- ®
A BioOne DIGITAL LIBRARY

Integrated Upper Triassic Conodont and Radiolarian
Biostratigraphies of the Panthalassa Ocean

Authors: Yamashita, Daisuke, Kato, Hikaru, Onoue, Tetsuiji, and
Suzuki, Noritoshi

Source: Paleontological Research, 22(2) : 167-197

Published By: The Palaeontological Society of Japan

URL: https://doi.org/10.2517/2017PR020

The BioOne Digital Library (https://bioone.org/) provides worldwide distribution for more than 580 journals
and eBooks from BioOne’s community of over 150 nonprofit societies, research institutions, and university
presses in the biological, ecological, and environmental sciences. The BioOne Digital Library encompasses
the flagship aggregation BioOne Complete (https://bioone.org/subscribe), the BioOne Complete Archive
(https://bioone.org/archive), and the BioOne eBooks program offerings ESA eBook Collection
(https://bioone.org/esa-ebooks) and CSIRO Publishing BioSelect Collection (https://bioone.org/csiro-
ebooks).

Your use of this PDF, the BioOne Digital Library, and all posted and associated content indicates your
acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Digital Library content is strictly limited to personal, educational, and non-commmercial
use. Commercial inquiries or rights and permissions requests should be directed to the individual publisher
as copyright holder.

BioOne is an innovative nonprofit that sees sustainable scholarly publishing as an inherently collaborative enterprise
connecting authors, nonprofit publishers, academic institutions, research libraries, and research funders in the common
goal of maximizing access to critical research.

Downloaded From: https://complete.bioone.org/journals/Paleontological-Research on 12 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



Paleontological Research, vol. 22, no. 2, pp. 167-197, April 1, 2018
© by the Palaeontological Society of Japan
doi:10.2517/2017PR020

Integrated Upper Triassic conodont and radiolarian biostra-
tigraphies of the Panthalassa Ocean

DAISUKE YAMASHITA', HIKARU KATO?, TETSUJI ONOUE® AND NORITOSHI SUZUKI?

'Division of Natural Science, Faculty of Advanced Science and Technology, Kumamoto University, 2-39-1 Kurokami, Chuo-ku, Kumamoto 860-
8555, Japan (e-mail: k0231215@kadai.jp)

2Department of Earth Science, Graduate School of Science, Tohoku University, 6-3 Aramaki aza Aoba, Aoba-ku, Sendai 980-8578, Japan
3Division of Natural Science, Faculty of Advanced Science and Technology, Kumamoto University, 2-39-1 Kurokami, Chuo-ku, Kumamoto 860-
8555, Japan

Received January 18, 2017; Revised manuscript accepted October 22, 2017

Abstract. The Late Triassic conodont biostratigraphy of two pelagic chert sections (sections N and Q) in
the Inuyama area, central Japan, was investigated to calibrate the Triassic radiolarian zonation proposed by
Sugiyama in 1997 with the conodont zones and the standard Triassic timescale. Based on the stratigraphic dis-
tributions of marker species, six conodont zones were defined: the Paragondolella? tadpole interval Zone, the
Quadralella tuvalica interval Zone, the Epigondolella quadrata interval Zone, the E. triangularis interval Zone,
the Mockina postera interval Zone, and the M. bidentata Zone. These conodont zones are comparable to the
standard Carnian and Norian conodont zones of North America and the Tethys. The Carnian-Norian boundary
in the sections studied is tentatively placed between the last occurrence of a Carnian species (Q. tuvalica) and
the first occurrences of Norian species (E. quadrata and E. spatulata). The intercalibrated conodont-radiolarian
biostratigraphy from the sections we studied accurately calibrates the radiolarian zones in Japan with standard

chronostratigraphic stages and substages.
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Introduction

Triassic pelagic deposits in the Panthalassa Ocean gen-
erally consist of cherts that commonly yield radiolarians
and conodonts. Because cherts contain no macrofossils,
their depositional ages were initially dated using con-
odonts in the late 1970s and early 1980s (Koike, 1979;
Isozaki and Matsuda, 1980, 1982, 1983; Yao et al., 1982).
However, conodonts are so scarce in cherts that the ages
of the deposits were predominantly determined from the
radiolarian biostratigraphy, based on an indirect correla-
tion with the ages determined from European and North
American radiolarian biostratigraphies (see O’Dogherty
et al., 2010 for the history of dating the cherts). Despite
the poor age control for the cherts, these rocks are suit-
able for establishing radiolarian biozones because radio-
larians occur continuously in chert sequences. Therefore,
many radiolarian biostratigraphies have been established
for the Middle and Upper Triassic bedded chert succes-
sions in Japanese accretionary complexes (Nakaseko
and Nishimura, 1979; Yao et al., 1980, 1982; Yao, 1982,
1990; Kishida and Sugano, 1982; Igo and Nishimura,
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1984; Kishida and Hisada, 1985, 1986; Sato et al., 1986;
Yoshida, 1986; Matsuda and Isozaki, 1991; Sugiyama,
1992; Sashida et al., 1993; Sugiyama, 1997). One of the
landmark papers on pelagic Triassic radiolarian biozones
was published by Sugiyama (1997), who established
18 radiolarian zones ranging from the Spathian (late
Olenekian) to the end of the Triassic in siliceous rocks
in the Inuyama area of central Japan. Sugiyama (1997)
determined the total ranges of 247 selected radiolarian
taxa with a high-resolution examination of 534 samples
from 26 sections along the Kiso River. He correlated
them with nine previously reported biozones worldwide
and then determined the chronology of the radiolarian
zones by compiling previously known age data. This is
the most comprehensive study on the subject to date,
and the zonation scheme reported is the only one to span
almost the whole Triassic with relatively high resolution
(O’Dogherty et al., 2010). Since Sugiyama’s zonation
was first applied to sections worldwide, both the stan-
dardization of the Triassic timescale and the taxonomy
of conodonts have changed significantly. The accurate
calibration of chronostratigraphic stages and substages
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is basically established using ammonites and conodonts
(Lucas, 2010), whereas the stratigraphically important
conodont genera used to determine these ages with high
resolution were only described in the 2000s and 2010s
(e.g. Mazza et al., 2012b). These advances require that
we reexamine the conodont biostratigraphy in pelagic
cherts. The pelagic cherts in Japan are particularly impor-
tant for reconstructing the paleoclimate and paleoceanog-
raphy in the pelagic oceans of the Triassic. However, this
process is difficult, even if the Triassic stage and substage
boundaries have been tentatively assigned to the Triassic
bedded chert successions in Japan based on radiolarian
biostratigraphy (e.g. Ikeda and Tada, 2014).

In this study, we undertook to establish the conodont
biozones in exactly the same sections that Sugiyama
(1997) used as the type sections for his radiolarian
biozones. Based on the aerial photographs shown by
Sugiyama et al. (2001), the interval from the lower Car-
nian to the upper Norian (Upper Triassic) in his sections
N and Q were examined to (1) produce a biostratigraphic
dataset of conodonts; (2) define the conodont zones based
on the occurrence of cosmopolitan species; (3) correlate
the conodont zonation defined in this study with the con-
odont zonations established in North America, the Tethys,
and southwest Japan; (4) constrain the Carnian and Norian
stage and substage boundaries in the study sections based
on these correlations; and (5) refine the ages of the radio-
larian zonation proposed by Sugiyama (1997).

Geological setting

Sections N and Q, in which Sugiyama (1997) investi-
gated the radiolarian biostratigraphy, are located in the
Inuyama area of central Japan (Figure 1). The sections
are part of the Kamiaso Unit (Wakita, 1988), which is
regarded as a Jurassic accretionary complex in the Mino
Belt. The Kamiaso Unit consists mainly of Early Trias-
sic ‘Toishi-type’ siliceous shale, Middle Triassic to Early
Jurassic bedded chert, and Middle-Late Jurassic ter-
rigenous clastic rocks. These rocks form the Sakahogi
syncline (Mizutani, 1964) and are exposed repeatedly as
stacks of thrust sheets on the banks of the Kiso River.
Yao et al. (1980) identified four chert thrust sheets and
labeled them CH-1, CH-2, CH-3, and CH-4 in structur-
ally ascending order. Section N and section Q are situated
in different thrust sheets: CH-2 in the northern limb of the
Sakahogi syncline and CH-3 in the southern limb, respec-
tively (Figure 1). Paleomagnetic studies have shown that
the bedded cherts in sections N and Q accumulated at
equatorial latitudes in the Panthalassa Ocean (Shibuya
and Sasajima, 1986; Oda and Suzuki, 2000; Ando et al.,
2001; Uno et al., 2015).

Section N consists mainly of a thick succession of
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Figure 1.
Japan. C, geological map of the Inuyama area with location of the
studied section (modified after Onoue et al., 2012).

A, B, locality map of the Inuyama area in central

bedded cherts (Figure 2), with a total thickness of 35 m
(Figure 3). The section is dominated by B-type red cherts
and F-type greenish gray cherts, with several interbedded
white cherts (Sugiyama, 1997). The B-type bedded chert
shows the clear repetition of distinct siliceous and muddy
layers with thicknesses of several centimeters. The F-type
(fine-grained quartz) bedded cherts have indistinct bound-
aries owing to amalgamation.

Two characteristic shale beds, CS-1 and CS-2
(Sugiyama, 1997), are intercalated within section N at 4.4
m and 23.5 m above the section base (Figure 2). These
claystone layers can be correlated with layers in section Q
(Sugiyama, 1997). An impact ejecta layer (the Sakahogi
ejecta layer: Onoue et al., 2012, 2016a; Sato et al., 2013)
has been identified ~50 cm above CS-2 in section N.

Most of the bedded cherts in section Q (ca. 21 m thick)
are red, except for the purple cherts in the lowermost part
of the section (Figure 4). The stratigraphic interval in the
middle part of the section shows strong internal deforma-
tion by folding, which suggests a stratigraphic gap in the
middle part of the section. A claystone is recognized in
CS-1 at 1.4 m above the base of the section. The upper
part of the section is intercalated with the CS-2 claystone.
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Figure 2. Sketch maps showing the locations of the measured points in a bedded chert succession of the section N (A, modified after

Sato et al., 2013) and Q (B).

However, the Sakahogi ejecta layer cannot be identified
in section Q because the bedded cherts above the CS-2
level are strongly deformed (Figure 2).

Material and methods

In this study, we collected 178 chert samples from two
sections to produce a biostratigraphic dataset of con-
odonts. In total, 140 samples were crushed into small
pieces and immersed in a 5-10% solution of hydroflu-
oric acid in a 100 ml plastic beaker for ca. 10 hour to
remove the matrix. The residue was collected with 63 um
and 2 mm meshes, gently rinsed with water, and dried in
an oven. The process was repeated more than 10 times to
obtain sufficient conodont elements. The specimens were
picked with a fine brush under a binocular microscope
and photographed digitally with a scanning electron
microscope (JEOL JSM-6360LV).
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Conodont biostratigraphy

We present a conodont biostratigraphic record of sec-
tions N and Q. These successions yielded early Carnian
to late Norian conodonts, which are generally fractured
and rare in almost all the samples, especially in the F-type
cherts. All the conodonts show a conodont color altera-
tion index (CAI) of 3.0-4.0 on the scale of Epstein et
al. (1977). We found 27 species of conodonts assigned
to ten genera: Carnepigondolella, Epigondolella,
Kraussodontus, Metapolygnathus, Mockina, Neogon-
dolella, Paragondolella, Parvigondolella, Primatella,
and Quadralella. The following six conodont zones were
established based on the first occurrences (FO) and age
ranges of diagnostic species in section N.

Paragondolella? tadpole interval Zone
Definition—The base of this zone is defined by the
FO of Paragondolella? tadpole. The top of this zone is
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defined by the FO of Quadralella tuvalica.

Stratotype and type horizons.—Sample NCL-185 to
NCU-70 of section N.

Faunal character—This zone is characterized by
the FO of Paragondolella? tadpole, Neogondolella cf.
liardensis, P. auriformis P. inclinata and P. praelindae.

Quadralella tuvalica interval Zone

Definition.—The lower boundary of this zone is defined
by the FO of Quadralella tuvalica. The top of this zone is
defined by the FO of Epigondolella quadrata.

Stratotype and type horizons—Sample NCU-70 to
N-H of section N.

Faunal character.—The fauna is characterized by FOs
of Carnepigondolella cf. pseudodiebeli, C. aff. samu-
eli, C. zoae, Kraussodontus ludingtonensis, K. roberti
alpha morphotype, Metapolygnathus cf. communisti, Pri-
matella orchardi, Quadralella postlobata, Q. carpathica,
Q. noah, Q. tuvalica and Quadralella sp. A. The taxo-
nomic diversity is high (12 species were determined).

Epigondolella quadrata interval Zone

Definition.—The base of this zone is defined by the FO
of Epigondolella quadrata. The top of this zone is defined
by the FO of E. triangularis.

Stratotype and type horizons.—Sample N-H to NHC-
13 of section N.

Faunal character—The FOs of Epigondolella spatu-
lata and E. quadrata are recorded during this interval.

Epigondolella triangularis interval Zone

Definition.—The lower boundary of this zone is defined
by the FO of Epigondolella triangularis, and the upper
boundary by the FO of Mockina postera.

Stratotype and type horizons—NHC-13 to NHC-15 of
section N.

Faunal character—The fauna is characterized by the
continuous occurrence of Epigondolella quadrata and the
FOs of E. triangularis and E. rigoi.

Mockina postera interval Zone

Definition—The base of this zone is marked by the FO
of Mockina postera. The top of this zone is defined by the
FO of M. bidentata.

Stratotype and type horizons—Sample NHC-15 to
NHR-45 of section N.

Faunal character—The fauna is characterized by the
FOs of Mockina postera and M. spiculata. Continuous
occurrences of Epigondolella quadrata beta morphotype
and E. triangularis are recorded in this interval.

Mockina bidentata Zone
Definition—The FO of Mockina bidentata defines the
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base of this zone. The top of this zone is not defined.

Stratotype and type horizons.—Sample NHR-45 to the
top of section N.

Faunal character—The accompanied fauna includes
Mockina bidentata, M. elongata, M. mosheri morpho-
type A, M. mosheri morphotype B, M. slovakensis, M.
spiculata, M. aff. zapfei, Mockina sp. A, Mockina sp. B,
Parvigondolella andrusovi and P. aff. vrielyncki. The tax-
onomic diversity is high (11 species were determined).

Discussion

Conodont biostratigraphic correlations with other
areas

The Upper Triassic conodont fauna of sections N and Q
yields several common species that can be biostratigraph-
ically correlated with sections in British Columbia, Sic-
ily, and the Chichibu and Tamba belts of Japan (Figures
5, 6). Of these, the Black Bear Ridge section in British
Columbia and the Pizzo Mondello section in Sicily are
of particular importance because these sections are GSSP
candidate sections containing the Carnian-Norian bound-
ary. The bioevents in sections N and Q are recognized
(upwardly) as the first occurrences of Paragondolella?
tadpole, Quadralella tuvalica, Epigondolella quadrata,
E. triangularis, Mockina postera, and M. bidentata. This
stratigraphic order is consistent with the order of these
species in British Columbia (Orchard, 1991a, b, 2007a,
2014; Orchard et al., 2001), the Pizzo Mondello section
(Mazza et al., 2012b) and other sections in Japan (Koike,
1981; Ishida and Hirsch, 2001; Mikami et al., 2008).
Based on this comparison, we replaced the original names
with the recent taxonomic names, where necessary, to
avoid notational discrepancies.

The Paragondolella? tadpole interval Zone in our
study correlates with the lower Carnian Metapolygnathus
tadpole Zone in British Columbia (Orchard, 2007a) based
on the abundant Neogondolella liardensis and common
P? tadpole in the latter. The P.? tadpole Zone can then be
correlated with the ammonoid Desatoyense Zone through
the Obesum Zone to the Nanseni Zone, based on the
direct correlation of the conodonts and ammonoids in the
same section in British Columbia (Orchard, 2007a). The
co-occurrence of P.? tadpole and Q. polygnathiformis has
also been reported in the Carnian successions in the Sal-
zkammergut area, Austria, and designated the ‘tadpole
Interval Zone’ (Hornung, 2006).

The Quadralella tuvalica interval Zone is equivalent
to the interval ranging from the upper Carnian Carnepig-
ondolella samueli Zone to the Acuminatella acuminata-
Parapetella prominens Subzone in British Columbia (Carter
and Orchard, 2013; Orchard, 2014). The assigned age is
inferred from its direct correlation with the ammonoid
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Figure 5. Calibration of Upper Triassic conodont and radiolarian zonations in Inuyama area, and their correlation with the

and ammonoid zonations in British Columbia (Orchard, 1991, 2007a, 2014).
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Figure 6. Calibration of Upper Triassic conodont and radiolarian zonations in Inuyama area, and their correlation with the conodont
zonations in Japan (Koike, 1981; Ishida and Hirsch, 2001; Mikami et al., 2008).
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Welleri Zone to the Macrolobatus Zone of Orchard (2014).
Although the biostratigraphy at the Pizzo Mondello sec-
tion is illustrated in the figures of Mazza et al. (2012b)
without any designation of the conodont biozones, our Q.
tuvalica Zone is assignable to the stratigraphic interval
from NAO to PM20 (see fig. 2 of Mazza et al., 2012b) by
the occurrence of Q. tuvalica. The Neogondolella nodosa
Zone in the Taho, Kamura, and Oze sections (Koike,
1981) probably also corresponds to the Q. tuvalica inter-
val Zone, because Q. tuvalica seems to be included in M.
nodosa, which occur in these sections, based on a recent
taxonomic analysis of the illustrated specimens. Although
Q. nodosa was regarded as a possible lower Carnian spe-
cies (Kozur et al., 2009), the age and taxonomy of this
species remains under debate (e.g. Kili¢ et al., 2015). The
co-occurrence of conodonts and radiolarians in British
Columbia suggests that the radiolarian fauna of Assem-
blages 2c and 3 (Carter and Orchard, 2013) also correlate
with this interval zone.

The Epigondolella quadrata interval Zone in our study
is comparable to the stratigraphic interval from NA42 to
PM43 (see fig. 2 of Mazza et al., 2012b) based on the
co-occurrence of E. quadrata and E. spatulata, and the
first occurrence of E. triangularis. Mazza et al. (2012b)
distinguished two morphotypes of E. quadrata: an inter-
mediate form and an advanced form. The advanced form
of E. quadrata is stratigraphically younger than the inter-
mediate form and does not co-occur with E. spatulata.
The E. quadrata obtained from section N is regarded as
the intermediate form based on its morphology and its co-
occurrence with E. spatulata. Orchard (2014) suggested a
probable correlation between the basal E. quadrata Zone
at Black Bear Ridge and the stratigraphic level of the first
occurrence of the E. quadrata advanced form (sample
NAS58) at the Pizzo Mondello section of Mazza et al.
(2012b); consequently, the base of our E. quadrata inter-
val Zone is below the base of the E. quadrata Zone of
Orchard (2014). The E. quadrata Zone of Orchard (2014)
at the Black Bear Ridge section and the representative
species are dated as early Norian by their association
with the ammonoid upper Kerri Zone to lower Dawsoni
Zone (Orchard, 1991b, 2014; Orchard et al., 2001). We
also note that the E. quadrata Zone of Orchard (1991b,
2014) correlates directly with radiolarian Assemblage 6
of Carter and Orchard (2013). The first occurrence datum
of E. quadrata in Japan correlates with a lower Norian
level based on these correlations and co-occurrence with
E. spatulata in Section N. The conodont zone that cor-
relates with our E. quadrata Zone in Japan is known as
the quadrata-spatulata Zone in the Jifukudani section
(Mikami et al., 2008) and the E. spatulata Zone in the
Taho, Kamura, and Oze sections (Koike, 1981), accord-
ing to a recent taxonomic analysis of the illustrated speci-
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The Epigondolella triangularis interval Zone is equiv-
alent to the lower Norian Middle to Upper E. triangularis
Zone sensu Orchard (1991b), based on the occurrence of
E. triangularis triangularis (E. triangularis in this paper).
The E. triangularis Zone of Orchard (1991b) correlates
well with part of the Dawsoni ammonoid Zone and the
entire Magnus ammonoid Zone in the Black Bear Ridge
section, indicating the lower Norian (Orchard, 1991a, b,
2014; Orchard et al., 2001). Carter and Orchard (2013)
noted the co-occurrence of E. ex gr. triangularis with
their defined radiolarian Assemblage 7 in the Haida
Gwaii section.

The Mockina postera interval Zone correlates with
the middle Norian E. postera Zone of Orchard (1991a),
which was dated by the associated ammonoids, indicative
of the Columbianus Subzone Il ammonoid Zone in British
Columbia (Orchard, 1991a, b; Orchard et al., 2001). The
M. postera interval Zone also correlates with the postera
Zone at the Hisaidani section (Ishida and Hirsch, 2001)
and the multidentata Zone at Kamura, Taho, and Oze
(Koike, 1981), based on the occurrence of M. postera.

The Mockina bidentata Zone is equivalent to the
E. bidentata Zone sensu Orchard (1991a) in British
Columbia (Orchard, 1991a, b; Orchard et al, 2001).
Based on the occurrence of M. bidentata in our studied
sections, the interval from sample PM109 to NR1 in the
Pizzo Mondello section (see fig. 3 of Mazza et al., 2012b)
and the bidentata Zone at Kamura, Taho, and Oze (Koike,
1981) also correspond to this conodont zone. Orchard’s
E. bidentata Zone correlates directly with the ammonoid
Columbianus Subzone 1V and Cordilleranus Zone in
British Columbia (Orchard et al., 2001), suggesting the
late Norian. This zone also correlates with the radiolar-
ian Deweveri Zone in Haida Gwaii in Canada (Carter and
Orchard, 2007).

In the conodont fauna of the study section, Mockina
slovakensis, M. zapfei, Paragondolella praelindae and P.
auriformis have only been reported from Tethyan regions,
whereas Kraussodontus ludingtonensis, K. roberti, M.
mosheri, Neogondolella liardensis, and Quadralella post-
lobata are previously only known from North America.
Especially, K. ludingtonensis and K. roberti, reported as
new taxa from British Columbia (Orchard, 2014), have
not been reported elsewhere yet. These results suggest
that the conodont taxa from the study section in Japan
may provide an important faunal link between Tethys and
North American regions, as other paleobiogeographic
studies have shown (Klets, 2005; Klets and Kopylova,
2008).

Carnian-Norian boundary interval in section N
A significant conodont faunal turnover and a negative
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organic carbon isotope excursion have been reported near
the Carnian-Norian boundary in the GSSP candidate sec-
tions for the basal Norian (e.g. Zonneveld et al., 2010). To
establish high-resolution correlations and to understand
the timing of the faunal turnovers in different sections,
it was necessary to constrain the Carnian-Norian bound-
ary interval in our study section based on the conodont
biostratigraphy. However, the conodont-based correlation
with the GSSP candidate sections for the Carnian-Norian
boundary at Black Bear Ridge and Pizzo Mondello is dif-
ficult because of the difference of conodont faunas and
taxonomic approaches (Orchard, 2014).

Mazza et al. (2010) recognized three major turnovers
of conodont genera near the Carnian-Norian boundary in
the Pizzo Mondello section: T1, T2, and T3. Here, to con-
strain the Carnian-Norian boundary interval in section N,
we discuss (1) the identification of these faunal turnovers
in section N; and (2) the relationship between these faunal
events and the Carnian-Norian boundary interval.

Turnovers 1, 2, and 3 (T1, T2, and T3).—T]1 is marked
by the disappearance of almost all Carnepigondolella
and their replacement by Epigondolella, followed by the
disappearance of Paragondolella. This bioevent is not
clearly identifiable in either Black Bear Ridge (Orchard,
2014) or section N because Epigondolella occurs much
earlier at Pizzo Mondello than at Black Bear Ridge or in
section N.

In T2, Epigondolella suddenly decreases and Meta-
polygnathus becomes dominant. This event has been
interpreted as the event in which Primatella spp.,
Quadralella praecommunisti, Kraussodontus, and Para-
petella become dominant, and correlates approximately
with the samueli-primitia zonal boundary in British
Columbia (Orchard, 2014). This turnover is not identified
at section N because these species are rare.

T3 is characterized by the disappearance of most Meta-
polygnathus and their replacement by ‘advanced’ Epig-
ondolella and Norigondolella. Orchard (2014) regarded
the ‘advanced’ Epigondolella referred to by Mazza et
al. (2012b) as Primatella species, and correlated level
T3 with a position close to the base of the asymmetrica-
Norigondolella Subzone of the primitia Zone. This level
is approximately comparable to the Quadralella tuval-
ica-E. quadrata zonal boundary in section N, based on
the occurrence of Epigondolella species in the basal .
quadrata interval Zone.

Carnian-Norian boundary interval —Three conodont
bioevents were identified between T2 and T3 and are
bounded by the ‘Carnian-Norian boundary interval’ in
Pizzo Mondello (Mazza et al., 2012b). These bioevents
were reinterpreted by Orchard (2014) based on his new
nomenclatural definition, and characterized by the first
occurrence of Metapolygnathus parvus, Parapetella des-
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tinae (= Metapolygnathus echinatus sensu Orchard),
and Primatella gulloae (= Carnepigondolella gulloae).
All of these events are included in the parvus Subzone
(between beds 18 and 20) at Black Bear Ridge (Orchard,
2014). The Carnian-Norian boundary interval in the
Black Bear Ridge section begins below the base of the
parvus Subzone and continues up to near the base of the
asymmetrica-Norigondolella Subzone of the primitia
Zone (Orchard, 2014; Onoue et al., 2016b). In short, in
the Carnian-Norian boundary interval in the Pizzo Mon-
dello section and the Black Bear Ridge section, many
diminutive elements, including M. parvus, become domi-
nant. However, these elements are absent from section
N, which may be explained by short hiatuses in the bed-
ded chert succession of section N, the low distribution
density of these elements, or if most of the diminutive
taxa except for M. parvus and M. echinatus are endemic
species in North America. Onoue et al. (2012) estimated
the sedimentation rate of the Late Triassic pelagic bed-
ded cherts to be ca. 1 mm/ky. According to Muttoni et al.
(2001, 2004), the Scillato Formation in Pizzo Mondello is
characterized by a high sedimentation rate (20—30 m/my)
compared with the classic Tethyan section. The Carnian-
Norian boundary interval is restricted to ~3.5 m of the
bedded limestone succession at Black Bear Ridge and
~12 m of the bedded cherty limestone at Pizzo Mondello,
and the boundary interval in the bedded chert succession
may be restricted to a narrower interval in section N (less
than 60 cm) than in those two sections. Therefore, the
conodont turnover events at the Carnian-Norian bound-
ary interval are thought to be included in the stratigraphic
interval between the last occurrence of Carnian species
and the first occurrence of Norian species in section N
(from samples N-130 to N-H). Further high-resolution
sampling and quantitative assemblage data are required
to refine the positions of these bioevents.

Correlation between conodont and radiolarian bio-
stratigraphies

We established six conodont zones based on the first
occurrences of the representative conodont species of
each zone in the lower Carnian (Julian) to upper Norian
(Sevatian) intervals in Sugiyama’s N and Q sections. In
chronological order, these are the Paragondolella? tad-
pole, Quadralella tuvalica, Epigondolella quadrata, E.
triangularis, Mockina postera, and M. bidentata zones.
The lithostratigraphic intervals examined in the present
study cover the stratotypes of Sugiyama’s radiolarian
TR5B Zone in section Q, and the TR6A and TR6B zones
in section N (Figures 3, 4). The upper part of section N
in our study correlates with radiolarian TR7 to TR8A,
although this section is not defined as the stratotype of
these radiolarian zones (Figure 4). The conodont biozones
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established in the present study can then be correlated
with Sugiyama’s (1997) six radiolarian zones.

Carnian—Sugiyama (1997) correlated the interval
from the upper part of TR4B to the lower part of TR6A
with the Carnian. The interval of section Q examined in
the present study starts somewhere in TRSA, which is
defined by the first appearance of the genus Capnuchos-
phaera. Nakada et al. (2014) examined the radiolar-
ian biostratigraphy of Sugiyama’s section R and placed
the lower and upper Carnian boundary in the upper
part of TR5A. The lower and upper Carnian are locally
designated ‘Julian’ and ‘Tuvalian’, respectively, and are
determined by the boundary between the conodont Para-
gondolella? tadpole and Q. polygnathiformis zones (0Ogg,
2012). The boundary between the P.? tadpole and Q.
polygnathiformis zones is not detectable in sections N or
Q because Q. polygnathiformis does not occur in either.
Instead, we tentatively placed the lower-upper Carnian
boundary between the P.? tadpole and Q. tuvalica zones
in section N (between samples NCU24 to N-D), which
lies around the radiolarian TRSA-TRS5B boundary. This
correlation supports the results of Nakada et al. (2014).

Carnian-Norian boundary—The potential GSSP
Carnian-Norian boundary is tentatively placed between
the Quadralella tuvalica and Epigondolella quadrata
interval zones. The base of the E. quadrata interval
Zone is found in both sections N and Q, where the first
occurrence of E. quadrata occurs around the boundary
between the radiolarian TR5B and TR6A zones, sug-
gesting the probable Carnian-Norian boundary. Because
Sugiyama (1997) presumed the Carnian—Norian bound-
ary to lie within TROA, our results refine the correlation
between the geological timescale and the radiolarian
biozones. The base of TR6A is defined by the first occur-
rence of the genus Capnodoce. The first occurrence of
the genus Capnodoce seems not to be a marker for the
base of the Norian, because the first Capnodoce species
(C. antigua and C. gracilis) occur in the latest Carnian
‘lower primita’ conodont zone from Haida Gwaii (Carter
and Orchard, 2013). The base of TR6A is slightly older
than the base of the E. quadrata interval Zone (Figure
3), which is consistent with the interpretation that the
Carnian-Norian boundary is situated near the boundary
between the Quadralella tuvalica and Epigondolella
quadrata interval zones.

Ikeda and Tada (2014) examined Sugiyama’s sections
and then lowered the Carnian-Norian boundary to TR5B,
based on the occurrences of Capnuchosphaera lea, C.
triassica, and C. deweveri. According to Ikeda and Tada
(2014), Capnuchosphaera lea ranged across the Carnian-
Norian boundary at the Pizzo Mondello section, which
is the candidate section for the base of the GSSP Norian
(Nicora et al., 2007; Mazza et al., 2010, 2012b). The
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direct correlation between the conodont and radiolarian
biostratigraphies in our study inevitably assigns the Car-
nian-Norian boundary to the basal part of TR6A.

Norian—The Norian is subdivided into three sub-
stages in the Tethys: the Lacian, Alaunian, and Sevatian.
The boundary between the conodont Epigondolella tri-
angularis and E. postera zones sensu Orchard (1991b)
is regarded as the lower-middle Norian boundary based
on the conodont biostratigraphy (Orchard, 1991a, b). In
our study, this boundary lies within the radiolarian TR6A
Zone, whose base is defined by the first occurrence of the
genus Trialatus. The lowermost part of the conodont M.
postera interval Zone is marked by the first occurrences
of radiolaria Capnodoce sarisa and Xiphosphaera fistu-
lata. These radiolarians have potential utility in specify-
ing the position of the Lacian-Alaunian boundary.

The Alaunian-Sevatian boundary is interesting for its
relationship to significant turnovers of radiolarians and
conodonts, but its identification is somewhat problematic.
In this boundary interval, Epigondolella quadrata, E.
triangularis and Mockina postera disappeared, and Epig-
ondolella sp. B, E. elongata, M. bidentata, M. mosheri
morphotype A and Parvigondolella aff. vrielyncki
appeared. This conodont faunal turnover in the boundary
interval between the conodont M. postera interval Zone
and the M. bidentata Zone is coincident with a radiolarian
faunal turnover event (Onoue et al., 2016a) in the bound-
ary interval between the radiolarian zones TR6A and
TR6B. TR6B is defined by the last occurrence of Triala-
tus robustus. The M. bidentata Zone correlates directly
with Sugiyama’s TR6B, TR7, and a large part of TRSA.
The correlation between the top of the M. bidentata Zone
and the top of TR8A is unclear in our study section. The
first occurrence of M. bidentata is considered to define the
Alaunian-Sevatian boundary (Channell et al., 2003; Rigo
et al, 2005, 2012; Krystyn, 2008; Mazza et al., 2012b).
Rigo et al. (2016 and references therein) correlated the
base of the M. bidentata Zone with the North American
ammonoid Gnomohalorites cordilleranus or Tethyan
Sagenites quinquepunctatus Zone, a Sevatian zone. This
opinion was shared by Uno et al. (2015), who regarded
the first occurrence horizon of M. bidentata as the base
of the upper Norian in Sugiyama’s section N. However,
several different opinions about the Alaunian—Sevatian
boundary have been proposed. The first appearance of
M. bidentata in the Hallstatt region is approximately in
the middle part of the Columbianus ammonoid Zone
(Krystyn, 1980), an Alaunian zone. This conodont spe-
cies also occurs in the Columbianus Subzone IV ammo-
noid Zone in British Columbia (Orchard et al., 2001).
Moreover, Onoue et al. (2012, 2016a) demonstrated that
the lower part of the M. bidentata Zone in Sugiyama’s
section N is marked by the radiolarian fauna of TR6B,
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which is assigned to the Alaunian. Since the Alaunian
radiolarian fauna disappeared within radiolarian biozone
6B, Onoue ef al. (2016a) correlated the radiolarian zonal
boundary between TR6B and TR7 with the Alaunian-
Sevatian boundary. Our comprehensive examination of
the occurrences of conodonts and radiolarians indicates
that the boundary between the M. postera and M. biden-
tata zones might not coincide with the Alaunian-Sevatian
boundary, at least in Sugiyama’s section N.

Conclusions

1) Based on recent conodont taxonomy, new conodont
biostratigraphic data are presented from the lower Car-
nian to the upper Norian bedded chert succession in cen-
tral Japan, where the standard radiolarian biostratigraphy
has previously been investigated (Sugiyama, 1997).

2) Based on the stratigraphic distribution of marker spe-
cies, six conodont zones were defined: Paragondolella?
tadpole interval Zone, Quadralella tuvalica interval
Zone, Epigondolella quadrata interval Zone, E. triangu-
laris interval Zone, Mockina postera interval Zone, and
M. bidentata Zone. These were correlated with the coeval
radiolarian zonation established by Sugiyama (1997).

3) The defined conodont zonation of section N is com-
parable to that in British Columbia (Orchard, 1991a, b,
2007a, 2014; Orchard et al., 2001), the Pizzo Mondello
section (Mazza et al., 2012b), and other sections in
southwest Japan (Koike, 1981; Ishida and Hirsch, 2001;
Mikami et al., 2008).

4) The Carnian-Norian boundary interval in section N
is tentatively placed between the last occurrence of Car-
nian species and the first occurrence of Norian species
(from sample N-130 to sample N-H in section N) because
of the absence of Metapolygnathus parvus and other
diminutive elements reported from the GSSP candidate
sections for the Carnian-Norian boundary.

Systematic description

All illustrated material is stored at the Faculty of Sci-
ence, Kumamoto University (institutional abbreviation:
KMSP = registry number of the Faculty of Science,
Kumamoto University). All descriptions are based on dis-
articulated P elements.

Class Conodonta Eichenberg, 1930
Order Ozarkodinida Dzik, 1976
Superfamily Gondolelloidea (Lindstrom, 1970)
Family Gondolellidea Lindstrém, 1970
Genus Carnepigondolella Kozur, 2003

Type species.—Metapolygnathus zoae Orchard, 1991b.
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Carnepigondolella aff. samueli (Orchard, 1991b), beta
morphotype

Figure 7.1

aff. Carnepigondolella samueli (Orchard). Orchard, 2007b, figs. 1.22—
1.24; Nicora et al., 2007, pl. 1, fig. 5; Balini et al., 2010, pl. 2, fig.
13; Mazza et al., 2012b, p. 98, pl. 3, fig. 1.

Carnepigondolella samueli (Orchard), beta morphotype. Orchard,
2014, p. 51, figs. 39.13-39.18.

Material examined.—One specimen, KMSP-100001,
from N-130.

Description—One broken rectangular gondola-like P1
element, characterized by a rectangular platform which
bears more than 6 small, sharp and discrete nodes on each
lateral margin. Surface of platform margin is covered
by microreticulation. The posterior platform is rounded
and laterally expanded. This expansion is asymmetric. A
groove runs from basal pit to anterior end; rounded basal
pit surrounded by basal cavity with an outline similar to
the outline of the platform margin; end of the cavity is
bifurcated. The pit lies near the posterior end of the keel.

Remarks.—Two morphotypes of this species were dis-
tinguished in Black Bear Ridge section and the holotype
of this species was regarded as alpha morphotype by
Orchard (2014). An alpha morphotype has a rectangular
platform, while a beta morphotype has a larger, asymmet-
rical platform with inner postero-lateral margin, which is
laterally expanded. The described element is similar to
Carnepigondolella samueli beta morphotype but differ in
having a straight longitudinal axis and a more rounded
posterior platform.

Carnepigondolella zoae (Orchard, 1991b)
Figures 7.2, 7.3

Metapolygnathus sp. F. Orchard, 1991a, p. 176, pl. 1, figs. 7-11, pl.
3, fig. B.

Metapolygnathus zoae Orchard, 1991b, p. 319, pl. 1, figs. 7-9.

Paragondolella carpathica (Mock). Channell et al., 2003, pl. A1, fig. 7.

Epigondolella nodosa nodosa (Hayashi). Channell ef al., 2003, pl. A1,
fig. 37.

Epigondolella nodosa zoae (Orchard). Channell et al., 2003, pl. Al,
fig. 16, 34, 39.

Carnepigondolella zoae (Orchard). Mazza et al., 2010, pl. 1, fig. 7;
Balini et al., 2010, pl. 2, fig. 7; Orchard, 2014, p. 54, figs. 35.7—
35.15.

Carnepigondolella zoae B (Orchard). Mazza et al., 2010, pl. 1, fig. 8.

Carnepigondolella zoae (Orchard), central morphotype. Mazza et al.,
2012b, p. 103, pl. 4, fig. 1.

Material examined—Two specimens, KMSP-100002,
from QU1-170 and KMSP-100003, from N-115.

Description—The P1 elements have elongate sub-
rectangular platform with a length-to-breadth ratio lying
between 2:1 and 2.5:1. The platform bears 3—4 rounded



Upper Triassic Conodont biostratigraphy 179

Figure 7. SEM images of Upper Triassic conodonts from the section N and Q. 1, Carnepigondolella aff. samueli (Orchard, 1991b),
KMSP-100001, sample N-130; 2, 3, Carnepigondolella zoae (Orchard, 1991b); 2, KMSP-100002, sample QU1-170; 3, KMSP-100003, sample
N-115; 4, 5, Epigondolella quadrata Orchard, 1991b, beta morphotype; 4, KMSP-100004, sample QU2-346; 5, KMSP-100005, sample QU2-
221; 6, Epigondolella rigoi Kozur, 2007, KMSP-100006, sample NCU-430; 7, Epigondolella triangularis (Budurov, 1972), KMSP-100007,
sample NCU-430; 8, Kraussodontus ludingtonensis Orchard, 2013, KMSP-100008, sample N-117; 9, Epigondolella spatulata (Hayashi, 1968),
KMSP-100009, sample N-H. For 1-9: a, upper view; b, lateral view; c, lower view. Scale bar = 300 um.

nodes on the lateral platform margin and a distinct con-  carinal nodes. The pit, located in the posterior half of the
striction in the posterior one-third. The blade, about one-  platform, is slightly shifted anteriorly within the keel.
third total element length, passes onto the platform as 4-5 Remarks.—The described specimens are similar to the
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holotype (Orchard, 1991b, pl. 1, figs. 7-9) and Carnepig-
ondolella zoae central morphotype (Mazza et al., 2012b,
pl. 4, fig. 1) in having 3—4 rounded nodes on the lateral
platform margin and a distinct constriction in the poste-
rior one-third. Mazza et al. (2012b) also recognized Mor-
photypes A and B, but these morphotypes differ from our
specimens in lacking a distinct platform constriction.

Genus Epigondolella Mosher, 1968a
Type species.—Polygnathus abneptis Huckriede, 1958

Epigondolella quadrata Orchard, 1991b, beta morpho-
type
Figures 7.4, 7.5

Epigondolella abneptis (Huckriede). Koike, 1981, p. 51, pl. 2, figs. 26,
27; Channell et al., 2003, pl. A2, fig. 36, pl. A3, 18.

Epigondolella abneptis subsp. A population. Orchard, 1983, p. 179, fig.
15F.

Epigondolella quadrata Orchard, 1991b, p. 311, pl. 2, figs. 7-9; Nicora
et al., 2007, pl. 3, figs. 8, 9; Mazza et al., 2010, pl. 2, figs. 2, 3, pl.
3, fig. 8; Mazza et al., 2012b, p. 106, pl. 5, figs. 2, 4-10; Carter and
Orchard, 2013, figs. 7.22-7.24.

Ancyrogondolella quadrata (Orchard). Ishida and Hirsch, 2001, p. 236,
pl. 2, figs. 5, 6, 8; Mikami et al., 2008, p. 174, pl. 2, fig. 6, pl. 3,
fig. 4; Ishida et al., 2015, p. 11, pl. 1, figs. 10, 11, pl. 2, figs. 3, 4.

Epigondolella quadrata Orchard, beta morphotype. Orchard, 2014, p.
55, figs. 40.19-40.27.

Material examined—Two specimens, KMSP-100004,
from QU2-346 and KMSP-100005, from QU2-221.

Description—The P1 elements have a subrectangular
posterior platform margin with no ornamentation except
for microreticulation, and 2—3 sharp denticles on the ante-
rior platform margin. The posteriormost denticle is the
highest and double the height of the platform. The blade
is between 1/3 and 1/2 of the total element length and
composed of 5—6 denticles forming a convex upper pro-
file. The pit is submedial under the platform and slightly
shifted anteriorly within the keel, which has a bifurcated
or squared-off termination.

Remarks.—Orchard (1983) distinguished two Epigon-
dolella abneptis groups based on the morphology of the
posterior platform, namely, E. abneptis subsp. A popu-
lation and B population. Epigondolella quadrata was
differentiated from E. abneptis subsp. A population by
Orchard (1991b). Moreover, two morphotypes were dis-
tinguished by Orchard (2014) based on the posterior plat-
form shapes. The alpha morphotype has an expanded pos-
terior platform margin with acutely angled postero-lateral
corners, while the beta morphotype has a subrectangular
posterior platform with subparallel lateral margins. The
shape of the posterior platform of our specimens is simi-
lar to that of the beta morphotype of Orchard (2014).
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Epigondolella rigoi Kozur in Noyan and Kozur, 2007
Figure 7.6

Epigondolella spatulata (Hayashi). Koike, 1981, pl. 2, figs. 35, 36;
Orchard, 1991b, p. 312, pl. 2, figs. 4-6, 11; Muttoni et al., 2001,
fig. 10.9.

Epigondolella abneptis subsp. A population. Orchard, 1983, p. 179, fig.
4B.

Epigondolella quadrata (Orchard). Martini et al., 2000, pl. 5, figs. 3, 4.

Metapolygnathus abneptis spatulatus (Hayashi). Noyan and Vrielynck,
2000, p. 590, figs. 8.2-8.5.

Ancyrogondolella spatulata (Hayashi). Ishida and Hirsch, 2001, p. 236,
pl. 3, figs. 5-7, pl. 4, figs. 1, 3, 5; Mikami et al., 2008, pl. 2, fig. 7,
Ishida et al., 2015, p. 11, pl. 1, fig. 12.

Epigondolella abneptis (Huckriede). Channell ez al., 2003, pl. A1, figs.
217,30, 33.

Epigondolella rigoi Kozur in Noyan and Kozur, 2007, p. 167, figs.
6.2-6.5; Nicora et al., 2007, pl. 3, fig. 12, pl. 4, fig. 6., Mazza et
al., 2010, pl. 2, fig. 5; Balini ef al., 2010, pl. 3, fig. 8, Mazza et al.,
2012b, p. 108, pl. 6, figs. 1-7.

Material examined.—One specimen, KMSP-100006,
from NCU-430.

Description—The P1 element is characterized by a
subtriangular platform, which is 2/3 of the total element
length. The anterior platform margin bears 2-3 high
denticles, and the laterally widened posterior platform
is inornate or weakly undulated. The short free blade is
composed of 3—4 denticles and descends onto the plat-
form as a row of 4-5 carinal nodes that terminate on the
anterior platform. The cusp is the penultimate denticle of
the carina and followed by a large accessory node. The pit
is submedial under the platform, and subterminal within
the keel, which has a bifurcated end.

Remarks.—The subtriangular platform of Epigon-
dolella rigoi is similar to that of E. triangularis, but dif-
fers in lacking denticles on the posterior platform margin.
Epigondolella quadrata also resembles E. rigoi, but E.
quadrata does not have a laterally strongly expanded pos-
terior platform.

Epigondolella spatulata (Hayashi, 1968)
Figure 7.9

Gladigondolella abneptis var. spatulata Hayashi, 1968, p. 69, pl. 2,
fig. 5.

Epigondolella abneptis (Huckriede). Cafiero and Bonardi, 1981, pl. 58,
fig. 10.

Ancyrogondolella spatulata (Hayashi). Mikami ez al., 2008, p. 174, pl.
2, fig. 12 (non figs. 7-10), pl. 3, figs. 6-8.

Epigondolella spatulata (Hayashi). Mazza et al., 2010, pl. 3, figs. 5,
6; Balini et al., 2010, pl. 4, fig. 6; Mazza et al., 2012b, p. 110, pl.
6, fig. 8.

Material examined.—One specimen, KMSP-100009,
from N-H.
Description—The P1 element is characterized by a
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broad oval platform with an ornamented margin and a
reduced anterior trough margin. 2-3 denticles occur on
the lateral platform margin. The posterior platform may
have additional nodes that are apart from continuation of
the carinal nodes, and its margin is weakly ridged. The
blade is about 1/2 of the total element length and com-
posed of 5 denticles. The terminal cusp of the carina is
submedial in position with respect to the platform. The
pit lies beneath the platform midlength or slightly shifted
anteriorly within the keel, which is commonly bifurcated.

Remarks.—Epigondolella rigoi is similar to this spe-
cies, but differ in having a subtriangular platform.

Epigondolella triangularis (Budurov, 1972)
Figure 7.7

Ancyrogondolella triangularis Budurov, 1972, p. 857, pl. 1, figs. 3—6;
Buryi, 1997, pl. 2, figs. 16, 17; Ishida and Hirsch, 2001, p. 234,
236, pl. 2, fig. 3.

Epigondolella abneptis spatulata (Hayashi). Krystyn, 1980, pl. 13, fig.
14.

Epigondolella abneptis (Huckriede). Cafiero and Bonardi, 1981, pl. 58,
fig. 9.

Epigondolella abneptis subsp. B (Huckriede). Orchard, 1983, p. 181,
fig. 6ALE, L, Q.

Epigondolella triangularis (Budurov). Orchard, 1991a, pl. 4, fig. 12;
Nicoll and Foster, 1994, p. 109, figs. 8.1-8.3, Martini et al., 2000,
pl. 5, figs. 5, 6; Channell ez al., 2003, pl. A3, figs. 88; Mazza et al.,
2010, pl. 3, fig. 9; Balini et al., 2010, pl. 4, fig. 7.

Epigondolella triangularis (Budurov) sensu lato. Orchard, 1991b, p.
314, pl. 3, figs. 4-6.

Metapolygnathus spatulata (Hayashi). Buryi, 1996, pl. 1, fig. 1.

Material examined.—One specimen, KMSP-100007,
from NCU-430.

Description—The P1 element is characterized by a
subtriangular, ornate platform with a lateral expansion in
the posterior platform. The anterior platform margins are
ornamented with 3—4 sharp, prominent denticles, and the
outer posterior margin bears several sharp, lower nodes
that often project beyond the platform margin, giving the
posterior platform a serrated outline. The blade composed
of 7-9 denticles is about 1/3 of the total element length,
and descends onto the platform as discrete, round carinal
nodes. The lower surface has a pit located in a submedial
position and a bifurcated keel, which extends to the pos-
terolateral corners.

Remarks.—Epigondolella rigoi also has a subtriangu-
lar platform, but differ in lacking ornamentation on the
posterior platform margin. Although E. spatulata has an
ornamented posterior platform margin, the posterior plat-
form shape is subcircular.

Genus Kraussodontus Orchard, 2013
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Bype species—Kraussodontus peteri Orchard, 2013.

Kraussodontus ludingtonensis Orchard, 2014
Figure 7.8

Kraussodontus ludingtonensis Orchard, 2014, p. 59, figs. 42.1-42.11.

Material examined.—One specimen, KMSP-100008,
from N-117.

Description—The P element has a short blade and
an elongate ovoid platform with a rounded and upturned
posterior platform margin, a length-to-breadth ratio of
between 2.5:1 and 3:1, and subparallel lateral margin.
All platform margins are inornate except for microreticu-
lation. In profile, the element is arched and the blade is
relatively low, composed of about five denticles and con-
tinues as a low carina. Lower surface bears a narrow basal
keel and a pit located beneath the posterior platform.

Remarks.—The described specimen is characterized by
a short, low blade and rounded posterior platform margin.
These distinctive features enable it to be assigned with
reasonable confidence to this species.

Kraussodontus roberti Orchard, 2014, alpha morphotype
Figures 8.1-8.3

Kraussodontus roberti Orchard, 2014, alpha morphotype, figs. 43.23—
43.40.

Material examined—Three specimens, KMSP-
100010, from N-121, KMSP-100011, from NCU-70 and
KMSP-100012, from QU1-88.

Description—The P1 elements are characterized by
a long platform with a length-to-breadth ratio ranging
from 1.5:1 to 2:1, an ovoid posterior platform margin and
subparallel lateral platform margin. All platform margins
have no ornamentation except for microreticulation. The
blade is about 1/3 of the total element length and com-
posed of highly fused denticles. The anterior platform
margin may be slightly stepped. In profile, the elements
are arched in the posterior third. The pit is located poste-
rior of the platform midlength and anteriorly shifted in the
keel, which commonly has a rounded termination.

Remarks.—Orchard (2014) differentiated two morpho-
types of this species, namely, alpha morphotype and beta
morphotype. The alpha morphotype has a longer plat-
form and shorter blade than the beta morphotype. The pit
is situated under the center of the platform in the beta
morphotype, while the alpha morphotype displays some
variation in pit position. The described specimens have a
relatively long platform and a pit located posterior of the
platform midlength. These features enable us to distin-
guish the alpha morphotype.
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Figure 8. SEM images of Upper Triassic conodonts from the section N and Q. 1-3, Kraussodontus roberti Orchard, 2014, alpha
morphotype; 1, KMSP-100010, sample N-121; 2, KMSP-100011, sample NCU-70; 3, KMSP-100012, sample QU1-88; 4, Mockina bidentata
(Mosher, 1968a) from the original plates of Onoue et al. (2016a, supplementary figure S12), KMSP-100013, sample NHR-45; 5, Mockina
bidentata (Mosher, 1968a), KMSP-100014, sample NHR-70; 6, 7, Mockina elongata (Orchard, 1991b); 6, KMSP-100015, sample NHR-42;
7, KMSP-100016, sample NHR-56; 8, 9, Mockina mosheri (Kozur and Mostler, 1971) morphotype A; 8, KMSP-100017, sample NHR-72;
9, KMSP-100018, sample QU3-163; 10, Mockina mosheri (Kozur and Mostler, 1971) morphotype B, KMSP-100019, sample QU3-163; 11,
Mockina postera (Kozur and Mostler, 1971) from the original plates of Onoue et al. (2016a, supplementary figure S12), KMSP-100020,
sample NHR-40; 12, Mockina slovakensis (Kozur, 1972), KMSP-100021, sample NHR-112; 13, 14, Epigondolella spiculata (Orchard, 1991b);
13, KMSP-100022, sample NCU-541; 14, KMSP-100023, sample NCU-541. For 1-14: a, upper view; b, lateral view; c, lower view. Scale
bar = 300 pm.
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Genus Mockina Kozur and Mostler, 1971

Type species.—Tardogondolella abneptis postera
Kozur and Mostler, 1971.

Mockina bidentata (Mosher, 1968a)
Figures 8.4, 8.5

Polygnathus abneptis Huckriede, 1958, p. 156, pl. 14, figs. 32, 58.

Epigondolella bidentata Mosher, 1968a, p. 936, pl. 118, figs. 31-35;
Mosher, 1968b, pl. 120, fig. 29-33; Sweet et al., 1971, pl. 1, fig.
30; Kozur and Mock, 1972, pl. 1, figs. 15, 16; Kozur and Mostler,
1972, pl. 4, figs. 3—5; Murata and Nagai, 1972, p. 716, pl. 9, figs.
21-24; Krystyn, 1973, pl. 5, fig. 7; Mosher, 1973, p. 160, pl.
18, figs. 23, 24, 28; Budurov, 1977, p. 45, pl. 1, fig. 7, pl. 2, fig.
4; Sweet in Ziegler, 1977, p. 157, Epigondolella-plate 1, fig. 6;
Okami et al., 1978, pl. 1, figs. 5-9; Kolar, 1979, p. 314, pl. 1, fig. 3,
pl. 2, fig. 2; Isozaki and Matsuda, 1980, figs. 1, 2; Krystyn, 1980,
pl. 14, figs. 1-3; Cafiero and Bonardi, 1981, pl. 58, figs. 13-16;
Koike, 1981, pl. 2, figs. 30, 31; Isozaki and Matsuda, 1982, p.
117, pl. 4, figs. 1-5; Orchard in Carter et al., 1989, pl. 1, fig. 13;
Budurov and Sudar, 1990, pl. 5, figs. 9, 13—16; Orchard, 1991b, p.
307, pl. 4, fig. 12; Nicoll and Foster, 1994, p. 108, figs. 7.1, 7.2;
Amodeo, 1999, pl. 1, figs. 20-22; Bertinelli ef al., 2005, fig. 4.5;
Rigo et al., 2005, fig. 4.6; Krystyn et al., 2007, pl. 1, figs. 5-14;
Orchard et al., 2007b, figs. 7.18, 8.10, 8.11, 8.13, 8.17-8.20.

Tardogondolella bidentata (Mosher). Mock, 1971, pl. 4, fig. 3.

Metapolygnathus bidentatus (Mosher). Kozur, 1972, pl. 7, figs. 3-9,
15; Maejima and Matsuda, 1977, fig. 2.1; Gazdzicki et al., 1979,
pl. 5, figs. 10-12; Ishida, 1979, pl. 3, figs. 14, 15; Kovacs and
Kozur, 1980, pl. 15, fig. 1.

Epigondolella andrusovi (Kozur and Mock). Budurov, 1976, pl. 5, fig.
6; Budurov, 1977, p. 45, pl. 1, figs. 5, 6, pl. 2, figs. 3-5.

Epigondolella multidentata Mosher. Cafiero and Bonardi, 1981, pl. 58,
fig. 17.

Epigondolella bidentata (Mosher), population. Orchard, 1983, p. 188,
figs. 15W, 15X.

Mockina bidentata (Mosher). Channell ez al., 2003, pl. A2, figs. 44,
46-48, 51, 54; pl. A3, figs. 3, 4,6, 7,9, 27, 28, 37, 39, 41, 42,
47-51, 54, 56, 71, 72, 74-77, 79; Moix et al., 2007, pl. 2, fig. 3;
Giordano et al., 2010, fig. 3.1; Balini et al., 2010, pl. 4, fig. 9;
Mazza et al., 2012b, p. 120, pl. 7, fig. 7; Rigo et al., 2016, fig. 3.3.

Material examined.—Two specimens, KMSP-100013,
from NHR-45 and KMSP-100014, from NHR-70.

Description.—The P1 elements are characterized by a
short and narrow platform. The anterior platform margins
bear a sharp denticle on each margin; a minor accessory
denticle may appear on one side. The blade is about 1/2
element length and bears partly fused 5-6 denticles that
descend onto the platform. The cusp is discrete in size and
the pit lies beneath the center of the platform.

Remarks.—As previous authors have already pointed
out, this species can be easily confused with juvenile
forms of other middle and upper Norian species. Mockina
mosheri has a longer posterior platform and more than 4
carinal nodes. Mockina postera and M. englandi have a
broader platform. The short, narrow platform and a sharp
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denticle on each platform margin (specimen KMSP-
100013 has a minor accessory denticle on one side) of the
described specimen are similar to those of the holotype
(Mosher, 1968a, pl. 118, fig. 35) and specimens described
by various authors (e.g. Orchard, 1991b; Mazza et al.,
2012b).

Mockina elongata (Orchard, 1991Db)
Figures 8.6, 8.7

Epigondolella postera (Kozur and Mostler), population. Orchard,
1983, p. 186, figs. 12.M, 12.N.

Epigondolella elongata Orchard, 1991b, p. 308, pl. 4, figs. 4-6, 15, 20,
21; Rigo et al., 2005, fig. 4.4.

Mockina cf. elongata (Orchard). Ishida and Hirsch, 2001, pl. 5, figs.
1,2.

Material examined —Two specimens, KMSP-100015,
from NHR-42 and KMSP-100016, from NHR-56.

Description—The platform is very slender with
length-to-breadth ratio of about 3:1 and is slightly curved
at its center. The keel also curved and the posterior end
of the keel is tapered. The anterior platform margins bear
1-2 denticles on the inner side and 2—3 on the outer side,
while the posterior platform has no ornamentation. The
carinal nodes extend to the posterior end of the platform.
The pit lies in the anterior half of the platform.

Remarks.—Orchard (1991b) differentiated this species
from Epigondolella postera (Kozur and Mostler) popula-
tion, which has a broader and lobate posterior platform.
The described specimen has an ellipsoid platform with
1-3 denticles (at least 2 denticles on one side) on each
anterior platform margins and an anteriorly situated pit
within the keel, which has a pointed termination. These
distinctive features are shared with the type species (7ar-
dogondolella abneptis postera Kozur and Mostler) of the
genus Mockina and matches well with the holotype of
Orchard (1991Db).

Mockina mosheri (Kozur and Mostler, 1971)
Figures 8.8-8.10

Epigondolella bidentata Mosher, 1968a, p. 936, pl. 118, fig. 36;
Mosher, 1970, pl. 110, figs. 27, 28.

Tardogondolella mosheri Kozur and Mostler, 1971, p. 15.

Epigondolella ex gr. bidentata Mosher. Orchard, 1991a, pl. 4, fig. 22.

Epigondolella mosheri (Kozur and Mostler). Budurov, 1977, pl. 5,
fig. 24, Orchard, 1991b, p. 309, pl. 4, figs. 11, 13, 14; Carter and
Orchard, 2007, pl. 2, figs. 1, 3-8, 10-13, 16-18; Orchard et al.,
2007b, figs. 8.1-8.9.

Material examined—Three specimens, KMSP-
100017, from NHR-72, KMSP-100018, from QU3-163
and KMSP-100019, from QU3-163.

Description—P1 elements have a slender platform
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with a curved longitudinal axis. Each anterior platform
margin bears a pair of denticles, and a minor accessory
denticle may appear on one side. The posterior platform
margin and the keel end are tapered. The pit lies anterior
of the platform midlength.

Remarks.—The described elements are regarded as
members of the genus Mockina (type species: Tardogon-
dolella abneptis postera Kozur and Mostler), because
these elements and the type species share some features
in the presence of a tapered platform with sharp denticles,
and an anteriorly situated pit within the keel, which has
a pointed termination. These elements are similar to M.
bidentata but differ in having a curved longitudinal axis,
a broader platform and a minor accessory denticle.

Orchard (1994) distinguished morphotypes A and B
within the conodont collection obtained from the Pucara
Group in Peru. Moreover, Orchard et al. (2007a) differ-
entiated three morphotypes based on posterior platform
ornament and reported Morphotype C from the Gabbs
Formation in New York Canyon.

Mockina mosheri (Kozur and Mostler, 1971),
morphotype A

Figures 8.8, 8.9

Epigondolella mosheri (Kozur and Mostler). Orchard, 1991b, p. 309,
pl. 4, figs. 11, 13, 14; Carter and Orchard, 2007, pl. 2, figs. 4, 6,
7, 11.

Epigondolella mosheri (Kozur and Mostler), Morphotype A. Orchard
etal.,2007a, figs. 16, 17, 23-25.

Material examined—Two specimens, KMSP-100017,
from NHR-72 and KMSP-100018, from QU3-163.

Remarks.—Morphotype A is similar to the holotype
and has a narrow and inornate anterior platform except
for a small posterior node.

Mockina mosheri (Kozur and Mostler, 1971),
morphotype B

Figure 8.10

Epigondolella mosheri (Kozur and Mostler) Morphotype B, Orchard,
1994, p. 207, pl. 1, figs. 1-9, 12; Orchard et al., 2007a, fig. 19;
Carter and Orchard, 2007, pl. 2, figs. 12, 13, 16—18.

Material examined.—One specimen, KMSP-100019,
from QU3-163.

Remarks.—This morphotype is characterized by a rela-
tively long element and has some accessory nodes on the
posterior platform. In contrast to morphotype A, morpho-
type B has a broader and more ornate platform. Morphot-
ype C has more carinal nodes posterior of a pair of lateral
nodes.
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Mockina postera (Kozur and Mostler, 1971)
Figure 8.11

Gladigondolella abneptis (Huckriede). Hayashi, 1968, pl. 2, fig. 6.

Tardogondolella abneptis postera Kozur and Mostler, 1971, p. 14, pl.
2, figs. 4-6.

Metapolygnathus posterus posterus (Kozur and Mostler). Kozur, 1972,
pl. 6, figs. 23.

Epigondolella postera (Kozur and Mostler). Krystyn, 1973, p. 141, pl.
S, figs. 5, 6; Budurov, 1977, p. 43, pl. 5, figs. 25, 26; Isozaki and
Matsuda, 1980, figs. 6, 7; Cafiero and Bonardi, 1981, pl. 58, figs.
21, 22; Ishida, 1981, pl. 7, figs. 1, 2; Isozaki and Matsuda, 1982,
p. 115, pl. 3, figs. 1-7; Orchard, 1983, p. 186, fig. 15P—R; Orchard
in Carter et al., 1989, pl. 1, fig. 15; Budurov and Sudar, 1990, pl.
5, figs. 1-5; Orchard, 1991a, pl. 4, fig. 21; Orchard, 1991b, p. 310,
pl. 4, figs. 16-19; Nicoll and Foster, 1994, p. 108, figs. 7.3-7.5;
Krystyn et al., 2009, fig. 4.5.

Epigondolella postera hayashii Kozur and Mostler. Sweet in Ziegler,
1977, p. 191.

Metapolygnathus posterus (Kozur and Mostler). Gupta et al., 1980, p.
593, pl. 2, figs. 7, 8, pl. 5, figs. 1-9; Gazdzicki et al., 1979, pl. 5,
fig. 14; Kovacs and Kozur, 1980, pl. 14, fig. 7.

Mockina postera (Kozur and Mostler). Ishida and Hirsch, 2001, p. 238,
pl. 4, figs. 4, 6; Moix et al., 2007, pl. 1, fig. 3; Ishida et al., 2015,
p- 13, pl. 2, fig. 5, pl. 3, figs. 1, 2.

Epigondolella cf. postera Kozur. Katvala and Stanley, 2008, p. 222,
fig. 42.9.

Material examined.—One specimen, KMSP-100020,
from NHR-40.

Description.—The P1 element is relatively small, and
characterized by an asymmetrical posterior platform mar-
gin. The platform is about half of the entire element. The
anterior platform bears one or two sharp denticles on each
margin. In profile, the blade is composed of about 5 den-
ticles, and rises from both anterior and posterior ends.
Relatively low carinal nodes may be continuous to the
posterior platform margin, and form a pointed posterior
end of the platform. The pit lies in the anterior half of the
platform within the keel, which has a pointed termination.

Remarks.—The described specimen has one denticle
on one anterior platform margin and two denticles on the
other. The asymmetrical posterior platform margin has no
ornamentation except for the carinal nodes. These fea-
tures match well with the holotype (Kozur and Mostler,
1971, pl. 2, fig. 4).

Mockina slovakensis (Kozur, 1972)
Figure 8.12

Metapolygnathus slovakensis Kozur, 1972, p. 10, pl. 7, fig. 23.

Epigondolella multidentata Mosher. Budurov and Sudar, 1990, pl. 5,
figs. 20-22.

Mockina slovakensis (Kozur). Channell et al., 2003, pl. A2, figs.
56-58; Mazza et al., 2012b, p. 121, pl. 7, figs. 9, 10; Rigo et al.,
2016, fig. 3.2.

Material examined.—One specimen, KMSP-100021,
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from NHR-112.

Description.—One broken Pi element has an oval
platform with thick platform margins, which bear some
high denticles. The blade forms a high crest and abruptly
descends onto the platform as a row of carinal nodes. The
pit lies below the center of the platform, and anterior to
the rounded posterior end of the keel.

Remarks.—The described specimen is characterized
by an abrupt step between the blade and the carina, and
an oval platform with thick platform margins. These dis-
tinctive features enable it to be assigned to the species.

Mockina spiculata (Orchard, 1991b)
Figures 8.13, 8.14

Epigondolella C population. Orchard, 1983, p. 185, fig. 15M-O;
Orchard, 1991a, pl. 4, figs. 18-20.

Epigondolella spiculata Orchard, 1991b, p. 312, pl. 3, figs. 10, 14, 15;
Nicoll and Foster, 1994, p. 108, fig. 8.4; Channell ef al., 2003, pl.
A2, figs. 38, 42; Katvala and Stanley, 2008, p. 223, fig. 42.1-42. 7.

Material examined—Two specimens, KMSP-100022,
100023, from NCU-541.

Description.—The P1 elements are characterized by an
ornate, subrectangular and asymmetrical platform with
a length-to-breadth ratio of 2:1, a slightly sinuous lon-
gitudinal axis. The blade descends onto the platform and
abruptly terminates on the anterior platform. The carinal
nodes become larger towards the posterior end, and reach
to the posterior end of the platform. The serrated posterior
platform margin has several additional nodes. Each ante-
rior lateral platform bears 3—4 well developed, discrete,
and sharp denticles. The pit lies anterior of the platform
midlength within a relatively broad basal keel.

Remarks.—Orchard (1983) distinguished Epigon-
dolella C population from middle Norian specimens
that were previously assigned to E. abneptis. E. spicu-
lata was differentiated from Epigondolella C population
by Orchard (1991b) based on the characteristic platform
shape and ornamentation. The described specimens may
be primitive form of this species because of less orna-
mentation on the posterior platform margin. This species
has the typical characters of the genus Mockina, being
characterized by a reduced, elliptic platform with sharp
denticles, anteriorly shifted pit and a pointed or narrowly
rounded posterior platform margin and keel termination.

Mockina aff. zapfei (Kozur, 1973)
Figure 9.1

aff. Metapolygnathus n. sp. Kozur, 1972, pl. 7, fig. 1.

Metapolygnathus aff. posterus (Kozur and Mostler). Kozur, 1972, pl.
7, fig. 2.

Metapolygnathus zapfei Kozur, 1973, p. 18; Gazdzicki et al., 1979, pl.
5, fig. 15.
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Epigondolella postera Kozur and Mostler. Budurov and Sudar, 1990,
pl. 5, figs. 6-8.

Epigondolella slovakensis Kozur and Mock. Martini et al., 2000, pl.
5, figs. 13, 14.

Mockina zapfei (Kozur). Channell et al., 2003, pl. A2, fig. 55; Rigo et
al., 2016, fig. 3.1.

Material examined.—One specimen, KMSP-100024,
from QU3-163.

Description.—The P1 element has a rectangular plat-
form with a length-to-breadth ratio of 2:1. The platform
is about one half of the total unit length, and characterized
by an asymmetrical posterior platform margin whose one
side is pointed. The row of 6—7 carinal nodes is curved
on the posterior platform and extends to the pointed pos-
terior end of the platform. The lateral margins bear 2—3
sharp denticles on each side. In profile, the blade is com-
posed of 7—8 denticles and forms a high convex crest. The
pit lies anterior of the platform midlength. The keel end
is bifurcated.

Remarks.—The described specimen is very similar to
Mockina zapfei, but we regarded it as affinis of this spe-
cies because it has a broader platform with more denticles
on the lateral platform margin. The tapered posterior plat-
form margin, sharp denticles and anteriorly shifted pit of
this specimen are similar to that of the type species of the
genus Mockina. Epigondolella spiculata also resembles
this specimen, but the blade which is highest at the ante-
rior end abruptly ends. The pit of Primatella asymmetrica
is subcentral and lies within the keel that has a pointed
termination.

Mockina sp. A
Figures 9.2, 9.3

Material examined.—Two specimens, KMSP-100025,
from NHR-130 and KMSP-100026, from NHR-55.

Description.—The P1 elements have a long subrectan-
gular platform with a length-to-breadth ratio of between
2:1 and 2.5:1, two distinct denticles on one anterior plat-
form margin and one on the other. A constriction may
occur in the center of the platform. The posterior plat-
form is commonly inornate. The pit is situated beneath
the anterior part of the platform and far anterior of the
relatively broad keel. The basal keel is slightly carved
around the pit.

Remarks.—The features of this species indicate a close
phylogenetic relationship with Mockina postera. The first
appearance of Mockina sp. A occurs higher than that of
M. postera in the section N. This evidence suggests that
Mockina sp. A probably evolved from M. postera during
late Norian time. This species resembles M. postera, but
differs in having a longer posterior platform. Mockina
elongata and Epigondolella matthewi are also similar to
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Figure 9. SEM images of Upper Triassic conodonts from the section N and Q. 1, Mockina aff. zapfei (Kozur, 1972), KMSP-100024,
sample QU3-163; 2, 3, Mockina sp. A; 2, KMSP-100025, sample NHR-130; 3, KMSP-100026, sample NHR-55; 4—6, Mockina sp. B; 4, KMSP-
100027, sample QU3-163; 5, KMSP-100028, sample NHR-42; 6, KMSP-100029, sample NHR-57; 7, Neogondolella cf. liardensis Orchard,
2007a, KMSP-100030, sample NCL-185; 8, Paragondolella auriformis (Kovacs, 1977), KMSP-100031, sample NCU24; 9, Paragondolella?
tadpole (Hayashi, 1968), KMSP-100032, sample NCU-18. For 1-9: a, upper view; b, lateral view; c, lower view. Scale bar = 300 pum.

this species, but M. elongata has a more slender platform, Material — examined.—Three specimens, KMSP-

and E. matthewi has more denticles on each anterior plat- 100027, from QU3-163, KMSP-100028, from NHR-42,
form and a biconvex platform. KMSP-100029, from NHR-57.

Description.—The P1 elements are characterized by an

Mockina sp. B elongate platform shaped like a rhombus, broadest in the

medial part, and with a length-to-breadth ratio close to

Figures 9.4-9.6 . . . ”
2:1. The ornamentation is restricted to the anterior part
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of the platform margin and consists of 3—4 pointed den-
ticles, the posteriormost of which is the largest. The blade
is approximately 1/3 of the total element length with 5-6
partly fused denticles forming a high crest, and descends
onto the platform as a row of about five nodes that extend
to the pointed posterior platform margin.

Remarks.—The slender platform of Mockina sp. B is
similar to those of M. mosheri and juveniles of Epigon-
dolella multidentata, but the platform of M. mosheri has a
curved longitudinal axis and fewer denticles on the ante-
rior platform margin, and the platform of E. multidentata
is broadest in the anterior. The present species also resem-
bles M. bidentata, but differ in having a broader platform
and more denticles on the anterior platform margin.

Genus Neogondolella Bender and Stoppel, 1965

Type species—Gondolella mombergensis Tatge, 1956.

Neogondolella cf. liardensis Orchard, 2007a
Figure 9.7

cf. Neogondolella inclinata (Kovacs). Orchard, 2005, p. 85, text-fig.
11; Orchard, 2006, pl. 6, figs. 1, 2, 9, 10.
Neogondolella liardensis Orchard, 2007a, p. 328, figs. 3.4-3.6.

Material examined.—One specimen, KMSP-100030,
from NCL-185.

Description.—One broken P1 element typically has a
narrow, long platform with a length-to-breadth ratio of
about 6:1, no ornamentation except for microreticulation,
and subparallel margins that gradually reduce to the ante-
rior end of the blade. The blade is composed of partly
fused denticles that are higher to the anterior, and passes
posteriorly into low, highly fused carinal nodes. In lateral
view, the element is arched and a prominent cusp lies in
front of the posterior platform margin. The pit underlies
the posterior part of the platform.

Remarks.—The described specimen has a higher
blade and more fused carinal nodes than Neogondolella
liardensis. This variation may be intraspecific because
large populations of this species show variation in carinal
development according to Orchard (2007a).

Genus Paragondolella Mosher, 1968a
Type species.—Paragondolella excelsa Mosher, 1968a.

Paragondolella auriformis (Kovacs, 1977)
Figure 9.8

Gondolella auriformis Kovacs, 1977, p. 78, pl. 1, figs. 4, 5, pl. 2, fig.
1, pl. 3, fig. 1, pl. 8, fig. 1; Kovacs and Kozur, 1980, pl. 8, figs. 5,
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6, pl. 9, fig. 1; Krystyn, 1983, p. 242, pl. 5, figs. 5, 6, pl. 6, fig. 1;
Kovacs, 1986, p. 214, pl. 11, figs. 1, 2; Kovacs et al., 1989, p. 48,
fig. 4a.

Neogondolella auriformis (Kovacs). Chhabra and Kumar, 1992, pl. 4,
fig. 12.

Metapolygnathus auriformis (Kovacs). Mastandrea, 1995, p. 499, pl. 1,
figs. 6-9; Hauser et al., 2001, pl. 1, fig. 12; Hornung et al., 2007,
p. 280, fig. 7g, h.

Paragondolella auriformis (Kovacs). Rigo et al., 2007, fig. 4.9.

Material examined.—One specimen, KMSP-100031,
from NCU24.

Description—The P1 element is characterized by a
relatively short, ear-like platform with no ornamentation
except for microreticulation, and a distinct posterior plat-
form constriction. The blade is about 1/2 of the total ele-
ment length, composed of 7 denticles and forms a high
convex crest. The anterior trough margin is weakly devel-
oped and the free blade is long. The terminal carinal node
is surrounded by a narrow platform rim. The pit lies in
the posterior half of the platform within the keel, which is
posteriorly rounded.

Remarks.—This specimen is assigned to Paragon-
dolella, because it has an inornate platform, a rounded
posterior margin and a posteriorly located pit. Paragon-
dolella auriformis is similar to P.? tadpole, but differ in
having a distinct platform constriction.

Paragondolella inclinata (Kovacs, 1983)
Figures 10.1, 10.2

Gondolella foliata inclinata Kovacs, 1983, p. 110, pl. 1, figs. 1-4; pl.
3, fig. 2.

Paragondolella inclinata (Kovacs). Orchard, 2007a, p. 328, figs. 3.1—
3.3.

Material examined—Two specimens, KMSP-100033,
from NCL-2 and KMSP-100034, from NCL-128.

Description—The broken P1 elements are charac-
terized by a long platform and a high blade-carina. The
platform margin is covered by microreticulation and has
no marginal nodes. The platform tapers gradually to the
anterior without geniculation. The high blade-carina is
composed of highly fused denticles and forms an arcu-
ate crest. The pit lies in the posterior half of the platform
within the keel, which has a subrectangular termination.

Remarks.—The high blade-carina and a tapered plat-
form without geniculation are diagnostic features, which
enable us to distinguish this species. Paragondolella
inclinata is similar to P. praelindae, but differs in having
no distinct platform constriction.

Paragondolella? tadpole (Hayashi, 1968)
Figure 9.9
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Figure 10. SEM images of Upper Triassic conodonts from the section N and Q. 1, 2, Paragondolella inclinata (Kovacs, 1977); 1,
KMSP-100033, sample NCL-2; 2, KMSP-100034, sample NCL-128 ; 3, Paragondolella aff. praelindae Kozur, 2003, KMSP-100035, sample
NCL-2; 4, Parvigondolella andrusovi Kozur and Mock, 1972, KMSP-100036, sample NHR-53; 5, Parvigondolella aff. vrielyncki Kozur and
Mock, 1991, KMSP-100037, sample NHR-53; 6, 7, Primatella orchardi (Kozur, 2003); 6, KMSP-100038, sample N-130; 7, KMSP-100039,
sample NCU-186; 8, 9, Quadralella carpathica (Mock, 1979); 8, KMSP-100040, sample QU2-62; 9, KMSP-100041, sample N-115. For 1-9:
a, upper view; b, lateral view; c, lower view. Scale bar = 300 um.

Gondolella tadpole Hayashi, 1968, p. 71, pl. 1, fig. 6; Kozur, 1972, pl. Brandner, 2005, fig. 9f.
3, figs. 7, 8, pl. 6, fig. 1; Kozur, 1974, p. 12, Kovacs and Kozur, Neogondolella ct. tadpole (Hayashi). Koike, 1981, pl. 2, figs. 18, 19.
1980, pl. 9, figs. 4, 5; Hornung, 2006, fig. 7.2; Hornung and Metapolygnathus tadpole (Hayashi). Orchard, 2006, pl. 4, figs. 1-3, pl.
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6,11, 12, 15, 16; Orchard, 2007a, p. 326, figs. 3.19-3.21; Orchard
and Balini, 2007, figs. 6.12, 6.13, 6.20, 6.21.

Paragondolella tadpole (Hayashi). Rigo et al., 2007, fig. 4.8; Muttoni
etal., 2014, fig. 3A, D.

Material examined.—One specimen, KMSP-100032,
from NCU-18.

Description—The P1 element is characterized by a
relatively small, subrectangular to oval, inornate plat-
form with a length-to-breadth ratio of between 1.5:1 and
2:1. The blade is about 1/2 of the total element length,
composed of about 6 denticles that are highest near the
anterior third, and descend onto the platform as a row of
discrete, prominent nodes, which terminate in front of
the posterior end of the element. In profile, the element
is arched, and the carinal nodes project above the level of
the slightly raised lateral platform margin. The pit lies in
a posterior position with respect to both the platform and
keel, which has a rounded to subrectangular termination.

Remarks.—The described specimen resembles the
holotype of Gondolella tadpole reported by Hayashi
(1968) but the described specimen has a distinct genicu-
lation point and the long blade is broken. This species is
regarded as a transitional form between the genera Para-
gondolella and Quadralella by Chen et al. (2015) because
it has intermediate characters to typical Quadralella spe-
cies. We follow Chen et al. (2015) in treating Paragon-
dolella? tadpole (Hayashi).

Paragondolella aff. praelindae Kozur, 2003
Figure 10.3

aff. Paragondolella praelindae Kozur, 2003, p. 71, pl. 1, fig. 4; Channell
etal., 2003, pl. A1, fig. 3; Rigo et al., 2007, figs. 4.10, 4.11; Mazza
et al.,2012b, p. 126, pl. 7, fig. 13; Muttoni et al., 2014, fig. 3E.

Material examined.—One specimen, KMSP-100035,
from NCL-2.

Description—The P1 element is characterized by a
broad, inornate platform with a marked constriction in the
posterior 1/7 of the platform, biconvex lateral platform
margin, no geniculation point, and a length-to-breadth
ratio of about 3:1. The free blade is generally absent due
to the anteriorly tapered platform. Laterally the profile of
the element is arched. The blade is composed of fused
denticles, forms a convex crest, and passes posteriorly
into low carinal nodes. The pit is situated near the con-
striction portion of the platform and subterminal within
the keel that is posteriorly rounded.

Remarks.—Paragondolella lindae is similar to this
species, but differ in having a more abrupt anterior nar-
rowing of the platform and a more slender platform.
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Genus Parvigondolella Kozur and Mock, 1972

Type species.—Parvigondolella andrusovi Kozur and
Mock, 1972.

Parvigondolella andrusovi Kozur and Mock, 1972
Figure 10.4

Parvigondolella andrusovi Kozur and Mock, 1972, p. 5, pl. 1, figs.
11, 12; Kozur and Mostler, 1972, pl. 4, fig. 6; Kozur, 1972, pl. 7,
fig. 10; Gazdzicki et al., 1979, pl. 5, figs. 8, 9; Kovacs and Kozur,
1980, pl. 15, fig. 3; Krystyn, 1980, pl. 14, figs. 4—6; Isozaki and
Matsuda, 1982, pl. 4, figs. 6, 7; Nagao and Matsuda, 1982, pl.
1, figs. 5, 6; Isozaki and Matsuda, 1983, p. 69, pl. 4, figs. 1-7;
Channell ef al., 2003, pl. A2, figs. 50, 52, 59, 60, pl. A3, figs. 1, 2,
73, 80-82; Bertinelli et al., 2005, fig. 4.6; Rigo et al., 2005, figs.
5.5,5.6; Balini et al., 2010, pl. 4, fig. 10; Gale et al., 2012, fig. 40;
Mazza et al., 2012b, pl. 7, fig. 14.

Epigondolella bidentata Mosher, 1968a. Krystyn, 1980, pl. 14, figs. 5,
6; Budurov and Sudar, 1990, pl. 5, fig. 12.

Material examined.—One specimen, KMSP-100036,
from NHR-53.

Description.—The small P1 element has no platform
and a blade composed of 8 partially fused denticles,
which tends to be highest in its anterior one-third. The
cusp is larger than the other denticles and never situated
on the posterior end of the element. In profile, the element
is slightly arched in the posterior one-third. The pit lies
posterior of the element midlength.

Remarks.—Although the described specimen is par-
tially broken, it has 8 denticles and the cusp, which is
never situated terminal in position and larger than other
denticles. These features match well with the holotype of
Kozur and Mock (1972, pl. 1, fig. 11).

Parvigondolella aff. vrielyncki Kozur and Mock, 1991
Figure 10.5

aff. Epigondolella bidentata, Krystyn, 1980, pl. 14, fig. 4.

Parvigondolella andrusovi, Vrielynck, 1981, p. 217, pl. 7, figs. 19, 20.

Parvigondolella? vrielyncki Kozur and Mock, 1991, p. 276.

Parvigondolella vrielyncki Kozur and Mock. Channell ef al., 2003, pl.
A2, fig. 49.

Material examined.—One specimen, KMSP-100037,
from NHR-53

Description.—The blade is composed of 11-12 den-
ticles that are often highest in the anterior part and its
height gradually decreases toward the posterior end. In
lateral view, this element is straight or slightly arched.
The pit lies posterior of the element midlength.

Remarks.—Kozur and Mock (1991) established the
species Parvigondolella vrielyncki and chose the juve-
nile specimen of Epigondolella bidentata illustrated
by Krystyn (1980, pl. 14, fig. 4) as its holotype. The
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described specimen is regarded as affinis because it is
very similar to P. vrielyncki, but differs in having a cusp,
which is the penultimate denticle and larger than the other
denticles. This specimen also resembles Parvigondolella
andrusovi, but it has a longer blade, which is composed
of more denticles than the latter.

Genus Primatella Orchard 2013
Bype species—Epigondolella primitia Mosher, 1970.

Primatella orchardi (Kozur, 2003)
Figures 10.6, 10.7

Epigondolella orchardi Kozur, 2003, p. 69, pl. 1, figs. 1, 7.
Primatella orchardi (Kozur). Carter and Orchard, 2013, figs. 7.4-7.6;
Balini ez al., 2014, fig. 10h; Orchard, 2014, figs. 70.1-70.26.

Material examined—Two specimens, KMSP-100038,
from N-130 and KMSP-100039, from NCU-186.

Description.—The P1 elements have a subrectangular
platform with a length-to-breadth ratio of between 1.5:1
and 2:1, and an indentation of the lateral margins in the
posterior 1/3 to 1/2 of the platform. The anterior platform
margin bears 2-3 round to laterally enlarged, pointed and
discrete nodes. The breadth of the posterior and anterior
platform may be greater than that of the anterior platform.
The pit is medial to posterior in position, and anterior of
the posterior end of the keel, which is commonly bifur-
cated.

Remarks.—These elements differ from Quadralella
postlobata in their pointed marginal nodes, relatively
shorter platform, and bifurcated posterior end of the keel.

Genus Quadralella Orchard 2013
Bype species—Quadralella lobata Orchard, 2014.

Quadralella carpathica (Mock, 1979)
Figures 10.8, 10.9

Gondolella carpathica Mock, 1979, p. 172, pl. 1, figs. 1-5.

Paragondolella carpathica (Mock). Martini et al., 1991, pl. 19 figs.
1-9; Channell ez al., 2003, pl. A1, figs. 4, 5, 9, 10.

Metapolygnathus carpathicus (Mock). Orchard, 2006, pl. 7, figs. 1, 2;
Orchard, 2007b, figs. 1.10-1.12; Orchard, 2007c, pl. 1, figs. 24,
25,29-31.

Metapolygnathus ex gr. polygnathiformis (Budurov and Stefanov).
Orchard, 2006, pl. 4, figs. 1-3.

Metapolygnathus polygnathiformis (Budurov and Stefanov). Orchard,
2007b, figs. 1.19-1.21.

Carnepigondolella angulata Mazza et al., 2012a, p. 416, fig. 9B.

Carnepigondolella carpathica (Mock). Balini et al., 2010, pl. 2, fig. 5;
Mazza et al., 2012b, p. 93, pl. 1, figs. 2, 3.

Quadralella carpathica (Mock). Orchard, 2014, p. 108, figs. 76.1—
76.15.
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Material examined—Two specimens, KMSP-100040,
from QU2-62 and KMSP-100041, from N-115.

Description—P1 elements have a relatively large,
broad subrectangular platform with a length-to-breadth
ratio of 2:1, poorly differentiated nodes on each ante-
rior platform margin, and a subparallel lateral margin.
The platform is 2/3-3/4 of the total element length. The
tapered platform flange extends close to the anterior end
of the blade, which is highly fused, highest near the ante-
rior end, and descends onto the platform as a row of dis-
crete carinal nodes. Laterally, the element is arched with a
downturned posterior platform, which is inornate except
for microreticulation. The pit lies in the posterior half of
the platform and is shifted anteriorly with respect to the
keel end, which is subtriangular or bifurcated.

Remarks.—These distinctive features match well the
morphotype of Mock (1979, figs. 1-5), except for the
shape of the keel end. Quadralella tuvalica has raised
anterior platform margins with more developed nodes,
which may reach the center of the platform.

Quadralella noah (Hayashi, 1968)
Figures 11.1, 11.2

Metapolygnathus noah Hayashi, 1968, p. 72, pl. 3, fig. 10; Orchard,
2007b, figs. 1.25-1.27.

Paragondolella noah (Hayashi). Noyan and Kozur, 2007, fig. 5.5.

Paragondolella polygnathiformis noah (Hayashi). Rigo et al., 2007,
fig. 4.6.

Quadralella noah (Hayashi). Orchard, 2014, p. 114, figs. 81.1-81.18.

Material examined —Two specimens, KMSP-100042,
from NCU-70 and KMSP-100043, from QU1-88.

Description.—Two broken P1 elements have a long and
subrectangular platform with a length-to-breadth ratio of
between 2.5:1 and 3:1. The blade is 1/3 of the total ele-
ment length and the anterior trough margin extends nearly
to the anterior end of the blade. The platform margins are
covered by microreticulae, and lateral margins are paral-
lel to subparallel. The anterior platform margin is slightly
raised and has a few weakly developed nodes. The pit is
in the posterior part of the platform and anteriorly situ-
ated within the keel that has a subrectangular or weakly
bifurcated termination.

Remarks.—The described specimens are similar to
Quadralella tuvalica, but differ having a few weakly
developed nodes that are confined to the anteriormost 1/4
of the platform.

Quadralella postlobata Orchard, 2014
Figures 11.5, 11.6

Neogondolella polygnathiformis (Budurov and Stefanov). Koike,
1982, p. 25, pl. 1, figs. 2, 3, 7.
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Figure 11.
100042, sample NCU-70; 2, KMSP-100043, sample QU1-88; 3, 4, Quadralella tuvalica (Mazza and Rigo, 2012); 3, KMSP-100044, sample
QU2-63; 4, KMSP-100045, sample N-130; 5, 6, Quadralella postlobata Orchard, 2014; 5, KMSP-100046, sample NCU-130; 6, KMSP-
100047, sample N-121; 7, Quadralella sp. A, KMSP-100048, sample NCU-131. For 1-7: a, upper view; b, lateral view; c, lower view. Scale
bar = 300 pum.

Metapolygnathus nodosus (Hayashi). Orchard, 2007c, pl. 1, figs.
11-16; Katvala and Stanley, 2008, fig. 39.28.

Metapolygnathus carpathicus (Mock). Katvala and Stanley, 2008, fig.
39.12.

Quadralella postlobata Orchard, 2014, p. 118, figs. 80.14-80.40.

Material examined.—Two specimens, KMSP-100046,
from NCU-130 and KMSP-100047, from N-121.

Description.—Two broken P| elements are character-
ized by a rectangular platform with a length-to-breadth
ratio of between 2:1 and 2.5:1, and a distinct constric-
tion in the posterior 1/3 of the platform. The raised ante-
rior platform margins have 3—4 poorly developed and
rounded nodes. The posteriormost carina is surrounded
by the posterior platform margin. The pit underlies the
posterior half of the platform and is close to the posterior
end of the keel that is rectangular or weakly bifurcated.
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SEM images of Upper Triassic conodonts from the section N and Q. 1, 2, Quadralella noah (Hayashi, 1968); 1, KMSP-

Remarks.—This species is closely similar to Quadral-
ella lobata, which is its proposed precursor, but differ in
having more raised lateral platform margins, a shorter
platform, a longer blade and a more anteriorly located
constriction.

Quadpralella tuvalica (Mazza and Rigo in Mazza et al.,
2012b)

Figures 11.3, 11.4

Neogondolella polygnathiformis (Budurov and Stefanov). Koike, 1982,
p- 25, pl. 1, figs. 10, 11.

Metapolygnathus nodosus (Hayashi). Orchard in Carter et al., 1989, pl.
1, fig. 3; Carter and Orchard, 2000, pl. 1, fig. 1; Orchard, 2007b,
figs. 1.1-1.3; Orchard, 2007c, pl. 1, figs. 14-19.

Carnepigondolella tuvalica Mazza and Rigo in Mazza et al., 2012b, p.
100, pl. 3, figs. 3-5, 9, 10.
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Quadralella tuvalica (Mazza and Rigo in Mazza et al., 2012b). Carter
and Orchard, 2013, figs. 3.20-3.22; Orchard, 2014, figs. 88.1—
88.24.

Material examined.—Two specimens, KMSP-100044,
from QU2-63 and KMSP-100045, from N-130.

Description.—The P elements have a subrectangular
platform with a length-to-breadth ratio of 2:1 and subpar-
allel lateral margins. The anterior platform margin bears
3—4 low, rounded nodes, which reach the middle of the
platform. The anterior trough margin extends close to the
anterior end of the blade. The blade is about 1/3 of the
total element length and passes onto the platform as 5-7
carinal nodes. In lateral view, the elements are arched
with a downturned posterior platform. The pit lies close
to the posterior end of the keel or is anteriorly shifted
within the keel, which is squared or bifurcated.

Remarks.—This species was differentiated by Mazza
and Rigo (in Mazza et al., 2012b) from a variety of forms
that had been referred to Quadralella nodosus (Carne-
pigondolella in Mazza et al., 2012b). Although the holo-
type of Q. tuvalica illustrated by Mazza et al. (2012b)
has a slightly rounded posterior platform margin, Orchard
(2014) restricted Q. tuvalica to forms with a more rectan-
gular posterior platform margin, and assigned the holo-
type of Mazza et al. (2012b) to his new species Primatella
rotunda. The described specimens resemble Primatella
rotunda, but we assigned them to Q. tuvalica based on the
description of Mazza et al. (2012b). The morphological
features of Q. tuvalica are an elevated anterior platform
margin and relatively broad anterior trough margin that
extends close to the anterior end of the blade. Although
the described specimens have a less elevated anterior plat-
form margin, they share many features with Q. tuvalica.
The described specimens are similar to Q. nodosus, but
differ in having a longer blade. Compared with Carne-
pigondolella milanae, this species has a shorter free blade
and an upturned platform margin.

Quadralella sp. A
Figure 11.7

Material examined.—One specimen, KMSP-100048,
from NCU-131.

Description.—The P element has a relatively broad,
subrectangular platform without ornamentation, except
for microreticulation. The anterior trough margin is broad
and extends to the anterior end of the blade. Overall plat-
form shape is subparallel, with the broadest point lying at
platform midlength. There are a tiny step and a genicula-
tion point at the anterior platform margin. The blade is
composed of about 7 denticles and forms a convex crest.
The cusp is the terminal and highest carinal nodes. The pit
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is situated in a posterior position with respect to both the
platform and keel end, which is subrectangular.
Remarks.—The features of this species indicate a close
phylogenetic relationship with Quadralella polygnathi-
formis, but this species differ in overall platform shape
and having no irregular step at anterior platform margin.
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