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Abstract.—The Early Ordovician (late Tremadocian; Stairsian) trilobite Gonioteloides Kobayashi has long been known
from a small number of pygidia assigned to a single formally named species, and its affinities have not been assessed.
Silicified material from western Utah and southeastern Idaho includes six distinct species assigned to the genus, one of
which is the type species. Two others (G. moffitti and G. pankowskii) are new and formally named. An additional three
species that are clearly new but known from sparse material are described in open nomenclature. Gonioteloides has a
stratigraphic distribution through five consecutive trilobite zones in the mid-Stairsian Stage (upper Tremadocian).
Although exoskeletal morphology of three species is almost completely known, the phylogenetic affinity of the taxon
remains difficult to determine. It is tentatively assigned to Dimeropygidae Hupé.

UUID: http://zoobank.org/23257d6c-262b-4ef5-ae4e-cc431777e67e

Introduction

Gonioteloides Kobayashi, 1955, is one of several trilobite genera
from the Lower Ordovician of the northern paleo-margin of Laur-
entia that have been very poorly known and whose affinities have
been obscure. Kobayashi based the genus on two species
(regarded herein as subjective synonyms) and a total of four speci-
mens, all pygidia and all from the McKay Group of southeastern
British Columbia, Canada. Dean (1989) referred a fragmentary
pygidium from the middle member of the Survey Peak Formation,
Jasper National Park, Alberta to the genus. The only other speci-
men directly assigned to the genus prior to the work of Adrain
et al. (2014a) was a pygidium from theManitou Formation of Col-
orado described by Berg and Ross (1959) as Gonioteloides sp. cf.
G. monoceros Kobayashi. Hence, the genus has historically been
known only from six directly assigned specimens, all pygidia.

In the course of an extended field-based revision of the pri-
marily silicified Lower and Middle Ordovician faunas of the
Great Basin (Adrain et al., 2009, 2014a), material assignable
to species of Gonioteloides proved to be quite common at
some Stairsian horizons (some cranidia and pygidia were illu-
strated in the biostratigraphic work of Adrain et al., 2014a).
Six distinct species have been recovered from localities in west-
ern Utah and southeastern Idaho, including the type species, and
we now have knowledge of most exoskeletal parts. The goals of
this work are to: (1) describe the morphology of members of the
genus, including for the first time sclerites other than pygidia;
(2) describe three formally named species (the type and two

new) and three others reported in open nomenclature; (3) docu-
ment the stratigraphic occurrence of the species; and (4) assess
the affinities of the genus based on the new information.

Localities and stratigraphy

Details of the history of study, sections, and stratigraphy for
localities referenced herein were given by Adrain et al.
(2014a), including maps for all lines of sections and stratigraphic
logs for the lower Fillmore Formation at Section MME (Middle
Mountain), Section AAA (northern House Range), and the basal
part of Section C (southern House Range) in the Ibex area, west-
ern Utah, and for the Stairsian strata of the Garden City Formation
at Section HC5 and Section HC6 (both Hillyard Canyon) in the
Bear River Range, southeastern Idaho. A stratigraphic log for
the Fillmore Formation at Section G (southern Confusion
Range) in the Ibex area was given by Adrain et al. (2009). A log
for the Garden City Formation at Section FB7 (Franklin Basin)
in the Bear River Range has not been published in detail, but a
reduced log including the Stairsian interval was given by Adrain
et al. (2014a, fig. 4). Material from only a single horizon at FB7,
102.1m, is described herein. This horizon is assigned to the Bear-
riverops loganensis Zone of Adrain et al. (2014a) and its fauna is
identical to that of Section HC5 106.7 m. The trilobite zonation of
Adrain et al. (2014a) is followed herein. Adrain et al. (2014a, fig.
4) depicted the zonation and correlation of all of the sections and
horizons from which material is described. The geographic and
zonal distribution of species treated are given in Figure 1.
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History of study

Gonioteloides is rarely referred to in the trilobite literature
because little has previously been known about it. Kobayashi
(1955) proposed two species from the Lower Ordovician
McKay Group of British Columbia, Canada: G. monoceros
(the type) and G. punctatus (considered a synonym of G. mon-
oceros herein). The former was based only on three illustrated
pygidia (Kobayashi, 1955, pl. 6, figs. 17, 18, pl. 8, fig. 10)
and the latter on a single pygidium (Kobayashi, 1955, pl. 6,
fig. 19). Subsequently, Berg and Ross (1959, p. 117, pl. 21,
figs. 8, 9) assigned a single pygidium from the Manitou Forma-
tion, Colorado, to Gonioteloides sp. cf. G. monoceros. Terrell
(1973, pl. 5, fig. 15), in a paper on Stairisan faunas of the Ibex
area in western Utah, illustrated a left librigena as “unassigned.”
With the material described herein, it is clear that this specimen
belongs to a species of Gonioteloides. However, the ventrolat-
eral orientation of Terrell’s photograph precludes confident
assignment at the species level. Dean (1989, p. 26, pl. 27, figs.
4, 5) reillustrated the holotype of G. monoceros and assigned
a fragmentary pygidium (Dean, 1989, pl. 27, fig. 6) from the
Survey Peak Formation in Alberta to the species. Prior to the pre-
sent work, this is the sum total of material known for the genus,
apart from specimens of some of the species treated herein,
which were illustrated in a biostratigraphic zonation work by
Adrain et al. (2014a). It is notable that not a single sclerite of
any species of Gonioteloides was illustrated in either Ross’s
(1951) monograph of the faunas of the Garden City Formation
in southeastern Idaho or Hintze’s (1953) publication on the
Pogonip Group in western Utah. It is not clear why this is so
because some of the species are quite common at certain hori-
zons and many of the taxa that occur with them were illustrated
and even formally named in these classic works.

Berg and Ross (1959, p. 118), Norford (1969, p. 4), andDean
(1978, p. 7; 1989, p. 26) have commented on Kobayashi’s claim
that the genus occurs in strata of both his “Kainella-Evansaspis
fauna” (Kobayashi, 1955, table 4), which would be broadly
equivalent to Ross’s (1949, 1951) zones E and F (now Stairsian)
and to his “Symphysurina Fauna” (Kobayashi, 1955, table 3),
which is equivalent to Ross’s Zone B (Skullrockian). As Norford
(1969, p. 4) pointed out, the supposed Skullrockian occurrence of
G. monoceros must either have been due to Kobayashi’s (1955)
locality 19 spanning several zones or else it was simply a mistake.
No other Stairsian species are listed inKobayashi’s (1955) table 3,
and the specimen in question (Kobayashi, 1955, pl. 8, fig. 9)
seems certain to be conspecific with the others he illustrated
and with the silicified material assigned herein. Hence, the Skull-
rockian age was almost certainly an error, as Dean (1989, p. 12)
also concluded. In our extensive field sampling, we have found
species of the genus only in mid-Stairsian strata.

Materials

Repositories and institutional abbreviations.—The type
specimens of the type species are housed in the collections of
the Geological Survey of Canada, with specimen number
prefix GSC. New type and figured material is housed in the
Paleontology Repository, Department of Earth and
Environmental Sciences, University of Iowa, Iowa City, with
specimen number prefix SUI.

Systematic paleontology

Order of description.—The type species is revised first, then
species are described in ascending stratigraphic order by
morphological group.

Figure 1. Occurrence chart for species of Gonioteloides treated herein. Full details of localities, stratigraphy, and zonation are given by Adrain et al. (2014a).
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Family ?Dimeropygidae Hupé, 1953
Genus Gonioteloides Kobayashi, 1955

Type species.—Gonioteloides monoceros Kobayashi, 1955,
from the McKay Group (upper Tremadocian; Stairsian) of
British Columbia, Canada.

Other species.—Gonioteloides moffitti n. sp., Fillmore Formation
(upper Tremadocian; Stairsian; Rossaspis leboni Zone), western
Utah; G. pankowskii n. sp., Fillmore Formation, western Utah,
and Garden City Formation, southeastern Idaho, USA (both
upper Tremadocian; Stairsian; Bearriverops loganensis Zone);
Gonioteloides n. sp. A, Fillmore Formation, western Utah
(upper Tremadocian; Stairsian; Unnamed Zone 1 of Adrain
et al., 2014a); Gonioteloides n. sp. B, Fillmore Formation,
western Utah (upper Tremadocian; Stairsian; Bearriverops
deltaensis Zone); Gonioteloides n. sp. C, Fillmore Formation,
western Utah (upper Tremadocian; Stairsian; Bearriverops
alsacharovi Zone); “Gonioteloides sp. cf. G. monoceros
Kobayashi” of Berg and Ross (1959, p. 117, pl. 21, figs. 8, 9),
Manitou Formation (upper Tremadocian; Stairsian), Williams
Canyon, Manitou Springs, El Paso County, Colorado, USA.

Diagnosis.—Dorsal surfaces mostly smooth, almost entirely
lacking tuberculate sculpture; preglabellar field medially very
short to absent; glabella long and broad, with slight lateral
constriction just posterior to or aligned with front edge of
palpebral lobe to give subtle “fiddle” shape; glabellar furrows
completely effaced, even ventrally; eyes large (about half
length of glabella) to very large (more than four-fifths length
of glabella); interocular fixigena broad; palpebral lobe well
defined by deep palpebral furrow; fixigenal posterior
projections narrow (tr.) and short (exsag.); eye with narrow,
but well-defined socle; librigenal field broad and featureless;
anterior and lateral borders with sculpture of fine raised lines;
genal spine in large specimens short and slender; thorax with
axial and pleural lobes about the same width; thoracic
posterior pleural bands slightly longer than anterior pleural
bands, pleural furrow deep; thoracic pleural tips blunt and
subquadrate, with short but prominent pleural spine; pygidium
with three obvious axial rings, weakly differentiated fourth
present in some specimens of some species; three pygidial
pleural furrows expressed, weakly expressed fourth in some
specimens of some species; pygidium with vertical “wall”
beneath pleural tips, connecting to strongly inflated, rim-like
border; pygidial pleural tips form linear ridge atop “wall;” rear
of axis and, in some species, apparently rear parts of pleurae
extended posteriorly into posterior projection or spine with
widely varying morphology.

Remarks.—When he named Gonioteloides, Kobayashi (1955,
p. 446) assigned the genus to Bathyuridae Walcott, 1886,
although he acknowledged that its “family reference cannot be
warranted until its cephalon will be found.” Whittington in
Moore (1959, p. O380) listed Gonioteloides with Bathyuridae,
but without either a diagnosis or an illustration. The genus was
discussed by Fortey (1979, p. 74) as Bathyuridae (with
reservation owing to absence of knowledge of the cephalon) and
it was assigned to the family by Ross (1975, p. 315, table 1) and

Dean (1989). Finally, Fortey and Bruton (2013, p. 21) included
Gonioteloides in a list of problematic bathyurid genera. Hence,
most workers have treated the genus, with considerable
reservation given all that was known, as probable Bathyuridae.

Berg and Ross (1959, p. 117) are an exception, having
made no family assignment when they described in open
nomenclature what has, until now, been the only other species
known (although Dean, 1989, p. 26 listed their specimen as
belonging to G. monoceros). However, they made comparisons
with the species Psalikilus spinosum Hintze, 1953, and Psaliki-
lopsis cuspidicauda Ross, 1953. In fact, both of these compari-
sons are to Psalikilopsis because the pygidium illustrated by
Hintze (1953, pl. 9, figs. 7–9) as Psalikilus spinosum was mis-
assigned and belongs to what is now Psalikilopsis redfordi
Adrain et al., 2011. Psalikilopsis is an unambiguous bathyurid,
but apart from having a posterior spine or extension behind the
pygidial axis, no other aspects of its morphology resemble what
is now known of Gonioteloides.

Adrain et al. (2003, p. 560), citing unpublished data (the
specimens described herein that had been discovered to that
point), considered the affinities ofGonioteloides to be uncertain.
Adrain (in Jell and Adrain, 2003, p. 380) also listed it as such.

Before discussing its morphology, it is worth reviewing how
stratigraphically anomalous a bathyurid affinity for Goniote-
loides would be. Bathyurids are among the most common trilo-
bites of the Laurentian Tulean and Blackhillsian stages. However
only a single Laurentian Stairsian genus, Randaynia Boyce,
1989, has been assigned to the family. The affinities of this
taxon are a matter of debate. Boyce (1989, p. 62) proposed it
as “Family Incertae Sedis,” yet held that it compared closely
with the Skullrockian asaphids Bellefontia Ulrich in Walcott,
1924, and Parabellefontia Hintze, 1953. In contrast, Westrop
et al. (1993, p. 1629–1631) considered Randaynia a bathyurel-
line bathyurid related to taxa such as Uromystrum Whittington,
1953. Adrain in Jell and Adrain (2003, p. 438), Loch (2007,
p. 70), and Adrain and Westrop in Landing et al. (2012,
p. 113) all assigned the genus to Bathyuridae. Fortey and Bruton
(2013, p. 107), on the other hand, made the strikingly novel
assertion that Randaynia is closely related to the latest Cambrian
to earliest Stairsian genus SymphysurinaUlrich inWalcott, 1924.
Together with a new genus,Eurysymphysurina, they assigned the
genera to the family Symphysurinidae Kobayashi, 1955, and the
asaphide superfamily Cyclopygoidea Raymond, 1925. We will
defer assessment of Symphysurinidae until a forthcoming work
on Symphysurina. Of importance here is that, if Fortey and
Bruton (2013) are correct, then there are no known bathyurids
in the Laurentian Stairsian. Even if they are not correct about
an asaphide affinity for Randaynia, it is certainly true that
some aspects of its morphology, particularly the number of pygi-
dial axial segments, are difficult to reconcile with bathyurids, and
its classification will likely not be resolved until better material,
particularly knowledge of ventral cephalic morphology and the
hypostome, of an assigned species is discovered.

Hence, if Gonioteloides is a bathyurid, it would be the only
definitely assigned Laurentian Stairsian example. However, dis-
covery of abundant cephalic material of the type species, and of
five additional new species, does not support a bathyurid affinity.

Despite only six distinct species now having been found,
there is a striking amount of morphological disparity in the
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group. The species are united in having cephala lacking dorsal
sculpture apart from fine raised lines on the border, large gla-
bellae that contact or nearly contact the anterior border furrow,
inflated anterior and lateral borders, and, in particular, very
large eyes with concomitantly long palpebral lobes. The pygid-
ium is known for five of the species, and in all cases it has a very
broad axis and some form of posterior extension of the rear of the
axis, past the underlying posterior margin of the border. There
are two main morphological groups, and they are different
enough that they could potentially be classified as distinct gen-
era, although this should be evaluated when more knowledge of
the group’s diversity is discovered. The first group, including G.
monoceros, G. moffitti n. sp., G. n. sp. A, and G. n. sp. B, fea-
tures species with highly vaulted cephala and pygidia with a dis-
tinct spine for the posterior pygidial extension. The spine ranges
from relatively short and blunt (G. n. sp. B) to longer and blunt
(G. monoceros) to elongate, narrow, and cylindrical (G. moffitti
n. sp.) to elongate and very robust, with an elaborate dorsal keel
(G. n. sp. A). A second group, including G. pankowskii n. sp.
and G. n. sp. C, features much less vaulted cephala and pygidia
(known only forG. pankowskii n. sp.) with a posterior projection
that is not spine-like, but rather a short, lobate extension of the
lateral ridges against which the pleural furrows terminate. The
first group includes the oldest known species, G. moffitti
n. sp., but all of the species occur in a relatively narrow strati-
graphic interval (at Section MME, including the correlative pos-
ition of horizons from other sections, the genus ranges through
∼66 m of section). The morphology of individual species is dis-
parate, and no obvious morphological trends are correlated with
stratigraphy.

Generally effaced trilobites often present taxonomic diffi-
culties. As noted previously, the pygidial posterior projections
have drawn comparison to those of species of the bathyurid Psa-
likilopsis, which is known exclusively from the overlying Tulean
Stage. Psalikilopsiswas assessed on the basis of revised and new
species by Adrain et al. (2011). It is true that pygidia of the two
taxa are very similar in many ways. They both feature a more or
less vertical “wall” developed above the pygidial border. In both
cases, this wall is topped by lateral ridges against which the
pleural and interpleural furrows terminate. They both have four
axial rings. The lateral ridges unite posteriorly to form a projec-
tion. However, all other aspects of the morphology of species of
Psalikilopsis indicate that it is a bathyurid. The oldest known spe-
cies assigned, P. newmani Adrain et al., 2011, has a standard
bathyurid pygidium lacking the “wall” and posterior projection,
even while most of its cranidial and thoracic segment morph-
ology is nearly identical with that of derived younger species.
There seems little doubt that the pygidial features of derived spe-
cies of the younger taxon are convergent on those of Goniote-
loides, and not indicative of relationship. Bathyurids in general
fall into two broad morphological groups. One features species
that are moderately vaulted, highly tuberculate, and often with
a posteromedian pygidial spine, which is almost never associated
with a vertical “walled” border (e.g., species of Acidiphorus
Raymond, 1925). A second features species with lower dorsal
vaulting, common effacement, and flattened, fan-shaped pygidia.
Theses have been formalized as Bathyurinae Walcott, 1886, and
Bathyurellinae Hupé, 1953, respectively, by Fortey (1979).
Neither is morphologically similar to Gonioteloides.

The only contemporaneous group that Gonioteloides
resembles is Dimeropygidae, although there is not enough infor-
mation to establish a clear affinity. Dimeropygids are generally
strongly dorsally vaulted and highly tuberculate, although
some effaced taxa are assigned. The highly vaulted cephalic
morphology of the oldest species, G.moffitti n. sp., with the gla-
bella abutting the anterior border, and the general morphology
of the librigenae, with a tendency toward loss of the genal
spine in larger individuals of some species, are consistent with
dimeropygids. “Walled” pygidia are also developed in some
dimeropygid genera, including Dimeropyge Öpik, 1937, itself,
Heckethornia McAdams and Adrain, 2009, and Pseudohystri-
curusRoss, 1951 (see Adrain et al., 2014b). Most dimeropygids,
however, are highly tuberculate or spiny. Among contemporan-
eous taxa, some species of Bearriverops Adrain and Westrop,
2007, are relatively effaced, but most have dense, if somewhat
subdued, tuberculate sculpture over all dorsal surfaces and the
effaced species are derived within the clade, according to cladis-
tic analysis (Adrain and Westrop, 2007, fig. 5.1). In Goniote-
loides, even the smallest known cranidia (e.g., Fig. 10.21)
show no sign of any sculpture.

It must be mentioned that Adrain et al. (2014b, p. 216)
made reference to “a species assigned by us in a forthcoming
work to a new genus closely related to Gonioteloides…” This
species was illustrated by Adrain et al. (2014a, p. 179, fig.
12D, H) as “Dimeropygidae gen. nov. 1 sp. nov. 1.” It is a highly
tuberculate and vaulted species that by every indication is a typ-
ical dimeropygid. Its cranidial dimensions are a fairly close
match for those of G. moffitti n. sp. It has a “walled” pygidium
and it has lateral pygidial ridges against which the pleural and
interpleural furrows terminate. These ridges unite posteriorly
to form a small, pointed, posterior projection. It remains at
least conceivable that this as yet unpublished new genus is the
more conventional dimeropygid sister taxon to the effaced
Gonioteloides (it occurs with the stratigraphic range of the
latter—found with G. pankowskii n. sp. in the Bearriverops
alsacharovi Zone). In light of the broader knowledge of species
of Gonioteloides documented herein, and the complete lack of
any tuberculate sculpture in any species at any ontogenetic
stage, we are now more equivocal about the possibility of
close relationship, though it should not be excluded as a
possibility.

Lee and Chatterton (1997) illustrated a set of protaspid lar-
vae from the Garden City Formation in southeastern Idaho as
what they termed “Proetide A.” The protaspids feature no paired
glabellar or fixigenal spines, are strongly micropygous, and have
glabellar segments transected medially so that they are divided
into a pair of lateral swellings. They do not resemble those of
any known members of the Order Aulacopleurida (see Adrain,
2011, 2013), including the dimeropygids (e.g., Chatterton,
1994). Lee and Chatterton (1997) associated two small cranidia
with these protaspids that clearly represent a species ofGoniote-
loides, likely G. pankowskii n. sp. (cf., Lee and Chatterton,
1997, fig. 2.12; Fig. 10.21). If this association is correct, then
the affinities of Gonioteloides are obscure because the protas-
pids are morphologically unique among known Early Ordovi-
cian trilobites. However, it is not clear that the association is
correct. The smallest of the cranidia (Lee and Chatterton,
1997, fig. 2.13) is essentially the same size as the
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protocranidium of the largest assigned protaspis (Lee and
Chatterton, 1997, fig. 2.11), but the protocranidium of the protas-
pid has obviously different morphology than the cranidium,
including a glabella with subparallel sides (versus narrowing
strongly anteriorly), prominent transverse furrows (versus weak
furrows that are not obviously transverse), a long anterior border
with a transversely straight margin (versus short and anteriorly
bowed), and much smaller palpebral lobes. Based on their nearly
identical size, the tiny cranidium would presumably represent a
degree zero meraspid. For it to belong with the protaspids, there
would have to have been no size increase in the molt between
the last protaspid instar and the first meraspid instar, while the cra-
nidium nevertheless underwent radical morphological change.
Hence it seems implausible that the Gonioteloides cranidia are
properly associated. The cooccurring trilobite fauna is very
diverse and still largely undescribed or unrevised, and what the
protaspids actually represent is still unknown.

For the present, we assign Gonioteloides with significant
question to Dimeropygidae, based on the broad cephalic similar-
ities of the dorsally vaulted M. moffitti n. sp. and potential rela-
tionship with “Dimeropygidae gen. nov. 1 sp. nov. 1” of Adrain
et al. (2014b). Unusually for an Ordovician trilobite with most
sclerites reasonably well known, its affinity largely remains an
open question. Discovery of more species and of convincingly
associated early growth stages are most likely to help inform
the problem.

Although the axial pygidial region of most specimens of
most species of Gonioteloides appears to indicate three pygidial
segments, various lines of evidence suggest that the basic plan
for the genus, probably shared by all species, is a four segment
pygidium with the posteriormost fourth segment difficult to dis-
tinguish from a terminal piece and the base of the posterior lobe
or spine. Many species, for example, have a short fourth pleural
furrow expressed, flanking the base of the spine. In rare speci-
mens (e.g., Fig. 8.6), a fourth segment appears to be fully
expressed, defined posteriorly by a faint fourth ring furrow. In
another small specimen with faint axial nodes (Fig. 8.13) the
fourth ring is not very obvious, yet there is a faint axial node
atop the base of the spine, indicating the segment’s presence.

Brett andWestrop (1996, p. 422, fig. 16.9, 16.10) compared
a pygidium from the Fort Cassin Formation (Tulean) of
New York, which they described as “Acidiphorus? sp. indet.”
to Gonioteloides. The pygidium, however, is very similar to
those of the bathyurid Psalikilopsis cuspidicauda Ross, 1953,
and represents an undescribed species of that genus (Adrain
et al., 2011, p. 375).

Gonioteloides monoceros Kobayashi, 1955
Figures 2, 3

1955 Gonioteloides monoceros Kobayashi, p. 447, pl. 6,
figs. 17a, b, 18a, b, pl. 8, fig. 10.

1955 Gonioteloides punctatus Kobayashi, p. 448, pl. 6,
fig. 19a, b.

1959 Gonioteloides monoceros; Berg and Ross, p. 117.
1959 Gonioteloides monoceros; Whittington in Moore,

p. O380.
1967 Gonioteloides monoceras [sic]; Norford in Aitken and

Norford, p. 181, 194.

1969 Gonioteloides monoceras [sic]; Norford, p. 4.
1978 Gonioteloides monoceros; Dean, p. 7.
1979 Gonioteloides monoceros; Fortey, p. 74.
1982 Gonioteloides monoceros; Dean in Dean and Martin,

p. 135.
1989 Gonioteloides monoceros; Dean, p. 26, pl. 27, figs. 4–6.
2003 Gonioteloides monoceros; Jell and Adrain, p. 380.
2013 Gonioteloides monoceros; Fortey and Bruton, p. 21.
2014a Gonioteloides monoceras [sic]; Adrain et al., p. 179, fig.

12C, G.

Holotype.—Pygidium, GSC 12697 (Dean, 1989, pl. 27, figs. 4,
5), from the McKay Group (upper Tremadocian; Stairsian),
GSC locality 7977, British Columbia, Canada.

Diagnosis.—Cephalon vaulted; preglabellar field absent
medially, anterior and preglabellar furrows forming “X” shape
in anterior view; glabella broad anteriorly and markedly
waisted behind anterior edges of palpebral lobes; eyes large;
fixigenal posterior projections very short (exsag.) and narrow;
anterior border tall in anterior view and strongly transversely
arched; librigenae with part of posterior border expressed and
genal spine reduced to small subtriangular nubbin in largest
specimens, short and thorn-like in smaller specimens;
pygidium vaulted, with only three axial rings defined; third
ring furrow posteriorly bowed in dorsal view; first three
pleural furrows deep, fourth shallow, narrow, and flanking
large posterior spine; posterior spine broad at base, moderately
long, and “drooping” ventrally in lateral view; pleural tips and
lateral edge of spine with subparallel raised-line sculpture;
border more inflated anteriorly, with oblique raised-line
sculpture.

Occurrence.—Section C 111.6 m. Section G 26.6 m, G 27.0 m,
and G 27.5T m, Fillmore Formation (upper Tremadocian;
Stairsian; Bearriverops alsacharovi Zone), southern
Confusion Range, Ibex area, Millard County, western Utah.

Description.—Cranidium known from five specimens
illustrated in Figure 2, with measurements made on
most-complete specimens and distance to mid-line doubled
when morphology preserved only on one side. Cranidium with
overall strong dorsoventral relief, with sagittal length 86.0%
(83.9–88.0%) width across δ, sagittal length 143.9% (125.2–
153.3%) width across γ, sagittal length 105.0% (103.4–
108.0%) width across ϵ; glabella longer than wide, with
length (sag.) 116.8% (106.3–124.9%) maximum width (tr.),
glabella with lateral margins slightly laterally bowed from
posterior margin to point opposite mid-point of palpebral lobe,
glabella narrows (tr.) from this point forward with more
prominent constriction (tr.) present just behind anterior margin
of palpebral lobe (see Fig. 2.17), posterior margin nearly
transverse, anterior margin gently rounded, dorsal inflation
moderate; anteriormost portion of glabella strongly
downturned ventrally (e.g., Fig. 2.6); glabella smooth, lateral
glabellar furrows not expressed; axial furrows deeply incised;
preglabellar furrow incised, narrow; anterior border furrow
and preglabellar furrow meet medially, forming an “X” in
anterior view (Fig. 2.9–2.12); anterior border furrow clearly
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Figure 2. Gonioteloides monocerosKobayashi, 1955, from Section C 111.6m, southern House Range, and Section G 26.6m and 27.0m, southern Confusion Range,
both Fillmore Formation, Ibex area, Millard County, western Utah, USA; and Section HC6 122.5m, Garden City Formation, west side of Hillyard Canyon, Bear River
Range, Franklin County, southeastern Idaho, USA (all upper Tremadocian; Stairsian; Bearriverops alsacharovi Zone). (1, 5, 9) Cranidium, SUI 146990, dorsal, left
lateral, and anterior views (HC6 122.5 m); (2, 6, 10, 14) cranidium, SUI 134155, dorsal, right lateral, anterior, and ventral views (G 26.6m); (3, 7, 11, 15) cranidium,
SUI 146991, dorsal, left lateral, anterior, and ventral views (G 26.6m); (4, 8, 12) cranidium, SUI 146992, dorsal, right lateral, and anterior views (C 111.6 m); (13, 17)
cranidium, SUI 146993, anterior and dorsal views (C 111.6 m); (16, 20, 24) cranidium, SUI 146994, dorsal, left lateral, and anterior views (G 26.6 m); (18) right librigena,
SUI 146995, external view (G 26.6m); (19, 22) right librigena, SUI 146996, external and internal view (C 111.6m); (21) right librigena, SUI 146997, external view
(G 26.6m); (23) left librigena, SUI 146998, external view (G 27.0 m); (25) left librigena, SUI 146999, external view (C 111.6m); (26, 29, 31) pygidium, SUI 147000,
right lateral, posterior, and dorsal views (G 26.6m); (27, 28, 30) pygidium, SUI 147001, left lateral, posterior, and dorsal views (C 111.6 m). Scale bars = 1mm.
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Figure 3. Gonioteloides monoceros Kobayashi, 1955, from Section C 111.6 m, southern House Range, and Section G 26.6 m and 27.0 m, southern Confusion
Range, both Fillmore Formation, Ibex area, Millard County, western Utah, USA; and Section HC6 122.5 m, Garden City Formation, west side of Hillyard Canyon,
Bear River Range, Franklin County, southeastern Idaho, USA (all upper Tremadocian; Stairsian; Bearriverops alsacharovi Zone). (1, 5, 9) Pygidium, SUI 147002,
dorsal, left lateral, and posterior views (G 27.0 m); (2, 6, 12) pygidium, SUI 147003, dorsal, left lateral, and posterior views (G 26.6 m); (3, 7, 10, 13, 16) pygidium,
SUI 134156, dorsal, right lateral, posterior, anterior, and ventral views (G 27.0 m); (4, 8, 11, 14) pygidium, SUI 147004, dorsal, right lateral, posterior, and ventral
views (C 111.6 m); (15) pygidium, SUI 147005, dorsal view (HC6 122.5 m); (17, 21) pygidium, SUI 147006, dorsal and right lateral view (G 26.6 m); (18–20) pygid-
ium, SUI 147007, posterior, dorsal, and right lateral views (G 27.0 m). Scale bars = 1 mm.
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incised overall, but with deeper sections laterally on either side
of portion conjoined with preglabellar furrow, in anterior view
furrow strongly arched upward, in dorsal view furrow
describes broadly open “M” shape; anterior border with
anterior margin medially concave (dorsal view) in larger
specimens (e.g., Fig. 2.1, 2.17), but gently convex to
transverse in smaller specimens (e.g., Fig. 2.2); anterior border
overall short (sag., exsag.) in dorsal view, with medial portion
longest and length tapering abaxially, length (sag., measured
on Fig. 2.2, 2.3, 2.16) 14.6% (14.0–15.6%) glabellar length
(sag.), in anterior view border tall and of more equal length
along course, with strong upward bow medially, in lateral
view anterior border forms a short shelf that sits in front of
cranidium, sculpture of fine ridges present on anterior face of
border (e.g., Fig. 2.13); anterior fixigena subtriangular,
strongly downturned from horizontal plane, set off from
interocular fixigena by faint shallow furrow; interocular
fixigena with adaxial margin less strongly laterally bowed than
abaxial margin, broadest (tr.) opposite δ, with maximum
width (tr.) 32.3% (26.1–37.4%) glabellar width (tr.), gently
tapered (tr.) anteriorly and posteriorly; interocular fixigena
with slight independent inflation, sitting below glabella in
lateral view, palpebral lobe sitting in turn below interocular
fixigena; palpebral lobe long, with length (exsag.) 73.4%
(68.6–79.7%) glabellar length (sag.), moderately broad, with
width (tr.) opposite δ 32.4% (30.7–35.3%) maximum width
(tr.) of interocular fixigena, anterior and posterior tips of lobe
narrower (tr.), lobe clearly set off from interocular fixigena by
narrow, deeply incised palpebral furrow; posterior fixigena
very short (exsag.), distal tip pinched out, extending laterally
to about same distance or just beyond lateral extent of
palpebral lobe; posterior border furrow moderately long
(exsag.), slightly deeper medially, oriented sub-parallel to
transverse axis, and curved forward; posterior border
occupying majority of posterior projection (exsag.), with
length (exsag.) at axial furrow 34.6% (31.3–36.5%) length
(sag.) LO, border lengthened abaxially with maximum length
(exsag.) achieved at distal tip, posterior margin of posterior
border with proximal portion held nearly transverse, slight
change in course at fulcrum so that margin is angled forward
obliquely, distal tip forming rounded corner; posterior
projection overall extends laterally just beyond palpebral
lobes (e.g., Fig. 2.3), strongly downturned from horizontal
plane (Fig. 2.11, 2.12); in lateral profile shape outlined by
facial suture subrectangular, dorsoventrally tall; SO similar to
axial furrows in depth and size, confluent with axial furrows,
subtransverse to very gently posteriorly bowed; LO long
(sag., exsag.) with maximum length (sag.) 23.7% (20.8–
25.9%) glabellar length (sag), slightly tapered (exsag.)
abaxially, posterior margin gently rounded, anterior margin
more nearly transverse; doublure beneath LO extends to
about midpoint of LO (sag., exsag.) (see Fig. 2.14, 2.15),
anterior margin nearly transverse, posterior margin more
strongly posteriorly bowed with narrow rim developed along
posterior margin, surface smooth; dorsal surface of cranidium
largely smooth except for raised lines on anterior border,
which are especially prominent in anterior view and strongly
bowed upward following upward curve of anterior border
(Fig. 2.10, 2.13).

Rostral plate, hypostome, and thorax not recovered.
Librigena with field broad, smooth, slightly broader (tr.)

posteriorly than anteriorly; lateral border broad (tr.), slightly
tapered anteriorly (tr.), with sculpture of fine lines, on smaller
specimen (Fig. 2.23) lines are more parallel to each other and
occupy nearly the entire breadth and length of the lateral border,
whereas on larger specimens the lines are less regularly posi-
tioned and are absent on the inner portion of the border near
the genal angle (e.g., Fig. 2.18, 2.21); posterior border clearly
developed, extending a short distance beyond genal angle, not
as broad as lateral border, smooth; lateral border furrow broad,
shallow, slightly broader at genal angle on larger specimens;
posterior border furrow similar in breadth to lateral, but deeper;
genal angle forming sharp, obtuse angular corner, with genal
spine expressed as a small nubbin on larger specimens, spine
longer and thorn-like on smaller specimens; eye very large,
occupying nearly entire length of genal field, visual surface
not fully preserved on any recovered specimens; eye socle
expressed as narrow strip around base of eye on smaller speci-
mens, but reduced on larger specimens, set off from visual sur-
face of eye by narrow shallow furrow; eye socle furrow clearly
incised, narrower and deeper than border furrow; anterior facial
suture with section bounding field gently outwardly bowed and
distal section straight, section bounding field longer than section
along anterior projection, sections meet at ∼106° angle before
portion opposite distal section of anterior projection curves
back (Fig. 2.19); posterior facial suture shorter than anterior
suture, with section opposite field moderately outwardly
bowed (Fig. 2.18) and much longer than that opposite posterior
border, two sections of suture meet at ∼114° angle (Fig. 2.19);
anterior projection short (exsag; Fig. 2.19); doublure present
beneath border and anterior projections, anterior portion more
rounded and strongly curved upward toward inner surface of
librigena, posterior portion more flattened, not reaching ventral
expression of lateral border furrow, smooth.

Pygidial measurements were taken from specimens on
Figures 2, 3, and, when necessary, from one side of pygidium
to the mid-line, or an inferred mid-line, and then doubled to
acquire a complete measurement across the entire sclerite. Pygid-
ium subtrapezoidal (best observed in ventral view), overall wider
(tr.) than long (sag., excluding posterior spine), with posterolateral
corners rounded and bowed outward; in lateral profile pygidium
dorsoventrally tall with portion from border to lateral margin of
pleurae and post-axial spine forming “wall” on which main por-
tion of pygidium is situated; lateral profile of pleural tips and
anterior portion of posterior spine bowed with posterior portion
of spine angled downward from horizontal plane; in dorsal
view the distal pleural tips to tip of posterior spine describe a gen-
tle “S” curve (Fig. 3.3); articulating half-ring apparently very
short (sag., exsag.) (see Figs. 2.30, 3.1, 3.19), but not completely
preserved on any one specimen, gently anteriorly bowed; axis
very broad (tr.), with maximum width across first axial segment
(tr.) 48.4% (45.3–51.4%) pygidial width (tr.) (measured on
Fig. 3.2, 3.3), composed of three clearly defined axial segments
and large terminal piece extended into posterior spine; first
three axial ring segments clearly expressed, with first two seg-
ments sub-rectangular in outline, third segment with posterior
margin posteriorly bowed, sometimes describing a “V” shape
(e.g., Fig. 3.3); length (sag.) of three axial segments nearly
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equal; length (sag.) of posterior spine about half total sagittal
length of axis (excluding articulating half-ring); first axial seg-
ment widest (tr.), third segment narrowest (tr.), with axis waisted
(tr.) at second ring furrow; terminal axial piece developed into
broad, moderately long blade-like posterior spine, extended
beyond posterior margin of pygidial border, spine tip bluntly
rounded; ring furrows incised, short (sag., exsag.), slightly longer
and shallower medially on some specimens (e.g., Fig. 3.3, 3.15);
axial furrow narrow (tr.), moderately shallow, deeper at intersec-
tions with axial ring furrows, gently outwardly bowed around dis-
tal margins of first two axial segments, slightly less so around
third segment; maximum width (tr.) of pleural region ∼60%
width (tr.) of axis; first three pleural furrows deeply incised,
with first furrow slightly longer (exsag.) than second and third,
first furrow widest (tr.) with second and third progressively nar-
rower (tr.); fourth furrow less clearly incised, much shorter (tr.),
visible adjacent to posterior spine (see Fig. 3.2); first pleural fur-
row with main portion directed obliquely and distal tip curved
around pleural tip, second pleural furrow with similar course to
first, but with proximal tip curved into axial furrow at their inter-
section; third and fourth furrows generally obliquely directed;
interpleural furrows not expressed; facet large, subtriangular,
with short thorn-like projection developed at anterolateral corner
(Fig. 3.7); anterior margin of first pleurae anterior bowed; pleurae
with distal tips developed into short, blunt, lateral projections (see
Fig. 3.7), together forming a linear ridge around pygidium; sculp-
ture of raised lines present along lateral margins of spine and tips
of pleurae and onto lateral margin of posterior spine; borders and
furrows strongly flexed downward from horizontal plane forming
a tall “wall” upon which main portion of pygidium sits; lateral
border furrow broad, lenticular in dorsal view (Fig. 3.3), furrow
narrowest anteriorly opposite first pleural band becoming progres-
sively broader posteriorly in lateral view (e.g., Fig. 3.7), furrow
deeper at intersection with first pleural furrow forming a depres-
sion, very faint, fine raised anastomosing lines present on anterior
portion of border furrow (Fig. 3.7); lateral border strongly inflated,
crescent shaped in dorsal view with anterior tip pinched (tr.), in
lateral and posterior views medial portion much broader with
adaxial margin describing a wave shape (Fig. 3.7) and abaxial
margin more evenly arcuate, directed ventrolaterally (see
Fig. 3.9); lateral border with sculpture of prominent raised lines,
lines finer and more densely spaced on anterior portion of border;
posterior border narrower (sag., exsag.) thanmedian part of lateral
border, largely obscured by posterior spine in dorsal view, medial
portion strongly bowed upward from horizontal plane in posterior
view (e.g., Fig. 3.9, 3.10, 3.13, 3.18) so that posterior border and
posterior spine appear to just meet medially, pinching out poster-
ior border (see Fig. 3.9), with sculpture of densely spaced fine
raised lines similar to that on anterior portion of lateral border;
doublure broad (tr., exsag.), less so sagittally, inner margin
describing broad “U” shape in ventral view, flexed upward toward
ventral surface of pygidium (Fig. 3.13), terraced sculpture cover-
ing entire doublure (Fig. 3.9, 3.16), with lines less densely spaced
on posterolateral portions; moderately large articulating socket
present at anterolateral corner of doublure (Fig. 3.16).

Materials.—In addition to the holotype, assigned specimens
SUI 134155, 134156, 146990–147007.

Ontogeny.—Glabella becomes increasingly pinched (tr.)
opposite anterior portion of interocular fixigena (e.g.,
Fig. 2.17). The anterior border is more anteriorly bowed
(dorsal view) and less strongly ventrally arched (anterior view)
on smaller specimens, and becomes gently posteriorly bowed
(dorsal view) and more strongly ventrally arched (anterior
view) in larger specimens. Short, moderately thin genal spine
present on smallest specimen (Fig. 2.23). Spine becomes
continually reduced throughout ontogeny, so that on the
largest specimens (Fig. 2.19) the spine reduced to a nubbin.
A poorly differentiated fourth segment can be observed on
smaller pygidia (Fig. 2.30). It is reduced throughout ontogeny
and expressed on larger specimens only as a barely visible
swollen area on the anterior portion of the terminal axial
piece. Posterior spine increases in length throughout ontogeny.
Orientation of posterior spine also changes throughout
ontogeny, from being angled upward just above horizontal
plane in smallest specimens (Fig. 2.27) and angled downward
from horizontal plane as spine is lengthened (sag.) in larger
specimens. There is a clear separation between the posterior
border medially and the posterior spine on smaller specimens,
but this separation decreases throughout ontogeny so that the
two just meet medially on larger specimens. Lateral border
furrow with anterior portion narrow (tr.) (in lateral view) and
becoming broader throughout ontogeny.

Remarks.—Although Kobayashi’s (1955) photographs of
uncoated and unwhitened specimens of many taxa can be
difficult to interpret, the morphology of Gonioteloides pygidia
is so striking that it can be discerned fairly easily from his
images. Together with Dean’s (1989, pl. 27, figs. 4, 5)
reillustration of the holotype, there is little doubt that they are
conspecific with pygidia recovered from the Bearriverops
alsacharovi Zone in the Ibex area. They share the expression
of three axial rings, with the third ring furrow posteriorly
bowed, and a broad-based, dorsoventrally flattened posterior
spine of the same length that “droops” ventrally in lateral
view. All other aspects of their morphology also match exactly.

Gonioteloides punctatusKobayashi, 1955, apparently has not
been commented upon since its proposal. It was based on a single
large pygidium, which Kobayashi claimed was distinct from those
he assigned to G. monoceros in various degrees of expression of
furrows and minor dimensions of various features. He also
(Kobayashi, 1955, p. 448) considered that it has a pitted, or punc-
tate, surface, “as well as internally.” His photos, however, reveal
no obvious differences between the unique holotype ofG. puncta-
tus and the specimens assigned to G. monoceros. The posterior
spine is the same relative length, and has the same posteroventral
“droop.” To the limited extent that there are any minor morpho-
logical differences, they may be due to the fact that the G. puncta-
tus specimen is much larger. The “pitted” sculpture is impossible
to assess from the published photographs, but no suchmorphology
is present in any of the material described herein. We regard G.
punctatus as a junior subjective synonym of G. monoceros.

Of the species described herein,G.monoceros is most simi-
lar to Gonioteloides n. sp. B, from the underlying Bearriverops
deltaensis Zone. This slightly older species is known only from
librigenae and pygidia (Fig. 9). The librigenae of Gonioteloides
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n. sp. B differ in having the short genal spine of smaller speci-
mens running posterolaterally instead of slightly posterior medi-
ally (cf., Fig. 9.1, 9.2 with Fig. 2.3). The field is also clearly
narrower. Pygidia are very similar, but those of Gonioteloides
n. sp. B have a slightly shorter posterior spine with a broader,
blunter, and more arcuate tip. In particular, the spine in Gonio-
teloides n. sp. B does not “droop” ventrally in lateral profile as it
does in all relevant specimens of G. monoceros.

Gonioteloides monoceros is next most similar to Goniote-
loides n. sp. A from Unnamed Zone One of Adrain et al.
(2014a). The outline and dimensions of the pygidium, excluding
the posterior spines, are very similar, although the pleural
regions in Gonioteloides n. sp. A are markedly narrower. The
pygidia are also similarly vaulted in posterior view, with the bor-
der describing an inverted “V” shape. Significant differences
include lack of obvious expression of the fourth pleural furrow
in Gonioteloides n. sp. A, longer (sag., exsag.) ring furrows
with the third transverse and not bowed posteriorly, and, in par-
ticular, a much longer posterior spine, with a large post-axial
keel running down its dorsal aspect. InG.monoceros, the lateral
margins of the spine are laterally bowed, and the spine comes to
a blunt posterior point. InGonioteloides n. sp. A, the lateral mar-
gins are initially subparallel in large specimens, then converge
strongly posteriorly to a sharp posterior point. A small pygidium
of Gonioteloides n. sp. A (Fig. 8.13) shows faint axial nodes.
Importantly, four seem to be present, including one on what
seems to be the base of the spine, indicating that a fourth seg-
ment is present, despite the fourth pleural furrow not appearing
to be expressed. Librigenae of the species are very similar, and in
both, the genal spine is reduced to a blunt nubbin in the largest
specimens. The main differences are that the lateral border is
anteriorly broader in G. monoceros, the eye is much larger,
and the field is considerably narrower. The cranidium of Gonio-
teloides n. sp. A is known only from a fragmentary and relatively
small specimen (Fig. 7.1, 7.4, 7.8). It shows a similar degree of
vaulting as those of G. monoceros, along with similar distinct
waisting behind the anterior edge of the palpebral lobe. Its pal-
pebral lobe is wider and shorter, matching the smaller eye. The
specimen is otherwise too incomplete for detailed comparison.

The remaining member of the highly vaulted group, G.
moffitti n. sp., is the least similar toG.monoceros (not surprising
because it is the oldest known species, whereas G. monoceros is
one of the two youngest). The anterior border of G. monoceros
looks relatively short (sag., exsag.) in dorsal view, whereas that
of G. moffitti n. sp. is clearly relatively longer at any position.
Conversely, the border is taller in anterior view in G.monoceros
than in G. moffitti n. sp., while its transverse arc is more muted.
The preglabellar field is present medially in all specimens of G.
moffitti n. sp., but absent in G. monoceros. The frontal areas are
larger in G.moffitti n. sp., the anterior edge of the palpebral lobe
is farther away from the glabella, and the palpebral lobe is much
shorter (exsag.). The posterior end of the palpebral lobe is set
much farther from the glabella in G. moffitti n. sp., and the pos-
terior projection is much larger, with a subtriangular expanse of
fixigena, and wider. The glabella is of similar shape, but it is
much more subtly waisted behind the anterior edge of the palpe-
bral lobe. Librigenae are quite similar, but those of G. moffitti
n. sp. have smaller eyes, broader fields, narrower lateral borders,
and large specimens retain a fairly long genal spine. Pygidia of

the species are strikingly different. In contrast with the broad
and spatulate spine of G. monoceros, that of G. moffitti n. sp.
is posteriorly narrow and nearly cylindrical. In lateral view, it
bends dorsally instead of “drooping” ventrally. Only the first
two ring furrows are well expressed in most specimens of
G. moffitti n. sp., although a third is sometimes discernible
(e.g., Fig. 6.5). The axis is narrower, and does not expand lat-
erally at the base of the spine. The pleural tips in G. moffitti
n. sp. form a much more subdued ridge, and the doublure is
narrower in ventral view.

Gonioteloides moffitti new species
Figures 4–6

2014a Gonioteloides sp. nov. 1; Adrain et al., p. 176, fig. 8C, G.

Holotype.—Cranidium, SUI 134078 (Fig. 4.3, 4.7, 4.11, 4.15,
4.16) from Section MME 49.8 m, Fillmore Formation (upper
Tremadocian; Stairsian; Rossaspis leboni Zone), Middle
Mountain, Ibex area, Millard County, western Utah.

Diagnosis.—Anterior border inflated and long (sag., exsag.) in
dorsal view and strongly transversely arched in anterior view;
preglabellar field present medially; frontal areas large,
interocular fixigena broad, and posterior projections broad
with subtriangular posterior fixigena; glabella with muted but
discernible waisting behind anterior edge of palpebral lobe;
palpebral lobe short; librigenae with the longest genal spines
of any species, retained as fairly long spine in large
specimens; eye small and field broad; lateral border narrow,
slightly broader posteriorly; pygidium with only first two axial
rings well defined, third ring furrow faint to obscure; pleural
tips forming only weak amalgamated ridge; interpleural
furrows better expressed than in any other species; posterior
spine broad at base, but narrowed to a nearly cylindrical form
posteriorly, posterior part turned dorsally in lateral view.

Occurrence.—Section MME 36.4 and 49.8 m, Fillmore
Formation (upper Tremadocian; Stairsian; Rossaspis leboni
Zone), Middle Mountain, Ibex area, Millard County, western
Utah.

Description.—Cranidium with strong dorsoventral inflation,
with sagittal length 88% (83.3–92.9%) width across δ, sagittal
length 81.8% (77.8–88.5%) width across γ; glabella “thumb”
shaped, with slight lateral (tr.) expansion opposite posterior
end of palpebral lobe and weak constriction (tr.) just behind
anterior end of palpebral lobe, with length (sag.) 108.7%
(102.2–114.2%) maximum width (tr.), with strong
independent dorsoventral inflation; lateral glabellar furrows
not expressed; preglabellar furrow deep narrow, gently arched
anteriorly, smoothly confluent with axial furrow, which is
similarly deep, but slightly broader (tr.); very thin strip of
preglabellar field present between anterior border furrow and
preglabellar furrow medially so that the two furrows are not
confluent; anterior border furrow describing broad shallow
“M” moderately deep and long (sag., exsag.) along entire
course, with distal tips shorter (exsag.), in anterior view
furrow strongly bowed upward; anterior border forming long
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Figure 4. Gonioteloides moffitti n. sp. from Section MME 49.8 m, Fillmore Formation (upper Tremadocian; Stairsian; Rossaspis leboni Zone), Middle Mountain,
Ibex area, Millard County, western Utah, USA. (1, 5, 9, 13) Cranidium, SUI 147008, dorsal, left lateral, anterior, and ventral views; (2, 6, 10) cranidium, SUI 147009,
dorsal, left lateral, and anterior views; (3, 7, 11, 15, 16) cranidium, holotype, SUI 134078, dorsal, left lateral, anterior, ventral, and oblique views; (4, 8, 12) cranidium,
SUI 147010, dorsal, right lateral, and anterior views; (14, 20, 21) cranidium, SUI 147011, dorsal, anterior, and right lateral views; (17, 23, 27) cranidium, SUI 147012,
dorsal, anterior, and left lateral views; (18, 19, 28) cranidium, SUI 147013, dorsal, left lateral, and anterior views; (22, 25, 26) cranidium, SUI 147014, dorsal, left
lateral, and anterior views; (24, 29, 30) right librigena, SUI 147015, internal, ventrolateral, and external views. Scale bars = 1 mm.
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(sag.) strongly inflated rolled rim, longest medially with length
(sag.) 16.9% (15.5–18.3%) glabellar length (sag.), pinched
(exsag.) out laterally with distal tip recurved posteriorly,
anterior margin with nearly transverse median sector and
outwardly bowed lateral sectors; border situated in front of
preglabellar field in lateral view; in anterior view, border
strongly arched upward medially, height more uniform across
border and with less dramatically tapered distal portions than
appearance in dorsal view; sculpture of faint, fine raised lines
present on border, lines follow curve of border; space outlined
by facial suture in lateral profile dorsoventrally tall trapezoidal
shaped, generally with anterior and posterior portions even,
but sometimes more sloped anteriorly (e.g., Fig. 4.5); frontal
area large, subtriangular in anterior view, strongly downturned
from horizontal plane; fixigena generally broad (tr.), with
anterior fixigena set off from interocular fixigena by very
shallow furrow, just barely visible on ventral surface as very
faint obliquely directed ridge (Fig. 4.13); interocular fixigena
broad, slightly wider (tr.) opposite δ, with width at this point
28.8% (23.8–31.6%) maximum glabellar width (tr.); posterior
fixigena large, subtriangular, long (exsag.); palpebral furrow
shallower than other cranidial furrows, medial sector widest

(tr.) with distal tips pinched (tr.), gently bowed outward;
palpebral lobe forming narrow crescent, short with length
61.6% (60.3–62.9%) glabellar length (sag.), maximum width
(tr.) 9.0% (7.6–10.4%) glabellar width (tr.), outer margin
unevenly arcuate so that portion anterior to δ is longer and
directed more obliquely than rear section; posterior projection
overall long (exsag.), in dorsal view extended short distance
beyond lateral extent of palpebral lobe and appearing narrow
(tr.) due to strong downward flexure (Fig. 4.11); posterior
border furrow moderately long (exsag.), distinct, distal section
appears angled forward due to strong downward flexure of
posterior projection, furrow terminated abruptly just before
reaching facial suture (Fig. 4.16); posterior border shortest
(exsag.) adjacent to axial furrow with length about half that of
LO, longer abaxially with distal portion curved forward; SO
deep, long (sag., exsag.), transverse, with distal sections
curved forward around posterolateral corners of glabella,
smoothly confluent with axial furrows; LO long (sag., exsag.)
with length (sag.) 21.1% (19.2–23.5%) glabellar length (sag.),
main medial portion subtransverse with distal tips behind
posterolateral corners of glabella curved forward; doublure
present beneath LO, long (sag., exsag.) across majority of

Figure 5. Gonioteloides moffitti n. sp. from SectionMME 36.4 m (where indicated) and 49.8 m (except where indicated), Fillmore Formation (upper Tremadocian;
Stairsian; Rossaspis leboni Zone), Middle Mountain, Ibex area, Millard County, western Utah, USA. (1, 4) Right librigena, SUI 147016, external and internal views;
(2) right librigena, SUI 147017, external view; (3) left librigena, SUI 147018, external view; (5, 6) right librigena, SUI 147019, ventrolateral and external views; (7)
right librigena, SUI 147020, external view); (8) left librigena, SUI 147021, external view; (9) left librigena, SUI 147022, external view; (10) left librigena, SUI
147023, external view; (11) right librigena, SUI 147024, external view; (12) left librigena, SUI 147025, external view; (13) right librigena, SUI 147026, external
view; (14) right librigena, SUI 147027, external view (MME 36.4 m). Scale bars = 2 mm (2, 3, 13) or 1 mm (all others).
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width, with only very distal tips pinched (exsag.), prominent
sculpture of transverse raised lines present; ventral margin of
posterior border with narrow articulating groove present along
proximal half of posterior margin, distal half forming very
narrow rolled rim terminating in micro-spike (Fig. 4.15).

Hypostome, rostral plate, and thoracic segments not
recovered.

Librigena with eye very small, occupying about half the
length of the field, with visual surface not preserved on any
recovered specimens; wide, prominent rim-like socle present,
sitting above field; socle separated from field by distinct broad
socle furrow that is deepest just below socle and becomes

progressively shallower towards field; field broad, tall with
strong dorsoventral inflation, apparently smooth (surface very
incompletely preserved on most specimens); anterior facial
suture very long, gently sinuous opposite field with portion
below eye very gently convex and becoming concave toward
border furrow, strong change in course at intersection with bor-
der furrow making a nearly 90° bend across border furrow, bend
describing rounded curve; portion of anterior facial suture along
anterior projection long, moderately concave; posterior facial
suture much shorter than anterior, with portion opposite field
slightly more strongly convex, forming nearly 90° concave
curve across posterior border furrow; lateral border furrow

Figure 6. Gonioteloides moffitti n. sp. from Section MME 36.4 m (where indicated) and 49.8 m (except where indicated), Fillmore Formation (upper Tremadocian;
Stairsian; Rossaspis leboni Zone), MiddleMountain, Ibex area, Millard County, western Utah, USA. (1, 6, 7, 12) Pygidium, SUI 134079, dorsal, ventral, right lateral,
and posterior views; (2, 13, 14, 18) pygidium, SUI 147028, dorsal, posterior, right lateral, and ventral views; (3, 15, 19) pygidium, SUI 147029, dorsal, posterior, and
right lateral views; (4, 8, 10) pygidium, SUI 147030, dorsal, left lateral, and posterior views; (5, 9, 11) pygidium, SUI 147031, dorsal, left lateral, and posterior views;
(16, 20, 21) pygidium, SUI 147032, left lateral, posterior, and dorsal views (MME 36.4 m); (17, 22, 23) pygidium, SUI 147033, dorsal, posterior, and right lateral
views; (24–26) pygidium, SUI 147034, dorsal, left lateral, and posterior views. Scale bars = 1 mm.

Journal of Paleontology 95(5):1022–10471034

https://doi.org/10.1017/jpa.2021.37 Published online by Cambridge University Press

https://doi.org/10.1017/jpa.2021.37


shallow, marking distinct change in slope between field and bor-
der; lateral border narrow (tr.) (compare with G. monoceros),
slightly wider posteriorly, external margin (along with posterior
projection) describing nearly evenly arcuate curve (compare
with G. monoceros), course of curve is disrupted at intersection
with genal spine, which is straight along both external and
internal margins and terminates in a point; anterior projection
relatively long (Figs. 4.30, 5.6), with length ∼80% that of anter-
ior facial suture across margin of field; genal spine long (even on
larger specimens), tapered evenly along length to a point form-
ing overall narrow spine; posterior border furrow shallow to
effaced; intersection of lateral and posterior border furrows,
where present, forming an obtuse angle, confluent with short
depression at base of genal spine and forming a “Y” shape at
their intersection (see Fig. 5.1); posterior border not well devel-
oped and not extending far beyond genal angle, terminating in
an abaxial point (Fig. 5.11); angle between genal spine and pos-
terior border slightly acute, with slight variation, smoothly
rounded; sculpture of fine raised lines present along anterior pro-
jection, lateral border, and genal spine, also present along lateral
face of posterior border; doublure present under lateral and pos-
terior borders and anterior projection (Figs. 4.24, 5.4), portion
beneath lateral border extending inward to inflection point
marked by lateral border furrow, portion below posterior border
not completely preserved on any recovered specimens, but pre-
sent, inner margin of doublure describing apparently evenly
arcuate curve, sculpture of fine raised lines present along outer
margin of doublure beneath lateral border, with lines continuing
onto doublure beneath genal angle, lines appear to be present
onto doublure beneath posterior border, but difficult to deter-
mine extent of this sculpture on best-preserved specimens.

Pygidium subtrapezoidal in outline (excluding posterior
spine), with maximum width (tr.) about twice length (sag.
excluding spine); posterior margin with medial portion deflected
anteriorly, but obscured by posterior spine in dorsal view; articu-
lating half ring short (sag.) with length (sag.) about half length
(sag.) of first axial segment (Fig. 6.5); articulating furrow deeply
incised; axis with three axial rings and prominent posterior
spine, gently tapered (tr.) posteriorly with width (tr.) of third
segment ∼82% width (tr.) of first segment; second and third
axial segments progressively slightly shorter (sag., exsag.)
than first segment; in lateral profile, first and second segments
with slightly stronger independent inflation than third segment;
first two ring furrows clearly expressed, with third less so to
nearly effaced (especially on larger specimens); morphology
of first two furrows (and third furrow when expressed) consists
of deeper section adjacent to axial furrow and shallower medial
section, this morphology is more pronounced on smaller speci-
mens where section adjacent to axial furrow is much deeper and
slit-like (e.g., Fig. 6.21); posterior spine long (sag.), extending
far beyond posterior margin of pygidium, with length of spine
present beyond posterior pygidial margin ∼80% of pygidial
length (sag., excluding articulating half-ring); posterior spine
broad at base with subtriangular cross-section (Fig. 6.22),
strongly tapered (tr.) posteriorly, becoming much narrower and
cylindrical at distal tip; proximal portion of posterior spine
held nearly parallel to horizontal plane and slight dorsal swelling
(best observed in lateral profile), distal portion strongly recurved
upward from horizontal plane in lateral view (e.g., Fig. 6.7,

6.14), very weak dorsal keel developed, expressed on some spe-
cimens as shallow depression present on proximal portion of
spine along lateral face with depression extending farther
along spine (nearly to distal tip) (e.g., Fig. 6.8), and with prom-
inent swollen area developed at base of spine along lower por-
tion of lateral face, almost ridge-like and continuing along
ventral edge of lateral face on some specimens (e.g., Fig. 6.8);
dorsal surfaces of posterior spine covered with closely spaced
raised lines, lines arranged in a linear to chevron pattern along
length of spine in dorsal view; on ventral surface, lines present
along lateral margins of proximal portion of spine, outlining a
median triangular depression (Fig. 6.18), with distal portion of
ventral surface of posterior spine smooth; anterior margin of
pygidium with small anteriorly directed bump at intersection
with axial furrow, larger and broader anterior bow at fulcrum,
portion distal to fulcrum sloped posterolaterally; anterolateral
corner of pygidium developed into prominent knob-like antero-
laterally directed process (Fig. 6.4, 6.21); pleural region with
maximum width (tr.) ∼58% width (tr.) of first axial segment;
pleural tips developed into very weak rim, with portion of pygid-
ium distal to pleural tips strongly downturned from horizontal
plane, forming tall sloping “wall;” upper portion of pygidium
bound by weak rim not overhanging “wall” sector; relatively
broad strip of “wall” present posteriorly, separating posterior
spine and posterior border, obscured in dorsal view by posterior
spine; pleural furrows well developed, with interpleural furrows
much less well developed, but visible on all specimens; first
pleural furrow deep and longest (exsag.) of three, slightly shorter
adjacent to axial furrow, nearly straight, directed posterolater-
ally; second pleural furrow shorter (exsag.) than first and not
as wide (tr.), with portion directly adjacent to axial furrow
deflected posteriorly, but overall directed posterolaterally paral-
lel to first pleural furrow; third pleural furrow much shorter
(exsag.) and narrower (tr.), very faint on some specimens; inter-
pleural furrows very shallow, with third difficult to discern on
some specimens; lateral and posterior borders narrow, inflated,
confluent with anterior band of first segment forming rim around
pygidial margin (e.g., Fig. 6.8); border gently bowed upward in
posterior view creating distinct peak medially (Fig. 6.26); border
with sculpture of fine, densely spaced, raised lines arranged
roughly parallel to pygidial margin; doublure present beneath
lateral and posterior borders, generally narrow, but broader
beneath lateral and posterolateral pygidial margins, much
shorter (sag.) medially with posterior margin deflected anteri-
orly (Fig. 6.6); portion of doublure beneath anterolateral portion
of lateral border pinched (tr.) with small deep pit present at
anterolateral tip.

Etymology.—After John Moffitt.

Materials.—In addition to the holotype, assigned specimens
SUI 134079, 147008–147034.

Ontogeny.—One small cranidium was recovered (Fig. 4.17,
4.23, 4.27). The anterior margin of anterior border is bowed
forward along its entire course on the smallest specimen; the
medial section becomes less bowed to nearly transverse
throughout ontogeny. In anterior view, the posterior margin of
the anterior border is nearly transverse and becomes much
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more strongly upwardly arched throughout ontogeny. The
palpebral furrow is very shallow on the smallest specimen,
becoming more deeply incised. SO and LO possess a medial
sector that is strongly posteriorly bowed, becoming more
transverse throughout ontogeny. With respect to the pygidium,
interpleural furrows are clearly visible on one smaller
specimen (Fig. 6.21), but shallower on larger specimens. The
posterior spine lengthens and dorsoventral inflation increases
throughout ontogeny.

Remarks.—Gonioteloides moffitti n. sp. is the oldest known
species. It is compared with the type species above. It is not
very similar to any other species, but the closest comparison
is clearly the next youngest, Gonioteloides n. sp. A from
the overlying Unnamed Zone One of Adrain et al. (2014a).
Cranidia are difficult to compare because that of
Gonioteloides n. sp. A is known from only a single
fragmentary specimen. Nevertheless, it clearly has a larger
palpebral lobe than that of G. moffitti n. sp. Librigenae are quite
similar, but those of Gonioteloides n. sp. A have larger eyes
and reduce the genal spine to a blunt nubbin in large
specimens. Pygidia are similar in that they have longer posterior
spines than any other species. In addition, they are the only
species with a dorsal keel on the spine, although it is much
better developed in Gonioteloides n. sp. A. The spines of both
species have similar curvature in lateral view, trending
posteroventrally immediately in front of the base, then arced
posterodorsally toward the tip.

Gonioteloides new species A
Figures 7, 8

2014a Gonioteloides sp. nov. A; Adrain et al., p. 176, fig. 9D.

Occurrence.—Section G 60.7 m, Fillmore Formation (upper
Tremadocian; Stairsian; Unnamed Zone 1 of Adrain et al,
2014a), southern Confusion Range, Ibex area, Millard County,
western Utah.

Materials.—Assigned specimens SUI 134109, 147035–
147046.

Remarks.—Gonioteloides n. sp. A is compared with other
members of the vaulted species group above. It is unique in the
length, robustness, and complex morphology of its pygidial
posterior spine. The spine features flattened lateral parts, atop
which is positioned an elongate keel that is wider anteriorly and
connects to the terminal piece. The tip of the spine rapidly
narrows and comes to a sharp posterior point. The spine is
covered with arcuate raised lines, both dorsally and ventrally.
The ventral aspect has an elongate concavity on the anterior
portion. Enough pygidia were recovered to give some idea of
ontogenetic change. Smaller pygidia (Fig. 8.13) have a much
shorter spine shaped like an elongate “V” in dorsal view. The
spine becomes progressively longer and more robust in larger
specimens. It is unfortunate that only a single partial cranidium
was recovered because the species is highly distinctive and
otherwise well enough known to formally name.

Gonioteloides new species B
Figure 9

2014a Gonioteloides sp. nov. B; Adrain et al., p. 179, fig. 11H.

Occurrence.—Section MME 84.0 m, Middle Mountain, and
Section AAA 79.5 m, northern House Range, both Fillmore
Formation (upper Tremadocian; Stairsian; Bearriverops
deltaensis Zone), Ibex area, Millard County, western Utah.

Materials.—Assigned specimens SUI 134147, 147047–
147051.

Remarks.—Of the species illustrated herein, Gonioteloides
n. sp. B is most similar to G. monoceros, with which it is
compared above. It is also quite similar to the pygidium from
the Manitou Formation of Colorado illustrated by Berg and
Ross (1959, p. 117, pl. 21, figs. 8, 9) as Gonioteloides sp. cf.
G. monoceros Kobayashi. In dorsal view, the main difference
is that the Colorado specimen has a slightly longer posterior
spine, somewhat intermediate in length between that of
Gonioteloides n. sp. B and G. monoceros. In lateral view, the
spine of the Colorado specimen has a slight ventral “droop,”
similar to G. monoceros. Pygidia of Gonioteloides n. sp. B are
different in this respect because in lateral view the spines are
nearly straight, with no marked “droop.”

Gonioteloides pankowskii new species
Figures 10–14, 15.6, 15.8, 15.9

1997 Proetide A; Lee and Chatterton, p. 434, fig. 2.12, 2.13
(only; illustrated protaspids of fig. 2.1–2.11, 2.14 are
of uncertain affinity).

2014a Gonioteloides sp. nov. 2; Adrain et al., p. 179, fig. 10C, F.

Holotype.—Pygidium, SUI 147076 (Fig. 12.1, 12.4, 12.7, 12.8,
12.11), from Section MME 75.5 m, Fillmore Formation (upper
Tremadocian; Stairsian; Bearriverops loganensis Zone),
Middle Mountain, Ibex area, Millard County, western Utah.

Diagnosis.—Cranidium only weakly inflated; eyes very large
and palpebral lobes very long, occupying as much as
four-fifths of glabellar length; cranidial posterior projections
strap-like, wide (tr.), and set almost directly transversely;
posterior border furrow not expressed on librigena in most
specimens; librigena with short, thorn-like genal spine
retained in specimens of all sizes; lateral border of similar
width all along course; pygidium with four segments, but no
terminal piece; “wall” low and pygidium not strongly dorsally
vaulted; posterior projection lobate, flat, and short (sag.),
extended only a short distance posteriorly from posterior
margin of border.

Occurrence.—Section MME 75.5 m and 75.0T m, Fillmore
Formation, Middle Mountain, Ibex area, Millard County,
western Utah, and Section HC5 106.7 m, east side of Hillyard
Canyon, Section HC6 88.3 and Section HC6 89.5, both west
side of Hillyard Canyon; Section FB7 102.1, Franklin Basin,
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all Garden City Formation, Bear River Range, Franklin County,
southeastern Idaho (all upper Tremadocian; Stairsian;
Bearriverops loganensis Zone).

Description.—Cranidial measurements were made on the
largest specimens of Figures 10 and 13. Cranidium with weak
dorsoventral inflation; sagittal length 78.1% (70.2–85.2%)
width across δ, sagittal length 112.5% (99.1–123.0%) width
across γ, sagittal length 100.3% (99.7–100.8%) width across
ϵ; glabella elongate, with general subtriangular outline,
anterior margin strongly rounded, lateral margins with slight
expansion (tr.) at point opposite δ and slight constriction (tr.)
just behind point opposite anterior tip of palpebral lobe,
overall more strongly tapered (tr.) forward than G. monoceros
or G. moffitti n. sp., length (sag.) 114.2% (107.2–126.3%)
width (tr.) across posterolateral corners, with width (tr.) across
posterolateral corners 156.4% (143.5–169.9%) that at
anterolateral corner of glabella; glabella smooth, with lateral
furrows effaced; preglabellar furrow short (sag., exsag.),
moderately deep, bowed anteriorly, smoothly confluent with
axial furrows; preglabellar field largely pinched out medially
(especially on larger specimens), with very thin strip present
medially on some (generally smaller) specimens; anterior
border furrow and preglabellar furrow mostly separated or just
barely merged medially on some specimens; anterior border
very short (sag., exsag.), length (sag.) 12.6% (11.4–13.9%)
that of glabella, with anterior margin subtransverse to very
gently convex, posterior margin generally following similar
outline, but with gentle posterior bow medially, longest
sagittally with lateral portions progressively shorter (exsag.) so

that distal tips appear pinched out at intersection with facial
suture; in anterior view, dorsal margin of border gently bowed
upward (compare with G. monoceros), ventral margin less
strongly bowed; border weakly inflated, shelf-like extending in
front of cranidium; fixigena overall very broad (tr.); anterior
fixigena large (tr., exsag.), flattened, gently downturned from
horizontal plane; interocular fixigena very broad (tr.), with
width at δ 43.5% (39.8–48.5%) glabellar width (tr. at
posterolateral corners), abaxial margin strongly bowed
outward following curve of palpebral lobe, anterior margin
demarcated by shallow transverse furrow, visible ventrally as
raised ridge (Fig. 10.3); posterior fixigena forming short
(exsag.), wide (tr.), slightly sinuous strip, held subparallel to
transverse axis, extended laterally well beyond palpebral lobe;
palpebral furrow moderately incised along majority of course,
much shallower at anterior and posterior tips, following curve
of palpebral lobe; palpebral lobe very long with length 76.2%
(73.2–79.6%) of glabella (sag.), width (tr.) at δ 24.4% (19.2–
27.3%) that of interocular fixigena at same point, strongly
bowed outward, extended posteriorly, posterior tip strongly
pinched and directed obliquely (e.g., Fig. 13.4); axial furrows
deeply incised, with slightly deeper and broader (tr.) sections
opposite δ; in lateral profile facial suture outlines
dorsoventrally short subrectangular shape; posterior
projections strap-like, wide (tr.), extended well beyond lateral
extent of palpebral lobe, with distal termination rounded and
composed entirely of posterior border, oriented subparallel to
transverse axis; posterior border furrow long (exsag.), shallow
adjacent to axial furrow and at distal tip, deeper section
medially behind posterior margin of palpebral lobe, distal tip

Figure 7. Gonioteloides n. sp. A from Section MME 60.7 m, Fillmore Formation (upper Tremadocian; Stairsian; Unnamed Zone 1), Middle Mountain, Ibex area,
Millard County, western Utah, USA. (1, 4, 8) Cranidium, SUI 147035, left lateral, dorsal, and anterior views; (2, 3, 5) right librigena, SUI 147036, external, internal,
and ventrolateral views; (6) left librigena, SUI 147037, external view; (7) left librigena, SUI 147038, external view; (9) right librigena, SUI 147039, external view;
(10, 11) left librigena, SUI 147040, external and internal views. Scale bars = 1 mm.
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curved forward; posterior border shortest (exsag.) adjacent to
LO, with length here 11.2% (9.5–13.4%) that of LO,
lengthening abaxially; SO shallow, medial portion slightly
deeper on most specimens, confluent with axial furrows; LO
large, with length (sag.) 22.1% (19.3–24.5%) that of glabella
(sag.), anterior and posterior margins very gently bowed
posteriorly, lateral margins angled so that LO has
subtrapezoidal outline and distance (tr.) across posterior margin
is slightly greater than that across anterior margin; short (sag.,
exsag.) lenticular shaped doublure present beneath LO, with

anterior margin extending only about to midline (tr.) of LO,
doublure very gently concave with weak rim developed
along posterior margin; very thin strip of doublure present
ventrally along posterior margin of posterior projection, strip
becomes slightly longer (exsag.) abaxially terminating in a
short anteriorly directed subtriangular projection (e.g.,
Fig. 10.3); dorsal surface of cranidium generally lacking
sculpture, except for series of fine raised lines present on
anterior border, in anterior view, lines mirror upward bow of
border.

Figure 8. Gonioteloides n. sp. A from Section MME 60.7 m, Fillmore Formation (upper Tremadocian; Stairsian; Unnamed Zone 1), Middle Mountain, Ibex area,
Millard County, western Utah, USA. (1, 7, 11, 14) pygidium, SUI 134109, dorsal, ventral (toothpick is holding broken parts of specimen together and could not be
masked out), posterior, and left lateral views; (2, 3, 8) pygidium, SUI 147041, dorsal, posterior, and right lateral views; (4, 5, 9) pygidium, SUI 147042, dorsal,
posterior, and right lateral views; (6, 10, 12) pygidium, SUI 147043, dorsal, posterior, and left lateral views; (13, 16, 17, 21, 22) pygidium, SUI 147044, dorsal,
posterior, left lateral, anterior, and ventral views; (15) pygidium, SUI 147045, dorsal view; (18–20) pygidium, SUI 147046, posterior, dorsal, and right lateral
views. Scale bars = 1 mm.
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Librigena overall longer and narrower (compared with G.
monoceros or G. moffitti n. sp.), relatively flattened with low
dorsoventral inflation; lateral margin of librigena (excluding
genal spine) describing gentle nearly even curve; eye very
long occupying about three-fourths of length of field; visual sur-
face preserved on several specimens, long and broad, crescent
shaped in outline with both ends slightly tapered and forming
rounded terminations (Fig. 13.13), sitting just above socle;
clearly defined, narrow eye socle present beneath visual surface
of eye, with very little to almost no inflation; socle separated
from eye by very narrow deep furrow, furrow terminated
abruptly before reaching anterior facial suture on some speci-
mens (Fig. 13.25); similarly narrow and deep socle furrow pre-
sent separating socle from genal field; field broad, smooth,
slightly broader posteriorly than anteriorly, weak dorsoventral
inflation (e.g., Fig. 11.13); anterior facial suture with section
adjacent to field straight, strongly bent at border furrow forming
an obtuse angle with sector opposite anterior projection, bend
forming a tight, but smooth curve, portion of suture along anter-
ior projection concave and longer than that opposite field; pos-
terior facial suture convex opposite field, very short concave
section crossing rear border; length of posterior facial suture
opposite field longer than that of anterior facial suture across
field; anterior projection very long, strongly curved anterome-
dially, with doublural sector visible in external view; lateral bor-
der narrow along entire course, appearing flattened with weak
dorsoventral inflation; genal spine present on all specimens as
short, slender, thorn-like with base narrow and tapered

posteriorly ending in sharp point, directed obliquely; posterior
border just barely present, with very small section developed
adaxially past genal spine; posterior border furrow not
expressed; sculpture of fine raised lines present along anterior
projection and majority of lateral border, except for smooth
area along inner margin of border toward genal angle, lines con-
tinue along lateral margin of lateral border onto lateral face of
genal spine, lines closely spaced, subparallel to anastomosing;
lines continue ventrally onto outer portion of doublure and
along ventral portion of anterior projection, inner margin of
doublure beneath lateral border smooth (Fig. 13.27); very
faint, fine lines present on lateral face of genal spine (e.g.,
Fig. 13.17); doublure present beneath lateral border and anterior
projection, strongly rolled upward toward ventral surface of bor-
der, extending most of way across ventral expression of border,
but ending before reaching lateral border furrow; very small sec-
tion of doublure present beneath posterior border and adjacent to
base of genal spine, with prominent notch present along inner
margin (Figs. 11.10, 11.12, 13.26, 13.27).

Hypostome and rostral plate not recovered.
Thorax known from a section of several articulated thoracic

segments and a few additional segments semi-articulated with a
pygidium (see Fig. 14). Thorax generally with very weak dorso-
ventral inflation (Fig. 14.7, 14.8), axis broad (tr.), wider than
pleurae, fulcrum set close to axis, dorsal surface smooth; articu-
lating half ring long (sag.), with length nearly two thirds that of
axial ring, anterior margin bowed forward, posterior margin
transverse; articulating furrow relatively shallow, but clearly

Figure 9. Gonioteloides n. sp. B, from Section AAA 79.5 m, northern House Range, and Section MME 84.0 m, MiddleMountain, both Fillmore Formation (upper
Tremadocian; Stairsian; Bearriverops deltaensis Zone), Ibex area, Millard County, western Utah, USA. (1) Right librigena, SUI 147047, external view (AAA 79.5
m); (2) left librigena, SUI 147048, external view (MME 84.0 m); (3, 4) left librigena, SUI 147049, external and internal views (AAA 79.5 m); (5, 11, 13, 14) pygid-
ium, SUI 147050, dorsal, ventral, posterior, and right lateral views (AAA 79.5 m); (6–8) pygidium, SUI 147051, dorsal, posterior, and left lateral views (AAA 79.5
m); (9, 10, 12) pygidium, SUI 134147, posterior, right lateral, and dorsal views (MME 84.0 m). Scale bars = 1 mm.
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Figure 10. Gonioteloides pankowskii n. sp. from Section MME 75.5 m (except where indicated) and 76.0 m (where indicated), Fillmore Formation (upper Trema-
docian; Stairsian; Bearriverops loganensis Zone), Middle Mountain, Ibex area, Millard County, western Utah, USA. (1, 5, 8) Cranidium, SUI 147052, dorsal, left
lateral, and anterior views; (2, 3, 6, 9) cranidium, SUI 147053, dorsal, ventral, right lateral, and anterior views; (4, 7, 11) cranidium, SUI 147054, dorsal, left lateral,
and anterior views; (10, 14, 17) cranidium, SUI 147055, dorsal, anterior, and left lateral views; (12, 13, 15, 16, 20) cranidium, SUI 134114, dorsal, ventral, right
lateral, anterior, and oblique views; (18, 22, 27) cranidium, SUI 147056, dorsal, left lateral, and anterior views (MME 76.0T m); (19, 23, 28) cranidium, SUI
147057, dorsal, left lateral, and anterior views; (21, 26, 30) cranidium, SUI 147058, dorsal, left lateral, and anterior views; (24, 25, 29) cranidium, SUI 147059, dorsal,
right lateral, and anterior views. Scale bars = 1 mm.
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Figure 11. Gonioteloides pankowskii n. sp. from Section MME 75.5 m (except where indicated) and 76.0 m (where indicated), Fillmore Formation (upper Trema-
docian; Stairsian; Bearriverops loganensis Zone), Middle Mountain, Ibex area, Millard County, western Utah, USA. (1, 4) Right librigena, SUI 147060, external and
ventrolateral views; (2, 5) left librigena, SUI 147061, external and ventrolateral views; (3) right librigena, SUI 147062, external view; (6, 10) right librigena, SUI
147063, external and internal view; (7) right librigena, SUI 147064, external view; (8, 12) right librigena, SUI 147065, external and internal views; (9) right librigena,
SUI 147066, external view; (11) left librigena, SUI 147067, external view; (13, 14) right librigena, SUI 147068, ventrolateral and external views; (15) left librigena,
SUI 147069, external view; (16) right librigena, SUI 147070, external view (MME76.0Tm); (17) right librigena, SUI 147071, external view; (18) right librigena, SUI
147072, external view; (19, 20, 23, 24, 27) pygidium, SUI 147073, dorsal, right lateral, posterior, ventral, and anterior views; (21, 26, 29) pygidium, SUI 147074,
dorsal, right lateral, and posterior views; (22) left librigena, SUI 147075, external view; (25, 28, 30) pygidium, SUI 134115, left lateral, dorsal, and posterior views.
Scale bars = 1 mm.
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Figure 12. Gonioteloides pankowskii n. sp. from SectionMME75.5 m, Fillmore Formation (upper Tremadocian; Stairsian;Bearriverops loganensis Zone),Middle
Mountain, Ibex area, Millard County, western Utah, USA. (1, 4, 7, 8, 11) Pygidium, holotype, SUI 147076, dorsal, posterior, anterior, left lateral, and ventral views;
(2, 5, 9) pygidium, SUI 147077, dorsal, posterior, and left lateral views; (3, 6, 10) pygidium, SUI 147078, dorsal, right lateral, and posterior views; (12, 15, 24)
pygidium, SUI 147079, right lateral, dorsal, and posterior views; (13, 14, 17) pygidium, SUI 147080, dorsal, right lateral, and posterior views; (16, 19, 21) pygidium,
SUI 147081, posterior, right lateral, and dorsal views; (18, 22, 23) pygidium, SUI 147082, posterior, dorsal, and right lateral views; (20, 25, 26) pygidium, SUI
147083, posterior, right lateral, and dorsal views. Scale bars = 1 mm.

Journal of Paleontology 95(5):1022–10471042

https://doi.org/10.1017/jpa.2021.37 Published online by Cambridge University Press

https://doi.org/10.1017/jpa.2021.37


Figure 13. Gonioteloides pankowskii n. sp. from Section HC5 106.7 m (east side of Hillyard Canyon), Section HC6 88.3 and 89.5 m (west side of Hillyard Can-
yon), and Section FB7 102.1 m (Franklin Basin), all Garden City Formation (upper Tremadocian; Stairsian;Bearriverops loganensisZone), Bear River Range, Frank-
lin County, southeastern Idaho, USA. (1, 5, 11) Cranidium, SUI 147084, dorsal, anterior, and left lateral views (HC6 88.3 m); (2, 6, 9) cranidium, SUI 147085, dorsal,
right lateral, and anterior views (HC5 106.7 m); (3, 7, 10) cranidium, SUI 147086, dorsal, right lateral, and anterior views (HC5 106.7 m); (4, 8) cranidium, SUI
147087, dorsal and right lateral views (HC5 106.7 m); (12, 14, 18) cranidium, SUI 147088, anterior, dorsal, and left lateral views (HC5 106.7 m); (13, 16, 17)
right librigena, SUI 147089, external, internal, and ventrolateral views (HC5 106.7 m); (15, 19, 20) cranidium, SUI 147090, dorsal, right lateral, and anterior
views (HC 6 89.5 m); (21, 24, 27) left librigena, SUI 147091, ventrolateral, external, and internal views (FB7 102.1 m); (22) left librigena, SUI 147092, external
view (HC5 106.7 m); (23) right librigena, SUI 147093, external view (FB7 102.1 m); (25, 26) left librigena, SUI 147094, external and internal views (HC5
106.7 m). Scale bars = 1 mm.
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Figure 14. Gonioteloides pankowskii n. sp. from Section HC5 106.7 m (except where indicated; east side of Hillyard Canyon), and Section FB7 102.1 m (where
indicated; Franklin Basin), both Garden City Formation (upper Tremadocian; Stairsian; Bearriverops loganensis Zone), Bear River Range, Franklin County, south-
eastern Idaho, USA. (1, 5, 7, 8) Thoracic segments, SUI 147095, dorsal, ventral, right lateral, and anterior views; (2, 9, 11–13) pygidium and thoracic segments, SUI
147096, dorsal pygidial, posterior, ventral pygidial, dorsal thoracic, and left lateral views; (3, 4, 6, 10) pygidium, SUI 147097, ventral, right lateral, posterior, and
dorsal views; (14, 16, 17) pygidium, SUI 147098, posterior, left lateral, and dorsal views; (15, 18, 23) pygidium, SUI 147099, right lateral, dorsal, and posterior views;
(19, 20, 24) pygidium, SUI 147100, dorsal, left lateral, and posterior views; (21, 22, 25) pygidium, SUI 147101, right lateral, dorsal, and posterior views (FB7 102.1
m). Scale bars = 1 mm.
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incised along entire course, transverse; axial segment broad (tr.),
generally subrectangular in outline, with the posterior margin of
some segments slightly bowed forward medially so that articu-
lating half ring of subsequent segment is exposed; axial furrow
relatively shallow, but clearly expressed; pleurae with anterior
and posterior bands expressed, adjacent to axial furrow anterior
band is shorter (exsag.) and nearly pinched out compared to pos-
terior band, anterior band quickly lengthened to achieve more
typical length (exsag.) for remainder of lateral extent; portion
of pleurae between axis and fulcrum held subparallel to trans-
verse axis, portion distal to fulcrum directed posterolaterally
(degree appears to depend on position in thorax); pleural furrows
clearly developed, confluent with axial furrow, medial section
slightly longer (exsag.) (see Fig. 14.12), furrow much shallower
distally; micro-articulating spike present on anterolateral corner
of anterior pleural band (Fig. 14.13); distal termination of pos-
terior pleural band developed into short spine-like projection
(Fig. 14.12), directed posteriorly and flexed downward from
horizontal plane; doublure present beneath distal tip of pleura
and spine with sculpture of very faint, fine raised lines present;
small articulating socket appears present along anterior face of
doublure at termination of anterior pleural band (see tip of par-
tially disassociated segment on Fig. 14.11).

Pygidium with main pleural region and axis forming sub-
triangular upper sector of pygidium situated upon very short
dorsoventrally oriented “wall,” with pygidial border describing
semi-elliptical outline below (see ventral views); upper subtrian-
gular sector with length (excluding articulating half ring) 55.6%
(51.1–60.2%) width (tr.); pygidium with low dorsoventral infla-
tion, height primarily due to short “wall” developed between
pygidial border and upper rim formed by pleural tips and poster-
ior projection; portion of lower pygidial border opposite pleurae
extended a short distance laterally past upper rim so that a small
sliver is visible in dorsal view, rear portion of border obscured by

posterior projection in dorsal view; articulating half-ring short,
with length (sag.) 46.7% (42.0–51.0%) length of first axial
ring (sag.), anterior margin gently arched, posterior margin
nearly transverse; axis composed of four segments, widest (tr.)
across first segment, gently tapered posteriorly and slightly
pinched (tr.) at third ring furrow (more obvious on some speci-
mens than others), width across first axial segment 129.8%
(120.6–138.2%) width across third ring furrow; axis with low
independent dorsal inflation; first axial segment longest of the
four, with length (sag., exsag.) similar across segment; second
and third axial segments progressively shorter and with sagittal
length slightly longer than exsagittal length; fourth segment
expressed, even on larger specimens, but with posterior margin
not always clearly defined; posterior projection extends short
distance beyond posterior pygidial border, small and broad,
bluntly rounded, in lateral profile projection apparently held sub-
parallel to horizontal plane or slightly flexed downward from
horizontal plane (difficult to ascertain on many specimens due
to slight deformation); ring furrows 1–3 clearly incised, slightly
deeper abaxially just before reaching axial furrow (more pro-
nounced on smaller specimens; e.g., Fig. 14.22); axial furrow
slightly bowed outward around lateral margins of first three
rings, significantly shallower to nearly effaced opposite fourth
ring; anterior margin of pleural region sloped gently posterolat-
erally, with fulcrum set close to axis; distinct, short, thorn-like
spike developed at anterolateral corner of pygidium (e.g.,
Fig. 14.15); pleural region composed of four segments, with
first segment widest (tr.), subsequent segments progressively
narrower; pleural tips and posterior projection forming distinct-
ive linear rim around upper margin of pygidium, course of rim
with slight inflection at intersection of pleurae and posterior pro-
jection, with distal tip of anterior band of first segment extended
farther laterally, set off from main portion of this rim and form-
ing a distinct knob (see lateral profile, e.g., Fig. 14.16); distal tip

Figure 15. (1–5, 7) Gonioteloides n. sp. C from Section G 26.6 m, 27.0 m, and 27.5T m, Fillmore Formation (upper Tremadocian; Stairsian; Bearriverops alsa-
charovi Zone), southern Confusion Range, Ibex area, Millard County, western Utah, USA. (1, 5, 7) Cranidium, SUI 147102, dorsal, left lateral, and anterior views (G
27.5T m); (2, 4) right librigena, SUI 147103, external and internal views (G 27.0 m); (3) left librigena, SUI 147104, external view (G 26.6 m). (6, 8, 9)Gonioteloides
pankowskii n. sp. from Section MME 84.0 m, Middle Mountain, Fillmore Formation (upper Tremadocian; Stairsian; Bearriverops deltaensis Zone), Ibex area, Mill-
ard County, western Utah, USA; pygidium, SUI 148369, right lateral, dorsal, and posterior views. Scale bars = 1 mm.
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of anterior band of first segment also confluent with lower bor-
der of pygidium, outlining the anterior margin of the short ver-
tical wall between the upper linear rim and the lower pygidial
border; first pleural furrow deepest and longest (exsag.), with
subsequent furrows progressively shallower and fourth furrow
nearly effaced on some specimens; interpleural furrows effaced;
very short “wall” developed between upper portion of pygidium
and lower pygidial border, there appears to be a short (dorsoven-
tral) indentation between the base of the posterior projection and
the posterior border (e.g., Fig. 12.8, 12.9, 12.20); lateral and pos-
terior borders forming an inflated rolled rim around margin, bor-
der narrower posteriorly beneath posterior projection, in
posterior view border gently flexed upward along sagittal axis
forming a small peak medially (Fig. 14.25); doublure beneath
whole of border, folded upward toward ventral surface (e.g.,
Fig. 12.7); small pit present at anterolateral corner of doublure
(Fig. 12.11); lateral and posterior borders with fine raised lines
running roughly parallel to pygidial margin, sculpture continues
ventrally onto surface of doublure (Fig. 12.7, 12.11); sculpture
of raised lines also present on ventral surface of posterior projec-
tion along outer surface, with medial portion of ventral surface
smooth (Fig. 14.3), lines are more closely spaced along outer
margin of projections with spacing between lines increasing
moving away from margin toward middle of projection.

Etymology.—After Mark Pankowski.

Materials.—In addition to the holotype, SUI 134114, 134115,
147052–147075, 147077–147101, 148369.

Ontogeny.—Dorso-ventral inflation of the cranidium increases
somewhat throughout ontogeny, with the anterior fixigena
becoming more strongly downturned from horizontal plane.
The glabella is proportionally longer (sag.) and narrower (tr.)
on smaller specimens, with larger specimens possessing a
glabella that is broader (tr.) relative to length (sag.). A thin
strip of preglabellar field is present on smaller specimens. It is
reduced throughout ontogeny so that on most larger specimens
the preglabellar field is pinched out medially and the anterior
border and preglabellar furrows are in contact for a wider (tr.)
stretch. The posterior margin of the anterior border is more
uniformly anteriorly bowed on smaller specimens, with the
slight posterior bow of the median sector developing later and
present on larger specimens. The ventral margin of the
anterior border in anterior view is transverse to outwardly
convex, giving the anterior border a lenticular shape in some
specimens (e.g., Fig. 10.28, 10.29). It becomes more strongly
upwardly arched throughout ontogeny. The furrow separating
preocular and interocular fixigena is absent on smaller
specimens, but becomes more pronounced on larger
specimens. The smallest pygidia recovered show the axis
lengthening throughout ontogeny, with the posterior
projection also becoming longer and extending farther beyond
the pygidial border. On the smallest specimens, the posterior
projection forms a small nubbin in lateral profile extending
just beyond the pygidial border. The first three axial ring
furrows on smaller pygidia display clearly deeper abaxial
sections adjacent to the axial furrow on smaller specimens
(e.g., Fig. 14.22). This difference in depth of the furrow

becomes less prominent on larger specimens so that it is not
dramatically deeper than rest of ring furrow. The posterior
margin of the fourth axial ring is clearly defined on the
smallest specimens, but becomes progressively effaced
throughout ontogeny so that it can be discerned on larger
specimens more by a difference in inflation.

Remarks.—Differences between the non-vaulted species group
comprising G. pankowskii n. sp. and Gonioteloides n. sp. C
were discussed under remarks on the genus. Gonioteloides
n. sp. C is known only from a single pygidium and two
librigenae. The cranidium of G. pankowskii n. sp. is almost
indistinguishable from that of Gonioteloides n. sp. C. The
palpebral lobes of G. pankowskii n. sp. are slightly longer, and
the axial furrows are deeper and cut across the posterior border
with only slight deflection, whereas in the single specimen of
Gonioteloides n. sp. C, the furrow is deflected laterally in front
of the border, then turned posteriorly as a shallow furrow across
the border. How meaningful these differences are can only be
assessed with a larger sample size of Gonioteloides
n. sp. C. Librigenae, on the other hand, are obviously distinct,
as seen in similarly sized specimens of Gonioteloides
pankowskii n. sp., which have much broader fields than those of
Gonioteloides n. sp. C, particularly anteriorly.

It is relatively rare for species to be shared between the
Stairsian trilobite zones established by Adrain et al. (2014a).
Almost all material ofG. pankowskii n. sp. is from the Bearriver-
ops loganensis Zone. A single pygidium from the overlying
B. deltaensis Zone (Fig. 15.6, 15.8, 15.9) seems indistin-
guishable from those sampled from the B. loganensis Zone,
and the species appears to have ranged up. There is precedent
for this—Adrain and Karim (2019) found that the cheirurid
species Tesselacauda depressaRoss, 1951, also ranged between
the zones.

Gonioteloides new species C
Figure 15.1–15.5, 15.7

Occurrence.—Section G 26.6 m and G 27.5T m, Fillmore
Formation (upper Tremadocian; Stairsian; Bearriverops
alsacharovi Zone), southern Confusion Range, Ibex area,
Millard County, western Utah.

Materials.—Assigned specimens SUI 147102–147104.

Remarks.—Gonioteloides n. sp. C is compared with G.
pankowskii n. sp. above. The species occurs together with G.
monoceros, but its rare sclerites are impossible to confuse with
those of that much more vaulted species. Similarly sized
librigenae of Gonioteloides n. sp. C have narrower lateral
borders, with only very fine, versus prominent raised line,
sculpture, much narrower fields, and retain a thorn-like spine
versus losing it in larger specimens (compare the similarly
sized species of Fig. 2.12 and Fig. 15.2).
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