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TRI1,OBITES OF THE UPPER CAIIBRIXN PTYCHA2SPID EIOMERE 
IVILBERNS FORAIATIOK, CENTRAL TEXAS 

SLSAN ANN LONGXCRE 

Ans-~I~ACT-Trilobites collected during the past 20 years from the Ilorgan Creek, Point 
Peal;, and San Snba Members of tlie Wilberns Formation comprise 89 species assigned to 
45 genera belonging to zones of tlie upper Franconian and Trempealeauan Stages of the 
Upper Cambrian C r o i s a ~ ~  Series. Ke\v zonal names are proposed in the interest of a re- 
gionally applicable rioinenclature. -\ltliough none of tlie zonal nomenclature is identical to that 
of tlie 1944 Cambrian Correlatio~i Chart of Ilo\vell c t  nl., the four zones recognized in cen- 
tral Texas are equivalent to the eight highest zones on the Chart. Stratigraphically lolvest is 
tlie Franconian Tac~~irephahrs  Zone, with a locally recognized Pai,aboliiloides Subzonc at its 
base ; this zone is equivalent to the Cotlaspis Zone of the Correlation Chart. The Franconian 
Idalloia Zone, with a locally recognized Idnl~oGz 1ii.n~ Subzone at its base, is ecjcii~:iIelit to 
the Pfyclmspis  Subzoiie o l  the P/yc/iaspis-Prosai!l?in Zone of the Correlation Cliart. T l~e  
sparsely fossilileroiis Bllipsorcplioloicies Zone corrcsl)onds to tlic Prosn i~k in  Subzoiie oi the 
Ptycllarbis-Prosail/zia Zone on tlic Cliart. Allnost t~vo-thirds of the triloliite species tIeci.ihed 
occur in the l'rempealeauan .'Yair/ric~ Zone, which col-~.ciponds to tllc five highest zories oi tl~c 
Correlation Chart; local subzones, in ascending order, are tlie Sn~rltielln pyrene Sul>zone, the 
.i'c~~ikiclla jz~nia S~ibzonc, thc Sallkiclla s e r o t h a  Subzone, and the Corbiiiin apopsi .~ S111izolie. 

The succession of ptychoparioid trilobite fau~ias ~vitliin these zones characterizes the 
Ptycl~aspid Biomere. The base of tlie biomere is at tlie hase of the Taei~iccplialits Zone; 
the top coincides xvitli the lowest occurrence of an Ordovician trilol~ite fauna. Trilobite 
fa~iiilies that characterize the Ptychaspid Biotnere are the Ptycliaspididac ant1 the Parabo- 
linoididae. 

Syste~natic descriptions inclclde two new subfamilies, Drumaspidiiiae and Ptpcliaspidinae, 
anci eight new species, Connspi.~ /eptoholcis, Id io l i~~~ .sus  i ~ f i f ~ t ~ t ~ ,  Eilptycha~l)i.< jroiltnlis, 
Kcitliiella scapane, Saz~Hiella .scrotii~n, Prosnl!kia rew~orn, Cnl~, inel la prethopario, and 
ii~cstoilaspis? texatln. 

INTRODCCTION Sicholls, all s~ipervisetl by '15'. C. Bell, addecl 
greatlj- to the Tesas  collections. -1s part of a 

B ETWEEN the base of the Upper Cambrian larger project by Barnes and Bell on the Cam- 
Eoor.tllis bed and the lowest Ordovician tri- brian of central Tesas,  Bell & Blli~lwood 

lobites in central T e s a s  is a complex of interre- (1962) described and illustratecl trilobite species 
lated trilobite species and genera that constitute then known to occur from the Eooi.tliis becl to 
the here named Ptychaspid Biomere. The  sys- the loxver part of the San  S a l ~ a  Limestoiic. 
tematic descriptions and study of relationships Based on material from the calcitic San Saba 011 

among species in this nen- biomere are  the sub- the western side of the Llano Uplift, Winston & 
jects of this paper. Kicholls (1967) described ant1 illustrated Cam- 

This  study has as its foundation the investiga- brian and Ordovician trilobites from the  re- 
tions and collections of many people. The litho- mainder of the 11-ilberns Formation. I am 
stratigraphy of the Wilberns Formation \\as de- deeply indebted to all of these gentlemen for 
scribed by Bridge, Barnes, & Cloud (1917) and having made the estensive collections on which 
by Cloud & Barnes (1918). Fossil collecting this study is based. 
from the lVilberns was begun by Barnes and -Although most of the trilobites were ade- 
others before 1917, and, during the summer of quately prepared before this study began, many 
1917, W. C. Bell collected from sections meas- still required cleaning before the iclentifications 
ured and painted by Barnes. While ~vorlting as  coulcl be made. This additional preparation, thc 
a field assistant to Barnes (1949-1950), Howard borron-ing of type specimens, ant1 I years of rel- 
Ellinwood collected material from the E o o r t h i s  atively un in te r r~~pted  work on the faunas haye 
bed to the top of the JVill~erns Formation in nu- led to certain opinions that differ from those of 
merous measured sections. These collections Bell, Ellinwood, llTinston, and Nicholls. This 
were the basis fo r  his P11.D. thesis (1953), and paper is based on my Ph.D. dissertation a t  The 
most of the material useti in this study is irom Lniversity of Tesas  at  Austin, supervised by 
his collections. Thesis studies by Alexander \I7. C. Bell. 
( 19561, Jailsell ( 1957), lijinston ( 1957), antl Reference is m:itie to trilobites collected in tlic. 
Wise (1964), and an unfiiiishcd study by l-farry i l r l~ t~c l i l e  i\lo~rntains of Oklahoma l ~ y  James 1-1. 

1 



2 T H E  PTYCHASPID BIOMERE 

Stitt, and to his conclusions. Although most spe- 
cies a re  common t o  both Oklahoma and central 
Texas, only one new species, Saztkiella sei-otina, 
occurs in both areas. Because its proposal is 
based oil specimens from central T e s a s  and be- 
cause its name is borne by a subzone me 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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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 phi-lum." Within its 
boundaries is a complex of interrelated species 
and genera;  dominant families of the complex 
either are  unknown in or a r e  insignificant ele- 
ments of older o r  younger faunal complexes. Al- 
though the biomere is of stage magnitude, it 
should not be used as o r  substituted f o r  the 
stage because the boundaries are, or may be, 
time-transgressive (Palmer, 1962, p. 9 ;  1965a, p. 
150; 19656 p. 4 ) .  

Palmer (1965a. a.  150: 1965h) described the 
characteristics and faunal content of the type 
biomere, the Pterocephaliid Biomere, named 
a f te r  one of the two families that a r e  dominant 
in the interval betneen the base of the Aphelas- 
pis Zone and the top of the Elvijiin Zone. 

Immediately above the Pterocephaliid Bio- 
mere is a comples of interrelated ptychoparioid 
trilobites that constitute another biomere. The  
abrupt faunal change across the Elei~zia-Tomi-  
ceplialzis ( o r  Coilaspis) zonal boundary has long 
been recognized (Frederickson, 1949; Wilson, 
1951 ; Nelson, 1951 ; Bell, Feniak, & Kurtz, 
1952; Bell, Berg, & Nelson, 1956; Lochman, 
196ia;  Grant, 1965). A comparable change in 
the trilobite fauna occurs between the top of the 
Cambrian Saukia Zone and the loii-est Ordovi- 
cian trilobite fauna (Frederickson, 1941 ; Pal- 
mer, in Bass & Tiorthrop, 1953; Lochman, 
1961a, 1964b; 'CVinston & Nicholls, 1967; Stitt, 
in press). Between the base of the Taenice- 
pitaliis Zone and the top of the Saukia Zone is a 
complex of trilobite genera and species domi- 
nated by two families, the Ptqchaspididae and 
the Parabolinoididae. These two families a r e  not 
represented in older or younger faunas. The  
characteristics and famnal content of  these fami- 
lies a re  fully discussed in the systematic descrip- 
tions and a re  illustrated in test-figure 1. The 
lower boundary of this biomere is a t  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 
comalex of trilobites is the Ptychaspid Biomere. 

T h e  biomere is a new type of biostratigraphic  he* Ptychaspididae is the only family repre- 
unit recently recognized and named by Palmer sented throughout the biomere, and the ptychas- 
(1965a). Although the environmental and bio- pid genus Conaspis is the possible progenitor of 
logic conditions responsible fo r  the biomere a r e  the three Ptychaspididae subfamilies that domi- 
open to debate, the unit does exist. Palmer rec- nate the Saztkia Zone: Eurekiinae, Ptychaspidi- 
ognized the first one in the Upper Cambrian nae, and Saukiinae. 
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TEXT-FIG. I-Inferred pliylogenetic relationships in the fatnilies Parabolinoididae and Ptychaspididae. 
Genera not represented in central Texas are enclosed in parentheses. 

The  raiices of all species of the Ptychaspid several locally recoe~lizecl subzones. - - 
Biomere a re  illustrated on con~posite range 
charts (test-figs. 2, 2).  id^^^ on LITHOLOGY 01: TEE ~ ~ J I L B E R S S  FORMATIOX 
a r e  greater species d i ~ e r s i t y  and longer ranges Tlle folloxvi~~g discussion of the Wilberns 
of  species i11 the upper part of the bi&nere rela- Formation is designed to give a general view of 
tive to those in the l o \ ~ e r  part of the biomere. the lithology ancl an ~mderstanding of the  geo- 
Relative abundance of each species is inclicated metric relationship between the lithic and faunal 
by the n id th  of the bar :  narrow bar for rare  oc- boundaries (test-fig. 4) .  T h e  Wilberns Forma- 
currence, nzide bar for common to abundant oc- 
currences, and variable ~v id th  for  significant 
changes i11 relative abundance. T h e  thickness of 
the zones on the charts is cornposite; in 19 meas- 
ured sections the Taeilicepllnlzu Zone averaged 
about 45 feet thick, and the Idakoia Zone, about 
18 feet. Although the base of the Ellipsoce- 
phnloides Zone is present in nine sections, only 
in the James River, LIorgan Creek, Camp Sari 
Saba, and Threadgill Creek sections (test-fig. 
6 )  is  the entire zone present. Therefore the  
thickness of the Ellipsocephnloides Zone is a 
composite from those four sections: 90 feet, fos- 
siliferous; SO feet, ~~nfossi l i ferous.  Thickness of 
the Snlihia Zone is based 011 the Threadgill 
Creelc and James River sections, where total 
thickness averages 175 feet. 

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

tion contai~ls four members : l lrelge Sandsto~le, 
hiorgan Creelc L~~nes tone ,  Polnt Pealc Siltstone, 
and San  Saba L~mestone. 

The  Wclge i\Ie~nber is a tan, n ell sorted, me- 
dlurn- to fine-grainecl, usually nonglauconitlc 
sandstone that  ui~conformably overlies the Llon 
liountai11 i\Iembei of the Iille) Formation. The 
disconformity betn een the Rile) and Wilberns 
is correlative a ith the Dresbach-Franconia dis- 
conformity in the Upper Misslssipp~ Valley. The 
IVelge coiltains trilo1)ites of the Elvirria Zone 
(Pterocephaliid Biomere). Through a very 
short ~nterval ,  the Il'elge grades up into the 
LIorgan Creek Limestone. 

The Morgan Creek Member, with an average 
thickness of 120 feet, IS a gray to greenish, fine- 
to coarse-grained biosparite ~ v i t h  some micrite 
and biomicrite. I t  IS locally oolitlc, and extenslve 
algal accumulations a re  common In the upper 
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part of the ~nernber. The lolver one-third of the 
Morga~i  Creek contains abundant Elaillie Zone 
trilobites. ;lpprosiinately 50 feet above the base 
of the Morgan Creek is the base of the Taefzice- 
phalzds Zone (Ptychaspid Biomere), in associa- 
tion with the E o o r t i ~ i s  coquina. T h e  Taenice- 
plznllls Zone is contained entirely within the 
Morgan Creek. Approximately 95 feet above the 
base of the Morgan Creek is the base of the 
Idnhoin Zone. Although this zone is best repre- 
sented in the Morgan Creek, a few Idahoin 
Zone species occur in the overlying member. 

The  boundary betn-een the Morgan Creek and 
the Point Peak Members is gradational, and 
place~nent of the bouildary in the field is some- 
what ar l~i t rary.  T h e  Point Peak is composed of 
i~lterbedded micaceous, calcareous siltstone, silty 
limestone, iiltraformatio~ial conglomerate, and 

stromatolitic limestone. A t  best the Point Peak 
can be described as  poorly fossiliferous. The  
boundary between the Idnlioin and Ellipsoce- 
pl~nloides Zones occurs near the base of the 
member. At  only one locality does the base of 
the Saukia Zone occur in the Point Peak ;  a t  all 
other localities, this boundary is In the S a n  Saba 
Member. T h e  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- 
c i e ~  is abundantly fossiliferous, locally sandy, 
fine- to coarse-grained glaucoriitic biosparite 
and biomicrite. On  the wester11 edge of  the 
Llano Uplift, medium-grained, well-rounded 
quartz sand commonly is interbedded with lirne- 

. . IEXT-FIG 2-Composite ranges of species in the Franconian part of the Ptychaspid Biomere, Wilberns 
Formation Only the loner, fossiliferous lialf of the Eliipsoceplznloides Zone is illustrated. Narrow bar 
indicates rare occurreilce, wide bar indicates common to abundant occurrence. 
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TI:XT-FIG 3-Composite ranges of species in tile Trelllpealeauatl part of the Ptychaspid Biomere, Wilberlis 
Formation. Yarrow 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 a t  about the Cambrian-Ordovician bound- 
ary. T h e  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 esceptions, and both facies a r e  not always 
present in any one section. The  general trend in 

thickness of the facics is that tlic dolomitc 
thickens eastward and thc calcitic facies thick- 
ens ~vestwarcl. Fen- Saz~fzic~ Zone trilobites have 
been collected from the dolomitic facies, ancl 
those taxa that do occur in thc dolomite look 
quite different from rpccics in the calcitic facies. 
Snlikia Zone tasa  a re  abundallt in the sparites 
of  the calcitic facies of the Sxn Saba. 

The  Wilberils Forn~at ion is conformably 
oleslain by the Stacndcbach Member of the 
Ta11yard Formation, Ellenb~irger Group. Cal- 
citic and dolomitic facies of the Staendebacll 
are  superjacellt to calcitic and tlolomitic facies 
of the San Saha, respectively. 

The  trilobite zonation usccl in this paper is di- 
rectly applicable in central Tesas,  most of it is 
applicable in Oklahoma, and I suggest that  its 
use could be e ~ e n  more extensive. Although 
none of the zonal nomenclature is identical to 
that of the Cambrian Correlation Chart (Howell 
et a l . ,  1944), the four zones recogllized in cen- 
tral Texas a re  ecjui~alent to  the eight highest 
zones of the Croixan Series of the Chart. I n  ad- 
dition, the four T e s a s  zones are either ecluiva- 
lent to  o r  identical with zones locally recognized 
in the Montana-TVyon~i~lg area and in the Upper 
hlississippi Valley. 

Ulrich & Resser (1930, 1933) initiated a large 
scale description of trilobites from the Upper 
blississippi Valley. Twenhofel, Raasch, & 
Thn-aites (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 Snlrkia Zone replace the  five 
highest zones of the Correlation Chart. Subse- 
quently, specific details of faunas and lithostra- 
tigraphy of the Upper Mississippi \'alley were 
published by Kelson (1951, 1956), Bell, Feniak, 
E Icurtz (1952), Berg (1953, 1954), Bell, Berg, 
& Selson (1956), and Grant (1962). 

Pr ior  to 1960 very little detailed published in- 
formation was a ~ a i l a b l e  f o r  conlparing the lat- 
est Cambrian licarshore trilobites of the Upper 
llississippi Valley n-ith faunas from other areas 
of the marginal cratonic sea. Grant (1965) pub- 
lished the detailed systematic paleontology of 
Franconian and Trempealeauan faunas collected 
from nleasured 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 Tesas .  T h e  use by these au- 
thors of locally applicable zonal nomerlclature 
suggests possible dissatisfaction with the no- 
menclature of the Cambrian Correlation Chart 
outside of the Upper lfississippi Valley. 

I t  is important to  untlerstand that during the 
La te  Cambrian the 'i'pper Mississippi ITalley 
was an area of nearshore detrital accuniulation. 
Converselv. carbonate a c c ~ ~ n ~ u l a t i o n  dominated ., 
in  all other marginal cratonic areas. Tha t  the 
composition of a benthic faliua 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 a r e  comparable to  those from the carbonate 
areas, there are  distinct differences. Sot: only 
a r e  different t a s a  present, but the dominant ele- 
ments of the faunas a re  different. I f ,  apparently, 
most of the Lpper  Cambrian marginal cratonic 
rocks of S o r t h  America are  carbonates, then 
the needs for establishing a regional biostratig- 
raphy ~vould best be served if zonal ~ ~ o m e n c l a -  
ture  were cierived from faunas in the carbonate 
areas. 

I n  all fairness to  the other side of the argu- 
ment, I recogllize tliat the zones a r e  based on 
trilobite assemblages, n11c1 I realize that the 
name-giving taxon need not be present for its 
name to be applied to  the assemblage. I-Iowever, 
if the name-giring tason is geographicallj- o r  
environmentally restricted, its choice as the 
source for  a zonal name \\.as a poor one. 11-orlt- 
crs in other areas will recognize ancl name local 
zones rather tllan use a name that has little o r  
1x0 local significance. 

I believe that enough is 1101~ l<nox\-n about 
Upper Caml~rian trilobite iamnas in the mar- 
ginal crato~l ic  areas of S o r t h  America that an 
attempt to  establish a zonal nomenclature tliat is 
both locally and regionall) acceptable is possi- 
ble. T o  thls end, I ssihm~t the zonal nomcncla- 
ture  used in this paper. 

Shaw (1951), Sha\v 8: Deland (1955). ant1 
Grant (1965) i~sed  the Tae;~iccphalzis Zone as  a 
local ecl~~ivalcnt of the Franconian Col~aspis 
Zone of the Correlation Chart. Tcze-iziccpl~al~~s is 
abundant through most of the Coizaspis Zone, o r  
its equivalents, in central Texas, Oklahoma 
(Fredericl~son, 1919), the Upper lIissi.;sippi 
Valley (Selson,  1951; Eell. Feniak, iC: Icurtz, 
19.52; Berg, 1953), anti the l Io~l taua-\ \ -> oming 
area (S l~an-  8 Delantl, 195.7; Grant, 1965). Spe- 
cimens ass~gnable to species of Coilaspis are 
scarce outside of the Upper Al~ssissipp~ \'alley. I 
propose that the name Taeiiicephalzcs be substi- 
tuted for  Couaspis on a revised correlation 

chart.  In addition, I agree with Grant  (1965, p. 
65) that researchers be consistent and use only 
trilobite names in their zonal rlomenclature. 
Therefore, the  Eoort!iis Subzone, based upon a 
genus of brachiopotl, should be abandoned. 

The name Ptycliilspis-Prosa~iizin is inconsis- 
tent with the  patter11 of other zonal names in 
that it combines tn-o generic names into one 
label. The  hyphenated zonal name leads directly 
to its own sul~zonation, tlie Pf~cilaspis Suhzone 
and tlie P.rosalllcin Subzone. Because I think 
s u b z o ~ ~ a l  nomencla t~~re  should reflect local sub- 
d i ~ i s i o n s  and bear locally applicable names, I 
suggest tliat the Pt~~cl~nspis-Prosnzti~'in label be 
abandoned. 

Evidently Twenhofel, Raasch, 8: Thwaites 
( 1935, p. 1702, 1704) first tised the hyphenated 
name, Ptyclzaspi.c-Prosnztfiin fauna, and until re- 
cently this lead has been followed. Although the 
entire fauna is characterized by species of Ptj -  
cllaspis, the upper part also contains species of 
Prosai~l:ia, a genus that is represented in strati- 
graphically higher faunas. T h e  interval through 
~vhich  Ptyclzaspis and Prosaf~kia overlap is 
ltnown a s  the Prosnzlkin division of the Ptychns- 
pis-P~osazifzia fauna (Twenhofel, Raasch, & 
Thn-aites, 1935, p. 1704), the Pi,osaz~kia Subzone 
of the Ptyclaaspis-Pi,osnzilzin Zone (I-Iowell ct 
al., 1944), and the P,rosazi/zicr Zone (Moore, 
1955, p. 564). Such a subdivision restricts Pty- 
cl~ospis ~~z i~z i scac i~~ i s ,  tlie type species, t o  the 
P~osai~hia  Zone or Sul~zone, ail esthetically un- 
tidy situatio11. 

Outside the Upper  Mississippi \-alley, speci- 
mens assignable to species of Pfjcliaspis a r e  not 
cornmon, and specimens assignable to species of 
Prosaltirin are  escecclingly scarce. I11 LIin~lesota 
ant1 \tTisconsin most o i  the Frailconian species 
(ancl specimens) of Pt,osazilzia have come from 
either cross-bedded or  thin-bedded bIazomanie 
sandstone (Berg, 1951, p. 867) ; a fen- aclclitional 
species (and specimens) have come from the 
Reno greensands (Eerg, 1954, p. 869). Thus, not 
only a re  these genera restricted geographically, 
but most species of Pi,osaz~fzia are environmen- 
tally segregated in the one area where the genus 
is well represented. 

Kot only should the name I'tjcllnspis-Prosail- 
1zia he abandoned, but I think the interval can 
and should be treated as two zones. I n  carbonate 
areas it can be divided into a lower, fossilifer- 
ous zone dominated by species of idal~oia, Sara- 
togia, Drzt??~aspis, and TVilDsr~zia and an upper, 
poorly fossiliferous zone containing species of 
Darto;~aspis, Briscoin, Ptycltaspis, Prosnzikia, 
Ellipsoccphaloides, and, in Oklahoma, Samtogia. 
Grant (1965) calletl the lower of the two the 
Idnlioia Zone and recognized three local suh- 
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zones based on species of  I d a h o i a ;  above this he 
recognized a poorly fossiliferous P r o s a u k i a  
Zone. Stitt ( in  press) leaves the two parts 111 one 
zone, the S n r n t o g i a  Zone, the lower part divided 
into I d a l ~ o i a  l i r a e  (basal) and Druli lnspzs  Sub- 
zones, the upper part of the S n r a t o g ~ c l  Zone is 
not subzonetl. I propose that the Ion er fossilif- 
crous inter\-a1 be named the Idalzoza Zone, a 
name that can be applled regionall!, and that 
the upper, sparsely fossiliferous interval bc 
named the El l ipsocep1zn lo~des  Zone, af ter  a 
genus that is represented In all areas. 

I agree n i t h  Raasch (1951), Bell, Berg, & 
Nelson (1956), and Grant (1963) that the 
B?-iscola Zone of the Correlation Chart should be 
abandoned Furthermore, I follonr Raasch 

(1951), Bell, Berg, Sr Nelson (1956), and Win- 
ston & Nicholls ( 1967) in recognizing only the 
Saz ik !a  Zone as  Trempealeauan and in abandon- 
lng the five highest zones of the Cambrian 
Correlation Chart. 

Test-figure 5 coinpares the zonation of the 
Cambrian Correlation Chart TI 1t11 that of Raasch 
(1951), Bell, Berg, & Nelson (1956), Grant 
( 1965), Winston Sr Nicholls (1967), and this 
paper. 

FR IYCONIAN ST.IGC 

Thc  Francoiliai~ Stage is represented in the 
11-ilberns Forn~at ion by the  E l z z ~ ~ z a ,  T a e n i c e -  
~11011l.s I d a l i o ~ n ,  and El l ipsocep l la lo ides  Zones. 
-1lthough a d ~ s c ~ ~ s s l o n  of the Elv i l z ia  Zone 

CAMBRIAK BELL, 
CORREL.4TION CHART-1944 RAASCH-1951 BERG, SELSON-1956 
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fauna is outside the scope of this paper, several quina. The  base of the T a e ~ z i c e p l ~ a l z ~ s  Zone is at 
species that  originate in the Elvi?zia Zone occur section localities 13-312, CO-124, CR-697, E-848, 
also in the very base of the P a m b o l i ~ ~ o z d e s  Sub- EC-1, GM-546, GR-118, JR-121, LL-671.8, RIIC- 
zone of the Taetzicepl~alz(s Zone; these include 660, PIC-885, SIC-200, SS-46, ST-178, SU-5G, 
Irvittgella u ~ n j o r ,  Szilcocephalus cnudidiis, Co- TX-0 6, TC-931-931.5, TR-291, and WC-889. 
fitn*tchin aiiiploocz(lata, and Del len? pliilciafn. Trilobites of the Tne?ticephallrs Zone include 

- - -  . 
T h e  Tacil~ceplzalzts Zone is present 111 20 meas- oides cotztractzds, P .  gra?zulosz!s, Tac~ziceplznlz(s 

used sections in central Texas and occurs en- gozrldi, T .  sltu?llnidi, T .  sp., and TVllbcnzia halli. 
tirely within the Morgan Creek Member of the Tl'ilbeiilia expailsn and Pseudagilosfzis  com~i i i ! -  
IVilberns Formation. The  base of the zone is 111s occur in this zone but a r e  not confined to it 
usually marked by a cocluiila of brachiopods The top of the  zone is a t  the  base of the Idahoin 
dominated by the genera Eoor th i s  and Bill ing- Zone. In  most sec t io~~s ,  the zone is abundantly 
sella; the lowest occurrence of species of Pam- foss i l i i e ro~~s  in  its lox-er 15 feet arlcl less fossil- 
bolilzoidcs is nonnallp ill this brachiopod co- i f e r o ~ ~ s  toward the top. 
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Parnboliiloides Subzone.-Grant (1965, p. 84)  
defined a Pniaboliizoides Subzone a t  the base of 
the Tncizzceplzalzis Zone in Montana and Wyo- 
ming. .l comparable limiting of species of Para-  
bolinoidcs to the basal 1 to 3 feet of the Taeti i-  
ceplzalils Zone occurs in 19 measured sections in 
central Texas ;  a t  Eckert's Crossing, the meas- 
ured section base is in a creek bed and is strati- 
grapli~cally above the Paiabol i~ to idcs  Subzone. 
The  base of the Pnrabolitioides Subzone is the 
base of tlie Taelzicepilnlus Zone; the top of the 
s~tbzone is defined by the highest occurrence of 
Pnraboliiloidcs. 111 the measured sections, the 
top of the subzone is at B-312.5, CO-126, CR- 
697, E-819.5, GM-547, GR-119, JR-122, LL-673, 
i\IC-663, PK-886, SK-201, SS-47.5, ST-478, 
SU-58, T-4-2, TC-935.5-936, TR-292.5, and 
WC-889. Trilobites confined to the Parnboli- 
i ~ o i d e s  S~lbzone include P. colztracfz<s and P .  
gm?zzclosi~s; other species not confined to the 
subzone include O~ggr i tn sp i s  l l a ~ z o c ~ ~ s i s  and 
Tae?ziceplialiis goztldi. Brachiopods abundant in 
the subzone include Eooitlzis  remlziclza, E. iqzdi- 
anola and Billittgsella co~o iadoe~zs i s .  

The  range of species in the Painboliuoides 
Subzone of central Texas is similar to that in 
the Parnboliiioides Snbzone of Oklahoma (Stitt ,  
in press).  However, in Tesas,  0rygTrlnspi.s lla?to- 
etzsis occurs through as much as half of the sub- 
zone and Tnc~zicephall ls  goilldi occurs at  the top 
of the subzone, whereas, in Oklahoma, Oryg-  
girnspis and Tae?zicepl~alics occur above the 
range of Pninbol i~ to idcs .  I n  Montana and IVyo- 
ming (Grant ,  1965, p. S4), the lonest occur- 
rence of most species of the Tae~z i cepha l z~s  Zone 
is in the Pninbol i~zoidcs  Subzone, nhereas  in 
Texas most species originate above the top of 
the subzone. A Paraboliiioides Subzone can be 
recognized in the Upper Mississippi Valley 
(Berg, 1953, p. 556), nliere Pal-aboliiloides is 
abundant in and confined to the lower part of 
the Connspis Zone. Pnrabol i i~oidcs  is a subzonal 
name that is both locall>- and regionally applica- 
ble. 

Idahoia z o r z  

T h e  Idalzoia Zone is present in the Morgan 
Creek and Point Peak Members of the IYilberns 
Format~on .  Although some specimens Ivere col- 
lected from siltstone in the lower part of the 
Point Peak, most of the fossil material is from 
tlie Morgan Creek. T h c  lowest occurrence of 
Idahoia lirae, Wi lber f i in  ciiademata, and Sa in to -  
g ia  america~za marks the base of the zone. In  
measured sections the base of the Idalioin Zone 
is a t  B-316.5, CO-162, CR-713-717, E-894, EC- 
20.5, GlI-590, GR-165, JR-169, LL-714, LIC-706, 
PIC-922, SK-232, SS-92.5, ST-528, SU-  166, T A -  
56, TC-983, TR-342, and LTC-925. The top of 

the Idalzoia Zone is a t  the base of the Ellipsocc- 
plznloides Zone. Trilobites confined to the  Icln- 
lzoin Zone a r e  Dl  t~ii iaspis texailc!, I da l~o in  lil-ac, I .  
e~isco?lsensis,  Ptycliaspis bz~llasn, Saratogin  
aii~eiica?za, S. f i ia,  Taei~iccplznliiln globztla, and 
TVilbci~zia diadciiiata. Drzinzaspis idalzoeiisis is 
common in the upper half of the zone. Thlee  
cranldia, intermediate betweell D. idnhowlsis 
and Dartoitnspis hut assigned to D. idnhoellsis, 
were collected in the ~niddle of the Ellipsocc- 
p l~alo ides  Zone. Other species not confined to 
the Idnhoia Zone a re  Psezldagiiostzts c o ~ ~ t ~ ~ z z ~ i l i s ,  
.Sniotogia ~izodcstil, TT'ilber?zin c.vpaiisn, and Ti'. 
peio.  

The  Idtrlzoia Zone of central T e s a s  is equixa- 
lent to the Idahoin I~rcre and Dizrli~aspis Sub- 
zones of the  Sn,n togin  Zone in Oklahoma 
(Stitt ,  in press), to the Idahoin Zone in Mon- 
tana and Wyoming (Grant,  1965, p. 85-87, pl. 
1 ) ,  and to the Ptgci'iaspis Subi.one of the Upper 
liississippi Valley (Nelson, 1951, p 769, table 
1 ; Bell, Feniak, & ICurtz, 1952, p. 177, table 1 ; 
Grant, 1962, p. 974, table 2 ) .  

Idnltoia l irae Subzone.-Idalioin Ili.ae is abun- 
clant in and confined to a maximum interval of 6 
feet a t  the base of the Ida l~o la  Zone, and, al- 
though scarce, JJ/-ilbenzia diadeiilnta is also re- 
stricted to this ~ntcrval .  Saratogia  antel-icnlin 
ancl Pselldag~zosfzls  coill~izzclzis can occur in  the 
~nterval ,  but they a re  not confined to it. No 
other trilobites occur in this ~ n t e r ~ a l .  T h e  Ida- 
/loin l i i ae  Subzone is defined from the base of the 
zone to the top of the range of I .  l i lac.  T h e  top 
of the I .  l i m e  Sulj7one is a t  CO-162, CR-743- 
747, E-891, EC-21 5, GhI-591, GR-171, JR-177, 
LL-719, MC-707, PIC-922, SIC-233, SS-94.5, 
ST-528, TA-56, TC-987, TR-3-11 5, and WC-925. 

The  fauna of the Idahoia lirac Subzone of 
central Tesas  is almost iclentical to that of the I .  
l i inc  Subzone at  the base of the Sai.atogia Zone 
in Oklahoma (Stitt, in press), tlie only differ- 
ences being that Sa ia tog in  o7ilciicai1a occurs In 
the s u b ~ o n e  only in T e s a s  and Coi~asPis  tzi~lzidas 
occurs in the subzo~le only in Oklahoma. The 
Idalzoia l irne Sub7one is equixalent to a t  least 
the lon-er part of the I .  w y o ~ ~ t i i ~ g c ~ l s i s  Subzone 
of Montana ant1 IL7joming (Grant,  1965, p. 86) 
and is comparal~le to the Stig~;lncepizalzts ozwci~i 
faunule of the S t  Croix Vallej in hiIinnesota 
and 11 isconsin (Selson, 1951, p 769, table 1 )  
and, thereby, to tlie Psalnspis i.onule of south- 
eastern Minnesota (Bell, Feniak, & ICurtz, 1952, 
p. 177, table 1 ; Grant, 1962, p. 973-978, table 2 ) .  

The  Ellipsoceplznloides Zone is represented in 
the Point Peak hIeml~er  of the SVilberns 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 Cltarioce- 
plzalus whltfieldi. T h e  base of the zone is a t  
EC-55, GR-204, JR-210, LL-750, MC-750, SS- 
138.5, TA-163, TC-1085, and WC-1060. T h e  top 
of the zone IS a t  the base of the Sazclzia Zone. 

T h e  Ellipsocephaloidcs Zone is poorly fossil- 
iferous, and collections a r e  small and \x,ldely 
spaced 111 the sections The  Point Pealc is pre- 
dominantly slltstone, with Interspersed intrafor- 
mational conglomerate and stromatolitic-lime- 
stone units Trilobites a re  not well preserved in 
the siltstone. Most of the Ellipsoccplialoides 
fauna is from the limcstoi~e beds. Species lim- 
ited to  the zone include Bi-iscoia sp., Cliarioce- 
plzalzts eultiifieldi, Dartoizaspis zvichitacilsis, El- 
lrpsocepl~nlo~des silvesfi.is, Iii~onteszts injililzts, n. 
sp., Prosnztkia cf. P .  cl~rvicostatn,  P. cf. P.  tu- 
bercz~lata, P t~c l rasp i s  sp., ancl Stigf~laceplinlotdes 
czirvabills. Four species common in the Idaltoia 
Zone also occur in the Ellipsoceplzaloidcs Zone: 
Saratogin fizodesta is scarce at  the base of the 
zone; three cranidia assigned to Drz~lizaspis idtr- 
lzoe?tsis were collected al~ol-e the midclle of the 
fossiliferous part of tlle zone; ll/ilbeinia pero 
occurs througll the lower two-thircls of the 
zone; and Psezcdag~tostils co~iz~itu?zis occurs a t  
the base. 

Specimens that a rc  stiatigsaphically scattered 
and mostly broken or  poorly preserved consti- 
tute the fauna of the EllipsocepJzaloidcs Zone. 
I n  spite of my definition and naming of the zone 
and Grant's recognition of the equivalent Pro- 
snztlzia Zone, the problenis ~ n l ~ e r c n t  in this part 
of the section a r e  not resol\-ed, the type area 
notwithstanding. I n  the l Iontana ancl JT'yoming 
area, Oltlahoma, and ceiitral Tesas,  this interval 
is sparsclj- fossi l i fero~~s,  and specimens assign- 
able to  Piosazlkia are  \ e r -  scarce. Grant (1965, 
p. 142) identified one plgidium as Prosaztlzia sp. 
Bell & Ellinn-ood (1962, p. 106) identified three 
cranidia a s  P .  cf. P .  cz~r;ccostata and, 11y my 
count, three cranidia as P .  cf. P .  t1tbcrc~tlata. 
Stitt  ( in  press) found 110 speci~nells assignable 
to  Prosaztkin in this part of the section. I think 
Prosazclzia is not a regionally applicable or ac- 
ceptable name for  this Lone and prefer to  use 
the name Ellifisocephnloiiics; not only is it more 
meaningful in Texas, but ipecies of Ellipsoce- 
phaloides occur in equix-alent f a u ~ ~ a s  in Montana 
and Wyomlng (Grant ,  1965, p. 87)  and in the 
Upper Alississippi Valley (Bell, Feniak, & 
Kurtz, 1952, p. 177, table 1 : Berg, 1953, p. 557; 
Grant, 1962, p. 971, table 2 ) .  

TREMPEALEAUAT STAGE 

T h e  Trempealeauan Stage is represented by 
the Saztlzia Zone. T h e  number of species in the 
zone is almost twice that of the underlying three 

zones combined. In the Snukia Zone, 55 species 
a r e  present, a s  opposed to 33 species in the three 
Fraiiconiatl zones abol-e the Elziilin Zone. 

Snztkin ZOKE 

The S a ~ ~ k i a  Zone is present in eight measured 
sections on the nestern sicle and one section on 
the eastern side of the Llano Uplift. The base of 
the zone in the J a n ~ e s  River section is 45 fcet 
below tlie top of tlie Point Peak Member, and in 
all other sections the zone is confined to the  San 
Saba l tember of the IYilbcrns Formation. On 
the eastern side of the uplift, the S a n  Saba is a 
poorly fossi l i fero~~s,  clolomitizccl limestone. 
From only one section on the e:isteri~ sicle, Mor- 
gan Creek, have identifiable Snltkin Zone t a s a  
been collected; a l~ove these few collections from 
the lower part of the San Saba, the limestone is 
dolomitized. O n  the western side of the uplift 
the Sari Saba is a fossiliferous calcitic limestone, 
and the entire .Ynl~kicl Zone is  ell represented. 
The  zone is dominated by species of Saukiella, 
Calvinelln, Bayfieldin, Elrptyclznspis, Corbiizia, 
and Eztrekia. 

T h e  Sazckia Zo:~e of central Texas  is equiva- 
lent to the Sazclzia Zone of the Upper Missis- 
sippi 17allcy (Raasch, 1951, p. 118-119, chart  1) 
and to all escept the lolvest past of the Snzrhicl 
Zone of Oltlahoma (Stitt ,  in press).  

Four  s ~ b z o n e s  are  recognized in the Saztkia 
Zone arid in ascellding order a r e :  the Snztkielln 
pyroze Subzonc, the Sazbkiella jullia Subzone, 
the Sni~iziella seroiitin Subzone, and the Corbi- 
uin afiofsis Subzone. Winston k Nicholls 
(1967) studiecl part of the Sa1t1;icr Zone and cie- 
fined three subzones : the Snubiclla j l r~~ ia  Sub- 
zone, the Sn~lkic l la  rtoizunlficl~si.z Subzone, and 
the Coibiuia apofisis S ~ ~ b z o n e .  I have used their 
subzonation wit11 onlj- one change, a ncw name 
for  the Sn~tkicllcl 1loi~i;lillkeilsis Sul~zone because 
of what I regard as a ~nisident if icat io~~ by them. 
The  lo\\-er Trempealeauan of Bell & Ellinwood 
(1962) and Winston & Sicholls (1967) is 
herein nanlecl the Snz~1;ielln pjrrcile Subzone. 

.Cn~tkiella pjlrciie Subzone.-This is the lowest 
sul~zone of the S a ~ t k i a  Zone, and its base is nor- 
n~a l ly  marked 11)- the lowest occurrence of 116011- 
oclieil1t.s trzc~zcat~ts and  Illne~zzcri!~ qltadratzts. In 
~neasured sections tile base is at EC-23, JR-347, 
LIC-915 f , SPI-1-8.5.5, SS-302.5, and TC-1233. 
The  top of the c111)zone is a t  the lxise of the 
Srrltkiclln jz~wia S ~ ~ l ~ z o n e .  Species confinecl to  the 
Sa~ilzielln pyrelie Sll1:zone are Elrptyclzaspis 
froilfnli.~, 11. sp., Ezti.cfiia gmxz!losci, Geragnos- 
t z ~ s !  iiisolitzcs, Illicrii~riics qzcndrnt1~s, Keithia cf. 
I<. coiliiexa, Reiflziclla scrzcpzllosn, I<, scapa~lc,  
n. sp., Leioco~gplzc occipitalis, .llo~zoc1~eilzts 
t~iiilcntzts, Pletizopcllis sp., R(iscttin nza,qiza, 
Sazikielln fallan-, S .  pyre~ze, and Stelzopilzis 
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pro~zz~s .  T h e  highest occurrence of Pseiidngnos- 
tzrs C O I I I ~ I I Z ~ ~ I ~ S  is in the lo~vest part of this sub- 
zone. Ezipij'chaspis jilqcilis ancl Plcfl io~iletopzts 
coiivergciis range through the Snztkielln py l -em,  
S .  jztilia, and S. sei,ofii:a Subzo~les. Bayfieldin 
b i f~odosa  and Id io~ i i e sus  lcaisefzsis occur in the 
Saztkicllil p_i'Yelze and S. jilizia Subzones. 

The  Saulzielln pyl-ciic Subzone is ecluivalent to  
the I l lneii~cii is  Zone of 3Iontana ant1 \T7yoming 
(Grant .  1965) ancl to at  least the  upper half of 
the Rnscii ia Iizogfzn Sul~zone of the Sauhin  Zone 
in Oklahoma (Stitt ,  ln press).  

Snzikielln jzt~zia Subzone.-The Snlikiella 
jztizin Sul~zone was first defined by llvlnston & 
Nicholls (1967, p. 69) .  The  base of the subzone 
is a t  the lowest occurrence of Sazilziclltr p c p i f ~ e n -  
sis, and species confined to the sul~zone a r e  
Briscoin liiiitti, Ezcpfyclinspis typicnlic. Sazckia 
tzrlnida, Snzilziella jiliiia, and S.  pepiiie?zsis. 
Bayficlilin silizato, Ezircfcia cos, Idioiiieszts inter-  
nzedius, Sni tk in  igitpeinii-i.r, and Stenopi lus  ln tus  
range through the Stcl~iziclln jztlzin dnd .S. sero- 
tifzn S~tbzones. The  base of the S. jziiiia Subzone 
is a t  EC-70, CC-27, JR-153, SII-12.6, SS-356, 
and TC-1291. T h e  top of the subzone is a t  the 
base of the S scvotiira Subzone. 

The  Snz~kicllrr jztnin Subzone of central T e s a s  
is e q u i ~  alent to  the S .  jziuin Stlbzone of Okla- 
homa (Stitt ,  in press).  

Saztkiella scrofifztr Sub7one.-Winston & Nich- 
011s (1967, p. 69) defined a Sazckiella i lo~sanlk-  
eizsis Subzone above the S. jzlnin Subzone; but, 
because I have placetl S ,  i io , zanlke~~sis  in synon- 
ymy with S .  p y v e ~ ~ e a n d  propose a new species, 
S. serofi i in,  for the specimens identified as S. 
t~orzvalizoisis by Winston and Nicholls, I have 
renamed their S. ~zoi  ~ ~ w l k c i i s i s  Subzone the S .  
serotinn Subzone. 

T h e  base of thc sub/one is ~lormally marl<ed 
by the lonest occurrence of Saulzielln .sci,oti~ta, 
Ezcptycl~aspis k i rk i ,  aiid Cal.oinella pro[ o n  Spe- 
cies confined to the S serot i~za  Subzone a re  
Bozwvzniiin aliiericnglo, L: p c i ~ i t s y l v a ~ i ~ c a ,  B ,  sag- 
i t tn,  Briscoia l la~toefzsis ,  Calvi~zella fiietlioparia, 
n. sp., C. grocers, C .  fei~:lisctclptn, Eilptyclznspis 
Izirki, Hetei ,ocaryon t l~be i  cltlatlinz, Lciocoi yphe  
cf. L. loiigiccps, 11~acio i~oi In  cf. 214. jiiiizn, Pro -  
sazikia ieiiloi n, n. sp , R n  redtin ~ t ~ i c l ~ i i a o z s i s ,  
Snz~kie l la  plnliata, and Tlicodeizisin hies ' is  Al- 
though Snz~hic l ln  serofiiici is abundant through- 
out the sub~olle ,  it call occur in the liase of the 
Corbifzln npopsis S ~ ~ h / o n e .  Other species occur- 
ring in but not confilled to the Saztlzicllti sc io t ina  
Subzone a re  Aclzeilops ~ i i a ~ o ~ r c ~ ~ s i s ,  Bnjj icldia 
sigiznta, E~tptycbtaspis jirqtilir, Bzrrelzin cos, Idi-  
o~izeszts iiitciiiiedizrs, I<rlfliiclln ptrtzilcc, Pletho- 
lizetopz4.s coiizergelzs, P .  o btiiszis, Sazrkin iiizpern- 
t r i x ,  and S t e ~ ~ o p i l z t s  1 u t l t ~ .  T h e  base of the snb- 

zone is a t  CC-58, JR-484, LC-32, LCS-32, SH- 
52, SS-375, aild TC-1357. The  top of the  sub- 
zone is a t  the I~ase of the Corbi l~ ia  npopsis Sub- 
zone. 

T h e  Saulziella s e i o t i f ~ a  Subzone of central 
T e s a s  is equivalent to the S .  sei-otiun Subzone 
of Oklahoma (Stitt ,  in press).  

Coi.bi~lia npopsis Subzone.--The Corbiiliil 
iipopsis Subzone is the highest subzone of the 
S r r t ~ h i n  Zone, and its base is marked by the  IOU-- 
est occurrence of Coi.binia apopsis. Species con- 
fined to the subzone include Apatokephaloidcs 
clivosits, Corbiiiin c~popsis,  Le iob i c i i~ i l l i n  leotzeiz- 
six,  Tiiartlzropsis cf. T. l knba fn ,  T .  ~ t i t i d a ,  T .  
pii izccto~ze~zsis,  a ~ i d  TT~esto.~zaspis? iexalza,, n.  sp. 
Although Aclzcilops wzasoize~lsis and Pletho?ize- 
topzts obtztsus are common in this suhzone, they 
first occur in the top of the Saz~iziella serotitin 
Subzone. Other species not confined to the  COY- 
biiiin apopsis Subzone a re  Eiciekia cos, Id iome-  
su s  i l i terfnediz~s,  and Sazckiclltr scroti~iza. The 
base of the subzone is a t  CC-67, JR-538, LC-IS, 
LCS-53, SH-72, SS-411, and TC-1402. T h e  top 
of the subzone is a t  the base of the Ordovician 
-1fissisqzroia Zone, a t  CC-90, JR-597, LCS-108.5, 
SS-117, and TC-1415. 

The  C o r b i ~ l i n  agopsis Subzone of central 
T e s a s  is equivalent to the C o ~ b i i i i n  npopsis Sub-  
zone of  Olclaho~na (Stitt, in press).  

Fani l ies  of trilobites a r e  arranged alphabeti- 
cally under each order, subfanlllies are alphabet- 
ized within the families, genera are  alphabet- 
ized under each family or  subfatnlly, and spe- 
cies a re  alphabetized m~cler each gems.  Unless 
stated otherwise in the descriptions, designa- 
tions from the  Treat ice  oiz I ~ t c e r t c b i n t e  Pa leo~ t -  
tology have been used for familial assignments 
of genera (Harr ington et  al., 1959), fo r  mor- 
phologic termitlolog)- for trilobites (Harrington, 
1959; Harrington. JIoorc, & Stubblefield, 1959), 
and for  directional orientation terms (I-Iarring- 
ton, 1959). Ornanlent terms are from those of 
the Treat i se  and others in common usage. 
\Vhere applicable, orientation and location of 
measurements are  indicated i l l  the  species de- 
scriptions. 

S o t  all species tlescribed and commented upon 
are  lilustrated. This paper is to be used in con- 
cert with those of Bell & Ellinn-ood (1962) and 
11-inston & Nicholls ( 1967). If the photographic 
record of a species n as sufficient o r  if additional 
photographs would not enhance that record, the 
specles was not alloted space on the  plates. The 
figured specimens a re  deposited with the Bureau 
of  Economic Geology ( B E G )  and The Univer- 
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TEXT-FIG. 6-Index map showing location of measured sections. 

sity of T c s a s  at  Austin: the support collections 
a r e  stored at  The Universitj- of Tesas  at  flus- 
tin. Plates co~ltaill t l ~ r c c  col111nns of stereophoto- 
graphs, and the fossils \Yere magnified or re- 
duced to malx picturcs slightly less thail 1 i~lcll 
scluare. 

A t  the entl 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, tlie number refers to 
the footage of the collection above the base of 
that  section. The  bases of the sections a re  at  
various lithostratigraphic and biostratigraphic 
horizons. For  the nine sections not cliscussed i11 
Bell & Elliiin.00~1 (1962, p.  386-388), the loca- 
tion, section base, and footages of lithic l~ounda-  
ries are  given below. Ileasured section locations 
a re  plotted in test-figure 6. T h e  sections a re  
listed belo\\- in alphal~etic order according to 
their initials. 

B Backboiie Ridge. 
B C  B1zl.f Creek-Near nlouth of Bluff Creek, 

close to the Llano River, Bear Springs area, 
southwestern Mason County. Base of section 
is in Point Pcalc lvtenll~er of MGlbcrns Forma- 

ti011 Top of Point Peak Member is a t  BC-2; 
top of San  S a l ~ a  Member is a t  BC-262. 

CC Cali  C~rcf+-On the B l o c l i h ~ ~ ~ e  R a ~ l c l ~ ,  
north~vestern LIason Count), along lower 
re,lch of Calf Creel; and clon~lstream along 
'all Saba River. Base of section 111 lower San 
Saba l I c m b e r ,  top of Sari Saba a t  CC-152. 

CO Cold Creek. 
CR Carfer Ra~zcii. 
E East Ca+lyofz. 
E C  EcKertJs Crossiiig. Leon Creeli area. 
GI1 Grny il/Joz~+iiaii~, Goodrich Ranch area. 
GR Glpso~z Ra~lcli-Base of section about 2,500 

feet west-southnest of mouth of Hickory 
Creek, about 4 miles northnest of Johnson 
Cit!., Blanco Count! Base of section in Cap 
Llou~ltain AIcrnber of Riley Formation. Top 
of Cap AIountain I lcmber at GR-1; top of 
Lioil hIountaiil Alen~ber of Riley Formation 
at  GR-42; top of Norgan Creeli Member at 
GR-197; top of P o i i ~ t  Peali IIember a t  GR- 
222. 

J R  ( Upper) Jaliirs IZtver. 
I L  L c o ~ z  Creek (Ellinwooc1)-On Leon Creeli 

2 miles north of junction v i th  Llano Ril-er 
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Mason County, along prominent bend in Leon 
Creek lvliere course changes from north-south 
to  east-nest. Base of section is in San  Saba 
Member: top of San Saba at  LC-151 

LCS LL.OU Creek Sect1071 (Winston)-Base of 
sectlon 1s in bed of Leon Creek In prominent 
bend of crcek about 1 3  miles southeast of 
point n here U.S. H ~ g h n  ay 183 crosses Leon 
Creek Base of sectlon is in San  Saba Mem- 
ber ,  top of section a t  LCS-154. 

T,L I-iffle L l a ~ ~ o .  
MC 11loiqni1 Creek. 
PIC Paclzsnddle M o t u ~ t a ~ n  
S H  Spi "19 Ilollozw, Leon Creek area-Base of 

sect~on is in bed of Spring I lol lo~v,  40 feet 
west of a fence that crosses Leon Creeli and 
1,650 feet south of the L. B. Eckert Ranch 
headquarters, western l fason County. Base of 
sect~on 1s In S a n  Saba Member; top of section 
a t  SH-85. 

SIC Klett-Ti'alker. 
S P I I  Sliccp P e n  H o l l o z ~ ,  Leon Creek area- 

Base o i  section is 111 bed of Sheep Pen Hol- 
low, 3,450 feet northeast of the IYes Eckert 
Ranch headquarters, n estern Mason County. 
Base of section is in Point Peak AIember; top 
of Point Peak a t  S P H - I S ;  top of section a t  
SPH-166 

S S  Ctrvip Snit Saba. 
S T  Sf reefe r .  
SU Szrdduiil 
T A  Tcri~zilid 
T C  Tiirccldgill Crccl; 
T R  Tnyior R a n c l ~ - ~ \ b o ~ ~ t  5 miles northcast of 

Pontotoc, San Saba County. Top of section 
allout 3,000 feet noith-northnest of intersec- 
tion of Clierokee-Pontotoc road and road to 
Taylor R m c h  headcluarters and about 1,000 
feet east of road t o  T a ~ l o r  Ranch headquar- 
ters. Base of sectlon is in Cap l fo r~nta in  
Mcml~er  of Riley Folrnation; top of Cap 
Mountain I~imestotie at  TR-165; top of Lion 
1lountn111 Sanclstone at  TR-215 ; top of S5'elge 
Santlstone at  TR-240: top of Morgan Creeli 
1Iembcr at  TR-366; top of Point Peak Nem- 
ber at  T R - I U .  

117C Tf7111te CI eel?. 

The  follo\\.ing pu1)lic:itions o r  theses contain 
graphic or 7-erhal dcscriptio~ls of the a l ~ o ~ e  meas- 
ured sections. Plate 1 in Bridge, Barnes, & 
Cloud (1917) graphicall!- illustrates the sections 
a t  Backlio~le Ridge, I?luff Creek, Calf Creck, 
Camp San S;il)a, Carter Ranch, East Canyon. 
Little Llano, Morgan Creek, Packsaddle h1o~ui- 
tain, Scott-Iclctt (Iclett-Walker), Tanyarcl, 
Threadgill Creeli, and SVhite 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-IClett, p. 
343), and Tanyard (p. 244-251 ) ; plate 14 con- 
tains graphic sections from Backbone Mountain, 
Bluff Creek, Camp San  Saba, East Canyon, 
Iclett-Walker ( Scott-Iclett), Taliyard, and 
Threadgill Creeli. Barnes 8- Bell (1954) de- 
scribed sections from Streeter (p.  41-45), Camp 
Sari Saba (p.  45-62), and Calf Creelc (p .  62- 
67). Ellinwood (1953) descsibecl the location 
and faunal content of the follo~ving measuretl 
sections: Leon Creeli (p. 1891, Calf Creek (p .  
190), Strecter (p. 190-192), Upper James River 
(p. 192-198), Camp San  Saba (p. 198-203), 
Threadgill Creeli i p. 204-2091, Leon Creek (p. 
21 1-215), Carter Ranch (p. 215-216), Tanj-ard 
(p. 217-219), Sudduth (p. 222-223), Backbone 
Ridge (p.  221-225), and White  Creek (p. 226- 
229). Winston (1957) described sectio~ls from 
Eckert's Crossing (p. 122-125), Leo11 Creek (p. 
128-133), Sheep Pen  Hollow (p. 145-148), and 
Spring Hol lon~  (151-155). Jansen (1957) de- 
scribed the section from Gray blountain (p. 
115-150). Sections described by SVise (1963) 
iricl~ltle Gipson Ranch (p.  199-206). 

T h e  occurrence data fo r  the Snzdzia Zone 
taxa a re  not identical to those of SS7inston & Nich- 
011s (1967) ; additional data and changes in 
tasonomy and nomenclature contribute t o  the 
differences. 

I'hylum . ~ R ~ H R O P O D . \  Sieboltl S 5ta111ii~is, 1845 
Class T x r t o n ~ , r ~  \STalc1i, 1771 

Order AGUOSTIDA ICoba! as l~ i ,  1935 
Famlly .\GSOSTIDAE LIcCoy, 1849 

Genus GER~GNOSTUS Ho~vell ,  1935 
Geragnostus? insolitz~s Grant 

PI 3, figs. 19-21 
Geing~iostzls? insolit~is GRANT, 196.;, p. 107, pl. 15, 
figs. 9, 10, 12. 
R c ~ i ~ n r k s . - N ~ ~ n ~ e r o ~ ~ s  cephala and pygidia 

from one locality a r e  assigned to this species. 
Goag~iostzts?  i~isolitlrs is characte'ized by i ts  in-  
flated, bilobed, deep1~- furronetl glal,ella, a com- 
plete preglal~ellar median furro\v, and a narrow, 
clistinctly furro\ved, and nonerpatldi~lg pygidial 
axial lobe that  does iiot appl-oacl~ the border 
furron- (sag.) .  Surface of cepi~alic exoskeleton 
is not  smooth and ]nay Iiave fine granules; pygi- 
dial exoskeleton is granulate. Inter~ial  molds are 
smooth ancl have more distinct i ~ i r r o ~ v s .  Most of 
the specimens are  poorly pre.cer\-erl internal 
molds. 

These specin~cns zippear to be conspccific with 
those in Grant's ill~istrations. The generic as- 
signment is tentatil-e becatise the specimens dif- 
fe r  from Gevngi~ostlts in possessing a completc 
preglabellar median furrow. 

G.?  i~zsolitus occurs in the  Saz~kiella pyrene 
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Subzo~le in central Tesas, and in the Montana- 
Wyoming area i t  also occurs low in the Trempea- 
leauan. 

0ccz~irc;~ce.-Locally common in the Snzik- 
iella pyreite Subzone at BC-31, 37-37.5, 11, 41.5- 
44, 42. 

Family PSEUDAGXOSTIDAE IVhitehouse, 1936 
Genus PSEUDAGXOSTU~ Jaekel, 1909 

Pseudagnostus commzrnis (Hall & Whitfield) 

Agnostzis co?i~t?tzmis HALL & WHITFIELD, 1877, p. 
228, pl. 1, figs. 28, 29. 

Psez~dag~!osf~~s contmz~nis (Hall & Whitfield) PAL- 
MER, 1955a, p. 720, pl. 76, figs. 1-3; BELL & ELLIN- 
WOOD, 1962, p. 389, pl. 51, figs. 7-21 (synonymy to 
date). 

Renzarks -Pseudag~zostz~s conztrzzctzis has been 
described and illustrated by previous workers. 
Bell & Ellin~vood's (1962) figured specinlens il- 
lustrate the variation in depth and completeness 
of furro~vs on the Texas specimens. 

P. co~it~ii~tiiis has been reported from the 
Aphelaspis, Elvinia, Z'aei~icephalus, Idal~oin, and 
Ellipsocepilaloides Zones in central Tesas. Two 
collections from the lowest part of the Saztkia 
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 (195511, p. 97, pl. 19, figs. 8, 9, 11, 12), 
even to the slightly depressed axial part of the 
pygidial border. These four specimens are in- 
cluded in P. conz~~tzc~~is because the conves py- 
gidia are nearly equidimensional, nrhereas, P. 
laevis pygidia are distinctly elongate and flatly 
convex. Given more niaterial and tighter bio- 
stratigraphic control, the two may be shown to 
be chronospecific. 

Occzwre;~ce.-Scarce at  the base but becoming 
more common toward the top of the Tneilice- 
plznlzts Zone at E-866, 875 ; EC-9, 14; GlI-572, 
575, 579; GR-133, 159; hIC-661.5, 685; SS-77, 
83 ; ST-5 11 ; TA-34 ; TR-324, 333, 335.5 ; SVC- 
889, 913.5, 917. Common to locally abundant in 
the lower half, becoming scarce in the upper 
half of the Idahoia Zone a t  B-377.5; CO- 
193; CR-713-717; E-875, 876, 877, 894, 897, 916, 
917, 923, 930, 932, 935; GhI-594, 604, 606, 615; 
GR-167, 168, 169, 173, 183, 185, 195; JR-177, 
188, 196, 204; LL-725, 728, 738, 741; LIC-706, 
707, 712, 714, 718, 721; SS-109, 111.5, 116; ST- 
574, 575, 578; SU-116; TC-994, 1009, 1013-1025, 
1017, 1025; TR-312; SVC-950, 968, 977, 988. 
Scarce in the Ellipsocep/zaloides Zone at GR- 
204, 210 ; LL-750. Scarce in the Saukiella pgrene 
Subzone of the Saztkia Zone a t  SPH-93,95. 

Order PTYCHOPARIIDA Swinnerton, 1915 
Family CATILLICEPHALIDAE Raymond, 1938 

Genus ACHEILOPS Ulrich, 1931 
Acheilops Ulrich in BNXE, 1931, p. 218; R A S E ~ I ,  

1954b, p. 611; in HARRINCTON et al, 1959, p. 0517; 
LVINSTON & NICHOLLS, 1967, p. 77. 
Type species.-Acl~eilops dilatzcs Ulrich, in 

Bridge, 1931, p. 219, pl. 19, figs. 20-22. 
Rei;~arks.-Althougl~ Rasetti ( in Harrington 

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

Acheilops mnsonensis Winston & Nicholls 
PI. 6, fig. 19. 

Acl~ei!ops masortem-is LVINSTON & NICHOLLS, 1967, p. 
77, p1. 11, figs. 13-15, 
Reiizarks.-Altho~igl~ this is the third most 

abundant species In the Cor-biizin apopsis Sub- 
zone, it is not very common in relation to C. 
apopsis and Apatokepltaloides clivos14s. Acheil- 
ops ;;zasottetzsis 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 belo\v. 

0ccztrvetice.-Scarce in the Saz~kiella serotiiin 
Subzone at  CC-61. Scarce to common in the 
Corbiniir apopsis Subzone a t  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 THEODENISIA Clark, 1948 

Ti!codcnisia CLARK, 1918, p. 643; RASETTI, 1954b, p. 
607; 1963, p. 1012; in HARRINCTON et al., 1959, p. 
0283. 
Type species.-Delzisia enzifzeils Clark, 1924, 

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

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

Theodenisia breuis ( Rasetti ) 

AcJ~cI'IIIs breuis RASETTI, 1911, 1). 236, pl 36, figs. 36, 
37. 

Tlleodeirisia brevis (Rasetti) R ~ s ~ r r r ,  1934b, p. 609 ; 
& NICHOLLS, 1967, p 77, pl. 11, fig. 19 

Re;izurks.-This species is characterized by its 
ecjuidimensional, anteriorly espanded 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 serotiiin 
Subzone a t  LCS-45; SH-54. Scarce in the Cor- 
biitia apopsis Subzone a t  LCS-54. 
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Genus TRIARTHROPSIS Ulrich, 1931 from species of the closely alliecl genus Thcoclc- 

Tlia,.tll,,opsis Ulrich i l l  RRID~E,  1931, p, 214; liAs- u i s i n .  Althongh these cranidia have slightly 
ETTI, 19jlb, p. 606; in H.~RRINGTOT rt "I., 1959, lxoadcr posterior fisigei~ae tliaii tlocs the  holo- 
p. 0285. type from M~ii t i l l l ;~.  T thil>l\: tllc?. rise conspecific. 
Type spccies.-T~ic~rtltr-ofisis g~itidn Ulrich in  Occ%rrre~~cr.-Sparse in  thc C'oi.billia npopsis 

Bridge, 1931, p. 214, pl. 19, figs. 3, 4. SuI)zol~c a t  CC-67; 1,CS-55.5 : SI-1-72, 

Rcli~n,,izs.-Rasetti's ( 1954b, p. 606) descrip- 
tion of the genus is an adequate diagnosis of 
Triai t l~iopsis .  

Triartht-opsis cf. T. limbata Rasetti 
PI. 6, fig. 20. 

T~iarilii-opiis li~izbata R.~sr lrr ,  1959, p. 382, p1. 52, 
figs 1-8 
Re~nnriss.-Five fragmentary cranidia seem to 

be conspecific with Rasetti's types from the 
Conococl~eague 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 
Triaiflziopsis. Because the anterior border is 
not clearly visible on any of the T e s a s  speci- 
mens, the specific assignment is tentative. 

0ccz~ri.cilce.-Scarce in the C o ~ b i ; ~ i n  apopsis 
Subzone a t  CC-67; JR-539, 510. 

Triarthropsis nitida Ulrich 
P1. 6, fig. 21. 

Triartlti.opsis nitida Ulricli i l l  BRIXE, 1931, p. 211, 
pl. 9, figs, 3, 4 ;  RASETTI, 1954b, p. 607, text-fig. 2d; 
1959, 11. 382, pl. 55, figs. 6-13; W I N ~ T O X  & NICH- 
OLLS, 1967, p. 78, pl. 11, figs. 27, 28. 
Xe;izai-hs.-T,riartlziopsis witida 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 nlany speci- 
mens the anterior facial s ~ ~ t u r e s  d i ~ e r g e  in front 
of the palpebral lobes, resulting in relatively 
wide anterior fixigenae. T. witidn is distin- 
guished from the associatecl Triartliiopsis cf.  T. 
lilt~batn in having only three glabellar furrows, 
a rounded instead of a pointed glabella, and rel- 
atively shorter, posteriorly curved limbs. 

Occl~i-i.cizce.-Scarce in the Corbi~zia apopsis 
Subzone a t  CC-67; JR-540; LCS-53, 53.3, 55.5; 
SH-72. 

T ~ i a r t h ~ o p s i s  princetonensis Kobayashi 

T~iarilr~.opsis piirrcetouo~sis I~OBAYASHI, 193ja, p. 56, 
pl. 8, fig. 1 ;  WINSTOT & SICHOLLS, 1967, p. 78, pl. 
11, fig,, ?6, 

Tlzcodei~~s~n princetonri~.ris (I<obayashi) R A S ~ ~ L I ,  
1954b, p. 609. 
Re11~niizs.-Only four cranidia a re  assig~led to 

this species. The nearly rectangular glal~ella, re- 
curved glabellar furrows, broad fisigenae, and 
short but definite frontal area distinguish this 
species from other species of Triaifhiopsis o r  

Family DII<ELOCI'.PII~\I.ID.~E IIiller, 1889 
Genus BRISCOIA Walcott, 1924 

iiiircoia WALCOTT, 1924~1, p. 37; 1925, p. 74; ULRICH 
& RESSER, 1930, p. 59; I<OBAY:ISHI, 1935a, p. 50; 
Lochman in HARRINGTON ct  nl., 1959, p. 0254; 
PALMER, 1968, p. 58. 
Tj 'pe sfiecies.-Bi-iscoia sii~clnii-eitsis Walcott, 

1921a, p. 37, test-fig. 9. 
Reirzarks.--Xot only Briscoin but the  entire 

farnily needs to he reevaluateti, preferably with 
material from ~neasured sections. A major  prob- 
lem encountered in the Dikelocephalidae in- 
vol7.e~ fragmentecl material from evidently large 
specimens. Although the specimens from central 
Tesas  a re  not sufficient fo r  a generic diag~losis 
or revision, one of the problems with B.)-iscoin is 
evideiit in the T e s a s  collectio~-is: the pygidia of 
Bi-iscoitr sp. (EllipsocepI~.aloirics Zone) I ~ a v e  
subequally divicled pleurae, whereas the pleurae 
on pygidia of B. l l a ~ ~ o e ~ t s i s  a re  markedly utl- 
ecj~ially divided. Both of these pygidial forms 
are represented in other descril~ecl species of 
Biiscoin. 

Briscoia hartti (Ilralcott) 

Co~~occpllalites linrfii WALCOTT, 1879, p 130. 
D~1:eIocepl~alzls Itnitti (Walcott) \I'ILCOTT, 1914, p 

368, pl. 63, figs 1-7a (synonyiily to elate). 
RI i ccoia Iza~tti (\Tralcott) ICOBAYASHI, 1935a, p 51 ; 

\\'ITSTON cG SICHOLLS, 1967, p 73, pl. 10, fig. 9 
Reiizniks.-The one spccinle~i figured by IVin- 

ston and Nicholls ancl two lesser fragments 
make up the total sample in the T e s a s  collec- 
tions. I offer no changes in the systematics o r  
range data of 11-lnston ancl Kicholls. 

Occzwrence -Scarce in  the Salthiella juilia 
Suluone a t  SS-372 5 ; TC-1341-1316. 

Briscoia Zlnnoensis Winston & Nicholls 

Biiscoia Ilafloe?l.ris  INSTO TON & SICHOLLS, 1967, p. -- 
/3, pl. 10, figs 1-3, 3 
Re~i~ar1zs.-The only additio~l to Wi t~s ton  and 

Sicholls' description is that  the frontal areas on 
the smaller specimens a re  proportionally longer 
than on the larger ones. Additional range data 
are  provided below. 

Occl~?.re~zce - -Ab~i i~c la~~t  in the Strrllziella seio- 
fiiia Subzone a t  CC-3.2,  61, 63-' ; JR-521.5, 529, 
532; LCS-40, 44, 15, 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, 1391, 1395, 1400. 
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Rriscoia sp. 

Briscoia sp BELL & ELLIN\VOO~, 1962, p. 390, pi 52, 
figs. 5, 6 
Ref~tavizs-All that is kno~vli a l~out  this spe- 

cies is discussed and ill~iitrntecl in Bell & Ellin- 
wood (1962). 

Occztv~ciice -Locallq- abundant in the Ellipso- 
ceplinloidcs Zone a t  JR-275, 283, 284, 284.5; 
MC-864; SS-188. 

Family ILLAENURIDAE Vogcles, 1890 
Genus ILLAEXURUS Hall, 1863 

Illac~~z~rzis IIALL, 1863, p. 176 ; Lochman in HARRINC- 
TON et a/., 1959, p. 0271 ; GRAST, 1965, p. 121. 

Type spccics.-Illaciiiii.~ls qnnd~trfii.r Hall, 
1863, p. 176, pl. 7, figs. 52-57. 

Diag9iosis.-Cranidium moclerately conves, 
rectangular, may be n-ides (across eyes) than 
long, o r  vice versa. Glabella only partly defined 
by axial furrow. Occipital and posterior border 
furrows faint to absent. Eyes behincl, on, or in 
front  of cranidial midlcngtl~. Anterior border 
narrow, almost flat, don-nsloping. Anterior fa- 
cial sutures slightly convergent to divergent. 
Pygidium tapered-elliptical, without asial and 
pleural furrows. 

Illaenurus quadratus Hall 

Illae~zz~rz~c qlladiatzls HALL, 1863, p. 176, pl 7, figs 
52-57; SELSON, 1951, p 783, p1. 110, fig 11 (syn- 
onymy to date) ; BELL & ELLINWOOD, 1962, p 396, 
pl. 55, figs 1-3; GRAXT, 1963, p. 12.5, pl 15, fig. 
23. 
Renzaiks.-This species is characterized by its 

elongate cranidium, eJes that a re  posterior to 
the cranidial midline, ant1 anterior facial sutures 
that  are  parallel to slightly divergent. One small 
specimen (SPH-87)  is cluadrate, its eyes cen- 
tered on the craniclial midline; it could belong to 
Illae?zzc~l~s fiz~lccnfz~s Feniak, but I believe it is 
a n  early j u ~ e n i l e  of I. q~tadiatzts that reflects its 
ancestry, as Grant (1965) suggests. 

Bell S: Ellinwood (1962, pl. 55, fig. 2 )  figured 
a cranidium that has markedly divergent ante- 
rior facial sutures: one other saecimen from the 
same collection is comparable to  it, but the rest 
of the specimens have parallel o r  slightly diver- 
gent facial sutures. I have included these two 
specimens in I. qztadra-nti~s and not in I. iiioiita- 
71eizsis Kobajashi, which has clivergent 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 
fo r  separation of species, especially as  it can be 
affected by compaction or curling of the molt. 
I n  collections of more than three o r  four speci- 
mens there is a conti~luous gradation from 
strictly parallel to more or  less diverge~lt ante- 

rior facial sutures, without an>- relation to  size 
of thc ~pecimetl.  If the divcrgelicc of facial su- 
tures alnotig spccin~ens of I .  qiiod~.irfl~s figured 
1'y l-I;~11 (1863), Kelson (1951), ancl Bell & El- 
liii~\-oorl (1962) is colnparcd \\.it11 that of I. 
irzoiifailcizsi.~ figurctl 1)y I<obayashi ( l935a)  a11d 
Grant (1965), the complctc overlap it1 degree of 
cli~ergencc 1)etwcen tile two species is readily 
apparent. Althougl~ 1 have seen neither Icobay- 
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 s ~ ~ t u r e  cIi-\ergence, o r  (2)  l~ased on more 
intensive study of csisting and new material, ar- 
rive at  something more definitive for specific 
itlentification than facial-suture clivergence. 

Occ~i~i,ciice.-Locally common in the Sauk- 
iclla pyi-c~ze Subzor~e at  BC-23; JR-347, 369.5, 
357, 374.5; SPI-1-87, 91, 93, 94, 95, 96.5, 100, 
114.5, 

Family LECAX~PYGIDAE Loch~nail,  1953 
Genus RASETTIA Lochman, 1953 

Plntycolptu RAYMOXD, 1913, p. 63; RASETTI, 1944, p. 
250. 

Rasctfitr LOCHMAN, 1933, p. 886; Loclin~an ir1 Hnn- 
I ~ I S G T ~ N  et al., 1959, p. 0380. 
T ~ ' b c  species.-Btltl~yztms ciipax Billings, 

1560, p. 318, fig. 20. 
Reiilai,ks.-The diagnosis givcn by Lochman 

(in I-Iarrington ef trl., 1959) s ~ ~ m m a r i z e s  the 
characteristics of this genus. 

Rasettin nzagna Ellinwood 
PI. 3, fig. 1. 

Rriicftin lizngtza Ellitinood, in BELL & ELLINWOOD, 
1962 (part), p. 397, p1 55, fig. 9 (not fig 10=R 
capax (Billings) ) 
Rciiinrks.-Stitt ( in  press) has excellent col- 

lections of Rasetfitr capax (Billings),  R. ?izag~in 
Ellinwood, and R.  .~vicleitae~tsis (Resser) from 
Oklahoma, where the three have nonoverlapping 
ranges. I-Ie found that the cranidia and pygidia 
assigned by Ellinwood to R. ? ~ ~ a g i i a  are  not asso- 
ciated n-ith onc another in Oklahoma; pygidia 
assignecl by Elli~ni-ood (Bcll & Ellin~vood, 1962, 
pl. 55, fig. 10) to R. iitng?ia are  associated with 
cratlidia Stitt  assigned to R.  capn.r, and the 
Olilal~oma cranidia of R. wtagua a re  associated 
wit11 different pygidia. T h e  Texas material 
comes from a spot locality and could have beet1 
from one horizon or from a n  i ~ ~ t e r v a l .  I t  is not 
possible to deternlitle ~vhetller R. cnpn.z and R. 
?lingiia have overlapping ranges in Texas. AIy 
assignments a r e  based on Stitt's associations. 

Three relatively small pygidia a re  assigned to 
this species, ancl they a re  characterized by the 
smooth curvature of the anterior edge of the 
pleural field, a n  articulating half ring, two axial 
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rings, and a terminal axial piece with two low 
nodes. Tn-o faint pletirae ;tre presei~t,  ant1 a 
third is suggested. 

0cc:ir~erzce.-Scarce i11 the basal .Cazckiella. 
pyrmx S111)zonc ;it 1IC-1065-1075 ; TC-1233, 
1258. 

Rnsettia wichitaensis (Resser) 
PI. 1, fig. 18. 

Plafjlcoiplls zwiclzitae?isis RESSER, 1942b, p. 41, pl. 6, 
figs. 26-29. 

P1atyroip:u oklalzontct~sis RCSSER, 1942b (part), p. 
10, pl. 6, figs. 20, 21 (not figs. 22-25). 
Reijiarks.-Stitt (in press) concludes from 

his Oklahoma material and from examination of 
Resser's types that  some of the specimens Res- 
ser assigned to Pliitgcolpics oklakoi1:eiisis (not  
the holotype) actually belong in P. .ivichiiae~tsis. 
Comparison of one poorly preserved pygidium 
from Texas with Stitt's excellent collections has 
confirmed the assignment of the pygidium t o  
Rasetf ia wichitae~tsis. 

This  pygidium is elliptical and characterized 
by an articulating half r i~ lg ,  one axial ring, and 

Tgpc speci~.s.-Leiocoryplze gcii1liltr Clarli, 
1921, p. 21, pl. 3, fig. 8. 

Reiitarks.-The diagnosis gi\ en by Lochtnan 
( in  Harrington ct al., 1959) s~~mmar izes  the  
cliaracteristic~ of this genus 

Leiocoryphe cf. L. longiceps Rasetti 
PI. 6, fig. 13. 

Leiocoryplze lowgiceps RASETTI, 1963, p. 1010, pl. 130, 
figs. 21-26. 
Reiiznrks.-Four poorly preserved cranidia 

a re  tentatively assigned to this species. T h e  
cemielliptical outline, sinuous posterior margin, 
lack of palpebral lobes, and longer and narrower 
proportions set this species apart from all others 
of Leiocoryplze. However, the fragmentary 
T e s a s  specimens a re  flatter and have longer, 
slightly elevated occipital seglnents that  suggest 
blunt spines. These specimens may belong to L. 
loilgiceps, but the material is too poor t o  be def- 
initely assigned. 

0ccurre1tce.-Scarce in the Snzlkiella sero tins 
Subzone a t  CC-61. 

a terminal axial piece : the moderately convex Leiocoryphe occipitalis Rasetti 
pleural field is crossed by only one furrow, the 

Leiocoryplze occipifalis R A S ~ I ,  1 9 4 ,  p. 245, pl 38, shallo~v anterior pleural furrow. fig. 4 ;  BELL & ELLINWOOD, 1962, p. 403, pl 59, 
0cczirreiice.-Scarce in the Saukielln seroti~za fie 4, 

Family OLENIDXE Burmeister, 18-13 
Genus LEIOBIEXVILLA Rasetti, 1954 

Type species.-Leio b icl~villia lnevigaia Ras- 
etti, 1951a, p. 583, pl. 61, figs. 3-6, test-fig. 3. 

Re~izarks.-EIenningsmoen (1957) gave a n  
excellent diagnosis and discussion of Leiobien- 
villia, the only olenid represented in the Pty-  
chaspid Biomere in central Texas. 

Leiobienvillia leonensis Winston & Nicholls 

Leiobictlviilia leonensis ~ ~ r l S ~ r ~ ~  & I~ICHOLLS, 1967, 
11. 75, pl 11, figs. 16, 20, 21. 
Re1iiariz.s.-I have included this species in 

order to give additional range data. This is the 
only olenid present in the Ptychaspid Biomere, 
and its occurrence a t  the very top of the bio- 
mere may be significant. 

Occ:~ire~~ce.-Scal-ce in the Corbii~in apopsis 
Subzone a t  CC-67; JR-539, 540, 512, 543; LC- 
48; LCS-55, 55.5; SH-72;  SS-411; TC-1402. 

Family PLETHOPELTID-AE Raymond, 1925 
Genus LEIOCORYPHE Clark, 1914 

Leiocoiyphe CLARK, 1921, p. 21; Lochman in HAR- 
RINGTON et al., 1959, p. 0409. 

Rcliznrks.--Six cranidia are assigned to this 
species. Leiocoryp1:e occipitalis is characterized 
b. its lack of palpebral lobes, by a complete oc- 
cipital furrow, and by its small size. 

0cczcrrence.-Scarce in the Saukiella pyreiie 
Subzone a t  MC-915 t ; SS-302.5, 307.5. 

Genus PLETHOMETOPUS Ulsich, 1931 
Plcfhon~etopzts Ulrich in BRIDGE, 1931, p. 221 ; RAS- 

LTTI, 1914, p, 251 ; Lochman in HARRINGTON cf al,  
1959. p. 0110 , - 
Type species.-Bathyztrz~s nr~ltatzcs Billings, 

1560, p. 319, fig. 23. 
Re~lzarks.-The diagnosis given by Lochman 

(in Harrington ei  al., 1959) summarizes the 
characteristics of this genus. 

Plethonzetopus armatus (Billings) 

B ~ t I i j i ~ r ~ ~ s  av?i~afl(s BILLINGS, 1860, p. 319, fig. 23; 
1863, p. 238, fig. 273 ; 1865, p. 411, fig. 392. 

Plet11opelti.s ar~ilnin (Billings) RAYMOND, 1913, p. 65, 
pl. 7, fig. 18; 1924, p.  416. 

Plet1iowtetopus arii~nii~s (Billings) Ulricll in BRIDGE, 
1931, p. 221; RASETTI, 1944, p. 251, PI. 39, fig. 25; 
1959, p. 383, pl. 53, figs. 1-8, and pl. 52, fig. 14. 

Pletlzo~t~etopzts conuemts (Whitfield) BELL & ELLIY- 
WOOD. 1962 (part), P. 403, pl. 59, fig. 6 (not fig. 

Reuzarks.-The specimen with an occipital 
spine (Bell 8: Ellinwood, 1963, pl. 59, fig. 6 )  
that Bell assigned to P l e t h o ~ ~ i c t o p i ~ s  co~zvex~ls is 
misnumbered in the explanation of the plate. I t  
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is from the spot locality 86T-5-13A and not 
from the  Saz~hiella pyrene Subzone a t  LIC-1065. 
The associated fauna in the dolomitic San  Saba 
at  the spot locality is  totally unfamiliar, and, 
therefore, I can~lot  relate this specimen to any 
subzone of the Snztkia Zone. 

This  specimen is assigned to Plethortzetopzcs 
nnizatus, the type species, because of its slender 
occipital spine and its faint asial and preglabel- 
lar furron-s (see Ulrich in Bridge, 1931, p. 221). 

Because of lack of biostratigraphic control, 
Bell assigned this specimen to P. convexlls, the 
first described Yidcontinent species. Ho\i,ever, I 
thinlr this name should be avoided. Ulrich ( in  
Bridge, 1931, p. 221) reports that  Whitfield had 
10 specimens upon which he based IIlnmlzii'zts 
conve.zus. Although nine of those cranidia be- 
long to Stenopilzts, the figured holotype is Ple- 
f l~onzetop~cs. The occipital ring on  the holotype 
is missing, but it was restored in the original il- 
lustration by using the associated Stettopilzis 
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 Tire don't 
k11o.c~ what Pletltonzetopus coils'exus loolts 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. 

Occurre?tce.--Common at  spot locality 86T-5- 
13A. 

Pletho~netopus convel#gens (Raymond) 
PI. 3, figs. 11, 12. 

IJictlzopeltis comrei.gens RAYMOND, 1924, p. 419, pl. 
13, fig. 2. 

Plethol~tetopl!~ coitvergens (Raymond) Ulrich in 
BRIDGE, 1931, p. 221 ; RASETTI, 1944, p. 251, pl. 39, 
fig. 27; 1959, p. 384, pi. 53, figs. 15-19. 
Rerizarks.-This species is characterized by 

convergent anterior facial sutures, palpebral 
lobes that a re  on o r  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. T h e  
larger the specimen, the more it looks like Ras- 
etti's illustrations of specimens of comparable 
size. T h e  pygidia agree quite well with Rasetti's 
illustration escept that  the asial  node is absent. 

Pletho~r~efopzis  colzveygeils occurs stratigraph- 
ically below P, obtziszts and is distinguished 
from it by the  rearward position of the palpe- 
bra1 lobes, by convergence of the facial sutures, 
and by shallower furrows. 

0ccu~reuce.-Scarce in the Saztkiella pyi'ei~e 
Subzone at  BC-36, 41;  SS-302.5. Scarce in the 
Snzckiella jzttlia Subzone a t  BC-70. Scarce to  
common in the Snztkiella serotina Subzone a t  

Plethometopus obtusus Rasetti 
P1. 6, figs. 14, 15. 

Pletl~o~t~ctopz~s O ~ ~ Z I S I ~ C  Rasetti, 1945b, p 472, pl. 62, 
figs. 1, 2 ;  1959, p. 353, pi. 53, figs 11-14, 

Pletlioti~etopzcs nzodesflu Ulrich, WISSTOX & NICH- 
OLLS, 1967, p. 87, p1 10, fig. 11. 
ReiiznrKs.-Pletholizetopzts obtl!szcs is distin- 

guished from the stratigraphically lo~ver  P. colz- 
vergcils by the central o r  forward position of 
the  palpebral lobes, by divergent anterior facial 
sutures, and by deeper furrows. P .  obtusus is 
distinguished from P .  ~ I Z O ~ C S ~ Z L S  by divergent an- 
terior facial sutt~res, by more anteriorly located 
palpebral lobes, and by broader triangular poste- 
rior limbs. A bluntly pointed occipital ring and 
lack of distinct asial  and preglabellar furrows 
dis t i~~guishes P.  O ~ ~ I ~ S I I S  from P. ai'ttzntzrs. 

ivinstoll & Nicholls (1967) assigned all speci- 
mens of Pletho~izetopl!~ to  P. nzodesfz~s.  I recog- 
nize tn-o stratigraphically separated species of 
Plet l~o~i te iopus  in  the Snulzia Zone, neither of 
which is P. modesfzcs. IVinstotl and Nicholls' fig- 
ured specimen (pl. 10, fig. 11)  belongs to  the  
higher species, P. obtzis~ls. 

Occz!~rc~zce.-Very scarce a t  the top of t h e  
Sauhielln serotina Subzone a t  TC-1400. Scarce 
to  locally common in the Co~,bi~zin  apopsis Sub- 
zone at  JR-539, 540; LC-48; LCS-53.3, 55.5; 
SS-411. 

Genus PLETHOPELTIS Raymond, 1913 
PI. 4, figs. 1-6. 

Pleihopcltis RAYMOSD, 1913, p. 64; 1924, p. 412; 
FIELD, 1915, p. 37; Ulrich in BRIDGE, 1931, p. 219. 
T y p e  species.-Agi'nzclos sarafogel~sis  Wal- 

cott, 1890, p. 276, pl. 21, fig. 14. 
Diagtlosis.-Cranid~um moderately convex. 

Glabella subrectangular to slightly tapering, 
completely outlinecl by asial and preglabellar 
fursol\-s; glabellar i ~ i r r o ~ v s  may or may not be 
present. Frontal area not divided. Occipital r ing 
may estend back ~ n t o  blunt spine. Palpebral 
lobes small, slightly e le~a ted .  Librigenae trans- 
versely convex, uniurro~ved,  with blunt genal 
spines. Pygidiuni wicler than long; as i s  bluntly 
rounded: pleurae either strongly ribbed or with 
furrows of variable strength; no border furrow. 

Re.rizni'ks.-Pletlzopelfis 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- 
row. 

The  taxonomic and nomenclatorial history of 
the material f rom Halt's Quarry, 4 miles west of 
Saratoga Springs, Ken- Yorlr, needs to  be com- 
piled. Walcott (1886) began t h e  sequence with a 
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faunal list that iiici~itietl Pf~lchopuiitr (Agvazr- 
10s) scii.crtogeitsis, a nomen nudum. Pour years 
later lie clescribed A-igia~llos strrniogcizsis Wal- 
cott (1890, p. 276, pi. 21, fig. 14) and allied this 
species to Batllylir.lis cri,iiirrtz~s Billings (1860, p. 
319, fig. 23). Only the liolotype is nientioned by 
number (U.S.N.N.  23563) ; the dran-itlg on 
plate 21, figure 14, is presumably of thc holo- 
type. 

111 1912, Walcott again publishecl on Agraz~los  
sul-atogcitsis, describing a granular ornament 
and illustrating five specimens n-ith poorly re- 
touched photograplls (pl. 43, figs. 11-15). Fig- 
nres 11 aricl l l a  (U.S.S.14. 58558) i l l ~ ~ s t r a t e  an 
intcrnal mold of a cranirlium (pl. 1, fig. 1 )  ; the 
glabellas furrows \\-ere added in re touchi~~g .  
Written on the 11acli of this speci~-neii is "Typc 
of rigi.ciltli~s srrrafo~jci~sis.' '  T h e  holotype num- 
her, 3 5 6 3 ,  does not appear on this or any other 
speci~iieii i l l  the type collectiot~ or  support mate- 
rial. Resscr (1942a, p. 41) statctl that the two 
numbers referred to tlie samc specimen. I n  the 
U.S. Sational Muse11111 catalogue beside the 
number 55558 is a notation, in what appears to  
I)e Rcsser's hand~vr i t i i~g ,  that the original type 
numl~ei- was 23863 (Jesse Merida, U.S.S.M., let- 
t e r  of January 11, 1968). T h t ~ s ,  58555 does equal 
23863. Comparison of tile specimen 58.558 with 
\;\ialcott's tlra\ving of 23563 also indicates that  
58358 is intlectl the liolotype. 

Fig111.e 12 (Walcott,  1912) illustrates a free 
cheel; (U.?.N.L~t. 58559). I t  is a n  i~l ternal  mold, 
and Bcrtillon ornament is vaguely apparent 
along tlie outer margin. 

Figures 13 and 13a (U.S.N.M. 55560) a re  of 
a partly csfoliatctl pygidiurn (111. 1, fig. 4 ) .  
Small granules c r c ~ t  tlic axial rings and pleural 
ribs, anel low anastornosing lines coyer the mar- 
gin of the pleural field. 

An ~inesfoliatecl cranitlium (U.S.S.hI. 58561) 
is illustrated in Walcott's figures 11 and 13a (pl. 
4, fig. 3 ) .  X fine granular ornamcnt covers this 
cranidium, and delicate Bertillon ornament 
crosses the frontal area, the fixigenae, and the 
occipital ring. T h c  recurved glabcllar furrows 
a re  elistinct but not so deep as  Walcott's photo- 
graph indicates. This is the specimen that be- 
came holotype of Plcf l~opcl t is  grniizdosa Resscr 
(1912a, p. 41). 

A hypostoma is ill~tstrated in figures 15, 15a. 
'This specimen was not found in tlic type collcc- 
tion or  in the support material. 

Two distinct groups a re  among the 50 speci- 
mens in 11-alcott's slipport collection. T h e  first is 
characterized by a smooth internal nlolcl and a n  
exoskeleton that is smooth except for  small 
granules that can o c c ~ ~ r  on thc occipital ring, 
posterior parts of the glal~ella and fisigcnae, and 

on the posterior border; the transverse or ante- 
riorly bowed occipital furrow is impressed only 
across the asial region; the asial furroiv is 
faiiit on the esoskeleton, moderately well im- 
pressed on internal molds; and the glabellar fur-  
rows a re  faint to absent. 1171ien he restudied 
'\17alcott's collection, Resser (1912a) restricted 
P. sara toge~~s i s  to this first group and estab- 
lished P. gvoilldosn for  the  second. P. g?-a:ilzilosa 
is characterizecl by granules and Bertillon orna- 
ment on the esoskeleton, internal molds that can 
preserve part or all of this ornament, glahellar 
furrows that are faint to  well irnpressecl (as 011 

the Iiolotype, U.S.K.M. 58561) on both esoskele- 
ton ancl molrl, an asial f u r r o ~ v  that is always 
tlistinct, ancl a transverse or anteriorly bo\vetl 
occipital furrow that extends almost to the as ia l  
furrow anel has its lateral ends clirecteti for- 
~varcl. 

Raymoncl estal~lished the gcn~ts  Plefhopeltis in 
1913, made Agioz~ los  snrafogei~sis  Walcott the 
type species, and included Bnt l l y l ( , .~~s  nril~otiis 
Billings (1860) in his new genus. 

Field (1915) st~tdied material collectecl by 
Raymond from Hoyt's Quarry and compared it  
\I-it11 that  il l~~stratecl by Walcott. I-Ie concluded 
that Pletlzopclfis Tvas a valid genus quite distinct 
froin Agl-nz~los. I-Ie also cleclared that the tnro 
fornis of P. saicitogcrlsis (one with a faint gla- 
l~el lar  furrolv and no ornament ancl the  other 
rvith deeper f~ i r rows  and granular ornament) 
came from tlie same collecting horizons and be- 
long in the same species. 

I n  1924, Raymond reevaluatecl the type spe- 
cies, using the pul~lished literature and his on11 
collections fro111 IToyt's Quarry. Presumably, 
f rom his statements, he did not see any of Wal- 
cott's specimens. Raymoncl noted that Walcott 
had figured three forms uncler the name P. 
snratogcizsis: one with no glabellar furrows 
(1890, pl. 21, fig. 11), one n-it11 faint glabellar 
and deep dorsal furrows (1912, pl. 43, figs. 11, 
l l a ) ,  and one n-ith deep glabellar and dorsal 
furrows (1912, pl. U, figs. 11, l l a ) .  Raymo~icl 
stated that, of the 37 cranidia he collected, 22 
lvere of the unfurrowed form, 15 had the  faint 
glabellar and deeper dorsal furrows, and  none 
had the deep glabellar furroxvs. Because the spe- 
cies originally described by IYalcott had faint 
glal~cllar furron-s, Raymond restricted P. soya- 
toge l~s i s  to the form with faint glabellar fur- 
ro\vs and established P. eualcotti for the form 
with no glabellar furrows (pl. I ,  fig. 2). 

In Raymond's collections, the trays labeled P. 
~;~a lco t t i  contain 46 cranidia that a r e  rvell 
enough preserved to show presence o r  absence 
of glabellar fnrro\vs; 10 of these (only one 
u~~esiol iatecl)  have stllooth glal)ellas, 33 Ilave 
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faint glabellar furrows, ant1 3 granular cranidia 
have faint glabellar furro~vs.  Of the unorna- 
mented specimens in thc trays labeled P. siii.ato- 
gcrzsis (SValcott), 1 cranicli~im has a smooth 
glabella, 10 hal-e faint furron-s, 1 has deep, re- 
curved glal~ellar furrows : 5 granular craniclia 
have faint furrows, ancl 1 granular cranidiuin 
has deep and recurvccl glabellar furrows. Com- 
parison of holotypes sho~r-s the only difference 
to be that P. sol-rrtogciisis has very n g u e  
depressions where glabellar furrows a-oulcl be, 
\\-hereas P.  .iitnlcotti is smooth. 

Af te r  looking a t  all of l l~alcot t ' s  antl Ray- 
~nond's material, I agree \\-it11 Resser that there 
are  two clistinct species in IHoyt's quarrj- mate- 
rial, P. sni,ofogc~tsis and P .  grn~zzilosa, ancl I 
consider P. ~ i~nlco t t i  to be a s).nonym of P .  sni-a- 
fogefzsis. P. saintogerzsis is characterized hy a 
smooth to faintly furro\vecl glabclla, clistinct 
asial  and preglabellar furro~vs,  a n  incomplete 
occipital furrow, limited granulation, and 
an elliptical pygiclium with pleural furro\vs 
ranging from faint to nrell impressed. Ray- 
mond's drawing of the holotype of P. z~lalcotii 
shows a faint anterior borcler furrow that is not 
on the specimen. The  holotype cranida and 
associated pygidia assignet1 to these three nomi- 
nal species a re  illustratecl in unretouched photo- 
graphs (pl. 1, figs. 1-6). 

Ulrich ( in  Bridge, 1931, p. 219) proposed that  
Plethopeltis be restricted to forms closely allied 
to P. samfoge~~s is .  H e  established the genus Ple- 
tizometopus n-ith Bntlzyz~rz~s ai,iizatzis Billings as 
the type species and included in the new genus 
the following five of Raymond's species of 
Plethopeltis: P .  nre~zicola, P .  lacvis, P. ailgztstn, 
P. Into, antl P .  co?zve)-ge~zs. Removal of these five 
species ancl Baihyzin~s ariilotlcs restricts Plct l~o-  
peltis to  only those forms n-ith a distinct cir- 
cumgiabellar furrow. 

Species definitely assigned to Plet?zopeLtis in- 
clude P. s n ~ a t o g e ~ t s i s  (Walcot t ) ,  1890; P .  bzi- 
ellleri Ulrich, 1931; P. plnf~~l~zni*gitzntz(s Ulrich, 
1931; and P. ginu~ztlosn Resser, 1942a. P .  ziral- 
cotti Raymoncl, 1924, is here synonymized wit11 
P .  snratogeilsis. Raymond (1921) assigned spe- 
cimens identified as  Agraztlos snmtoge~tsis \Val- 
cott by Weller (1903) to  a new species, Plctllo- 
peltis zuellcri. SValcott (1912) thought that 
TT7ellcr's assig~lment was correct. Although I 
have not seen this material, I agree with \Val- 
cott. Another species that Ral-moncl assigned to 
Plethopcltis, Agi-azilos 11 ciizi.splleriezts Berkey 
( 189S), was placed in synonymy with Caiilni-as- 
pis cofzve.z-n (Whitfield) by Frederickson (1948, 
11. 798), and this assignment has not been dis- 
p~ited (\ViIson, 1951, p. 630; Nclson, 19-51, 11. 
774; Loch~nan  k 1311, 1960, p. 813). 

Plethopeltis sp. 
PI. I ,  figs. 7, 8. 

Rciilai-ks.-Four specinletls from one locality 
belong to Plethopeliis; the specific ascigiiment is 
~mcer ta in  because of poor prcscrvation and a 
dearth of specimens. 

T h e  specimens a re  closcly allied to P. snmto- 
ge11sis (IT'alcott) on the basis of Ion- convexity, 
shallo~r- asial  and almost noncsisteiit glabellar 
furro~vs,  a gently tapered glabella, anel a re- 
curveel occipital furro~r-.  011 the other hand, the  
completeness of the occipital fusro\v and wcll- 
dcfinecl occipital segment and the sharply re- 
curvcti, almost cri~npetl appearance of tlic poste- 
rior i~orclcr f ~ ~ r r o n -  ant1 l~orcler inclicate a closc 
affinity to P. bz(e1~lci.i Uirich. One of thc speci- 
mens has the granular ornament and deeper, re- 
curved glabellar furro\vs of P. gi.n~i~tlosn Res- 
scr. The specimens are  from the clolomitic facies 
of  the Sari Saba BIembcr of thc  \STilberns For-  
mation; none have been recovcrecl from the cal- 
citic facies. 

Occ?tii-citce.-Scarce in the Snr~l~icl ln  pyl-ef~e 
Subzone a t  MC-1065. 

Genus STEXOPILUS Clark, 1924 
Stenopiius CLARK ( J u n e ) ,  1924, p. 22 ; RAYMOND 

(Ju ly ) ,  1921, p. 415; RASETTI, 19.59, p. 3% ; Loch- 
mail i l l  HARRINCTOS i'i tr!., 1959, p. 0412. 

Typaspecies.-Stciiopilzis i~zteriizcdills Clark, 
1921, p. 22, pl. 3, fig. 9. 

Reiilniks.-Although the diagnosis given by 
Lochman ( in Hassington ct al., 1959) is suffi- 
cient, the illustrations of the cranidia (fig. 313, 
6a, 6 b )  can be misleacling. Rasetti (1945a, 
1959), Clrich ( in  Bridge, 1931), and Bell & El- 
li~lwood (1962) adequately illustrated the com- 
mon form of the genus. 

Stenopilus lotus Ulrich 
Stevojiirls i n t w  Ulrich in BRIDGE, 1931, p 222, p1. 19, 

figs 27, 25, 32, 33; \\'ISSTON & NICHOLLS, 1967, p 
88, pl 9, fig. 28; p1. 10, fig 14. 

Leicoiyplie itnlei WISSTON & NICHOI.I.S. 1967, p. 87, 
pl 10, figs 10, 13. 

Re?irnrks.-Ste~topilns lntzis is common in thc  
Texas collections, and specimens larger than 4 
o r  5 Inm correspond ~vel l  with Ulrich's figures 
and descriptions. --It this length the palpebral 
lobes a re  long and narrow, and the rlotches o r  
pits along the posterior margin become less dis- 
tinct. Leiocoryphe lialci Willston S: Nicholls 
ranges in size from minute up to about 4 mm. I n  
thc 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 
a r e  nearly coincident. 

Stitt  (in press),  11asing his conclusion on e s -  
tcnsive collectiolis from Olilahoma, thillks that  
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Leiocoryphe halei represents juvenile Stenopilus 
latzis, and the smaller collections from Texas 
corroborate his conclusions. Leiocoryplze halei is 
synonymized with Stevopilus latzls. 

0cczirre~zce.-Locally common in the Sauk- 
iella jz~ilia Subzone a t  EC-109-110; JR-460, 481 ; 
SH-12.6; SS-356, 360.5, 370; TC-1320-1325, 
1330-1335, 1311-1346. Locally common in the 
Sazlhiella serotina Subzone a t  CC-58 2, 61 ; JR- 
521.5, 529; LCS-33, 33.5, 34-36, 40, 4, 45, 45.4, 
52; TC-1379-1385, 1392, 1100. 

Stenopikls pronus Raymond 

Ste~zopilzrs pronus RAYMOND, 1924, p. 420, pl. 13, figs. 
6, 7 ;  R A S E ~ I ,  1944, p. 257, pl. 39, fig. 19; 1959, p. 
385, pI. 53, figs. 20-24; BELL & ELLISWOOD, 1962, 
p. 103, pI. 59, figs. 7-9. 

Stet1opi11l.r elongatus R.~SETTI, 1944, p. 257, pl. 39, 
figs. 20, 21; 1945a, p. 122, pl. 1, figs. 10-16. 
Re~tzarks.-Two small collections are assigned 

to this species and both a r e  from the very base 
of the Saukia Zone. T h e  specimens a r e  
markedly elongate (length-width ratio greater 
than 1.25) and thus a re  easily separated from 
the  stratigraphically higher and more equidi- 
mensional Stenopil~cs lntzls. S .  eloi~gatz~s Rasetti 
looks like a small S .  progzzcs, and examination of 
the types of S. eloi~gntzcs revealed no significant 
difference other than size. Thus, I have placed 
S. eloglgatzrs in synonymy with S. pro.illis. 

Occz1ri,e.i~ce.-Scarce in the base of the Sazik- 
iella pyieile Subzone a t  hIC-1075; 41-3.1, 35 feet 
above the stromatolite bioherm a t  Camp S a n  
Saba bridge, McCulloch County. 

Family PARABOLINOIDIDAE Lochman, 1956 

Diag~~osis.-Subisopygous ptychoparioid tri- 
lobites. Glabella normally tapering, rounded to 
truncate anteriorly, with two o r  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 locatecl; frontal area one-third 
to  two-thirds cranidial length, usually with dis- 
tinct anterior border furrow; width ( t r . )  of 
posterior areas approximates basal glabellar 
width, length (essag.)  variable. Pygidium 
transversely elliptical, with well defined axis, 
two to four axial rings, terminal piece, no post- 
axial ridge; ple~n-al furrows distinct; border 
furrow poorly defined or obsolete; margin 
smooth or  spined. External surfaces commonly 
ornamented with granules or vermiform ridges, 
o r  both. 

Retlzarks.-Assembled in this family a r e  gen- 
e ra  assigned to the families Parabolinoididae 
and Idahoiidae in the Treatise (Harr ington et  
al., 1959). I have grouped these genera into one 
family because of thcir morphologic similarities 

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

Three lineages a re  evident in the Parabolinoi- 
didae (text-fig. 1 )  : Paraboli.iloidcs to Orygiizns- 
pis, Paraboliil oides to  Taegzicephnlz~s t o  Idahoin 
and Saratogia, and Paraboli~toides to  Wilber~tia. 
Or~~gnzaspis  differs from Pnrabolitzoides in hav- 
ing larger, more posteriorly located palpebral 
areas and in having a generally less conves, 
smoother cranidium ; Orygi~laspis llnnoensis var .  
A is the tie between ParaboLi?toides contractzls 
and 0. llanoeizsis (s.s.). The  earliest species of 
lVilbernia, Try. Ilnlli and W .  hnlli var. A,  differ 
from Pambolinoides contracfz~s in having larger, 
more posterior palpebral areas that  a r e  closer t o  
the glabella and in having modifications on the  
frontal a rea ;  later species of IVill~crllin continue 
the modifications of the  frontal area, and t h e  
glabella becomes proportionally larger and more 
rectangular. -4 fen- specimens of Paraboliitoides 
grailztlosz~s have larger than normal palpebral 
areas, a vermiform ridge ornament instead of 
granules, and deeper furrows-features suggest- 
ing that P. grn~lz~loszcs is ancestral to  Tacnicc- 
phalzts gozildi. Continuation of the  trend ton arti 
a shorter, more blunt glabella and a deeper axial 
furrow, combined with modifications of the  
frontal area, relates T. goilldi to T. sltz~mardi. 
Although there a re  some specimens high in the 
range of T sJ~z~.ii~ardi that indicate affinities 
with KendalIiiln and Maustoilin, none of these 
specimens could be assigned to either genus. 
Ida i~o ia  and Snintogia a r e  related to Toeitice- 
pI~a1ze.s through T. sp., which shares characters 
of all three genera. 

Genus IDAHOIA Walcott, 1924 
Idnhoia WALCOTT, 1924b, p. 58; Lochman in HAR- 

RINGTON et al., 1959, p. 0252; LOCHMAN & Hu, 
1959, p. 420 ; BELL SI ELLINIYOOD, 1962, p. 391 ; 
GEINT, 1962, p. 986; 1965, p. 117; 

Neeria FREDERICKSOS, 1949, p. 338; Lochman in 
HARRINGTOK et al., 1959, p. 0252; LOCHMAN & H U  
(as a subgenus of Idakoia), 1959, p. 419. 
Type species.-Idahoia serapio Walcott, 

1924b, p. 58, pl. 13, fig. 1. 
Diagnosis.-Frontal area don-nsloping, gener- 

ally longer than one-half the glabelln (plus oc- 
cipital ring). G1;ihellar furrows faint to  absent. 
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Occipital furrow shallow, medially obsc~irecl. 
Anterior facial sutures widely divergent. Eso-  
skeleton and internal molds ornamented. 

Remarks.-Grant (1965, p. 121) s~iggcsted 
eight criteria that can be used to differentiate 
between Idahoia and Saratogia. T h e  320 T e s a s  
specimens assigned to species of Idalloin con- 
form rather well with the criteria. T h e  only sig- 
nificant discrepancy is that 6 1  specimens hal-e 
relatively shorter frontal areas;  of these, 25 a re  
assigned to Ida l~oia  l ime  var. A, and many of 
the remaining a re  small (less than 3 mm) I. 
lirae (s.s.). The  evaluation of the T e s a s  ida- 

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 Idahoia 
from S~iiatogicz is the length of the frontal area 
(sag.)  relative to  the length of the rest of the 
cranidium. T h e  species of Idahoia recognized by 
Grant ha\ e frontal areas that a re  nlarkedly 1011- 
ger  than one-half the length of the glabella 
(plus occipital ring) ; his species of Saratogia 
have frontal areas n i t h  lengths ranging from 
less than one-fifth to just less than one-half the 
length of the glabella (plus occipital r ing) .  

r .  IABLE 1-Summary of lneasurernents and observations of all specimens assigned to species of I d a i ~ o i a  and 
Saraiogia, according to Grant's (1965) eight criteria. I'or each criterion, rhe first alternative is 

characteristic of Idnl io ia ,  the second of Saratogia .  
.- 

--- 
I Total number of specimens 1 70 1 130 1 ----- I Total number measured 

-- 
123 / 74 I 8 5 2  / 62 1261 

_ _ I _ _  

>: 83 I 8 4 
Frontal area length relative to glal,cllar 1en::th 1 ------ 

<: 3 9  I I 62 1 62 1 88 1 ---- 
Faint to absent 1 Glabellar furro~vs 

TT ------ 26 1 I3 60 1 91 

Sormally visible 1 6  4 8  3 1 8 1  

Occipital furrow depth 
S h a l l  not visible across axis 106 1 70 23 i 4 1 11 49-1 

------ 
\Yell in~pressed, visible across axis ( 23 4 1 1 57 17  ( 46 

Anterior fixigeiiae 

Anterior facial sutures 

I Ornamented internal 1 85 / 21 11  1 42 1 10 , 80 
------ 1 

\t ide 110 72 2 6  5 73 
------ 

Narron 2 1 56 58 44 

\Yidel) divergent 

IT- Narron l y divergent 4 

External and internal 
surface ornament 

Preglabellar field don.nsloping, 
Frontal area I border normallj doinslopine 122 / 74 18 : 4 I 

Smooth external I 

Ornamented exteriial 

Smooth internal 1 5 35 1 

topography 

Palpebral lobes 

. - 
Preglabellar field do\\~nsloping, 

- - . . I - -  

border upturned 

Long, narrow 1 100 

Large, flat, semicircular , 5 

I --- 

I 8 62 - 
50 5 3 

------ 
8 I 55 

58 12: -- - 

53 1 100 
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T h i ~ s  he was not coi~fronted with the probleln of 
an iclahoiitl ivitl~ a frontal area usually slightly 
longer than one-half the glabella. 

Such an iclahoiitl occurs at  the 11ase of the 
Id~rlioio Zone in Tcsas  and Oltlahoma. Freder- 
ickso~i established the monotypic genus Meeria 
for this tason. 1 clo not believe flircciin to be sig- 
nificantly different f ro~i l  Idaltoia, and thus I fol- 
low Be11 & Ellinn.ood (1962) in s ~ l o n y m i z i n g  
il/lce,-ici \\.it11 Iduhoin. 

Idaltoia lime ( Frederickson ) 
il.lrrrin lime F R E D E I I I C I ~ ~ ~ S ,  1949, p. 358, p1. 72, figs. 

3-6; GRANT, 1963, p. 121 (in discussion of Snm- 
t s g i a )  

Idnlioitr 1ii.a~ (Frederickson) BELL S: ELLIN\VOOD, 
1962, p. 392, pl. 53, figs. 1-12. 
1Iesc~iptioiz.-Idolloin lirae is characterized 

11y a clon~isloping fro~i tal  area that generally is 
slightly loilger (sag.) than one-half the glabella 
(plus occipital r ing) ,  11y faint to absent glabel- 
lar furrolvs, by an occipital furrow that is shal- 
low laterally and partially to conlpletely ob- 
scured across the axis, by widely dirergent ante- 
rior facial sutures, and 11y surface ornament. In  
small specimens (less than 3-4 ~ n m ) ,  length of 
the irolltal area call l ~ e  less than one-half the 
length of the glabella (plus occipital ring). The  
occipital ring can be spi~lose, nodose, or s~nootli. 
The  stouter the occipital spine, the shallower is 
the medial segment of the occipital furrow ancl 
the longer (sag.) is the occipital r ing:  thus a 
stout spine can influence the asial  length of the 
cranidium. Glabellar, occipital, and palpebral 
furrows are  more disti~lct on the internal mold 
than on the exoskeleton ; this appears to  be t rue 
for  all iclahoiids in ce~itsal Tesas .  The  anterior 
border furrow ranges from narrow and distinct 
in smallcr specimens to broad ant1 shallow in 
1;lrger ones. T h e  specimens on \vhich this fur-  
row is indistinct to absent a r e  grouped under I .  
l ime var. A. The  conves preglabellar field 
slopes gently dom.n\vard. T h e  slightly convex 
anterior border is horizontal to downsloping. 

Esoslieleton ornament consists of elongate 
ridges on at  least the base of the occipital spine, 
and these ridges s p l q  out onto the occipital 
r ing;  ridges and granules can cover the poste- 
rior l i ~ n l ~ s ,  the occipital ring, and the posterior 
one-half of the glabella. Internal n~olds  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. 

Reii~iii,irs.-Based on inaterial from the Ar- 
buckle and Wichita Mountains in Olilahoma, 
Fredericlison (1949) erected the genus illeeritr 
and included in it only one species, .lf. lirae 
Frederickson. From Frederickson's description, 

31. livae has the  faint glabellar fussoars, me- 
t1i;iIly obscilrccl occipital fu r ro~v ,  biconvex and 
do~v~isloping frontal area, smooth outer surface, 
and moclerately wide anterior fisigenae that a r e  
characteristic of Grant's concept of Idalloici. 
Fredericl<son recorded his specirneils a s  har ing  
smooth o r  nodose occipital rings; none ha\-e 
spiiles. N o  data were given on relative length of 
the frontal area. 

Lochman k HLI (1959) recognized Adeoin as  
a subgenus of Idoltoia and described a new spe- 
cies, Idnhoia /Sfcevita)  ito ode sin. 

Bell & Elli~iwood (1962) assigned Idalzoia 
/.llseria) modcstn Lochman & I i u  to  Sarntogia, 
ancl they synonymized i l l ec~ ia  with Idahoin. 
They said (p. 392) that generally the  frontal 
areas of I .  lirne are  longer thall one-half the 
gla1)ella (plus occipital r ing) ,  whereas the froii- 
tal areas of .C. iiioilestrr a rc  less than one-half. 

111 collections from the ~Isljuckle Mountains 
i11 Oklal~oma, Stitt (it1 press) has nlatcrial con- 
specific with Fredericl tsoi~ '~ Sfecria lir-ne. 1Tost 
of these spccimens have occipital rings that a r e  
l~rolien off a t  the asial line, anel thus their asial  
lengths cannot l ~ e  accurately nieasured. The bro- 
ken specimelis have rnctlially oljscured occipital 
iui-rows. Whcn a spine is 11roi;cn off the  occipi- 
t;il ring, part of the spinc can remain, or, i f  t he  
spine is robust, part of the occipital r ing is bro- 
l<eii ofl. On sl~ecimens with \veil developed oc- 
cipital spines, the medial part of the occipital 
furrow will be shallower; the stouter the spine, 
the more ol)scure the furrow. 115th these tlvo 
oljservations in mind, it is reasonable to con- 
cluele that some of Fredericlisoii's and Stitt's 
specimens tlitl a t  one time have occipital spines. 

'The Texas ci.;ltiidia from the l~asal  par t  of the 
Iticrlioitr Zone a r c  conspecific with Frederick- 
>oil's ant1 Stitt's tzison, and I think Bell & Ellill- 
\vood (1962) \yere correct in synonytnizii~g 
.lIceritc xvitli Icltrlloia. Placement of M. lime in 
ldc1i1oia does not contradict Grant's concept of 
In'cil~oiir-rather, it emphasizes the close rela- 
tionship between Idahoin and Suratogia and 
reiterates the point that  the Inore w e  know 
a l ~ o ~ i t  closely related t a s a  (species and genera) ,  
the less distinct are  the lines of separation. 

I. l ime is tiistinguished from the stratigraphi- 
cally higher I .  e'iscoilsc~tsis (Owen) by its rela- 
t i ~ e l y  shorter frontal area, generally smaller 
size, and absence of graiiules i11 the anterior 
I~oi-der furrow of tile interilal molds. I. Liriic has 
a preglabellar field-anterior border ratio of  
nljout 2 :  1, whereas the type specics, I. serapio 
T\;alcott, has a 1 : 1 ratio and a row of pustules 
in the anterior border furro\v. 

I. lirae occurs through a masimum interval of  
6 feet a t  the base of the  Idnltoiil Zone in almost 
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c ~ e r y  mcas~trctl section in central Texas. To- 
gether wit11 .Cr~icztogirr niiiei.icniicz ant1 TYilbri.i~irc 
diadeirlnta, it signals the base of the Idtrlioia 
Zone. 

0ccz~rrci1cc.--1b~1nda1lt in the Idalzoin liine 
Subzone at the base of the Idnltoin Zone at  
CO-162 ; CR-743-737; E-894 : EC-20..i, 21.5 ; 
GM-590, .591, 591; GR-165, 167, 168, 169, 171; 
JR-172, 173, 175.5, 177; LL-711, 719; hIC-706, 
707; PIC-922: SIC-232, 233 : SS-92.5, 94.5 ; ST-  
528; TA-56; TC-983, 9S6, 9S7; TR-342, 344.5; 
T'\-C-925. 

Idahoia lirae (Frederickson), var. A, Bell 

diceria lirae FRLIILRICKSON, 1919, pl 72, fig. 5 
Idnlzoin lirne (Flederickson), Tar -4, Bell in BI.LL QL 

ELLINWOOD, 1962, p. 393, pl 53, figs. 10-12 
Regrtar1z.r.-This morphologic variant occurs 

through the range of Idtri~oia Iii-ne (s.s.) and is 
distinguished from it by the obscurely furronecl 
or undifferentiated frontal area and by the rela- 
tively longer preglabellar field. Variation is con- 
tinuous between I. l ime (s.s.) and this variety. 
Two-thirds of the measural~le specimens had 
frontal areas longer than one-half the length of 
the g1al)ella (11111s occipital ring) ; one-third had 
frontal arcas slightly less than one-half the 
length of the glabella ( p l ~ ~ s  occipital r ing) .  This 
7.ariant can h a l e  the same ornament clistribution 
and pattern as I .  l i ~ a c  (s.s. ) . 

0cczcvre;lce.-Com111on in the IdnJtoic~ 1i i .a~ 
Subzone a t  CR-733-747 ; E-894; GM-590, 591, 
594; GR-165, 167, 168, 169, 171 ; JR-173: I IC-  
706; SIC-232, 233; SS-92.5 ; TC-983,986, 987. 

Idahoia wisconsensis (Owen)  

C~~c~picephalzl.~? rL'isconsensir O w r s ,  1852, table 1, fig. 
1 9  
13. 

Idalzoia zeisco)we)~sis (O~ven) BELL, FENIAK, cG 
I<URTZ, 1952 (part), p. 189, pl. 37, figs. 311, c, c, f 
(figs. 3a, d = I. serabio \\'alcott) (synonyrny to 
date) ; BELL & ~ I ~ L I N W O O D ,  1962, p. 393, p1. 52, 
figs. 19-21 (synonymy to date) ; GRANT, 1962, p. 
986, p1. 139, fig. 5a; 1965, p. 119, pl. 14, fig. 13. 
Re~rznrks.-Idnltoia wiscoiiseilsis is character- 

i ~ e d  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 specinlens with the entire axial length 
p~eserved,  the length of the frontal area was 0.6 
that of the glabella (plus occipital r ing) .  

Exoskeleton ornament consists of two inter- 
secting sets of ridges on the preglabellar field, a 
trallsverse 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 .  ~iliscoitscitsis can range clown as f a r  as  t h c  
trailsition zoilc I)ct\vccil D I . ~ I ~ I I ~ c . s ~ ~ . s  tc.rni~a and 
D. idnl~ociisis; i t  can range u p  as  far  as the first 
occurrence of Ellipsoccpliirloidcs s i1~~csfi . i~.  

Occiiii~ciacc.-I~ocally common in the upper 
one-third of the Idolloici Zone at  JR-204, 205.5, 
210; SIC-260,264,263, 266; TC-1022, 1029. 

Genus ORYG~IASPIS Resser, 1937 
Orj!giilaspic RESSER, 1937, p. 21 ; FREDI:RICICSON, 

1949, p. 359; Lochmail in HAI~RING'~OX ct a/., 1959, 
p. 0272; GRANT, 1965, p. 132. 
Type species.-Pt~c1lopw.in l la i loc~~sis  Wal -  

cott, 1890, p. 272, pl. 21, figs. 3-5. 
Diagiiosis.-Palpebral lobes at least 0.3 of 

glabellar length; posterior edge of palpebral 
lobes behind glabellar mid le~~grh .  Fixigenae 
broad : posterior area triangular, long ( t r . ) .  
Frontal area risually longer than one-half gla- 
bellar leltgtl~. 

Re111aiAs.-Orygiiinspis is distinguished from 
Pnraboli~zoides, Aiaiisfo~zin, Keiiiiallii~a, and 
Tneiiiceplialzts by its relatively large, posteriorly 
located palpebral lobcs, broad fixigenae, shorter 
(exsag.) posterior liltilrs, ornametit, atid rela- 
tively l o ~ ~ g e r  frontal arca. 

Only one species, Org,qirtrrspis l l ~ i i t o ~ r ~ s i s  
(Walcot t ) ,  is i~lcl~idcil in the geiills. 0. fir~rza 
I;retlericl<son, 1919, is syllonyniizcil \\.ith the  
type species, and ( I .  ci.j80i~ (I-Iall) Resscr, 1937, 
was designated the type species of Kcitdnlli~za 
(=I<ciliiirlLin) by Raasch (1939). 

Orygmaspis lln~zoensis (Walcot t )  
P1. 1, figs. 7-16. 

Ptycliopc7i.ia 1la~zocnsi.r \\.ALCOTT, 1890, p. 272, 111. 21. 
figs. 3-5 ; 1899, p. 4.58, pl. 61, fig. 4. 

Concispis llnrzoemis (\Valcott) W~r.co.r~,  1911, p. 358 
(footnote). 

Oryg,ilnrpi-c' 1ln~loeisi.s i\\.alcott) Ri:ssi:~, 1937, p. 
22; Frt~ueltrc~cso~, 1919, 1). 359, pl. 71, figs. 
19-22; BELL S: ELLIXIVOOD, 1962, p. 398, p1. 55, 
figs. 11-15; GRANT, 1965, 11. 133, 111. 12, figs. 4, 7. 

Ol.yglilfls/)i.r firltla FIIEDTRICI~SON, 1949, p. 359, pl. 71, 
figs. 15-18; BELL iCr ELLINWOOD, 1962, p. 398, pl. 
55, fig. 16; pl. 56, fig. 1 ;  GRANT, 1965, p. 132, pl. 
12, figs. 3, 5, 6. 
Desci.ipiio~z.-Cra1iicli~1111 usually longer than 

wide, flatly to  moderately convex. Glabella ta-  
pered, the front broat l l  rounded or truncate; 
two or three pair of glalrellar furrows that a r e  
more deeply i~llpresseti in the lower 3 feet of the  
range of the species; glabella usually lteeled. 
Axial furrow distinct: preglabellar furrow can 
be shalion-er. Occipital furrow I~road and shal- 
low; occipital ring broad, tapers laterally, bears 
a m e d ~ a n  node. Frontal area highly variable; in 
the loner  3 feet of the range it is s~tbequally di- 
vided into a flatly to moderately conves pregla- 
bellar field that  is horizontal o r  do\vnsloping and 
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TEXT-~IG. 7-Ratio of palpebral lobe length to glabellar length for Parabolirtoides cot~li.act~ts (141 speci- 
mens) and Orygn~aspis llanoensis (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 glabelia. 0. 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 conves anterior border that  is horizontal 
o r  downsloping; anterior border furrow distinct 
and transverse on most specimens from lower 
part of range. About 3  feet above the base of 
the range a ln~os t  all frontal areas a re  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. Fisige- 
nae broad, crossed by faint ocular ridges. Palpe- 
bra1 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 (test-fig. 7) ; these posterior 
edges of the palpebral lobes a r e  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 ( t r . )  ; 
posterior border f u r r o ~ v  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, o r  a smooth but usually 
granulate ridge where this furrow should be ;  a 
few specimens have coarse granules scattered 
over the glabella, fisigenae, and frontal area, a s  
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 asia! 
rings, and a terminal piece that  can have two 
very low nodes or  a low ridge across it. F u r -  
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. 

Rel1zarks.-Orygvnaspis l lnnoe~tsis occurs 
throughout the lower half of the Taegzicepllalz~s 
Zone. Although it is entirely absent from the 
basal foot of the Paraboli~ioides Subzone, it  is 
common t o  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 
~vel l  with 0. llnizoe~zsis of all previous workers. 

Both 0. llniioe~zsis and  0. ji~nza have been 
recognized in central Texas  (Bell & Ellinnood, 
1962). T h e  two were distinguished on the basis 
of presence or absence of an anterior border 
furrow. Although there a re  specimens that can 
easily be assigned to 0. firnzn, there a r e  numer- 
ous specimens that  close the gap between it and 
0 .  llanoensis. All the specimens that could be 
assigned to 0. firtiza and the intermediates be- 
tween it and 0 .  l1a~toe~zsi.s occur in the basal 3  
feet of the range. I prefer to think of this group 
in terms of one variable species that, on esten- 
sion through time, was morphologically re- 
stricted t o  the  taxon called 0.  llanoensis. I have 
synonymized 0 .  j i~ ina  with 0. Ila?zoegzsis. 

T h e  spectrum of variation in this species e s -  
tends even farther from 0. llawoensis than 0. 
firtila. I n  the lower 3 feet of the range of 0. 
lla?toensis (s.s.) there a r e  specimens tha t  would 
not be assigned t o  that species were it not f o r  
the fact that they grade continuously into it. All 
these specimens have the large, posteriorly 
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placed eycs and slcrldcr limbs of Orygiiicispis, 
and most of thc frontal areas a rc  loiigcr than 
one-half the glabellar length. The  variation is in 
the depth of all furrows, especially the anterior 
border furro\v, and in the topography of the 
frontal area. There are  several collections from 
the basal 2 feet of the range (E-849, 819.5; JR- 
122, 124; GR-120; TC-935.5, 935.5-936) in 
which the variation call best be seen. If the spec- 
imens from a col lect io~~ are arranged in order 
of distinctness of furro~vs,  the few specimens 
easily assignable to 0. llanoeiasis a r e  all a t  the 
less distinct end of the array, with specimens 
that could be called 0. fiiliia next in line. Be- 
yond this, the furrows are  cjuite distinct, the 
frontal area is subdivided, and there is variation 
in the topography of the frontal area. I am call- 
ing this disti~lctly furrolved group 0. llnizoei~sis 
var. A, a stratigraphically significant and mor- 
phologically differing group that is still included 
within 0. lla~loelzsis. 

The  pggidia associated with 0. llaltoei~sis are  
very similar to the one Frederickso~l figcired 
(1949, pl. 71, fig. 22) escept that the spines a re  
shorter. These pygidia are  also much like those 
associated with Parnboliiioides co~stracfz~s.  

Occul-rei1ce.-Commo11 to locally abundant in  
the Parabolinoides Subzone and in the lower 
one-half of the Taelticepliil l:~~ Zone a t  B-315.5, 
316; CO-129, 131; CR-711; E-819, 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; LIC-661, 
661.5, 662, 665, 667, 668, 671, 673; PK-886, 888, 
895; SIC-202, 204, 206; SS-48.25, 51, 55, 58, 60, 
60.5, 62, 67, 68; ST-480, 481, 484; SU-60, 61; 
TA-10, 12; TC-935.5-936, 936-936.5, 939, 911.5; 
TR-292.5, 291, 296, 297.5, 300.5, 302.5 ; LLTC-891, 
891.5, 894.5, 896, 898. 

Orygnzaspis llanoensis (Walcott),  var. A, 
Longacre, n. var. 
PI. 1, figs. 7-10. 

Descripfio~~.-This variant is characterized by 
its distinct furrows, particularly the  anterior 
border furrolv, and a frontal area that has topo- 
graphic relief and is subeq~lally divided into a 
preglabellar field and anterior border. T h e  vari- 
ety can have all or part of the ornament charac- 
teristic of Oiygiizaspis 1lniloei:sis. Palpebral fur- 
rows can be distinct. 

Remarks.--Although this variant is distinct 
from 0. lln~loetzsis of previous workers, it 
grades co~ltinuously into that morphologic 
group. Because it is difficult to draw a line be- 
tween the t n o ,  I have purposely left the bound- 
ary vague. This variety occurs in the loner  3 
feet of the species range. Although 0. llailoe~tsis 
can occur with its variety, the collections a r e  

domili;itccl by the variety. T h e  data i~~t l i ca tc  that 
in the lower part of its range 0. l ln~ioc~zsis is a 
variable species. As time passcd, a morphotypc 
that  originally was one end member in the mor- 
phologic distribution became dominant. 

0. lla;ioe+zsis var. A can occur with Parabo- 
li i~oides co~itractlis ant1 looks very much like 
that species in the depth of f t ~ r r o w s  and charac- 
t e r  of the frontal area. However, the palpebral 
lobes are  longer and more posteriorly locatetl, 
and the posterior limbs a r e  correspotldingly 
shorter (exsag.).  I think 0. llaiioeilsis var .  X 
represents the evolutionary tie between Parabo- 
linoidcs and Oryg?;znspis. 

Occ~(,-ieuice.-Coi~~~noil in the interval 1 to  4 
feet above the base of the Taei2icepiznlzts Zone 
a t  E-849, 819.5, 850: GR-119, 120: JR-122, 124; 
LL-673 ; MC-661, 661.5, 662; SIC-202: SS-48.25; 
ST-480 : TC-935.5-936, 936-936.5 ; TR-292.5, 
291 ; SVC-891, 891.5. Occurs wit11 0. lla+zoe+tsis 
a t  E-849; GR-120; JR-123; bIC-661.5; TC- 
935.5-936. 

Genus PARABOLIXOIDES Frederickson, 1949 
Pnraboiii~oides FREDERICKSON, 1949, p. 360; BERG, 

1953, p. 561; Lochman i ~ i  HARI<IXGTOS t't al., 1959, 
p. 0272; BELL & ELLIS~.OOD, 1962, p. 398; GRANT, 
1963, p. 133. 

Bcrii:n ~ R E D E R I C K S O S ,  1949, p. 357. 
Typc  species.-Prriaboli+~oidcs cotztractus 

Fredericiison, 1949! p. 361, pl. 71, figs. 4-10. 
Dingi2osis.-Palpebrd lobes small. Posterior 

end of palpebral lobes opposite or forward of 
glabellar midlengti~. Posterior fisigenae long 
(essag.)  and broadly triangular. 
Reiiic:~.fcs.-Pwnboliiioides 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  iilcluded in 
Pa~aboliiloides: P. cont,rnctzrs Freclerickson, 
1949, P. przlatzrs Berg, 1953, and P. g r n ~ z ~ ~ ~ l o s z ~ s  
Ellii~wood, 1962. 

Parabolinoides contractus Frederickson, 1949 
P1. 1, figs. 2-6. 

361, PI. 71, figs. 4-10; BERG, 1953, ;.- Q61, Dl.' 56; 
fig. 3 ;  BELL & ELLINU.OOD, 1962, p. 399, pi. 56, fig. 
12; GRANT, 1965, p. 134, pl. 10, figs. 20, 23-27. 

Pa~nbolifloides 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 & ELLINWOOD, 1962, p. 400, 
pl, 56, figs. 6-11; GR~IXT, 1965, p. 135, pl. 10, fig. 
19. 

Pamboiino~des exparlslis NELSON, 1951, p 776, pi. 
107, figs 1, 3;  LOCH~I-4s & Hu, 1960, p 811, pl. 
9.5, figs 32-35; GR.IST, 1965, p. 135, pl 10, figs. 
18, 21, 22. 



Mnzl.rioiiii~~ cordillcreiisi T.OCHMAN, 19.50, p. 331, 111. 
47, figs. 6-13, 

Parnboli~~oides cordiI!err~i.sis (Lochman) BERG, 1933, 
p. 563 (in discussion of >lfn?~stonin) ; GRANT, 1965, 
p. 131, pl. 11, figs. I-.;. 

Bemin obfilsn FREDERICKSON, 1919, p. 358, p1. 70, figs. 
1-6; Bmc, 1953, p. 559, pl. 59, fig. 1. 

Dcsciiptiolz.-Craniclium usually x ider  than 
long, Inany 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 
fu r ro~vs  distinct. Occipital f u r r o ~ v  broacl, shal- 
low, better impressed on molds than on esoskel- 
eton, Occipital ring tapers laterally; occipital 
node usually present. Frontal area extremely 
variable: the preglabellar field and anterior bor- 
der normally a re  subec~ual in length (sag.) ,  but 
either one may be longer : the preglabellar field 
is moderately to flatly convex, horizontal o r  
dow~lsloping; the anterior border is flat t o  
slightly convex and can be raised, can slope up  
or  do~vn,  or  can he horizontal; the  ariat ti on in 
topograph!~ runs the gamut of possibilities. Al- 
though the distinct anterior border furrow is 
usually slightly curvecl o r  nearly transverse, it 
can have a suggestion of recurvature a t  the 
axial line. The  length of the frontal area rela- 
tive to the glabella ranges from 0.25 to greater 
than 0.60. Fixigenae relatively narrow, flatly 
convex, horizontal to  do~vnsloping laterally, nar-  
rowest opposite palpelIra1 lobes, crossed by ocu- 
lar  ridges. Palpebral lobes small, length never 
greater thail one-fourth glabellar length: poste- 
rior edge of eye opposite glabellar nlidlength or  
forward of this point, ~ ~ s u a l l y  opposite anterior 
0.4 of glabella; the posterior end of the eye is 
t~sually opposite the lateral end of the second pair 
of glabellar furrows. Palpebral furroli- faint. 
Posterior areas broadly triangular; posterior 
I~order furrow broad, shallow. Anterior facial 
sutures range from nearly parallel to marlcedly 
divergent in front of the palpebral lobes. Sur- 
face of  exoskeleton usuallv smooth. Internal 
1n01ds can be ornamented, usually with just a 
longit~~tiinally 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 asial  ring 
that is partly o r  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. T w o  to five pairs of marginal 
spines, ranging from stubs to  long, slender 
spines. Margin of exoslteleton covered by fine 
terrace lines; internal molds smooth. 

Re71turks.-Nore than 150 specimens from the  
11asal 2 feet of the Tae~ticepiznl~~s 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. 

T h e  palpebral lobes a re  small and situated 
well forward on the cranitlium. The ratios o f  
palpebral lohe length and glabellar length 
ranged from 0.14 to 0.25; most of t h e  ratios 
were between 0.20 and 0.25 (text-fig. 7) .  T h c  
eyes were never more than one-fourth glabellar 
length. T h e  posterior edges of the palpebral 
lobes were always opposite the anterior one-half 
of the glabella; more than 50 percent of the spec- 
irnens 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 o r  forward of the 
lateral ends of the second set of glabellar fur- 
ran-s; the palpebral lobes straddled the interval 
between the anterior and middle pair of glabel- 
lar furrows. 

T h e  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 t o  0.45 and 0.48 to 0.53 
(test-fig. 8 ) .  Bell 8.1 Ellin\vood (1962) set the 
cutoff between Pnrnboli+zoides l tebe and P ,  con- 
tiacfiss a t  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 
betiveen the two. There is no relation apparent 
between length of frontal area and anterior fa-  
cial s ~ l t u r e  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 conves, horizontal o r  
do~vnsloping; the anterior border is flatly to  
moderately convex, upsloping, horizontal and 
raised, or do\vnsloping. Because this range in 
topography includes that of P. expnlrsus Nelson, 
1951; P. expuns2is is synonymized with P. co~z- 
iincfz~s. 

P. cordilleve~isis (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 furrolv. T h e  topography and caecal ve- 
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TEXT-FIG. 8-Ratio of frontal area length to glabellar length for 166 specimens of Parabolii~uidcs contractus. 

nations a r e  features cornmon to many specimens 
of P. coiztract!~~; the granules a r e  present on a 
few, not always in association with the caecal 
venations. There is no reason sufficient for  sepa- 
rating P .  coidillere~zsis from P. co~ztmcf~is. 

Four  o r  five cranidia c o ~ ~ f o r m  to Beinin ob- 
fz~sa Frederickson; I agree wit11 Bell S: Ellin- 
wood (1962) and Grant (1965) that it is not a 
separate tason ancl here incl~ide it in P.  collfrac- 
tzts. 

In the upper 1 foot o r  less of the range of P. 
colztractlis and just above its range a re  cranidia 
very similar to, yet distiiict from, P. co1tiinctz6s. 
Although the glabellae ancl frontal areas are  
quite like those of P. cont~nctus, the  palpebral 
lobes are  larger and a re  far ther  back on the cra- 
nidium. These cranidia, described a s  Oiyg,izas- 
pis l la~toet~sis  (Walcot t ) ,  Tar. A, Longacre, n. 
T-ar., represent the  intermediate form between 
Parabolitloides and Orgg~izaspis. 

T h e  pygidia of P. c o ~ ~ i i n c t ~ ~ s  and 0. l l a ~ ~ o e ~ t s i s  
a re  remarkably similar. In  P. coat.~acfz~s the 
third axial ring is more or less fused to the ter- 
minal axial piece; three distinct axial rings can 
usually be seen on 0. llni!oe~lsis pygidia. I n  all 
other respects the two a re  identical. 

0ccur~ei~ce.-Abunda~it  in the basal Paiabo- 
linoides Subzone a t  B-312, 3 12.5 ; CO-124, 125, 
126; CR-697; E-848.3, 848.7, 849, 849.5: GM- 
516, 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, 0.8, 1, 2 ;  TC-934-934.5, 
934.5-935, 935.25, 935.5-936 ; TR-291.2, 292.5 ; 
\VC-889. 

recurved to backward-pointing posterior margin. 
I n  small specimens, a t  least the posterior pair of 
glabellar furrows may connect. 

0ccz~rre~zce.-Common to locally abundant in 
the basal 1 foot of the Parabol i~~oides  Subzone 
a t  B-312, 312.5; CO-124; CR-697; E-818, S48.7; 
GLI-546 ; GR-118 ; JR-121, 122 ; LL-672, 672.5 ; 
MC-660, 661, 662; PI<-885; SS-46, 46.5, 47; 
SU-56 ; TC-934-9313, 934.5-935. 

Genus SARATOGIA Walcott, 1916 

Type species.-Co~~ocephalites calciferoz~s 
Walcott, 1879, p. 129; 1912, pl. 43, figs. 7-10a. 

Dingilosis.--Frontal area less than one-half 
the length of glabella (plus occipital ring). Gla- 
bellar furroivs usual1~- distinct. Occipital furroiv 
well impressed, visible across asis.  Anterior fa- 
cial sutures n a r r o u l  to widely divergent. Pre-  
glabellar field do~vnsloping, anterior border nor- 
mally upturned. Ezoslceleton and internal mold 
orname~ited. 

Re~ilnrir.s.-The t n o  most consistent features 
among species of S ~ ~ i n t o g i a  a r e  the frontal area 
length that is less tliarl one-half that of the gla- 
bella (plus occipital r ing)  and the upturned an- 
terior border. These two features readily distin- 
guish Sniatogia from Idahoia. All Texas speci- 
mens assigned to species of Saratogia were 
evaluated according to Grant's (1965, p. 121) 
eight criteria; the results a r e  summarized in 
table 1, along with those for species of Idahoia. 

Parabolinoides granulosus Ellinwood Saratogia americana (Lochman & Hu) 
Paraboiinoidw granulosus Eliin~vood in BLLL & EL- Mi)2kejia nmerkana Lociinr,iN cO Hu, 1959, p. 414, LINwOOD, 1962, p. 399, pl. 56, figs. 13-18. 

pl 58, figs. 1-20. 
Renzarks.-Parabol&ttoides gianulosus is char- Sarafogia americalzn (Locliman & Hu) BELL & EL- 

acterized bq- its ornament, transverselv convex L I s \ \ ' O O D j  1962, P. 393, PI 54, figs. 1-5. 
preglabellar field that  is flattened anterior to the Rev2aiks.-Sarafogia nunerica,za is character- 
glabella, and the convex anterior border with a ized by a frontal area that is normally about  
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two-fiftlis the Icngtli of the glabella (plui occip- 
ital r ing) ,  distinct gl;~l~ellilr and occipital fur-  
rows, ~iarrowly dixergei~t anterior faclal su- 
tures, surface ornamei~t ,  and a con\ ex, strongly 
downsloping preglalxllar field and sharply up- 
turnetl anterior bortler Of the three Texas spe- 
cies of Sliiatoglia, 5'. niiiericirlta best conforms 
with Grant 's criterla for the genus (table 1 in 
this s t ~ ~ d y ) ,  A s  Bell Sr E1111lwood (1962, p. 393) 
mentioned, S. nlltciicnna has a strlking orna- 
ment and I S  relativelj conxres, and the length of 
the blunt, tapered glahella is eclual to its basal 
width. 

S.  a i i ~ e i i c a ~ t a  is abuntlant through the Idahoia 
lirtre S u b ~ o n e  and occurs as high in the Idahoia 
Zone as the transition Interval between Drz t~~zns -  
pis tcl-niin ancl D. idnhoeilsis. 

Occui~i-c~~cc.-Abt11~~1a~~t in the Idalzoin lirne 
Subzone and scarce 111 the overlying hecls of the  
Idnhoitr Zone at  B-316.5, 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; LIC-706, 707, 
712, 718; SIC-233, 215; ST-531, 536, 541, 572, 
574.5, 575, 578; Sl l -116,  TA-56 ; TC-986, 987, 
991; 11 C-925, 950, 968 

Snratogia fria Lochman & Hu 

.Yarnfogin f~ ia Loc~nr . \ s  & Hu, 1959, p. 422, pl. 59, 
figs 1-11 ; BELL & EI,LIS\VOOD, 1962, p 394, pi. 
53, figs 13-21 ; GRAXT, 1965, p. 122, pl. 13, fig. 21. 
Reii~criirs.-Samtogia fi-iu is characterized by 

a frontal area that is slightly less than one-half 
the length of the glal~ella (plus occipital r ing) ,  
by faint to absent glal~cllar furrows, 11y an oc- 
cipital furrow that 1 1 1 ~  or lnay not be visible 
ac-ross the axis (depeniling on the stout~less of 
the occipital spine), 11y lvidely divergent ante- 
rior facial sutures, and by its surface ornament. 
T h e  preglal~ellar fieltl is gently convex, slightly 
tlownsloping. 

Texas specimens assigned to this species a re  
very much like those from Montana assigned to 
S.  fria by Grant (1965, p. 121). However, some 
speci~nens from both areas violate some of 
Grant's criteria for assignment to Sa ia tog ia  
(table 1 in this study) : the glabellar furrows 
a re  faint to absent, the occipital furrow may or  
nlay not be well impressed, and the anterior fa- 
cial s u t ~ ~ r e s  may be narrowly o r  widely diver- 
gent. 111 spite of these discrepancies and varia- 
tions, S. f i i n  is a compact and distinct species. 

S .  f i ia occurs with S.  i~aodesta but does not 
range so high as  does the latter. A fen- speci- 
mens of S .  alriericaila occur in the lower one- 
half of the range of 3. fria. 

Occtli-i-i~i~ce.-Abu~idant in the middle of the 
Idaltoia Zone a t  B-361.5, 377.5; CO-176, IS?., 
193; E-916, 932, 934, 935; EC-35, 36; GM-604; 

GR-180, 183; JR-188, 189, 195.5, 196, 200; L1,- 
725, 728; WIC-718, 721 ; SIC-24.;, 218, 250.5, 260, 
261; SS-101, 109, 111, 111.5: ST-536; SU-116; 
TC-1003, 1009, 1017; PVC-950, 968, 977. 

Saratogia modes ta  (Lochman & Hu) 
Idallvia ( M e e ~ i a )  n~udestn Loc~rbr..is iG H u ,  1959, p. 

120, PI. 59. fics 3315. 
Sornio& nzode~fa  (Lochrnan & 1-111) BELL & EI.LIX- 

noon, 1962, p 391, pi. 54, figs &8 
j i r o  in wzodesta Locliman & Hu, GRAXT. 1965. r, 121 . . 

( i n  discussion of Sai-atogia) . 
Rciitarks.-Stri.afogia nzodesfa 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, shallo~v, and uninterrupted occipital 
furrow, smoothly curved and narrowly divergent 
anterior facial sultures, a gently convex ant1 
dolin sloping preglabcllar field, and a horizon- 
tal to gently upsloping anterior border. T h e  
occipital ring norn~ally has a very low node. Pal- 
pebral furrows are  not evident on exoskeletons, 
faint on internal molds. 

Tlie only ornament observed on the exoskele- 
ton was a set of low, transvcrsc, irrcgillar 
ridges on the occipital ring. I\ few internal 
rnolds have longit~idinal caecal venations on thc 
preglabellar field and rarely have low granules 
in the anterior l~ordcr  furrow. 

Grant (1965, p. 121) creates confusion by his 
uniclue reference, ~ i i t h o u t  discussion, to  Sarato-  
gin liMeeria) l i m e  Frederickson and S. (.I$.) 
iiiodcsta Lochmarl & I-Iu. I can understand that 
confusion would arise from placing these tn-o 
species in the same genus. According to Grant's 
criteria, that species could be neither Idahoia nor 
Sai-afogia.  However, the confusion can be rc- 
solved by putting Idalzoia ( i l f c e i i a )  irzodesin 
Lochman & H u ,  with a frontal area less than one- 
half the length of the glabella (plus occipital 
r ing) ,  in the genus Samtog in ,  and by putting 
J Icc i i a  l i m e  Freder ickso~~,  with a frontal area 
longer than one-half the length of the glabella 
(plus occipital r ing) ,  in the genus Idahoia.  

With the exception of the very faint to  absent 
glabellar furro~vs,  S.  i~zodesia conforms xvell 
\ i i th Grant's criteria for  the genus (table 1 in 
this study). 
S. nzodesttr occurs with and above S. fria. 

Their lowest occurrences are  approximately 12 
feet above the base of the Idalzoin Zone, and S. 
liiodcsta extends u p  into the lower part of the 
range of Ellipsoccpl~nloides si lvesti is .  

Occztrre~tce.-Common to  locally abundant in 
the middle and upper Idnlzoia Zone a t  B-377.5; 
CO-176, 181, 202 ; E-917,923, 932 ; GM-606, 615 ; 
GR-195 ; JR-188, 189, 200 ; LL-738, 741 ; bIC- 
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 Ellipsocepllirloides Zone at  GR- 
204, 210 : LL-750; WC-1069. 

Genus STIGMACEPHALOIDES Ellinwood, 1962 

Sfigc~~accpI~n!oides Ellitlwood in BELL & ELLIS\~OOD, 
1962, p. 401. 
Type species.-Stigr~zcicepitnloides cuivabilis 

Ellinwood in Bell & Ellin~voocl, 1962, p. 401, pl. 
56, figs. 2-5. 

Rentai1zs.-The characteristics of this mono- 
typic genus are  well described in Bell & Ellin- 
wood (1962, p. 401). 

Stig~nncep71uloides cu~cabi l i s  Ellinwood 

Stigvzacepl!nioides cztrvaliilis Ellinwood in BELL & 
ELLINI~OOD, 1962, p. 401, pl 56, figs. 2-5; GRINT, 
1965, p 135, p1 14, fig. 21 
Reirtai.ks.-This species is well described and 

illustrated in Bcll & Ellinwood (1962). It is dis- 
tinguishetl from species of Stigli~aceplitrlzrs by 
convexity of the anterior end of the cranidium, 
general smoothness of features, and shallow 
furrows. 

Esosl;elcton is without ornament. Internal 
~nolds ma)- l1ax7e longitutlii~al caecal venations 
across the antcrior fisigcnac and prcglahellar 
field. One internal mold has a short row of low 
granules in its anterior border furrow adjacent 
to the axial line. A very lo\\- occipital node call 
he seen on internal molds. 

Bell & Ellin\vood (1962, 11. 101) suggest that 
.Stigc~tacepli~lus may be ancestral to  Sfi,qiiiace- 
phaloides. X second possible ancestor could be 
.Sol-ntogia. Greater cranidial convesitj- and shal- 
lower furrows distinguish Stigcttacephaloides 
cztr-dabilis from stratigraphically lower Sarato- 
gin utodesta. 

Occzc~i.e~~cr.-Scarce but locally common in 
the lower Ellipsoceplzaloides Zone a t  TC-1085- 
1090, 1093, 1095-1100, 1100, 1100-1105; \VC- 
1069. 

Genus TAEXICEPHALU~ Ulrich & Resser, 1924 
Taenicepl1allrs Ulrich & Resser in WALCOTT, 192411, p 

59 ; 1925, p 116; BERG, 1953, p. 565 ; Loclirnan In 
E I ~ ~ ~ ~ X ~ ~ ~ ~  ~t a/., 1959, p 0274; GRANT, 196;, p. 
136. 
Type Species -Coczocepl~allies sl~z~cr~iri.Cii Hall, 

1863, p. 154, pl 7, figs. 1, 2 ;  pl. 8, fig. 32 
Recrzai ks --The diagnosis given by Lochman 

(in Harrlngton et nl., 1959) and the description 
given 111 Berg (1953) is emencled in one fea- 
ture;  the f~ i l l  length of the e) es cxtencl opposite 
the anterlor one-half of the glabella. 

Taenicephalus gouldi (Frederickson) 

13c1t~aspis gouldi FREL)LRICI<SON, 1949, p. 3.57, 111. 71, 
figs. 11-11. 

Tac?!icephalzls gozddi (Frederickson) BELL PL ELLIX- 
nooD, 1962, p. 401, pl. 57, figs. 1-9; GRANT, 1965, 
p 137, pl. 12, figs 1,2 
Reir~nrks.-The cranidium of Taenicephal~ts 

goitldi is wider across the palpebral lobes than it 
is long, lacks foss~ilae, and usually lacks a n  oc- 
clpltal node. The  esoslceleton mag he covered 
mlth granules, and a coarse, longitudinally ori- 
ented, I ermiform ridge pattern ma) cross the 
preglal~ellar field The vermiform ridge pattern 
is ~ i s~ ia l ly  preserled on internal molds, and the 
gran t~ la r  ornament m,ly be prescrvetl; some in- 
ternal n~olds  a re  smooth. 

T.  gouldi occurs in the lower Taeiticephalits 
Zone, normally just a11ol.e the Paiabolinoides 
S u b ~ o n e .  111 the 12 measureti sections from 
mhich it has been recovered, T. gozcldi com- 
monly has a maslrnurn range of 2 feet, but it 
may estcnd 2 feet more. T. goitldi is separated 
from T .  slrzivza~di by a minimtitn of 4 feet of 
section. 

X few specimens of Paraboliuoides graczzclo- 
stts loolc quite similar to Tae~~icephalzcs gouldi 
and seem to indicate an ancestor-descent rela- 
tionship between the two species. 

Occirii-ence.-Common in the lo~ver  Taenicc- 
phal~ts  Zone a t  B-315 5, 316; CO-129. GM-551, 
555( ? )  ; GR-120, 121(?)  ; JR-125, 126, 126 3, 
127; LL-676; PI<-886 : SK-202, 203 ; SS-50, 51; 
ST-1S1( ?)  ; TC-939 ; TR-296, 297.5. 

Taenicephalus shumardi (Hall)  
Coiiorcp11talife.r slzzt?iiaidi HALL, 1863, p 154, p1. 7 ,  

figs 1, 2; p1 8, fig 32 
Tao~icrbllalzts slzt~iiiaidi (Hall) !Ai ~LCOTT. 1924b. D. 

39, pl. 13, fig. 1 ; BELL & E L ~ I N \ ~ O O D ,  1962, p. 402, 
p1. 57, figs. 10-21 (synonymy to date) ; GRANT, 
1965, p. 137, pi. 12, figs. 21, 22, 25, 26 (synonymy 
to date). 
Reriiniks.-Tneiiicepl~alzcs shulr~aidi  is very 

common throughout most of the Taeniceplznl~ts 
Zone in central Tesas.  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 ficlcl is a t  least as long as 
the anterior border. This character cloes not al- 
ways occur on the T e s a s  specimens. Of the 
nearly 500 specimens of T.  shnli~aidi,  75 have 
I~orclers that a r e  longer than their preglabellar 
fields (Bell & Ellinwood, 1962, pl. 57, fig. 18) .  
In  all other respects, these specimens are  assign- 
able only to T. slzi!iilcirdi. Although 0x1 some spec- 
imens the difference in relative length of the 
border may have resultecl from compaction, 
there a re  numerous specimens on which the dis- 
tinctly longer border is not a protluct of flatten- 
ing of the  border or c~ir l ing of the preglahellar 
field. 
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I n  addition to the puckered anterior border 
furrow mentioned b y  Bell & Ellinuood (1962, p. 
402), ~n te rna l  molds can show the ~ e r m i f o r m  
ridge pattern or  scattered pits on the preglabel- 
l a r  field. 

T. sllziliznidi ranges from a minimum of 8 feet 
above the Eoothis bed u p  to the top of the 
Tneiziceplzall~s Zone. 

O C C Z L ~  l-e?zce.-Common to locallj abundant in 
the Tae~zicephalz~s Zone at  B-323, 328 5, 330; 
CO-136, 113 ; CR-711 , E-857, 860, 861, 864, 866 ; 
EC-1, 3 5, 6, 7, 9, 14.  GM-559, 568, 572, 573, 
575; GR-126, 127, 131, 133, 137, 144, 148; JR- 
131, 132, 136, 156, 169 LL-682, 682 5, 686, 691, 
693, 700; Arc-671, 673, 678, 678 5, 682, 685; 
PIC-895; SIC-210, 213, 215; SS-58, 60, 60.5, 62, 
67, 68 69, 72, 83: ST-491, 511, 514, 520; SU-66; 
TA-10, 12, 14, 34, 40, 12 ;  TC-941 5, 946, 948, 
952, 975, 982; TR-302 5, 304.5, 309 5, 312, 314.5, 
319, 324, IYC-898, 901 5, 910, 913.5. 

Tnenicephalus sp. Bell & Ellinwood 
PI. 2, figs. 1, 2. 

Taeiliccplinli!s sp. BELL & ELLINWOOD, 1962, p. 402, 
pl. 56, figs. 19-21. 
Reiiiaiks.-I agree ~vitli  Bell and Ellinwood 

that the systematic position of this tason not be 
solidified until more data a r e  available from the 
upper Tnei~icephalz~s Zone. T h e  more than 75 
very sniall cranidia assigned to Taeizicephalzts 
sp. all haye large, elevated, well-defined palpe- 
bra1 lobes, a preglabellar field-anterior border 
ratio l~e tneen  2 :  1 and 1 : 4, and taenicephalid 
ortlament. l l o s t  specimens have an occipital 
node. S e ~ e n  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 f r o ~ ~ t a l  area, and depth of 
furrows will distingiiish this t ason  from species 
of Idahoia. Elevated palpebral lobes and the 
highly convex but very slightly d o n ~ ~ s l o p i n g  
preglabellar field will distinguish Tnolicephalzts 
sp. from species of Sal-aiogin. I n  the collection 
from JR-169, Tae?ziceplmlzls sp. and Sol-ntogia 
n~~zerica~zn do occur together and a re  very diffi- 
cult to separate. This misture may represent the 
transition from Tnerliccpi~alus sp. to S. ameri- 
cnflta. Detailed collectiiig from this part of the 
section would be most helpful. 

Taei~iceplzalus sp. occurs through a niasimum 
interval of 7 feet, with or just above the range 
of T. sllzinzavdi. 

0ccl~rveizce.-Scarce to locally common a t  the 
top of the Taenicepi~alz~s Zone a t  CO-143; CR- 
730; E-875: EC-14; GLI-572, 575; JR-169; 
RfC-685, 689; SIC-220; SS-76, 84, 90; TA-35; 
TC-975, 982; TR-333.5, 337; WC-912, 917. 

Genus WILBERNIA Walcott, 1924 
T17ilbernia WALC~TT, 1924b, p 60; 1925, p. 123; 

Lochman in HARRISGTON et a l ,  1959, p. 0252. 
T y t e  species.-Ptychoparia pevo Walcott, 

1890, p. 274, pl. 21, fig. 6. 
Rerizarks.-The characteristics of this genus 

a re  summarized by Lochman ( in Harrington et  
nl., 1959). Because the palpebral lobes a r e  poste- 
riorly located and the fixigenae are  not  very 
wide, the eye ridges a r e  angled back rather 
sharply. 

Wilbernia diademata ( Hall) 

Co~zocepItalites dinileiruit2rs HALL, 1863 (part), p. 167, 
pl. 7, fig. 36; pl. 8, fig. 21. 

JVilbernia diadcrilata (Hall) RESSER, 1937, p. 28 ; 
NELSON, 1951, p ,  782, p1. 109, figs. 8, 11, 12; BELL 
cG ELLINWOOD, 1962, p. 395, pl. 54, figs. 9, 10 ; 
GRANT, 1965, p. 123, pl. 13, fig. 27. 
Ret?zarks.-TVilbei-lzia diadei~znta 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 a r e  a few 
specimens in the collections that seem t o  be in- 
termediate between TV. diadeii~ata and W. pcio. 

Esoskeleton snlooth except fo r  terrace lines 
on posterior one-half of occipital ring. Internal 
molds have a ro\iT of granules in the anterior 
border furrow. Occipital node may be present 

Ti/. dindei~tafn is restricted to the lowest 6 feet 
of the Idalzoia Zone, in association with Idalzoia 
lii-at. 

Occurrence.-Common t o  locally abundant in 
the IdaJzoin lil-ae Subzone at  B-346.5; CR-743- 
717; E-894, 897; EC-20.5, 21 5 ; GIvI-590; GR- 
168, 171 ; JR-172, 173, 178; AIC-706, 707; PIC- 
922 ; SIC-232, 233 ; SS-94.5 ; ST-528 ; TC-983, 
987. 

Wilbernia expansa Frederickson 

TVi!bernia expanso FRLDERICI~SON, 1949, p. 362, pl. 72, 
figs. 13-16; BELL, FENIAIC, & I ~ U R T Z ,  1952, p. 187, 
p1. 32, figs. 3a-c; BELL & ELLIXIVOOD, 1962, p. 39.7, 
pl. 54, figs. 11, 12 ; GRANT, 1965, p. 123, pl. 14, fig. 5. 

JVilbernin Izalli Resser, var. A, SELSOX, 1951, p. 777, 
p1. 107, figs. 9, 16. 
Rel~zarks.-This species is characterized by its 

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

Surface of exoslteleton smooth. Internal 
molds can preserve longitudinal caecal venations 
on the anterior fisigenae and anterior border. 
Many molds preserT7e a row of granules in the 
anterior border furrow; these granules o r  low 
irreg~ilarities may 11c evident on the exoskeleton. 
11 small occipital node can be present. 
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Wilbeiizin e.zpansa occurs with the other 
three species of Wilbel-wia: W. Jzalli in the 
Taef~iceplsalz(s Zone and Ti'. dindenlata and W. 
pero in the Idalloin Zone. 

Occurr~i~ce.-Scarce to common in the Tneni- 
cephnlzts Zone a t  CO-143; EC-1, 9, 14.5; LL- 
686; MC-685; SS-83, 84 ;  ST-511, 520; TA-40;  
TC-952; TR-314; WC-913 5, 917. Scarce but lo- 
cally common in the Idnizoin Zone a t  E-897, 920, 
923, 932; EC-20.5, 21 5, 25, 26, 30; GlI-591; 
GR-171, 188, 195; MC-706, 721; SIC-233, 266; 
SS-92.5, 94 5, 116, 119, 120; ST-572, 578: TR-  
344.5. 

Wilbernia halli Resser 
Coltocepha/itcs diadentnttis H.'ILL, 1863 (part), p 167, 

~ 1 .  7. figs 37. 38. 
~t'ilbcinin lznlli RESSER, 1937, p 28; N E L S ~ X ,  1951, p. 

777, pl. 107, fiqs. 17, 19; BELL, FENIAK, & I<uRT~,  
1952, p 188, pl 32, figs. ja-h; BELL & E L L I ~ V O O D ,  
1962, p. 395, p1 54, figs. 13-18 
Rewznihs.-LVilberltia ilalli 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. I t  is scarce to locally common in the 
lower one-half of the Tac~zicepJzalzts Zone 
through a maximum interval of about 20 feet. W. 
ilalli var. -A, Ellinwood, occupies the lower one- 
third of the species range. 

Ornament on the esoskeleton 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 furron-, and the occipital 
ring can be pitted. 

0ccztric~ice.-Scarce to locally common in the 
lower one-half of the Taci~iceplznlzts Zone a t  B- 
317, 323; CO-131; CR-711; E-852, 855; GR-144; 
JR-131; ILL-676, 680.5, 682; MC-665, 667, 668, 
671, 673: PK-888; SIC-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. 

Wilbertzia halli Resser, var. A, Ellinwood 

rt'ilbernia lzalli Resser, var -1, Ellinwood in BELL & 
ELLINWOOD, 1962, p. 395, pl. 53, figs. 16-18. 

not Wilbei~zia l~alli Resser, var. A, NELSON, 1951, p. 
777, pl. 107, figs. 9, 16 (= IP'. expama Frederick- 
son). 
Remarks.-This variety is characterized by a 

preglabellar field-anterior border ratio from 2:  1 
( a t  the base of the range of the variety) up to 
but not including 1 :  1 ( a t  the top of the range 
of the variety).  Wilberiiia llalli var. rZ occurs 
stratigraphically below TV. halli. 

0ccz~rie~zce.-Locally common in the lower 
part of the Tae~~icepl~cilzts Zone at B-317; CO- 
131; CR-711; E-852, 855; GR-144; JR-131; 
LL-676, 680.5, 682; hTC-665, 667, 668; PIC-888; 
SIC-204, 206, 210; SS-55, 60;  ST-481; SU-60, 
61 ; TX-12; TR-296, 300.5, 301.5, 302.5. 

Wilbernia pero ( Walcott ) 

Coilocepllnlites diadciilaiits HALL, 1863 (part), p1. 8, 
fin 18 

Pty;liopnria pero \V-ALCOTT, 1890, p. 274, pl. 21, fig. 6. 
1.Vilbct.ilin pero (Walcott) WALCOTT, 1921b, p. 60, pl. 

13, fig. 4 ;  BELL & ELLINWOOD, 1962, p, 396, p1. 54, 
figs. 19-21 (synonymy to date) ; GRAXT, 1962, p. 
989, p1. 139, figs. 8a-c; 1965, p. 121, pl. 14, fig. 6. 
Rciiinr1zs.-Wilbeiizin pero is characterized by 

a raised and conyes anterior horder that is more 
than twice the length (sag.) of the preglabellar 
fielcl ant1 by a parallel-sided, gently co11vex gla- 
l~clla. T h e  conves anterior bortler distinguishes 
this species from IT/. expn?tsa. T h e  relatively 
longer and raised anterior border distinguishes 
W. pero from tlie stratigraphically lower 14'. 
dinderizata. 

Ornament on the esoskeleton consists entirely 
of fine terrace lines that a re  transverse on the 
posterior one-half of the occipital ring; they 
a re  longitudinally directecl across tlie posterior 
border, posterior, and palpcbral areas of fixige- 
m e ,  then curve around and become transverse 
on the anterior bortler. 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. :I very low occipital node is 
usually present. 

Occz!rl-ence.-Common to locally ab~lndant  in 
the Idalloia Zone at  B-364.5; CO-193; E-917; 
EC-2.5, 26, 29, 30, 35:  GR-183; JR-188, 189, 
195.5, 200; LL-725, 728; hiIC-721; SIC-245, 260, 
266; SS-109, 111.5; ST-574.5: SU-116; TC- 
1009, 1022; WC-977. Scarce in the Ellipsocc- 
phaloides Zone at  JR-232,233, 255 ; MC-764. 

Family PTYCII.I.IPIDIDAE Raymond, 1924 

Diagnosis.-Isopygous ptychoparioid trilo- 
bites, with prominent, well-defined glal~ella that 
exhibits considerable variation in shape, conves- 
ity, and furrows;  cranidial margins estremely 
variable when the family is considered a s  a 
whole, but relatively consistent n-ithin the sub- 
families. Pygidium \ ~ i t h  prominent as i s  and nu- 
merous asial rings ancl pleurae, may or may not 
have marginal spines. 

Remniks.-In acldition to being the domillant 
family in the Ptycliaspid Biomere, the Ptychas- 
pidiclae is the only family represcnted througli- 
out the l~iomere. Four  subfamilies are recog- 
nized within the family: the  I l r~in~aspidinae,  



34 CHARIOCEPHALUS. DARTONASPIS 

Eurekiili;~c, Saukiinae, and Ptychaspidinae 
(test-fig. 1) .  

Similarities in glal~ellar shape, col~vesity, and 
furrowing, a reducetl a11cl pointed frontal area, 
and narrow fisigenae suggest that  the Drumas- 
piclinae are  probably derived from Colzaspis 
through Drzt~ttaspis. Similarities ill glabellar 
shape ant1 furrows accompanied by general flat- 
tening of the cranidium suggest that the Saukii- 
nae a re  derived from Pfycltaspis through Pro-  
saukia. Cranidial similarities (exclusive of the 
frontal a rea)  betu-een :l!i'alndia and Coltaspis 
lead me to think that :lfaladia is the intermedi- 
ate form between Coilaspis and the Eureliiinae. 

Subfamily DRCII~ASPIDINAE Longacre, 
11. subfam. 

Dingizosis.-Ptychaspididae with relatively 
large, nearly r e c t a n g ~ ~ l a r  glabella; frontal area 
reducecl, preglabellar field usually lacking; 
width of fisigenae np to one-half basal glabellar 
width. Pygidium with prominent axis, pleural 
region no wider than axis. 

Relitniks.--Three genera assigned to two 
closely related families in the Treatise a re  com- 
bined here into one sr~biamily, which probably is 
descendetl from Coiiaspis. Specimens in the 
Texas collections indicate that Daifoi~nspis  was 
derived from Drzcliinspis. Charioccpl~iill~s could 
also have been derived from Drz~lt~aspis. 

Palmer (1965b) revised the family Elvinidae 
and incl~tdecl in it genera of the Pterocephaliicl 
Biomere. The  revision left Charioccpl~alus and 
Drz~liznspis without a definite familial assign- 
ment. Bell & Ellin~vood (1962) placed Cllnrioce- 
plzalzis in the I<omaspididae, the family to which 
Darfonaspis is assigned in the Trentise. Kol)tas- 
pis, the IComaspididae, and the  IComaspidacea 
a r e  in dire need of massive revision (Palmer, 
pers. comm.). No name was available in the lit- 
erature that would he suitable for  the lineage - 
that I think is represented by the three Franco- 
nian genera, Drz(~uaspis, C l ~ a r i o ~ c p l ~ a l ~ ~ ~ , ~ ,  and 
Dnrfoi~aspis. Because Dianznspis is the earliest 
of the three to  occur in the Ptychaspid Eiomere 
and because I think it gave rise to  the other two 
genera, the subfamily 1s appropriately named 

one or  more species that belong to Darto?zaspis 
(e.g., C. zwicl~ifneiisis Resser, 1912b, p. 10, pl. 2, 
figs. 1-8), then his diagnosis fo r  Charioceplialzts 
should not be followed. 

Clzarioceplzalus is clisti~lguished from the  
closely related Dartonaspis 11)- its shorter 
(exsag.),  narrower, and more anteriorly located 
palpebral areas of the fisigenae and by its 
slightly tapered glabella. 

Chariocephalus whitfieldi Hall 
Clint ioceplzalztr z~hitfieldi HALL, 1863, p. 175, pl 6, 

fiqs. 49-51 ; pi 10, fig. 20; BELL, FENIIK, & 
I~URTZ,  1952, p 188, pl. 37, figs. 4a-d; BELL & EL- 
Lrswoon, 1962, p 396, p1. 55, figs 7, 8 ;  G R ~ N T ,  
1962, p 983, pl 139, fig. 4. 
Re~?tarks.-This species is characterized by a n  

anteriorly tapered glabella x i t h  faint furrows, 
fossulae, and palpebral lobes that are up  to one- 
half the length of the glabella and a re  opposite 
the anterior one-half of the glabella. Although 
biostratigraphic data a r e  sparse, the range of 
Cilaiioceplzalzts zuiiitfieldi overlaps a t  least t h e  
lovier part of the range of Daitottaspis ziliclzi- 
faemsis. 

0ccz~rre1tcc.-Scarce in the Ellipsocephaloides 
Zone a t  EC-67; JR-225, 215, 251; MC-811; 
TA-164; TC-1109. 

Genus DARTONASPIS Miller, 1936 
Dartonaspis MILLER, 1936, p. 29; Lochman in HAR- 

RISGTON et 01 ,  1959, p. 0295. 
TyPe species.-Dartonaspis kiiiglzti hIiller, 

1936, p. 29, pl. 8, figs. 34, 35. 
Reitzarks.-The diagnosis given by Lochman 

(in Harrington ef al., 1959) summarizes t h e  
characters of the genus, with the exception that  
the American species i11 the genus all have gla- 
bellae that  expand anteriorly. 

Dartonnspis wichitaensis ( Resser ) 
PI 2, fig. 11. 

Ciiill zocebha~z~s s~~icilitnensis RESSLR. 1942b. D. 10. 111 
, A  , A  

2, figs. 1-8. 
Dnitonaspis ze~ic1litno1si.r (Resser) BELL & ELLIN- 

\YOOD, 1962, p. 397, pl. 55, fig. 6. 
af ter  Diztinnspis. Rei~tarks.-Eight fragmentary cranidia and 

Genus CHARIOCEPH~LUS Hall, 1863 

Clmrioccplinlzu HALL, 1863, p. 175; RESSLR, 1942b, 
p. 4 ;  Lochmnn in H IRRISGTON et a l ,  1959, p. 0297. 
Type species.-ChniioccpIznlus w11 itfieldi Hall, 

1863, p. 17.5, pl. 6, figs. 19-51 ; pl. 10, fig. 20. 
ReiiiaiKs.-The diagnosis given by Lochman 

( in Warrington et al., 1959) adequately de- 
scribes the genus. I f  researchers agree that  Res- 
ser (1942b, p. 4 1 3 )  included in Cha~ioccphalus 

two pygidia are  assigned to this species. D a ~ f o ? t -  
nspis wichitaeiisis is characterized by its anteri- 
orly expanded glabella, the inflated palpebral 
areas of the  fisigenae, short (essag.) posteri- 
orly directed limbs, and finely pitted exoskeleton 
and internal molds. These features distinguish 
D. -,uiclzitaensis from the stratigraphically asso- 
ciated Clzarioccplzalzis wlzitj'ieldi. 

0ccz~rrence.-Scarce in the Ellipsocephaloides 
Zone at  JR-253, 265 ; h4C-840, 844. 
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Genus DRUMASPIS Kesser, 1942 

T y p e  species.-Dntiilaspis w a l c o f f i  Resser, 
1942b, p. 28, pl. 4, figs. 37-31. 

Diag1iosis.-Glabella cjuadrate to slightly elon- 
gate, parallel-sided to slightly tapering, and 
gently rounded to strongly t r~lncated anteriorly. 
Two to four pairs of glabellar furrows that may 
o r  may not connect. Frontal area short. Palpe- 
bra1 and posterior fixigenae wide, do\~nsloping. 
Long palpebral lobes with distinct palpebral fur- 
row. 

Rewza~ks.-Species of Dilllitaspis can 1,e 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 a r e  continuous. Biostratigraphic 
data from Texas (Bell & Ellinwood, 1962), 
Minnesota (Grant,  1962), Montana and IITyo- 
ming (Grant,  1965), and Oltlahonla (Stitt ,  in 
press) demonstrate that the group with discon- 
nected furrows is stratigraphically belov,~ the 
group with connected glabellar furrows and 
there is an overlap or transition zone between 
the two. Comparison of the Texas cra~l idia  with 
Resser's and Grant's illustrations indicate that 
Druvzaspis is represented by two moderately 
variable species that succeed one another in 
time. 

Three described species a r e  included in 
Druftzaspis: D .  zwalcotti Resser (1942b), D. tex-  
a m  Resser (1912b), and D. idahoensis Resser 
(1942b). 

D .  zualcotti, the type species, seems to be of 
mixed morphologic character; the holotype 
(Resser, 1932b, 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. 981) mentioned, the 
paratype is smooth, whereas the holotype has an 
ornamented occipital ring and border. Lochman 
& Hu (1959, p. 416, pl. 60, figs. 1-14) discussed 
and illustrated specimens of D. wizlcotti 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 a t  about the midpoint of the 
range of Dr~r?izaspis, and he thinks they may not 
be conspecific. 

When compared with the Texas cranidia, the 
holotype of D. walcotii  can be included in the 
hypodigm of D ,  texagza and the paratype can be 
included in the hypodigm of D. idahoensis from 
low in its range. I f  subsequent investigation of 
the genus indicates that Drl~ i i~asp i s  is composed 
of only two geographically widespread chrono- 

species that arc  distinguished l ~ y  mea~is  of  dis- 
connected-connected glabellar furrows, the 
lolver species \vo~ilcl include the holotype of  D. 
zvalcofii and would bear that  name:  the para- 
type ~vould be incl~~decl in the stratigraphically 
higher species \\-it11 connectecl glabellar furrows, 
and, because of Palmer's work (1968, p. B85), the 
correct name would be D .  idahoeilsis. 

Drumt~s)~is idahoensis Resser 
PI. 2, figs. 8-10 

Di.i!ii~a\sbiC idahoci~sis RESSER, 1942b, p. 29, pl. 4, figs. 
32-36; GRANT, 1965, p. 115, pl. 14, fig. 11 ; PAL- 
xrn,  1968, p. 85, p1. 13, figs. 1-5. 

Di;iii!lnspis albcl-in RESSER, 19421, p. 29, pl. 5, figs. 

fig. 9. 
Drlciiin.spis snbineiisis RESSER, 1942b, 1). 31, pl. 5, figs. 

~n r ?  i u ,  11. 
Drii111n.rbi.r deckeri RESSER. 1942b. n. 31. nl. 5. firs. 

11-16; BELL & ELLITWOOD, l&j ,  p. '391, Dl. 52, 
figs. 10-12, 15. 

L)i.l!~i!a~cpis .- . . z6talzef1si.r R r s s ~ x ,  1942b, p. 34, p1. 5, figs. 
31-33. 

D I . ~ ! v ~ ( I S ~ ~ S  tatzycodici GRANT, 1962, p. 98.5, pl. 139, fig. 
7 .  
Re~iinrks.-Dviiiilaspis idalzoc~isis is distin- 

guished by its connected posterior one o r  two 
pairs of glabellar furrows. Although the connec- 
tion is faint on specimens from low i n  the 
range, it is quite distinct on stratigraphically 
higher specimens. The  glabella is cluadrate to  al- 
most equidimensional and can be slightly ta- 
pered. IVidth of fisigenae a t  the base of the pal- 
pebral lobes ranges from one-fourth to one-third 
the basal ~ l a b e l l a r  ~vitlth on snecimens from the u 

transition zone ancl low in the  range of the spe- 
cies; in stratigraphically higher specimens, the 
fisigenae a re  a t  least one-third as wide a s  the 
base of the glabella. Low in the range, the exo- 
skeleton and partic~llarly 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 a re  smooth. 

D. idalzoerzsis is common in the upper Idalloia 
Zone and scarce in the midclle part of the Ellifi- 
socepl~aloides Zone. I t  occurs above D. texaun 
and is distinguished from it by the connected 
glabellar furrows. I11 the transition zone or 
overlap interval, specimens of D. ida1ioe;isis can 
have some features normally associated with D. 
te.t-niin: ornament, narrower fisigenae, slightly 
longer frontal area, and tapered glabella. 

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

0cc1wrence.-Common in  t h e  I d a l ~ o  ia Zone at 



GO-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-2-48, 260, 261, 265, 266; SS- 
109, 111, 116, 119, 120, 138.5; TC-1015-1025, 
1017, 1022, 1025; WC-968, 977. Scarce it1 the El -  
lipsoceplic~loides Zone at  IIC-1095-1100, 1100. 

Drumaspis tesana Resser 
PI. 2, figs. 6, 7. 

Drlailaspis fexanu RESSER, 1942b, p. 32, pi. 5, figs. 
27-30; BELL & ELLISIYOOD, 1962, p. 391, p1. 52, 
figs. 7-9, 13, 14 ; GRAKT, 1965, p. 114. 

Drz~nlaspis osella RESSER, 1942b, p. 32, pl. 5, figs. 
17-20. 

Dru~r~nspis ciara RESSER, 1912b, p. 33, pl, 5, figs. 
23-26 

D ~ I ~ W ~ L I S ~ ~ S  nitida RESSER, 1912b, p. 34, pl, 5, figs. 34, 
35. 

Drl~cnnspis ?uiclzitaet~sis RLSSER, 1942b, p. 33, pl. 5, 
figs. 21, 22. 

Drulllaspis briscoensis RESSER, 1942b, p. 30, pl. 5, 
figs. 4 8 ;  GRANT, 1965, p. 115, pl. 14, figs. 7-9. 

Drzmlospis ,i~axwelli R ~ s s m ,  1942b, p. 31, pl, 5, figs. 
12, 13. 

Drumaspis sabz~losa GRANT, 1962, p. 981, pl. 139, fig. 
6. 
Reiiiai.ks.-D~-ztii~nspis texntza is distinguished 

by discolitinuous glabellar furrows. T'. - I Y I  'g  enae a t  
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 ilornlally is 
rounded-truncate but a few specimens have dis- 
tinctly truncated and metlially indented glabel- 
lae. Although most specinlens have three pairs 
of glabellar furrows, there may be as  few a s  
two or as many a s  four pairs of furronrs. 

Distinct granules or iw-miform 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 o r  
can have a roughened appearance. Ornament 
l~ecomes less distinct i i i  the upper part of the 
range. 

The  holotype of D. texana Resser (1912b, 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 a re  not quite so tapered or a~iteriorly 
rounded, and they have relatively shorter fron- 
tal areas (Bell & Ellinn-ood, 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. 

O c c ~ ~ ~ r e t z c c . - C o m ~ ~ ~ o ~ ~  in the lower one-half 
of the Idahoia Zone a t  B-357.5, 364.5, 377.5; 
CO-176, 184; CR-713-747, 765 ; E-904, 916, 917, 
920; EC-36, 38;  GlI-601, 606; GR-180, 183, 185 ; 
JR-188, 189, 195, 196; LL-738; i\IC-712, 714, 
718, 721; SK-245, 248, 260; SS-109, 111; S T -  
541 ; SU-116; TC-1003, 1009, 1017; WC-950, 
968. 

Subfamily E ~ R E K I I N A C  H~ip4 ,  1953 

Ding~tosis.-Ptychaspididae with tapered and 
rounded to truncate glabella, frontal area vari- 
able, palpebr-a1 area generally small and close to  
the glabella, with distinct palpebral furrow, and 
posterior limbs straplike. Pygidium with promi- 
nent axis, distinct asial rings and pleurae; mar- 
gin ~ v i t h  spines. 

Reiiznrks.-The composition of this subfamily 
is essentially that of the family Eurekiidae of 
Hupk ( in Harrington et nl., 1959, p. 0325). Be- 
cause of its probable relation to Cocznspis, this 
group of genera is included in the same family. 

Genus BAYFIELDIA Clark, 1924 
Boy f eldia CLARK, 1924, p. 31 ; RASETTI, 1944, p. 239 ; 

\\'ISSTON & KICHOLLS, 1967, p. 83. 
Type species.-Bnyfieldin iz~iiiijrons Clark, 

1921, p. 31,pl .4 ,  fig. 6. 
Dingtzosis.-Eurekiinae with anteriorly 

rounded glabella; glabellar furro~vs,  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  gsanulose. 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 a r e  
present. 

Rcii~arks.-This genus differs from Ez~~clzicl 
in its bifurcate occipital furrow, shallow or ob- 
solete glabellar iurrows, wider (essag.) poste- 
rior limbs, and nearly flat palpebral areas of the 
fisigenae. Bnyficldia differs from Corbigzia in its 
bifurcate occipital furrow, anteriorly rounded 
glabella, and generally shallon-er axial, occipital, 
and border furron~s.  

Four species a re  included ill Bayfieldia: B. 
baiabi~e?zsis (IVhitfield), 1878, B. bi.nodosn 
(Hal l ) ,  1863, B .  tz~iiiifro?zs Clark, 1921, and B. si- 
qizata Winston k Sicholls, 1967. B .  ulrichi Ras- 
etti, 1945b, and Bayfieldin sp, undet. Rasetti, 
1959, belong in Corbinia (Winston & Nicholls, 
1967, p. 85, 86) .  

Bayfieldia binodosa ( Hall)  
PI. 3, figs. 13, 11. 

Coi!ocephalites? bi~odoszls HALL, 1863, p. 160, pl. 7, 
fig. 47. 
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Coi~binia apopsis FVinsto11 & Nicholls 

Corbiiliu ajopsis WINSTOX k NICHOLT,~. 196i, p. 86, 
pl. 11, figs 13, 14, 17, 22 
Reiiinrks.-This is the most a b u ~ i d a ~ l t  species 

in the Coibiizia apopsis Subzone, where it occurs 
in cocj~~inoid profusion through as mtici; as  8 
feet of sect~on. A n  adtlition to Winston and Nich- 
011s' 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. 

Occ~tri.ei~ce.-Very abundant in the Corbilzia 
njopsis Subzone a t  CC-67, 69.5; JR-538, 539, 
539.5, 510, 512, 543, 515; LC-48; LCS-53, 53.3, 
53.5, 53.8, 55, 55.5, 56 ;  SH-72;  SS-411, 113, 416; 
TC-1102, 1109. 

Genus EUREKIA Walcott, 1924 

Ez~rekia \V.i~corr, 1924b, p 56; 1925, p. 89; RESSER, 
1935, p 28; Lochman in H.\RRINGTON ef 01, 1959, 
p. 0325; \VINSTON & NICHOLLS, 1967, p 81. 
Type species.-Ellrekin grafzulosa Walcott, 

1924b, p. 56, pl. 12, fig. 1. 
Re?i~nrks.--Winston & Nicholls ( 1967) give 

the most complete diagnosis for  this genus. 

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

ConocepI1a1ifes eos HALL, 1863, p. 151, pi. 7, figs. 24, 
25 ; pl. 8, figs. 8, 9. 

Ez~rekia eos (Hall) \V.q~corr, 1925, p. 89 (list) ; 
RESSER, 1935, p. 28 (list) ; WINSTON & NICHOLLS, 
1967, p. 85, pl. 10, figs. 15, 17. 
Re~iinrks.-Eztrekin eos has been well de- 

scribed and illustrated by previous workers. I 
am repeating the discussion of the species in 
central T e s a s  because more concrete range data 
a re  available. 

E u ~ e k i a  eos is quite abundant in the Sazhkiella 
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-1316 l~s ted  by Il'i~lston and 
Nicholls occur in the S .  jlluia Subzone. The  hol- 
otype of S. j u ~ t i a  (SYalcott) has  a ivell-pre- 
served specimen of Elliekia eos nes t  to it. No 
specimen of E. eos n a s  identified below the 
upper part of the S. jllilia Subzone. Only one col- 
lection of E .  eos occurs in the base of the Cor- 
biftir~ apopsis Subzone. 

Further preparation and examination of strat- 
igraphically lower specimens assigned by Win- 
ston and Kicholls to E. eos revealed that those 
from the Saz~iziella pyreitc Subzone and lower 3. 
juwia Subzone belong to E. granulosa Sl'alcott. 
Three specimens assigned to E. sedgslticki (Bil- 
lings) by SYinston and Nicholls a re  also placed 
in E. gra~lulosa. 

T h e  pygidium is characterized by the binodose 

ternli~lal axial picce, rugged appearance, and un- 
usual configuratlon of the marginal spines. T h e  
four o r  five pairs of spines loolc like silhouettes 
of feet, with the toes pointing toxrard the  as l s  
(pl. 4, fig. 15) internal molds can he coverecl 
with closely spaced pits. 

Occz~rr.c?tce-Scarce in the S~rltlziella jzii~iil 
Subzone a t  TC-1316-1352, 1352-1357. Common 
in the Saz~kiella serotiiza Subzone at  BC-119; 
CC-63k ; JR-529, 532; LC-32: LCS-32, 35.7, 39, 
10, 44; SH-52, 52.6, 53.5, 54, 55, 65.5; SS-375, 
395, 409; TC-1357-1363, 1368-1371, 1379-1385, 
1391.5, 1392, 1393, 1391, 1395. Scarce in the  Cor- 
biilia apopsis Subzone at  LCS-51. 

Eurekia granulosa Walcott 
P1 3, figs. 15-17 

Eli) ckiu grant~losa l T T ~ ~ ~ ~ ~ ~ ,  192111, p 57, p1 12, fig 
l ; 1925, p. 90, p1 16, figs. 13-17; RTSSER, 1935, p 
2s 

~i irekin sedgzuicki (Billings) W I K ~ T O , ~  & NICHOLLS, 
1967, p. 85, pl 10, figs. 12, 16. 
Reiitarks.-Ellrehia gralzulosa, 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 
fisigenae, and narrow eyes, posterior fixigenae, 
and posterior limbs. E. giui~tllosa is  distin- 
guished from E. eos by divergent anterior facial 
sutures, larger anterior fixigenae, and a re- 
curved anterior border. If these features a re  not 
preserved, the more tapered and not so truncate 
glabella will distinguish E. gm~itilosn. 

E. gral~ulosa is associated with another eure- 
kiid, Bayfieldia biiiodosa, from \\hich it  is dis- 
tinguished by its deep, recurTed glabellar fur- 
rows, deep, nonbifurcate occipital furrow, nar- 
row raised palpebral area, and very slender pos- 
terior limbs. There is only one binodose pygi- 
dium associated n-ith these t n o  species, and I 
have concluded that it belongs to B. bigzodosa. A 
pygidium with the cropped spines of E. grailrh- 
losa Itialcott (1925, pl. 16, fig. 17)  has not been 
found in central T e s a s  o r  in Oklahoma (Stitt, 
in press).  

E. gra~zztlosn ranges through the Saukiella py- 
reue Subzone, and one collection comes froni 
the base of the Sazlkiella jz~liin Subzone. The  
shape of the anterior end of the glabella is the 
most variable feature, ranging from broadly 
rounded to truncate (pl. 3, figs. 13-17). Most 
speci~nens a r e  more or less t rui~cate .  I have as- 
signed the specimens identified as  E. sedgwicki 
(Billings) by Winston and Nicholls to E. grnfl- 
~tlosa. The  status of Mefzocepimlzbs sedgwicki 
Blllings 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 Eui-ekia, impressed, recurved, and usuall~. not connected; 
but all other features of the cranidium are not. middle pair shallon- and slightly recurved; ante- 

0cc~triellcc.-Common in the Sar~hielln py- rior pair composed of faint, anteriorly directed 
r.egze S~thzone a t  BC-23, 41, 42; JR-354, 374.5; depressions that are  not connected with the 
SPH-91, 91, 93, 96.5, 106.5, 110; TC-1211, 1287. axial furrow. Axial furrow distinct, with faint 
Scarce at  the base of the Snz~kiella jii.ilia Sub- fossulae a t  anterior corners of the glabella. 
zone a t  TC-1291. Preglahellar furron. faint to  obsolete. Occipital 

furrow distinct, curved forward n~eclially ancl 
Siibfamil?- PTYCHASPIDIS.\I: IAOngacre, 11. subfanl. laterally. Laterally tapered occipital ring has a 
Diagllosis.-Ptychaspididae proll1inet~t, very 1 0 ~ ~  occipital node. Preglabellar field 

Irery well-defi~led, anteriorly roundec] glahella ~ t r o n g l ~  deflected donnxvard, almost a t  the same 
that usually tapers o r  is parallel-sided; anterior angle as  the front  of  the glabella. :Interior bor- 

lobe of glal~ella usually swollen in later genera; der furrow distinct and broacily curved. Ante- 
a t  least two pairs of tiistinct glabellar furrows, rior border gent!)- convex, crescentic, slightly 
posterior pair commonl>- con~lected, second  air longer (sag.) than preglabellar field. Frontal 
 nay corlnect; frontal area variable, preglallel]ar area less than one-fourth cranidial length. Fix- 

field commonly ahsent; fixigenae variable; eye igenae narrow, gently convex, with a slight 
ridges alld palpebral lobes comnlonly tlisti~lct. bulge where a n  ocular ridge would be. P a l ~ e b r a l  
PygidiLlm with usually \veil-defilled axis that is f ~ " 0 ~  distinct, complete. P a l ~ e b r a l  lobes nar- 
narrower than pleural region; axial rings and row and elo~lgate. Posterior area of fisigenae 
pleural furron.s normally distiIlct; border fur-  triangular. Posterior border furrow broad, shal- 

row absent or very shallon-; margin smootl~. lo~v,  and almost straight; posterior border wid- 
Relltnrhs.-This is the olllS. subfanlily repre- ens laterally. Anterior facial sutures slightly di- 

sented tllro~lgllout the PtycI1aspid Biomere ( tes t -  vergent in frollt of palpebral lobes. Esoskeleton 

fig. 1 ) .  I have relied on s t ~ ~ d i e s  in the Upper hIis- a"d smooth. 
sissippi Va1le;- (Nelson, 1951 ; Bell, Feniak, & Lihrigena and pygidium unkno~vil. 
ICurtz, 1952) to demonstrate the lineage from -42flili7ble 1lzflfciinl.--8 cranidia, ~vcll pre- 
Coltaspis through Eoptyclinspis to  Ptyclzaspis. 
Morphologically and temporally, it is logical Holotype.-BEG 36179, from B-316. 

that EzLpfJ,c12flspis was a derivative of Ptycl~as-  E*?'"l"zog~.-lcfifor, Greek, fine, ?veal<, thin; 
pis I think PtSchaspis is  the ancestor of  ICcjth.io hozcos~ Greek, f111~0\\-; named for its weak to 

and Keitliiclln rathcr than the East Asian genus "';"-I?- ol)solete PI-eglabellar furrow. 
A12de,-so;le~f~l. I think .lftrcl,o;lodn prohal~ly rep- Relllflik-y.-Coll~l~l'is 2eptokolcis is distill- 
resents an offsi~oot from E i ~ ~ f ~ ~ c J ~ ~ ~ f i i s .  9-uished from all other species of C o i ~ a s p i ~  by its 

weak to almost ol~solete preglabellar furrow. Its 
Genus CONASPIS Hall, 1863 faint fossulae, subequal preglabellar field and 

al~ter ior  border, and gently tapered, crescentic 
Corlosbis HALL, 1863, P. 1-52; ~ ~ ' A L ~ O T T ,  1914, P.  357 anterior border also characterize this species, It  

(footnote) ; RESSER, 1937, P. 6 ;  BERG, 1933, P. 360; is distinguished fronl the associated C, tesfudi- Lochman in HARRINGT~X ci nl., 1959, p. 0320. itilfis I)!. its smooth esoskeleto~l and crescelltic 
Type S p ~ ~ i c s . - C o ~ ~ o c e p ~ ~ ~ ~ ~ i t c s  pcr*ii{r iiall ,  boriles, differs from the stratigrapllicallu 

1863, p. 152, pl. 7, fig. 17: pl. 8, fig. 33. higlier C. mnso?te~isis by its don-nsloping frorltal 
R e ~ ~ ~ n ~ ~ l ~ s . - B e r g  (195.3) gives the mast corn- a,.ea al,cl llarroI,,er fisigenae. 

plete cranitlial cliagnosic. The only pygitlium C, ~ ~ ~ ~ ~ ~ ~ ~ l ~ i ~  is  distinguished from the bolo- 
assigned to C. pet-seos Hall is the one that Iiall  t,-pe of  C, fieisens ( H ~ ~ ~ )  (Berg, 19j3, p l  60, 
(1863, P. 133) describeti assigned to Cello fig 5 i l y  its collrexity, glabellar shape, alld 
cephofif~s Pc)'*clu I J U ~  that Berg (1953, P 562) x j r i r l e r  fiiigenae. ~t difiers from C, pnrvajro,,s 
assigner1 to Coiiaipis iriiiiidis. Bell & Ellinnood ~ ( ~ ~ t ~  ( i n  ~ ~ 1 1 ,  reniak,  & ~ c ~ ~ ~ ~ ~ ,  lgi2, 183, 
(1962, P 403% PI. 58, figs, 5 ,  9)  cIescri')eil an' '1- 31, figs. 7a-b) ill Ilaving a distinct anterior 
lustrated pygidia they assigned to Cojinspis ?)La- iIol-der fIlrrow. l-lle closest resemblance is to C, 
soil ensis. fzililidis Icurtz ( in  Bell, Feniak, & I<urtz, 1952, 

p. 185, pl. 31, fig. 5 ) ,  but C. lefifolzolcis can be 
Conaspis Zeptoholcis Longacre, n. sp. distinguished by its lollger frontal area, wider 

PI. 1, figs. 19-21, fisigcl~:ie, more rounded and tapered glabella, 
Descviptioii.-Cranidium strongly convex 1011- ant1 laterally tapered occipital ring. 

gitudinally and transversely. Glabella strongly C. lefitol~olcis occurs in the lower part of  the 
convex, anteriorly downsloping, tapered, gently Taeiliccphalz~s Zone only on the eastern side of  
rounded to slightly truncated in front. Three the Llano Uplift. It r:iyges through a maximum 
pairs of glal~ellar furrows:  posterior pair well interval of 10 feet, beginning at the top of  the 
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range of Taenicephallts gozcldi and extending 
into the lower part of the range of T. sl~ilmardi. 
C. leptoliolcis can be associated ~ t r ~ t l i  C. testudi- 
 atis is. 

0ccurreiicc.-Scarce il l  the lower Ttrciaice- 
plzalz!s Zone a t  B-316. CO-131 ; E-852: PIC-SSS; 
SU-61 : IVC-895. 

Conaspis maso~~eizsis Ellinwood 
Cozt7spi.c ii~nsolzc~zsi.r Ellinn-ood in BELL & ELLIN- 

ttroo~, 1962, p. 403, p!. 58, figs. 1-9. 

Rei i~n,  ks -Collasp1S liinsol~e~tsis IS \ \ell  de- 
scribed ant1 illustrated by Bell CF Ell~nwoocl 
(1962) Its lotvest occiill cnce is normally about 
40 feet above the 11ase of the Tncilicephalzbs 
Zone, and I r l  one section lt has a range of 7 fcet. 
C. ~~lnsoilcilsis o c c u ~ s  ~n association wlth Tae~zi- 
cephalils sp and T. sli~~iilnrdi.  I t  does not occur 
with Idalio!a lirne, although the two specles may 
be separated by as little as 1 foot of section. 

At  JR-169, C. ~lznsoilei~sis, T a c ~ z i c e ~ l ~ n l u s  sp., 
and T ~~121~2(7l.di occLir n ith Sarntogla a~?ter i -  
calla, one of the earl~ebt species of the Idahoia 
Zone; the first occurrence of Idalzoin l ime is a t  
JR-172 The  association of Sarntogin aliicricnwz 
with Tnei~iceplcalzcs sp aild other t a s a  charac- 
teristlc of the hig11e.t Tilci~iceplzal~~s Zone may 
represent tlie stratlgraplilc inter\ al through 
which the t r a ~ ~ s i t i o n  from Tac~~iccp/lal!cs sp. to 
S. nnrericoiln occtirs. 

Occlli,rcilce.-Locnllj al~ilnclant a t  the top of 
the Tori~icr,bIinlz~s Zoiic nt E-875; JR-168, 169; 
SS-90 : TC-975, 982 

Conaspis pcirvclfrons Kurtz 
PI. 2, fig. 3. 

Co~nspi.c pi~i.uafr.o~l.r 1Ciit.t~ it1 BI:I.I.. E'ESIAK, & 
ICURTZ. 1932, p. 18.5, pl. 31, figs. ia,  b ;  BERG, 1953, 
p. 561, pl. 60, fig. 9. 
Reiiior1;s.-One internal tnold is assig~iccl to 

Coltaspis pnrvafro~rs, a species clistii~guished 
from all others assignet1 to Co11nspis by its un- 
furrowed frontal area. I t  is also characterized 
by its rectangular glabella, faint and gently 
curvecl palpebral furrows, and n~arkcdly diver- 
gent anterior facial sutures. 

The  specimen in the Texas collections is 
slightly different from the holotype. Seitlier the 
smooth frontal area nor tlie anterior enti of the 
glabella are  quite so conves, the fossulae a re  ah- 
sent, all furrows are  shallotver, and the poste- 
rior areas of the fisigenae a r e  longer iessag.) .  
T h e  T e s a s  cranidium closely resembles the par- 
atype and is allnost identical to the cranidiu~n 
figured by Berg (1953). The  clifferences sepa- 
rating the Texas  cranidium from those in tlie 
Upper 11ississippi River Valley a re  small. T h e  
cranidium has the same stratigraphic position in 
Texas ns has C. par;-rcfi'ol!s in Minnesota and 

I I ~ i s c o n s i ~ ~ .  Although this specimen may be a 
geographic variant, I think it is a t  least conspe- 
cific with C. pni7'afrotis. Add~tional  material is  
necessary to saj  more about its subspecific sta- 
tus. 

C. parvafroils occurs a t  the very top of the  
Tneiiiceplcal~ts Zone ill association with C. 11m- 
soileirsis and Trioiiccphalz~s sp. The  base of the 
Idalloia Zone is 2 5 feet above this unique oc- 
currence of C. pnrz'afro~zs. 

0ccz~rvc1lcc.-Scarce a t  the top of the Taei~i-  
ceplrolz~s Zone at  SS-90. 

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

Coilnspk frs t~~di~lnt i~s Ellinwood in BELL & ELLIS- 
\\.OOD, 1962, p. 401, pl. 58, figs. 10-13. 
Rci1zarks.-The coarse grailular ornament on 

external surfaces of Coranspis testz!dilzntis is re-  
flected on iiiternal molds a s  reduced, yet clistinct, 
p~istules. Turo partly exfoliated cranidia (pl. 1, 
figs. 17, 18) illustrate the ornament of the  inter- 
nal ~nold.  The  granulcs on the specimen in 
figure 17 a r e  obvio~is. O n  the tn-o esposed sur- 
faces visible in figure 18, low pustules crest the 
palpel~ral area of tlie left fisige~ia, and distinct 
granules ornan~eiit  the anterior end of the  right 
fisigena. T h e  internal mold figured hy Bell & 
Elliiiwoocl (1962, pl. 58, fig. 13) is in fact gran- 
iilate. As Bell S: Ellinwood (1962, p. 401) 
stated, internal molcls do 1ool.r ~ n ~ t c h  like the tn-o 
cranidia assiplied to C. persins (I-Iall) 1,- Rcrg 
(1953, pl. 60, figs. 6, f ) ,  but they differ some- 
ivhat from the liolotype of C. pc-rsens (Rerg, 
19.53, pl. 60, fig. 5 ) .  

T h e  range of C. iestzrdilza t is overlaps that of 
C. Irptoholci.~; the former is distinguished by its 
grai~tilar orn:!nicl~t, lesser glabellar convexity, 
deeper glabellar fiirro~vs, almost straight antc- 
rior horder furrow, and blmit1)- pointed anterior 
l~ortler. C. fcstztdiilirtis occurs through a 6 to S 
foot interval from the micldle of the range of 
Taci~iccpholz~s goitldi up to the first occurrence 
of T. slz~zr~izat.ili. In  one collectio~i iGR-1441, C. 
fcsfzldi~~atis and 1l~'ilberitin linlli var. A occur 
a l~out  20 fcet a l~ove the range 11ase of T. slal!- 
iiiardi; this ma)- represent an estrcmely late oc- 
currerice of these two associates, or it may be a 
~-iiisiiumbered collection. 

0cczrrre1~ce.-Scarce in the lower Tnci~icc- 
pliiillis Zone at  CO-131 ; E-852, 5 5 5 ;  GM-555: 
GR-126, 141 ; JR-126 ; LL-686 : PIC-8SS ; SIC- 
206 : TA-10 ; TC-944.5 ; WC-S95. 

Genus EUPTYCHASPIS Ulrich, 1931 
Ezlpryc?~aspis Ulrich in BRIDGE, 1931, p. 217; Locli- 

man in I~ARRISCTOS et nl., 19.59, p. 0322; ~VINSTOS 
& SICH@I.I.S, 1967, p 78. 
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Type  species.-Euptychaspis typicalis Ulrich 
in Bridge, 1931, p. 218, pl. 19, figs. 5-7. 

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

Reinaiks.-The discussion by Ulrich (in 
Bridge, 1931, p. 217) ancl tlie diagnosis by Loch- 
man ( in Harrington ct al., 1959, p. 0322) a re  
based only on the type species ant1 therefore a r e  
limited in their application. IVitlston & Nicholls 
(1967, p. 78) have given a good description of 
differences among the included species. I find 
that  E. jl~gnlis Winston & Kicholls and E. fron- 
tnlis, n. sp., occcur below E. typicnlis, and I do 
not think that E. typicalis is the stem species 
from \I-liich the other species were derived. 

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

Desciiptios~.-Cranidium bluntly triangular, 
slightly longer than wide. Glabella elongate, 
parallel-sitled, broadly rotlnded anteriorly: al- 
though some glabellae a re  rounded across the 
top, most a re  flattened. Glabella crossed by two 
pairs of furrows that a rc  deep notches on the 
side, becoming shallower across tlie top:  if a 
third pair is present, they are  shallon-, straight, 
and do not connect. Axial f u r r o ~ v  deep and wide 
posteriorly, becomi~ig shallon e r  around anterior 
end of glabella. Occipital f ~ ~ r r o l v  wide, well im- 
pressed; occipital segnieiit tapers back into 
broad, blunt spine. T h e  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 
( t r . )  as  the glabella; the preglabellar field can 
be absent, with the tapering anterior border sep- 
arated from the glabella by tlie confluence of 
the preglabellar and anterior border furrows; 
intermetllates between these two are common. 
This  variation exhibits no trend o r  separation 
with respect to stratigraphic position or  size of 
the cranidla. Anterior fisigenae one-fourth to 
one-half the width of the glabella. Palpebral 
lobes very narrow, short, upsloping, with poste- 
rior ends opposite second pair of glabellar fur- 
rows. Anterior facial sutures diverge slightly in 
front  of palpebral lobes, then broadly sweep 
adaxiallp, giving the anterior one-half of the 
cranidium an elliptical appearance. Posterior fa- 

cial sutures strongly divergent behind the palpe- 
11ral lobes; posterior fisigenae broadly triangu- 
lar. Posterior border furrow distinct, con t inuo~~s  
into the occipital furrow without interruption at  
the juncture with the axial furro\v; similarly, 
the posterior border continues ~inhroken into the 
occipital segment. A11 glabellae a re  notched in 
the front, particularly on internal molds. X 
strong vermiforin ridge and pit pattern covers 
the esoskeleton. Internal niolds ma)- be smooth 
or carry a partial imprint of the ~ e r m i f o r m  pat- 
t e r n ;  the vermifornl pattern ma!. also be trans- 
lated into pits on the molcls, especially on the 
posterior fixigenae. 

Librigena ancl pygidiurn unkno\\-n. 
;ivailnble i)zateiial.-55 cranidia, xvell pre- 

served. 
Nolotype.-BEG 36504, from JR-369.3. 
Etyir101ogy.-froiifnlis, named for  its unusual 

frontal area. 
Reillarks.-This is, stratigraphically, the  lo\\- 

est species of Ellpfycl1aspis in central Texas. E. 
froi~tnl is  is characterized by its posteriorly par- 
allel-sided and sonic\vhat tlatteneil glabella, its 
preglaljellar field and anterior border, its broadly 
triangular posterior fisigenae, and its medially 
con5tricted cranidial outline. I think this species 
is tlie ancestral form for both E. f?picnlis and 
E. jilgalis. 

Occ~~i.reitce.-Coniinon in the Sn~tkiclltr Pq- 
rciic S~ibzone at  BC-36, 41, 4 2 ;  JR-369.5; SPFI- 
110 : SS-302.5, 307.5 ; TC-1237, 1238. 

Etcptychaspis jzrgalis Winston & Nicholls 
PI. 3, fig. 18. 

Eilptyclla.sjis jz~galis \ \ i ~ ~ ~ ~ ~ ~  k SICHOLLS, 1967, 11 
79, p1 9, fig. 13. 
Rclizarhs.-Winston and Nicl~olls give a gooti 

description of this species. E~q'~tyc11(7s,bis jt(g~l1is 
is distinguished by its laterally espanded ante- 
rior glabellar lobe, po.qterior glabellar rings that 
a r e  flattened across tlie top, and yol;ecl o~ttlinc 
of the cranidium. T agree \vitli the statement 
that specimens in the Sazrhielln jlcilin Subzo~ic 
a re  intermediate between E. jzlgalis aiid E. typi- 
cirlis anti between E. jlcgnlis ant1 E. kirki. 

One fragmental spccirnen has a rugose vcrn~i -  
form riclge and pit pattern (pl. 3, fig. 18).  Al- 
most all glabellae are notched in front,  a charac- 
ter conlrnon to most Texas r-pecin~el~s assigned 
to Ez!pi~vchaspis. 

0cczcrrclzce.-Scarce in the Snllkicllu pyreilc 
Subzone at  JR-3.57, Scarce in the Saz~kiella 
ju~ t ia  Subzone at CC-27; 'TC-1303, 1341-1316, 
1316-1352. Scarce in the Sazthirlla sciotiita Sub- 
zone at  1-CS-32.4 ; TC-1395. 

Euptychaspis kirki Kobayashi 
Biiplgcliilspis klrki I<ontr.~sr-rr, 1935:i, p 56, pl. 10, 
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figs. 1, 5 ; ~VINSTON & SICHOLLS, 1967, p. 79, p1. 9, 
fig.. 18. 

Rcii~o~lrs.-This species is well described and 
illustrateti 1ly I<obayashi aild by \I7inston and 
Kicholl.. Blrptycl~aspis kirki is confi~led to the 
Snzclzielln scr-otim S~tbzone ancl is associated 
with E. jrigctlis, but it is stratigraphically higher 
than E. froilftrlis and E. fypicalis. T h e  highly 
cspailcietl and convex anterior glabellar lobe 
that o~.crliangs the ilarro\\- frontal area distin- 
guishcs E. bir-lzi from all other spccies of Ezcpty- 
clrrrspis. 

Occt~r-reirce.-Common to locally abundant in 
the Snzckiclla seroti?tn Subzone a t  CC-58 2, 61, 
6 3 k  ; JR-521.5, 529, 532, 536; LCS-32.4, 33, 35.7, 
39, 40, 44, 45, 45.4, 45 S, 52: SH-52, 51, 55, 58.5- 
60, 61.5, 65..i, 71; SS-398, 409; TC-1368-1374, 
1379-1355, 1388, 1391..;, 1392, 1395, 1100. 

Euptychaspis t!jpicalis Ulrich 
PI. 4, fig. 9. 

Ez~pfyc1iacpi.c typica/is I-Il.ic11 in BRIDGE, 1531. p. 218, 
p1. 19, figs, 5-7; DAKE & BRIDGE, 1932, p. 710, pl. 
12, fig. 3 ;  RASETTI, 1959, p,  393, pl. 52, figs. 11- 
13; l l . ~ r s . r o ~  & N~crror.i.s, 1967, p. 78, pl. 9, fig. 
17. 
Re?i~arks.-Several cranidia in the T e s a s  col- 

lections have a short (sag.) ,  smootli, flat ante- 
rior horcler that has not bee11 previously noticed 
l ~ u t  can be seen in Winston & Nicliolls' figure 
(pl. 9, fig. 17). This  shelflil<c projectioii is difli- 
cult to expose, ancl none of the specin~ens have 
the co~nplete border. 

E~rffycliiispis typicalis is distillguisliecl by tlie 
nearly parallel-sicled posterior one-half of the 
glabella, the \vide fisigenae, ancl tlie orilament 
on the frontal area. Altho~igh this ornament is 
~ ~ s u a l l y  a set of separated transverse ridges, a 
f e ~ v  specii~lci~s have a stroiig vermiforn~ ridge 
pattcrn across the frontal area. E. fypicnlis oc- 
curs al~ovc E. fr-onftrlis, l ~ e l o ~ v  E. I:iil;i, 2nd in 
associatioii IT-ith E. jzcgolis. 

0ccni~i~eiicc.-Scarce in thc Saz~kielln jzcnia 
S ~ i l ~ z o n e  at  BC-109-110, 119 ; JR-479, 481 : SH- 
12.6; SS-356, 372.5; TC-1301, 1305-1310. 

Genus KEITHIA Raymoncl, 1924 

Kcithia R:<\->io~n, 1921, p. 1.51; Lochman in HAR- 
~rsc . ros  ct al., 19.59, p. 0322. 
Type species.-Kcifliin schzeche~ti Raymond, 

1921, p. 152, pl. 14, figs. 5, 9. 
Reiiiiliks.-The tli~igiiosis given 1,y Lochman 

( in Hasrington et (11.. 1959) summarizes the 
characteristics of thi:: genus, which is closely re- 
lated to i<citl~iella (see Rasetti, 194511, p. 468, in 
discussion of Keitlzia coiz11e.t-a). 

Keithia cf. K. connexa Rasetti 
P1. 2, figs. 20, 21. 

Kcithin connexa R.~srrrr, 1945b, p. 468, pl. 61, figs. 
3-3. 
Rc~iinrks.-Keitlzia co~~tzen-a is characterized 

1,- its tumid, cyliilclrical glal~ella that  drops 
steeply clown to the prcglahellar furrow, one 
pair oi glabcllar f u r r o ~ ~ r s  that connect across the 
top and two faint pairs that a re  laterally im- 
pressed, no preglal~cllar field, and fisigenae that 
maintain their width ancl continue around and 
(lo\\-11 into the anterior border. Internal rnolds 
a re  smooth. 

S i s  cranidia seem to be identical with Keifilin 
coiilrc.va except for the number of pairs of con- 
nected glabellar f ~ ~ r r o w s  and for  the character 
of the frontal area and its continuation around 
into the anterior fisigenae. I<. coi1rtexa has a 
\vide l~order  that is strongly deflected down- 
xvard, and the anterior fisigenae a re  corresponti- 
ingly wide. T h e  Tesas  cranidia have relatively 
narrow borders and anterior fisigenae, and they 
are  not quite so convex. K. co7z)re.m has  one 
pair of connected glaljellar furro\rrs, whereas the 
T e s a s  cranidia hax-e two connected pairs. In  all 
other features they appear to be identical with 
I<, coilllexa, even to the fine granular ornament 
on the esosl~eleton. I think these six cranidia 
may be co~lspecific wit11 I<. coi~ile.ra. I refrain 
r'rom nlaking more precise alliances until more 
~ t ~ a t e r i a l  is founcl in T e s a s  ant1 until more infor- 
inatio~t is available on the stratigraphic position 
of I<cifllir~ coil7ic.~-a. 

Occ~rrr-elrce.--Scarce in the Snz(iiiel1a pyrcne 
S~ibzone a t  BC-11 ; JR-351. 

Genus KEITHIELLA Rasetti, 1944 
Kritl~irlla RASETTI. 1511, p. 243; Locliman it1 HAR- 

RISGTON ct a/., 1959, p. 0322. 
Tybe specie~.-~-liio~~ellzcs cyliirdriczcs Billings, 

1S60, p. 306, fig. 355. 
i3iagrlosi.s.-Glabella parallel-sided to slightly 

tapering, do\i7nsloping in front : posterior glabel- 
lar furrow continuous, one to three additional 
pairs of short furro\\-s may I-ie present. Fixige- 
~ l a e  elevatetl a l~ovc asial furrow, anterior f i x i ~ e -  - 
iiae ileflected (Ion-nn-3rd. No preglabellar field. 
Cortler separated from anterior fisigenae by an- 
terior 1)order furron-. Palpebral lobes small, ocu- 
1 - : a1 iitlges can be present. Occipital node can be 
present. 
R~-~i~ilr-ks.-Eir~iycli~~spis ant1 Pfyclzaspis a r e  

clo~el!- related to Kcifhiella, but they can easily 
l ~ e  tlifferentiatetl from it by the nloderately to 
(leeply in~prcssetl anterior border furrow of 
Keifl~iclltr that separates border from the  antc- 
rior fisigenae. Keitlriella is distinguished from 
Keiflzia by its less t~ imid  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 furro~i , .  

Eight described species a r e  included in 
Keitlzielln : K.  cyli+zcl.licn (Billings), 1860 ; K. 
depressn Rasetti, 1944: I<, bievis Rasetti, 1914; 
R. ~11(zioi Rasetti, 1945 : K. speciosn Rasetti, 
1946; K. so~lrpulosn Ellinn-oorl, 1962; K.  patzila 
Wi~iston & Sicholls, 1967: and K.  scapni~c, n. 
sp. 

Keithiella patuln Winston & Nicholls 

Ref11nr1r.s.-This species occurs stratigraphi- 
cally above I<citlzielln scnpaf:e, n. sp., and is dis- 
tinguished from it by its lesser convexity, 
shorter anterior border, narrower anterior bor- 
der furron-, and parallel-sided glabella. 

0ccuire1:ce.-Locally common in the Snuh- 
iella seiotiila Subzone at  JR-536; LCS-35.6, 39, 
41; SH-34, 61 5-62; SS-409; TC-1400. One cra- 
nidium from the Snukiella pyrelze Subzone a t  
TC-1286. 

Keithiella scapane Longacre, n. sp. 
PI. 3, figs. 8-10. 

?k'eitlziella sp. BELL & ELLINWOOD, 1962, p. 405, pI. 
58, fig. 18. 

Descripiioil.-Cranidiu~n elongate. Glabella 
t ransverseb conl-es, tapering, slightly trun- 
cated, anterior end dropping quickly do \~r i  to  the 
preglabellas furrow; posterior pair of glabellar 
furro\vs vcry deeply inipressed and posteriorly 
directed oil tlie sides of the glabella but become 
shallo~ver and cont inuo~~s  across the top;  second 
pair of moderately cleep notches do not connect; 
third and f o ~ ~ r t h  pairs of glabellar f11rsolr-s a re  
short, very shallo~v, aritl anteriorly directed. 
Axial furrow deep, wide; preglabellar furrow 
not so \\-id? or deep. Occipital furrow deep and 
wide, transverse medial1~- but swings forn-ard 
and becoliies tleeper a t  tlie lateral estremities. 
Occipital rilig of un i for~n  width nledially but 
slightly tapered laterally: occipital node present. 
Anterior bortler f u r r o ~ v  estremelv wide and ar-  
cuate, with an inclistilict posterior etlge and a 
distinct anterior edge where the furro\v rises up 
to the raised anterior border; row of granules 
just bel~intl the anterior edge of the border fur- 
row. Anterior border transl-ersely and lo~igitudi- 
nally conyes, greatly expanded metliallj-, and 
1)luntly to  sl~arply pointed anteriorly; slight me- 
dial expansiori of the posterior edge of the bor- 
der, giving the appearance of pointing to the 
rea r ;  this posterior esparision usually obliterates 
the central part of the row of granules in the 
border furrov.~ and is reflected in  a small depres- 

sion on the anterior elid of the glabella. Fixige- 
nae wider than one-half glabellar ~vidth, rising 
steeply out of axial furrow. Palpebral areas 
s t r o ~ ~ g l y  elevated, almost as  high as the glabella, 
csossecl by disti~lct oc~llar  ridges. Palpebral lobes 
narrow, opposite or behind glabellar midpoint; 
~);ilpebral furron- distiiict. A~irer ior  fisigenae 
s t s o n g l ~ ~  cleflectecl do~vli~vard.  Posterior area de- 
flected clown, postcrios border f~irroxv broad and 
distiiict. Anterior facial suturcs straight, divcr- 
gelit i11 front of palpebral iohes. Carapace 
smooth. Scveral of the internal rliolds have a 
~ c r y  r011gh s~irface,  suggesting that a t  least the 
iiisicle of the esosl~elcton .riras col-ered with shal- 
lo\\ clcpressions or a coarse ridge and pit pat- 
tern. 

J2ibrigetla and pygit1ium unlcnon-ti. 
Available wzaicria1.-38 cranidia, many bro- 

Iten. 
Ho1otype.-BEG 36510, from BC-32. 
Ety~ilology.-sIznp~7iie, Greek, a digging tool, 

spade; named for its ~musua l  anterior border 
that looks like a garden tool. 

Reiiitrifis.-Crariiclia have beell collected from 
tlie .C~c:ilrielln pyreilc Subzone ill four measurecl 
sectioi~s. ICeifhiella scapaue is probably a strati- 
graphic associate of I<. scuzcpzilosn Ellinwood 
but is consiclerabl lower in the section than K. 
patzilir TVinston Pr Kicliolls. With the exception 
of the cspanded anterior bortler, tliis species 
colit'o1.11ls well \\-it11 Keithielln; straight-sided 
anti ~ a p e r i ~ ~ g  glabella, cleep glabellar f u r r o ~ v s  
wit11 the posterior pair c o n t i n ~ ~ o u s  across the 
glal)ella, elevated fixigenae anti palpebral lobes, 
clivergerlt anterior facial sutures, aiid clo\vnwastl 
deflected anterior fisigenae. The  antcrior border 
f ~ ~ s r o ~ v  is deep a11c1 relatively x i d e :  the angle 
s~~bter idcd by the arc  of tlie border furrow in- 
creases with an i~icrease in t h e  size of the sneci- 
mcns; curvature of tliis furrow 011 smaller spec- 
imens is comparable to other species of Kcitli- 
iclln, 11ut it  markecl1~- i~icreases with an increase 
in size. The  espantleti and bl~illtly to sharply 
pointed anterior l~ordes is uniclt~c for  the genus. 
Alt11011gh Rasetti specifically escluc!es ocular 
1-itlgcs ancl occipital spiiies from his generic con- 
ccpt, cuggestions of ridges ant1 occipital nodes 
can lie seen 011 some of his illustrations (1911, 
pl. 39, figs. 39, 1 2 ;  1946. pl. 1, fig. 6 ) .  In  spite of 
the unusual anterior lmrder, this species is  in- 
cl~~cletl it1 Keithiellti. 

Occi(iie~1ce.-Locally common i11 the Scrzlh- 
ielln pgrelle Sul~zolie a t  BC-23, 36, 41, 42;  JR- 
369.5, 371.5, 391; 9 1 1 - 9 3  ; TC-1237, 1214, 1263. 

Keithielln scrupulosa Ellinwood 

K~~itl~ielln scrz~~z~locn Ellinwood in B ~ T . L  & ELLIX- 
\\.OOD, 1962, p. 405, 111. 58, figs. 19-21. 
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Reiimr1zs.-This qpecies occurs a t  the base of Ptychaspis bullasa Lochman & Hu 
the Saukiella p y ) * e ~ ~ c  Subzone in only two sec- PI 2, figs. 4, 5. 
tions. I t  1s well descrll~etl and illustrated by Bell Ptychaspis bzillnsa LOCHMAN & Hu, 1959, p. 422, p!. 
and Ell i t~~vood.  58, figs. 2142;  BELL & ELLINI~~OOD, 1962, p. 103, 

Occziri,eiice.-Scarce in the Sa~,kii.lIa pyrei~c p1 j8? figs. 1dr17. 

Subzone a t  MC-9151: ; SS-302.5, 307.5. Re7narks.-Ptgcitaspis bul~asa is represented 
11y about 50 cranidia scattered through 11 meas- 

Genus MACROXODA Lochman, 1964  red sections; most specimens are internal 

Mncroi~oda LOCHMAN, 1963a, p. 53. 
T j p e  species.-iUcrci.oi~odn pr-iiiltr Lochman, 

1964a, p. 53, pl. 14, figs. 12-23. 
Re?iznril.s.-All that  is known of this genus is 

discussed by Lochman ( 1961a, p. 53). 

filacronocla cf. M .  prima Lochman 
PI. 6, fig. 6. 

Mncroiiodn prima Loc~ar . \x ,  1964a, p. 53, pl 14, figs. 
12-23; ~YINSTON Si NICHOLLS, 1967, p. 79, pl. 9, 
fig. 19. 

Re~izar1zs.-Eleven cranidia a r e  assigned t o  
this species, with reservation. Although these 
granular cranidia are  very much like those illus- 
trated by Lochman, tliese a r e  differences that 
should be mentioned. The  swollen anterior gla- 
bellar lobe is some~vl-tat square-cut anteriorly 
and tapers slightly posteriorly. T h e  posterior 
glabellar lobe is flattened across the top, produc- 
ing corners on its lateral edges as in Elipi~rchas- 
pis jzlgcrlis. :is Winston and Nicholls nientionecl, 
the Tesas  specime~ls lack palpebral lobes. The  
facial sutures swing slightly inward where an 
eye would be located, and there is a trace of a n  
ocular ridge. T h e  occipital ring lacks any trace 
of a notie or spine, and tllus the species is dif- 
ferentiated from any of Ezcptychaspis. 

I think it is possible that monotypic 3Iacl-o- 
ilodn co~iltl be suppresseti as a synonym of Ez~pty- 
clz,aspis, but more and better preserved material 
is needed. 

0ccl~ii.oicc.-Scarce in the uppcr one-half of 
the Sazilrielln s ~ r o t i n a  Subzone a t  JR-521.5, 529 ; 
TC-1387.5, 1388, 1392, 1400. 

Genus PTYCHASPIS Hall, 1863 

Ptychnspis HALL, 1863, p. 170; BELT,, FI:sI.\K, 8; 
I<URTZ, 1932, p. 192; Locliman in I-IARRISCTON et 
al., 1939, p. 0320. 
Type species.-Dikelocephalzts ~lli~iiscne~zsis 

Owen, 1852, p. 574, pl. 1, fig. 3 a ;  pl. 1.4, figs. 4, 
5. 

Remarks.--Exccpt for the fact that the palpe- 
bra1 width of the fisigenae can be about one- 
half the l~asal  glabellar width, L o c l ~ ~ n a n  (in 
Warrington et al., 1959) has well srlmrnarized 
the characters of the genus. T h e  generic discus- 
sion of Bell, Feniak, & I c ~ ~ r t z  (1952) is con- 
cerned with the prohleln of which species is the  
type of the genus. 

molds and few a r e  c ~ & ~ l e t e .  These cranidia 
compare quite well with Lochman and Hu's il- 
lustrations but differ in one respect: the palpe- 
hral lobes a re  opposite the middle one-third o r  
anterior one-half of the glabella, rarely the an- 
terior one-thirtl. Bell & Ellinwood (1962, p. 
405) indicated that the occipital ring and lateral 
ends of the basal glabellar lobes a re  free of or- 
nament, but the unexfoliated cranidium here il- 
lustrated (pi. 2, fig. 5 )  has  granules on the  back 
edge of the occipital ring. 

P. bzilla~sn is characterized by its nearly paral- 
lel-sitled glabella that is higher than the flatly 
c o ~ l v c s  fixigenae, granules on most areas behind 
the ocular ridges, and transverse ridges across 
the steeply dolvnsloping frontal area. 
P. bztllnsn usually occurs in association n-it11 

D r ~ ~ ~ ~ ~ a s p i s i s  texaiia, but it can estend up into the 
range of D. idiiliorl~sis. High in its range, P. 
bzillasn 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, o r  
a few representatives of other species of Pty-  
cJ~aspis might be mixed with P. bztllasa,. These 
L I I ~ L I ~ L I ~ ~  forms come from TC-1025, ST-574.5, 
578, and GR-195. These horizons should he in- 
tensively recollected in order to determine the 
source and continuity of the  ariat ti on. 

Occurrence.-Common in the Idaltoin Zone a t  
CR-743-747; EC-25, 26, 35 ; G l I  -604 ; GR-183, 
195 : LL-725-728: SIC-245, 218; SS-101, 103, 
109 : ST-541, 571.5, 578; SU-116; TC-1003, 
1025 : WC-950, 968. 

Ptychaspis sp. 
PI. 2, figs. 12-11. 

Description.-Glabella subrectangtllar, may 
taper slightly, anteriorly rounded to rounded- 
tr~lncate. Posterior glabellar furrow deep and 
angled back on the sides but shallo\ver and con- 
tiiiuo~ls across the axis ;  middle furrow gently 
11on.ed back, c o n t ~ n u o ~ ~ s ;  if present, the anterior 
pair of furron-9 are  short, shallolv, and angled 
for~vard.  Fixigenae wide, moderately convex, 
and raised, with the crests of the fixigenae 
slightly lower than the glabella. Frontal area 
convex and don nsloping but not vertical. Palpe- 
lrral lobes usually opposite glabellar midlength. 
Ornament on internal molds consists of granules 
on the palpebral areas of the fisigenae and on 
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the glabella in front of the posterior transgla- 
bellar fu r row;  although the preoccipital segment 
of the glabella is usually smooth, a f e ~ v  low 
granules can be scattered across this area. Or- 
nament on frontal area ~ ~ n h n o w n ;  it appears to 
be smooth. Ornament on exoskeleton unknown. 

Reii~ni.it.s -Above the range of Ptycl~aspis  
bullasa and in association n ith Prosnzlkla cf. P. 
f~lbcrclilnfa, Darto~taspis ~~~iclzi tae~zsis ,  Cllario- 
c -cp l~nl~~s  z~~l~iffieldi, and Sfigiiiacephaloides czwva- 
bilis are  fragments of 14 cranidla and several li- 
brigenac that are  ass~gned to this genus. Al- 
though they cannot be included in any existing 
species of Ptyclzaspis, tlie specimens are  too 
fragmentary to describe as a new species. 

Ptyclznsp~s sp. differs from P .  graizzdosa 
(Owen) 111 ornament distrll~ution, height of the 
glabella a l ~ o l e  the f is~gcnae,  and slope of the 
frontal area. I t  differs from P. arcoleizsis Nel- 
son in ornament clistrlbut~on, in having two 
pairs of con t i~~uous  glal~ellar furrows, and in 
biostratigraphic position. Ptychaspis sp. is a bio- 
stratigraphic equivaleiit of P. ttzii~iscnensis 
(Owen) ,  tlie type species, from which it differs 
in ornament, shape and furrowing of the gla- 
l~ella, slope of the front of the cranidium, width 
of the fisigenae, ancl position of the palpebral 
lobes. From the stratigraphically lover  P. bul- 
Iasn this species differs in ornament distribution 
and in ha!-ing relatively narrower fixigenae. 

Orc~~i~ i~r i~ ic . -Scarce  iii thc middle Ellipsocep11- 
rrloiclcs Zone a t  MC-840, 814; TC-109.;, 1095- 
1100, 1103 ; \I-C-1069. 

Subfaii~ily S:\VI<IIS.AI: 1-irich & Rcsser, 1933 

R c ~ ~ ~ i r i k . - U r i c  & Resser (1933, p. 136) es- 
tablished tlie subfamily Saultiinae a s  part of the 
Ilikelocepl~alidae, ~vitli  the genus Saltfin as  the 
type of tlie subfamily. I think the subfamily 
Saukiinae is genetically part of the family Pty- 
chaspididae (text-fig. 1 ) .  I recognize essentially 
the sanie genera in the sul~farnily as  did Ulricli 
and Resser: l~ecause Trllri.iiicr does not occur in 
Texas, it is not discussed herein. Although U1- 
rich & Resser (1933, p. 137) discussed several 
differences between the Saukiinae and the Dike- 
locephalinae, they did not give a diagnosis of 
the Sauliiinxe. T h e  diagnosis given by Lochman 
( in  Harringfon ct al., 1959, p. 0322) for  the 
family Sauk~ldae  can serve as the diagnosis for  
the sul~family Saukiiiiae, ~ v i t h  two modifica- 
tions: (1 )  surfaces can lie smooth, granulose, o r  
bear elongate ridges, arid ( 2 )  tlie Saultiinae is 
derived from the Ptychaspitlitiae, possibly from 
P t y  chaspis. 

Sazhkin and Calvi?zclln a re  morphologically 
quite similar, and they may be genetically more 
closely related to  each other than they are  to ei- 
ther Prosaz~kia or Saukiella. Similarly, ProsnuK- 

in and Saztkiella may be more closely related to 
each other than they a r e  t o  Snukia o r  Calvi- 
t~elln. 

Genus CALVINELLA Walcott, 1914 
Cnlz i~~ri la  \VALCOTT, 1914, p. 388; ULRICH & RESSLR, 

1933, p. 215; Loc111nan in HARRISCTON e t  al., 1939, 
p 0323. 
Type species.-DikelocepJ~al~ts spiniger Hall, 

1863, p. 143, pl. 10, figs. 1, 2, 3?.  
Diagtzosis.-Glabella subrectangular, slightly 

tapered, rounded-truncate anteriorly; two or 
three pairs of glabellar furroivs, posterior pair 
usually connected, second pair may connect. 
Preglabellar field absent; anterior border fur- 
ro\v transverse, may he diagon:~l 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. Ppgidium transversely elliptical, with 
prominent axis about one-half length (sag.)  of 
p?gidiurn; three to five axial rings, postaxial 
r ~ d g e  extending out onto border; three t o  five 
unecjually divided pleurae, with pleural fu r ro~vs  
approaching anterior edge of pleurae; pleural 
f~lrroivs fade into bortler. Surfaces granulose or 
oriianiented with raised, elongate ridges. 

Reiilnr1zs.-The unecjually divided pleurae and 
tlic occipital spine clistinguish Ctrl;*ii1clltr fro111 
other genera in the Saukiinae. 

Cnlvinella prefhoparia Longncre, 11. sp. 
PI. 6, figs. 7-12. 

Cnl-,iuclln ozarketlsls \I-alcott, \ \ .~xsros  & N ~ c i i -  
or-LS, 1967, p. 80, pl 11, figs. 5, 9. 

Description.-Cranidium subrectangular. Gla- 
bella almost stra~ght-sicled, tapering, strongly 
truncated, with moderate transverse convexity. 
Three or four pairs of glabellar furrows;  poste- 
rior pair con t inuo~~s  and broad, deeply gouged 
laterally but shalloi\er across the axis; second 
pair deep laterally, becoming sl~allower adax- 
ially, may be continuous; third pair short, shal- 
low, gently reci~rved, not connecterl, do not in- 
tersect the axial furroiv; fourth pair, if present, 
narron-, faint, and anteriorly clirecred. Axial 
furrow broad ancl slialloii~; preglabellar furrow 
confluent with anterior border furrow. Occipital 
furrow broad and deep, recurved medially and 
curvetl forwarti 1;iiel-ally. Occipitai ring long 
(sag.) .  Long, slentlcr occipital spine projects up 
and liaclc. The most robust the spine, the more 
i~li.c!i;iIly expa~~clctl is the occipital ring ant1 tile 
more anteriorly l~owetl and shallower is the  me- 
dial part of the occipital furrow. Preglabellar 
field absent. Anterior border furronr shallow, be- 
coming relatively broader in larger specimens. 
Anterior border gently convex, slightly tapered 
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laterally, with broadly rounded o r  pointed ante- 
rior margin. Fixigenae wide and gently convex. 
Palpebral area usually between oiic-thli-d and 
one-half the greatest \\idti1 of the glabella; this 
ratio is greater than one-half for  tlie relatively 
small specimens, Palpebral furrow broad and 
Yery cllstinct on exoskeleton but narrow on in- 
tcrnal rnoltls. Slender palpebral lobe tapered on 
both ends. :Interior fis~geiiae broad, flatly con- 
vcs, gently downsloping. Posterior fisigenae 
I~roadly triangular, sloping both posteriorly and 
laterally. Posterior hortler furrow distinct, inter- 
sects axial furrow behint1 the occipital f ~ ~ r r o w .  
Posterior border of ~u l i fo rm width (essag.) .  
Anterior facial suture divergent to slightly con- 
vergent in front of palpebral lobes, becomes 
slightly more convergent just af ter  passi~ig the 
anterior border furson-, then cuts sharply to- 
ward the axis, where it can define a broad point. 
Posterior facial suture divergent, straight to  
slightly concave. Ornament on esoskeleton : gla- 
l~ella, occipital ring, and posterior border cov- 
ered with coarse granules, some of which a re  
elongate; fixigenae covered with vermiform 
ridges and granules that a re  longitudii~al on the 
posterior ant1 palpebral areas ancl become trans- 
verse on the front edge of the anterior fixige- 
nae; 7-ermiform ridges and granules traverse 
the anterior border; a row of squashetl granules 
rim the insicle edge of the palpebral lobe. Inter- 
nal molds l ~ c a r  similar ornament; gran~iles  on 
the occipital ring and gla1)ella can l)e swirled in 
a pattern reminiscc~it of a Bertillon ornament; 
vague impressions of the 1-ermifornl ridges and 
granules on fisigenae ancl anterior border. 111- 
ternal molds of small specimens may be smooth, 
possibly because they lack ornament or because 
the ornament is too delicate to be easily pre- 
servetl. 

Pygi t l i~~ni  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 field as a low postaxial ridge. 
Five well-defined, uneclually 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  asis,  becorne shallo~ver and fade out on the 
flatly concale margin. Posterior border furrow 
absent. Axial rings arid 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. 

Available ntaterin1.-42 cranidia, 3 pygidia, 
many well preserved. 

Ho1otype.-UT 12589, from TC-1100. 
Etymology.-#i.eii~o, Greek, s\\-ell, blow up, 

inflated; pareion, Greek, cheek, named for its 
enlarged fisigenae. 

Rel~~a,rks.-Cnlvi+lelln pretlloparin is charac- 
terized by its wide fixigenae, relatively narrow 
anterior border, relatively short, broad glabella 
~vitli  three o r  four pairs of glabellar furrows, 
and ornament on both cranidiunl and pygidium. 
These featnres serve to distinguish it from C. 
pruccia and C. t e l ~ l i i s ~ ~ ~ I p t [ l ,  both of \\~hich call 
occur with C. Pictiloparia. 

C. ,bretll.opaiia differs from C. ozarizr~isis 
11-alcott. T h e  fisigenae a rc  \vidci., particularly 
in the juveniles; the frontal area is not divided 
into a preglabellar field and anterior border by a 
faint anterior border fu r row;  the glabella is 
more tapered and not so conyes;  and the long 
( t rans.)  anterior border has a nearly straight 
posterior edge and an antcrior margin that 
comes to a slight point a t  the asial line. 

C. prethopnria loolcs very much like Salikin 
.iiiaiica Walcott (1914, p. 380, p!. 64, figs. 6, 6a) .  
The fisigenae are of coniparal~le n-itlth, and gla- 
Ixllar shape ant1 furrows a rc  similar. T h e  holo- 
type of S. ~rrcrrica cannot be located (Jesse hIe- 
rida, U.S.N.M., letter of Nov. 9, 1967). S. ma- 
~ i c a  does not come from the Dunderberg shale 
I I I I ~  from highcr in the section (rZ. R. Palmer, 
lettcr of Oct. 23, 1967). Bo;,,iiioiiic~ a~r t r r i ca i~c~  
(2Sralcott) o c c ~ ~ r s  ~ v i t h  S. ~iini.icii in Nevada 
(Tl'alcott, 1914, p. 361) and a-ith C. p~ctlzopniin 
in central Tesas .  These two non~inal species 
co~1lc1 1)e conspecific, l~u t ,  until tlie holotype is lo- 
cated and more complete specimens a r e  avail- 
able, they must remain separate. 

Occlirrei~ce.-Co11~1non in the upper Saukiella 
sei.oiii~a Subzolie at  CC-61, 6 3 5  JR-529, 536; 
I.C.5-44, 45, 45.4, 45.8 : TC-1388, 1400. 

Caluinelln procera TVi~~ston 8r Sicholls 
PI 4, fig. 16 

Ca!t,iiii~lln pi'occrn \\.~ss.l.os & SICEI~I .~ .~ ,  196i, 11. 
so, 111, 10, fig. 2 2 ;  pi. 11, figs. I ,  3. 

Rclilurks.--Most specimens of Calvi~rella pro- 
ceiv agree quite \.\-ell with \4-inston and Nich- 
011s' clescription. However, thcre are a s~ tb-  
stantial number that possess cil~c or  more of the 
outstanding f e a t ~ ~ r c s  of its stratigraphic associ- 
ate, C. te~z~~isc~!Lpiii. The rnost commonly shared 
characters a r e  a short, transverse anterior Bor- 
tler fu r ro~v ,  morc posterior palpebral lobes, a 
more rectangular glabella, ant1 shorter (exsag.) 
posterior limbs. Similarly, there a re  specimen: 
of C. te~rz~iscz~lpitr that possess such C. proceicc 
features as a longer (sag.),  more rounded ante- 
rior border o r  stouter posterior limbs. I have 
left the two as separate species, although they 
may later be shon~n to be conspecific, and the 
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strongly divergent in front of palpebral lobes, 
curve down\vard, and sn-ing adaxially before in- 
tersecting the border furrow. Posterior facial 
suture defines a broad ( t r . )  posterior fisigena 
I ~ u t  leaves a relativeb stout, short posterior 
limb. A11 areas of exoskeleton granulate ; inter- 
nal molds may or  ma- not preserve the orna- 
ment. 

Librigena and pygidium unknown. 
Avnilable 11zatevial.-7 cranidia, fairly well 

preserved. 
Ho1oiype.-BEG 36536, from LCS-40. 
Etj~iiiology.-~e11zoi'n, Latin, delay, named for  

its occurrence late in the Trempealeauan. 
Re,~zarks.-Prosazllria Ternova occurs in the 

middle of the range of Saflkiella serotinn, n. sp., 
and its associates are  Trempealeauan and not 
Franconian as a re  those of Pvosaukia lo~zgicor- 
nis. P. reuiora differs from all other species of 
Prosallkin in that its preglabellar field is a t  least 
twice as  long (sag.) as the anterior border. I t  
also differs from P. loizgicoritis in its granular 
ornament. Because of its convexity, long pregla- 
bellar field, and occipital spine, P. iciizorn can- 
not he confused with either of Ulrich and Res- 
ser's two Trempealeauan species, P. lodensis 
(1933, p. 162, pl. 28, fig. 9 )  o r  P. iizceiia (1933, 
p. 161, pl. 28, figs. 12-17). 

0cctlireizce.-Scarce in the middle of the 
Saz~kiella sevotilta Subzone a t  LCS-33, 40, 45; 
SH-55. 

Prosazlkia cf. P. tubercukzta Ulrich & Resser 
Prosni~kia i~tbercz~lata ULRICH & RESSICR, 1933, p. 

159, p1. '8. fig. 5 ;  DI:CKER, 1945, p. 39, pl. 9, fig. 
14; Gmc. 1953, p. 567, pl. 61, figs. 2 1 ;  RAASCH, 
1951, p. 143, 149 (syilonyrny to date). 

Prosallkin cf.  P. tz~bercitlnfn Ulrich & Resser, BELL 
& ELLISG~YOOD, 1962, p. 406, p1. 59, figs. 2, 3. 
Reli~arit.s.-This tason has recently been dis- 

cussed and illustrated by Bell & Ellinwood 
(1962). I add the specific range data for the 
three cranidia. 

0cci~rie~ice.-Very scarce in the Ellipsoceplz- 
riloides Zone a t  JR-215, TC-1105, and Decker's 
locality 1.59T-5-50A. 

Genus SAUKIA TValcott, 1914 
Sr~z~kitr \\'ALCOTT, 1913, p. 373; ULRICH & RESSER, 

1933, p. 168; Lochman in HARRINGTON et nl., 1959, 
p. 0323. 
Type species.-Diireloccp7talzts lodeiisis Whit- 

field, 1880, p. 51; 1882, p. 188, pl. 10, fig. 14;  p. 
341, pl. 27, figs. 12, 13. 

Dinglzosis.-Glabella subrectangular, sides 
slightly converging or medially constricted; two 
pairs of glabellar furrows with a t  least the pos- 
terior pair connected ; glabella anteriorly round- 
ed-truncate; antero-lateral corners pointed o r  

broadly rounclcd. Fisigcnae narrow. N o  prcgla- 
bellar field. Anterior border furrow confluent 
with a t  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 trar~sversely subelliptical, 
~ v i t h  strongly tapered a s i s ;  subcqually divided 
pleurae die out on narrow, smooth, concave bor- 
der. Surfaces granulate. 

Rciir~c1rfis.-S(iilkicr is tlistingi~ished from P i o -  
snlikin and Stri~kiella by its lack of a preglabel- 
lar field and by its granular ornament. T h e  sub- 
equally divided plcurae arld the lack of a n  occip- 
ital spine distinguish Snz~kits from Calvi?telln. 

Sazlkia imperatrix Ulrich & Resser 
Sailfzin inzperati.i.r ULRICH & R r s ~ n ,  1933, p. 192, pi. 

31, figs. 21-25; R.IASCH, 1951, p. 144; \VINSTON 
& XICHOLLS, 1967, p. 81, pl. 9, figs, 13, 16, 21. 
Re7itarks.-X 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 SITinston & Sicholls, pl. 9, fig. 
15) but easy to see on the smaller ones. I t  is not 
found on all specimens, and I doubt that it 
should be construed as  anything more than a n  
interesting feature. If it seemed to be a n  impor- 
tant character or if it appeared on all specime~ls, 
a researcher might be tempted to place this spe- 
cies in Calvi~zclln, 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 Saz~kia. 

The  axes of some pygidia have a partial fifth 
asial ring, a s  cloes S .  tzilitida. Granules a r e  pres- -, 

ent on the crests of the asial  rings and pleurae. 
0ccztwe~tce.-Locally common in the upper 

Saz~kiella jz~ltin Suljzone and the lower Saukiella 
serotilia Subzone a t  BC-109-110, 149; CC-58.2, 
61 ; JR-484,492; SH-12.6. 

Saukia t u ~ n i d a  UlYich & Resser 
PI. 4, figs. 10, 11. 

.Cnll/tia tz~wtida ULXICH & RESSER, 1933, p. 192, 111. 30, 
figs. 11, 12; l17rss~rox & NICI~OLI.~,  1967, p. 81, 111. 

9, figs. 7, 9, 11. 
Re;icarks.-Sazikin tzc~izida 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 fisigena 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. 



Two f ragn~ents  of librigc~lae arc  ;issig~ied to 
this species. The  arrallgemetlt of a row of gran- 
ules adjacent to the oc~llar  furrow and the low, 
coarse, vermiform ridge pattern 011 the rest of 
the cheek provide a striking ornament (pl. I ,  fig. 
11) .  This  librigena is disting~tishetl from that  of 
S. i~taperati.ix by its narrower ( t r . )  posterior 
side of the inner a rea ;  other features of the two 
cheeks a re  similar. 

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

S. tuiizida occurs stratigraphically belo~rr S. 
ilnperatiix and is distinguished from it by 
greater convesity, greater downward deflection 
of the frontal area, more ro~mded anterior end 
of the glabella, narrower fisigenae, and deeper 
glabellar furrows. 

0ccz~rreilcc.-Locally common in the Sazikiella 
jztnia Subzone a t  JR-481; SS-35G, 360.5 ; TC- 
1305-1310, 1320-1325. 

Genus SAUKIELLA Ulrich & Resser, 1933 
Saztkirlln ULRICH & RESSI-11, 1933, p. 194; Locllrnan 

in HARRIXGION et al., 1959, p 0325. 
Type species.-D~it.cloccp/znlzts flcfli~zeitsis 

Owen, 1852, p. 574, pl. 1, figs. 9, 9a, 9b. 
Re112arks.-Ulrich & Resser (1933, p. 194) have 

given a complete and definitive diagnosis for  
this genus. T h e  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 hear only a partial im- 
print of the external ornament. 

Saukielln is distingliished from Snzlkia and 
Calv i~~e l la  by a preglaliellar field, shallo\ver fur- 
rows, ornament, and lack of a strong occipital 
node or  spine. Snz~kiella I S  distinguished from 
ProsauiE.ia by its relative11 longer frontal area, 
nongranular ornament, lack of occipital spine, 
and confluent lateral border and posterior bor- 
der furrolr s on the librigena. 

Saukiella fallux ( Walcott) 
PI. 5 ,  figs 1-3. 

Sat~kia fallas WALCOT~., I914 (part), p. 378, p1. 67, 
figs. 21, 21a (not 22, 22a = B~iscoim. sp.) 

Descripfiot~.-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 iii ;I <light e s p a ~ ~ s i o i l  of the  pos- 
terior one-half of the glabella. This glabellar 
espansion is more noticeable in the small speci- 
mens. Posterior glal~ellar furrow contint~ous, 
deep on the sides, and shallower across the top; 
second pair of furrows very shallo~v, sIightly re- 
curved, connecti~lg oil some speciinei~s. Occipital 
furrow transverse o r  bowed slightly forward 
mediallj-, as  broad and deep a s  the tratlsglabellar 
furrow. Occipital ring of un i for~n  width and  al- 
most as  wide as  the posterior glabellar lobe. An- 
terior border furro~ir broad anti deep, bowed 
gently forward, coilfluent with preglabellar fur- 
row across a t  least the middle one-third of the 
glabella. Anterior border highly raised, very 
narrow, and laterally tapering. Fisigenae nar- 
ran-; palpebral area long, flat, sloping clown lat- 
erally, widest point opposite junctioi~ of axial 
and trailsglabellar furrows. Palpehral 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 
fisigenae tapering, crossed by broad, deep poste- 
rior border furso\\-. Surface of palpebral area, 
anterior fixigenae, and lateral part of the ante- 
rior border furrow covered with elomate " 
ridges. Ornament continues up onto the anterior 
border and up the sitles of the glabella. Other 
o rnan~ent  unl<non.t~. Internal molds smooth. 

Pygidium (pi. 5, fig. 2)  transversciy elliptical. 
Tapered axis consists of articulating half ring, 
three asial  rings, a terminal axial piece that  has 
a suggestioll of a fourth as ia l  ring 011 its ante- 
rior end, and a postasial ridge that estends 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 ton-ard postasial ridge, where 
the nlargin becomes slightly col~vcx. Pleural 
furrows broad, deep; interpleural furrows shal- 
lon-er, with anterior edges quite sharply raised 
relative to the gentle upslope of the posterior 
part of the furrolv. 'o 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- 
slteleton ; ornament on the axial region unl<nown. 
Internal molds smooth. 

Reir~aiks.-The holotype of Sa~ikielln fal1a.v 
(\\-alcott) came from the eastern slde of the 
Llano Uplift. All of my specimens a re  from the 
western side, and comparison of these specime~ls 
with the holotype leaves no doubt that they are 
conspecific. I think this species belongs in Sala- 
kiella because of the short, flat preglabellar field 



SAUKIELLA 

adjacent to the raised border, because of the  
ridged ornament, \vliich is not granular as  in 
.Saz~rlzia, and because of thc shape of the pygi- 
clium. The  pygidium that T have assigned to S. 
fallax is not like that figtired hy Walcott, which 
I assign to 5'1-iscoin sli  

This is the stratigrapl~ically lo\\~est species of 
Sazckiella found in central Tesas,  and it possibly 
is ancestral to the succeeding species, S .  pgveite. 

0cc~~rience.-Scarce in the basal Saickiella 
pyrenc Subi.one at  JR-351, 351; SS-302 5, 307.5. 

Saukiella jzrnin ( Walcott) 
PI. 5 ,  figs. 12-21. 

Sar~kitr jiiilin WALCOTT. 1914, p. 378, test-fix. 17. 
Saz~kielln ji!ivia (Walcott) RESSER, 1938, p. 43 ; 

WINSTON & NICHOLLS, 1967, p. 81, pl. 9, figs. 8, 10, 
12, 14, 22. 
Descript iotz.-Several additions to  IVinston 

and Kicholls' descriptions should be made. In 
numerous medium-size ( 15-20 mm) specimens 
with anteriorly espanded and truncated glabel- 
lae, the preglabellar f l i r ro~v is slightly recurved 
medially, proclucillg a broad, shallow depression 
or  ~ lo tch  on the front of the glabella (pi. 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 Sazckielln j z~ i~ ia .  I n  
the lon-er part of the range of S. jl~llin var. B, 
the pleural furrow is almost a s  clistinct as  the 
interpleural furrow (pl. 5, fig. 18) .  T h e  division 
of pletlrae is ullequal adjacent to the axis but 
more nearly equal farther out ill the pleural 
field. Higher  in the range the furrow becomes 
less disti~lct and the subdivision of the pleurae 
more nearly equal. Pygidia of S. jllnia var. A 
(pl. 5, fig. 21) have subeclually divided pleurae, 
and the pleural furrow is reduced to a narrow 
groove relative to  the broad, deep, straight-sided 
interpleural furrow. I f a n y  axes have a strong 
inclicatior~ of a fifth asial ring. 

Ornament is similar to that of S. pepine~zsis. 
Bertillon ornament covers the glabella, occipital 
ring, fisigenae, and librige~lae; transverse 
ridges cross the anterior border. Pygidia appear 
to be cmooth. T h e  only ornament on some speci- 
mens is a set of terrace lines on the back end of 
the occipital r ing;  the rest of the  cranidium is 
smooth. In~pressions of the terrace lines and of 
the ridges and Bertillon pattern a re  preserved 
on the internal mold. 

Reiiznr1~s.-I agree with Winston & Nicholls' 
(1967, p. 8 2 )  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 
ivith S. jzc~tia Tar. B that  look very much like S. 
pepiilei~sis a re  not small representatives of the 
latter but rather juvenile S. jltnia Tar. B. Simi- 
larity of these smaller specimeils (pl. 5, figs. 12, 
14) ith S. pepinensis I S  close, but the fu r ro~vs  
are  somewhat shallower and the border slightly 
longer. If a good collection of S jlrfzia var. B is  
arranged in order of size and if the S. pepil~ejt- 
sis-l~lte specimens a re  included, it is reasonably 
easy to  see that  the smaller ones could mature 
into S. jzbnia var. B. 111 addition, adults of S .  
lunia var. B become less 11lte adults of S. pepi- 
i~ensis  the farther they range stratigraphically 
from S. pepinensis (pl. 5, figs. 13, 15, 17)-the 
border furrow, if present, becomes more obscure 
a ~ l d  the border beconles quite long (sag.) higher 
111 the range of S .  j i ~ i ~ i a .  Thus, I propose that S. 
jl~iirn is descended from S .  pepiiieilsis; they rep- 
resent a cline or chronospecies 

Occilrre?zce -Locally abundant in the middle 
and upper Sazlklelln jz~izin Subzone a t  CC-27; 
TR-479; SS-356, 370 : TC-1301, 1303, 1305, 1305- 
1310, 1310-1315, 1315-1320, 1335-1340, 1341- 
1316. 

Saukiella ju~zia ( Walcott ), var. A, 
Winston & Nicholls 

P1 5 ,  figs. 19-21 
Cnt!lziella jztnia (\\'alcott), var. A, ~VINSTON & NICH- 

OLLS, 1967, p. 82, p1 9, figs 10, 12 
Reiizarks.-The smaller specimens a re  distinct 

from Sazckielln peplne~zsis. The pygidia can be 
distinguished from those of S .  jzdriia var. B by 
the relatively obscure pleural furrow and the 
more equal subdi\.lsion of the pleurae. 

Examination of the holotype of S. jztitia 
(IValcott) confirms Winston and Nicholls' 
statement that  this variety most nearly resem- 
bles Walcott's species. T o  the right of the  holo- 
type is a cranidlum of Ez~rekia eos, associated 
with S. junia var. A in central Texas. O n  an- 
other piece of matrix in Walcott's collection of 
S a ~ i k l a  jzcl~ia is a pygidium of Bnyfieldia siwatn, 
also associated \\ it11 this variety. 

0cczcrrence.-Scarce in  the sipper part of the 
Snirhiella ju~zin Subzone a t  TC-1341-1346. 

Saukiella junia ( Walcott ), var. B, 
Winston & Nicholls 

P1. 5, figs. 12-18 
Snukiella jzt~zia (\Iralcott), var. B, WINSTON & 

SICHOLLS, 1967, p. 82, pl. 9, figs 8, 11, 22. 
Reiiiarks.-Lo\\, in the range of Saukiella 

j l~nin var. B, some adult and all the juvenile 
cranidia strongly resemble the stratigraphically 
lower S. pepillensis, but they can be distin- 



guished by shallower furrows and slightly long- 
er anterior borders. Higher in the range, the 
differences are  more pronounced. 

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

0cczirrc11ce.-Abundant ~n the middle and 
upper part of the Saukiellii jzl.tzia Subzone at  
CC-27; JR-179; SS-356, 370; TC-1301, 1303, 
1305, 1305-1310, 1310-1315, 1315-1320, 1335- 
1340. 

Dikeloccph 
fies. 9. 9: 

Saukiella pepinensis (Owen)  
PI. 5, figs. 9-11. 

Snzdzlkia pe, 
pl. 67, figs 1-13, 13a (sinonymy to'date) 

Saz6kielln pepinensis (Owen) ULRICH & RESSER, 
1933, p 202, pl. 33, fiqs 22-21; RAASCH, 1951, p. 
144: \\ INST( 1. 82. ~1 9. figs. IN & NICHOLLS, 1967, p - - 
4-6 (synon, my 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 a t  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 a re  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. 
S. pcpij~ensis occurs stratigraphicall>- above S. 

pyre~ze, from which it differs in  the much re- 
duced to nonexistent preglabellar field, the pro- 
portionally longer border, and the wider fisige- 
nae. There a re  collections stratigraphically be- 
tween S. pyreize (s.s.) and S. pepi~zciisis (s.s.) 
that  suggest a phylogenetic relationship between 
the two. 
S. pepi~leilsis occurs stratigraphically below S. 

jzcnia 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 a re  subtle, especially when dealing with 

juvenile S. julzia var. B o r  adult specimens from 
low in its range. Although more collections 
from the transltiorl zone might be desirable, the 
present collections strongly suggest that  the 
characters of the S. pepiilcnsis population 
shifted toward longer borders and shallon-er 
furron s and culminated in a remarkably similar 
but dlstinct population named S. j~llzia var. E, 
whose juveniles a re  nearly identical with the  an- 
tecedent S .  pepine?zsis. 

Occzcrre+zce.-Common in the lourer par t  of 
the Saz~kiella jzinia Subzone at  BC-70; JR-453, 
459, 460; LCS-32; TC-1291, 1293. 

Saukiella planata Winston & Nicholls 
Sa~llriclla plaltafn SS'ISSTON & NICHOLLS, 1967, p. 8-3, 

pl. 11, figs. 2, 10. 
Rc~iznrks.-Snithiella plagzata also has t h e  Ber- 

tillon ornament common in the other Saukiella 
species. Faint ilnpressions of these lines a r e  ob- 
scure on internal molds but can be seen on the 
occipital ring, glabella, and anterior border. The 
ornament on the exoslceleton is distinct, espe- 
cially on the occipital ring and the posterior gla- 
bellar lobe. Librigenae and pygidia a r e  un- 
Imon n. 
S. planata occurs in the  upper part of the 

range of S. sci.otilln, and in one section it 
ranges slightly higher than does S. scrotina. 

0cci~wence.-Locally common in the upper 
part of the Sazlhiclla seroti~za Subzone a t  CC- 

Saukiella pyrene (FT7alcott) 
PI 5, figs. 4-8. 

Sn~lkin pyvene WT.\~corr, 1914, p 382, pl. 67, figs. 
18-20 

Sn:lkie!!n pyretze (\STalcott) ULRICH & RESSER, 1933, 
p 201, pl. 34; pl 35, figs. 1-8; RIISCH, 1951. D . - 

. 783. pl. 110, figs. 4, 7. 
srn. 1933. D. 201. 

~nukieiin jyrene liii~bntn ULRICH E; R E S S ~ ,  1933, p 
206, pl 35, figs. 12-14 

Sa~!lriclln frontalis ULRICH & RESSER, 1933, p. 207, 
DI 35. fig. 22. 

Sn:lkiclla rdenta ULRICH & RESSER, 1933, p. 208, pl. 
35, figs. 23-30; pl. 36, figs. 1-3. 

Sa~rkieila indenta intcr~nedia ULRICH & RESSER, 1933, 
p. 205, pl. 36, fig. 1. 

Snl!kiello n,orzwalkei~sis ULRICH & RESSER. 1933. n. , 
209, p1. 36, figs. 5-27. 

Salrkielln signuta CLRICH & RESSLR, 1933, p. 206, pi 
35, figs. 15-21. 

not Sa:ihiella notz~~a~izeitsis Ulrich & Resser, \VIN- 
STOX & NICHOLLS, 1967, p. 82, p1. 11, figs. 6-8, 12. 
Description.-Cranidium quadrate to elongate. 

Glabella elongate, well defined by axial furroxi-s 
that u s ~ ~ a l l y  a r e  bowed outward along the poste- 
rior one-half and slightly divergent along the 



anterior one-third of the glabella, resulting in  a 
medial constriction. This constriction and the 
adjacent anterior expansion of the glabella a re  
most obvious on the larger specimens; the 
smaller ones eshihit these features, but they a r e  
subtle. Some specimens have a slightly tapered 
glabella. A t  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 
furrolv seldom intersect the axial furrolv. A sec- 
ond pair of short, shallon. glabellar furrows is 
located opposite the anterior edge of the palpe- 
bra1 areas. X third pail- of furrows that a re  di- 
rected slightly forward is apparent on a few 
specimens. Occipital ring broad, uniform in 
width ( sag . ) ,  well defined by trans! erse furrow 
or  one that is bowed forward ~nedial l~. .  Anterior 
border furrow boved forward, narrow in 
smaller specimens but l~roader  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 definitelj- convex preglabellar 
field that is just a s  convex and almost as  long 
(sag.) as the border and that extends laterally 
into the anterior fisigenae. T h e  frontal area is 
biconvex. The  larger the specimen, the less con- 
v e s  the preglabellar field. In  the larger speci- 
mens, the anterior fisigenae fade into a nearly 
flat preglabellar fielcl that is delineated by broad, 
very shallon- preglabellar and border furrows. 
Anterior facial sutures a re  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 a re  long, rel- 
atively flat, and of moderate width. Palpebral 
furrows a re  distinct; palpebral lobes a re  long 
and broad. Posterior facial sutures swing in 
very close to axial fu r roa  s 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 f u r r o ~ v  1s broad 
and deep, intersecting the facial suture near the 
midpoint of the limb. 

T h e  character of the associated free cheek is 
not clear because of poor preservation, but frag- 
ments appear to be like those illustratetl by Wal- 
cott (1911, pl. 67, fig. 19) and Ulrich Sz Resser 
(1933, pl. 35, figs. 2-1). 

Re~l~nrizs.-The features used by Ulrich and 
Resser to separate the species 1 have synony- 
mized a re  a combinatioii o l  glahellar furrows, 

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

Four  measured sections in central Texas 
yieldecl about 100 cranidia, 25 pygidia, and 15 
free cheeks of this variable tason. Snz~kielln $3'- 
1.c12e occurs above S. fallax and below S. pepi- 
izeiisis. Within this taxon, all the pygidia a re  re- 
markably similar and agree quite well with 
those Ulrich and Resscr assigned to S. pyreze, 
S. sig~zatn, S .  iiidenta, and S. ~lorwalkeilsis. 
3Iost of the free cheeks a r e  like those of S. Py- 
mile and S. iusde~~tn;  there are  two that look like 
those assigned to S. ~lo~twalkeizsis. 

The cranidia demonstrate the greatest amount 
of variation, but even this is restricted to  the 
frontal area ant1 glabella. The t ~ ~ o  end mem- 
bers, with respect to variation in the frontal 
arc1 (small ones with a biconves fro~i tal  area 
ant1 larger specimens with a planoconvex fron- 
tal a rea) ,  and all gradations between tllem 
occur together in numerous collections from 
all four  sections. The outline of the  gla- 
bella ranges from straight-sided and slightly 
tapering to medially constrictecl and anteriorly 
espanded; 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. O n  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 i ~ i r r o w s  and shape of t h e  gla- 
bella, and these features show no trend o r  sepa- 
ration with respect to stratigraphic position. 1 
thi~lli  that differences in the frontal area are a 
result of successive growth stages and that  va- 
riations as a \\,hole fall within the realm of in- 
traspecific variation. 

From a comparison of the T e s a s  collections 
I\-ith Ulrich and Resser's type material o i  all 
tasa in the synonymy, I conclude that the type 
material and the Texas specimens belong t o  one 
variable species, for which the appropriate name 
is Snztkielln pgreiic (Walcot t) .  S.  cf. pyrelze, S. 
pyi.cife liwzbata, S. signatn, S. illdenfa, S. indenfa 
illto-media, S. fr0~2tnlis, and the three varieties 
of S. ~ t o w a l k e ~ l s i s  are  junior synonyms of S. 
pji.e?fe. 

Snz~kiella pyreve is distinguished from the 
stratigraphically lower S. fallax by the charac- 
ter of the frontal area, by configuration of the 
glabella and glabellar furrows, and by t h e  very 
slender posterior fisigenae. S, pyre~ te  is distin- 
guished from the stratigraphically higher S. pe- 
pillci~sis by the marl<edly shorter (sag.) anterior 
l~order  ant1 by possession of a tiefinite preglabel- 



lar  field. There a r e  a fen- specimens from Bluff 
Creeli section that suggest that S. p ~ i r n e  is a 
tlerivatir-e of S. fallax and is ancestral to S .  pc- 
pitteltsis. The relative position of S. pyreile ancl 
S. pepii~eizsis opposes Ulrich and Resser's statc- 
ment (p. 204) that S .  #jtiCi1c is a derivative of 
S. pepii~eiisis; rather, they ~ndicate  that the re- 
verse may he true. 

The  matrix ~n ~ i d ~ i c h  U l r ~ c h  ancl Resser's typc 
material occurs contains remains of other spe- 
cies that a re  associated in the Saz~kiella pgrette 
Subzone : I l l n e ~ t u ~ u s  qzmdi atns Hall, Plet l~oir~c-  
topzts co;lzrergelts Rasettl, ancl a eurelciid that is 
cither Bayfieldin bi9todosa (Hal l )  o r  Ezcrekia 
grn~~ztlosa l'i'alcott. The  same t a s a  occtir with S. 
pyretic In central Texas. 

Occztr~ c~~ce.-Common to locally ahtnidant in 
the  Sazilzicll(i pyreite Su1,zone a t  RC-34, 36, 37- 
37.5, 41, 42. 41.5-11; JR-394, 406.5, SPI-1-86, 
110, 114, 114.5, 140; TC-1286, 1287. 

Saztkiella serotii~a Longacre, n, sp. 
PI. 6, figs. 1-3. 

Saz~kiella 11oie~~n1kensi.r Uiricli & Resser, \\.ISSTON & 
NICHOLLS, 1967, p. 82, pl 11, figs. 6-8, 12 
Descriptiol~.-Cranitlium low to moderately 

convex, length about t~vice glabellar width. Gla- 
bclla sul)rectangular 01. sliglitlp tapered; ante- 
rior end moderately convex, 1)roatlly rounded, o r  
truncated at  its tip. LlIost specimens have only 
one glabellar furrow, generally a posteriorly 
bowed transglabellar f t ~ r r o w  that is deeply im- 
pressed laterally. Occipital furrow transverse o r  
bowed forn-ard medially, as well impressed as  
the transglabellar furrow. Occipital ring as  
broad as  posterior glal>ellar lobe. Anterior l ~ o r -  
cler furrow curved, conves anteriorly. Anterior 
border raised, slightly conves, 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 
spccimens this area is very slightly conves and 
appears as an atlaxial es tc~ision of the anterior 
fixigenae. Palpebral area a l~out  two-thirds gla- 
bellar length and one-third glabellar width, ris- 
ing gently out of axial furrolv. Palpebral lobes 
maintain great width escept for slight tapering 
on anterior end;  they a re  separated from fixige- 
nae by clisti~ict but narrow palpebral furrows. 
Posterior facial suture swings in close to asial  
furrow just l~ehind the palpel~ral lobe, then di- 
verges, defining a very narrow posterior 
fixigena Posterior limbs long and slender, an- 
gled slightly hack, composed almost entirely of 
posterior borcler with only a very narrow poste- 
rior fixigena separated from the border by ;I 

\hart poitertc,~ hordcr furrow. Anterior 5egment 

of the facial suture diverges moderately in  front 
of the palpebral lobes : after  passing the anterior 
border furrow, tlie s u t t ~ r e  swings atlaxially. Ber- 
till011 ornament covcrs all areas of the exoskele- 
ton and can be seen on some internal molds. 

Lil~rigenae (TT'inston & Nicholls, 1967, pl. 11, 
fig. 7 )  with sharply defined border furrow; bor- 
der estends medially in front of facial sutures, 
maintains an eycn 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 seen1 to be pre- 
served on internal molcls. Ornament on border 
and genal spine unlanonn. 

T'yxiclium (Winston & Nicholls, 19G7, pl. 11, 
fig. 12) narrow anrl high for  genus, with conical 
axis consisting of articulating half ring, four 
asial rings, long poilited terminal piece, allti 
short postaxial ridge. Pleural regions conves, 
with four pleurae sul~cqually divided by deep 
plcural furrows that are  nearly straight, that 
angle sharply back, and that fade out on a wide, 
nearly flat margin. Internal molds smooth; or- 
narnent on exoskeleton unknown. 

r2;'ailirble titatcrin1.-264 cranidia, 79 pygidia, 
most well preserved. 

Ho1ofype.-BEG 36560, f rom CC-61. 
Ety?izology. Scrotiiiils, I.ati11, late, named for 

its occtirrc~ice latc in the Trempealeauan. 
Re;l~arfzs.-Altliough the T e s a s  spec imc~~s  

may conform in part to the concept of Snzckiell(1 
ttoriilirlhetzsis Ulrich & Resser (see IVinston & 
IYicholls, 1967, p. 82) ,  they do riot conform en- 
tirely; the faunal associates are  entirely differ- 
ent, and the type material cannot be included 
within the hypodigm a t  hand (see remarks 
under S. pyrette). I have synonylnized S. nor- 
ze~alhe~isis with S. py~ei te  and here erect a new 
species that  is similar to but distinct from S.  py- 
rci~e.  S. serotitza is distinguishetl from thc strat- 
igraphically lower S. pyrefzc 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 
fisigenae and palpehral lobes, the wider anterior 
fisigenae, ancl the  distinctly different pygidium. 
In  the upper part of its range, S .  serotitza is as- 
sociated with S. plaiiatn. Some of the other fau- 
nal associates are  Bayfieldin siti~afo, Eurekin 
eos, three species of Cnlvittella, and Stertopilzts 
la tlss. 

0ccl~rre~rcs.-Comtilo11 to locally abundant in 
the Saz(kie1la seroti?lcl Subzone at  CC-58, 58.1, 
61, 6 3 i ;  JR-521.5, 529, 536; LC-32; LCS-33, 
33..5, 35.7, 39, 40, 44, 45, 45.4, 5 2 ;  SIT-52, 52.6, 
54, 55, 61, 61.5-62; TC-1379-1385, 1387.5, 1388, 
1392, 1400. Scarc? i l l  tlie Corhiiiin apopsis Stlli- 
zone a t  IXS-53, 54. 



Family RE>~OPLEURIDID.\I: Hawle & Corda, 1847 
Genus APATOKEPHALOIDES Raymond, 1924 

Apntokeplialoides RRI\YMOXD, 1924, p. 425 
Type species.-rl pn f okepllnloides clivosus 

Raymond, 1924, p. 125, pl. 13, fig. 13 (not  
fig. 17 = Bayfieldin ~ ~ l r i c l ~ i  Rasetti, 1915b, p. 465 
= Corbii~ia zllrichi (Rasetti) Winston & Nich- 
olls, 1967, p. 85) .  

Rcii~arks.-Althoug Raymond's clescription 
(1921, p. 425) is  brief, he  does emphasize 
differences between dpntokephaloides and Apa- 
tokepilnllts. Apatokepltnloides is not mentioned 
in the T ~ e a t i s e  (Harr ington et al., 1959). Ras- 
etti (1959, p. 387) assigned this genus to the 
Remopleurididae, anel I have follo~vecl him in 
that  assignment. 

Apatokephaloides clivosus Raymond 

Apntokepl~nloidcs clivos~ls RAYMOND, 1924 (part), p: 
425, pl. 13, fig. 13 (not fig. 17 = Bayfieldin zclrzchz 
RASETTI, 1945b, p. 465 = Corbinin .z~li.iclii (Rasetti) 
WIXSTOT & NICHOLLS, 1967, p. 85) ; R.~SETTI, 
1963, p. 1010, pl. 130, figs. 19, 20; \\.ISSTON & 
NICEIOLLS, 1967, p. 86, pl. 11, fig. 11. 
Reirln~ks.-This is the second most abundant 

taxon in the Corbiiiia npopsis subzone and is 
distingnished from C. npopsis by its glabellar 
furrows that a re  more like gouges, by its greatly 
expanded palpebral lobes that almost or com- 
pletely isolate the palpel~ral 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 tile raised border. 

Occlci ie l~ce.-Ab~i~~da~lt  in the Corbifzia apop- 
s is  Subzone a t  CC-67; LC-48; SH-72;  SS-411; 
LCS-53, 53.3, 53.5, 53-51, 55. 

Family ?SI~U~C:\RDIIDAE Lalte, 1907 
Genus IDIOMESUS Raymond, 1924 

Idio~ltcs~ls RAYMOND, 1921, p 397; RASLTTI, 1946, p. 
538; Poulse~l in HARRIXGTON et al., 1959, 1). 0245. 

Stig~nan2etopiis RASETTI, 1911, p. 257. 
Type species.-Idioiilcslts tni1til2z~s Raymond, 

1924, p. 397, pl. 12, fig. 10. 
Reiilnrks.-Poulsen (111 Harrington et at., 

1959) briefly summarizes the characteristics of 
this genus. 

Although I recognize three species of Idiolne- 
szts, I. ~ I I ~ ~ I I I Z C S ,  n. sp , I. iiife~inedius Rasetti, and 
I. lez'isei~sis (Raset t i ) ,  I am not entirely con- 
vinced they a r e  congeneric with I. tai~tlllus. I 
have examined the holotype of I. tniltilliis (Yale 
Peabody AIus., no. 1726), several plesiotypes 
(Lava1 Univ., nos. 1012a, b ) .  and s e ~ e r a l  speci- 
mens in Raymond's support collections (now a t  
Harvard,  AIus. of Comparative Zoology). I. 
tnlttilll!~ has two unique features: no lateral gla- 
bellar pits and thin, elevated posterior borders 
that  continue across into the thin occipital ring 

nrithout being interrupted by the axial furrows. 
-At least five totally unfamiliar t a s a  were asso- 
ciatecl with the specimens of I. faiztillzts. T h e  
type locality for this species is the upper zone of  
the Gorge Formation a t  Highgate Falls, Ver- 
mont. I. tagztilllts may be a member of a n  estra-  
cratonic faunal complex. I f  future studies of I. 
tn?ttillus, 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 a r e  without foun- 
dation. I f  such a relationship cannot be postu- 
lated, St ig~~zai i~cfop~cs Rasetti (1944, p. 257) 
should be resurrected for  the marginal cratonic 
species. Spatially, temporally, and morphologi- 
cally the mareinal cratonic s ~ e c i e s  could be re- 
lateh to the ~ g c h a s ~ i d i d a e .  ' 

Icliomesus infimus Longacre, n. sp. 
PI 2, figs. 15-19. 

Deserijtiol1.-Cranidium semiclliptical, motl- 
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 ftlrrow continuous, laterally 
deep and angled hack, shalloner and transverse 
across the axis. Second and third pairs of fur- 
rows a re  laterally impressed notches on the  
.ides of the  glabella; the posterior pair of  
notches a re  as deep or deeper than the anterior 
pair. Axial f~lrroxv very broad posteriorly, be- 
comes narrower and steeper sided anteriorly; 
preglabellar furron- ranges from moderately im- 
pressed to obscure. Occipital furrow deep and 
oblique laterally, shallower and either transverse 
o r  bowed forward across the axis. Occipital seg- 
ment medially espanded, posteriorly elevated, 
and longer (sag.) than the preoccipital glabellar 
segment; occipital noclc 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 a r e  very broad and con- 
vex, with steeply downsloping lateral margins. 
Palpebral lobes apparently absent. Posterior 
border furron- very wide, deep, and gently 
curved posteriorly. Posterior border seems to 
widen laterally. Anterior facial sut~ires  smoothly 
c~irved from ocular ridges to the axial line. Be- 
hind area where palpebral lobes would be lo- 
cated, the posterior facial surures diverge and 
curve broadly to the posterior margin. A rolir of  
rvidely spaced lotv granules rim the interior 
ctlges of the fixige~iae; one or more gra~lules  
can orname~lt  the preoccipital glabcllar segmellt. 



IDIOMESUS 

Very fine concentric Ecrtillon-patiern lines 
cover the n~arg ins  of the fisigenae and frontal 
area. Some or  all of this ornament may occur on 
the internal mold. Several niolds have a rough 
surface t e s t ~ l r e  that  could be granules or a pre- 
cipitate; one of these rough surfaces has so reg- 
ular a pattern as to  suggest g r a n u l a t i o ~ ~ .  The  oc- 
cipital segments of one or two molds appear to  
be pitted. 

Librigena and pygidium unknown. 
Available 7ilaterial.-10 cranidia, most poorly 

preserved. 
Holot~~pe.--BEG 36497, from TC-1242. 
Etyvio1ogy.-infigitus, Latin, lowest, named 

for its being the stratigraphically lowest species 
of Idiogizeszts in central Texas. 

Re9iaarks.-Idio~izesus I ' I I ~ ~ ~ I ~ u s  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 I .  ii~fi~izus from I. talztillzts Raymond 
and I. iilfer~iiedizts Rasetti. I. igzfi~nus is differ- 
entiated from the veq-  similar I. lec'isensis 
(Rasetti) 19- its relat~vely shorter and wider 
glabella, broader posterior asial  f ~ ~ r r o w s ,  more 
convex, ornamented, and elevated fisigenae, and 
more medially expanded occipital segment. 

I. infiinlis occurs in the highest Elllpsoceph- 
rrloides Zone collections from three measured 
sections; faunal associates a re  Briscoia sp. and 
Prosaztkia cf. P. tubercztlata. From 50 to 90 feet 
of nontrilobite-bearing rock intervene bet\veen 
this species and the  lowest Sauhia Zone collec- 
tions. Both I. levisensis and I .  internzedills occur 
in the Saukia Zone. 

Occzw) ei1ce.-Scarce in the upper Ellipsoceph- 
nloides Zone a t  JR-2845; MC-862; TC-1142, 
1145. 

Idiomesus intermedim Rasetti 
PI. 4, figs. 13, 14. 

Idionteszrs itltenitedizu R.zsrrrr, 1959, p. 393, pl. 51, 
figs. 25, 2 6 ;  WINSTOK S: SICHOLLS, 1967, p. 73, 
pl. 10, fig. 21. 
Rentaiks.-Idiollzeszts inier~izedius 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 a r e  
distinct o r  obscure. 

Ornament on e\oslieleton consists of a Bertil- 
lo11 ornament on the fisigenae that originates in 
the asial  furrows, is directed forward and out- 
n a r d  on the adasla1 slope of the  cheek, and 
curl  es around and becon~es roughly parallel to 
the c r a ~ ~ i d i a l  outll~le on the abasial slope of the 
cheelts. Some of the pattern of  the ahasial slope 
of the fisigena is continued arouncl onto the 
frontal area. On internal molds, Eertillon orna- 
ment is vaguely apparent around the margin of 
the cranidium and up onto the crests of the 
fisigenae. The  adasial slope of the fixigena is 
finely pitted, and some specimens possess a n  oc- 
cipltal node. 

Occlli~.e~tce.-Scarce in the Saztkiella jntnia 
Subzone a t  BC-109-110. Abundant in  the 
Srr ~llzii~lla serotiiia Sul~zone a t  EC-149 ; CC-61, 
63= ; JR-521.5, 529, 532; LCS-32 4, 34-36, 39, 40, 
44, 45, 15.4, 45.8, 52; SH-54, 58 5-60, 61.5, 61 5 -  
62,  SS-375 ; TC-1379-1385, 1392, 1394, 1400. 
Scarce in the Co1 billla apopsis Subzone at  CC-67; 
JR-539, 540; LCS-55.5 ; SS-411. 

Idiomesus levisensis Rasetti 
P1 3, figs. 6, 7. 

.Siir/~~~n~n~'tojzts leviscilsi~ RASETTI, 194.4, p. 257, pl 
37, figs. 8, 9. 

J~~O?IZESI!S  l ~ ~ k f ? t Z ~ i ~  (Rasetti) RASETTI, 1946, p. 535). 
Re~iiarks.-Idiollleslls l ev i se~~s is  is scarce in 

the Saltkiella pgreize and Saukiella jztfzia Sub- 
zones and occurs stratigraphically below I. i71-  

teiiltedi~(s. Examinat io~i  of Rasetti's and Ray- 
mond's types confirms the specific identification. 
I. levise~tsis is distinguished from I. ixtefinedizls 
Rasetti and I. tniltillzls Raymond not only by its 
t n o  distinct pairs of glabellar pits but also by 
the relationship between the posterior one-half 
of the asial  furrorv and the fislgenae. In I. in- 
teriiiediz~s and I. ta?ztillus the  fisigenae rise 
immediately from a distinct axial furrow, giving 
the fisigenae the appearance of wrapping 
around the glabella. I. levisensis has  a distinct 
asial 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 posterlor one-half of the  glabella. 
In that posterior region the adasial parts of  the 
fisigenae a re  triangular, nearly flat shelves that 
slope gently d o n n  and intersect the glabella. 
These regions a re  in deep shadow in Rasetti's 
figures. These triangular regions can be pitted. 
Although it is difficult to  see, there is a faint 
asla1 line o r  depression on the front of the gla- 
bella (pl. 3, fig. 7 ) .  This depression is also 
faintly impressed on the holotype of I. ilztermc- 
d im.  

T h e  glabella of I .  levisensis is somewhat dis- 
tinctive in that the posterior sides a re  nearly par- 
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allel or slightly diverge~lt aliteriorly, but ante- 
rior to the glabellar pits the sides arc  marl<edlp 
convergent. 

0ccz~rreilce.-Scarce in the Strzihielln pyrelzc 
Subzone a t  BC-23, 41, 1 2 ;  JR-369.5; SPH-85.5; 
SS-302.5, 307.5. Scarce in the Sn~rkiella jugtin 
Subzone a t  JR-453,460. 

Family Uncertain 
Genus BOWMAKIA Walcott, 1925 

Bvec~t;inilin I 1 7 ~ r . c o ~ ~ ,  192.7, p 73;  Rasctti in HAR- 
RINGTON et nl., 1959, p 0517. 
Type species.-Arctliztsi~za amer icailn Wal-  

cott, 1881, p 62, pl. 9, fig. 27. 
Reiiznr1~s.-The diagnosis by Rasetti (in I-Iar- 

rington et al., 1959) sumn~arizes the cliaracteris- 
tics of this genus. 

Bowmania americnna ( Walcott) 

At-etlzllsiiza n?izericana \ . V ~ ~ c o r r ,  1884, p 62, p1 9, fig. 
27. 

Bozwn~ni~ia fliibericafta (iITaicott) WALCOT~,  1925, p 
73, pl 15, figs. 15, 16 ; ISTINSTON & NICROLLS, 
1967, p 89, pI. 10, fig 18 

Reiiznr.irs.-This species is represented by 11 
craniclia from three measured sections. Rsfo-  
liated specimens exhibit an ornament ranging 
from fine granules to a fine vermiforni ridge 
pat tern;  some specimens also have coarse pus- 
tules scattered on the fisigenae posterior to the 
ocular ridges and a fell- p~istules on the anterior 
fixigenae or  preglabellar field. 

Boe;lii~aizia awzericai~n is distinguished from B. 
sagittn IVinston & Nicholls by its sn~oothly 
rounded frontal margin, tapering glabella, flat 
border, and gentle convcsity. The  only consist- 
ent difference between B. rrriscriccri~a and B. 
pelznsylz*aiiica Rasetti is the tapering glabella of 
the former versus the anteriorly espanded gla- 
bella of the latter. 

B. ali~ericn~zn and 13, petiizsylva~zicn a re  strati- 
graphic associates, and the separation into two 
species may prove to be artificial. The  material 
in T e s a s  does not yet permit the  two to be com- 
bined. 

0ccz~rrc~lce.-Scarce in the Saukielln serotiwa 
Subzone at  CC-63t.; LCS-40, 45.8; SH-52, 53, 
55, 61.5-62. 

Bownzania pennsyluanica Rasetti 
P1. 6, figs. 3, 5. 

Uownznizin pe~~nsylvan.ica RASETTI, 1959, p. 39.5, pl. 
55, figs. 1-5 ; text-fig. 1. 
Renzarks.-Eight cranidia from two measured 

sections a re  assigned to this species. They all 
have the anteriorly expanded glabella, strong 
convexity, coarse granules, and narro\ir, convex 
border characteristic of this species. Although 
Bowma~lia  pe~z~zsylva~tica occurs with B. ameri- 

c.niln and rangcs close to B. sagittn, i t  i s  distin- 
quished from the former by its expanded gla- 
Ijella, granules, convexity, and narrow border 
and from the latter l)y its smoothly rounded an- 
terior margin of the cranidium. 

0ccztrrence.-Scarce in  the Saz~kiella serotifla 
Sul~zone a t  CC-58.2, 61, 63;  LCS-30. 

Bowmania sagitta Winston & Nicholls 

Boa iilania sagitfa ~VINSTON & NICHOLLS, 1967, p. 89, 
p1. 10, figs. 19, 20. 

Retizar1zs.---Ill parts of the cranidium can be 
covered with scattered, medium-size granules. 
On the anterior fisigenae and preglabellar field, 
a subtle vermiforni ridge pattern occurs between 
thc granules ant1 is directed to~vard  the anterior 
border furrow. This pattern beconies more dis- 
tinct in a band posteriorly adjacent to t h e  ante- 
rior l~orcler fu r row;  few or  110 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 eviclent ill the illustration. 

0ccz~rreq~ce.-Locally common in the  Snzrk- 
ielltr serotigza S~iljzone at  LCS-45, 15.4, 45.8, 52; 
SI-I-SS.5-60, 61.5-62, 65.5 ; TC-1392, 1400. 

Genus DELLEA Wilson, 1949 
Dellea? punctata Palmer 

P1. 1, fig. 1. 
Dciiea? pz~nctatn PALMER, 1965b, p. 83, pl. 3, fig. 8. 

Reiizarks.-Two specimens from the E o o ~ f h i s  
cocluina in two ~ n e a s t ~ r e d  sectiosls are assigned 
to this species. Although the pitted surface is 
tliffic~~it to see 011 one specimen, both have the 
lilunrly rounclecl glabella and fossulae character- 
istic of the species. The  brim-border ratio of 
one specinlen is about 2 : l  ; the ratio is about 1 :1 
in the other. 

Stitt ( in  press) has found Dellen? putictata in 
the Irvingella cocluina in 0I.rlahoma. Although 
the specimens recorded here came from the 
stratigraphically higher Eoortizis coquina in 
central Tesas,  the species may range below that 
horizon. 

I have folloli-ed Palmer (1965b) in his famil- 
ial assignment of Dcllea. 

0ccz~rrence.-Scarce a t  the base of the Pnrcl- 
bolii~oides Subzone a t  LL-671.8; TVC-889. 

Genus ELLIPSOCEPHALOIDES Kobayashi, 1935 
Eliipsoceplzaloidcs I<OBAYASHI, 1933 ,  p. 196; Rrs- 

SER, 1912b, p. 62; Rasetti in HIRRISGTON et al., 
1959, p. 0517. 
Type s$ecies.-Ellipsoceplzall~s cztrtzis Whit- 

field, 1878, p. 5 8 ;  1882, p. 191, pl. 1, fig. 18. 
Reiiznrks.-The descriptions by Resser 

(1942b, p. 62) and Rasetti ( in  Harr ington et at., 
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1959) s~inimarize the ch;lracteristics of this Genus M ~ K ~ C H E I L U S  Resser, 1937 
genus. 

Ellipsocephaloides silsestris Resser 

Blli~socepJ~aloides silvestris Rrssm, 1912b, p. 64, pl. 
11, figs. 1-3; pl. 12, fig. 7 ;  BELL & ELLIN~~OOD,  
1962, p. 406, pl. 59, figs, 10-12 (synonynly to 
date) ; GRANT, 1965, p 143, pl. 14, fig. 31. 
Remai-ks.-Ellipsocc#1zaloides silcestris is 

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  furroxv is difficult to find on 
specimens preserved in s~ltstone. Because the 
ocular ridges in the T e s a s  specimens range 
from distinct to weak, I agree with Bell and El- 
lintvood that E. ~zitela Resser, 191211, is slnony- 
mous with E. silvestris. 

0ccurreilce.-Scarce but locally common in 
the Ellipsocepltaloides Zone a t  EC-55, 60;  GR- 
201, 210, 214; JR-210, 232, 233, 255; LL-750; 
MC-750 ; SS-138.5. 

Genus HETEROCARYOX Raymond, 1937 

Hetevocar>loil RAYMOND, 1937, p 1119. 
Type species.-Heterocnr3fogz platysfigri~a 

Raymond, 1937, p. 1119, pl. 3, fig. 13. 

Renzai-ks.-The original description by Ray- 
mond (1937, p. 1119), the brief description by 
Rasetti (1944, p. 241), and the excellent clescrip- 
tion by Winston & Nicholls (1967, p. 76) have 
summarized all that is knox111 of this rather rare  
genus. 

Heterocaryon cf. H. tuberculatum Rasetti 

Heterocaryot~ ti~bercz~llztt~ii~ R1isi:rrr, 1911, p. 241, pl. 
36, fig. 35. 

Heterocargot~ cf. N. tztbercldai~tiit Rasetti, \\.ISSTON 
& NICHOLLS, 1967, p. 76, p1. 11, figs. 15, 18. 
Re~rzarks.-The Texas cranidia a re  assigned 

to this species with uncertainty. The  tason is 
represented by only three cranidia from one 
nleasured section, and it is characterizetl by its 
tumid to overhanging, anteriorly expanded gla- 
bella, pitted anterior border furroll,, coarse 
granular ornament, deeply notched glabellar 
furrows, and elevated fisigenae. H. cf. H. fuber- 
culatztnz is distinguished from Bozw~nn~iin pe~z~z- 
sylvanicn by its steeply dolvnsloping frontal 
area, a glabella that rises vertically out of or 
overhangs the circunlglabellar furrows, and the 
higher, more convex fisigenae. 

I think this genus is closely allied to Boziiiiza- 
izia, and I am uncertain about familial affinities 
of either genus. 

0ccurrettce.-Scarce in the Saukiella sevotil~a 
Subzone a t  TC-1392,1400. 

Type species.-Coi~ocepl~alites a?~ntittus Hall, 
1563, p. 153, pl. 7, figs. 31, 35. 

Diag11osis.-hledium cra~~icl ium .ivith large an- 
teriorly rounded or t ru~lca te  glabella; glabellar 
furrows faint to absent. Anterior border furrow 
very faint to absent. Fisigenae narrow. Palpe- 
bra1 lol~es broad, arcuate, from one-half to al- 
most tlic full length of the glabella. Posterior 
limbs narrow. Surface smooth or granulate. 

Reiiitrrks.--As Nelson (1951, p. 778), Bell, 
Feniak, & Icurtz (1932, p. 191), and Grant 
(1962, p. 995) stated, 3lonoclteill(s is similar to 
Stig;izncepltalus but differs fro111 it in having 
longer palpebral lolies and narrower posterior 
limbs. Spatially and ten~porally the two could be 
genetically relatctl. Grant (1962, p. 995) de- 
scribes significant differelices between them and 
between Ao~~ocl ic i lus  and most other genera of 
the :lnolnocaridae. I t  is interesting that, accord- 
ing to the Trrtrfi.rc, . ~ / ~ O ~ ~ O C ~ I E ~ ~ ~ L S  is the only 
Lpper  Cambrian, S o r t h  American genus i n  the 
Anomocaridae; four other Upper Cambrian 
genera a re  from Icorea, China, and Russia; the 
rest of the family is 3liclclle Cainl~rian. Because 
of morphological and spatial difierences from 
the rest of the family, I have folloxved Grant 
(1962) in not assigning A'lo~toclii-illls to any fam- 
ill*. 

&lonocheiltts tr,nncatus Ellirlwoocl 

Mo~iociirilz~s trla~cnii!~ Ellinwoocl in T31:r.r. cE: I<r.r.rs- 
IVOOD, 1962, p. 389, pl. .57, figs. 1-3. 

Rci;zai-ks.-This species, one of the character- 
istic forms of the Sni!l:iclla pyrriic Subzone in 
central Texas, is characterized by its low con- 
vesity, shallow furro\vs, nearly c1u:idrate glabella 
with a rounded-trui~cate anterior end, very nar- 
row fisigenae, 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 
fen- variants. Many specimens in the two collec- 
tions from the Camp San Saba measured section 
a re  granulate on all parts of the cranidium ex- 
cept the palpebral lobes. T h e  furrows on inter- 
nal molds a re  deeper than on the esoskeleton. 

0cczcvrertce.-Common a t  the base of the 
Sazchiella pyvepze Subzone a t  BC-23, 31, 41, 42; 
JR-351, 357; RIIC- 915& ; SPH-87, 93, 96.5 ; SS-  
302.5, 307.5; TC-1233, 1237, 1268. 
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Genus TAENICEPHALINA Rasetti, 1945 
Taenicepi~aiiila RASETII, 1945b, 1). 473 ; Lociilnan in 

HARRIXG~OX et al., 1959, p 0309. 
Type species.-Tae~ticephalilza Leclzevnlieri 

Rasetti, 19431, p. 473, pl. 62, figs. 6-8. 
Reii~nrFzs.--The descriptions by Rasetti 

(194511, p. 473; 1963, p. 1012), conlbined with 
that  of Lochman & H u  (1959, p. 424), have 
summarized the characters of the genus. T h e  in- 
definite familial assignment follows that of 
Lochman & H u  (1939). 

Taenicephalina globula Lochman & Hu 
Taenicephalzt~a globula LOCHMAN & Hu, 1959, p 

424, pl 57, figs. 3113;  BELL & ELLISWOOD, 1962, 
p. 406, pl 59, figs. 13-15 
Re9iln~iE.s.-Fourteen small cranidia from four 

measured sections are  assigned to this species. 
Between Lochman and HLI and Bell and Ellin- 
wood, the species is nel l  described and illus- 
trated T h e  cranidia a re  not well enough pre- 
served to show ornament. 

Tae;liccpl~nli?tn globzlln is distinguished from 
T. lec11eznlicl-i Rasetti (1915b, p. 473, pl. 62, figs. 
6-8; 1963, p. 1012, pl 130, figs. 1-3) by more 
distinct furrows and a n  anterior borcler furrow 
that, vie11 ed from the front, rises to a point on 
T. globz~lrr but is gentlq arched on T. leclzeva- 
lieri. The  anterior border and furrow of T. glo- 
bula and T. levifzse+tsls (Rasetti) (1963, p. 1012, 
pl. 130, figs 5-9) a re  slmilar, but T. globzlla has 
a longer (sag.) preglabellar field, wider fixige- 
nae, and less distinct glabellar and clrcumglabel- 
lar  furrows 

T. globztlir occurs in association with Druntas- 
pis texni~a and ranges into the zone of transition 
from D. t e x i i ~ ~ a  to D. idaizoensis. 

Occz~tre;~ce.-Scarce in the Idaltoin Zone a t  
CR-733-717; JR-195.5 ; TC-1009; WC-968. 

Genus WESTONASPIS Rasetti, 1945 
bVestoi1aspis RASETTI, 194jb, p. 474; in H.~RRINGTON 

et a!., 1959, p. 0521. 
Type species.-Wcsfo~zaspis Inez if roils Ras- 

etti, 1943b, p. 475, pl. 62, figs. 16, 17. 
Re2iznrks.-Both of Rasetti's diagnoses sum- 

marize the characteristics of this genus. 

Westonaspis? texnna Longacre, n. sp. 
PI. 6, figs. 16-18. 

Desciiptio9t.-Cranidiun~ wider than long, 
trans~erselq- convex. Glabella moderately con- 
vex, slightly tapered, slightly rounded to trun- 
cate anteriorly. Two or  three pairs of faint gla- 
bellar furroxi-s a r e  present; the posterior pair is 
short and shallow and angles posteriorly, almost 
isolating triangular basal lobes; second and 

third pairs a re  shallow, broad lateral notches. 
2sial furrow 11 ltle and deep posteriorly, becom- 
~ n g  shallower ant1 narrower anteriorly; very 
sllallo\v preglabellar furrow. Occipital furrow 
tleep, with the lateral ends angled forward. Oc- 
cipital ring broatlest in the center, narrow and 
c ~ ~ r v c d  forward laterally. Fisigenae wider than 
one-half glabellar n iclth, rise sharply out of the 
asial furrows, slope downward laterally. Fisige- 
nae crossed by faint ocular ridges that  merge 
Into short, upraisecl palpebral lobes that a re  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 \\-ell defined by transverse ante- 
rior border f u r r o \ ~ -  that may be slightly re- 
curvecl m e d i a l ] ~ ,  making the border appear to be 
polnted or espalldetl on its posterior edge. Ante- 
rior facial sutures convergent, broadly rounded. 
Posterior facial sutures directed straight later- 
ally behind palpebral lobes, defining wide ( t r . ) ,  
very stout posterior limbs with a length 
(essag.) about one-half that of the cranidium 
and a transverse width about 1.5 times t h e  width 
of the occipital ring. Posterior border furrow 
decp, becoming broader and shallower as it  
gcntlj- curves b a c k ~ ~ ~ a r c l ;  posterior border broad- 
ens and flattens laterally. Low scattered gran- 
ules on glabella, preglabellar field, fixigenae and 
posterior limbs. 

Librigena and ppgidium unknoxvn. 
Az'ailable nzaierin1.-3 cranidia. 
Ho1otype.-BEG 36574, from SS-111. 
Ety;~tology.-fe,raizo, named for  its occurrence 

in Tesas.  
Rc~i~arks.-The cranidia upon which Westow- 

nspis? texana is based a r e  very similar to  lV. 
lai.;'ifi.otts Rasetti (1945a, b ) ,  except in the 
character of the frontal area, the wider fixige- 
nae, the more anterior eyes, and the lesser cur- 
~ a t u r e  of the posterior limbs. I have assigned 
this species to the heretofore monotypic Wes- 
io;~aspis, but the assignment is tentative because 
of t h i  anterior borcler 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. 

Occzcrre+zce.-Scarce in the C o ~ b i t ~ i n  apopsis 
Subzone at  SS-411. 
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EXPLANATIOK or: PLATE 1 
FIG. 1-Dellen 'i plcizctntn Palmer. Partly csfoliated craniclium, ~2 ( B E G  36161), f rom 

LL-671 .S. 

2-6-Pa~oboliitoides coilfractus Freder ickso~~.  2, unesfoliated medium cranidium 
with smooth test, ~ 2 . 5  ( B E G  36162), from JR-122. 3, unesfoliated small 
cranidiurn showing ornament, ~2 ( B E G  36463), from CO-121. 4, internal 
mold of large cranidium showing upturnecl arlterior border and puckered an- 
terior border furro~r- ,  X2 ( B E G  36164), from TC-935.25. 5, internal mold 
of medium cranidium showing Ion- granules in anterior border furro~v,  ~ 2 . 5  
( B E G  36465), from JR-121. 6, internal mold of small cranidium showing 
ornamented fronial area, ~ 2 . 5  ( B E G  36166), from SS-47. 

7-10-Orygrnznspis lln~toei~sis (Walcot t) ,  var. A, Lo~lgacre,  11. var. 7, unesfoliated 
medium cranidium shon-ing strong anterior border furro\v, upturned anterior 
border, and large eyes, ~2 ( B E G  36167), from JR-124. 8-10, partly ex- 
foliated small cranitlia showing large eyes, variation in depth of  anterior 
border furrow, and topography of frontal area that can occur in one collec- 
tion, X 4  ( B E G  3646S), ~ 2 . 5  ( B E G  36169), x 3  ( B E G  36470), all f rom 
GR-120 ( a s  a r e  figs. 11, 12). 

11-16-Oryg?i~aspis llnitocizsis (Walcot t) .  11,12, partly exfoliated medium cran- 
idia showing i~l ternal  and external ornament, shallo~v furrokt-s, ancl topog- 
raphy of frontal area, ~3 ( B E G  36171), ~ 2 . 5  ( B E G  36172), both from GR- 
120 (as  a re  figs. 8-10). 13, partly exfoliated large cranidium showing ridge 
on external surface divitling frontal area into brim and border and also show- 
ing transverse ridge across posterior border, X 1.5 ( B E G  36473), from LL- 
676. 14, partly exfoliated medium cranidium sho\ving maximum de\~elopment 
of ornament on the internal mold, ~2 ( R E G  36171), from B-316. 15,16, 
partly and almost completely exfoliated pygidia shon-ing slentler and stout 
marginal spines, x 1 ( B E G  36475), from JR-132, x 1.5 ( B E G  36176), f rom 
CO-129. 

17,18-Coliaspis testudiilcztis Ellinwood. Partly exfoliated craniclia sllo~r-ing pus- 
tulose test and internal mold, ~5 ( B E G  36177), from TA-10, ~5 ( B E G  
36478), from LL-682. 

19-21-Collaspis leptolzolcis Longacre, 11. sp. 19, unesfoliated large cranidium 
shoxving smooth surface and shallon- preglabellar furrow, ~5 ( B E G  36179, 
holotype), from B-316. 20, internal mold of ~ n e d i ~ i n ~  craniclium showing 
shallow preglabellar furrow, ~6 ( B E G  36480), from SU-61. 21, unesfoliatecl 
medium cranidium, x 7 ( B E G  36481 ), from PIC-SSS. 







EXPL.ISATION OF PLATE 2 
FIGS.  1 ,2--Tae~zicepl~al~is  sp. Bell & Ellinwood. 1, internal mold of small cranidium 

showing straight anterior border furrow and medially expanded anterior 
border, x 6 (BEG 36182), from CO-143. 2, unesfoliatecl small cranidium 
showing anterior and posterior expansion of the anterior borcler along the 
axial hne, X5 (BEG 36183), from GJI-575. 

3-Co~zaspis pnivafrons Kurtz. Internal mold of small cranidium, ~1 (BEG 
36484), from SS-90. 

f,j-Ptychaspis bullasa Lochman & Hu 4, partly esfoliated small craniclium 
showing ecjuidimensional glabella common to specimens from lugh in the 
range, X5 (BEG 36485), from GR-195. 5, partly esfoliated large cranidiun~ 
showing gra~lulate  occipital ring, X 1 5 (BEG 36186), from WC-968. 

6,7-Drzi~i1nspis texalza Resser. Unexfollated medium cranidia showing ornament 
and glabellar shape common to the T e s a s  cranidia, ~3 (BEG 36187), XZ 
(BEG 36188), both from 5917.  

8-10-Dr~llitaspis idahoexsis Resser. 8, internal mold of ~nedium c r a n i d ~ ~ ~ r n ,  ~3 
(BEG 36189), from CO-219. 9, 10, partly and almost completely es fo l~a ted  
medium cranidia from high in the range showing wide fisigenae and possible 
affinities to Darto~znspis, both x 3  (BEG 36490) (BEG 36491), both from 
TC-1100 (approx.). 

11-Darto~~aspis zaichitne~tsis (Resser).  Partly esfoliated medium cran~dium 
showing plttecl fixigenae, ~5 (BEG 36192), from LIC-814. 

12-14-Ptgciinspis sp. 12, internal rnolcl of medium cranid~urn showing elevated 
fixigenae and ornamei~t ,  ~3 (BEG 36193), from TC-1095. 13, internal mold 
of small craniclium, ~3 (BEG 36491), from TC-1105. 14, almost exfol~ated 
large cranidium, x 1.5 (BEG 36495), from WC-1060-1075. 

15-19-Idio711esiis infi~tzis Longacre, n. sp. 15, internal mold of large cranidium 
showing deep and narrow axial furrow, ~6 (BEG 36496), from JR-2S4.5. 
16, partly esfoliated large cranidium showing large granules on interior edge 
of fixigenae, ~7 (BEG 36497, holot)pe), from TC-1,742. 17,18, internal 
molds of medium cranidla showing relatively wide and cleep axial furrows, 
x 5  (BEG 36498), ~6 (BEG 36499), both from JR-281.5. 19, fragment of 
a partly esfoliated cranidiurn showing Inflated occipital ring with node, ~6 
(BEG 36500), from LIC-862. 

20,21-Iceitllin cf. I<. come.rc7 Rasetti. Internal molds of large and small cranidia 
showing granular ornament, ~5 (BEG 36501), from JR-351, ~8 (BEG 
36502), from BC-41. 



EXPLANATION OF PLATE 3 
F I G .  I-Rasettin liragizn Ellin.ivooc1. Internal mold of small pygidium showing smooth 

curvature of anterior edge of pleural field and the binodose terminal piece, 
X 1  ( B E G  36503), from TC-1258. 

2-5-Eziptychaspis f~oilialis Longacre, n ,  sp. 2, unesfoliated small cranidium 
showing ornament and preglabellar field, ~7 ( B E G  36504, holotype), from 
JR-369.5. 3, internal ~nold  of small cranidium showing that internal mold can 
be smooth, ~5 ( B E G  36505), from TC-1237. 4, partly exfoliated small 
cranidium showing or~lament  and no preglabellar field, ~6 (BEG 36506), 
from BC-42. 5, partly exfoliated small cranicliuni showing large occipital 
spine, XS ( B E G  365071, from BC-41. 

6,i-ldiolizesiis levise~zsis (Rasetti).  6, internal mold of small cranidium showing 
low fisigenae, glabellar shape, and pitted fisigenae, ~7 ( B E G  36508), from 
BC-41. 7, almost esfoliated large cranidium sho\ving pitted fisigenae and  
depression on the front of  the glabella, x 4  (BEG 36509), from BC-41. 

8-10-Keitllielln scapnjie Longacre, n.  sp. 8, internal mold of large cranidium 
showing greatly expantled anterior border, x 1.5 ( B E G  36510, holotype), 
from BC-32. 9, internal mold of nledium cranitlium, ~ 1 . 5  ( B E G  36511), 
from JR-369.5. 70, almost esfoliated small cranidium showing reduced curva- 
ture of  anterior border furrow, ~3 ( B E G  36512), from BC-41. 

11,12-Pletl~o~i1etopzis coilz80.gelzs (Raymoncl). 11, partly esfoliated large crani- 
dium, X 2  ( B E G  36313), from JR-532. 12, internal mold of medium crani- 
dium, X2.5 ( B E G  36514), from JR-529. 

13,14-Bayfieldin bi,izodosa (I-Iall). Partly esfoliated medium and large cranidia 
showing granular and smooth surface ornament, laterally bifurcate occipital 
furrow, and recurved anterior border furrow, XZ ( B E G  36515), from JR- 
369.3, X 1 ( B E G  36516), from JR-357. 

15-17-Ezciefcin gva,~tltlosn IIralcott. 15, internal mold of small c r a n i d i ~ ~ m  showi~lg 
wide anterior fixigenae, X 2  ( B E G  36517)) from BC-41. 16, partly esfoliated 
mediu~n cranidium shorving anteriorly rounded glabella, x 2  ( B E G  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, ~2 
( B E G  36319), from SPII-110. 

IS-fi~piycl~nspis jzigalis SVinston & Nicholls. Partly esfoliated large cranidium 
showing ornament, X 5 ( B E G  36520), from CC-27. 

19-21-Geiagiiostz~~? i~isolifrls Grant. 19,20, partly esfoliated cranidium and 
pygidium, both X S  ( B E G  36521) ( B E G  36522), hot11 from BC-41. 21, in- 
t e r ~ l a l  mold of small pygidium, x 10 ( B E G  36523), from BC-12. 







EXPLANATION O F  PLATE 4 
F I G S .  1,2,4,5-Pletl~opeItiS sarntogevsis (Walcot t) .  1 ,  internal mold of large cranidium, 

x 1.5 ( U S N M  58558, holotype). 2, partly esfoliatecl medium cranidium, ~2 
(RIICZ 1730, holotype of P. zunlcotti Raymond). 4, partly esfoliated medium 
pygidium, ~2 (USNLI 58560, paratype). 5, partly exfoliated medium pygi- 
dium, ~2 ( I ICZ  1731, paratype pygidi~im of P. zunlcotfi Raymoncl). :'ill from 
Iloyt's Quarry, 4 miles \vest of Saratoga Springs, New York. 

3.6-PletJ~o,bcltis gra~rzilosii Resser. 3, ~~nesiol iatecl  medium craniditirn s l~owing 
granulo-striate ornament, originally figured by If-alcott (1912) as P. snm- 
togensis, later macle holotype of P, gi.nilzilosa, ~3 (USNRt 58561). 6, in- 
ternal rnold of medium pygiclium, ~2 ( U S N M  58.555, paratype). Both from 
Hoyt's Quarry, 4 miles west of Saratoga Springs, New Torli. 

7,s-Pletlzopclfis sp. 7, partly exfoliated meclium cranidium, ~3 ( B E G  36524). 
8, internal mold of medium cranidi~im sl~owing terrace lines on the anterior 
border and granular ornament, X 3  ( B E G  36525). Both from MC-1065. 

9-Ezrpt3iciia.c,bis typicalis Ulrich. Internal mold of  large cranidium showing the 
she1,flil;e anterior border and striations across the preglabellar field, ~4 
( B E G  36526), from SS-3432.  

10-11-Saltficr f~cgrzida Ulrich & Resser. Internal molcls of large cranidium and 
librigella showing orllarnent, both X 1 ( B E G  36527) ( B E G  36528), both 
from JR-481. 

12-Bayfieldiii siiizatc5 Winston & Nicholls. Internal mold of medium crarlidium 
showing recurved anterior border f u r r o ~ i ~ ,  ~ 1 . 5  ( B E G  36529), from SS- 
360.5. 

13-14-Idio1itcs1is ilzternzedi~ts Rasetti. Partly exfoliated metlium cranidia show- 
ing Bertillon ornament oil fisigenae and frontal area, ~5 ( B E G  36530), 
from LCS-32.1, X 3  ( B E G  36531), from CC-61. 

15-Eztrekiii cos (Hal l ) .  Interilal mold of large pygidium showing unusual mar- 
ginal spines and pitted surface, ~2 ( B E G  36532), from SS-409. 

16-Cnlvi~~1ella ,bi,ocera Winston & Nicholls. Partly esfoliated large cranidium 
shelving delicate vermiform ridge ornament on test, ~ 1 . 5  ( B E G  36333), 
from TC-1368-1374. 

17-Cnlvi+zella fei~ziisczilpfa 1S:alcott. Partly esfoliated small cranidium showing 
t r a n s ~ e r s e  ridges on the test fragments of the anterior l~order  and the ridges 
on the occipital-ring fragment, x 3 ( B E G  36534), from LCS-33. 

IS-Rnsetfia ecrichitae~zsis (Resser).  Partly exfoliated pygiclium, ~ 1 . 5  ( B E G  
36535), from SH-52. 

19-21-Prosalihia remora Longacre, n. sp. 19, ~nterna l  mold of medium cranidium, 
x 5  ( B E G  36536, holotype), f rom LCS-40. 20, part11 exfoliated cranidium 
showii~g grailular ornament, x 3 ( B E G  36537), f rom LCS-33. 21, internal 
mold of medium cranidium, ~6 ( B E G  36538), from LCS-45. 



EXPLANATIOX OF PLATE 5 
FIG. I-3-Sazikicllu fulltrx (IT'alcott). 1, partly exfoliated medium crar~idi~irn, X3.5 

( B E G  36539), from SS-307.5. 2, partly exfoliatecl medium pygidium, X Z  
( B E G  36510), from JR-354. 3, internal niolcl of large craniclium, ~2 ( B E G  
36541 ), from JR-354. 

4-S-Sn1~hicll~~ pyrclze (\\'alcott). 4-7, iiitcrnal molds of small to  large cranidia 
showii~g variation iii glal~ellar shape and frontal area topography, x 3 ( B E G  
36512), fro111 JR-391, x 3.75 ( B E G  3G543), from JR-394, ~ 2 . 5  ( B E G  36534), 
from SPI-1-140, ~2 ( B E G  36545), from SPH-140. 8, internal mold of me- 
dium pygidium, x 2.5 ( B E G  36546). from SPH-140. 

9-1l-S~lliI~icll~r pepil~eiisis (Owen).  9, internal mold of large cranidium showing 
spectacular orname~lt ,  ~ 1 . 5  ( B E G  36347), from TC-1293. 10, partly e s -  
foliatccl nicclium cral~itlitirn slioxving oorna~ncnt a~l t l  distinct anterior border 
furrow, ~2 ( B E G  3634S), from JR-460. 11, internal mold of large cranidium 
showing vague Bertilloii ornamelit on the glabella, deep glabellar furrows, 
and elistinct anterior l~order  furrow, x 1.5 (BEG 36519), from TC-1291. 

12-IS-Sar!lriella jilvia (Sl'alcott), var.  B, Winston & Kicholls. 12,13, small partly 
exfoliated and rne(1i~un completely csfoliated craniclia from the Inse of the  
species range showing slialloxver furrows and close affirlities to  S, pcpirzeltsis, 
~3 ( B E G  36550), f rom TC-1301, X I  ( B E G  36331); from TC-1303. 14,15, 
internal molds of m e t l i ~ ~ m  and large cranidia from lo\\- in the species range 
showing reduced convexity, s11allon.er furrows, and longer fro~i tal  areas 
than figures 12 and 13, 110th ~2 ( B E G  36552) ( B E G  36553), both from TC- 
1305. 16, internal nlolcl of mediunl crailidium from the middle of the species 
range, X 2  ( B E G  36534), from TC-1310-1315. 17, ~mesfoliated large crani- 
dium froin the middle of the species rarige showing o r ~ i a ~ n c n t  on the occipital 
ring, X1 ( B E G  36555), from TC-1310-1315. 18, partly exfoliateti medium 
pygidiu~n from low in the species range. X 1.5 (BEG 36556), from TC-1305- 
1310. 

19-21--Sa1!l~iclla jz~riia (IValcott), var.  A, W i ~ ~ s t o n  8 Nicholls. 19,20, internal 
molds of small ant1 large craniclia, ~ 2 . 5  ( B E G  36357), x 1 (BEG 36558). 
21, partly exfoliated large pygidimn slio~ving. almost ecjually divided pleurae, 
~ 0 . 5  ( R E G  36559). :ill from TC-1341-1316. 







EXIJLANATION OF PLATE 6 
I;IGS. 1-3-Strzrfiicll!~ scrotilia Longacre, 17. sp. I ,  partly esfoiiatcd mediunl cranidium 

showing spectacular orr~amcnt and large palpebral areas of the fisigcnae, 
~2 ( R E G  36560, holot!.pc), from CC-61. 2, internal nlold of metli~rm crani- 
dium. ~ 2 . 5  ( B E G  36561), from SH-61.5. 3, partij- csfoliatccl n ~ c t l i ~ ~ n ~  cra- 
nicliu~n, ~2 ( B E G  36-62), from JR-521.5. 

i , j - B o w ~ i ~ i ~ i i i ! ~  j~c i~ i~syZ:~( i i i i~ !~  Rasetti. I~i tcrnal  n ~ o l t l ~  o i  large ant! rncdium 
cranitlia slloiving ar~teriorly espantlctl glal)cllac anti o i -namc~~t ,  ~ 2 . 5  ( B E G  
36563), x4 (BEG 36-64), both from LCS-40. 

6-!l'tacroiloilo ci.  lid. priiiitr Lochman. I7art l~-  cxfoliatecl largc cranitli~lm sl~owing 
granular ornament, sc~uarecl anterior end of the glabella, a11tl posterior 
glabellar flattening, ~ 2 . 5  ( E E G  36565), from TC-1388. 

7-12-Co2z~i;~clla pi-etltopai,in Longacre, 11. sp. 7, internal mold of largc cra~lidinm 
showing ornament, n-idc fisigenae, and poirlted anterior border, x 1 (UT 
12589, l~olot)~pc, figurecl 11j. Winston S: Sicholls, 1967, pl. 11, fig. 5 ) ,  from 
TC-1400. 8, partly esioliatecl large cranidium shon-ing ornament patterns, 
~ 1 . 5  ( R E G  36566), from LCS-53. 9, internal mold of xnedium cratlidiurn 
showing long occipital spine, X 1.5 ( R E G  36567), from LCS-45.8. 10, in- 
ternal ~noltl of small cranitli~urn shon-ing wide fisigei~ac and ornamci~t ,  ~ 2 . 5  
( B E G  36563), from CC-61. 11, partly exfoliated j ~ ~ v e r ~ i i c  ci-anidiitm s l ~ o ~ v i n g  
very wide fixigenae, X S  ( B E G  36569), from JR-529. 12, partly esfoliated 
medium pygidium sho\\.il~g uncclual clix-ision of the pleurae and delicate gran- 
ular and ridge ornamcnt, X 1 ( B E G  36570), from LCS-53. 

13-Leiocoi.gplie cf. Id. loilgiceps Rasetti. Internal molt1 of  cry small cranidium, 
x 10 (BEG 36571), from CC-61. 

1?,15-Plctlioii~ctopz~.~ obti!sii.s Rnsctti. Pzirtly exfoliated sn~all anti medium 
craniclia, ~3 ( B E G  36572), from LCS-53.3, X3 ( B E G  36573), from LC-48. 

16-18-l$'csto~~aspis? teZnilii Longacre, n. sp. Internal molds of small craniclia 
showing the mcclially recurved anterior border furrow, anterior border, and 
long (essag.)  posterior limbs, X I  (BEG 36574,holot)-pe), x 6  ( B E G  36575), 
~7 (BEG 36576). All from SS-411. 

19-Aclzeilops iiiasortcitsis IVinston & Sicholls. U11esfoii;ited large cranitlium 
showin& occipital spine and granul:ir ornament, x 5 ( B E G  36j?;), from 
SS-411. 

20-Tric~rtliropsis cf. T.  2i;izbattr Rasetti. Internal mold or' large cranidium show- 
ing wide anterior fisigenae, X4 ( B E G  36578), from JR-540. 

21-Trinrt1zi.opsis ~ziticln Uiricll. Unesfoliated large cranidium showing rounded 
glabella and dive]-gent anterior facial sutt~res, ~3 (BEG 36579), from LCS- 
55.5. 
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Briscoin Zone  8 
Calf Creel; section (CC) 12, 13, 

11, 15, 16, 18, 19, 22, 37, 38, 
41, 12, 16, 48, 50, 51, 53, 54, 
55, 56 

Calvinclin 11, 45, 48, 49, 53 
C a l v i ~ ~ e l i n  osarketzsis 46 
Calv i~~c l ia  pictlzoparia 1 ,  12, 45- 

46, 67 
Calv i~~e i la  procera 12, 46-47, 6.5 
Calvijtelia spiniger 45, 17 
Calvi~leiin Subzone 8 
Calvittclla ietliiisczilpta 12, 46, 47, 
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Camaraspis convexa 21 
Cambrjan 1, 2, 6, 7, 57 
Cambrian Correlation Chart 1, 

6. 7 

Cariil~siatl-Ortlo\-iciail l~oundary 6 
Carter Ra~lcll section (CR)  9, 10, 

13, 14, 15, 25, 27, 29, 30, 32, 
33, 36, 44, 58 

Catillicel~halldae 15 
Cliai~ioccplialzu 34 
C i ~ a i ~ i o c e p l ~ a l ~ ~ s  zciritficlrli 11, 34, 

45 
Cold Crcelc section (CO)  9, 10, 

13, 15, 25, 27, 29, 30, 31, 32, 
33, 36, 40 

Coiiiaiichza a+nplooci~la!a 9 
Coilnspis 2, 7, 31, 36, 39, 40 
Coriaspis leptolzoicis 1, 9, 39-40, 

62 
C o i ~ m p i s  ?rlasottciisis 9, 39, 40 
Cor!aspipis parvafi~orls 9, 39, 40, 63 
Coiinspis po-sea.r 39, 40 
Coilaspis tcsli~cliiintis 39, 40, 62 
Coilaspis Z O I ~  1, 7, 8, 10 
Coiioccpl~alitcs ailntiiii~s 57 
Coiiocepl~alilcs calcifcioiw 29 
Coiioccplzalitcs prrsc~is  39 
Coiioceplzalites sliiriiinrdi 31 
Coi.biiliii 11, 36, 37 
Coi.Oitlin abopsis 12, 38, 54 
Cyoi.biizic~ apopsis Sul~zone 1, 11, 

12, 15, 16, IS, 19, 38, 47, 53, 
51, 55, 58 

Coi.biizin Izo~atio 37 
Crirbiil i i ~  i?rcp1i~~~i is 37 
Clirbiiiin z~lriclzi 36, 54 
Croisan Series 1, 6, 8 
1)iirtoiiaspis 7, 10, 34, 35 
nai.toiiaspis k n i g l ~ i i  34 
L)criio?iaspis zuic11itnci1sis 11, 34, 

4.;. 6.3 
1?i~lic?(l'ss 
Dc/!cn? pzinctato 9, 56, 62 
Dri~isia cwri~zens 15 
Di1;elocephalidae 16, 15 
Dikr locc~pl~ahu  lodcilsis 48 
Diircloceplzalz~s ~iiiiiiscncizsis M 
Dikrloccpllnlzis liiisa 17 
i?ikcloc~.plinlris pepiil~7ilsis 49 
D i k c l o c ~ ~ p h a l i ~ s  posfieciirs Zone S 
Dil:~.!ocephal~u sp i i~ igc i  45 
Oik~riocrpltal~rs Zone, Upper 8 
Dresbach-Frai~conla disconformity 

'z 

Di ilirl&pi.r' zwalcoffi 35 
Dil~ldci bltrgia Zoiie 6 
East Canyon scctioii (E) 9, 10, 

13, 14, 15, 25, 27, 29, 30, 32, 
33 36. 40 

Ecl;crtls ~ r o s s i l i ~  section (EC) 
9, 10, 11, 13, 11, 15, 25, 30, 
32, 33, 34, 36, 44, 57 

Eilcnburger Group 6 
El!ipsoceplia!oitlcs 7 ,  11, 56-37 
IIllipsoccplznioicIcs c ~ ~ r t i i s  56 
L;!!ipsoccplzaloirl~~s .silztcsti.i.c 11. 

25, 57 
I~llipsoceplza!oirlrs .Zone I,-;, 1, 

8 , 9 ,  10, 1-5, 16, 17, 31, JJ, 34, 
33, 36, 43, 47, 48, 55, 57 

i i v i n i a  Zone 2, 3, 4, 8, 9, 11, 15 
I!oorfhir  bet1 1, 32 
13oortlci.s cocluina 2, 4, 56 
I:oorthis S~ibzoilc 7, 8 
i:optycliaspis 3, 39 
I<iiptychnspis 11, 39, 4 0 4 1 ,  42, 

44 

v- 

Cilr-ekia 11, 36, 37, 38, 39 
Elrrekin eos 12, 38, 50, 53, 65 
C i ~ r e k i a  grai~niosn 11, 37, 38-39, 

53, 64 
Ciirekin setlgevicki 38 
131irekiinac 2, 3, 34, 36 
F~anconian Stage 1, 4, 8, 9 
Gcragrzosl~ts -14 
Geragrzosfzt.i2 ii~solitlrs 11, 14-15, 

64 
Gipson Rancli section (GI?) 9, 

10, 11, 13, 11, 15, 25, 27, 29, 
30, 31, 32, 33, 36, 40, 4, 57 

G I J ~  Moulltali~ 5ection (Ghf) 9, 
10, 13, 11, 15, 25, 27, 29, 30, 
31, 32! 3 3  36, 40, 44 

Great Basln - 
Neierocaryoiz 57 
I lc icrocaryoi~ p!n!~sfigrria 57 
IIeterocaryoit cf H t i~berc~~ln i io l i  

57 -. 
Ilcterocnrjroii flibci c l~laturt~ 12, 57 
Iciahoia 7, 8, 22-24, 29, 30 
Idnhoia lit-ac 10, 23, 24-25, 32, 40 
Idnhoia lil-cle Subzonc 1, 8, 9, 10, 

25, 30, 22 
Irlnizoia lirae xar .A 23, 24, 25 
Idnlzoia (Mcci  in)  ,itodesta 21, 30 
In 'a i~ob  scraplo 22 
Idnhoia sernpio S~ihzone 9 
Idnhoia zwiscoi1sei2sis 10, 23, 21, 

25 
Idnl~oia z w i s c o ~ ~ s e i l ~ i ~  Subzone 9 
Idaizoia zwyoiiiii~gcii r i  Subzone 9, 

~n 
1dn1znja Zone 1, 3, 4, 7, 8, 9, 10, 

11, 15, 21, 25, 30, 31, 32, 33, 
35, 36, 10, 4. 58 

In'io7llcslls 54 
Idiolrzesl~s i ~ ~ f i i i i l ! ~  I, 11, 47, 54- 

55, 63 
Idiojltesz~s i n i o  iiledius 12, 54, 55, 

65 



64 
Idiolizeslis iilii!i!/l~s 54, 55 
Illaenuridae 17 
I / l a c n l ~ r ~ ! s  17 
I l l a e ~ z ~ ~ r l i s  ii~oiitnncrisi.s 17 
Illaerz~rr~is qiicidrnti~s 11, 17, 73 
Illaerz~~i-us t i~~ i i i ca t z~s  17 
I l laenz~r~!s  Zone 9, 12 
Irz l i~~gel ln iiinjor 9 
l a ~ i l e s  River (Upper )  section 

( J R )  3, 9, 10, 11, 12, 13, 11, 
15, 16, 17, 18, 19, 22, 25, 27, 
29, 30, 31, 32, 33, 31, 36, 
37, 38, 39, 40, 41, 12, 43, 
$, j6, 47, 48, 49, 50, 31, 53, 
33, 36, 57, 78 

Iieitllia 39, 42 
I l e i t l~ ia  c i .  Ii. coll~le.t-a 11, 42, 63 
Iieiflzia coiliie.ra 42 
Iiciflzia sclii!cltcrti 42 
Kcillciell~i 39, 4 2 4 3  
Keitl~iella brci'is 43 
Ileitlzielln c~tliiidrica 43 
Ileitlliella c!c~pi.rssa 43 
Iieiilzielln iiiaior 43 
Keitlzielln pciiit!n 12, 43 
ICeithielIn sinpaire 1, 11, 43, 61 
Reitlzielln sci.i!p~ilosa 11, 43-44 
Iieilhielln .rpcciosa 43 
I<endalliiia (= I<clldalli;i) 22, 25 
Iclett-\Vallies (Scott-Iclett) sec- 

tion (SIC) 9, 10, 14, 23, 27, 
29, 30, 31, 31, 33, 36, 10, 4 

I<omaspidacea 31 
I<omaspitlitlac 31 
Iiolilnspis 31 
Lecanop>.pitlac 17 
Leiobic~l;,iiiici 18 
Idciobienc.iliiil icrcvigafn 1S 
Leiobienc.i!lin li~otzcnsis 12, 18 
Leiocoryplie 18 
Leiocoryplle goiiiiza 18 
Leiocorypl~r li?lei 21, 22 
Leiocoryplle c t .  L .  1ongizci.s 12, 

18, 67 
LeiocoryPIie occipitnlis 11, 18 
Lcon Creel; section (El l i i~~voot l )  

( L C )  12, 13, 14, 15, 18, 19, 
37, 35, 71, 53, 54 

Leon Creel; section (\\'iiistoil) 
( L C S )  12, 14, 15, 16, 18, 10, 
22, 37, 38, 11, 42, 43. 46. 17, 
48, 51, 53, 54, 55, 56 

T2ion Mountain Member 3. 6 
Little Llaiio scstio11 (LL)' 9, 10, 

11, 11, 15. 25,27,  29, 30. 31, 
32, 33. 36, 40, 31, 56. 57 

Llano Upli l t  1, 4, 11, 39 
.18ncrorloda 39. 44 

Moiit:uia-\Vyoming area 6, 7, 10, 
11, 12, 15, 35 

L~Iol-c;~~i Cseeli Lin~csione Mem- 
Ler I ,  3, 4, 6, 9, 10 

kIorga11 Creek sectioi~ ( X C )  3, 9, 
10, 11, 14, 15, 17, 18, 19, 21, 
22, 25, 27, 29, 30, 32, 33, 34, 
36, 44, 45, 55, 57 

Olilaiioma 7, 6, 7, 10, 11, 12, 17, 
18, El, 21, 3s  

Olenitlne 1S 
Orygiiinspis 10, 22, 25, 27, 29 
01-ygiiiaspis eryon 25 
Orygiiias/)is ,firlira 23, 26 
Oq,giiiaspis llarioetlsis 9, 10, 22, 

25-27, 29, 62 
0iygiiiaspi.s Ila~~oerzsis var. A 22, 

27, 29, 62 
Osccoiia S u l ~ z o ~ l e  8 
~ac l i sad t l ic  Mountain section 

(PIC) 9, 10, 14, 25, 27, 29, 31, 
32, 33, 40, 

Par~ib~~l i i~o ic l r s  9, 10, 22, 25, 27, 29 
Pnrnboliiioides co~zirnci~rs  9. 10. . -, 

22, 26, 27-29, 62 
Parnbo!iiioia'es cordi!lerciisi.s 28, 29 
Pnrtrboliiioi~lcs c.z-pailsiis 8 
Par~ibdl i i~oides grar~~iiostis 9, 10, 

22, 27. 29, 31 
Pnrnbolii~oides lzcbc 28 
Pnrabo!iiioid~s pnlniiis 27 
Pnrol~oliiii~idrs Sz~b,-oiie 1, 9, 10, 

26, 27, 29, 31, 56 
Par:il~oli~ioididae 1, 2, 3, 22 
Platyco!pi!s-Scnevogyi~n Zone 8 
Plat~,co!pii.s Sul)zone 8 
P l e f l i o i i ~ ~ ~ l o / ~ z ~ s  18, 19 
Plei11oiiietopiu nitgzlsia 21 
1'lclIioiiii~topus clietriroin 21 
Ple t l~o i i~ t~ lopns  ariilat~is 18-19 
I'lc1lis;ic~~iopii.s col1vci.g~'ilS 12, 19, 

3 .  61 
I'lei11oiiietopir.s cotlz8e.yii.c IS, 19 
I ' I C ~ I I O I I I ~ ~ ~ I ~ ~ ~ S  lncvis 21 
Plet l ioi i ic iop~~s ln fa  21 
I'lctl~oiiiciopii~ riioiie.iti!s 19 
I'lcilio~iicti~pzis obfzr.si!s 12, 19, 67 
Pletliopeltidae 18, 19 
Pletl~opi-!!is 19-21 
Plc t l~ope~i i s  biielzlcri 21 
I'lriIiopc!ii.s gin~izrlo.cci 20, 21, 65 
Plrflio,he/iis pluljrirrni.giiinla 21 
I'lctllopt,!ii.s snrntogei~.sis 19, 20, 

" 1  /! 
ll, U3 

I ' le t / i~l~~~!t i .r  sp. 11, 21, 6.5 
Pleihopcliis zunlcotfi 20, 21, 65 
Ple1liopciti.s zoellrri 21 
Plcilio/)cliis Zotie 8 
Poiiit Penli Siltstone 3Ieinber 1, 

3, 1, 6, 10, 11 
Prosai!kic~ 7 ,  11, 34, 45. 47, 48 
Prosniikin el .  P .  czriz.ico.rtntn 11, 

47, 55 
Prosni~lzin c€ .  P .  t~ibci.ci!Inia 11, 

15, 48 
Prosi~iilzin crl~vicoslata 17 
Prosn~tlzia ilzcerla 48 
Prosni!lzin lodcl~sis 48 
Pro.snuirin Iongicornis 17 
1'ro.catiIlia re~i iora 1, 12, 47-48, 
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P,.osai~kia tubercii!ain 48 
Pros_nzkia Zone ailtl Subzone 1, 

I ,  8, 9, 11 
lJ.ca!aspis zollule 10 
Pseudagnostidae 15 
P ~ ~ ~ ~ i i i i a g ~ ~ o s t t ~ s  15 
Psiicdtrgnostru C O I I ~ I ~ I I ! ; ~ ~ ~  9, 10, 11, 

12, 15 
Psc1tciagr1ostz~s lacuis 15 
Pterocephaliid llioiliel-e 2, 3, 6, 22, 

3 1 

~ e ! n ~ ~ l e u r i d i d a c  31 
Iieiio wreensantls 7 
Iiiley %ormatioil 3, 6 
Sail Saba L i ~ ~ i e s t o n e  l t cmbcr  1. 

3, 4, 5, 6, 11, 19 
iCamp)  Sali Saba sectioll (SS) 

3, 9, 10, 11, 12, 11, 15, 16, 17, 
18, 19, 22, 25, 27, 29, 30, 32, 
33, 36, 37, 38, 10, 41, 42, j3, 
41, 47, 49, 50, 51, 54, 53, 36, 
57, 58 

Sni  aiogin 7, 22, 23, 29, 30, 31, 32 
Sutatogia airie, icaiia 10, 23, 25 ,  

29-30. 32. 10 
Sninioyin f r i u  10, 23, 30 
Sni~aiogia ( i l ferria)  iirne 30 
.Caiciiogia (itleri.in) 7iiodesta 30 
.Sai.ntogia wiodesin 10, 11, 23, 21, 

30, 31 
.Cnriliogin Zone 8, 10 
Sniilzin 45, 47, 48, 19, 50 
.Cni!kin it1zperatii.r 12, 48, 49 
S a ~ i h i a  ~irnricn 16 
Snitkin pepinoisis 51 
Snltk(n p y r e ~ e  51 
.7a1il~in tillilida 12, 48-49, 65 
St~1il:in Zone 1, 2, 3, 4, 5, 6, 8, 9, 

11, 12, 15, 19, 22 
S i ~ ~ ! l ~ i c l l a  11, 43. 17, 18, 49, 51 
.\̂ niil~iella-Cnlviiir!!n Zone and 

S~ibzone 8 
.Sni!hiella cf. S. pyirile 52 
.Canlzirlla fallax 11. 49-50, 52, 

53. 66 



42, 48, 19, 50, 51, 55, 56 Sici lopi l~ts  19, 21 
Sizztkiella jiiizia var. X 50, 51, 66 Stci~opilzw elongailts 22 T~,llerzna 33. 45 
Sa~tkiel ln  jili~ia var. B 50-51, 66 Sfziiopilzts intcmiediits 21 , 1 . esas, central 1, 2, 6, 7, 9, 10, 11, 
Sn~rkiel ia  iioizualkci~sis 52, 53 .St~izofiilz~s latz~s 12, 21-22, 53 12, 15, 18, 21, 23, 24, 23, 31, 
Sazikielln iioi~zuallzcizsis Subzot~e 9, S' tci~opil i~s  pronzti 11-12, 22 35, 40, 41, 46 

11, 12 Streetcr section (ST) 9, 10, 14, Tiicodcnisiu 15, 16 
Salrkielia pepinensis 12, 50, 51, 52, 15, 25, 27, 29, 30, 32, 33, 36, Tizcodnzisia bi.i,i/i~ 12, 1 5  

53, 60 U. Ti~readgill Crecii sectiotl (TC) 3, 
Sazrkirlla plaizata 12, 51, 53 Siigii~nceplzaloides 31 9, 10, 11, 12, 14, 15, 16, 17, 
Saz~kiella pyretze 11, 12, 50, 51-53, Stig~i~ucephaloides ciii.;'abilis 11, 18, 19, 22, 25, 27, 29, 30, 31, 

66 31, 45 32, 33, 31, 36, 37, 38, 39, 40, 
Sazrki~.Ila pgi.ene lilizbafa 52 Siigii~aceplzalus 31, 57 41, 42, 13, 44, -45, 46, 47,48, 
Sazrkiciia pji.ene Subzone 1, 9,  11, S f i g ~ ~ i a c ~ ? p I z a l z ~ s  ~iL'ciii  fa~inule 10 49, 50, 51, 13, JJ, 56, 57, 38 

2 4 5 17, 18, 1 9  2 2 Sfigiim~iietopzrs 54 Tsc-mpealeaual~ Stage 1, 5, 8, 9, 11 
37, 39, 11, 42, 43, 4, 50, 53, Sudduth section (SU) 9, 10, 14, Tiic7rthropsis 16 
55, 56, 57 15, 27, 29, 30, 32, 33, 36, 40, ?'i.iarthropsis cf. T .  li?izbata 12, 

Sazrkiclla serofina 1, 2, 12, 17, 51, 4 16, 67 
53, 67 S!ilcoccplzalris calzdidlis 9 Ti~iarf lzropsi i~ ~~i t i c la  12, 16, 67 

.Sa~rkielia srrotina Subzolle 1, 9, Tae i~ iccp l~a l i~ ta  58 Tiiartlzropsis p~iiiceiolzeasis 12, 1 6  
11, 12, 15, 16, 17, 16, 19, 22, Taci~iceplzalina giobl~la 10, 58 Upper Mississippi 1-alley 3, 6, 7, 
37, 38, 11, 42, 43, 44, 46, 47, Taeiiiceplrczlina lcchci'alieri 58 10, 11, 39, 10 
48, 51,,53, 55, 56, 57 Taeiziccplzallr~a lei'iscilsis 58 \\-elge Sandstoi~e Alcmber 3, 6 

Sazrkiella .rigilata 52 Tnci~icepizalz~s 7, 10, 22, 25, 31 IVcsionaspis 55 
Sazrkiella Subzone 8 Taenicepl~alus gouldi 9, 10, 22, 31, llVcstoiraspis ic~i~.i~iji.or~s 58 
Saukiidae 45 1o TYestonaspis? fL~.i-aiia 1, 12, 58, 67 
Saukiinae 2, 3, 34, 45 Tari i~cephalzu s1zz~~i:ardi 9, 22, 31- \\-liite Creek section (\VC) 9, 10, 
Scott-Iclett section, see Iclett- 32, 40 11, 14, 15, 25, 27, 29, 30, 31, 

\nrail;er Taci1icephal2u sp. 9, 22, 32, 40, 63 32, 33, 36, 40, 41, 45, 56, 58 
Sheep Pen Hollow section Taei~iceplzalzi~ Zone and Subzone Tl'ilberszza 7, 22, 32 

(SPH)-11,_14, 15, 17, 37, 39, 1, 2, 4, 7, 8, 9, 10, 15, 26, 27, Il'ilbernia dindeiilnla 10, 25, 33, 33 
41, 13. 33, 36, 57 28, 31, 32, 33, 39, 40 li'il2)ernia Iza!li 9, 22, 33  

?Shumariiiidae 54 Tanyard Formation 6 ll'il1~cr)tia Izalli i-ar. A 22, 33, 10 
Spring I-Ioliow section ( S H )  12, Tailyard section ( T X )  9, 10, 11, IVilbenzia ercpai2sn 9, 10, 32-33 

14, 15, 16, 18, 19, z2, 37, 38, 11, 15, 25, 27, 29, 30, 32, 33, TVilbernia peio 10, 11, 32, 33 
42, 43, 47, 48, 51, 23, 54, 55, 34, 40 JVilberns Forination 1, 3, 4, 5, 6, 
56 Taylor Ranch scctioil (TR) 9, 9, 10, 11 

Staendebacl-i Member 6 10, 14, 15, 25, 27, 29, 31, 32, \\-isconsin 7, 10 
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