—The diagnosis given by Lochman

(in Harrington ef al., 1959) adequately de-

scribes the genus. If researchers agree that Res-

ser (1942b, p. 4-13) included in Chariocephalus

one or more species that helong to Darfonaspis
(e.g., C. wichitaensis Resser, 1942b, p. 10, pl. 2,
figs. 1-8), then his diagnosis for Chariocephalus
should not be followed.

Chariocephalus is distinguished from the
closely related Dartonaspis by its shorter
(exsag.), narrower, and more anteriorly located
palpebral areas of the fixigenae and by its
slightly tapered glabella,

Chariocephalus whitfieldi Hall
Chariocephalus whitfieldi Harr, 1863, p. 175, pl. 6,
figs. 49-51; pl. 10, fig. 20; Brr., FENIAK, &

Kurrz, 1952, p. 188, pl. 37, figs. 4a-d; BeLL & Er-

LINwoop, 1962, p. 396, pl. 55, figs. 7, 8; GRANT,

1962, p. 983, pl. 139, fig. 4.

Remarks—This species is characterized by an
anteriorly tapered glabella with faint furrows,
fossulae, and palpebral lobes that are up to one-
half the length of the glabella and are opposite
the anterior one-half of the glabella. Although
biostratigraphic data are sparse, the range of
Chariocephalus whitfieldi overlaps at least the
lower part of the range of Dartonaspis wichi-
taensis.

Occurrence—Scarce in the Ellipsocephaloides
Zone at EC-67; JR-225, 245, 251; MC-844;
TA-164; TC-1109.

Genus Dartonaspis Miller, 1936

Dartonaspis MiLLer, 1936, p. 29; Lochman in HAr-

RINGTON et al., 1959, p. 0205,

Type species—Dartonaspis Fknighti Miller,
1936, p. 29, pl. 8, figs. 34, 35.

Remarks—The diagnosis given by Lochman
(in Harrington et al., 1959) summarizes the
characters of the genus, with the exception that
the American species in the genus all have gla-
bellae that expand anteriorly.

Dartonaspis wichitaensis (Resser)
PL 2, fig. 11.
Chariocephalus wichitaensis Resser, 1942b, p. 10, pl.

2, figs. 1-8.

Dartonaspis wichitaensis (Resser) BrL & ELLin-

woob, 1962, p. 397, pl. 55, fig. 6.

Remarks—Eight fragmentary cranidia and
two pygidia are assigned to this species. Darton-
aspis wichitaensis is characterized by its anteri-
orly expanded glabella, the inflated palpebral
areas of the fixigenae, short (exsag.) posteri-
orly directed limbs, and finely pitted exoskeleton
and internal molds. These features distinguish
D. wichitaensis from the stratigraphically asso-
ciated Chariocephalus whitfieldi.

Occurrence—Scarce in the Ellipsocephaloides
Zone at JR-255, 265 ; MC-840, 844,
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Genus Drumaspis Resser, 1942

Drumaspis Resser, 1942b, p. 28; Berr & Erpin-

\1vltiou, 1962, p. 390; Grawr, 1962, p. 983; 1965, p.

Type species—Drumaspis walcolti Resser,
1942b, p. 28, pl. 4, figs. 37-41.

Diagnosis—Glabella quadrate to slightly elon-
gate, parallel-sided to slightly tapering, and
gently rounded to strongly truncated anteriorly.
Two to four pairs of glabellar furrows that may
or may not connect. Frontal area short. Palpe-
bral and posterior fixigenae wide, downsloping.
Long palpebral lobes with distinct palpebral fur-
row.

Remarks—Species of Drumaspis can be sepa-
rated into two morphologic groups: one with
disconnected glabellar furrows and a second in
which one or two of the posterior pairs of gla-
bellar furrows are continuous. Biostratigraphic
data from Texas (Bell & Ellinwood, 1962),
Minnesota (Grant, 1962), Montana and Wyo-
ming (Grant, 1965), and Oklahoma (Stitt, in
press) demonstrate that the group with discon-
nected furrows is stratigraphically below the
group with connected glabellar furrows and
there is an overlap or transition zone between
the two. Comparison of the Texas cranidia with
Resser’s and Grant’s illustrations indicate that
Drumaspis is represented by two moderately
variable species that succeed one another in
time.

Three described species are included in
Drumaspis: D. walcotti Resser (1942b), D. tea-
ana Resser (1942b), and D. idahoensis Resser
(1942b).

D. walcotti, the type species, seems to be of
mixed morphologic character; the holotype
(Resser, 1942b, pl. 4, figs. 37-39) has discon-
nected glabellar furrows, whereas the paratype
(pl. 4, figs. 40, 41) has one pair of connected
furrows. As Grant (1962, p. 984) mentioned, the
paratype is smooth, whereas the holotype has an
ornamented occipital ring and border, Lochman
& Hu (1939, p. 416, pl. 60, figs. 1-14) discussed
and illustrated specimens of D. walcotti from
near the type locality in Idaho, Their illustrated
specimens include both morphologic forms.
Grant (1962, p. 984; 1965, p. 115) found the two
forms associated at about the midpoint of the
range of Drumaspis, and he thinks they may not
be conspecific,

When compared with the Texas cranidia, the

holotype of D. walcotti can be included in the

hypodigm of D. texana and the paratype can be
included in the hypodigm of D. idahoensis from
low in its range. If subsequent investigation of
the genus indicates that Drumaspis is composed
of only two geographically widespread chrono-

species that are distinguished by mieaiis of dis-
connected-connected glabellar furrows, the
lower species would include the holotype of D.
walcotti and would bear that name; the para-
type would be included in the stratigraphically
higher species with connected glabellar furrows,
and, because of Palmer's work (1968, p. B83), the
correct name would be D. idahoensis.

Drumaspis idahoensis Resser
PL 2, figs. 8-10.

Drumaspis idahoensis REsser, 1942b, p. 29, pl. 4, figs.
32-36; Grawnr, 1965, p. 115, pl. 14, fig. 11; PaL-
MER, 1968, p. 85, pl. 13, figs. 1-5.

Drumaspis alberta Resser, 1942b, p. 29, pl. 5, figs.
1-3.

Drumaspis goodsirensis Resser, 1942b, p. 30, pl. 5,

fig. 9.
Drumaspis sabinensis Resser, 1942b, p. 31, pl. 5, figs.
10, 11

Drwmaspis deckeri Resser, 1942b, p. 31, pl. 5, figs.
14-16; Berr & Ervinwoon, 1962, p. 391, pl. 52,
figs. 10-12, 15. _

Drumaspis utahensis REsser, 1942b, p. 34, pl. 5, figs.
31-33

D:’imm.s:pir tanycodia Grawnt, 1962, p. 985, pl. 139, fig.
7.

Remarks—Drumaspis idahoensis is distin-
guished by its connected posterior one or two
pairs of glabellar furrows. Although the connec-
tion is faint on specimens from low in the
range, it is quite distinct on stratigraphically
higher specimens. The glabella is quadrate to al-
most equidimensional and can be slightly ta-
pered. Width of fixigenae at the base of the pal-
pebral lobes ranges from one-fourth to one-third
the basal glabellar width on specimens from the
transition zone and low in the range of the spe-
cies; in stratigraphically higher specimens, the
fixigenae are at least one-third as wide as the
base of the glabella. Low in the range, the exo-
skeleton and particularly the occipital ring may
be covered with a subtle ridge-and-pit pattern of
ornament; internal molds and exoskeletons of
specimens from high in the range are smooth.

D. idahoensis is common in the upper Idahoia
Zone and scarce in the middle part of the Ellip-
socephaloides Zone. It occurs above D. texana
and is distinguished from it by the connected
glabellar furrows. In the transition zone or
overlap interval, specimens of D. idahoensis can
have some features normally associated with D.
texana: ornament, narrower fixigenae, slightly
longer frontal area, and tapered glabella.

A few fragmentary specimens from the mid-
dle of the fossiliferous part of the Ellipsoce-
phaloides Zone appear to straddle the gap be-
tween Drumaspis and Dartonaspis. Two of
these specimens are illustrated (pl. 2, figs. 9,
10).

Occurrence—Common in the Idahoia Zone at
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CO-193, 202, 219; E-930, 932, 934, 935; GM-615;
GR-195; JR-195, 195.5, 196, 200, 202, 204; LL-
738, 741, 750; SK-248, 260, 264, 265, 266; SS-
109, 111, 116, 119, 120, 138.5; TC-1015-1025,
1017, 1022, 1025; WC-968, 977. Scarce in the El-
lipsocephaloides Zone at MC-1095-1100, 1100.

Drumaspis texana Resser
PL 2, figs. 6, 7.

Drumaspis texana Resser, 1942b, p. 32, pl. 5, figs.
27-30; BeiL & Ervinwoop, 1962, p. 391, pl. 52,
figs. 7-9, 13, 14; Granr, 1965, p. 114.

Dn;madspic osella Resser, 1942b, p. 32, pl. 5, figs.

-20.

D:é:m;agﬂs clara REesser, 1942b, p. 33, pl. 5, figs.
3-26.
D.g;maspis nitida RESSER, 1942b, p. 34, pl. 5, figs. 34,

Dyumaspis wichitaensis Resser, 1942b, p. 33, pl. 5,
figs. 21, 22,

Drumaspis briscoensis Resser, 1942b, p. 30, pl. 5,
figs. 4-8; Grant, 1965, p. 115, pl. 14, figs. 7-9.

D-rrm:gpf: maxwelli Resser, 1942b, p. 31, pl. 5, figs.
12

D;gi;iws;bis' sabulosa Grawt, 1962, p. 984, pl. 139, fig.

Remarks.—Drumaspis texano is distinguished
by discontinuous glabellar furrows. Fixigenae at
the base of the palpebral lobes are less than
one-third and usually about one-fourth the basal
glabellar width. Shape of the glabella ranges
from nearly quadrate to slightly elongate and
tapering; anterior end of glabella normally is
rounded-truncate but a few specimens have dis-
tinctly truncated and medially indented glabel-
lae. Although most specimens have three pairs
of glabellar furrows, there may be as few as
two or as many as four pairs of furrows.

Distinct granules or vermiform ridges and
granules normally cover all areas of the exo-
skeleton. Although most of the cranidium can be
nearly smooth, the occipital ring will be dis-
tinctly ornamented. Internal molds can be par-
tially imprinted with exoskeleton ornament or
can have a roughened appearance. Ornament
becomes less distinct in the upper part of the
range.

The holotype of D. texana Resser (1942h, pl.
5, fig. 29) illustrates the glabellar furrows, rela-
tively narrower fixigenae, and granular orna-
ment common to the Texas cranidia. Most of
the cranidia in the collections have glabellae
that are mnot quite so tapered or anteriorly
rounded, and they have relatively shorter fron-
tal areas (Bell & Ellinwood, 1962, pl. 52, figs.
7-9).

The variation of the Texas cranidia includes
the morphologies of the holotypes of all species
placed in synonymy, even the rather distinctive
D. osella, with its straight-sided, tapering glabella
and longer frontal area.

Occurrence—Common in the lower one-half
of the Idahoia Zone at B-357.5, 364.5, 377.5;
CO-176, 184; CR-743-747, 765; E-904, 916, 917,
920; EC-36, 38; GM-604, 606; GR-180, 183, 185;
JR-188, 189, 195, 196; LL-738; MC-712, 714,
718, 721; SK-245, 248, 260; SS-109, 111; ST-
541; SU-116; TC-1003, 1009, 1017; WC-950,
968.

Subfamily Evrexiinae Hupé, 1953

Diagnosis—Ptychaspididae with tapered and
rounded to truncate glabella, frontal area vari-
able, palpebral area generally small and close to
the glabella, with distinct palpebral furrow, and
posterior limbs straplike. Pygidium with promi-
nent axis, distinct axial rings and pleurae; mar-
gin with spines.

Remarks—The composition of this subfamily
is essentially that of the family Eurekiidae of
Hupé (in Harrington et al., 1959, p. 0325). Be-
cause of its probable relation to Conaspis, this
group of genera is included in the same family.

Genus BayFieLpia Clark, 1924

Bayfieldia CLark, 1924, p. 31: RaserTi, 1944, p. 239;

Winston & NicHorLs, 1967, p. 83.

Type species—Bayfieldia tumifrons Clark,
1924, p. 31, pl. 4, fig. 6.

Diagnosis—Eurekiinae with anteriorly
rounded glabella; glabellar furrows, if present,
shallow and recurved. Occipital furrow broad,
shallow, laterally bifurcating. Fixigenae and
palpebral lobes narrow. Posterior limbs long and
wide; posterior border furrow shallow and
wide. Cranidium smooth or granulose. Pygidial
axis elevated, terminal axial piece can be bino-
dose. All furrows on the pygidium deep and
wide. At least three pairs of marginal spines are
present,

Remarks—This genus differs from Eurekia
in its bifurcate occipital furrow, shallow or ob-
solete glabellar furrows, wider (exsag.) poste-
rior limbs, and nearly flat palpebral areas of the
fixigenae. Bayfieldia differs from Corbinia in its
bifurcate occipital furrow, anteriorly rounded
glabella, and generally shallower axial, occipital,
and border furrows.

Four species are included in Bayfieldia: B.
barabuensis (Whitfield), 1878, B. binodosa
(Hall), 1863, B. tumifrons Clark, 1924, and B. si-
mata Winston & Nicholls, 1967. B. ulrichi Ras-
etti, 1945b, and Bayfieldia sp. undet. Rasetti,
1959, belong in Corbinia (Winston & Nicholls,
1967, p. 85, 86).

Bayfieldia binodosa (Hall)
Pl 3, figs. 13, 14.

Conocephalites? binodosus HaLL, 1863, p. 160, pl. 7,
fig. 47.
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Piychoparia binodose (Hally Crarx, 1924, p. 32,

Eurckia binodosa (Hall) \VALCOTT 1925, p. 89;
GranT, 1965, p. 116, pl. 15, figs. 15, 18,

Ba;ﬁefdm ﬁﬂkdﬂbﬂrgz CLI\RK 1024, p. 32, pl. 4, fig

Lmekm finkelnburgi (Clark) Resser, 1933, p. 28.
Bavfieldia binodesa (Hall) Winston & NICHOLLS,

1967, p. 83, pl. 9, figs. 1, 2.

Corbinia zmph:mz\ Winston & Nicroirs, 1967, p.

86, pl. 9, fig. 3.

Remarks—This species is very common in
the Saukiclle pyrene and Saukiells funic Sub-
zones. Bayfieldia bisodosa exhibits considerable
variation, particularly in the glabellar furrows,
the ornament, and the rounding of the front of
the glabella. Most specimens have anteriorly
rounded glabellae, but some are rounded-trun-
cate. Glabellar furrows are usually absent, but a
few specimens have one or two pairs of faintly
impressed, strongly recurved furrows as in
Lurekia, Although most specimens are stmooth,
some arc granulate (pl. 3, figs. 13, 14}, Because
these three variable features exhibit neither
correlation with one another nor stratigraphic
trend, I attribute them to either intraspecific var-
iation or sexunal dimorphism.

Corbinie tnphonis Winston & Nicholls was
described from one collection {TC-1290) from
the middle of the range of Bayficldic binodosa
in that section. The featurcs mentioned by Win-
ston and Nicholls as diagnostic of Corbinia im-
plunis occur on specimens of Beyfieldia bino-
dose in varying quantities and gualities. T place
C. implinis in synonymy with B, binodesa.

The associated pygidium has a high axis, an
articulating half ring, one well-defined axial
ring, two axial rings partly fused together, and
a linodose terminal axial plece that is fused to
the third axial ring. The four or five pairs of
marginal spines are pointed.

Bayfieldia binodosa is associated with Eurckic
granulosa Walcott and is distinguished from all
species of Eurekio by its weak, but usually ab-
sent, glabellar furrows, a bifurcating occipital
furrow, and broad pesterior limbs with medium
to small posterior fixigenae,

Occurrence~Common to locally abundant in
the Saukiclla pyrene Subzone at BC-23, 34, 36,
41, 42; JR-357, 369.5, 394; SPH-93, 95, 96.5, 08§,
99, 103, 114, 114.5, 140; $8-356; TC-1237, 1265,
1286, 1287. Common in the Sexkielle junia Sub-
zone at BC-70; JR-459; TC-1290, 1291, 1305,
1305-1310.

Bayfieldia simaia Winston & Nicholls
Pl 4, fig, 12,
Bayfieldia simate Winsron & Nicuorrs, 1967, p. 84,
pl. 9, figs. 20, 23-26.
Remarks—Although a few representatives of
this species occur in the Saukielle juniz Sub-

zone, it is quite abundant in the Saukiclla sero-
tina Subzone. Beyfieldia simata is characterized
by its medially expanded glabella, long and
nearly flat frontal arca, clongate palpebral lobes
and fixigenae, bifurcate occipital furrow, and
stout, nearly parallel-sided posterior limbs, The
ouly variable part of the cranidium is the fron-
tal area. Two types of variation are recognized.
In one, the facial sutures diverge slightly, and a
faint, arcuate, anteriorly howed horder furrow
is prescut (Winston & Nicholls, 1967, pl. 9, fig.
20). In the second, the facial sutures are paral-
lel, and the anterior border furrow is bowed
backward, terminating laterally at or close to
the anterior corners of the cranidium {Winston
& Nicholls, pl. 9, fig. 24). Both types occur
throughout the range of B. simafe and may be
an expression of sexual dimorphism. The fig-
ured specimen has the recurved anterior border
furrow,

Occurrence—Searce in the Soukiella funia
Sulizone at BC-109-110, 149; CC-27; JR-481;
LCs-11, 31; SH-12.6; §8-356, 360.5. Commuon in
the Saufielle seroting Subzone at CC-58.2, 61;
JR-484, 519, 532, 536; LC-32; T.CS-32, 33, 33.5,
34-36, 35.7, 40, 44, 44.5 45, 454; SH-52, 52.6,
63.5; 5$8-373, 381, 383, 398; TC-1357-1363,
1368-1374, 1379-1385, 1379-1385a, 1387.5, 1388,
1391.5, 1392, 1393, 1394, 1395, 1400,

Bayfieldia simafa Winston & Nicholls,
var. A, Winston & Nicholls

Bayfieldi stimata Winston & Nicholls, var. A, Wix-

STON & \Ic.Hon'; 1967, p 24, pl 9, ﬁgs 24, 26,

Remaiks.
ficldia binodose and B. simatae is recognized by
its pygidium with long and bluntly rounded mar-
ginal spines and two nodes on the terminal axial
piece. The few cranidia with preserved frontal
areas have receurved anterior border furrows:
an equal munmnber of cranidia do net have the
frontal arca preserved. [ hesitate to suggest that
all B. simata var. A have this type of frontal
area mtil more material is collected.

Occnrrence—Locally common in the Sank-
ielln junia Subzone at BC-109-110: JR-481;
SH-12.6; S8-356.

Genus Corsinra Walcott, 1924

Corbinia Warcort, 1924b, p. 35; 1923, p. 81; Loch-
man in HaRrINGroN ¢f ¢/, 1959, p. 0323 ; Winston
& NicroLLs, 1967, p. 85
Type species—Corbinia

1924b, p. 53, pl. 10, fig. 3.
Remarks—Winston & Nicholls (1967, p. 85)

have given the most comprehensive diagnosis

for Corbinia,

haratio  Walcott,
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Corbinia apopsis Winston & Nicholls

Corbinia apopsis Winston & Nicrorrs, 1967, p. 86,

pl. 11, figs. 13, 14, 17, 22.

Remarks—This is the most abundant species
in the Corbinia apopsis Subzone, where it occurs
in coquinoid profusion through as much as 8
feet of section. An addition to Winston and Nich-
olls’ description is that the pygidial exoskele-
ton is covered with granules and the margin or-
namented with coarse terrace lines that zigzag
in and out of the marginal spines.

Occurrence—Very abundant in the Corbinia
apopsis Subzone at CC-67, 69.5; JR-538, 539,
539.5, 540, 542, 543, 545; LC-48; LCS-53, 53.3,
53.5, 53.8, 55, 55.5, 56; SH-72; SS-411, 413, 416;
TC-1402, 1409,

Genus Eurekia Walcott, 1924

Eurekia Warcort, 1924b, p. 56; 1925, p. 89; REssER,
1935, p. 28; Lochman in HARRINGTON et al.,, 1939,
p. 0325; Winston & NicmoLis, 1967, p. 84.

Type species—Eurekia granulosa Walcott,

1924b, p. 56, pl. 12, fig. 1.

Remarks—Winston & Nicholls (1967) give
the most complete diagnosis for this genus.

Eurekia eos (Hall)
Pl 4, fig. 15,

Conocephalites eos Harr, 1863, p. 151, pl. 7, figs. 24,
25; pl. 8, figs. 8, 9.

Eurekia eos (Hall) Warcorr, 1925, p. 89 (list) ;
Resser, 1935, p. 28 (list) ; WinstoN & NicHOLLS,
1967, p. 85, pl. 10, figs. 15, 17.

Remarks—Eurekia eos has been well de-
scribed and illustrated by previous workers. I
am repeating the discussion of the species in
central Texas because more conerete range data
are available,

Eurekia eos is quite abundant in the Saukiella
serotina Subzone, with few specimens in the un-
derlying and overlying subzones. Two cranidia
from TC-1352-1357 and one poorly preserved
pygidium from TC-1346 listed by Winston and
Nicholls occur in the S. junia Subzone. The hol-
otype of S§. juniac (Walcott) has a well-pre-
served specimen of Eurekia eos next to it. No
specimen of E. eos was identified below the
upper part of the S. junia Subzone. Only one col-
lection of E. eos occurs in the base of the Cor-
binia apopsis Subzone.

Further preparation and examination of strat-
igraphically lower specimens assigned by Win-
ston and Nicholls to E. eos revealed that those
from the Saukiella pyrene Subzone and lower S.
junia Subzone belong to E. granulosa Walcott.
Three specimens assigned to E. sedgwicki (Bil-
lings) by Winston and Nicholls are also placed
in E. granulosa.

The pygidium is characterized by the binodose

terminal axial picce, rugged appearance, and un-
usual configuration of the marginal spines. The
four or five pairs of spines look like silhouettes
of feet, with the toes pointing toward the axis
(pl. 4, fig. 15). Internal molds can be covered
with closely spaced pits.

Occurrence—Scarce in the Saukiella junia
Subzone at TC-1346-1352, 1352-1357. Common
in the Saukiells serotina Subzone at BC-149;
CC-63=%; JR-529, 532; L.C-32; 1.CS-32, 35.7, 39,
40, 44; SH-52, 52.6, 53.5, 54, 55, 63.5; SS-375,
398, 409; TC-1357-1363, 1368-1374, 1379-1385,
1391.5, 1392, 1393, 1394, 1395. Scarce in the Cor-
binda apopsis Subzone at LCS-54,

Eurekia granulosa Walcott
Pl 3, figs. 15-17.

Eurckia granulosa Wavrcorr, 1924b, p. 57, pl. 12, fig.
58' 1925, p. 90, pl. 16, figs. 13-17; Resser, 1935, p.

Eurekia sedgwicki (Billings) Winston & NIcHOLLS,
1967, p. 85, pl. 10, figs. 12, 16.
Remarks—Eurekia granulosa, the type spe-

cies, is characterized by its divergent anterior
facial sutures, recurved border, moderately ta-
pered and rounded-truncate glabella, deep, re-
curved glabellar furrows, coarse surface granu-
lation, relatively broad and convex anterior
fixigenae, and narrow eyes, posterior fixigenae,
and posterior limbs. E. granulosa is distin-
guished from E. eos by divergent anterior facial
sutures, larger anterior fixigenae, and a re-
curved anterior border. If these features are not
preserved, the more tapered and not so truncate
glabella will distinguish E. granulosa.

E. granulosa is associated with another eure-
kiid, Bayfieldia binodosa, from which it is dis-
tinguished by its deep, recurved glabellar fur-
rows, deep, nonbifurcate occipital furrow, nar-
row raised paipebral area, and very slender pos-
terior limbs. There is only one binodose pygi-
dium associated with these two species, and I
have concluded that it belongs to B. binodosa. A
pygidium with the cropped spines of E. granu-
losa Walcott (1925, pl. 16, fig. 17) has not been
found in central Texas or in Oklahoma (Stitt,
in press).

E. granulosa ranges through the Saukiella py-
rene Subzone, and one collection comes from
the base of the Saukielle junia Subzone. The
shape of the anterior end of the glabella is the
most variable feature, ranging from broadly
rounded to truncate (pl. 3, figs. 15-17). Most
specimens are more or less truncate. I have as-
signed the specimens identified as E. sedgwick:
(Billings) by Winston and Nicholls to E. gran-
ulosa. The status of Menocephalus sedgwicks
Billings is uncertain because of poor material,
but I doubt that it should be placed in Eurekia;
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the glabellar furrows are like those of Eurekia,
but all other features of the cranidium are not.

Occurrence—Common in the Saukiclle py-
rene Subzone at BC-23, 41, 42; JR-354, 374.5;
SPH-91, 94, 95, 96.5, 106.5, 110; TC-1244, 1287.
Scarce at the base of the Saukiella junia Sub-
zone at TC-1291.

Subfamily PrycaaspipiNak Longacre, n. subfam.

Diagnosis—Ptychaspididae with prominent,
very well-defined, anteriorly rounded glabella
that usually tapers or is parallel-sided; anterior
lobe of glabella usually swollen in later genera;
at least two pairs of distinct glabellar furrows,
posterior pair commonly connected, second pair
may connect; frontal area variable, preglabellar
field commonly absent; fixigenae variable; eye
ridges and palpebral lobes commonly distinct.
Pygidium with usually well-defined axis that is
narrower than pleural region; axial rings and
pleural furrows normally distinct; border fur-
row absent or very shallow ; margin smooth.

Remarks—This is the only subfamily repre-
sented throughout the Ptychaspid Biomere (text-
fig. 1). T have relied on studies in the Upper Mis-
sissippi Valley (Nelson, 1951; Bell, Feniak, &
Kurtz, 1952) to demonstrate the lineage from
Conaspis through Eoptychaspis to Ptychaspis.
Morphologically and temporally, it is logical
that Euptychaspis was a derivative of Ptychas-
pis. I think Ptychaspis is the ancestor of Keithia
and Keithiella rather than the East Asian genus
Andersonella. 1 think Macronoda probably rep-
resents an offshoot from Euptychaspis.

Genus Conaspis Hall, 1863

Conaspis Harr, 1863, p. 152; Warcort, 1914, p. 357
(footnote) ; Resser, 1937, p. 6; Berg, 1953, p. 560;
Lochman in HARRINGTON ¢f al., 1959, p. 0320.
Type Species—Conocephalites perseus Hall,

1863, p. 152, pl. 7, fig. 17; pl. 8, fig. 33.
Remarks—Berg (1953) gives the most com-

plete cranidial diagnosis. The only pygidium

assigned to C. perseas Hall is the one that Hall

(1863, p. 153) described and assigned to Cono-

cephalites perseus but that Berg (1953, p. 562)

assigned to Conaspis twmidis. Bell & Ellinwood

(1962, p. 403, pl. 58, figs. 5, 9) deseribed and il-

lustrated pygidia they assigned to Conaspis ma-

s0nensis.

Conaspis leptoholcis Longacre, n. sp.
Pl 1, figs. 19-21.
Description.—Cranidium strongly convex lon-
gitudinally and transversely. Glabella strongly
convex, anteriorly downsloping, tapered, gently
rounded to slightly truncated in front. Three
pairs of glabellar furrows: posterior pair well

impressed, recurved, and usually not connected;
middle pair shallow and slightly recurved; ante-
rior pair composed of faint, anteriorly directed
depressions that are not connected with the
axial furrow. Axial furrow distinct, with faint
fossulae at anterior corners of the glabella.
Preglabellar furrow faint to obsolete, Occipital
furrow distinet, curved forward medially and
laterally. Laterally tapered occipital ring has a
very low occipital node. Preglabellar field
strongly deflected downward, almost at the same
angle as the front of the glabella. Anterior bor-
der furrow distinct and broadly curved. Ante-
rior border gently convex, crescentic, slightly
longer (sag.) than preglabellar field. Frontal
area less than one-fourth cranidial length. Fix-
igenae narrow, gently convex, with a slight
bulge where an ocular ridge would be. Palpebral
furrow distinet, complete. Palpebral lobes nar-
row and elongate. Posterior area of fixigenae
triangular, Posterior border furrow broad, shal-
low, and almost straight; posterior border wid-
ens laterally. Anterior facial sutures slightly di-
vergent in front of palpebral lobes. Exoskeleton
and internal molds smooth.

Librigena and pygidium unknown.

Available material—8 cranidia, well pre-
served.

Holotype—~—BEG 36479, from B-316.

Etymology—leptos, Greek, fine, weak, thin;
holcos, Greek, furrow; named for its weak to
nearly obsolete preglabellar furrow.

Remarks—Conaspis leptoholcis is distin-
guished from all other species of Conaspis by its
weak to almost obsclete preglabellar furrow. Its
faint fossulae, subequal preglabellar field and
anterior horder, and gently tapered, crescentic
anterior border also characterize this species. It
is distinguished from the associated C. testudi-
natis by its smooth exoskeleton and crescentic
border. Tt differs from the stratigraphically
higher C. masonensis by its downsloping frontal
area and relatively narrower fixigenae.

C. leptoholeis is distinguished from the holo-
type of C. perseas (Hall) (Berg, 1953, pl. 60,
fig. 5) by its convexity, glabellar shape, and
wider fixigenae. It differs from C. parvafrons
Kurtz (in Bell, Feniak, & Kurtz, 1952, p. 185,
pl. 31, figs. 7a-b) in having a distinct anterior
border furrow. The closest resemblance is to C.
tumidis Kurtz (in Bell, Feniak, & Kurtz, 1952,
p. 185, pl. 31, fig. 5), but C. leptoholcis can be
distinguished by its longer frontal area, wider
fixigenae, more rounded and tapered glabella,
and laterally tapered occipital ring.

C. leptoholcis occurs in the lower part of the
Taenicephalus Zone only on the eastern side of
the Llano Uplift. Tt ranges through a maximum
interval of 10 feet, beginning at the top of the
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range of Taenicephalus gouldi and extending
into the lower part of the range of 7. shwmardu.
C. leptoholeis can be associated with C. festudi-
natis.

Occurrence—Scarce in the lower Taenice-
phalus Zone at B-316; CO-131; E-852; PK-888;
SU-61; WC-895.

Conaspis masonensis Ellinwood

Conaspis masonensis Ellinwood in BeLn & ErLin-
woon, 1962, p. 403, pl. 38, figs. 1-9.
Remarks—Conaspis masonensis is well de-

scribed and illustrated by Bell & Ellinwood

(1962). Its lowest occurrence is normally about

40 feet above the base of the Taenicephalus

Zone, and in one section it has a range of 7 feet.

C. masonensis occurs in association with Taeni-

cephalus sp. and T. shwmardi. It does not occur

with Idahoia lirae, although the two species may
be separated by as little as 1 foot of section.

At JR-169, C. masonensis, Taenicephalus sp.,
and T. shumardi occur with Saratogia ameri-
cana, one of the earliest species of the Idahoia
Zone; the first ocecurrence of Idahoia lirae is at
JR-172. The association of Saratogia americana
with Taenicephalus sp. and other taxa charac-
teristic of the highest Taenicephalus Zone may
represent the stratigraphic interval through
which the transition from Taenicephalus sp. to
S. americana occurs.

Occurrence—Locally abundant at the top of
the Taenicephalus Zone at E-875; TR-168, 169;
§S-90; TC-975, 982,

Conaspis parvafrons Kurtz
Pl 2, fig. 3.

Conaspis parvafrons Kurtz in BrLn, Feniag, &
Kurtrz, 1952, p. 185, pl. 31, figs. 7a, b; Berg, 1953,
p. 561, pl. 60, fig. 9.

Remarks—OQOne internal mold is assigned to
Conaspis parvafrons, a species distinguished
from all others assigned to Conaspis by its un-
furrowed frontal area. It is also characterized
by its rectangular glabella, faint and gently
curved palpebral furrows, and markedly diver-
gent anterior facial sutures.

The specimen in the Texas collections is
slightly different from the holotype. Neither the
smooth frontal area nor the anterior end of the
glabella are quite so convex, the fossulae are ab-
sent, all furrows are shallower, and the poste-
rior areas of the fixigenae are longer (exsag.).
The Texas cranidium closely resembles the par-
atype and is almost identical to the cranidium
figured by Berg (1953). The differences sepa-
rating the Texas cranidium from those in the
Upper Mississippi River Valley are small. The
cranidium has the same stratigraphic position in
Texas as has C. parvafrons in Minnesota and

Wisconsin. Although this specimen may be a
geographic variant, I think it is at least conspe-
cific with C. parvafrons. Additional material is
necessary to say more about its subspecific sta-
tus,

C. parvafrons occurs at the very top of the
Taenicephalus Zone in association with C. ma-
sonensis and Taenicephalus sp. The base of the
Idahoia Zone is 2.5 feet above this unique oc-
currence of C. parvafrons.

Occurrence—Scarce at the top of the Taeni-
cephalus Zone at SS-90,

Conaspis testudinatis Ellinwood
Pl 1, figs. 17, 18.

Conaspis testudinatus Ellinwood in Berr & ErLin-
woon, 1962, p. 404, pl. 58, figs. 10-13.
Remarks—The coarse granular ornament on

external surfaces of Conaspis testudinatis is re-

flected on internal molds as reduced, yet distinct,

pustules. Two partly exfoliated cranidia (pl. 1,

figs. 17, 18) illustrate the ornament of the inter-

nal mold. The granules on the specimen in
figure 17 arc obvious. On the two exposed sur-
faces visible in figure 18, low pustules crest the
palpebral area of the left fixigena, and distinct
granules ornament the anterior end of the right
fixigena. The internal mold figured by Bell &

Ellinwood (1962, pl. 58, fig. 13) is in fact gran-

ulate. As Bell & Ellinwood (1962, p. 404)

stated, internal molds do look much like the two

cranidia assigned to C. perscas (Hall) by Berg

(1953, pl. 60, figs. 6, 7), but they differ some-

what from the holotype of C. perseas (Berg,

1953, pl. 60, fig. 5).

The range of C. testudinatis overlaps that of
C. leptoholcis; the former is distinguished by its
granular ornament, lesser glabellar convexity,
deeper glabellar furrows, almost straight ante-
rior border furrow, and bluntly pointed anterior
horder. C. testudinatis occurs through a 6 to 8
foot interval from the middle of the range of
Tacnicephalus gouldi up to the first occurrence
of T. shwmardi. In one collection (GR-144), C,
testudinatis and Wilbernia halli var. A occur
about 20 feet above the range base of T. shu-
mardi; this may represent an extremely late oc-
currence of these two associates, or it may be a
misnumbered collection.

Occurrence—Scarce in the lower Tacnice-
phalus Zone at CO-131; E-852, 855; GM-553;
GR-126, 144; JR-126; 1.1.-686; PK-888; SK-
206; TA-10; TC-944.5; WC-895.

Genus Evprycnaseis Ulrich, 1931

Euptychaspis Ulrich in Bringr, 1931, p. 217; Loch-
man in HARRINGTON ef al., 1939, p. 0322; WiNsTON
& NicHoLLs, 1967, p. 78.
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Type species—Euptychaspis typicalis Ulrich
in Bridge, 1931, p. 218, pl. 19, figs. 5-7.

Diagnosis—Glabella parallel-sided up to the
generally inflated anterior glabellar lobe; two
pairs of usually connected glabellar furrows
present, and a third pair may be present. Fron-
tal area usually undivided, downsloping. Fixige-
nae variable in width and topography. Occipital
ring expands back into bluntly pointed spine.
External surface smooth or ornamented with
elongate ridges or vermiform ridges. Librigena
and pygidium unknown.

Remarks—The discussion by Ulrich (in
Bridge, 1931, p. 217) and the diagnosis by Loch-
man (in Harrington et al, 1959, p. 0322) are
based only on the type species and therefore are
limited in their application. Winston & Nicholls
(1967, p. 78) have given a good description of
differences among the included species. I find
that E. jugalis Winston & Nicholls and E. fron-
talis, n. sp., occcur below E. typicalis, and I do
not think that E. typicalis is the stem species
from which the other species were derived.

Euptychaspis frontalis Longacre, n. sp.
Pl 3, figs. 2-5.

Description.—Cranidium bluntly triangular,
slightly longer than wide. Glabella elongate,
parallel-sided, broadly rounded anteriorly; al-
though some glabellae are rounded across the
top, most are flattened. Glabella crossed by two
pairs of furrows that are deep notches on the
side, becoming shallower across the top; if a
third pair is present, they are shallow, straight,
and do not connect. Axial furrow deep and wide
posteriorly, becoming shallower around anterior
end of glabella. Occipital furrow wide, well im-
pressed; occipital segment tapers back into
broad, blunt spine. The most variable feature is
the length (sag.) of the preglabellar field—it
can be about one-third as long as the glabella,
gently sloping down to a thin (sag.), laterally
tapering anterior border that is the same width
(tr.) as the glabella; the preglabellar field can
be absent, with the tapering anterior border sep-
arated from the glabella by the confluence of
the preglabellar and anterior border furrows;
intermediates between these two are common.
This variation exhibits no trend or separation
with respect to stratigraphic position or size of
the cranidia. Anterior fixigenae one-fourth to
one-half the width of the glabella. Palpebral
lobes very narrow, short, upsloping, with poste-
rior ends opposite sccond pair of glabellar fur-
rows. Anterior facial sutures diverge slightly in
front of palpebral lobes, then broadly sweep
adaxially, giving the anterior one-half of the
cranidium an elliptical appearance. Posterior fa-

cial sutures strongly divergent behind the palpe-
bral lobes; posterior fixigenae broadly triangu-
lar. Posterior border furrow distinct, continuous
into the occipital furrow without interruption at
the juncture with the axial furrow; similarly,
the posterior border continues unbroken into the
occipital segment. All glabellae are notched in
the front, particularly on internal molds. A
strong vermiform ridge and pit pattern covers
the exoskeleton. Internal molds may be smooth
or carry a partial imprint of the vermiform pat-
tern; the vermiform pattern may also be trans-
lated into pits on the molds, especially on the
posterior fixigenae.

Librigena and pygidium unknown.

Awailable material—55 cranidia, well pre-
served.

Holotype—BEG 36504, from JR-369.3.

Etymology.—frontalis, named for its unusual
frontal area.

Remarks—This is, stratigraphically, the low-
est species of Euptychaspis in central Texas. E.
frontalis is characterized by its posteriorly par-
allel-sided and somewhat fattened glabella, its
preglabellar field and anterior border, its broadly
triangular posterior fixigenae, and its medially
constricted cranidial outline. I think this species
is the ancestral form for both E. typicalis and
E. jugalis.

Occurrence—~Common in the Saukiella py-
rene Subzone at BC-36, 41, 42; JR-369.5; SPH-
140; §8-302.5, 307.5; TC-1237, 1238.

Euptychaspis jugalis Winston & Nicholls
Pl 3, fig. 18
Euptychaspis jugalis Winstonw & Nicaors, 1967, p.

79, pl. 9, fig. 13

Remarks—Winston and Nicholls give a good
description of this species. Euptychaspis jugalis
is distinguished by its laterally expanded ante-
rior glabellar lobe, posterior glabellar rings that
are flattened across the top, and yoked outline
of the cranidium. I agree with the statement
that specimens in the Saukiella junia Subzone
are intermediate between E. jugalis and E. typi-
calis and between E. jugalis and E. kirki.

One fragmental specimen has a rugose vermi-
form ridge and pit pattern (pl. 3, fig. 18). Al-
most all glabellae are notched in front, a charac-
ter common to most Texas specimens assigned
to Euptychaspis.

Occurrence—~—Scarce in the Saukiellu pyrene
Subzone at JR-357. Scarce in the Saukiclla
junia Subzone at CC-27; TC-1303, 1341-1346,
1346-1352. Scarce in the Saukiclla seratina Sub-
zone at LCS-32.4; TC-1395.

Euptychaspis kirki Kobayashi
Euplychaspis kirki Kosavasur, 1933a, p. 56, pl. 10,
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figs. 4, 5; Winston & Nicmorrs, 1967, p. 79, pl. 9,

fig. 18.

Remarks—This species is well described and
illustrated by Kobayashi and by Winston and
Nicholls. Euptychaspis kirki is confined to the
Saukiella serotina Subzone and is associated
with E. jugalis, but it is stratigraphically higher
than E. frontalis and E. typicalis. The highly
expanded and convex anterior glabellar lql}e
that overhangs the narrow frontal area distin-
guishes E. kirki from all other species of Eupty-
chaspis. )

Occurrence—Common to locally abundant in
the Saukiella serotina Subzone at CC-58.2, 61,
63+ ; JR-521.5, 529, 532, 536; LCS-32.4, 33, 35.7,
39, 40, 44, 45, 45.4, 45.8, 52; SH-52, 54, 55, 58.5-
60, 61.5, 65.5, 71; SS-398, 409; TC-1368-1374,
1379-1385, 1388, 1391.5, 1392, 1395, 1400.

Euptychaspis typicalis Ulrich
Pl 4, fig. 9.
uptychaspis typicalis Ulrich in Bringe, 1931, p. 218,
EJ;)fff}fél,mﬁpgts. %TJ'; Dake & Brrnce, 1932, p. 740, pl.

12, fig. 3; Raserri, 1959, p. 393, pl. 52, figs. 11-

13; Winstox & Nicuors, 1967, p. 78, pl. 9, fig.

17,

Remarks—Several cranidia in the Texas col-
lections have a short (sag.), smooth, flat ante-
rior border that has not been previously noticed
but can be seen in Winston & Nicholls’ figure
(pl. 9, fig. 17). This shelflike projection is diffi-
cult to expose, and none of the specimens have
the complete border.

Enptychaspis typicalis is distinguished by the
nearly parallel-sided posterior one-half of the
glabella, the wide fixigenae, and the ornament
on the frontal area. Although this ornament is
usually a set of separated transverse ridges, a
few specimens have a strong vermiform ridge
pattern across the frontal arca. E. fypicalis oc-
curs above E. frontalis, below E. kirki, and in
association with E. jugalis.

Occurrence—Scarce in the Saukiella junia
Subzone at BC-109-110, 149; JR-479, 481 ; SH-
12.6; $5-356, 372.5; TC-1301, 1305-1310,

Genus Kerrara Raymond, 1924
Keithia Rayyoxp, 1924, p. 451; Lochman in Hagr-

rRINGTON ef al.,, 1959, p. 0322,

Type species—Keithia schucherti Raymond,
1924, p. 452, pl. 14, figs. 3, 9.

Remarks—The diagnosis given by Lochman
(in Harrington et al., 1959) summarizes the
characteristics of this genus, which is closely re-
lated to Keithiella (sce Rasetti, 1945h, p. 468, in
discussion of Keithia connexa).

Keithia cf. K. connexa Rasetti
Pl. 2, figs. 20, 21.

Kc;iﬁ:{u'a connexa RASETTI, 1945b, p. 468, pl. 61, figs.
5.

Remarks—Keithia connexa is characterized
by its tumid, cylindrical glabella that drops
steeply down to the preglabellar furrow, one
pair of glabellar furrows that connect across the
top and two faint pairs that are laterally im-
pressed, no preglabellar field, and fixigenae that
maintain their width and continue around and
down into the anterior border. Internal molds
are smooth.

Six cranidia seem to be identical with Keithia
connexa except for the number of pairs of con-
nected glabellar furrows and for the character
of the frontal area and its continuation around
into the anterior fixigenae. K. connera has a
wide horder that is strongly deflected down-
ward, and the anterior fixigenae are correspond-
ingly wide. The Texas cranidia have relatively
narrow borders and anterior fixigenae, and they
are not quite so convex, K. comnera has one
pair of connected glabellar furrows, whereas the
Texas cranidia have two connected pairs. In all
other features they appear to be identical with
K. connexa, even to the fine granular ornament
on the exoskeleton. I think these six cranidia
may be conspecific with K. connexa. I refrain
from making more precise alliances until more
material is found in Texas and until more infor-
mation is available on the stratigraphic position
of Keithia connexa.

Occurrence—Scarce in the Saukiella pyrene
Subzone at BC-41; JR-351.

Genus KerrHieLLA Rasetti, 1944

Keithiclla Raserrl, 1944, p. 243; Lochman in Har-

RINGTON et al., 1959, p. 0322.

Type species—Arionellus eylindricus Billings,
1860, p. 306, fig. 385.

Diagnosis—Glabella parallel-sided to slightly
tapering, downsloping in front; posterior glabel-
lar furrow continuous, one to three additional
pairs of short furrows may be present. Fixige-
nae elevated above axial furrow, anterior fixige-
nae deflected downward. No preglabellar field.
Border separated from anterior fixigenae by an-
terior border furrow. Palpebral lobes small, ocu-
lar ridges can be present. Occipital node can be
present.

Remarks—Euptychaspis and Ptychaspis are
closely related to Keithiellu, but they can easily
be differentiated from it by the moderately to
deeply impressed anterior border furrow of
Keithiella that scparates border from the ante-
rior fixigenae. Keithiella is distinguished from
Keithia by its less tumid anterior part of the
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cranidium, by the wider anterior fixigenae and
anterior border, and usually by the more elon-
gate glabella with a transglabellar furrow.

Eight described species are included in
Keithiella: K. cylindrica (Billings), 1860; K.
depressa Rasetti, 1944 K, brevis Rasetti, 1944 ;
K. maior Rasetti, 1945; K. speciosa Rasetti,
1946; K. scrupulosa Ellinwood, 1962; K. patula
Winston & Nicholls, 1967; and K. scapane, n.

sp.
Keithiella patula Winston & Nicholls

Keithiella patule Winston & Nicrours, 1967, p. 79,

pl. 10, figs. 4, 7.

Remarks—This species occurs stratigraphi-
cally above Keithiella scapane, n. sp., and is dis-
tinguished from it by its lesser convexity,
shorter anterior border, narrower anterior bor-
der furrow, and parallel-sided glabella.

Occurrence—Locally common in the Sawuk-
iella serotina Subzone at JR-536; 1.CS-35.6, 39,
44, SH-54, 61.5-62; S5-409; TC-1400. One cra-
nidium from the Saukiella pyrene Subzone at
TC-1286.

Keithiella scapane Longacre, n. sp.
Pl 3, figs. 8-10.
?Keithiella sp. Beun & Ervinwoon, 1962, p. 405, pl.

58, fig. 18.

Description—Cranidium  elongate. Glabella
transversely convex, tapering, slightly trun-
cated, anterior end dropping quickly down to the
preglabellar furrow; posterior pair of glabellar
furrows very deeply impressed and posteriorly
directed on the sides of the glabella but become
shallower and continuous across the top; second
pair of moderately deep notches do not connect;
third and fourth pairs of glabellar furrows are
short, very shallow, and anteriorly directed.
Axial furrow deep, wide; preglabellar furrow
not so wide or deep. Occipital furrow deep and
wide, transverse medially but swings forward
and becomes deeper at the lateral extremities.
Occipital ring of uniform width medially but
slightly tapered laterally; occipital node present.
Anterior border furrow extremely wide and ar-
cuate, with an indistinct posterior edge and a
distinct anterior edge where the furrow rises up
to the raised anterior border; row of granules
just behind the anterior edge of the border fur-
row. Anterior border transversely and longitudi-
nally convex, greatly expanded medially, and
bluntly to sharply pointed anteriorly; slight me-
dial expansion of the posterior edge of the bor-
der, giving the appearance of pointing to the
rear; this posterior expansion usually obliterates
the central part of the row of granules in the
border furrow and is reflected in a small depres-

sion on the anterior end of the glabella. Fixige-
nae wider than one-half glabellar width, rising
steeply out of axial furrow. Palpebral areas
strongly elevated, almost as high as the glabella,
crossed by distinct ocular ridges. Palpebral lobes
narrow, opposite or behind glabellar midpoint;
palpebral furrow distinet. Anterior fixigenae
strongly deflected downward. Posterior area de-
flected down, posterior border furrow broad and
distinet. Anterior facial sutures straight, diver-
gent in front of palpebral lobes. Carapace
smooth. Several of the internal molds have a
very rough surface, suggesting that at least the
inside of the exoskeleton was covered with shal-
low depressions or a coarse ridge and pit pat-
tern,

Librigena and pygidium unknown.

Awvailable material—38 cranidia, many bro-
ken.

Holotype —BEG 36510, from BC-32.

Etymology—skapane, Greek, a digging tool,
spade; named for its unusual anterior border
that looks like a garden tool.

Remarks—Cranidia have been collected from
the Saukiella pyrene Subzone in four measured
sections, Keithiella scapane is probably a strati-
graphic associate of K. scrupulosa Ellinwood
but is considerably lower in the section than K.
patula Winston & Nicholls. With the exception
of the expanded anterior border, this species
conforms well with Keithiella; straight-sided
and tapering glabella, deep glabellar furrows
with the posterior pair continuous across the
glabella, elevated fixigenae and palpebral lobes,
divergent anterior facial sutures, and downward
deflected anterior fixigenae. The anterior border
furrow is deep and relatively wide; the angle
subtended by the arc of the border furrow in-
creases with an increase in the size of the speci-
mens; curvature of this furrow on smaller spec-
imens is comparable to other species of Keith-
iella, but it markedly increases with an increase
in size. The expanded and bluntly to sharply
pointed anterior border is unique for the genus,
Although Rasetti specifically excludes ocular
ridges and occipital spines from his generic con-
cept, suggestions of ridges and occipital nodes
can be seen on some of his illustrations (1944,
pl. 39, figs. 39, 42; 1946, pl. 1, fig. 6). In spite of
the unusual anterior border, this species is in-
cluded in Keithiella.

Occurrence—Locally common in the Sauk-
ielle pyrene Subzone at BC-23, 36, 41, 42; JR-
369.5, 374.5, 394; SPH-93; TC-1237, 1244, 1263.

Keithiella scrupulosa Ellinwood

Keithiella scrupulosa Ellinwood in Bern & Ernnin-
woon, 1962, p. 405, pl. 38, figs. 19-21.
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Remarks—This species occurs at the base of
the Saukiella pyrene Subzone in only two sec-
tions. It is well described and illustrated by Bell
and Ellinwood.

Occurrence—~Scarce in the Saukiclla pyrene
Subzone at MC-915%; §5-302.5, 307.5.

Genus Macronopa Lochman, 1964
Macronoda LocuMAN, 1964a, p. 53.

Type species—>Macronoda prima ILochman,
1964a, p. 53, pl. 14, figs. 12-23.

Remarks—All that is known of this genus is
discussed by Lochman (1964a, p. 53).

Macronoda cf. M. prima Lochman
FL 6, fig. 6.

Macronoda prima LocHMAN, 1964a, p. 53, pl. 14, figs.
12-23; Winston & Nicuoits, 1967, p. 79, pl. 9,
fig. 19.

Remarks—Eleven cranidia are assigned to
this species, with reservation. Although these
granular cranidia are very much like those illus-
trated by Lochman, there are differences that
should be mentioned. The swollen anterior gla-
bellar lobe is somewhat square-cut anteriorly
and tapers slightly posteriorly. The posterior
glabellar lobe is flattened across the top, produc-
ing corners on its lateral edges as in Eupivchas-
pis jugalis. As Winston and Nicholls mentioned,
the Texas specimens lack palpebral lobes. The
facial sutures swing slightly inward where an
eye would be located, and there is a trace of an
ocular ridge. The occipital ring lacks any trace
of a node or spine, and thus the species is dif-
ferentiated from any of Euptychaspis.

I think it is possible that monotypic Macro-
noda could be suppressed as a synonym of Eupty-
chaspis, but more and better preserved material
is needed.

Occurrence.—Scarce in the upper one-half of
the Saukiclla serotina Subzone at JR-521.5, 529 ;
TC-1387.5, 1388, 1392, 1400.

Genus Prycuaspis Hall, 1863

Ptychaspis Harr, 1863, p. 170; Bern, Fewiak, &
Kurrz, 1952, p. 192; Lochman in FHARRINGTON ef
al., 1959, p. 0320.

Type species—Dikelocephalus miniscaensis
Owen, 1852, p. 574, pl. 1, fig. 3a; pl. 1A, figs. 4,
5.

Remarks—Except for the fact that the palpe-
bral width of the fixigenae can be about one-
half the basal glabellar width, Lochman (in
Harrington et al., 1959) has well summarized
the characters of the genus, The generic discus-
sion of Bell, Feniak, & Kurtz (1952) is con-
cerned with the problem of which species is the
type of the genus.

PTYCHASPIS

Ptychaspis bullasa Lochman & Hu
Pl. 2, figs. 4, 5.

Ptychaspis bullase Loceman & Hu, 1959, p. 422, pl.
58, figs. 21-42; Beul & Errinwoop, 1962, p. 405,
pl. 58, figs. 14-17.

Remarks—Ptychaspis bullasa is represented
by about 50 cranidia scattered through 11 meas-
ured sections; most specimens are internal
molds and few are complete, These cranidia
compare quite well with Lochman and Hu’s il-
lustrations but differ in one respect: the palpe-
bral lobes are opposite the middle one-third or
anterior one-half of the glabella, rarely the an-
terior one-third. Bell & Ellinwood (1962, p.
405) indicated that the occipital ring and lateral
ends of the basal glabellar lobes are free of or-
nament, but the unexfoliated cranidium here il-
lustrated (pl. 2, fig. 5) has granules on the back
edge of the occipital ring.

P. bullasa is characterized by its nearly paral-
lel-sided glabella that is higher than the flatly
convex fixigenae, granules on most areas behind
the ocular ridges, and transverse ridges across
the steeply downsloping frontal area.

P. bullase usually occurs in association with
Drumaspis texana, but it can extend up into the
range of D. idahoensis. High in its range, P.
bullasa becomes rather variable: the back sec-
tion of frontal area can be smoothed out, and
the glabella can be more equidimensional (pl. 2,
fig. 4). This variability may be intraspecific, or
a few representatives of other species of Pty-
chaspis might be mixed with P. bullasa. These
unusual forms come from TC-1025, ST-574.5,
578, and GR-195. These horizons should be in-
tensively recollected in order to determine the
source and continuity of the variation.

Occurrence—Common in the Idahoia Zone at
CR-743-747; EC-25, 26, 35; GM-604; GR-183,
195; LL-725-728; SK-245, 248; SS-101, 103,
109; ST-541, 574.5, 578; SU-116; TC-1003,
1025 ; WC-950, 968.

Ptychaspis sp.

Pl 2, figs. 12-14.
Description.—Glabella subrectangular, may
taper slightly, anteriorly rounded to rounded-
truncate. Posterior glabellar furrow deep and
angled back on the sides but shallower and con-
tinuous across the axis; middle furrow gently
bowed back, continuous; if present, the anterior
pair of furrows are short, shallow, and angled
forward. Fixigenae wide, moderately convex,
and raised, with the crests of the fixigenae
slightly lower than the glabella. Frontal area
convex and downsloping but not vertical. Palpe-
Lral lobes usually opposite glabellar midlength.
Ornament on internal molds consists of granules
on the palpebral areas of the fixigenae and on
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the glabella in front of the posterior transgla-
bellar furrow; although the preoccipital segment
of the glabella is usually smooth, a few low
granules can be scattered across this area, Or-
nament on frontal area unknown; it appears to
be smooth. Ornament on exoskeleton unknown.

Remarks—Above the range of Piychaspis
bullasa and in association with Prosaukia ci. P,
tuberculata, Dartonaspis wichitaensis, Chario-
cephalits whitfieldi, and Stigmacephaloides curva-
bilis are fragments of 14 cranidia and several li-
brigenae that are assigned to this genus. Al-
though they cannot be included in any existing
species of Piychaspis, the specimens are too
fragmentary to describe as a new species.

Ptychaspis sp. differs from P. gramulosa
(Owen) in ornament distribution, height of the
glabella above the fixigenae, and slope of the
frontal area. It differs from P. arcolensis Nel-
son in ornament distribution, in having two
pairs of continuous glabellar furrows, and in
biostratigraphic position. Ptychaspis sp. is a bio-
stratigraphic equivalent of P. miniscaensis
(Owen), the type specics, from which it differs
in ornament, shape and furrowing of the gla-
bella, slope of the front of the cranidium, width
of the fixigenae, and position of the palpebral
lobes. From the stratigraphically lower P. bul-
lasa this species differs in ornament distribution
and in having relatively narrower fixigenae.

Occurrence~Scarce in the middle Ellipsoceph-
aloides Zone at MC-840, 844; TC-1095, 1095-
1100, 1105 ; WC-1069.

Subfamily Savkixae Ulrich & Resser, 1933

Remarks—Ulrich & Resser (1933, p. 136) es-
tablished the subfamily Saukiinae as part of the
Dikelocephalidae, with the genus Saukia as the
type of the subfamily. I think the subfamily
Saukiinae is genetically part of the family Pty-
chaspididae (text-fig. 1). I recognize essentially
the same genera in the subfamily as did Ulrich
and Resser; because Tellerina does not occur in
Texas, it is not discussed herein. Although Ul-
rich & Resser (1933, p. 137) discussed several
differences between the Saukiinae and the Dike-
locephalinae, they did not give a diagnosis of
the Saukiinae. The diagnosis given by Lochman
(in Harrington et al.,, 1959, p. 0322) for the
family Saukiidae can serve as the diagnosis for
the subfamily Saukiinae, with two modifica-
tions: (1) surfaces can be smooth, granulose, or
hear elongate ridges, and (2) the Saukiinae is
derived from the Ptychaspidinae, possibly from
Ptychaspis.

Saukia and Calvinella are morphologically
quite similar, and they may be genetically more
closely related to each other than they are to ei-
ther Prosaukia or Saukiella. Similarly, Prosauk-

ia and Saukielle may be more closely related to
each other than they are to Saukia or Calvi-
nella.

Genus CaLviNerrLa Walcott, 1914

Calvinella \Warcort, 1914, p. 388; ULrice & RESSER,

1933, p. 215; Lochman in HARRINGTON ef al., 1939,

p. 0323,

Type species—Dikelocephalus spiniger Hall,
1863, p. 143, pl. 10, figs. 1, 2, 32

Diagnosis—Glabella subrectangular, slightly
tapered, rounded-truncate anteriorly; two or
three pairs of glabellar furrows, posterior pair
usually connected, second pair may connect.
Preglabellar field absent; anterior border fur-
row transverse, may be diagonal from corners
of glabella to cranidial margin; anterior border
of variable length (sag.). Width of fixigenae
variable. Occipital ring spined. Librigenae with
border furrows that connect, then fade on genal
spine. Pygidium transversely elliptical, with
prominent axis about one-half length (sag.) of
pygidium; three to five axial rings, postaxial
ridge extending out onto border; three to five
unequally divided pleurae, with pleural furrows
approaching anterior edge of pleurac; pleural
furrows face into border. Surfaces granulose or
ornamented with raised, elongate ridges.

Remarks~—The unequally divided pleurae and
the occipital spine distinguish Caleinella from
other genera in the Saukiinae.

Calvinella prethoparia Longacre, n. sp.
Pl 6, figs. 7-12.

Calzinella ozarkensis Walcott, Winston & Nicu-
oLLs, 1967, p. 80, pl. 11, figs. 5, 9.
Description—Cranidium subrectangular. Gla-

bella almost straight-sided, tapering, strongly

truncated, with moderate transverse convexity.

Three or four pairs of glabellar furrows; poste-

rior pair continuous and broad, deeply gouged

laterally but shallower across the axis; second
pair deep laterally, hecoming shallower adax-
1ally, may be continuous; third pair short, shal-
low, gently recurved, not connected, do not in-
tersect the axial furrow; fourth pair, if present,
narrow, faint, and anteriorly directed. Axial
furrow broad and shallow; preglabellar furrow
confluent with anterior border furrow. Occipital
furrow broad and deep, recurved medially and
curved forward laterally. Occipital ring long
(sag.). Long, slender occipital spine projects up
and back. The more robust the spine, the more
medially expanded is the occipital ring and the
more anteriorly bowed and shallower is the me-
dial part of the occipital furrow. Preglabellar
field absent. Anterior border furrow shallow, be-
coming relatively broader in larger specimens.
Anterior border gently convex, slightly tapered
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laterally, with broadly rounded or pointed ante-
rior margin. Fixigenae wide and gently convex.
Palpebral area usually between one-third and
one-half the greatest width of the glabella; this
ratio is greater than one-half for the relatively
small specimens. Palpebral furrow broad and
very distinct on exoskeleton but narrow on in-
ternal molds. Slender palpebral lobe tapered on
both ends. Anterior fixigenae broad, flatly con-
vex, gently downsloping. Posterior fixigenae
broadly triangular, sloping both posteriorly and
laterally. Posterior border furrow distinct, inter-
sects axial furrow behind the occipital furrow.
Posterior border of uniform width (exsag.).
Anterior facial suture divergent to slightly con-
vergent in front of palpebral lobes, becomes
slightly more convergent just after passing the
anterior border furrow, then cuts sharply to-
ward the axis, where it can define a broad point.
Posterior facial suture divergent, straight to
slightly concave. Ornament on exoskeleton: gla-
bella, occipital ring, and posterior border cov-
ered with coarse granules, some of which are
elongate; fixigenae covered with vermiform
ridges and granules that are longitudinal on the
posterior and palpebral areas and become trans-
verse on the front edge of the anterior fixige-
nae; vermiform ridges and granules traverse
the anterior border; a row of squashed granules
rim the inside edge of the palpebral lobe. Inter-
nal molds bear similar ornament; granules on
the occipital ring and glabella can be swirled in
a pattern reminiscent of a Bertillon ornament;
vague impressions of the vermiform ridges and
granules on fixigenae and anterior border. In-
ternal molds of small specimens may be smooth,
possibly because they lack ornament or because
the ornament is too delicate to be easily pre-
served.

Pygidium transversely elliptical, length almost
one-half width. Relatively broad, tapered axis
consists of an articulating half ring, five axial
rings, and a terminal axial piece that extends
into the pleural feld as a low postaxial ridge.
Five well-defined, unequally divided pleurae;
anterior pleural band of first pleura subequal to
posterior band; anterior pleural bands of the
more posterior pleurae progressively reduced
and almost absent on the hindmost pleura. Fur-
rows narrow and deep on convex area adjacent
to axis, become shallower and fade out on the
flatly concave margin. Posterior border furrow
absent. Axial rings and pleurae covered with
closely spaced granules. Elongate granules and
low ridges swirl around the end of the terminal
axial piece and along the concave margin. Inter-
nal molds preserve only the granules.

Avwailable material—42 cranidia, 3 pygidia,
many well preserved,

Holotype—UT 12589, from TC-1400.

Etymology.—pretho, Greek, swell, blow up,
inflated; pareion, Greek, cheek, named for its
enlarged fixigenae.

Remarks—Calvinella prethoparia is charac-
terized by its wide fixigenae, relatively narrow
anterior border, relatively short, broad glabella
with three or four pairs of glabellar furrows,
and ornament on both cranidium and pygidium.
These features serve to distinguish it from C.
procera and C. tenuisculpta, both of which can
occur with C. prethoparia.

C. prethoparia differs from C. ozarkensis
Walcott. The fixigenae are wider, particularly
in the juveniles; the frontal area is not divided
into a preglabellar field and anterior border by a
faint anterior border furrow; the glabella is
more tapered and not so convex; and the long
(trans.) anterior border has a nearly straight
posterior edge and an anterior margin that
comes to a slight point at the axial line.

C. prethoparia looks very much like Saukia
marica Walcott (1914, p. 380, pl. 64, figs. 6, 6a).
The fixigenae are of comparable width, and gla-
bellar shape and furrows are similar. The holo-
type of S. marica cannot be located (Jesse Me-
rida, U.S.N.M., letter of Nov. 9, 1967). S. ma-
rica does not come from the Dunderberg shale
but from higher in the section (A. R. Palmer,
letter of Oct. 23, 1967). Bowmania amcricana
(Walcott) occurs with S. marica in Nevada
(Walcott, 1914, p. 361) and with C. prethoparia
in central Texas. These two nominal species
could be conspecific, but, until the holotype is lo-
cated and more complete specimens are avail-
able, they must remain separate.

Occurrence~Common in the upper Saukiella
serotina Subzone at CC-61, 63=%; JR-529, 536;
LLCS-44, 45, 45.4, 45.8; TC-1388, 1400.

Calvinella procera Winston & Nicholls
Pl 4, fig. 16.

Calvinello procera Winsrox & NicuorLs, 1967, p.
80, pl. 10, fig. 22; pl. 11, figs. 1, 3.
Remarks—NMost specimens of Calvinella pro-

cerg agree quite well with Winston and Nich-

olls' description. However, there are a sub-
stantial number that possess one or more of the
outstanding features of its stratigraphic associ-
ate, C. tenuisculpta. The most commonly shared
characters are a short, transverse anterior bor-
der furrow, more posterior palpehral lobes, a
more rectangular glabella, and shorter (exsag.)
posterior limbs. Similarly, there are specimens
of C. tenuisculpta that possess such C. procera
features as a longer (sag.), more rounded ante-
rior border or stouter posterior limbs, I have
left the two as separate species, although they
may later be shown to he conspecific, and the
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variation, the congequence of sexual dimorphism
or intraspecific variation,

This speeies is distinguished from . spiniger
{ Fall), the type species, by an inflated anterior
border, a tapered glabella, and wider fxigenae,

Geonrrence—Common Lo locally aluncant in
the Sankiclla scrofing Subzone at 1.CS-32.4,
357, 39, 40, 45, 45.4, 43.8, 52-34: SI1-52, 52.6, 54,
35; 55.383; TC-1357-1343, 1368-1374. Scaree in
the base of the Corbinia apopsis Suhzone at LCS-
33

Caleinella tenuiseulpta Waleott
PL 4, fig. 17.

Calvinclla tennisculpte Warcorr, 1914, p. 391, pl. 64,
fig. 7a; Winston & Nicrorrs, 1967, p. 80, pl. 11,
fiz, 4.

Remarks —Although Calvinella  tennisculpin
is very similar to its stratigraphic associate, €.
procera, it can be distinguished by a shorter
frontal area with a nearly transverse anterior
margin, hy the more rectangular glabella with a
transglabellar furrow, by the generally more
posterior palpebral lobes, by shorter (exsag.)
posterior limbs, and by the narrower anterior
fixigenae.

The holotype, an internal moid, bears a Bertil-
lon ornament on its glabella and occipital ring.
Preservation of the Texas material usually is
not good enough to shew ornament, but vague
impressions of a Bertiilon pattern can be seen.
Fragments of exoskeleton preserve a transverse
sct of ridges on the anterior border that are not
preserved on the internal mold.

C. tenuisculpty is distinguished from C. spini-
ger (Hall) by its longer (sag.) anterior border
and wider fixigenae.

Occurrence~—Scarce in the Seukiella seroting
Subzone at JR-319, 521.3; LCS-33, 33.5, 35.7,
40; S5-375,

Genus Prosaukia Ulrich & Resser, 1933

Prosupkia ULricn & Resser, 1933, p. 137 Lochman

in Harringrox et of, 1939, p. 0324

Type species—Dikelocephalus wisa  Hall,
1863 (part), p. 144, pl. 8, fig. 15; pl, 10, figs. 4,
3.

Remarks—The diagnosis of Lochman (in
Harrington et al, 1959) summarizes the charac-
teristics of the genus.

Prosaukia is distinguished from Sewkia and
Calvinells by the prescnce of a pregiabellar
field. Posscssion of either an oecipital spine, a
granular ornament, or hoth, and a generaily sub-
equally divided frontal area on which the medial
part of the anterior border furrow can be obso-
lete will distingnish species of Proseubia from
Saukiella. The lateral border furrow and the

posterior horder furrow on the librigenae of
species of Prosaukin do not connect.

Prosaukia cf. P. curvicostata Ulrich & Resser

Prosuukia curvicostate ULricH & Resser, 1033, .
145, pl. 23, figs. 1-7; Nrisox, 1951, p. 778, pl. 110,
f"igs. )6, 16, 18; RaascH, 1951, p. 142 (synonymy to
date),

Prosunkia of. P. curvicostata Ulrich & Resser, BELL
& ErLtnwoop, 1962, p. 406, pl. 59, fg. 1.
Remarks—The specific assignment remains

tentative until additional and better preserved

material is available. The smooth exoskeleton,
lack of an occipital spine, and gently convex and
arcuate anterior horder distinguish this species.
The three cranidia assigned to this species
come from the highest Ellipsocephaloides Zone
collections in the two sections: two of them are
associated with fdiomesus {nfiinus, n. sp.
Ocenrrence—Very scarce in the Ellipsoceph-
aleides Zone at JR.284, 284.5; TC-1142,

Prosaukia remora Longacre, 1. sp.
Pl 4, figs. 19-21.

Prosaukia longicornis Ulrich & Resser, Wiwston &
Nrcrowes, 1967, p. 80, pl. 10, fig. 6.
Description—Cranidium moderately convex,

clongate. Glabella strongly convex, almost

straight-sided, slightly tapering; anterior end
truncated, but anterior corners rounded. Pos-
terior glahellar furrow continuous, deep, and
curved laterally but shallower and straight
across the top; second and third pairs of fur-
rows shallow and laterally impressed, second
pair directed slightly back, third pair directed
forward. Axial furrow broad and deep, widens
to form fossulac at anterior corners of the gla-
bella; preglabellar furrow broad and shallow.

Qceipital furrow as deep and wide as the

transglabellar furrow, curved forward laterally,

and slightly bowed forward medially. A broad,
curved anterior border furrow divides the fron-

tal arca into a raised, thin, tapered border and a

long (sag.), asymmetrically convex preglabellar

field that is unusual for the genus. Some speci-
mens appear to have a transverse, curved ridge
crossing the preglabellar ficld; this represents
the change in slope between the anterior edge of
the hroad preglabellar furrow and the posterior
edge of the preglabellar ficld. Also present in
this field may DLe twe small longitudinal ridges
that may extend from the glabeila to the ante-
rior border. These can be scen in many of Ul
rich and Resser's figured specimens of Prosou-
kia. Fixigenae moderately wide, slope gently
into the axial furrow; greatest width of palpe-
bral area just opposite lateral ends of posterior
transglabetlar furrow. Palpebral furrow broad,
palpebral lobes narrow. Anterior facial sutures
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strongly divergent in front of palpebral lobes,
curve downward, and swing adaxially before in-
tersecting the border furrow. Posterior facial
suture defines a broad (tr.) posterior fixigena
but leaves a relatively stout, short posterior
limb. All areas of exoskeleton granulate; inter-
nal molds may or may not preserve the orna-
ment.

Librigena and pygidium unknown.

Avwvailable material—7 cranidia, fairly well
preserved.

Holotype—BEG 36536, from L.CS-40.

Etymology —remora, Latin, delay, named for
its occurrence late in the Trempealeauan.

Remarks—Prosankia remora occurs in the
middle of the range of Saukiella serotina, 1. sp.,
and its associates are Trempealeauan and not
Franconian as are those of Prosaukia longicor-
nis. P. remora differs from all other species of
Prosaukia in that its preglabellar field is at least
twice as long (sag.) as the anterior border. It
also differs from P. longicornis in its granular
ornament. Because of its convexity, long pregla-
bellar field, and occipital spine, P. remora can-
not be confused with either of Ulrich and Res-
ser’s two Trempealeanan species, P. lodensis
(1933, p. 162, pl. 28, fig. 9) or P. incerta (1933,
p. 161, pl. 28, figs. 12-17).

Occurrence—Scarce in the middle of the
Saukiella serotina Subzone at LCS-33, 40, 45;
SH-55.

Prosaukia cf. P. tuberculata Ulrich & Resser

Prosaukia tuberculata UrricE & Resser, 1933, p.
159, pl. 28, fig. 5; Decker, 1945, p. 39, pl. 9, fig.
14; Berc, 1953, p. 567, pl. 61, figs. 2-4; RaascH,
1951, p. 143, 149 (synonymy to date).

Prosaukia cf. P. tuberculata Ulrich & Resser, BELL
& Evrvincwoop, 1962, p. 406, pl. 59, figs. 2, 3.
Remarks—This taxon has recently been dis-

cussed and illustrated by Bell & Ellinwood

(1962). T add the specific range data for the

three cranidia.

Occurrence—Very scarce in the Ellipsoceph-
aloides Zone at JR-245, TC-1105, and Decker’s
locality 159T-5-50A.

Genus Saukia Walcott, 1914

Saukia Warcorr, 1914, p. 373; Urrice & RESSER,
1933, p. 168; Lochman in HARRINGTON ¢f al., 1939,
p. 0323.

Type species—Dikelocephalus lodensis Whit-

field, 1880, p. 51; 1882, p. 188, pl. 10, fig. 14; p.

341, pl. 27, figs. 12, 13.

Diagnosis—Glabella subrectangular, sides
slightly converging or medially constricted; two
pairs of glabellar furrows with at least the pos-
terior pair connected; glabella anteriorly round-
ed-truncate; antero-lateral corners pointed or

broadly rounded. Fixigenae narrow. No pregla-
bellar field. Anterior border furrow confluent
with at least the medial part of preglabellar fur-
row; anterior border of moderate length (sag.).
Librigenae with posterior border furrow meet-
ing lateral border furrow ; genal spines long and
slender. Pygidium transversely subelliptical,
with strongly tapered axis; subequally divided
pleurae die out on narrow, smooth, concave bor-
der. Surfaces granulate.

Remarks—Saunkia is distinguished from Pro-
saukia and Saukiella by its lack of a preglabel-
lar field and by its granular ornament. The sub-
equally divided pleurae and the lack of an occip-
ital spine distinguish Saukia from Calvinella.

Saukia imperatrix Ulrich & Resser

Saukia imperatrivy UrricH & Resser, 1933, p. 192, pl.
31, figs. 21-25; RaascH, 1951, p. 144; WinstoN
& NicHorLs, 1967, p. 81, pl. 9, figs. 15, 16, 21.
Remarks—A feature noticed on some of the

Texas specimens is a small node on the occipital
ring. This is difficult to see on large, granulate
specimens (see Winston & Nicholls, pl. 9, fig.
15) but easy to see on the smaller ones, It is not
found on all specimens, and I doubt that it
should be construed as anything more than an
interesting feature. If it seemed to be an impor-
tant character or if it appeared on all specimens,
a researcher might be tempted to place this spe-
cies in Calvinella, but the associated pygidium is
not calvinellid. The holotype and paratype cra-
nidia do not possess the central segment of the
occipital ring, so they are of no help in this mat-
ter. I conclude that this species belongs to the
genus Saukia.

The axes of some pygidia have a partial fifth
axial ring, as does S. tumida. Granules are pres-
ent on the crests of the axial rings and pleurae.

Occurrence—Locally common in the upper
Saukiella junia Subzone and the lower Saukiella
serotina Subzone at BC-109-110, 149; CC-58.2,
61; JR-484, 492; SH-12.6.

Saukia tumida Ulrich & Resser
Pl. 4, figs. 10, 11.

Saukia twmide ULricH & Resser, 1933, p. 192, pl. 30,
figs. 11, 12; Winsrton & Nicnorrs, 1967, p. 81, pl.
9, figs. 7, 9, 11.

Remarks—~—Saukia twmida is characterized by
its convex and steeply downsloping glabella and
frontal area. The cranidium figured here (pl. 4,
fig. 10) shows the granule-crested palpebral lobe
separated from the narrow fixigena by a broad,
steep-sided palpebral furrow. One of Winston &
Nicholls’ (pl. 9, fig. 11) figured specimens illus-
trates the slender, somewhat posteriorly directed
posterior area.
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Two fragments of librigenae are assigned to
this species. The arrangement of a row of gran-
ules adjacent to the ocular furrow and the low,
coarse, vermiform ridge pattern on the rest of
the cheek provide a striking ornament (pl. 4, fig.
11). This librigena is distinguished from that of
S. imperatriz by its narrower (tr.) posterior
side of the inner area; other features of the two
cheeks are similar,

On well-preserved pygidia there is an indica-
tion of two granules on the highest part of at
least the first two axial rings. A fifth axial ring
is suggested by an incomplete shallow furrow
across the terminal axial piece.

S. tumida occurs stratigraphically below S.
imperatriz and is distinguished from it by
greater convexity, greater downward deflection
of the frontal area, more rounded anterior end
of the glabella, narrower fixigenae, and deeper
glabellar furrows.

Occurrence—Locally common in the Saunkiella
junie Subzone at JR-481; $S-356, 360.5; TC-
1305-1310, 1320-1325.

Genus SauxierrLa Ulrich & Resser, 1933

Saukiclla Urricu & REesser, 1933, p. 194: Lochman

in HARRINGTON e al., 1959, p. 0325.

Type species—Dikelocephalus  pepinensis
Owen, 1852, p. 574, pl. 1, figs. 9, 9a, 9b.

Remarks—Ulrich & Resser (1933, p. 194) have
given a complete and definitive diagnosis for
this genus. The modification I make is that sur-
faces usually are not smooth; external surface
ornament consists of elongate ridges on mar-
ginal cranidial features or a Bertillon pattern;
internal molds generally bear only a partial im-
print of the external ornament.

Saukielle is distinguished from Saukia and
Calvinella by a preglabellar field, shallower fur-
rows, ornament, and lack of a strong occipital
node or spine. Saukiella is distinguished from
Prosaukia by its relatively longer frontal area,
nongranular ornament, lack of occipital spine,
and confluent lateral border and posterior bor-
der furrows on the librigena.

Saukiella fallax (Walcott)
PL 5, figs. 1-3.

Saukia fallax Warcorr, 1914 (part), p. 378, pl. 67,
figs. 21, 21a (not 22, 22a = Briscota sp.).
Description—Cranidium quadrate, with low

transverse convexity and moderate longitudinal

convexity anterior to the palpebral lobes. Gla-
bella subquadrate to subelongate, slightly ta-
pered, truncate in front, with only the anterior
corners showing any rounding. Axial furrow
broad, straight along the anterior one-half of
the glabella but bowed slightly outward posteri-

orly, resulting in a slight expansion of the pos-
terior one-half of the glabella. This glabellar
expansion is more noticeable in the small speci-
mens. Posterior glabellar furrow continuous,
deep on the sides, and shallower across the top;
second pair of furrows very shallow, slightly re-
curved, connecting on some specimens. Occipital
furrow transverse or bowed slightly forward
medially, as broad and deep as the transglabellar
furrow. Occipital ring of uniform width and al-
most as wide as the posterior glabellar lobe. An-
terior border furrow broad and deep, bowed
gently forward, confluent with preglabellar fur-
row across at least the middle one-third of the
glabella. Anterior border highly raised, very
narrow, and laterally tapering. Fixigenae nar-
row; palpebral area long, flat, sloping down lat-
erally, widest point opposite junction of axial
and transglabellar furrows. Palpebral furrow
distinct; palpebral lobes broad, flat, and elon-
gate. Anterior facial sutures divergent in front
of palpebral lobes; anterior angles of cranidium
rounded. Posterior facial sutures fairly straight
to the posterior margin. Posterior areas of
fixigenae tapering, crossed by broad, deep poste-
rior border furrow. Surface of palpehral area,
anterior fixigenae, and lateral part of the ante-
rior border furrow covered with -elongate
ridges. Ornament continues up onto the anterior
border and up the sides of the glabella. Other
ornament unknown. Internal molds smooth.

Pygidium (pl. 5, fig. 2) transversely elliptical.
Tapered axis consists of articulating half ring,
three axial rings, a terminal axial piece that has
a suggestion of a fourth axial ring on its ante-
rior end, and a postaxial ridge that extends al-
most to the posterior edge. Four pleurae are
subequally divided by pleural furrows on the
convex part of the pleural region; pleurae fade
out in the concave margin. Concavity of the
margin decreases toward postaxial ridge, where
the margin becomes slightly convex. Pleural
furrows broad, deep; interpleural furrows shal-
lower, with anterior edges quite sharply raised
relative to the gentle upslope of the posterior
part of the furrow. No border apparent on exo-
skeleton ; small raised border may be present on
molds in the vicinity of the postaxial ridge. Fine
ridges ornament the pleural region on the exo-
skeleton ; ornament on the axial region unknown,
Internal molds smooth.

Remarks—The holotype of Saukiella fallax
(Walcott) came from the eastern side of the
Llano Uplift. All of my specimens are from the
western side, and comparison of these specimens
with the holotype leaves no doubt that they are
conspecific. I think this species belongs in Sau-
kiella because of the short, flat preglabellar field
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adjacent to the raised border, because of the
ridged ornament, which is not granular as in
Saukia, and because of the shape of the pygi-
dium. The pygidium that T have assigned to S.
fallax is not like that figured by Walcott, which
I assign to Briscoia sp.

This is the stratigraphically lowest species of
Saukiella found in central Texas, and it possibly
is ancestral to the succeeding species, S. pyrene.

Occurrence—Scarce in the basal Saukiella
pyrene Subzone at JR-351, 354; SS-302.5, 307.5.

Saukiella junia (Walcott)
Pl 5, figs. 12-21.
Saukia junia Warcorrt, 1914, p. 378, text-fig. 17.
Saukiclle junia (Walcott) Resser, 1938, p. 43;

Winston & Nicmorrs, 1967, p. 81, pl. 9, figs. 8, 10,

12, 14, 22.

Description—Several additions to Winston
and Nicholls’ descriptions should be made. In
numerous medium-size (15-20 mm) specimens
with anteriorly expanded and truncated glabel-
lae, the preglabellar furrow is slightly recurved
medially, producing a broad, shallow depression
or notch on the front of the glabella (pl. 5, fig.
16). Almost all specimens have a second pair of
short, narrow, very shallow glabellar furrows,
many have a third pair of very faint furrows,
and a few have a fourth, anteriorly directed
pair.

Two slight changes in the pygidial furrows
occur through the range of Saukiella junia. In
the lower part of the range of S. junia var. B,
the pleural furrow is almost as distinct as the
interpleural furrow (pl. 5, fig. 18). The division
of pleurae is unequal adjacent to the axis but
more nearly equal farther out in the pleural
field. Higher in the range the furrow becomes
less distinct and the subdivision of the pleurae
more nearly equal. Pygidia of S. junia var. A
(pl. 5, fig. 21) have subequally divided pleurae,
and the pleural furrow is reduced to a narrow
groove relative to the broad, deep, straight-sided
interpleural furrow. Many axes have a strong
indication of a fifth axial ring.

Ornament is similar to that of S. pepinensis.
Bertillon ornament covers the glabella, occipital
ring, fixigenae, and librigenac; transverse
ridges cross the anterior border. Pygidia appear
to be smooth. The only ornament on some speci-
mens is a set of terrace lines on the back end of
the occipital ring; the rest of the cranidium is
smooth. Impressions of the terrace lines and of
the ridges and Bertillon pattern are preserved
on the internal mold.

Remarks—1 agree with Winston & Nicholls’
(1967, p. 82) interpretation of this species as
one with a “rather broad range of characteris-
tics” and with their subdivision into varieties

that reflect stratigraphic shifts in morphology.
In addition, I am willing to go one step farther
and propose that the small specimens associated
with S. junia var. B that look very much like S.
pepinensis are not small representatives of the
latter but rather juvenile S. junia var. B. Simi-
larity of these smaller specimens (pl. 5, figs. 12,
14) with §. pepinensis is close, but the furrows
are somewhat shallower and the border slightly
longer. If a good collection of S. junia var. B is
arranged in order of size and if the S. pepinen-
sis-like specimens are included, it is reasonably
casy to see that the smaller ones could mature
into S. junia var. B. In addition, adults of S.
junia var. B become less like adults of S. pepi-
nensis the farther they range stratigraphically
from S. pepinensis (pl. 5, figs. 13, 15, 17)—the
border furrow, if present, becomes more obscure
and the border becomes quite long (sag.) higher
in the range of S. junia. Thus, I propose that S.
Junia is descended from S. pepinensis; they rep-
resent a cline or chronospecies.

Occurrence—Locally abundant in the middle
and upper Saukiella junia Subzone at CC-27;
JR-479; 5S5-356, 370; TC-1301, 1303, 1305, 1305-
1310, 1310-1315, 1315-1320, 1335-1340, 1341-
1346.

Saukiella junia (Walcott), var. A,
Winston & Nicholls
Pl. 5, figs. 19-21.
Saukiclla junia (Walcott), var. A, Winston & NicH-

oLLs, 1967, p. 82, pl. 9, figs. 10, 12.

Remarks—The smaller specimens are distinct
from Saukiella pepinensis. The pygidia can be
distinguished from those of S. junia var. B by
the relatively obscure pleural furrow and the
more equal subdivision of the pleurae.

Examination of the holotype of S. junia
(Walcott) confirms Winston and Nicholls’
statement that this variety most nearly resem-
bles Walcott's species. To the right of the holo-
type is a cranidium of Eurekia eos, associated
with S. jumia var. A in central Texas. On an-
other piece of matrix in Walcott’s collection of
Saukia junia is a pygidium of Bayfieldia simata,
also associated with this variety.

Occurrence—Scarce in the upper part of the
Saukiella junia Subzone at TC-1341-1346.

Saukiella junia (Walcott), var. B,
Winston & Nicholls
PL 5, figs. 12-18.

Saukiella junia (Walcott), var. B, Winston &
Nrcmorts, 1967, p. 82, pl. 9, figs. 8, 14, 22.
Remarks—Low in the range of Saukiclla

junie var. B, some adult and all the juvenile

cranidia strongly resemble the stratigraphically
lower S. pepinensis, but they can be distin-
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guished by shallower furrows and slightly long-
er anterior borders. Higher in the range, the
differences are more pronounced.

Pygidia of S. junia var. B have less equally
divided pleurae and deeper pleural furrows than
S. junia var. A, but the differences diminish as
the lower variety ranges up toward the lowest
occurrence of S. junia var. A,

Occurrence—Abundant in the middle and
upper part of the Saukiclla junia Subzone at

CC-27; JR-479; SS-356, 370; TC-1301, 1303,
1305, 1305-1310, 1310-1315, 1315-1320, 1335-
1340.

Saukiella pepinensis (Owen)
Pl 5, figs. 9-11.
Diéke!acgepé’:alm pepinensis OweN, 1852, p. 574, pl. 1,
g
?mfkfa pepmemu (Owen) Warcorr, 1914, p. 381,
7, figs. 1-13, 13a (synonymy to date)
Sauki'r:h"a pepiﬂen.ris (Owen) UrricH & REeSSER,

1933, p. 202, pl. 33, figs. 22-24; RaascH, 1951, p.

144; Winston & NicmorLs, 1967, p. 82, pl. 9, hgs.

4-6 (synonymy to date).

Remarks—The Texas specimens provide ad-
ditional information about ornament. Bertillon
ornament on the exoskeleton covers the gla-
bella, occipital ring, anterior border, all areas of
the fixigenae, the librigenae, and at least the
pleural region of the pygidium. On most speci-
mens this pattern is a braided system of fine,
distinct raised lines. On the largest cranidia
with exoskeleton (pl. 5, fig. 9), the lines on the
sides of the glabella are disconnected, irregular
ridges; the ridges break up into smaller irregu-
lar bodies higher up on the glabella, finally cul-
minating in coarse pustules on the crest of the
glabella. Faint impressions of the Bertillon pat-
tern are apparent on internal molds. On one
large mold (unillustrated) the impression of a
coarse pattern on the border showed pits. Most
specimens have relatively longer borders than
do those figured by Ulrich and Resser.

8. pepinensis occurs stratigraphically above S.
pyrene, from which it differs in the much re-
duced to nonexistent preglabellar field, the pro-
portionally longer border, and the wider fixige-
nae. There are collections stratigraphically be-
tween S. pyrene (s.s.) and S. pepinensis (s.s.)
that suggest a phylogenetic relationship between
the two.

S. pepinensis occurs stratigraphically below S.
junia var. B and is distinguished by deeper fur-
rows, a shorter anterior border, the distinct rise
of the anterior border above the preglabellar
field and anterior border furrow, giving a dis-
tinct posterior edge to the border, and the
nearly equal division of the pleurae by the
pleural furrows on the pygidia. These differ-
ences are subtle, especially when dealing with

juvenile S. junia var. B or adult specimens from
low in its range. Although more collections
from the transition zone might be desirable, the
present collections strongly suggest that the
characters of the S. pepinensis population
shifted toward longer borders and shallower
furrows and culminated in a remarkably similar
but distinct population named §. junia var. B,
whose juveniles are nearly identical with the an-
tecedent S. pepinensis.

Occurrence—Common in the lower part of
the Saukiella junia Subzone at BC-70; JR-453,
459, 460; LCS-32; TC-1291, 1293.

Saukiella planata Winston & Nicholls

Saukiella planam Winston & Nicuorrs, 1967, p. 82,

pl. 11, figs. 2, 10.

Remarks—Saukiella planata also has the Ber-
tillon ornament common in the other Saukiclla
species. Faint impressions of these lines are ob-
scure on internal molds but can be seen on the
occipital ring, glabella, and anterior border. The
ornament on the exoskeleton is distinct, espe-
cially on the occipital ring and the posterior gla-
bellar lobe. Librigenae and pygidia are un-
known,

S. planata occurs in the upper part of the
range of S. serotina, and in one section it
ranges slightly higher than does S. serotina.

Occurrence—lLocally common in the upper
part of the Saukiella serotina Subzone at CC-
61; LCS-44, 45, 45.8, 52; SH-61.5, 61.5-62, 65.5;
TC-1400.

Saukiella pyrene (Walcott)
Pl 5, figs. 4-8

Smssk_w pyrene Warcorrt, 1914, p. 382, pl. 67, figs.

Saukiclla pyrene (Walcott) ULricH & Resser, 1933,
p. 204, pl. 34; pl. 35, figs. 1-8; Raascs, 1931 p.
145, NI‘LSO‘N‘ 1951, p. 783 pl. 110 figs. 4, 7

Saukiella cf. pymw Urrice & RESSI‘R 1933 p. 204,
pl. 35, figs. 9, 11 (not 10),

Saukiella pyrene limbata ULricH & Resser, 1933, p
206, pl. 35, figs. 12-14.

Saukiclla frontalis Urricu & Resser, 1933, p. 207,
pl. 35, fig. 22.

Saukiella indente Urrice & Resser, 1933, p. 208, pl.
35, figs. 23-30; pl. 36, figs. 1-3.

Saukiclla indenta intermedia ULricH & RessEer, 1933,
p. 208, pl. 36, fig.

Saukiella nonualkemu Urrica & Resser, 1933, p.
209, pl. 36, figs. 5-27.

Saukiella signata UrLricH & Resser, 1933, p. 206, pl.
35, figs. 15-21.

not Saukiella norwalkensis Ulrich & Resser, Win-
ston & Nricuorrs, 1967, p. 82, pl. 11, figs. 6-8, 12.

Description—Cranidium quadrate to elongate.
Glabella elongate, well defined by axial furrows
that usually are howed outward along the poste-
rior one-half and slightly divergent along the
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anterior one-third of the glabella, resulting in a
medial constriction. This constriction and the
adjacent anterior expansion of the glabella are
most obvious on the larger specimens; the
smaller ones exhibit these features, but they are
subtle. Some specimens have a slightly tapered
glabella. At the anterior corners of the glabella,
the axial furrow broadens and deepens, then
becomes shallower across the front of the gla-
bella. Posterior transglabellar furrow usually a
deep gouge laterally that becomes shallower
across the top; the lateral extremities of this
furrow seldom intersect the axial furrow. A sec-
ond pair of short, shallow glabellar furrows is
located opposite the anterior edge of the palpe-
bral areas. A third pair of furrows that are di-
rected slightly forward is apparent on a few
specimens. Occipital ring broad, uniform in
width (sag.), well defined by transverse furrow
or one that is bowed forward medially. Anterior
border furrow bowed forward, narrow in
smaller specimens but broader in larger ones.
Convex anterior border short (sag.), tapers lat-
erally in most specimens, and has a slight cres-
centic shape. The character of the preglabellar
field is the most variable feature. The smaller
cranidia have a definitely convex preglabellar
field that is just as convex and almost as long
(sag.) as the border and that extends laterally
into the anterior fixigenae. The frontal area is
biconvex. The larger the specimen, the less con-
vex the preglabellar field. In the larger speci-
mens, the anterior fixigenae fade into a nearly
flat preglabellar field that is delineated by broad,
very shallow preglabellar and border furrows.
Anterior facial sutures are slightly divergent in
front of palpebral lobes; anterior corners of
cranidium are rounded. Anterior area of
fixigena narrows just in front of palpebral area,
widens anteriorly. Palpebral areas are long, rel-
atively flat, and of moderate width. Palpebral
furrows are distinct; palpebral lobes are long
and broad. Posterior facial sutures swing in
very close to axial furrows just behind the pal-
pebral lobes, then strongly diverge, defining
long, slender limbs. Posterior area of the
fixigena is very narrow in front of posterior
border furrow. Posterior border furrow is broad
and deep, intersecting the facial suture near the
midpoint of the limb.

The character of the associated free cheek is
not clear because of poor preservation, but frag-
ments appear to be like those illustrated by Wal-
cott (1914, pl. 67, fig. 19) and Ulrich & Resser
(1933, pl. 35, figs. 2-4).

Remarks.—The features used by Ulrich and
Resser to separate the species I have synony-
mized are a combination of glabellar furrows,

glabellar shape, and frontal area configuration.
All five species are associated with one another,
and many are from the same collections.

Four measured sections in central Texas
yielded about 100 cranidia, 25 pygidia, and 15
free cheeks of this variable taxon. Saukiella py-
rene occurs above S. fallax and below S. pepi-
nensis. Within this taxon, all the pygidia are re-
markably similar and agree quite well with
those Ulrich and Resser assigned to S. pyrene,
S. signata, S. indenta, and S. norwalkensis.
Most of the free cheeks are like those of S. py-
rene and S. indenta; there are two that look like
those assigned to S. norwalkensis.

The cranidia demonstrate the greatest amount
of variation, but even this is restricted to the
frontal area and glabella. The two end mem-
bers, with respect to variation in the frontal
area (small ones with a biconvex frontal area
and larger specimens with a planoconvex fron-
tal area), and all gradations bhetween them
occur together in numerous collections from
all four sections. The outline of the gla-
bella ranges from straight-sided and slightly
tapering to medially constricted and anteriorly
expanded; the anterior end of the glabella
ranges from broadly rounded to sharply trun-
cated. There is always one pair of glabellar fur-
rows, and they are joined across the top of the
glabella. On most specimens there is a second
pair of furrows, and these can be joined, A few
specimens have a faint third pair that is anteri-
orly directed. I found no relation between num-
ber of glabellar furrows and shape of the gla-
bella, and these features show no trend or sepa-
ration with respect to stratigraphic position. I
think that differences in the frontal area are a
result of successive growth stages and that va-
riations as a whole fall within the realm of in-
traspecific variation.

From a comparison of the Texas collections
with Ulrich and Resser’s type material of all
taxa in the synonymy, I conclude that the type
material and the Texas specimens belong to one
variable species, for which the appropriate name
is Saukiella pyrene (Walcott). S. cf. pyrene, S.
pyrene imbata, S. signata, S. indenta, S. indenta
mntermedia, S. frontalis, and the three varieties
of S. norwalkensis are junior synonyms of S.
pyrene.

Saukielle pyrene is distinguished from the
stratigraphically lower S. fallox by the charac-
ter of the frontal area, by configuration of the
glabella and glabellar furrows, and by the very
slender posterior fixigenae. S. pyrene is distin-
guished from the stratigraphically higher S. pe-
pinensis by the markedly shorter (sag.) anterior
border and by possession of a definite preglabel-
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lar field. There are a few specimens from Bluff
Creek section that suggest that S. pyrene is a
derivative of S. fallax and is ancestral to S. pe-
pinensis. The relative position of §. pyrene and
S. pepinensis opposes Ulrich and Resser’s state-
ment (p. 204) that S. pyrene is a derivative of
S. pepinensis; rather, they indicate that the re-
verse may be true,

The matrix in which Ulrich and Resser’s type
material occurs contains remains of other spe-
cies that are associated in the Saukiella pyrene
Subzone: Illaenwrus quadratus Hall, Plethome-
topus convergens Rasetti, and a eurekiid that is
cither Bayfieldia binodosa (Hall) or Eurckia
grantulosa Walcott. The same taxa occur with S.
pyrene in central Texas,

Occurrence—Common to locally abundant in
the Saukiclla pyrene Subzone at BC-34, 36, 37-
37.5, 41, 42, 41.5-44; JR-394, 406.5; STPH-86,
110, 114, 114.5, 140; TC-1286, 1287.

Saukiella serotina Longacre, n. sp.
PL 6, figs. 1-3.

Saukiella norwalkensis Ulrich & Resser, Winston &
Nicmorrs, 1967, p. 82, pl. 11, Ags. 6-8, 12.
Description—Cranidium low to moderately

convex, length about twice glabellar width. Gla-

bella subrectangular or slightly tapered; ante-
rior end moderately convex, broadly rounded, or
truncated at its tip. Most specimens have only
one glabellar furrow, generally a posteriorly
bowed transglabellar furrow that is deeply im-
pressed laterally. Occipital furrow transverse or
bowed forward medially, as well impressed as
the transglabellar furrow. Occipital ring as
broad as posterior glabellar lobe. Anterior bor-
der furrow curved, convex anteriorly. Anterior
border raised, slightly convex, of uniform width
or slightly tapering. Preglabellar field of ap-
proximately the same length (sag.) as the bor-
der, flat to slightly concave, though on some
specimens this area is very slightly convex and
appears as an adaxial extension of the anterior
fixigenae. Palpebral area about two-thirds gla-
bellar length and one-third glabellar width, ris-
ing gently out of axial furrow. Palpebral lobes
maintain great width except for slight tapering
on anterior end; they are separated from fixige-
nae by distinct but narrow palpebral furrows.

Posterior facial suture swings in close to axial

furrow just behind the palpebral lobe, then di-

verges, defining a very marrow posterior

fixigena. Posterior limbs long and slender, an-
gled slightly back, composed almost entirely of
posterior border with only a very narrow poste-

rior fixigena separated from the border by a

short posterior horder furrow. Anterior segment

of the facial suture diverges moderately in front
of the palpebral lobes ; after passing the anterior
border furrow, the suture swings adaxially. Ber-
tillon ornament covers all areas of the exoskele-
ton and can be seen on some internal molds.

Librigenae (Winston & Nicholls, 1967, pl. 11,
fig. 7) with sharply defined border furrow ; bor-
der extends medially in front of facial sutures,
maintains an even curvature back into long
genal spine. Ocular field rises steeply above bor-
der furrow, covered with two intersecting sets
of elongate ridges that do not seem to be pre-
served on internal molds. Ornament on border
and genal spine unknown.

Pygidium (Winston & Nicholls, 1967, pl. 11,
fig. 12) narrow and high for genus, with conical
axis consisting of articulating half ring, four
axial rings, long pointed terminal piece, and
short postaxial ridge. Pleural regions convex,
with four pleurae subequally divided by deep
pleural furrows that are nearly straight, that
angle sharply back, and that fade out on a wide,
nearly flat margin. Internal molds smooth; or-
nament on exoskeleton unknown.

Awailable material —264 cranidia, 79 pygidia,
most well preserved.

Holotype—BEG 36560, from CC-61.

Etymology. Serotinus, Latin, late, named for
its occurrence late in the Trempealeauan.

Remarks—Although the Texas specimens
may conform in part to the conecept of Saukiclla
norwalkensis Ulrich & Resser (sec Winston &
Nicholls, 1967, p. 82), they do not conform en-
tirely; the faunal associates are entirely differ-
ent, and the type material cannot be included
within the hypodigm at hand (see remarks
under S. pyrene). I have synonymized S. nor-
walkensis with S. pyrene and here erect a new
species that is similar to but distinct from S. py-
rene. S. serotina is distinguished from the strat-
igraphically lower S. pyreme by its straight-
sided, tapering glabella with only one glabellar
furrow, the crescentic shape of its frontal area,
the exceedingly wide palpebral areas of the
fixigenae and palpebral lobes, the wider anterior
fixigenae, and the distinctly different pygidium,
In the upper part of its range, S. seroting is as-
sociated with S. planata. Some of the other fau-
nal associates are Bayfieldia simata, Eurekia
cos, three species of Calvinella, and Stenopilus
latus.

Occurrence—Common to locally abundant in
the Saukielle serotina Subzone at CC-58, 58.2,
61, 63#=; JR-521.5, 529, 536; LC-32; LCS-33,
33.5, 35.7, 39, 40, 44, 45, 454, 52; SH-52, 526,
54, 55, 61, 61.5-62; TC-1379-1385, 1387.5, 1388,
1392, 1400. Scarce in the Corbinia apopsis Sub-
zone at 1.CS-53, 54.
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Family REmopLEURIDIDAE Hawle & Corda, 1847

Genus ArPATOKEPHALOIDES Raymond, 1924
Apatokephaloides Raymonp, 1924, p. 425.

Type  species—Apatokephaloides  clivosus
Raymond, 1924, p. 425, pl. 13, fig. 13 (not
fig. 17 = Bayfieldia ulrichi Rasetti, 1945b, p. 465
= Corbinia ulrichi (Rasetti) Winston & Nich-
olls, 1967, p. 85).

Remarks—Although Raymond's description
(1924, p. 425) 1is brief, he does emphasize
differences between Apatokephaloides and Apa-
tokephalus. Apatokephaloides is not mentioned
in the Treatise (Harrington ei al., 1959). Ras-
etti (1959, p. 387) assigned this genus to the
Remopleurididae, and I have followed him in
that assignment.

Apatokephaloides clivosus Raymond

Apatokephaloides clivosus RavMownn, 1924 (part), p.
425, pl. 13, fig. 13 (not fig. 17 = Bayfieldia ulrichi
RasgTTI, 1945, p. 465 = Corbinia ulrichi (Rasetti)
Winston & Nicuorrs, 1967, p. 83); RaserTi,
1063, p. 1010, pl. 130, figs. 19, 20; Winston &
NricuorLs, 1967, p. 86, pl. 11, fig. 11.
Remarks—This is the second most abundant

taxon in the Corbinia apopsis subzone and is

distinguished from C. apopsis by its glabellar
furrows that are more like gouges, by its greatly
expanded palpebral lobes that almost or com-
pletely isolate the palpebral area of the fixige-
nae from the rest of the fixigenae, and by its de-
pressed preglabellar field that is long (sag.) rel-
ative to the length of the raised border.
Occurrence—~—Abundant in the Corbinia apop-
sis Subzone at CC-67; LC-48; SH-72; SS-411;
1.CS-53, 53.3, 53.5, 53-54, 55.

Family ?Suumarpimae Lake, 1907
Genus Ipromesus Raymond, 1924
Idiomesus Raymonn, 1924, p. 397; Raserrr, 1946, p.
538; Poulsen in HARRINGTON ¢f al, 1939, p. 0245.

Stigmametopus RASETTI, 1944, p. 257.

Type species—Idiomesus tantillus Raymond,
1924, p. 397, pl. 12, fig. 10.

Remarks—Poulsen (in Harrington et al.,
1959) briefly summarizes the characteristics of
this genus.

Although I recognize three species of Idiome-
sus, I. infimus, n. sp., I. interimedius Rasetti, and
I. levisensis (Rasetti), I am not entirely con-
vinced they are congeneric with I. fantillus. I
have examined the holotype of I. tantillus (Yale
Peabody Mus., no. 4726), several plesiotypes
(Laval Univ., nos. 1042a, b), and several speci-
mens in Raymond’s support collections (now at
Harvard, Mus. of Comparative Zoology). I.
tantillus has two unique features: no lateral gla-
bellar pits and thin, elevated posterior borders
that continue across into the thin occipital ring

without being interrupted by the axial furrows.
At least five totally unfamiliar taxa were asso-
ciated with the specimens of [. tfantillus. The
type locality for this species is the upper zone of
the Gorge Formation at Highgate IFalls, Ver-
mont. I. tantillus may be a member of an extra-
cratonic faunal complex, If future studies of 7.
tantillus, in both biostratigraphic and lithostrati-
graphic frameworks, indicate that it could be
spatially, temporally, and possibly genetically re-
lated to the marginal cratonic species included
in the genus, then my doubts are without foun-
dation. If such a relationship cannot be postu-
lated, Stigmametopus Rasetti (1944, p. 257)
should be resurrected for the marginal cratonic
species, Spatially, temporally, and morphologi-
cally the marginal cratonic species could be re-
lated to the Ptychaspididae.

Idiomesus infimus Longacre, n. sp.
Pl 2, figs. 15-19.

Description.~Cranidium semielliptical, mod-
erately convex. Glabella transversely con-
vex; posterior one-half of glabella parallel-sided
or slightly tapering, whereas the anterior one-
half is markedly tapered; anterior end truncate;
width across base three-fourths glabellar length.
Posterior glabellar furrow continuous, laterally
deep and angled back, shallower and transverse
across the axis. Second and third pairs of fur-
rows are laterally impressed notches on the
sides of the glabella; the posterior pair of
notches are as deep or deeper than the anterior
pair. Axial furrow very broad posteriorly, be-
comes narrower and steeper sided anteriorly;
preglabellar furrow ranges from moderately im-
pressed to obscure. Occipital furrow deep and
oblique laterally, shallower and either transverse
or bowed forward across the axis. Occipital seg-
ment medially expanded, posteriorly elevated,
and longer (sag.) than the preoccipital glabellar
segment ; occipital node may be present. Frontal
area gently convex, unfurrowed, downsloping.
Anterior fixigenae as wide as frontal area is
long, posteriorly increasing in convexity and
height above axial furrow. Behind a faint ocu-
lar ridge, the fixigenae are very broad and con-
vex, with steeply downsloping lateral margins.
Palpebral lobes apparently absent. Posterior
border furrow very wide, deep, and gently
curved posteriorly. Posterior border seems to
widen laterally. Anterior facial sutures smoothly
curved from ocular ridges to the axial line. Be-
hind area where palpebral lobes would be lo-
cated, the posterior facial sutures diverge and
curve broadly to the posterior margin. A row of
widely spaced low granules rim the interior
edges of the fixigenae; one or more granules
can ornament the preoccipital glabellar segment.
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Very fine concentric Bertillon-pattern lines
cover the margins of the fixigenae and frontal
area. Some or all of this ornament may occur on
the internal mold. Several molds have a rough
surface texture that could be granules or a pre-
cipitate ; one of these rough surfaces has so reg-
ular a pattern as to suggest granulation. The oc-
cipital segments of one or two molds appear to
le pitted.

Librigena and pygidium unknown.

Awailable material —10 cranidia, most poorly
preserved.

Holotype —BEG 36497, from TC-1242.

Etymology—infinus, Latin, lowest, named
for its being the stratigraphically lowest species
of Idiomesus in central Texas.

Remarks—Idiomesus infisnus is characterized
by its stout, blunt glabella with two pairs of lat-
eral glabellar pits, and by its medially expanded
and elevated occipital segment, very wide poste-
rior axial furrow, and granules on the inside
edges of the fixigenae. These features easily
separate [. infimus from [. tantillus Raymond
and I. intermedius Rasetti. I. infinus is differ-
entiated from the very similar I. levisensis
(Rasetti) by its relatively shorter and wider
glabella, broader posterior axial furrows, more
convex, ornamented, and elevated fixigenae, and
more medially expanded occipital segment.

I. infimus occurs in the highest Ellipsoceph-
aloides Zone collections from three measured
sections; faunal associates are Briscoia sp. and
Prosaukia cf. P. tuberculata. From 50 to 90 feet
of nontrilobite-bearing rock intervene between
this species and the lowest Saukia Zone collec-
tions. Both I. levisensis and [I. intermedius occur
in the Saukic Zone.

Occurrence~—Scarce in the upper Ellipsoceph-
aloides Zone at JR-284.5; MC-862; TC-1142,
1145,

Idiomesus intermedius Rasetti
Pl 4, figs. 13, 14.

Idiomesus intermedins Raserrr, 1959, p. 393, pl. 51,
figs. 25, 26; Winsrton & Nicrorrs, 1967, p. 73,
pl. 10, fig. 21.

Remarks.—Idiomesus intermedius is well rep-
resented in the Texas collections. There is some
variation in number of lateral glabellar pits,
ranging from no readily apparent pits in two
poorly preserved specimens, 34 with a sugges-
tion of one pair of pits, 115 with one very dis-
tinct set of pits, and 56 with one distinct set of
lateral glabellar pits and a faint to good indica-
tion of a second set of pits. Very generally,
there is a stratigraphically upward trend toward
fewer sets of glabellar pits, whether they are
distinct or obscure.

Ornament on exoskeleton consists of a Bertil-
lon ornament on the fixigenae that originates in
the axial furrows, is directed forward and out-
ward on the adaxial slope of the cheek, and
curves around and becomes roughly parallel to
the cranidial outline on the abaxial slope of the
cheeks. Some of the pattern of the abaxial slope
of the fixigena is continued around onto the
frontal area. On internal molds, Bertillon orna-
ment is vaguely apparent around the margin of
the cranidium and up onto the crests of the
fixigenae. The adaxial slope of the fixigena is
finely pitted, and some specimens possess an oc-
cipital node.

Occurrence~Scarce in the Saukiella junia
Subzone at BC-109-110. Abundant in the
Saukiclla serotina Subzone at BC-149; CC-61,
63+ ; JR-521.5, 529, 532; LCS-32.4, 34-36, 39, 40,
44, 45, 454, 45.8, 52; SH-54, 58.5-60, 61.5, 61.5-
62; SS-375; TC-1379-1385, 1392, 1394, 1400.
Scarce in the Corbinia apopsis Subzone at CC-67;
JR-539, 540; LCS-55.5; SS-411.

Idiomesus levisensis Rasetti
Pl 3, figs. 6, 7.

Stigmametopus levisensis Raserri, 1944, p. 257, pl.

37, figs. 8, 9.
Tdiomesus levisensis (Rasetti) RaAserTr, 1946, p. 539.

Remarks—Idiomesus levisensis is scarce in
the Saukiells pyrene and Saukiella junia Sub-
zones and occurs stratigraphically below [I. in-
termedins. Examination of Rasetti’s and Ray-
mond’s types confirms the specific identification.
I. levisensis is distinguished from I. intermedius
Rasetti and I. fantillus Raymond not only by its
two distinct pairs of glabellar pits but also by
the relationship between the posterior one-half
of the axial furrow and the fixigenae. In I. -
termedius and I. tantillus the fixigenae rise
immediately from a distinct axial furrow, giving
the fixigenae the appearance of wrapping
around the glabella. I. levisensis has a distinct
axial furrow along the anterior one-half of the
glabella, but it broadens posteriorly and merges
with the fixigenae, so it is difficult to find a fur-
row along the posterior one-half of the glabella.
In that posterior region the adaxial parts of the
fixigenae are triangular, nearly flat shelves that
slope gently down and intersect the glabella.
These regions are in deep shadow in Rasetti’s
figures. These triangular regions can be pitted.
Although it is difficult to see, there is a faint
axial line or depression on the front of the gla-
bella (pl. 3, fig. 7). This depression is also
faintly impressed on the holotype of I. interme-
dius,

The glabella of I. levisensis is somewhat dis-
tinctive in that the posterior sides are nearly par-
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allel or slightly divergent anteriorly, but ante-
rior to the glabellar pits the sides are markedly
convergent.

Occurrence—Scarce in the Saukiella pyrenc
Subzone at BC-23, 41, 42; JR-369.5; SPH-85.5;
S§8-302.5, 307.5. Scarce in the Saukielle junia
Subzone at JR-453, 460.

Family Uncertain
Genus Bowmania Walcott, 1925

Bowmania Warcorr, 1925, p. 73; Rasetti in Hagr-

RINGTON ¢l al.,, 1939, p. 0517.

Type species—Arethusina americana Wal-
cott, 1884, p. 62, pl. 9, fig. 27.

Remarks—The diagnosis by Rasetti (in Har-
rington et al., 1959) summarizes the characteris-
tics of this genus.

Bowmania americana ( Walcott)
A :ghmfﬂa americana WALcorr, 1884, p. 62, pl. 9, fig.

Bowmania americana (Walcott) Warcorr, 1923, p.
73, pl. 15, figs. 15, 16; Winstox & NicHoLLS,
1967, p. 89, pl. 10, fig. 18.

Remarks~—This species is represented by 11
cranidia from three measured sections. Exfo-
liated specimens exhibit an ornament ranging
from fine granules to a fine vermiform ridge
pattern; some specimens also have coarse pus-
tules scattered on the fixigenae posterior to the
ocular ridges and a few pustules on the anterior
fixigenae or preglabellar field.

Bowmania americana is distinguished from B.
sagitta Winston & Nicholls by its smoothly
rounded frontal margin, tapering glabella, flat
border, and gentle convexity. The only consist-
ent difference between B. americana and B.
pennsylvanica Rasetti is the tapering glabella of
the former versus the anteriorly expanded gla-
bella of the latter.

B. americana and B. pennsylvanica are strati-
graphic associates, and the separation into two
species may prove to be artificial. The material
in Texas does not yet permit the two to be com-
bined.

Occurrence—Scarce in the Saukiella serotina
Subzone at CC-63=; LCS-40, 45.8; SH-52, 54,
55, 61.5-62.

Bowmania pennsylvanica Rasetti
Pl 6, figs. 4, 5.
Bowmania pennsylvanice Raserri, 1959, p. 395, pl

55, figs. 1-5; text-fig. 1.

Remarks—Eight cranidia from two measured
sections are assigned to this species. They all
have the anteriorly expanded glabella, strong
convexity, coarse granules, and narrow, convex
border characteristic of this species. Although
Bowmania pennsylvanica occurs with B. ameri-

cana and ranges close to B. sagitta, it is distin-
guished from the former by its expanded gla-
bella, granules, convexity, and narrow border
and from the latter by its smoothly rounded an-
terior margin of the cranidium.

Occurrence—Scarce in the Saukiella serotina
Subzone at CC-58.2, 61, 63; LCS-40.

Bowmania sagitta Winston & Nicholls
Bowmania sagitta Winstoxw & Nicuorrs, 1967, p. 89,

pl. 10, figs. 19, 20.

Remarks—All parts of the cranidium can be
covered with scattered, medium-size granules.
On the anterior fixigenae and preglabellar field,
a subtle vermiform ridge pattern occurs between
the granules and is directed toward the anterior
border furrow. This pattern becomes more dis-
tinct in a band posteriorly adjacent to the ante-
rior border furrow; few or no granules are in
this area, and the posterior edge of the band is
delineated by a slight ridge. The band can be
seen in Winston and Nicholls’ figure 20 of a
paratype and is present also in the holotype (fig.
19), although it is not evident in the illustration.

Occurrence—Locally common in the Sauk-
iella serotina Subzone at LCS-45, 45.4, 45.8, 52;
SH-58.5-60, 61.5-62, 65.5; TC-1392, 1400.

Genus DeELLEA Wilson, 1949
Dellea? punctata Palmer
Pl 1, fig. 1.
Dellea? punctata PALMER, 1965b, p. 84, pl. 3, fig. 8.

Remarks—Two specimens from the Eoorthis
coquina in two measured sections are assigned
to this species. Although the pitted surface is
difficult to see on one specimen, both have the
bluntly rounded glabella and fossulae character-
istic of the species. The brim-border ratio of
one specimen is about 2:1; the ratio is about 1:1
in the other.

Stitt (in press) has found Dellea? punctata in
the Trvingella coquina in Oklahoma. Although
the specimens recorded here came from the
stratigraphically higher FEoorthis coquina in
central Texas, the species may range below that
horizon,

I have followed Palmer (1965b) in his famil-
ial assignment of Dellea.

Occurrence—Scarce at the base of the Para-
bolinoides Subzone at LL-671.8; WC-889,

Genus EvrvipsocepnaLoipes Kobayashi, 1935

Ellipsocephaloides KopavasuT, 1935b, p. 196; REs-
SER, 1942b, p. 62; Rasetti in HARRINGTON ef al.,
1959, p. 0517.

Type species—Ellipsocephalus curtus Whit-

field, 1878, p. 58; 1882, p. 191, pl. 1, fig. 18.
Remarks—The  descriptions by  Resser

(1942h, p. 62) and Rasetti (in Harrington et al.,
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1959) summarize the characteristics of this
genus.

Ellipsocephaloides silvestris Resser

Ellipsocephaloides silvestris RESSER, 1942b, p. 64, pl.

11, figs. 1-3; pl. 12, fig. 7; BertL & ErLiwwoon,
1962, p. 406, pl. 59, fgs. 10-12 (synonymy to
date) ; GranT, 1965, p. 143, pl. 14, fig. 31.
Remarks—Ellipsocephaloides  silvestris s
characterized by a frontal area divided into a
convex preglabellar field and a downsloping an-
terior border by a faint anterior border furrow
that is slightly raised and posteriorly pointed on
the axial line. This furrow is difficult to find on
specimens preserved in siltstone. Because the
ocular ridges in the Texas specimens range
from distinct to weak, I agree with Bell and El-
linwood that E. nitela Resser, 1942b, is synony-
mous with E. silvestris.

Occurrence—Scarce but locally common in
the Ellipsocephaloides Zone at EC-35, 60; GR-
204, 210, 214; JR-210, 232, 233, 255; LL-750;
MC-750; SS-138.5.

Genus HeTERocARYON Raymond, 1937
Heterocaryon Raymonn, 1937, p. 1119.

Type species—Heterocaryon
Raymond, 1937, p. 1119, pl. 3, fig. 13.

Remarlks—The original description by Ray-
mond (1937, p. 1119), the brief description by
Rasetti (1944, p. 241), and the excellent descrip-
tion by Winston & Nicholls (1967, p. 76) have
summarized all that is known of this rather rare
genus,

platystigma

Heterocaryon cf. H. tuberculatum Rasetti

Heterocaryon tuberculatum Raserrr, 1944, p. 241, pl.
36, fig. 55.

Heterocaryon cf. H. tuberculatizn Rasetti, WINsTON
& NicHors, 1967, p. 76, pl. 11, figs. 15, 18,
Remarks—The Texas cranidia are assigned

to this species with uncertainty. The taxon is
represented by only three cranidia from one
measured section, and it is characterized by its
tumid to overhanging, anteriorly expanded gla-
bella, pitted anterior border furrow, coarse
granular ornament, deeply notched glabellar
furrows, and elevated fixigenae. H. cf. H. tuber-
culatum is distinguished from Bowmania penn-
sylvanica by its steeply downsloping frontal
area, a glabella that rises vertically out of or
overhangs the circumglabellar furrows, and the
higher, more convex fixigenae,

I think this genus is closely allied to Bowma-
nig, and I am uncertain about familial affinities
of either genus.

Occurrence—Scarce in the Saukiella serotina
Subzone at TC-1392, 1400.

Genus MonocueiLus Resser, 1937

Monocheilus Resser, 1937, p. 19; BeLy, FEniag, &
Kurrz, 1952, p. 191; Howell in HarriNGTON 2t al,,
1939, p. 0288 ; GranT, 1962, p. 995,

Type species—Conocephalites anatinus Hall,
1863, p. 153, pl. 7, figs. 34, 35.

Diagnosis—Medium cranidium with large an-
teriorly rounded or truncate glabella; glabellar
furrows faint to absent. Anterior border furrow
very faint to absent. Fixigenae narrow. Palpe-
bral lobes broad, arcuate, from one-half to al-
most the full length of the glabella. Posterior
limbs narrow. Surface smooth or granulate,

Remarks—As Nelson (1951, p. 778), Bell,
Feniak, & Kurtz (1952, p. 191), and Grant
(1962, p. 995) stated, Monocheilis is similar to
Stigmacephalus but differs from it in having
longer palpebral lobes and narrower posterior
limbs. Spatially and temporally the two could be
genetically related. Grant (1962, p. 995) de-
scribes significant differences between them and
between Monocheilus and most other genera of
the Anomocaridac. It is interesting that, accord-
ing to the Treatise, Monocheilus is the only
Upper Cambrian, North American genus in the
Anomocaridae; four other Upper Cambrian
genera are from Korea, China, and Russia; the
rest of the family is Middle Cambrian. Because
of morphological and spatial differences from
the rest of the family, I have followed Grant
(1962) in not assigning Menocheilis to any fam-
ily.

Monocheilus truncatus Ellinwood

Monocheilus truncatus Ellinwood in BeLL & ToLLin-
woob, 1962, p. 389, pl. 52, figs. 1-3.

Remarks—This species, one of the character-
istic forms of the Saukiclla pyrenc Subzone in
central Texas, is characterized by its low con-
vexity, shallow furrows, nearly quadrate glabella
with a rounded-truncate anterior end, very nar-
row fixigenae, and wide, arcuate palpebral lobes.
There is a moderate amount of variation in the
degree of truncation of the glabella and also in
the degree of anterior tapering of the glabella.
Because I view these differences in terms of in-
traspecific variation, I have not segregated the
few variants. Many specimens in the two collec-
tions from the Camp San Saba measured section
are granulate on all parts of the cranidium ex-
cept the palpebral lobes. The furrows on inter-
nal molds are deeper than on the exoskeleton.

Occurrence—Common at the base of the
Saukiella pyrene Subzone at BC-23, 34, 41, 42;
JR-351, 357; MC- 915+ ; SPH-87, 93, 96.5; SS-
302.5, 307.5; TC-1233, 1237, 1268.
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Genus TAENICEPHALINA Rasetti, 1945

Taenicephalina Raserri, 1945b, p. 473; Lochman in
HarrINGTON et al., 1959, p. 0309.
Type species—Taenicephalina

Rasetti, 1945b, p. 473, pl. 62, figs. 6-8.
Remarks—The  descriptions by Rasetti

(1945b, p. 473; 1963, p. 1012), combined with

that of Lochman & Hu (1959, p. 424), have

summarized the characters of the genus. The in-
definite familial assignment follows that of

Lochman & Hu (1959).

lechevalieri

Taenicephalina globula Lochman & Hu

Taenicephalina globula LoceMan & Hu, 1959, p.
424, pl. 57, figs. 3443; BeLL & ErLinwoon, 1962,
p. 406, pl. 59, figs. 13-15.

Remarks—Fourteen small cranidia from four
measured sections are assigned to this species.
Between Lochman and Hu and Bell and Ellin-
wood, the species is well described and illus-
trated. The cranidia are not well enough pre-
served to show ornament.

Taenicephalina globula is distinguished from
T. lechevalicri Rasetti (1945b, p. 473, pl. 62, figs.
6-8; 1963, p. 1012, pl. 130, figs. 1-4) by more
distinct furrows and an anterior border furrow
that, viewed from the front, rises to a point on
T. globula but is gently arched on 7. lecheva-
lieri. The anterior border and furrow of T. glo-
bula and T. levinsensis (Rasetti) (1963, p. 1012,
pl. 130, figs. 5-9) are similar, but 7. globula has
a longer (sag.) preglabellar field, wider fixige-
nae, and less distinct glabellar and circumglabel-
lar furrows.

T. globula occurs in association with Drumas-
pis texana and ranges into the zone of transition
from D. texana to D. idahoensis.

Occurrence—Scarce in the Idahoia Zone at
CR-743-747 ; JR-195.5; TC-1009 ; WC-968.

Genus WesTonaspis Rasetti, 1945

Westonaspis RASETTI, 1945b, p. 474; in HARRINGTON
et al., 1959, p. 0521.
Type species—IWVestonaspis laevifrons Ras-
etti, 1945b, p. 475, pl. 62, figs. 16, 17.
Remarks—Both of Rasetti’s diagnoses sum-
marize the characteristics of this genus.

Westonaspis? texana Longacre, n. sp.
Pl 6, figs. 16-18.
Description—Cranidium wider than long,
transversely convex. Glabella moderately con-
vex, slightly tapered, slightly rounded to trun-
cate anteriorly. Two or three pairs of faint gla-
bellar furrows are present; the posterior pair is
short and shallow and angles posteriorly, almost
isolating triangular basal lobes; second and

third pairs are shallow, broad lateral notches.
Axial furrow wide and deep posteriorly, becom-
ing shallower and narrower anteriorly; very
shallow preglabellar furrow. Occipital furrow
deep, with the lateral ends angled forward. Oc-
cipital ring broadest in the center, narrow and
curved forward laterally. Fixigenae wider than
one-half glabellar width, rise sharply out of the
axial furrows, slope downward laterally. Fixige-
nae crossed by faint ocular ridges that merge
into short, upraised palpebral lobes that are op-
posite or anterior to the glabellar midpoint.
Preglabellar field short, moderately convex, with
shallow axial groove between glabella and ante-
rior border. Thin, convex, and laterally tapered
anterior border well defined by transverse ante-
rior border furrow that may be slightly re-
curved medially, making the border appear to be
pointed or expanded on its posterior edge. Ante-
rior facial sutures convergent, broadly rounded.
Posterior facial sutures directed straight later-
ally behind palpebral lobes, defining wide (tr.),
very stout posterior limbs with a length
(exsag.) about one-half that of the cranidium
and a transverse width about 1.5 times the width
of the occipital ring. Posterior border furrow
deep, becoming broader and shallower as it
gently curves backward; posterior border broad-
ens and flattens laterally. Low scattered gran-
ules on glabella, preglabellar field, fixigenae and
posterior limbs.

Librigena and pygidium unknown.

Awvailable material —3 cranidia.

Holotype—BEG 36574, from SS-411.

Etymology—texana, named for its occurrence
in Texas.

Remarks—The cranidia upon which Weston-
aspis? texana is based are very similar to .
laevifrons Rasetti (1945a, b), except in the
character of the frontal area, the wider fixige-
nae, the more anterior eyes, and the lesser cur-
vature of the posterior limbs. I have assigned
this species to the heretofore monotypic Wes-
tonaspis, but the assignment is tentative because
of the anterior border furrow in the Texas spec-
imens, a feature that is lacking in Rasetti’s spe-
cies, and because the Texas cranidia exhibit a
slight axial groove across the preglabellar field.

Occurrence~—Scarce in the Corbinia apopsis
Subzone at SS-411.

REFERENCES CITED

ALEXANDER, R. H., 1956, Geology of the Leon Creek
area, Mason County, Texas; paleontology of the
“lower” Wilberns formation: Tex. Univ., unpub-
lished M.A. thesis, 147 p., 3 pls,, 19 text-figs., 3
tables, 1 map.

Barnes, V. E, & Berr, W. C,, 1954, Cambrian rocks
of central Texas, i San Angelo Geological So-




REFERENCES CITED 59

ciety, Cambrian [Ist] field trip—Llano area
[Texas]: San Angelo Geol. Soc. Guidebook, March
19-20, 1954, p. 35-69.

Bass, N. W, & NorrHroP, S. A, 1953, Dotsero and
Manitou formations, White River plateau, Colo-
rado, with special reference to Clinetop algal lime-
stone member of Dotsero formation: Amer. Assoc.
Petroleum Geologists Bull, vol. 37, no. 5, p.
889-912, 9 figs.

Brry, W. C, 1950, Stratigraphy: A factor in paleon-
tologic taxonomy: Jour. Paleontology, vol. 24, no.
4, p. 492-496.

——, Berg, R. R, & NeLson, C. A, 1956, Croixan
type area—Upper Mississippi Valley, i Australia,
América, pt. 2 of Rodgers, J. (ed.), El sistema
‘Cambrico, su paleogeografia y el problema de su
base: Internat. Geol. Cong., 20th, Mexico City,
1956, Symposium, p. 415-446, 1 pl, 4 figs.

, & Eruinwoop, H. L., 1962, Upper Franconian

and lower Trempealeanan Cambrian trilobites and

brachiopods, Wilberns formation, central Texas:

Jour. Paleontology, vol. 36, no. 3, p. 385-423, pls.

51-64, 1 text-fig.

, Feniag, O. W,, & Kurrz, V. E, 1952, Trilo-
bites of the Franconia formation, southeast Minne-
sota: Jour. Paleontology, vol. 26, no. 2, p. 175-198,
pls. 29-38, 1 text-fig.

Berg, R. R., 1953, Franconian trilobites from Minne-
sota and Wisconsin: Jour. Paleontology, vol. 27,
no. 4, p. 553-568, pls. 59-61, 2 text-figs.

——, 1954, Franconia formation of Minnesota and
Wisconsin: Geol. Soc. America Bull,, vol. 65, no.
9, p. 857-881, 1 pl, 9 text-figs.

Brrkey, C. P., 1898, Paleontology, pt. 3 of Geology
of the St. Croix Dalles: Amer. Geologist, vol. 21,
p. 270-294, pls. 20, 21. (This represents the third
of three parts of Berkey’s Ph.D. thesis published
in The Awmerican Geologist. The thesis was ac-
cepted by the faculty of the University of Minne-
sota in June 1897.)

Brirines, ELkanan, 1860, On some new species of
fossils from the limestone near Point Levis oppo-
site Quebec: Canadian Naturalist, vol. 5, no. 4, p.
301-324.

, 1863, Report of progress from its commence-
ment to 1863 (Geology of Canada) : Canada Geol.
Survey, 983 p., 498 figs.

——, 1865, Paleozoic fossils: Canada Geol. Survey,
vol. 1, 426 p., 401 figs.

Brince, JosiaH, 1931, Geology of the Eminence and
Cardareva quadrangles: Mo. Bur. Geology and
Mines, vol. 24, 2nd ser., 228 p., 22 pls,, 10 figs,, 2
maps, with a section by Urrice, E. O., Trilobita,
p. 212-228, pls. 18, 19, 21. (This publication is dated
1930, but according to Knight (1941, p. 403) was
issued in 1931.)

, Barnzes, V. E, & Croup, P. E, Jr, 1947, Stra-
tigraphy of the Upper Cambrian, Llano uplift,
Texas: Geol. Soc. America Bull, vol. 58, no. 1, p.
109-123, 8 pls.

Crark, T. H., 1924, The paleontology of the Beek-
mantown series at Levis, Quebec: Bull. Amer. Pa-
leontology, vol. 10, no. 41, 134 p, 9 pls.

——, 1948, Theodenisia, new name, replacing Denisia
Clark: Jour. Paleontology, vol. 22, no. 5, p. 643.

Croup, P. E, Jr,, & Barnes, V., E, 1948, The Ellen-
burger group of central Texas: Tex. Univ., Bur.
Econ. Geology Pub. 4621, 473 p., 44 pls.

Daxe, C. L., & Briocg, JosiaH, 1932, Faunal corre-
lation of the Ellenburger limestone of Texas:
Geol. Soc. America Bull, vol. 43, no. 3, p.
725-747, pl. 12, 2 figs.

Drcker, C. E., 1945, The Wilberns Upper Cambrian
graptolites from Mason, Texas, # Contributions to
Geology, 1944: Tex. Univ., Bur. Econ. Geology
Pub. 4401, p. 13-61, 10 pls,, 4 text-figs.

Ercinwoop, H. L., 1953, Late Upper Cambrian and
Lower Ordovician faunas of the Wilberns Forma-
tion in central Texas: Minn. Univ., unpublished
Ph.D. thesis, 241, p., 4 pls., 9 text-figs., 1 table.

Fierp, R. M., 1915, On the validity of the genus
Plethopeltis: Ottawa Naturalist, vol. 29, nos. 3, 4,
p. 37-43.

FrepericksoN, LK. A, Jr, 1941, Correlation of
Cambro-Ordovician trilobites from Oklahoma:
Jour. Paleontology, vol. 15, no. 2, p. 160-163, 1
text-fig.

——, 1948, Upper Cambrian trilobites from Okla-
homa: Jour. Paleontology, vol. 22, no. 6, p.
798-803, pl. 123.

~——, 1949, Trilobite fauna of the Upper Cambrian
Honey Creek formation: Jour. Paleontology, vol.
23, no. 4, p. 341-363, pls. 68-72, 1 text-fig,, 1
table.

Grant, R. E, 1962, Trilobite distribution, upper
Franconia formation (Upper Cambrian), south-
eastern Minnesota: Jour. Paleontology, vol. 36, no.
5, p. 965-998, pl. 139, 10 text-figs.

——, 1965, Faunas and stratigraphy of the Snowy
Range Formation (Upper Cambrian) in south-
western Montana and northwestern Wyoming:
Geol. Soc. America Mem. 96, 171 p., 15 pls,, 1 fig.

Harr, James, 1863, Preliminary notice of the fauna
of the Potsdam sandstone: N.Y. State Cab. Nat.
History, 16th Ann. Rept., p. 119-222, 11 pls.

——, & WarrrieLp, R. P., 1877, Paleontology, pt. I]
of King, Clarence, Report of the geological explor-
ation of the fortieth parallel: Engineer Dept., U.S.
Army, vol. 4, p. 199-302, 7 pls.

Harrincron, H. J., 1939, General description of Tri-
lobita, in Arthropoda 1, pt. O of Moore, R. C.
(ed.), Treatise on inveriebrate paleontology: Geol.
Soc. America and Univ. Kans. Press, p. 38-117.

——, Moore, R. C, & SrusBLerieLp, C. J., 1959,
Morphological terms applied to Trilobita, in Ar-
thropoda 1, pt. O of Moore, R. C. (ed.), Treatise on
invertebrate paleontology: Geol. Soc. America and
Univ. Kans. Press, p. 117-126.

——, et al., 1959, Arthropoda 1, pt. O of Moore, R.
C. (ed.), Treatise on invertebrate paleontology:
Geol. Soc. America and Univ. Kans. Press, 560 p.,
415 figs.

HENNINGSMOEN, GUNNAR, 1957, The trilobite family
Olenidae ; with description of Norwegian material
and remarks on the Olenid and Tremadocian se-
ries: Norske Vidensk.-Akad. Oslo Mat.-Nat.
Klasse, Skr. no. 1, 303 p., 31 pls., 19 text-figs.

HoweLrr, B. F., et al., 1944, Correlation of the Cam-
brian formations of North America: Geol. Soc.
America Bull, vol. 55, no. 8, p. 993-1003, 1 chart.




60 REFERENCES CITED

Jansen, G. C. J, 1957, Cambrian stratigraphy,
Goodrich ranch area, Burnet County, Texas: Tex.
Univ., unpublished M.A. thesis, 165 p, 5 pls, 6
text-figs., 2 maps, 2 tables.

KnicuT, J. B., 1941, Paleozoic gastropod genotypes:
Geol. Soc. America Spec. Paper 32, 510 p., 96 pls.

KosavasH1, Terrcu1, 19352, The Briscoia fauna of
the late Upper Cambrian in Alaska with descrip-
tions of a few Upper Cambrian trilobites from
Montana and Nevada: Japanese Jour. Geology and
Geography, vol. 12, nos. 3, 4, p. 39-57, pls. 8-10.

——, 1035b, Cambrian faunas of south Chosen with a
special study on the Cambrian trilobite genera and
familia, pt. I1I of Paleontology, in The Cambro-
Ordovician formations and faunas of south Cho-
sen: Tokyo Imp. Univ., Fac. Sci. Jour,, sec. 2, vol.
4, pt. 2, p. 49-344.

LocuMmaN, CHrisTINA, 1950, Upper Cambrian faunas
of the Little Rocky Mountains, Montana: Jour.
Paleontology, vol. 24, no. 3, p. 322-349, »pls.
46-51.

—, 1933, Analysis and discussion of nine Cambrian
trilobite families: Jour. Paleontology, vol. 27, no.
6, p. 889-896, 1 text-fig.

——, 1936, The evolution of some Upper Cambrian
and Lower Ordovician trilobite families: Jour. Pa-
leontology, vol. 30, no. 3, p. 445-462, 7 text-figs.

——, 1964a, Upper Cambrian faunas from the sub-
surface Deadwood Formation, Williston Basin,
Montana: Jour. Paleontology, vol. 38, no. 1, p.
33-60, pls. 9-15, 1 text-fig.

——,1964b, Basal Ordovician faunas from the Wil-
liston Basin, Montana : Jour. Paleontology, vol. 38,
no. 3, p. 453-476, pls. 63-67.

——, & Hu, Crunc-Hung, 1959, A Ptychaspis fau-
nule from the Bear River Range, southeastern
Idaho: Jour. Paleontology, vol. 33, no. 3, p.
404427, pls. 57-60.

, & , 1960, Upper Cambrian faunas from the
northwest Wind River Mountains, Wyoming, Part
1: Jour. Paleontology, vol. 34, no. 5, p. 793-834,
pls. 95-100, 4 text-figs.

MicLer, B. M., 1936, Cambrian trilobites from north-
western Wyoming: Jour. Paleontology, vol. 10, no.
1, p. 23-34, pl. 8.

Moore, R. C, 1955, Invertebrates and geologic time
scale, in Poldervaart, Arie (ed.), Crust of the
earth—A symposium: Geol. Soc. America Spec.
Paper 62, p. 547-573, 13 figs.

Netson, C. A, 1951, Cambrian trilobites from the
St. Croix valley [Minn.-Wis.] : Jour. Paleontology,
vol. 25, no. 6, p. 765-784, pls. 106-110.

, 1956, Upper Croixan stratigraphy, Upper Mis-
sissippi Valley: Geol. Soc. America Bull, vol. 67,
no. 2, p. 165-183, 10 figs.

Owen, D. D, 1852, Report of the geological survey
of Wisconsin, Iowa, and Minnesota: Philadelphia,
Lippencott, Grambo and Co,, 638 p., 71 figs., 27 pls.,
20 maps.

PaiMer, A. R, 1953a, The faunas of the Riley
formation in central Texas: Jour. Paleontology,
vol. 28, no. 6, p. 709-786, pls. 76-92, 6 text-figs.
(Because of a printers’ strike, this issue, dated 1954,
was not mailed until January 15, 1955.)

——, 1955b, Upper Cambrian Agnostidae of the

Eureka district, Nevada: Jour. Paleontology, vol.
29, no. 1, p. 86-101, pls, 19-20, 2 text-figs.

——, 1962, Glyptagnosius and associated trilobites in
the United States: U.S. Geol. Survey Prof. Paper
374-F, 49 p., 6 pls., 14 text-figs., 1 table.

——, 1963a, Biomere—A new kind of biostrati-
graphic unit: Jour. Paleontology, vol. 39, no. 1, p.
149-153, 2 text-figs.

, 1965b, Trilobites of the Late Cambrian Ptero-
cephaliid biomere in the Great Basin, United
States: U.S. Geol. Survey Prof. Paper 493, 105 p.,
23 pls,, 16 text-figs.

1968, Cambrian trilobites of east-central
Alaska: U.S. Geol. Survey Prof. Paper 539-B,
115 p., 13 pls,, 6 text-figs.

RaascH, G. O, 1939, Cambrian Merostomata : Geol.
Soc. America Spec. Paper 19, 146 p.,, 21 pls, 14
text-figs.

——, 1951, Revision of Croixan dikelocephalids: Il
State Acad. Sci. Trans, vol. 44, p. 137-151 (Re-
printed, 1952, as Ill. State Geol. Survey Circ. 179, p.
137-151.)

Raserri, Franco, 1944, Upper Cambrian trilobites
from the Lévis conglomerate: Jour. Paleontology,
vol. 18, no. 3, p. 229-238, pls. 36-39.

——, 194523, Description supplémentaire de trois gen-
res de trilobites cambriens: Naturaliste Canadien,
vol. 72, nos. 5, 6, p. 117-124, pl. 1.

——, 1945b, New Upper Cambrian trilobites from the
Lévis conglomerate: Jour. Paleontology, vol. 19,
no. 5, p. 462-478, pl. 60-62. Corrections, 1946, vol.
20, no. 1, p. 88.

, 1946, Revision of some late Upper Cambrian
trilobites from New York, Vermont, and Quebec:
Amer. Jour. Sci,, vol. 244, no. 8, p. 537-546, pl. 1.

——, 1954a, Early Ordovician trilobite faunules from
Quebec and Newfoundland: Jour. Paleontology,
vol. 28, no. 5, p. 581-587, pls. 60-61, 3 text-figs.

——, 1954b, Phylogeny of the Cambrian trilobite
family Catillicephalidae and the ontogeny of
Welleraspis: Jour. Paleontology, vol. 28, no. 5, p.
599-612, pl. 62, 4 text-figs.

——, 19539, Trempealeauian (sic.) trilobites from the
Conococheague, Frederick, and Grove limestones of
the central Appalachians: Jour. Paleontology, vol.
33, no. 3, p. 375-398, pls. 51-55, 2 texi-figs.

——, 1963, Additions to the Upper Cambrian fauna
from the conglomerate boulders at Lévis, Quebec:
Jour. Paleontology, vol. 37, no. 5, p. 1009-1017,
pls. 129, 130, 1 text-fig.

Raymonp, P. E, 1913, A revision of the species
which have been referred to the genus Bathyurus:
Canada Geol. Survey, Victoria Mem. Mus. Bull. 1,
p. 51-69.

——, 1924, New Upper Cambrian and Lower Ordo-
vician trilobites from Vermont: Boston Soc. Nat.
History, Proc., vol. 37, no. 4, p. 389-466, pls.
12-14.

——, 1937, Upper Cambrian and Lower Ordovician
Trilobita and Ostracoda from Vermont: Geol. Soc.
America Bull, vol. 48, p. 1079-1146, pls. 1-4.

Resser, C. E, 1935, Nomenclature of some Cam-
brian trilobites: Smithsonian Misc. Coll. Pub. 3295,
vol. 93, no. 5, 46 p.

——, 1937, Third contribution to nomenclature of




REFERENCES CITED 61

Cambrian trilobites: Smithsonian Misc. Coll. Pub.
3408, vol. 95, no. 22, 29 p.

——, 1938, Fourth contribution to nomenclature of
Cambrian fossils: Smithsonian Mise. Coll. Pub.
3487, vol. 97, no. 10, 43 p.

——, 1942a, TFifth contribution to nomenclature of
Cambrian fossils: Smithsonian Misc. Coll. Pub.
3682, vol. 101, no. 15, 58 p.

——, 1042b, New Upper Cambrian trilobites: Smith-
sonian Misc. Coll. Pub. 3693, vol. 103, no. 5, 136 p.,
21 pls.

Sitaw, A. B, 1954, Correlation of the Paleozoic for-
mations of Wyoming, in Guidebook—Ninth annual
field conference, Casper area, Wyoming: Wyo.
Geol. Assoc., Guidebool, chart 2 in pocket.

, & Deraxp, C. R., 19535, Cambrian of south-
western Wyoming, in 10th annual field conference,
Green River Basin: Wyo. Geol. Assoc., Guidebook,
p. 38-42, figs. 1, 2.

Strrr, J. H., in press, Late Cambrian and earliest
Ordovician trilobites, Timbered Hills and lower
Arbuckle Groups, western Arbuckle Mountains,
gfti{ray County, Oklahoma: Okla. Geol. Survey

ull.

Twensorer, W. H, Raascr, G. O, & THWAITES,
F. T, 1935, Cambrian strata of Wisconsin: Geol.
Soc. America Bull,, vol. 46, no. 11, p. 1687-1744, 1
pl, 1 text-fig.

Urricu, E. 0., & Resser, C. E,, 1930, Dikelocepha-
linae and Osceolinae, pt. I of Trilobita, . The
Cambrian of the upper Mississippi Valley: Mil-
waukee Public Mus, Bull,, vol. 12, no. 1, p. 1-122,
23 pls.

——, & ——, 1933, Saukiinae, pt. I of Trilobita, in
The Cambrian of the upper Mississippi Valley:
Milwaukee Public Mus. Bull, vol. 12, no. 2, p.
123-306, pl. 24-45.

Warcorr, C. D., 1879, Descriptions of new species of
fossils from the Calciferous formation: N.Y. State
Mus. Nat. History, 32nd Ann. Rept, p. 120-131.

——, 1884, Paleontology of the Eureka district
[Nevadal: U.S. Geol. Survey Mon. 8§, 298 p., 24
pls., 7 text-figs.

——, 1886, Second contribution to the studies on the
Cambrian faunas of North America: U.S. Geol.
Survey Bull, vol. 30, 369 p., 33 pls., 10 text-figs.

——, 1890, Description of new forms of Upper Cam-
brian fossils: U.S. Natl. Mus. Proc., vol. 13, no.
820, p. 267-279, pls. 20, 21.

——, 1899, Cambrian fossils, in Geology of the Yel-
lowstone National Park: U.S. Geol. Survey Mon.
32, pt. 2, p. 440-478, pls. 60-65.

——, 1912, New York Potsdam-Hoyt fauna: Smith-
sonian Misc. Coll. Pub. 2136, vol. 57, no. 9, p.
251-304, pls. 37-49.

——, 1914, Dikelocephalus and other genera of the
Dikelocephalinae: Smithsonian Misc. Coll. Pub.
2187, vol. 57, no. 13, p. 345412, pls. 60-70.

——, 1916, Cambrian trilobites: Smithsonian Misc.
Coll. Pub. 2370, vol. 64, no. 3, p. 157-238, pls.
24-38.

., 1924a, Geological formations of Beaverfoot-
Brisco-Stanford Range, British Columbia, Canada,
no. 1 of Cambrian geology and paleontology,
V: Smithsonian Misc. Coll. Pub. 2756, vol. 75, no.
1, p. 1551, 8 pls,, 11 text-figs.

——, 1924b, Cambrian and lower Ozarkian trilobites,
no. 2 of Cambrian geology and paleontology, V:
Smithsonian Misc. Coll. Pub. 2788, vol. 75, no. 2,
p. 53-60, pl. 9-14,

——, 1925, Cambrian and Ozarkian trilobites, no. 3
of Cambrian geology and paleontology, V: Smith-
sonian Misc. Coll. Pub. 2823, vol. 75, no. 3, p. 61—
146, pls. 15-24, text-figs, 12, 13.

WELLER, Stuart, 1903, The Paleozoic faunas: N.J.
Geol. Survey, Rept. Paleontology, vol. 3, 462 p., 53
pls.

Wirrriern, R. P., 1878, Preliminary descriptions of
new species of fossils from the lower geological
formations of Wisconsin: Wisc. Geol. Survey,
1877 Ann. Rept., p. 50-89.

——, 1880, Descriptions of new species of fossils
from the Paleozoic formations of Wisconsin:
Wisc. Geol. Survey, 1879 Ann. Rept., p. 44-71.

——, 1882, Species from the Potsdam sandstone, pt.
3 of Paleontology: Wisc. Geol, Survey, 1873-1879
Ann. Rept, vol. 4, p. 163-363, 27 pls.

Wirsow, J. L., 1951, Franconian trilobites of the cen-
tral Appalachians: Jour. Paleontology, vol. 25, no.
5, p. 617-654, pls. 89-95, 1 text-fig.

Winsrton, Dow, 1937, Geology of the Leon Creek
area, Mason County, Texas; paleontology of the
upper Wilberns Formation: Tex. Univ.,, unpub-
lished M.A. thesis, 136 p, 4 pls, 8 text-figs, 1
map.

——, & Nicrorrs, Harry, 1967, Late Cambrian and
Early Ordovician faunas from the Wilberns For-
mation of central Texas: Jour. Paleontology, vol.
41, no. 1, p. 66-96, pl. 9-13, 4 text-figs.

Wise, J. C., 1964, Cambrian stratigraphy of the
Sandy Post Office area, Blanco County, Texas:
Tex. Univ., unpublished M.A. thesis, 213 p,, 10 pls,,
1 text-fiz,, 1 map, 1 table,




ExprLanaTION OF PraTE 1
Fig. 1—Dellea? punctata Palmer. Partly exfoliated cranidium, X2 (BEG 36461), from
LL-671.8.

2-6—Parabolinoides contractus Frederickson. 2, unexfoliated medium cranidium
with smooth test, X2.5 (BEG 36462), from JR-122. 3, unexfoliated small
cranidium showing ornament, X2 (BEG 36463), from CO-124. 4, internal
mold of large cranidium showing upturned anterior border and puckered an-
terior border furrow, X2 (BEG 36464), from TC-935.25. 5, internal mold
of medium cranidium showing low granules in anterior border furrow, X2.5
(BEG 36465), from JR-121. 6, internal mold of small cranidium showing
ornamented frontal area, X2.5 (BEG 36466), from SS-47.

7-10—Orygmaspis llanoensis (Walcott), var. A, Longacre, n. var. 7, unexfoliated
medium cranidium showing strong anterior border furrow, upturned anterior
border, and large eyes, X2 (BEG 36467), from JR-124. §-10, partly ex-
foliated small cranidia showing large eyes, variation in depth of anterior
border furrow, and topography of frontal area that can occur in one collec-
tion, X4 (BEG 36468), x25 (BEG 36469), x3 (BEG 36470), all from
GR-120 (as are figs. 11, 12).

11-16—Orygmaspis Uanoensis (Walcott). 11,12, partly exfoliated medium cran-
idia showing internal and external ornament, shallow furrows, and topog-
raphy of frontal area, X3 (BEG 36471), x2.5 (BEG 36472), both from GR-
120 (as are figs. 8-10). 13, partly exfoliated large cranidium showing ridge
on external surface dividing frontal area into brim and border and also show-
ing transverse ridge across posterior border, X1.5 (BEG 36473), from LL-
676. 14, partly exfoliated medium cranidium showing maximum development
of ornament on the internal mold, X2 (BEG 36474), from B-316. 15,16,
partly and almost completely exfoliated pygidia showing slender and stout
marginal spines, X1 (BEG 36475), from JR-132, x1.5 (BEG 36476), from
CO-129.

17,18—Conaspis testudinatis Ellinwood. Partly exfoliated cranidia showing pus-
tulose test and internal mold, X5 (BEG 36477), from TA-10, x5 (BEG
36478), from LIL-682,

19-21—Conaspis leptoholcis Longacre, n. sp. 19, unexfoliated large cranidium
showing smooth surface and shallow preglabellar furrow, x5 (BEG 36479,
holotype), from B-316. 20, internal mold of medium cranidium showing
shallow preglabellar furrow, X6 (BEG 36480), from SU-61. 21, unexfoliated
medium cranidium, X7 (BEG 36481), from PK-888.
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ExrranaTioN oF PLATE 2

Figs. 1,2—Taenicephalus sp. Bell & Ellinwood. I, internal mold of small cranidium
showing straight anterior border furrow and medially expanded anterior
border, X6 (BEG 36482), from CO-143. 2, unexfoliated small cranidium
showing anterior and posterior expansion of the anterior border along the
axial line, X5 (BEG 36483), from GM-575.

3—Conaspis parvafrons Kurtz. Internal mold of small cranidium, x4 (BEG
36484), from SS-90.

1,5—Ptychaspis bullasa Lochman & Hu. 4, partly exfoliated small cranidium
showing equidimensional glabella common to specimens from high in the
range, X5 (BEG 36485), from GR-195. 5, partly exfoliated large cranidium
showing granulate occipital ring, X 1.5 (BEG 36486), from WC-968.

0,7—Drumaspis texana Resser, Unexfoliated medium cranidia showing ornament
and glabellar shape common to the Texas cranidia, x3 (BEG 36487), X2
(BEG 36488), both from E-917.

8-10—Drumaspis idahoensis Resser. 8, internal mold of medium cranidium, X3
(BEG 36489), from CO-219. 9, 10, partly and almost completely exfoliated
medium cranidia from high in the range showing wide fixigenae and possible
affinities to Dartonaspis, both X3 (BEG 36490) (BEG 36491), hoth from
TC-1100 (approx.).

11—Dartonaspis wichitaensis (Resser). Partly exfoliated medium cranidium
showing pitted fixigenae, x5 (BEG 36492), from MC-844.

12-14—Ptychaspis sp. 12, internal mold of medium cranidium showing elevated
fixigenae and ornament, X3 (BEG 36493), from TC-1095. 13, internal mold
of small cranidium, X3 (BEG 36494), from TC-1105. 74, almost exfoliated
large cranidium, X 1.5 (BEG 36495), from WC-1060-1075.

15-19—Idiomesus infimus Longacre, n. sp. 15, internal mold of large cranidium
showing deep and narrow axial furrow, X6 (BEG 36496), from JR-284.5.
16, partly exfoliated large cranidium showing large granules on interior edge
of fixigenae, X7 (BEG 36497, holotype), from TC-1242. 17,18, internal
molds of medium cranidia showing relatively wide and deep axial furrows,
X5 (BEG 36498), x6 (BEG 36499), both from JR-284.5. 19, fragment of
a partly exfoliated cranidium showing inflated occipital ring with node, X6
(BEG 36500), from MC-862.

20,21—Keithia cf. K. connexa Rasetti. Internal molds of large and small cranidia
showing granular ornament, X5 (BEG 36501), from JR-351, X8 (BEG
36502), from BC-41.
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EXPLANATION oF PLATE 3

F16. I—Rasettia magna Ellinwood. Internal mold of small pygidium showing smooth
curvature of anterior edge of pleural field and the binodose terminal piece,
%1 (BEG 36503), from TC-1258.

2-5—Euptychaspis frontalis Longacre, n. sp. 2, unexfoliated small cranidium
showing ornament and preglabellar field, X7 (BEG 36504, holotype), from
JR-369.5. 3, internal mold of small cranidium showing that internal mold can
be smooth, X5 (BEG 36505), from TC-1237. 4, partly exfoliated small
cranidium showing ornament and no preglabellar field, X6 (BEG 36506),
from BC-42. 5, partly exfoliated small cranidium showing large occipital
spine, X8 (BEG 36507), from BC-41,

0,7—Idiomesus levisensis (Rasetti). 6, internal mold of small cranidium showing
low fixigenae, glabellar shape, and pitted fixigenae, X7 (BEG 36508), from
BC-41. 7, almost exfoliated large cranidium showing pitted fixigenae and
depression on the front of the glabella, x4 (BEG 36509), from BC-41.

8-10—Keithiella scapane Longacre, n. sp. §, internal mold of large cranidium
showing greatly expanded anterior border, X1.5 (BEG 36510, holotype),
from BC-32. 9, internal mold of medium cranidium, x1.5 (BEG 36511),
from JR-369.5. 10, almost exfoliated small cranidium showing reduced curva-
ture of anterior border furrow, X3 (BEG 36512), from BC-41,

11,12—Plethometopus convergens (Raymond). 11, partly exfoliated large crani-
dium, X2 (BEG 36513), from JR-532. 12, internal mold of medium crani-
dium, x2.5 (BEG 36514), from JR-529.

13,19—Bayfieldia binodosa (Hall). Partly exfoliated medium and large cranidia
showing granular and smooth surface ornament, laterally bifurcate occipital
furrow, and recurved anterior border furrow, X2 (BEG 36515), from JR-
369.5, X1 (BEG 36516), from JR-357.

15-17—Eurekia granulosa Walcott. 15, internal mold of small cranidium showing
wide anterior fixigenae, X2 (BEG 36517), from BC-41, 16, partly exfoliated
medium cranidium showing anteriorly rounded glabella, X2 (BEG 36518),
from BC-23. 17, internal mold of large cranidium showing divergent anterior
facial sutures and glabellar shape of specimens from high in the range, X2
(BEG 36519), from SPH-110,

18—Euptychaspis jugalis Winston & Nicholls. Partly exfoliated large cranidium
showing ornament, X5 (BEG 36520), from CC-27.

19-21—Geragnostus? insolitus Grant. 19,20, partly exfoliated cranidium and
pygidium, both X8 (BEG 36521) (BEG 36522), both from BC-41. 21, in-
ternal mold of small pygidium, X 10 (BEG 36523 ), from BC-42.
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ExpLaNATION OF PLATE 4

IFics. 1,2,4,5—Plethopeltis saratogensis (Walcott). I, internal mold of large cranidium,

% 1.5 (USNM 58558, holotype). 2, partly exfoliated medium cranidium, X2
(MCZ 1730, holotype of P. walcotti Raymond). 4, partly exfoliated medium
pygidium, X2 (USNM 58560, paratype). 5, partly exfoliated medium pygi-
dium, X2 (MCZ 1731, paratype pygidium of P. walcotti Raymond). All from
Hoyt’'s Quarry, 4 miles west of Saratoga Springs, New York.

3,6—Plethopeltis granulosa Resser, 3, unexfoliated medium cranidium showing
granulo-striate ornament, originally figured by Walcott (1912) as P. sara-
togensis, later made holotype of P. granulosa, x3 (USNM 58561). 6, in-
ternal mold of medium pygidium, X2 (USNM 58565, paratype). Both from
Hoyt's Quarry, 4 miles west of Saratoga Springs, New York.

7,8—Plethopeltis sp. 7, partly exfoliated medium cranidium, x3 (BEG 36524).
8, internal mold of medium cranidium showing terrace lines on the anterior
border and granular ornament, X3 (BEG 36525). Both from MC-1065.

9—FEuptychaspis typicalis Ulrich. Internal mold of large cranidium showing the
shelflike anterior border and striations across the preglabellar field, X4
(BEG 36526), from S5-345=%.

10-11—Saukia tumida Ulrich & Resser. Internal molds of large cranidium and
librigena showing ornament, both X1 (BEG 36527) (BEG 36528), both
from JR-481.

12—Bayfieldia simata Winston & Nicholls. Internal mold of medium cranidium
showing recurved anterior border furrow, X1.5 (BEG 36529), from SS-
360.5.

13-14—Idiomesus intermedius Rasetti. Partly exfoliated medium cranidia show-
ing Bertillon ornament on fixigenae and frontal area, X5 (BEG 36530),
from LCS-324, x4 (BEG 36531), from CC-61.

15—Eurekia eos (Hall). Internal mold of large pygidium showing unusual mar-
ginal spines and pitted surface, X2 (BEG 36532), from SS-409.

16—Calvinella procera Winston & Nicholls. Partly exfoliated large cranidium
showing delicate vermiform ridge ornament on test, X1.5 (BEG 36533),
from TC-1368-1374.

17—Calvinella tenuisculpta Walcott. Partly exfoliated small cranidium showing
transverse ridges on the test fragments of the anterior border and the ridges
on the occipital-ring fragment, X3 (BEG 36534), from 1.CS-33.

18—Rasettia wichitaensis (Resser). Partly exfoliated pygidium, x1.5 (BEG
36535), from SH-52.

19-21—Prosaukia remora Longacre, n. sp. 19, internal mold of medium cranidium,
%5 (BEG 36536, holotype), from LCS-40. 20, partly exfoliated cranidium
showing granular ornament, X3 (BEG 36537), from LCS-33. 21, internal
mold of medium cranidium, X6 (BEG 36538), from LCS-45.
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ExprLawaTioN oF PLATE 5
F1c. I-3—Saukiclla fallax (Walcott). 1, partly exfoliated medinm cranidium, x3.5
(BEG 36539), from SS-307.5. 2, partly exfoliated medium pygidium, X2
(BEG 36540), from JR-354. 3, internal mold of large cranidium, X2 (BEG
36541), from JR-354.

4-8—Saukiella pyrene (Walcott). 4-7, internal molds of small to large cranidia
showing variation in glabellar shape and frontal area topography, x5 (BEG
36542), from JR-394, x3.75 (BEG 36543), from JR-394, X 2.5 (BEG 36544),
from SPH-140, x2 (BEG 36545), from SPH-140. 8, internal mold of me-
dium pygidium, x 2.5 (BEG 36546), from SPH-140.

9~11—Saukiella pepinensis (Owen). 9, internal mold of large cranidium showing
spectacular ornament, x1.5 (BEG 36547), from TC-1293, 10, partly ex-
foliated medium cranidium showing ornament and distinct anterior border
furrow, X2 (BEG 36548), from JR-460. 11, internal mold of large cranidium
showing vague Bertillon ornament on the glabella, deep glabellar furrows,
and distinct anterior border furrow, %X 1.5 (BEG 36549), from TC-1291.

12-18—Saukiella junia (Walcott), var. B, Winston & Nicholls. 12,13, small partly
exfoliated and medium completely exfoliated cranidia from the base of the
species range showing shallower furrows and close affinities to S. pepineinsis,
%3 (BEG 36550), from TC-1301, x1 (BEG 36551), from TC-1303. 14,15,
internal molds of medium and large cranidia from low in the species range
showing reduced convexity, shallower furrows, and longer frontal areas
than figures 12 and 13, both X2 (BEG 36552) (BEG 36553), both from TC-
1305. 16, internal mold of medium cranidium from the middle of the species
range, X2 (BEG 36554), from TC-1310-1315. 17, unexfoliated large crani-
dium from the middle of the species range showing ornament on the occipital
ring, X1 (BEG 36555), from TC-1310-1315, 18, partly exfoliated medium
pygidium from low in the species range, X 1.5 (BEG 36556), from TC-1305-
1310.

19-21—Saukiella junia (Walcott), var. A, Winston & Nicholls. 19,20, internal
molds of small and large cranidia, xX2.5 (BEG 36557), X1 (BEG 36558).
21, partly exfoliated large pygidium showing almost cqually divided pleurae,
x0.5 (BEG 36539). All from TC-1341-1346.
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Exrranarion or Pratz 6
F1gs. I-3—Saukielle serotina Longacre, n. sp. 1, partly exfoliated medium cranidium
showing spectacular ornament and large palpebral areas of the fixigenae,
%2 (BEG 36360, holotype), from CC-61. 2, internal mold of medium crani-
dium, X2.5 (BEG 36561), from SH-61.5. 3, partly exfoliated medium cra-
nidium, X2 (BEG 36562), from JR-521.5.

4,5—Bowmania pennsylvanica Rasetti. Internal molds of large and medium
cranidia showing anteriorly expanded glabellac and ornament, x2.5 (BEG
36563), x4 (BEG 36564), both from LCS-40.

6—Macronoda cf. M. prima Lochman. Partly exfoliated large cranidium showing
granular ornament, squared anterior end of the glabella, and posterior
glabellar flattening, % 2.5 (BEG 36365), from TC-1388.

7-12—Calvinella prethoparia Longacre, 1. sp. 7, internal mold of large cranidium
showing ornament, wide fixigenae, and pointed anterior border, X1 (UT
12589, holotype, figured by Winston & Nicholls, 1967, pl. 11, fig. 5), from
TC-1400. 8, partly exfoliated large cranidium showing ornament patterns,
%X 1.5 (BEG 36566), from I.CS-533. 9, internal mold of medium cranidium
showing long occipital spine, X1.5 (BEG 36567), from LCS-458. 10, in-
ternal mold of small cranidium showing wide fixigenae and ornament, X2.5
(BEG 36568), from CC-61. 11, partly exfoliated juvenile cranidium showing
very wide fixigenae, X8 (BEG 36569), from JR-529. 12, partly exfoliated
medium pygidium showing unequal division of the pleurae and delicate gran-
ular and ridge ornament, X1 (BEG 36570), from 1.CS-53.

13—Leiocoryphe ci. L. longiceps Rasetti. Internal mold of very small cranidium,
%10 (BEG 36571), from CC-61,

14,15—Plethometopus obtusus Rasetti. Partly exfoliated small and medium
cranidia, X5 (BEG 36572), from LCS-53.3, x3 (BEG 36573), from 1.C-48.

16-18—IVestonaspis? fexana Longacre, n. sp. Internal molds of small cranidia
showing the medially recurved anterior border furrow, anterior border, and
long (exsag.) posterior limbs, X4 (BEG 36574, holotype), x6 (BEG 36575),
%7 (BEG 36576). All from SS-411.

19—Acheilops masonensis Winston & Nicholls. Unexfoliated large cranidium
showing occipital spine and granular ornament, X5 (BEG 36577), from
SS-411.

20—Triarthropsis cf. T. imbata Rasetti. Internal mold of large cranidium show-
ing wide anterior fixigenae, X4 (BEG 36578), from JR-540.

21—Triarthropsis nitida Ulrich. Unexfoliated large cranidium showing rounded
glabella and divergent anterior facial sutures, X4 (BEG 36579), from LCS-

.

2.2,
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Llvinia Zone 2, 3, 4, 8 9, 11,15

Loorthis bed 1, 32

Loorthis coqunn 2,4, 56

LEoorthis Subzone 7, 8

Loptychaspis 3, 39

Euptychaspis 11, 39, 40-41, 42,
44

Eup?r:k(t}zsp!s frontalis 1, 11, 41,

4

Frtpfydm.cp:.r Jugalis 12, 41, 42,
4, 64

Eispryu':asp:x kivki 12, 41-42
Eup!-_\-chaspis Iypicalis 12, 41, 42,

Ff.:,-ekm 11, 36, 37, 38, 39

Eurekia eos 12, 38, 30, 53, 65

Eurekia r;mfm!osa 11, 37 38-39,
53, 64

Ewrekia sedgwicki 38
Eurekiinae 2, 3, 34 36
Franconian Stage , 4,89
Geragnostus 14

Ge;aﬁg;zo:nw’ insolitus 11, 14-15,

Gipson Ranch section (GR) 9,
10, 11, 13, 14, 15, 25, 27, 20,
30, 31, 3'/’ 33, 36 40, 44 57

Gray Mountain section (GM) 9,
10, 13, 14, 15, 25, 27, 29, 30,
31, 32, 33, 36, 40, 44

Great Basin 2

Heterocaryon 57

Heterocaryon platystigmma 37

H, efc;'?mryon cf. H. tuberculatiom

Heterocaryon tuberenlation 12, 57
Idaloia 7, 8, 22-24, 29, 30
Idahoia lirac 10, 23, 24—25 32, 40
Idahoia lirae Submnc 1, 8 9, 10,
25, 30, 32

Idahoia lirae var. A 23, 24, 25
Idahoia (Meeria) modesta 24 30
Idahota serapio 22

Idahotia serapio Subzone 9
.’dakggz wisconsensis 10, 23, 24,

Idahoia wisconsensis Subzone 9
Idahoia wyomingensis Subzone 9,
1

0

Idahoia Zone 1, 3, 4, 7, 8 9, 10,
11, 15, 24, 25, 30, 31, 32, 33,
35, 36, 40, 44, 58

Idiomesus 54

Idiomesus mfimus 1, 11, 47, 54—
35, 63

Idiomg.fw wntermedius 12, 54, 55,
6




Idiomesus levisensis 12, 54, 55-56,

64

Idiomesus tantillus 54, 55

Illaenuridae 17

Hlaenwrus 17 ]

Hlaenirus montanensis 17

Hlgenurus quadratus 11, 17, 33

Hlaenuwrus fruncatus 17

Illaenuwrus Zone 9, 12

Irvingella major 9 )

James River (Upper) section
(JR) 3, 9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 22, 25, 27,
29, 30, 31, 32, 33, 34, 36,
37, 38, 39, 40, 41, 42, 43,
444647-!8495031 53,
53, 36, 57,

Keithia 39 42

Keithia cf. K. connexa 11, 42, 63

Keithia connexa 42

Keithia schucherti 42

Ketthiella 39, 42-43

Keithiella brevis 43

Keithiella cylindrica 43

Keithiella depressa 43

Keithielle maior 43

Keithiella paiula 12, 43

Keithiclla scapane 1, 11, 43, 64

Keithiella scrupulosa 11, 43—44

Keithiclla speciosa 43

Kendallina (= Kendallia) 22, 23

Klett-Walker (Scott-Klett) sec-
tion (SK) 9, 10, 14, 25, 27,
29, 30, 31, 32, 33, 36, 40, 44

Komaspidacea 34

Komaspididae 34

Komaspis 34

Lecanopygidae 17

Leiobienvillia 18

Leiobienvillia lacvigata 18

Leiobienvillia leconensis 12, 18

Leiocoryphe 18

Leiocoryphe gemme 18

Leiocoryphe halei 21, 22

Leiocoryphe cf. L. i'ongmp.f 12,

Leiocoryphe occipitalis 11, 18

Leon Creek section (Ellinwood)
L 12, 13, 14, 15, 18, 19,

37, 38, 51, 53, 54

Leon Creek section (Winston)
(LCS) 12, 14, 15, 16, 18, 19,
22, 37, 38, 41, 42, 43, 46, 47,
48, 51, 53, 34, 55, 56

Lion Mountain Member 3, 6

Little Llano section (LL) 9, 10,
11, 14, 15, 25, 27, 29, 30, 31,
32, 33, 36, 40 44, 56, 57

Llano Uplift 1, 4 11, 39

Macronoda 39, 44

Macronoda cf. M. prima 12, 44, 67

Macronoda prima 44

Maladia 3, 34

Maustonia 22, 25

Mazomanie sandstone 7

Meeria 24

Meeria lirae 24, 30

Minnesota 7, 10

Missisquoia Zone 6, 12

Monocheilus 57

Monocheilus truncatus 11, 57-58

INDEX

Montdm Wyommg area 6, 7, 10,
11, 15, 35

;-\romau Clcek Limestone Mem-
b(:r 1,3,4,6,9, 10

Morgan Creek section (MC) 3, 9,
10, 11, 14, 15, 17, 18, 19, 21,
22, 25, 27, 29, 30, 32, 33, 34,
36, 4, 45, 55 57

Oklahoma 2, 6, 7, 10, 11, 12, 17,
18, 21, 24, 35

Olenidae 18

Orygmaspis 10, 22, 25, 27, 29

Orygmaspis eryon 23

Orygmaspis firma 23, 26

Orygmaspis llanoensis 9, 10, 22,
25-27, 29, 62

Orygmaspis llanoensis var. A 22,
27, 29, 62

Osceolia Subzone 8

Packsaddle  Mountain  section
(PK) 9, 10, 14, 25, 27, 29, 31,
32, 33, 40

Parabolinoides 9, 10, 22, 25, 27, 29

FParabolinoides contractus 9, 10,
22, 26, 27-29, 62

Parabolinoides cordillerensis 28, 29

Parabolinoides expansus 28

Parabolinoides gramilosus 9, 10,
22, 27, 29, 31

Parabolinoides hebe 28

Parabolinoides palatus 27

Parabolinoides Subzone 1, 9, 10,
26, 27, 29, 31, 56

1"‘:11'abolinoi(li(lae 1, 2. 322

Platycolpus-Scacvogyra Zone 8

Platyeolpus Subzone 8

Plethomelopus 18, 19

Plethomelopus angusta 21

Plethomelopus arenicola 21

Plethomelopus armatus 18-19

P!’ch’_;g-uw.’a;‘ms convergens 12, 19,
24,

Plethometopus convexus 18, 19

Plethometopus lacvis 21

Plethometopus lata 21

Plethometopus modeshis 19

Plethometopus obtusus 12, 19, 67

Plethopeltidae 18, 19

Plethopeltis 19-21

Plethopeltis buelilert 21

Plethopeltis granulosa 20, 21, 65

Plethopeltis  platymarginata 21

Plethopeltis saratogensis 19, 20,
21, 65

Plethopeltis sp. 11, 21, 65

Plethopeltis walcotti 20, 21, 63

Plethopeltis welleri 21

Plethopellis Zone 8

Point Peak Siltstone Member 1,
3, 4, 6, 10, 11

Prosaukia 7, 11, 34, 45, 47, 48

Pr GT’?km cf. P. cwrvicostata 11,

Prosaitkia cf. P. tuberculata 11,
45, 48

Prosaukia curvicostata 47

Prosaukia inceria 48

Prosaukia lodensis 48

Prosaukia longicornis 47

Pro.rft}:-‘ukia remora 1, 12, 47-48,
3
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Prosaukia tuberculata 48

Prosaukia Zone and Subzone 1,
7,8 9 11

Psalaspis zonule 10

Pseudagnostidae 15

Pseudagnostus 15

Pscnldu gnostits commais 9, 10, 11,

P.weta’ag:w:ms laevis 15

Pterocephaliid Biomere 2, 3, 6, 22,
34

Ptychaspid Biomere 1, 2, 3, 4, 18,
22, 33, 34, 39

Ptychaspididae 1, 2, 3, 33-34, 39,
43

Ptychaspidinae 2, 3, 34, 39, 45
Ptychaspis 7, 34, 39 42, 44 45
Piychaspis arcolensis 45
Ptychaspis bullasa 10, 44, 45, 63
Ptychaspis gramiosa 45
Piychaspis miniscacnsis 7, 45
Ptychaspis sp. 11, 44-45, 63
Ptychaspis Subzone 1, 7, 8, 10
Ptychaspis-Prosaukia Zone 1 7,8
Ptychoparia lanoensis 23
Ptychoparia pero 32

Rasettia 17

Rasettia capax 17

Rasettia magna 11, 12, 17-18, 64
Rasettia wichitaensts 12, 17, 18,

Remopleurididae 34

Reno greensands 7

Riley Formation 3, 6

San Saba Limestone Member 1,
3,4, 5 6,11, 19

{(Camp) San Saba section (SS)
3,9, 10, 11, 12, 14, 15, 16, 17,
18, 19, 22, 25, 27, 29, 30, 32,
33, 36, 37, 38, 40, 41, 42, 43,
4?47 49, 50, 51, 54, 53, 36,

58

Saratogia 7, 22, 23, 29, 30, 31, 32

Saratogia americana 10 23 25,
29-30, 32, 40

Saratogia frfa 10, 23, 30

Saratogia (Meeria) lirae 30

Saratogia (Meeria) modesta 30

Saratogia modesta 10, 11, 23, 24,
30, 31

Saratogia Zone 8, 10

Saukia 45, 47, 48, 49, 50

Saukia tmperatriz 12, 48, 49

Saukia marica 46

Saukia pepinensis 51

Saukia pyrene 51

Saukia tumida 12, 48-49, 65

Sankia Zone 1, 2, 3, 4, 3 6 8, 9,
11, 12, 15, 19, 22

Saukiella 11, 45, 47, 48, 49, 51

Saukiclla-Calvinella’ Zone  and
Subzone 8

Saukiella cf. S. pyrene 52

Saunkiclle fallax 11, 49-50, 52,
53, 66

Saukiella frontalis 52

Saukiella indenta 52

Sankiclla indenta intermedia 52

Saunkiclla junia 50

Saunkiclla junia Subzone 1, 9, 11,
12, 16, 19, 22, 37, 38, 39, 41,
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42, 48, 49, 50, 51, 35, 56
Saukiella junia var. A 50, 51, 66
Saukielle junia var. B 50-51, 66
Saukielle norwalkensis 32, 53
Saukiella norwalkensis Subzone 9,

11, 12
Saukiclla pepinensis 12, 50, .'J]. 52,

53, 66
Saukiella planata 12, 51, 53
S aui‘zs%zlla pyrene 11, 12, 50, 51-53,

Saukiclla pyrene limbata 52

Saukiella pyrene Subzone 1, 9, 11,
12, 14, 15, 17, 18, 19, 21 22,
37 39 41 42, 43, 44, 50 53
35 56, 57

Saukiella serotina 1, 2, 12, 47, 51,

, 67

Saukiella serotina Subzone 1, 9,
11, 12, 15, 16, 17, 18, 19, 22,
3? 38 41 42, 43 44, 46 47
48 .31 53 55, 56 57

Saukiella .ngnafa 52

Saukiella Subzone §

Saukiidae 45

Saukiinae 2, 3, 34, 45

Scott-Klett section, see Klett-
Walker
Sheep Pen Hollow section

(SPH) 11, 14, 15, 17, 37, 39,
41, 43, 53, 5 57

?Shum'tr(hldae 54

Spring Hollow section (SH) 12,
14, 15, 16, 18, 19, 22, 37, 38,
§2, 43, 47, 48, 51, 53, 54, 35,

6
Staendebach Member 6

INDEX

Stenopilus 19, 21

Stenopilus e!ongahw 22

Stenopilus intermedins 21

Stenopilus latus 12, 21-22, 53

Stenopilus pronus 1l 12, 23

Streeter section (ST) 9, 10, 14,
ﬁ, 25, 27, 29, 30, 32, 33, 36,

Stigmacephaloides 31
St gﬂwcepkaz‘o:'des curvabilis 11,

Shgnmcephm‘m 31, 57

Stigmacephalus oweni faunule 10

Stigmametopus 54

Sudduth section (SU) 9, 10, 14,
ﬁ, 27, 29, 30, 32, 33, 36, 40,

Sulcocephalus candidus 9
Taenicephaling 58
Taenicephalina globula 10, 58
Taenicephalina lechevalieri 58
Taenicephaling levisensis 58
Taenicephalus 7, 10, 22, 25, 31
l'ler:;geplnlus goul(h 9, 1[} 22, 31,

Taenicephalus shwmardi 9, 22, 31—
2,

Taenicephalus sp. 9, 22, 32, 40, 63

Taemcephahw Zone and Subzone

2, 4,7, 809, 10, 15, 26, 27,

28 31 32, 33, 39, 40

T any'ud Formation 6

Tanyard section (TA) 9, 10, 11,
14, 51% 25, 27, 29, 30, 32, 33,
34,

T'lleI‘ Ranch section (TR) 9,
10, 14, 15, 25, 27, 29, 31, 32,

33

Tellerina 45

Texas, central 1, 2, 6, 7, 9, 10, 11,
12 15, 18, 21, 23, ?—l 25, 31
33 40 41, 46

Theodenisia 15 16

Theodenisia brevis 12, 15

Threadgill Creek section (TC) 3,
9, 10, 11, 12, 14, 15, 16, 17
18 19 22 25, 27, 29, 30 31
32, 33 34, 36 37, 38, 39, 40,
41, 49 43, 4-’!- 45, 46 47, 48,
49 50 51, 53, 55, 56, 57, 58

T1cmpea1camu btagel .‘) 809,11

Trigrthropsis 16

F:mi'g’uopsis cf. T. limbata 12,

67
Triar H:mpsw nitida 12, 16, 67
Triarthropsis princetonensis 12 16
Upper Mississippi Valley 3, 6 7
10, 11, 39, 40
\\felgc Sandstone Member 3,6
Wesionaspis 58
Westonaspis lacvifrons 58
Westonaspis? texana 1, 12, 58, 67
White Creek section (WC) 9, 10,
11, 14, 15, 25, 27, 29, 30, 31,
32, 33, 36, 40, 44, 45, 56, 58
Wilbernia 7, 22, 32
Wilbernia diademata 10, 25, 32, 33
Wilbernia halli 9, 22, 33
Wilbernia halli var, A 22, 33, 40
Wilbernia expansa 9, 10, 32-33
IWilbernia pero 10, 11 32 33
Wilberns F0r1111t10111 3 4, 3, 6,
9, 10, 11
Wisconsin 7,10
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