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PERMIAN CONODONT ZONATION AND ITS IMPORTANCE FOR THE
PERMIAN STRATIGRAPHIC STANDARD SCALE

Heinz Kozur

With 4 figures, 2 tables and 6 plates

Abstract:

Conodonts are the stratigraphically most important fossils in the Permian with numerous guide forms distributed
world-wide in both shallow-water and pelagic deposits (figs. 1, 2). Conodont provincialism is insignificant, but the fa-
cies control of conodonts may be considerable. Problems of conodont zonation are caused by migrations due to large
scale facies changes, especially in the Middle Permian Guadalupian Series and at the Guadalupian-Lopingian boun-
dary. Migration events of conodonts are not suitable for definitions of stage boundaries and large scale correlations,
because they are diachronous.

A new genus, Wardlawella n. gen., and a two new species are described.

Zusammenfassung:

Conodonten sind die stratigraphisch bedeutendsten permischen Fossilien und weisen sowohl im Flachwasser als auch
in pelagischen Ablagerungen zahlreiche weltweit verbreitete Leitformen auf (Figs. 1, 2). Provinzialismus ist unbedeu-
tend, aber die Faziesabhingigkeit permischer Conodonten kann betréchtlich sein. Probleme fiir die Conodontenzonie-
rung ergeben sich aus Migrationen infolge groBrdumiger Faziesinderungen, besonders in der mittelpermischen Guada-
lupe-Serie und an der Guadalupe/Loping-Grenze. Migration-events sind diachron und daher ungeeignet fiir die Defini-

tion von Stufengrenzen und groBrdumige Korrelationen.

Eine neue Gattung, Wardlawella n. gen., und zwei neue Arten werden beschrieben.

1. Introduction

Detailed taxonomic and stratigraphic studies
of Permian conodonts began considerably later
than in other Paleozoic systems because in the
classical areas of conodont studies in Middle and
Western Europe and Eastern USA the Permian is
mostly continental or missing. Conodont-bear-
ing Permian pelagic and slope deposits are com-
mon in the Cis-Urals, the Tethys, western North
America, the Circum-Pacific realm and partly in
the Arctic and on the northern margin of Gond-
wana. Most of the Permian conodonts have been
described during the last 20 years from these
areas. These investigations have shown that co-
nodonts are the stratigraphically most important

fossil group of marine deposits, as in the Devo-
nian and Carboniferous. The most important co-
nodont guide forms are not influenced by the
strong Permian faunal provincialism and are
therefore decisive fossils for definition of the
C/P and P/T boundaries as well as for the defini-
tion and correlation of the stage boundaries
within the Permian.

Based on previous publications, and my own
conodont studies of material from the Cis-Urals,
Arctic Canada, Eastern Greenland, Texas, New
Mexico, Arizona, Germanic Zechstein, Italy,
Greece, Turkey, Oman, Transcaucasia, Iran, Pa-
mirs, Russian Far East, Japan and Bolivia, a de-
tailed shallow-water and pelagic conodont zona-
tion for the Permian System is introduced
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(figs. 1, 2, see p. 188) and range charts of the
Permian conodonts are presented (tabs. 1, 2, see
p. 190-193). A few examples of insignificant
conodont provincialism are shown (fig. 4, see
p. 189).

Different stratigraphic scales are used in dif-
ferent regions and by different authors. In the
present paper, the scale proposed by Kozur
(1993) is used (see columns Series and Stage in
figs. 1, 2). A three-fold subdivision is preferred,
with the Cisuralian Series (Asselian, Sakmarian,
Artinskian, Cathedralian stages), the Guadalupian
Series (Roadian, Wordian, Capitanian stages) and
Lopingian Series (Dzhulfian or Wuchiapingian,
Changhsingian stages). The Cisuralian Series is
best known from its Cis-Uralian type area. Its
lower boundary coincides with the base of the
Permian defined in this area (proposed candi-
dates Ajdaralash and Usolka). Asselian, Sak-
marian and Artinskian stages have their strato-
types in this area. The Kungurian is hypersalinar
and therefore the upper boundary of the Cisural-
ian Series cannot be defined in the Cis-Urals.
However, the upper boundary of a stratigraphic
unit must be always defined with the lower
boundary of the following unit in the type area
of the latter unit (Guadalupian Series). The
Cathedralian stage is defined in the type area of
the Guadalupian Series, the Delaware Basin and
its shelves in the Guadalupe and Glass Moun-
tains. It was introduced by Ross & Ross (1987)
as a stage between the top of the Artinskian and
the base of the Roadian. The Cathedralian-
Roadian boundary can be defined in the Guada-
lupe Mountains within the permanent accessible
proposed stratotype for the Guadalupian Series
(GLENISTER et al., 1992, GLENISTER, 1993). There,
the upper Cathedralian and all 3 stages of the
Guadalupian Series are well exposed in a contin-
uous section, rich in ammonoids, conodonts (CAI
= 1), fusulinids and other fossils. The Lopingian
Series is defined in South China. Its lower boun-
dary was both by Kozur (1992b, c, d, 1993) and
MEI et al. (1994) defined with the base of the
Clarkina altudaensis Zone, originally estab-
lished in the Glass Mountains, West Texas
(Kozur, 1992c, d, 1993, 1994). Correlation and
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subdivision of the Early Lopingian are still dis-
puted.

The Middle Permian fusulinid ages, often
used as stages (Kubergandinian, Murgabian,
Midian) for the Tethys are not used in the
present paper. No conodonts are known from the
Midian stratotype and from the Midian of the
entire Transcaucasian type area. Few conodonts
are known from the Kubergandinian and Murga-
bian type area in SE Pamirs, but strong rework-
ing prevent the recognition of a conodont suc-
cession. Only one conodont-bearing sample is
present from the upper Jachtashian. If the co-
nodonts are not reworked, they indicate an Early
Artinskian age for this level. No conodonts are
known from the Bolorian type area in the Dar-
vas. Conodonts are common in the Bolorian of
SE Pamir, but because no fusulinids are present
in the conodont-bearing beds, the richest cono-
dont fauna with Vjalovognathus shindyensis
cannot be exactly assigned to the earliest Bolo-
rian or latest Jachtashian. The Jachtashian, Bo-
lorian, Kubergandinian, Murgabian and Midian
stratotypes are no longer accessible after the dis-
integration of the former Soviet Union and they
cannot be used as a world standard for the Per-
mian (Kozur et al., 1994).

Both the lower and upper boundary of the
Permian are not yet finally defined. In the
present paper the base of the Permian is placed
at the base of the Streptognathodus barskovi-S.
invaginatus Zone. For the upper boundary of the
Permian the base of the Hindeodus parvus Zone
is preferred (YIN, 1993; KoOTLYAR et al., 1993;
KOZzZUR, 19944, b, PAuLL & PAULL, 1994).

2. Previous work

CLARK & BEHNKEN (1971) established a first,
coarse Permian conodont zonation. In later
papers, detailed Permian conodont zonations
have been established (e.g. BEHNKEN, 1975;
Kozur, 1975, 1978, 1990a, c, 1992d, 1993a;
Kozur et al., 1978; MOVSHOVICH, et al., 1979;
BaNDO et al., 1980; WARDLAW & COLLINSON,
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1986) or detailed conodont range charts have
been published (IGo, 1979, 1981; HAvAsHI,
1981; CLARK & WANG, 1988; Kozur, 1990a). In
Kozur (1978) and CLARK & BEHNKEN (1979),
phylomorphogenetic lineages of Permian co-
nodonts have been demonstrated.

The best investigated conodont succession is
known from the Middle Permian Guadalupian
Series (Roadian, Wordian and Capitanian
stages) of western North America. In the warm-
water pelagic faunas of the Delaware Basin and
its surroundings (type area of the Guadalupian
and its stages), the conodont succession is well
known, and has been correlated in detail with
the ammonoid- and fusulinid zonations as well
as with stage boundaries (BEHNKEN, 1975;
CLARK & BEHNKEN, 1979; WARDLAW & GRANT,
1990; GLENISTER et al., 1992; Kozur, 1992b—d).
The Upper Artinskian to Guadalupian conodont
succession of the Phosphoria Basin in the west-
ern USA is also well known (CLARK et al., 1979;
WARDLAW & COLLINSON, 1979, 1984, 1986;
BEHNKEN et al., 1986), but the late Capitanian to
early Wuchiapingian conodont ages for the up-
permost part of the sequence (upper Gerster For-
mation) are not in agreement with the largely
brachiopod based determination of a Wordian
age (CLARK & WANG, 1988).

Similarly well-investigated are the Late Per-
mian (Lopingian Series) conodont successions
in Transcaucasia, NW and Central Iran (SWEET,
1973; Kozur, 1975, 1978, 1990a; Kozur,
MOSTLER & RAHIMI-YAZD, 1975) and the Per-
mian conodont successions of China, especially
of South China (e.g. WANG & WANG, 1981a, b;
ZHANG et al., 1984; DAl & ZHANG, 1989; DONG
et al., 1987; KANG et al., 1987; WANG et al.,
1987; CLARK & WANG, 1988; DING et al., 1990;
WaNG, 1991; WANG & DongG, 1991; TiaN,
1993a, b, ¢, 1994). In all other Tethyan regions,
the Permian conodont distribution is not so well
known. Either conodonts occur only in short
stratigraphic intervals (e.g. RAMovs, 1982; NEs-
TELL & WARDLAW, 1987; Kozur, 1978; BANDO
et al., 1980), or they have been derived from tec-
tonically complicated areas, such as the Upper
Artinskian to Changhsingian of Western Sicily
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(CartaLANO et al., 1991, 1992; GULLO & KOZUR,
1992; Kozur, 1990b, 1992a, 1993b, c).

Scattered Tethyan conodont faunas of differ-
ent ages are also known from some displaced ter-
ranes in Canada and western USA (e.g. WARD-
LAW et al., 1982; ORCHARD, 1984; ORCHARD &
FORSTER, 1988; BEYERS & ORCHARD, 1991).
Also, the rather well known conodont succes-
sions of Japan (IGo, 1979, 1981, HavasHi, 1981,
IGo & HisHIDA, 1986) have a Tethyan character.
The correlation of these successions is difficult
because of tectonic and sedimentologic compli-
cations.

The conodont studies in the Cis-Uralian
stratotype began later than in most other areas
(Kozur, 1975, 1978, Kozur & MOSTLER, 1976,
MoVSHOVICH et al., 1979). The Asselian to Ar-
tinskian conodont zonation established in these
papers, was later modified for the Asselian
(CHERNIKH & RESHETKOVA, 1987, 1988; CHER-
NIKH, in CHUVASHOV et al., 1990; CHUVASHOV et
al., 1993), but no final conodont zonation was
elaborated. Rather correlation of the conodont
successions with the earlier elaborated fusulinid
zonations was attempted.

Also well-known are low diversity conodont
faunas of the Lower Wuchiapingian of Green-
land and the contemporaneous Zechstein Lime-
stone of central and northwestern Europe (e.g.
BENDER & STOPPEL, 1965; SWEET, 1976; KOzZUR,
1978; SwiFt, 1986; SWIFT & ALDRIGDE, 1986;
RAsSSMUSSEN et al., 1990). The Boreal Changh-
singian conodont fauna is represented by the co-
nodont faunas of the Otoceras beds (SWEET,
1976; HENDERSON, 1993), so far mostly placed
into the Triassic. Upper Artinskian and Cathe-
dralian Boreal conodont faunas are well-known
from Svalbard (SzANIAWSKI & MALKOWSKI,
1979; NAKREM, 1991). From Arctic Canada, As-
selian to Wordian conodont faunas have been
described (KozuR & NASSICHUK, 1977; NAsSI-
CHUK & HENDERSON, 1986; HENDERSON, 1988;
BEAUCHAMP et al., 1989; and ORCHARD, 1991).

A few conodonts have been described from
Gondwana (RABE, 1977; SUAREZ RIGLOS et al,
1987), and they are exclusively Early Permian
faunas. The Permian conodont faunas from the
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eastern Gondwana margin of the Tethys are bet-
ter known (Kozur, 1975, 1978; VAN DEN Boo-
GAARD, 1987; REIMERS, 1991; Kozur et al.,
1994).

3. Taxonomic note

The genus Wardlawella n. gen. and the new
species Clarkina procerocarinata n. sp. and
Isarcicella 7 prisca n. sp. are desribed in the
present paper to avoid the use of nomina nuda.

Genus Wardlawella n. gen.

Derivatio nominis: In honour of Dr. B. R.
WARDLAW, Reston

Type species: Ozarkodina expansa PERLMUT-
TER, 1975

Diagnosis: Pa element with large, asymmetri-
cally triangular to asymmetrically oval cup. Free
blade high, with 4-7 denticles. On the cup, the
carina is fused to a ridge with distinct pustulate
microsculpture, often arranged in narrow trans-
‘verse lines or even fused to pustulate narrow
transverse micro-ridges. Often the fused carina
displays constrictions indicating the presence of
denticles before fusion. Surface of cup smooth,
rarely with spots or transverse stripes of small
pustules. These pustulate areas on the cup sur-
face are never elevated to nodes or ridges.
Occurrence: Asselian to Changhsingian, most-
ly in shallow-water deposits.

Assigned species:

O:zarkodina expansa PERLMUTTER, 1975
Diplognathodus movschovitschi Kozur & Pia-
TAKOVA, 1975

Synonym: [ranognathus nudus WANG, RITTER
& CLARK, 1987

? Diplognathodus lanceolatus 1Go, 1981
Diplognathodus paralanceolatus WANG & DONG,
1991

Sweetognathus adenticulatus RITTER, 1986
Diplognathodus triangularis DING & WAN, 1990
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Remarks: Wardlawella is the ancestor of most
shallow-water Permian gnathodids. It evolved
from Diplognathodus Kozur & MERRILL by de-
velopment of the characteristic microsculpture
on the fused part of the carina.

By development of a high, pustulate trans-
verse ridge on one or both sides of the platform,
Xuzhougnathus DING & WaN, 1990, evolved
from early Wardlawella.

Iranognathus KOzUR, MOSTLER & RAHIMI-
YAazp, 1975, evolved from Wardlawella by de-
velopment of pustulate nodes or ridges, parallel
to the fused carina or to the cup margin.

Sweetognathus CLARK, 1972, is distinguished
by pustulate nodes or pustulate transverse ribs
on the carina that is often widened to a platform.
These nodes or transverse ribs are mostly con-
nected to each other by a single line of pustules
that may be elevated to a very narrow ridge.

Pseudohindeodus GuLLO & KOZzUR, 1992, is
distinguished by a ridge or double ridge near the
margin of the cup. The fused carina is mostly
separated into single unsculptured denticles.

Genus Clarkina KOzZUR, 1990

Type species: Gondolella leveni KozZUr, MOST-
LER & Piatakova, 1976

Clarkina procerocarinata n. sp.
(PL. 6, figs. 6-8)

Derivation of name: According to the slender
form and similarity with C. carinata.

Holotype: The specimen figured on pl. 6, figs. 6-8,
rep.-no. KoMo 121191/IX-3.

Type locality: Section about 500 m south of
Pietra dei Saracini.

Type stratum: Red upper Changhsingian clay-
stones, about 1 m below the P/T boundary (de-
fined with the base of the H. parvus Zone).
Material: 23 specimens.

Diagnosis: Platform slender, widest in or some-
what behind the midlength. Posterior end nar-
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rowly rounded, mostly at one or both sides in-
cised. Lateral platform margins relatively nar-
row, slightly upturned, with honeycomb micro-
sculpture. Adcarinate furrows broad, shallow,
smooth. Carina with 7-10, laterally strongly com-
pressed, posteriorly inclined denticles. Anterior
part of carina highly fused. Cusp terminal, indis-
tinct, fused with the posterior platform margin.
Keel narrow, flat, with indistinctly elevated mar-
gin. Basal cavity elongated.

Occurrence: Late Changhsingian and Isarcicel-
la isarcica Zone (basal Scythian) of the Sosio
Valley area. The basal Scythian forms may be
reworked because the Isarcicella isarcica Zone
contains reworked Middle and Late Permian co-
nodonts.

Remarks: C. carinata (CLARK, 1959) and the
closely related (or identical) C. planata (CLARK,
1959) have a short, broad, flat platform with to-
tally separated or only basally fused denticles
even in the anterior part of the carina (compare
pl. 6, figs. 19, 20), and the denticles are laterally
slightly compressed to roundish.

Genus Isarcicella KOzZur, 1975

Spathognathodus  isarcicus

Type species:
HUCKRIEDE, 1958

Isarcicella ? prisca n. sp.
(PL. 6, figs. 3, 4)

1991 Hindeodus typicalis (SWEET), pars — PERRI,
p- 40,42, pl. 3, figs. 1, 3,4

Derivatio of name: Stratigraphically oldest,
most primitive Isarcicella species.

Holotype: The specimen on pl. 6, fig. 3, 4 (from
PERRI, 1991, pl. 3, fig. 1), rep.-no. IC 1444,
Type locality: Bulla section SW of Ortisei,
Southern Alps, Italy (see PERRI, 1991).

Type stratum: Sample Bu 10, lower Tesero Oo-
lite, upper Changhsingian.

Diagnosis: Pa element rather small, with 6-9
denticles, which are largest in the posterior half.
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Upper edge-line of the denticles away from the
cusp slightly declined. Cusp considerably broad-
er, somewhat to distinctly larger than the follow-
ing denticles. Inner part of the cup distinctly
thickened. Outer, not thickened part rather broad.
Occurrence: Late Changhsingian Tesero Oolite
of Southern Alps. Latest Dorashamian of Trans-
caucasia (only broken specimens).

Remarks: The denticulation of the blade and
the size of the cusp corresponds to Hindeodus
latidentatus (KOzUR, MOSTLER & RAHIMI-
YAzD). 1. 7 prisca n. sp. is distinguished from
H. latidentatus by the distinct thickening of
the inner part of the cup, typical for all Isarci-
cella species. The taxonomic importance of
this feature is not yet clear (it may be facies-
controlled).

Isarcicella ! turgida (Kozur, MOSTLER &
RAHIMI-YAZD) from the basal Triassic displays a
more prominent cusp that is more than two
times longer than the following denticles.

4. Temperature- and other facies dependence
of the Permian conodonts and the importance
of these factors for conodont zonation

4.1. Dependence of conodont distribution on
water depth

In very shallow water intratidal deposits, co-
nodonts are either-missing or represented by the
genus Stepanovites, and in North America by
the very similar genus Sweetina, distinguished
only by the presence of a lateral branch in the Pa
(7) element. Like other fossils from this facies,
these conodonts have little stratigraphic value.

Beside Stepanovites, numerous conodont
genera occur in-Permian shallow-water deposits
below the tidal flats, but the typical pelagic gon-
dolellid conodorits are missing in such faunas.
Some Early Permian shallow-water conodonts
have greater stratigraphic value than the pelagic
ones. Also, the shallow-water conodonts of the
uppermost Permian are stratigraphically very
important.
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The Permian shallow-water conodonts belong
to the genera Adetognathus Lane (uppermost
range in the Lower Artinskian, stratigraphically
unimportant), Gullodus Kozur (restricted to the
upper part of reef slopes), Hindeodus REXROAD
& FURNISH [with important guide forms in the
Upper Permian, especially around the Permian-
Triassic boundary; especially forms with partly
fused carina, such as H. julfensis (SWEET), occur
also in pelagic deposits], Iranognathus KOzZUR,
MOSTLER & RAHIMI-YAZD, junior synonym
Homeoiranognathus Ritter (Artinskian-Changh-
singian, some species are also present in pelagic
deposits), Merrillina KozUr (Capitanian to
lower Wuchiapingian), Neostreptognathodus
CLaRK (with several excellent guide forms of
the Upper Artinskian-Roadian), Pseudohindeo-
dus GULLO & Ko0zUR (Artinskian-Middle Per-
mian, partly also pelagic), Rabeignathus Kozur
(Upper Artinskian-lower Cathedralian, both shal-
low-water and pelagic), Stepanovites KOZUR (see
above), Streptognathodus STAUFFER & PLUMMER
(common in shallow-water and pelagic Asselian,
rarely up to the Lower Artinskian), Sweetocrista-
tus SZANIAWSKI (Artinskian-Changhsingian, shal-
low-water and pelagic), Sweetognathus CLARK
(several Early-Middle Permian guide forms) and
Wardlawella n. gen.

Gondolellid conodonts are restricted to pelag-
ic deposits. Ribbed Mesogondolella are excel-
lent guide forms, restricted to the Middle Per-
mian. Among smooth forms are also numerous
guide forms, but their identification is difficult,
if they do not have characteristic outlines.

The pelagic conodonts are well-studied through-
out most of Permian. Shallow-water conodonts are
well-studied in the Early Permian, especially in the
Upper Artinskian and Cathedralian, where they
comprise the most important conodont guide
forms. In the Middle Permian, except the Roadian,
the succession of shallow-water conodonts is not
yet well-known, whereas the Upper Permian shal-
low-water conodont succession is well-known and
stratigraphically important, especially around the
P/T boundary.

Fortunately, the shallow-water and pelagic
conodont succession can be easily correlated
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(figs. 1, 2). In many samples, especially from
slope deposits, pelagic and shallow-water co-
nodonts occur together and some conodonts
occur both in shallow-water and pelagic rocks
(see above). Thus, in the marginal parts of the
Delaware Basin practically every conodont-rich
sample has both the shallow-water and pelagic
conodonts, which makes this area extremely im-
portant for Permian stratigraphy and a key area
for defining world-wide applicable stages.
Moreover, in this area also an abundance of
other stratigraphically significant fossil groups
are present, such as ammonoids, brachiopods,
radiolarians and fusulinids. Their zonations can
be well correlated with the conodont standard in
this area. The same situation is present in the
Asselian to Artinskian of the Cis-Urals. Howev-
er, in many places reworking of older material
can be observed. In the Tethys and in Japan,
however, there are in many areas only pelagic or
only shallow-water associations, and if both co-
nodont faunas occur together, then they are
mostly from tectonically and sedimentologically
highly complicated areas, often with reworked
older elements. In several Late Permian Tethyan
sections shallow-water and pelagic conodonts
occur together. This is a fortunate situation, be-
cause at this time there are only few conodonts
known from other areas.

In the Delaware Basin, partly in the Cis-Urals
and at several levels in the Tethyan Upper Per-
mian joint pelagic/shallow-water zonations can
be established that are partly more detailed than
the pelagic or shallow-water zonations alone
and can be used as standard zonations that are
applicable world-wide (figs. 1, 2).

4. 2. Temperature dependence of Permian co-
nodonts

Conodonts are to a certain degree temperature
dependent. If the temperature was too low, e.g.,
in glacio-marine deposits, conodonts are absent.
Conodont-bearing cool-water faunas have a
very low diversity (e.g. lower Wuchiapingian
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conodont fauna of East Greenland, from where
only two species are known in conodont faunas
very rich in specimens).

More problematical is an other kind of tem-
perature-dependence, which was not known pre-
viously. There exist not only simple pelagic gon-
dolellid faunas, but pelagic warm-water and
cold-water (or cool-water) faunas. Pelagic warm-
water faunas lived in the tropical-subtropical belt
in the basinal facies of seas with narrow deep-
water connection to the world-ocean. These seas
were fully marine, but they were not connected
to the cold bottom-water currents of the oceans
and their marginal seas. The Delaware Basin is a
typical example of this basin type, but also in
South China such semi-restricted basins are
present (ZHou, 1986). Today, we have such an
example in the Mediterranean Sea.

The other pelagic conodont fauna lived in
open seas or at the margin of oceans. In these
areas, cold oceanic bottom currents occurred
and therefore below 200-500 m psychrospheric
conditions were present. This is indicated by the
presence of archaic paleopsychrospheric ostra-
cods (Kozur, 1991). Pelagic cold-water or cool-
water faunas are therefore not restricted to the
Boreal realm, but can be also found in tropical
seas, if these were open seas (e.g. Sosio Valley,
Sicily, Oman) and they also occur in marginal
seas with cold-water upwelling (Phosphoria
Basin in western USA). Similar differences
were observed in ammonoid faunas (ZHOU,
1986).

This temperature dependence is not known in
the Early Permian, but it is easily recognizable
in the Middle and Late Permian. The ribbed
Middle Permian Mesogondolella species and
the Clarkina leveni lineage belong to the pelagic
warm water faunas. To the pelagic cold or cool
water forms belong Mesogondolella phospho-
riensis, M. siciliensis and Clarkina sosioensis.
These faunas are so different from the pelagic
warm-water faunas that CLARK (1979) regarded
them as a Tethyan stock, but the ribbed Meso-
gondolella species as a North American stock
(regarding the areas of the first discovery of
these different contemporaneous faunas). How-
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ever, in South China facial conditions similar to
those in the Delaware Basin are known, and
there all ribbed forms from Texas have been also
found (CLARK & WANG, 1988). In the Upper
Permian, pelagic warm-water conodonts are
widely distributed in the Tethys. Contemporane-
ous cold-water forms from deep-water deposits
have been recently found in Sicily, dominated
by Clarkina sosioensis (GULLO & KOZUR,
1992). They are also known from Upper Per-
mian cherts of Japan. Shallow-pelagic Wuchia-
pingian cold-water faunas are characterized by
C. rosenkrantzi (BENDER & STOPPEL).

Some pelagic Middle and Late Permian gon-
dolellids occur both in cold and warm water.
Clarkina changxingensis (WANG & WANG) be-
longs to these forms. However, C. changxingen-
sis preferred deeper water. It invaded the Te-
thyan sea during periods of deepening. In South
China, this species therefore characterizes the
Upper Changhsingian. In the Sosio Permian,
where open sea deep-water deposits occur
throughout the Permian, C. changxingensis al-
ready begins in the Wuchiapingian. In the up-
permost Altuda Formation of the Glass Moun-
tains, the derivation of C. changxingensis from
C. altudaensis can be observed in beds that be-
long to the basal Lopingian.

Cold-(cool)-water pelagic and warm-water
pelagic conodont faunas in general mutually ex-
clude each other. Therefore, their successions
are difficult to correlate. Often the exact range
of the cold-water deep pelagic conodonts is not
clear because they mostly occur in beds where
no stratigraphically important forms (except
radiolarians) are present. Only in a few places
slope deposits are known, in which ammonoids
and fusulinids occur together with these cold-
water forms (e.g. M. siciliensis occurs in west-
emn Sicily and in Oman together with Wordian
ammonoids and in the slope facies of Sicily ad-
ditionally together with Wordian fusulinids).
The stratigraphic evaluation of the conodont
successions is especially difficult in areas where
warm-water pelagic and cold-water pelagic fau-
nas replaced each other in stratigraphic succes-
sions (above all in areas with cold-water upwell-
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ing). The first appearance of a species often
marks a facies-controlled immigration event.
Some difficulties in the stratigraphic evaluation
of the conodont faunas in the Phosphoria Basin
are seemingly related to these problems. For in-
stance, M. phosphoriensis occurs there in Wor-
dian beds above Roadian beds with M. nankin-
gensis. However, in Western Sicily, M. phos-
phoriensis is a common species in Roadian de-
posits with cold bottom water ostracod faunas
and the interval with M. nankingensis is miss-
ing. Differences in the age determinations of
conodonts from the Phosphoria Basin (WARD-
LAw & CoOLLINSON, 1979, 1986; CLARK &
WANG, 1988) may be caused by restricted range
due to migrations.

5. Provincialism and Permian conodonts

The Permian system has the strongest floral
and faunal provincialism in Earth history. Al-
most all stratigraphically important faunal
groups have few species and genera in common
in Permian low latitudes (Tethyan realm) and
high latitudes (Boreal and Notal realms). Ben-
thonic faunas, like fusulinids, show very strong
provincialism even within the low latitude fau-
nas, especially in the Middle Permian, where fu-
sulinids are missing in the Boreal realm and
therefore the migration route between the Te-
thyan and North American low latitude faunas
was interrrupted.

This very strong provincialism among the
above mentioned stratigraphically important fos-
sil groups causes big correlation problems within
the Permian. These correlation problems are a
serious obstacle for establishment of an univer-
sally accepted Permian stratigraphic world stan-
dard, because the Cis-Uralian Permian stratotype
lies in the Boreal realm, and because there is no
area in the world where all Permian stages are
known in sequence in pelagic facies. Therefore
we have to combine the Permian standard from
different regions belonging to different faunal
provinces and even realms. The conodonts are
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the only stratigraphically important Permian fau-
nal group, in which provincialism affects only
few stratigraphically important forms. They are
therefore the only fossils suitable to correlate the
3 above mentioned proposed type areas for the
Permian stratigraphic standard scale.

Most Permian conodont guideforms can be
traced through areas as distant as Bolivia, Texas,
Svalbard, Cis-Urals, Pamirs and China, allow-
ing an exact correlation between these areas that
belong to different faunal provinces and even to
different faunal realms (Notal, Tethyan and Bo-
real realms). However, some provincialism is
also known among the conodonts. The Asselian
Gondolelloides HENDERSON & ORCHARD occurs
in the entire Arctic and in non-Tethyan dis-
placed terranes of the American west coast. It is
an endemic element of the Boreal realm. Other-
wise, the conodont faunas of the Boreal realm
are identical with the Tethyan ones until the Ar-
tinskian. The so far known Boreal Cathedralian
to Wuchiapingian faunas are less diverse than
the Tethyan ones, but contain no endemic ele-
ments. The Tethyan and Boreal Changhsingian
conodont faunas are similar, despite the fact that
the ammonoid faunas are totally different from
each other (Tethyan Paratirolites-Pleuronodoc-
eras faunas and Boreal Otoceras faunas). Hin-
deodus is represented by the same species and
species successions, whereas the gondolellids
show distinct differences. The Clarkina carinata
lineage invaded the Tethyan realm only at the
base of the Triassic with advanced C. carinata
(Clark) and C. planata (CLARK), whereas some
species of the C. leveni lineage are missing in
the Boreal realm and on the Gondwana margin
of the Tethys.

Vjalovognathus shindyensis (KOzZUR) is a typi-
cal Upper Artinskian — Cathedralian species
from the eastern Gondwana margin of the Tethys
(e.g. Pamirs, Timor) unknown from any other
area. It is also present in eastern Gondwana
(eastern Australia) (pers. comm. Prof. I. MET-
CALFE). Neostreptognathodus leonovae KOZUR
and Gullodus hemicircularis KOZUR may also be
restricted to this faunal realm. Other species
known so far only from the eastern Gondwana
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province (see tab. 1, species distribution G-E)
are very closely related to Tethyan and North
American species and in these areas probably
not yet found.

Sweetina WARDLAW & COLLINSON 1is re-
stricted to western North America. Mesogondo-
lella gracilis (CLARK & ETHINGTON) and M. pro-
longata (WARDLAW & COLLINSON) are seeming-
ly also restricted to the Guadalupian of the west-
ern USA (but not known from the Delaware
Basin).

Very important for Permian stratigraphy is the
provincialism of Neostreptognathodus pnevi
Kozur & MovsHoVICH. The cline N. pequopen-
sis —N. pnevi is the only biostratigraphic marker
to correlate the top of the Artinskian with any
scale outside the Cis-Uralian Permian type area.
The correlation of this conodont event is the
only possibility to leave the Cis-Uralian stan-
dard with the beginning of the hypersaline and
non-marine succession in the Cis-Urals. This
cline is present in the Boreal realm, including
the Cis-Urals, and in the marginal parts of the
Delaware Basin, the type area of the Cathedral-
ian stage (uppermost stage of the Early Permian)
and of the Guadalupian Series (Roadian, Wor-
dian and Capitanian stages). However, N. pnevi
is missing in the Tethys and in Gondwana. For
this reason the Tethyan regional scale (Jachtash-
ian, Chihsian or Bolorian, Kubergandinian,
Murgabian and Midian regional stages, in reality
regional fusulinid ages of the Tethys) cannot be
correlated with the Cis-Uralian standard and it is
impossible to leave the Cis-Uralian standard at
the top of the Artinskian into the Tethyan re-
gional scale.

6. Remarks on the conodont successions and
their importance for Permian stratigraphy

6.1. The Carboniferous-Permian boundary in
the conodont zonation

The C/P boundary was tentatively defined by
the appearance of the ammonoid Artinskia ka-
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zakhstanica at the base of bed 20 in the Ajdara-
lash section, Cis-Urals (DAvyYDOV et al., 1992).
According to these authors, the base of the
Sphaeroschwagerina fusiformis — S. vulgaris
Zone lies 12 m below this level, whereas Strep-
tognathodus constrictus CHERNIKH & RESHET-
KOVA and S. barskovi (KOzZUR) begin somewhat
above this level. The exact conodont zonation of
the Ajdaralash section will be studied by an
American-Russian research group. Conodonts
are in most levels rather rare and often re-
worked. Even Upper Devonian conodonts with
Palmatolepis are known. The reworked conod-
onts are mostly not recognizable by preservation
differences. The Usolka section, next to Ajdara-
lash the second candidate for the C/P boundary
stratotype (decision of the ISPS meeting in Je-
katerinburg, formerly Sverdlovsk, 1991) is very
suitable for the definition of the C/P boundary
by conodonts. The Gzhelian to Asselian part of
this well exposed section consists of grey, pelag-
ic, bedded, often marly limestones, marls and
claystones which are very rich in conodonts. Re-
working cannot be observed in the important
Gzhelian-Middle Asselian interval. The view of
SpPINOSA & SNYDER (1993) that the Usolka sec-
tion is condensed in the C/P boundary interval
cannot be confirmed by the investigation of
about 30 kg rock material from the critical inter-
val, neither from conodont succession nor from
lithology and microfacies. The conodont succes-
sion was well described by CHERNIKH & RE-
SHETKOVA (1987, 1988). The first appearances of
S. barskovi (pl. 1, figs. 4, 6) and S. invaginatus
(pl. 1, fig. 20) in bed 15 indicate distinct changes
in the conodont fauna that can be used for defi-
nition of the C/P boundary. The correlation of
this succession with the conodont succession of
Ajdaralash (consisting of a by far poorer fauna
with an unknown degree of reworking) by CHU-
VASHOV et al. (1993) is premature and not yet
possible as long as no rich, definitely unre-
worked conodont faunas are available from this
horizon in the Ajdaralash section.

In the Permian low latitude fauna from the
Tethys and western North America, the first ap-
pearance of S. barskovi is the best recognizable
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conodont event near the C/P boundary. It coin-
cides roughly with the first appearance of the typ-
ical Permian perrinitid ammonoids (documented
both in USA and in China). A little earlier, but
also between the Americus- and Neva limestones
of Kansas, Wardlawella expansa appears for the
first time (NESTELL, lecture in Calgary, 1993).
Therefore, this boundary is also recognizable co-
nodont faunas of shallow-water environment. Be-
fore the C/P boundary is finally defined, the first
appearance of S. barskovi is used in the present
paper for defining this boundary.

6.2. Conodont successions of the Early Per-
mian (Cisuralian) Series (fig. 1)

Streptognathodus species (pl. 1) are decisive
for Asselian subdivision (tab. 1). Mesogondolel-
la 1s present in some pelagic Middle and Upper
Asselian deposits, but known only from very
few occurrences in the world. Shallow subtidal
deposits contain only Wardlawella expansa
(pl. 1, figs. 17, 18) throughout the entire Asse-
lian, and Adetognathus paralautus ORCHARD
(pl. 2, fig. 1), along-ranging Late Pennsylvanian
— Early Permian shallow-water conodont.

The Sakmarian and Lower Artinskian cono-
dont faunas are not yet well studied. In pelagic
deposits, both contain the rather long-ranging M.
bisselli (CLARK & BEHNKEN) accompanied by a
not very specific and poor Streptognathodus
fauna. In the Sakmarian, M. bisselli (pl. 2, figs.
10-12) is accompanied by other Mesogondolella
- species (pl. 2, figs. 8,9, 13). The gondolellid co-
nodonts of this level have been taxonomically
split too much. M. pseudostriata CHERNIKH is as-
signed to M. obliquimarginata CHERNIKH (pl. 2,
figs. 8, 9). Both taxa have the same range and are
only morphotypes. The holotype of “Neogondo-
lella” lata CHERNIKH is more similar to the holo-
type of M. bisselli than the forms figured by
CHERNIKH (in CHUvASHOV et al, 1990) as
“N.”bisselli. M. lata is regarded as junior syno-
nym of M. bisselli. Some forms with blunt poste-
rior end and subtriangular shape, assigned to
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“N.” lata, may be separated as subspecies, but
the holotype is inseparable from-M. bisselli.

The Sakmarian to Lower Artinskian shallow-
water conodont faunas are more differentiated
and consist above all of different Sweetognathus
species. The Sakmarian is characterized by S.
merrilli KOzur (pl. 2, figs. 4-7) and Wardlawella
adenticulata (pl. 2, fig. 19), in the Upper Sakmar-
ian begins S. inornatus RITTER (pl. 2, figs. 16, 17,
21) and in the uppermost Sakmarina S. whitei
(RHODES). The Sakmarian Sweetognathus n. sp.
(pl. 2, figs. 14, 15) is very similar to S. whitei
and was often placed in this species (WANG &
ZHANG, 1985, WAN & DING, 1987; DING et al.,
1990). CHERNIKH (in CHUVASHOV et al., 1990)
described this form as S. primus CHERNIKH, but
the holotype of this species is unfortunately a S.
inornatus RITTER and S. primus therefore a jun-
ior synonym of S. inornatus.

The Upper Artinskian (Baigendzhinian) and
Cathedralian conodont zonation both in pelagic
and shallow-water deposits is well established
(Kozur, 1978; MoVvsHOVICH et al., 1979; KOZUR,
1993a). In the basal Baigendzhinian M. bisselli -
S. whitei Zone, all Carboniferous holdovers
(Streptognathodus and Adetognathus) are ab-
sent. A little later, the first Neostreptognathodus
(pl. 3, tab. 1) began. The development within
this genus (e.g. BEHNKEN, 1975; Kozur, 1975,
1978) allows a detailed zonation of the late Ar-
tinskian to Roadian deposits (fig. 1). A distinct
and world-wide distributed latest Artinskian and
lower Cathedralian shallow-water conodont is
Rabeignathus (pl. 3, fig. 14). Its upper range is
in the lower Cathedralian M. intermedia — N. ex-
sculptus Zone, but its first appearance within the
Upper Artinskian is not yet well dated.

Within the middle Skinner Ranch Formation,
N. exsculptus Igo (pl. 3, fig. 16), Sichuanogna-
thus foliatus Igo (pl. 3, fig. 17) and N. pnevi
(pl. 3, fig. 19) evolved nearly in the same level.
The first appearance of N. exsculptus and S. foli-
atus allows a correlation with the Japanese and
Tethyan conodont successions. Also, Mesogon-
dolella intermedia (1Go) (pl. 3, fig. 12) and M.
gujioensis (IGo) (pl. 3, fig. 21) evolved nearly at
the same level. These two species are therefore
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also good markers for the base of the Cathedral-
ian in pelagic facies. Somewhat above this level
the first M. idahoensis (YOUNGQUIST et al.) (pl. 3,
fig. 18) begins, which is the most characteristic
and world-wide distributed pelagic guide form of
nearly the entire Cathedralian (with the excep-
tion of its very base). A very characteristic form
of the pelagic middle Cathedralian is M. asiatica
(Ico) (pl. 3, fig. 15), known from Japan, several
localities of the Tethys and from West Texas. The
exact total range of this form is unfortunately un-
known, but it is surely restricted to an interval
within the Cathedralian. Also, M. zsuzsannae
Kozur (pl. 3, fig. 20) of the M. idahoensis group
is restricted to a rather short interval within the
Cathedralian. This species is common in the
Cathedralian of western Sicily, but also present
in Texas.

In shallow-water a very rapid evolution of
Neostreptognathodus during the Cathedralian
stage allows the discrimination of at least 4
zones 1n this stage. This zonation is well docu-
mented by phylogenetic lines, whereas the zona-
tion of the pelagic Cathedralian is based on spe-
cies that are not all part of a known phylogenetic
continuum. Often only the M. gujioensis — M.
intermedia Zone and a wide N. idahoensis Zone
(mostly with a M. zsuzsannae fauna in its mid-
dle part) can be discriminated (e.g. in the Sosio
Valley, Sicily, CATALANO et al., 1991, 1992;
GuLLo & Kozur, 1992). The Cathedralian is
therefore an exceptional level in conodont evo-
lution, where the shallow-water conodont zona-
tion i1s more detailed and better proven by phy-
lomorphogenetic lines than the pelagic zonation.
In the combined shallow-water/pelagic standard
zonation, 5 zones can be discriminated within
the Cathedralian.

6.3. The Artinskian-Kungurian boundary and
its conodont-based correlation with the North
American scale and with the Tethys scale

The cline N. pequopensis - N. pnevi is suitable
for definition of the top of the type Artinskian
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and for correlation of this level with the
American standard, because it is also recogniz-
able in the middle part of the Skinner Ranch
Formation of Texas. This is especially impor-
tant, because other fossil groups do not allow an
exact correlation of any level close to the Ar-
tinskian-Kungurian boundary with any se-
quence outside the Cis-Urals. Because N. pnevi
Kozur & MOVSHOVICH is absent in the Tethys,
the correlation is only possible with the Boreal
realm and with the Texas standard, which is
most suitable as a world standard for the Cathe-
dralian to Capitanian interval.

N. pnevi developed in Texas in a rather short
interval from N. pequopensis BEHNKEN (pl. 3,
figs 4, 5). The overlap in the range of both spe-
cies is rather short. The same can be observed
within the Shurtan Formation of the Cis-Urals
(near the town Kungur, for geographic position
of the sections and the lithologic successions see
MovsHOVICH et al., 1979), which is often placed
in the uppermost Artinskian, but was regarded
as Kungurian by Kozur (1993a). N. pequopen-
sis has its highest occurrence in beds with forms
transitional to V. pnevi at the base of this forma-
tion. The next younger fauna of the middle
Shurtan Formation yielded N. pnevi, N. ruzhen-
cevi Kozur and N. pseudoclinei Kozur & Mov-
SHOVICH, a typical fauna of the N. pnevi Zone.

Because the Artinskian-Kungurian boundary
is generally defined by the change from fully
marine to hypersaline beds, a diachronous Ar-
tinskian-Kungurian boundary is possible. In
more marginal and shallower deposits the
hypersaline facies may begin earlier. Moreover,
because the only marine connection of the rather
narrow Cis-Uralian seaway was in the north, the
hypersaline Kungurian type of deposits should
begin earlier in the south than in the north. In-
deed, the fully marine development with the M.
pnevi Zone (without N. pequopensis) at the top
occurs only in the northernmost investigated
outcrop (Kamajskij Log near the town of Kun-
gur). About 800 km to the south (locality Zhil-
Tau), the deposits immediately below the Kun-
gurian hypersaline deposits contain S. bogos-
lovskajae Kozur, a species with an upper range

175



in the middle N. pequopensis Zone. Thus, the
boundary between the continuous fully marine
(Artinskian) development and the hypersaline
(Kungurian) development around the town of
Kungur lies at least one conodont zone (the
upper Shurtan Formation has not yielded conod-
onts) above the level of this boundary about
800 km to the south.

Through the Texas standard, the Tethyan Ar-
tinskian-Cathedralian fusulinid scale (Jachtash-
ian, Chihsian = Bolorian) can be indirectly corre-
lated with the Uralian standard. The present cor-
relation of the Tethyan scale with the Uralian
standard can be partly confirmed. The Jachtash-
ian is thought to be Artinskian, the Chihsian (Bo-
lorian) stage is assumed to be Kungurian in age.
Mesogondolella bisselli and Sweetognathus in-
ornatus occur in the lower part of upper Jach-
tashian in its stratoype (REIMERS, 1991, KozuRr et
al.,, 1994). This indicates an Early Artinskian
(Aktastinian) age for this level, so far assigned to
the Upper Artinskian (Baigendzhinian). An Ar-
tinskian age of the Jachtashian makes this stage
name unnecessary. The richest conodont fauna
occurs at the base of the Bolorian of SE Pamirs
(KOZUR & MOSTLER, 1976; Kozur, 1978; REM-
ERS, 1991, Kozur et al., 1994). It contains both
elements of the eastern Gondwana conodont
province [Vjalovognathus shindyensis (KOZUR),
pl. 4, fig. 1] and world-wide distributed forms.
The presence of Neostreptognathodus exsculptus
(formerly assigned to N. sulcoplicatus by KOzUR,
1978; and REIMERS, 1991), S. foliatus (IGo) and
Mesogondolella gujioensis (1Go) allows a corre-
lation with the basal Cathedralian of West Texas.
According to the above data, this fauna therefore
belongs to the Kungurian.

6.4. Guadalupian and Lopingian conodont
zonations (fig. 2) and the Guadalupian-Lo-
pingian boundary

As already pointed out by Kozur (1977 b,

1978), the phylomorphogenetic cline from M.
idahoensis to M. nankingensis (CHING) (junior
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synonym: Gondolella serrata CLARK & ETHING-
TON) is a well-recognizable boundary between
the Early Permian (Cisuralian) and the Middle
Permian (Guadalupian) Series. This boundary is
now widely accepted (GLENISTER et al., 1992).
However, M. nankingensis did not evolve di-
rectly from typical M. idahoensis, but from a
somewhat different form (successor of M. ida-
hoensis) that is the common ancestor of M.
phosphoriensis, M. nankingensis and probably
also of M. siciliensis.

The pelagic conodont zonation of the Gua-
dalupian Series has been well studied (e.g.
BEHNKEN, 1975; CLARK & BEHNKEN, 1979;
CLARK & WANG, 1988, Kozur, 1992b, c, d,
1993a). It is based on the lineage Mesogondolel-
la nankingensis-M. aserrata-M. postserrata-M.
shannoni (pl. 4, figs. 2-10). However, this line-
age is missing in open sea deep-water deposits
at the margin of oceans, connected with cold
bottom water currents. In these areas (e.g. Sicily,
Oman) it is replaced by the unserrated M. sici-
liensis (Kozur) (pl. 4, fig. 21), M. phosphorien-
sis (YOUNGQUIST et al.) and closely related spe-
cies. The correlation of the different lineages of
serrated and unserrated Guadalupian Mesogon-
dolella is difficult. If warm pelagic and cold pe-
lagic faunas or vice versa occur in superposition,
restricted ranges of certain species can be ob-
served that cannot be correlated with the ranges
of these species in other areas, in which only
warm-water pelagic or only cold-water pelagic
conodont faunas occur. For instance, in western
Sicily, a Roadian conodont fauna with M. phos-
phoriensis (YOUNGQUIST et al.) and N. subsym-
metricus (WANG et al.) (pl. 4, fig. 26) occurs
between the last occurrence of the Cathedralian
M. idahoensis and the first occurrence of Wor-
dian ammonoids and conodonts. In the Phos-
phoria Basin, a Roadian conodont fauna with M.
nankingensis is overlain by a Wordian fauna
with M. phosphoriensis (WARDLAW & COLLI-
SON, 1986).

The Middle Permian shallow-water cono-
dont faunas and especially the stratigraphic
range of the species are insufficiently
known.
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The base of the type Dzhulfian in Transcauca-
sia can be well defined by the development of C.
leveni (KOozUR, MOSTLER & Piatakova) (pl. 5,
fig. 3) from C. niuzhuangensis (L1, 1991) (pl. 5,
fig. 19) near the base of the Araxilevis Beds.
However, the base of the thus defined type
Dzhulfian lies immediately above an immigra-
tion event of pelagic and other faunal elements
(ammonoids, brachiopods, conodonts etc.) due
to increase in water depth after a long time of
intratidal to shallow subtidal deposition. In
China, Late Permian (Lopingian Series) faunal
elements began considerably before the base of
the C. leveni Zone. The cline C. niuzhuangensis
— C. leveni can be recognized in the middle part
of the Wuchiaping Formation, but already the
lower Wuchiaping Fm. has among all faunal ele-
ments a typical Late Permian (Lopingian Series)
fauna.

The opinions about the first appearance of
these Lopingian faunas differ, and probably the
first appearance of the Lopingian elements is not
contemporaneous among different faunal ele-
ments. According to Kozur (1992b, c, d, 1993a)
and MEI et al. (1994 a) the first appearance of
Clarkina altudaensis Kozur (pl. 4, fig. 11; pl. 5,
fig. 1) within the phylomorphogenetic lineage
Mesogondolella postserrata — Mesogondolella
shannoni — C. altudaensis would be a good Gua-
dalupian/Lopingian boundary. This level is rec-
ognizable both in North America and in the
Tethys (Kozur, 1992b, c, d, 1993a; JIN et al.
1993; MEI et al., 1994 a), and it can be defined
by a phylomorphogenetic cline both in North
America and in China. Moreover, the character-
istic Lopingian radiolarian fauna with Follicu-
cullus ventricosus ORMISTON & BABcCOCK and
Ishigaconus scholasticus (ORMISTON & BAB-
Ccock) begins in this level (Kozur, 1992d,
1993a, c). The uppermost part of the Kufeng
(Gufeng, Kuhfeng) Formation, in which the un-
serrated C. altudaensis evolved from serrated
Mesogondolella shannoni WARDLAW (pl. 4,
figs. 9, 10), corresponds, according to HE (1980),
to the Lengwu Member of the Tinjiashan Forma-
tion of Zhejiang Province. In this stratigraphic
level a very interesting brachiopod fauna occurs
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that contains both typical elements of the Gua-
dalupian Maokou Formation, such as Unisteges
maceus (H) and Orthotichia nana (GRABAU),
and also typical and common elements of the
Lopingian Longtan Formation, such as Cathay-
sia chonetoides (CHAO), Haydenella wenganen-
sis (HUANG), Leptodus nobilis (WAAGEN), Neo-
chonetes substrophomenoides (HUANG), Tscher-
nyschewia sinensis CHAO and Tyloplecta yangt-
zeensis (CHAO). Therefore the brachiopod fau-
nas also show distinct changes at about the level
of the assumed Guadalupian-Lopingian boun-
dary.

The subdivision of the Early Lopingian and
its correlation between West Texas and China is
disputed. ZHoU et al. (1989) assumed that the
Dzhulfian immediately follows the Capitanian
(Late Guadalupian) with a certain overlap of

- both units. This view seems to be confirmed by

conodont data of Kozur (1992b, c, d, 1993a).
Clarkina altudaensis from the Guadalupian
upper Altuda Formation is present in the Early
Lopingian of the Tethys (Pamirs, intraplatform
basins of South China). In the uppermost 0.2 m
of the Altuda Formation, so far regarded as lat-
est Guadalupian, Clarkina lanceolata (Ding) oc-
curs that is restricted to the Wuchiapingian of
South China. WARDLAW (lecture in Guiyang,
August 1994) recognized Clarkina crofti Kozur
& Lucas (pl. 4, fig. 19) and first C. postbitteri
MEI & WARDLAW (pl. 5, fig. 26) in this level.
MEI et al. (1994 a) assumed in the Dukou sec-
tion (South China) a succession Mesogondolella
postserrata ~“M. altudaensis” — M. praexuan-
hanensis — M. “xuanhanensis”. After a short gap
the Clarkina aff. liangshanensis fauna begins.
They proposed, as JIN et al. (1993) did, to place
the base of the Wuchiapingian at the base of the
C. aff. liangshanensis Zone at the first appear-
ance of the C. leveni lineage in South China, and
to introduce a new Early Lopingian stage for the
“M. altudaensis”-, M. praexuanhanensis- and
M. “xuanhanensis” zones. However, this latter
conclusion cannot be confirmed. These 3 zones,
in MEI et al. (1994b, c) 5 zones (see fig. 3,
p- 189) occur in about 20 m of rapidly sediment-
ed bioclastic limestones from the slope of an
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open sea environment near to the ecologically
controlled distribution boundary of ribbed Mes-
ogondolella. For this reason some of the species
may be missing in some continuous sections
(e.g. M. praexuanhanensis in the Fengshan and
Penglaitan section). The “sequence” of the zonal
index species is only a facies-controlled suces-
sion of longer ranging species. Moreover, the
phylomorphogenetic lineage “M.” altudaensis -
M. praexuanhanensis-M. “xuanhanensis” could
not be confirmed. As clearly seen in western
Texas, M. praexuanhanensis (pl. 4, figs. 12-15)
developed from M. shannoni and appeared con-
siderably before C. altudaensis, whereas M.
“xuanhanensis” (= M. nuchalina) (pl. 4, figs. 16,
17) occurs there within the lower C. altudaensis
Zone. In the intraplatform basin Zhoushan sec-
tion at Shushoon, Anhui, typical C. altudaensis
(WANG, 1994, pl. 50, fig. 20) appeared at the top
of the Wuxue Formation (uppermost Maokou),
whereas M. praexuanhanensis (WANG, 1994,
pl. 50, fig. 21; pl. 51, fig. 1) and even M. “xuan-
hanensis” appeared already at the base of the
Wuxue Fm. In the type stratum of M. nuchalina
(DAl & ZHANG) in the uppermost Maokou Fm.
of the Shangsi section (Guangyuan), both the M.
nuchalina morphotype and the M. xuanhanensis
morphotype occur in several samples and all
transitions are present between these two
morphotypes. This indicates that M. xuanhanen-
sis MEI & WARDLAW, 1994 is a junior synonym
of M. nuchalina (DA1 & ZHANG, 1989). Indepen-
dent from this synonymy, this species evolved
directly from M. postserrata, as documented by
transitional forms. Thus, the “inverse occur-
rences” of C. altudaensis and of last advanced
Mesogondolella in the Delaware Basin and in
the Zhoushan section is easily to explain.

The specimens figured by MEi et al. (1994 a)
as “M.” altudaensis are mostly M. shannoni
WaARDLAW with serrated anterior platform mar-
gins, a species characteristic for the upper (but
not uppermost) Altuda and for the Lamar above
the basal Lamar with the fusulinid Yabeina.
Only the specimen figured by MElI et al. (1994 a,
pl. 2, fig. 1) has no serration, but it displays a
distinct cusp, no more present in C. altudaensis.
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For this reason the C. altudaensis Zone of MEI et
al. (1994 a) corresponds to the M. shannoni
Zone or part of it (see fig. 3). MEI et al. (1994c)
separated M. shannoni from “M.” altudaensis,
but under the latter species they figured a broken
specimen with distinct serration that belongs to
M. shannoni. Seemingly they use an other defi-
nition of “M.” altudaensis then the original defi-
nition of Clarkina altudaensis. According to
WaRrDLAW (lecture in Guiyang, August 1994),
the holotype of “M.” altudaensis has been de-
rived from a bed with totally abraded conodonts
and therefore the “relic serration” is not visible
in the holotype. The re-figured holotype (pl. 4,
fig. 11) clearly shows that even the details of the
microsculpture are present. It has been derived
from a sample without any corroded or abraded
conodonts. Such badly preserved conodonts
occur in a layer below the type stratum of C. al-
tudaensis, but this fauna has not been used in the
paper of Kozur (1992b, c).

True C. altudaensis may be absent in the ma-
terial of MEI et al. (1994a, b, c), whereas it is
surely present in the material from the Zhoushan
intraplatform basin succession figured by WANG
(1994, pl. 50, fig. 20) under Neogondolella aser-
rata. In the deep basin sequences of the Dela-
ware Basin in West Texas, C. altudaensis is like-
wise absent. There the M. shannoni fauna is
abruptly overlain by the C. crofti fauna without
the shallow pelagic C. altudaensis.

The study of several sections across the Gua-
dalupian-Lopingian boundary in the Tethys and
in the Delaware Basin has shown that above un-
doubtedly Capitanian M. postserrata fauna and
below undoubtedly Wuchiapingian C. postbitte-
ri-C. crofti fauna only two conodont zones, the
M. shannoni Zone and the C. altudaensis Zone
can be discriminated. Because C. postbitteri is
already present in the (upper) C. altudaensis
Zone, the final definition of the Guadalupian-
Lopingian boundary needs the consideration of
all present faunal elements.

The correlations of the South Chinese cono-
dont succession with other sequences presented
by JIN et al. (1993) cannot be confirmed. JIN et
al. (1993) pointed out that their “M. altudaen-
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sis”, M. praexuanhanensis and M. “xuanhanen-
sis” zones correspond to the Yabeina-Metadolio-
lina fusulinid zone, but no data were given,
whether this is an assumed correlation or Yabei-
na and Metadoliolina are present in the Dukou
section. The M. shannoni-M. “xuanhanensis”
fauna of the Fengshan section occurs together
with fusulinids, seemingly younger than the
Yabeina fauna.

The entire uppermost Altuda (C. altudaensis
Zone sensu KOzuR, 1992 c) is surely not pre-Wu-
chiapingian and time-equivalent of the entire Ab-
adehian as stated by JIN et al. (1993). C. lanceola-
ta (DING) and C. postbitteri, typical Wuchiapin-
gian conodonts of South China, are present in the
uppermost Altuda. The base of the lower Abade-
hian Sweetognathus sweeti Zone (the conodont
fauna of this level of the Abadeh section was first
investigated by Kozur et al., 1975) does not cor-
respond to the base of the C. altudaensis Zone,
but to the lower part of the M. postserrata Zone,
and is therefore two major conodont zones older
than assumed by Jin et al. (1993). The C. altu-
daensis Zone corresponds to the Merrillina diver-
gens fauna of the Abadeh section, which is placed
into the Lopingian by JIN et al. (1993) as well.
According to the correlation of JiN et al. (1993)
the Abadehian would be a post-Guadalupian/pre-
Wauchiapingian stage as assumed in former corre-
lations, a view shown to be incorrect by ammo-
noid-based and other studies (ZHou et al., 1989,
GLENISTER et al., 1992).

The Wuchiapingian and Changhsingian cono-
dont zonation has been established by Kozur
(1975, 1978) and is slightly modified in the
present paper. A C. transcaucasica Zone 1is
introduced between the C. leveni Zone and the
C. orientalis Zone. Its lower boundary is defined
by the first appearance of C. transcaucasica
(pl. 5, fig. 4), its upper boundary by the first ap-
pearance of C. orientalis (pl. 5, fig. 5).

The C. mediconstricta Zone is introduced
between the C. orientalis Zone and the C. sub-
carinata Zone. Its lower and upper boundary is
defined by the first appearance of C. medicon-
stricta (WANG & WANG) (pl. 5, fig. 6) and C.
subcarinata (pl. 5, fig. 7) respectively.

Geol. Paliont. Mitt. Innsbruck, Bd. 20, 1995

A new Lopingian conodont subdivision was
proposed by MEl et al. (1994 b, c). As for the lat-
est Guadalupian, also this zonation is character-
ized by oversplitting of species and zones. Un-
proven assumptions lead to serious mistakes in
correlations. Thus, MEI et al. (1994c, p. 131)
wrote that “based on few horizons and few spec-
imens, Kozur (1975) erected three conodont
zones for Dzhulfian rocks in Achura, Trancau-
casia”. However, the conodont zonation by
Kozur (1975, 1978) was based on numerous
samples from the section Kuh-e-Ali-Bashi and
Kuh-e-Hambast (both Iran), Dorsham II and
Achura in former Soviet Transcaucasia (data of
about 200 Dzhulfian/Dorashamian samples and
conodont ranges from these sections were pub-
lished in Kozur et al., 1975, 1978), Sovetashen
and further Transcaucasian sections. For the sec-
tions Dorasham II and Achura for every sample
even the number of conodonts (more than
10 000) have been listed. As a whole, the Lo-
pingian zonation by Kozur (1975, 1978) was
based on more than 300 samples with more than
20 000 conodonts, more samples and conodonts
as so far investigated by MEI et al. (1994a-<)
from this stratigraphic level in the Tethys. MEI et
al. (1994c) correlated the zones proposed by
Kozur (1975, 1978) and other authors mostly in
totally wrong manner. The Changhsingian C.
subcarinata-H. julfensis Zone by Kozur (1975,
1978, 1992) was placed into the upper Wuchia-
pingian. The lower boundary of this zone is de-
fined by the first appearance of C. subcarinata,
the upper boundary by the first appearance of H.
parvus. By the correlation in MEI et al. (1994c)
the upper boundary of the Wuchiapingian was
equated with the base of the Triassic defined by
the first appearence of H. parvus. The base for
this incorrect correlation were specimens of C.
subcarinata from the uppermost Paratirolites
beds of Achura (uppermost occurrence of C.
subcarinata in this outcrop), erroneously placed
into C. inflecta by MEI et al. (1994c¢). This fauna
is from a distinctly younger horizon than the
type material of C. subcrinata published by
SWEET (1973) that was in turn correctly placed
into the Changhsingian by MElI et al. (1994c¢). As
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clearly to seen from the figures and discussed by
Kozur, the material figured by Kozur (1975,
1978) belong to advanced specimens of C. sub-
carinata (partly placed into C. carinata by
SWEET, 1973). Like the type material of C. sub-
carinata, also the specimens figured by Kozur
(1975, 1978) display a bended carina what has
seemingly caused the erroneous assignment by
MEI et al. (1994c). Moreover, they have not re-
garded the definitions of the erroneously corre-
lated zones and the sample data.

C. asymmetrica MEI & WARDLAW, 1994, is a
junior synonym of C. niuzhuangensis. As recog-
nizable on the figured material by L1 (1991) and
also known in material from other sections (also
in Transcaucasia), this species and C. dukouen-
sis MEI & WARDLAW occur together and are con-
nected by transitional forms. C. dukoensis is
often clearly dominating in the top of the “asym-
metrica Zone”. Therefore only one zone (C. niu-
zhuangensis Zone) is discriminated between the
C. postbitteri Zone and C. leveni Zone.

6.5. Permian-Triassic boundary at the base of
the Hindeodus parvus Zone

The P/T boundary is placed at the base of the
H. parvus Zone (YIN, 1985; KOTLYAR et al.,
1993; PAULL & PAULL, 1994; KOzZUR, 1994). At
the base of this zone, all Permian Clarkina (C.
changxingensis, C. subcarinata, C. deflecta etc.)
disappeared and the first rare Isarcicella with a
denticle on one side of the thickened cup ap-
peared. H. parvus (pl. 6, figs. 9-13,16, 17) has a
world-wide distribution both in ammonoid-bear-
ing pelagic deposits (rare) and in ammonoid-
free shallow-water deposits (common). It
evolved in a phylomorphogenetic cline from H.
latidentatus (Kozur et al.) emend. (pl. 6, figs. 2,
5). In the Meishan sections, the best GSSP can-
didate for the P/T boundary, the first appearance
of H. parvus within this lineage is in the middle
part of Boundary Bed 2 (bed 27) within a mono-
facies bed. This biostratigraphic boundary lies in
the Meishan sections 15 cm above the lithostra-
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tigraphic event boundary, the base of a tuffitic
layer (lower Boundary Bed 1, bed 25) and about
5 cm above the minimum in the dC!3 values.

The base of the H. parvus Zone lies also in
other areas a little above the minimum in the
6C13 values at the P/T boundary and it coincides
with the beginning of a distinct anoxic event that
can be observed in nearly all basinal facies in
the world (anoxic event at the P/T boundary
sensu WIGNALL & HALLAM, 1991).

Moreover, the first appearance of H. parvus is
very important for the correlation of the Boreal
faunas with the Tethyan standard. H. parvus ap-
peared in the uppermost part of the Transitional
Beds of South China and in a phylomorphoge-
netic lineage immediately above the Otoceras
boreale Zone in Greenland (KozUR & SWEE, in
prep.). This proves the time equivalence of the
Boreal Otoceras faunas with the Changhsingian
as pointed out by Kozur (1972 and later
papers). In the Gondwana margin of the Tethys,
H. parvus begins in a phylomorphogenetic cline
in the middle part of the O. woodwardi Zone
(Matsuda, 1981). Therefore, the O. woodwardi
Zone ranges into the Ophiceras commune Zone
of the Arctic. This explains no only the occur-
rence of Ophiceras in the upper part of the
Gondwana Tethyan Otoceras faunas, but also
the unusual stratigraphic occurrence of Otoceras
in Svalbard together with Claraia stachei and
Ophiceras (NAKAZAWA ET AL., 1987; WEITSCHAT
& DAGYs, 1989).

Acknowledgements

The author thanks very much the Deutsche
Forschungsgemeinschaft for sponsoring the in-
vestigations as well as Prof. Dr. B.F. GLENISTER,
Iowa City, and Prof. Dr. D.V. LEMONE, El Paso,
for guiding excursions and important discus-
sions about stratigraphic problems, Prof. Dr.
W.C. Sweer, Columbus, for the possibility to
study his rich and well-dated conodont collec-
tions and for very helpful discussions of the Per-
mian conodont taxonomy, Dr. S.G. Lucas, Al-

Geol. Paliiont. Mitt. Innsbruck, Bd. 20, 1995



buquerque, Univ.-Doz. Dr. W. RESCH, Inns-
bruck, and Mrs. M. TESSADRI-WACKERLE, Inns-
bruck, for critical reading of the manuscript.

Especially, I thank my friend, Prof. Dr. H.
MOSTLER, Innsbruck, for permanent help, mate-
rial and discussions.

References

BanDpO, Y., BHATT, D.K., GupTA, V.J., HAYASHI, S.,
KozUR, H., NakAzawa, K. & WANG, Zhi-hao (1980):
Some remarks on the conodont zonation and stratig-
raphy of the Permian. — Rec. Res. Geol. §, 1-53.

BArskov, I.S. & KOROLEvVA, N.V. (1970): Pervaja na-
chodka verchnepermskich konodontov na teritorii
SSSR. - Dokl. AN SSSR, 194, 4, 933-934.

BeaucHamp, B., HARRISON, J.C., & HENDERSON, C.M.
(1989): Upper Paleozoic stratigraphy and basin anal-
ysis of the Sverdrup Basin, Canadian Arctic Archi-
pelago: Part 1, time frame and tectonic evolution. —
Current Research, Part G, Geol. Surv. Canada, Paper
89-1G, 105-113.

BEHNKEN, F.H. (1975): Leonardian and Guadalupian
(Permian) conodont biostratigraphy in western and
southwestern United States. — J. Paleont. 49, 2,
284-315.

BEHNKEN, F.H. WARDLAW, B.R. & StouT, L.N. (1986):
Conodont biostratigraphy of the Permian Meade Peak
Phosphatic Shale Member, Phosphoria Formation,
southeastern Idaho. — Contr. Geol., Univ. Wyoming,
24,2, 169-190.

BENDER, H. & STOPPEL, D. (1965): Perm-Conodonten. —
Geol. Jb. 82, 331-364.

BEYERS, J.M. & ORCHARD, M.J. (1991): Upper Permian
and Triassic conodont faunas from the type area of
the Cache Creek Complex, south-central British Co-
lumbia, Canada. — In: ORCHARD, M.J. & McCRACK-
EN, A. D. (eds.): Ordovician to Triassic conodont

" paleontology of the Canadian Cordillera. — Geol.
Surv. Canada, Bulletin 417, 269-297.

CATALANO, R., D1 STEFANO, P: & Kozur, H. (1991): Per-
mian Circumpacific deep-water faunas from the
Western Tethys (Sicily, Italy) — new evidences for the
position of the Permian Tethys. — Palaeogeogr., Pa-
laeoclimatol., Palaeoecol. 87, 1-4, 75-108.

Geol. Paléiont. Mitt. Innsbruck, Bd. 20, 1995

CaTAaLANO, R., D1 STEFANO, P. & Kozur, H. (1992):
New data on the Permian and Triassic stratigraphy of
western Sicily. — N. Jb. Geol. Paldont., Abh. 184, 1,
25-61.

CHERNIKH, V.V. (1986): Konodonty pogranichnych ot-
lozhenij karbona i permi zapadnogo sklona Urala. —
In: CHuvaAsHoOv, B.I1., LEVEN, E. Ja., DavyDOV, V. 1.
et al. (eds.): Pogranichnye otlozhenija karbona i
permi Urala, Priuralja i Srednej Azii., 129-130,
Moskva (“NAUKA?”).

CHERNIKH, V.V. & CHuvaAsHoV, B.I. (1986): Konodont-
nye kompleksy v pogranichnych otlozhenijach karbo-
na i permi. — In: CHuvasHov, B.I., LEVEN, E. Ja.,
Davypov, V. 1. et al. (eds.): Pogranichnye otlozheni-
ja karbona i permi Urala, Priuralja i Srednej Azii.,
63-67, Moskva (“NAUKA”).

CHERNIKH, V.V. & RESHETKOVA, N.P. (1987): Biostra-
trigrafija i konodonty pogranichnych otlozhenij kar-
bona i permi zapadnogo sklona juzhnogo i srednego
Urala. — 45 pp., Sverdlovsk.

CHERNIKH, V.V. & RESHETKOVA, N.P. (1988): Zonalnoe
raschlenenie pogranichnych otlozhenija karbona i
permi zapadnogo sklona srednego i juzhnogo Urala
po konodontam. — In: Biostratigrafija i litologija
verchnego paleozoja Urala, 62-78, Sverdlovsk.

CHuvasHov, B.I.,, CHERNYKH, V.V. & MIzens, G.A.
(1993): Zonal divisions of the boundary deposits of
the Carboniferous and Permian in sections of differ-
ent facies in the South Urals. — Permophiles, 22,
11-16.

CHuvasHov, B.1., DiupiNa, G.V., Mizens, G.A. &
CHERNYKH, V.V. (1990): Opornye razrezy verchnego
karbona i nizhnej permi zapadnogo sklona Urala i
Priuralja. — 369 pp., Sverdlovsk.

CLARK, D.L. (1979): Permian-Triassic boundary: Great
Basin conodont perspective. — In: CLARK, D.L. (ed.):
Great Basin stratigraphy and paleontology. — Brig-
ham Young Univ. Geol. Studies, 26(1), 85-90.

CLARK, D.L. & BEHNKEN, F.H. (1971): Conodonts and
biostratigraphy of the Permian. — In: SWEET, W.C. &
BERGSTROM, S.M. (eds.): Symposium on Conodont
Biostratigraphy. — Geol. Soc. America Memoir, 127,
415-439.

CLARK, D.L. & BEHNKEN, F.H. (1979): Evolution and
taxonomy of the North American Upper Permian
Neogondolella serrata complex. — J. Paleont. 53, 2,
263-275.

181



CLARK, D.L. & CARrR, T.R. (1982): Permian Hindeodus
and Diplognathodus: Implications for Late Paleozpo-
ic conodont multielement taxonomy. — Geologica et
Palaeontologica, 15, 125-138.

CLARK, D.L. & ETHINGTON, R.L. (1962): Survey of Per-
mian conodonts in western North America. — Brig-
ham Young Univ. Geol. Studies, 9, 2, 102-104.

CLARK, D.L. & WANG, Cheng-yuan (1988): Permian
neogondolellids from South China: Significance for
evolution of the serrata and carinata groups in North
America. — ] Paleont. 62, 1, 132-138.

Dal, Jinye & ZHANG, Jinghua (1989): Conodonts. In: Li,
Zhishun, Zhan, Lipei et al. (eds.): Study on the Per-
mian-Triassic biostratigraphy and event stratigraphy
of northern Sichuan and southern Shaanxi. — Geol.
Mem. 2, 9, 428-435.

Davypov, V.I., BArRskov, I.S., BogosLovskaya, M.F.,
LEvVeN, E.Y., Porov, A.V., AKHMETSHINA, LZ. &
Kozitskaya, R.I. (1992): The Carboniferous/Per-
mian boundary in the former USSR and its correla-
tion. — Internat. Geol. Rev., 34, 9, 889-906.

DING, Hui, Qiu, Tiegiang & DuaN, Xiaoqing (1990):
The Carboniferous-Permian conodont biostratigraphy
and the Sweetognathus fauna evolution in the boun-
dary area of Jiangsu and Anhui. — Shanxi Mining Inst.
Learned Journ., 8, 3, 250-258.

DING, Hui & WAaN, Shilu (1990): The Carboniferous-
Permian conodont event-stratigraphy in the South of
the North China Platform. — Cour. Forschungsinst.
Seckenberg, 118, 131-155.

DING, Meihua (1987): Conodonta. Appendix 2: System-
atic descriptions. — In: YANG, Zunyi, YIN, Hongfu et
al. (eds.): Permian-Triassic boundary, stratigraphy
and fauna of South China. — Geol. Mem., Ser. 2, 6,
272-271, 342-347.

DONG, Zhi-zhong, WANG, Cheng-yuan & WANG, Zhi-
hao (1987): Carboniferous and Permian conodont se-
quence in northwestern Yunnan. — Acta Palaeont.
Sinica, 26, 4, 411-419.

FuUrNISH, W. M. (1973): Permian stage names. — In:
LoGaN, A. & HiLLs, L. V. (eds.): The Permian and
Triassic Systems and their mutual boundary. — Cana-
dian Soc. Petrol. Geologists, Mem. 2, 522-548.

GLENISTER, B.F. (1993): Stratotype of Guadalupian Se-
ries. — Permophiles, 23, 20-21.

GLENISTER, B.F., BoyD, D.W., FURNISH, W.M., GRANT,
R.E., HARRIS, M.T., KOZUR, H., LAMBERT, L.L., NAs-

182

SICHUK, W.W_, Newell, N.D., Pray, L.C., Spinosa, C.,
Wardlaw, B.R., Wilde, G.L. & Yancey, T.E. (1992):
The Guadalupian. Proposed international standard for
a Middle Permian Series. — Internat. Geol. Rev., 34,
9, 857-888.

GuLLO, M. & KOZUR, H. (1992): Conodonts from the pe-
lagic deep-water Permian of central Western Sicily
(Italy). — N. Jb. Geol. Paldont., Abh. 184, 2, 203-234.

HavyasHI, Sh. (1981): Phyletic chart on conodonts. — The
Association for the Geological Collaboration in
Japan, Monogr., 23, 1-38.

HE, Xilin (1980): The sequence of Permian brachiopod
assemblages in South China. — 11 pp., China Institute
of Mining Technology.

HENDERSON, C.M. (1988). Conodont paleontology and
biostratigraphy of the Upper Carboniferous to Early
Permian Canyon Fiord, Belcher Channel, Nansen, an
unnamed, and Van Hauen formations, Canadian Arc-
tic Archipelago. — Unpublished Ph.D. thesis, Univer-
sity of Calgary, 287 pp.

HENDERSON, C.M. (1993): Are Permian-Triassic boun-
dary events diachronous ? Evidence from the Cana-
dian Arctic. — Carboniferous to Jurassic Pangea, Pro-
gram and Abstracts, p. 136.

HENDERSON, C.M. & ORCHARD, M.J. (1991): Gondolel-
loides, a new Lower Permian conodont genus from
western and northern Canada. — In: ORCHARD, M.J. &
MCcCRACKEN, A.D. (eds.): Ordovician to Triassic co-
nodont paleontology of the Canadian Cordillera. —
Geol. Surv. Canada, Bulletin 417, 253-267.

IGo, H. (1979): Biostratigraphy of Permian conodonts.
In: Biostratigraphy of Permian and Triassic conod-
onts and holothurian sclerites in Japan. pp. 5-20.

Ico, H. (1981): Permian conodont biostratigraphy of
Japan. — Palaeont. Soc. Japan, Spec. Papers, 24, 1-51.

IGo, H. & Hisipa, K. (1986): Lower Permian conodonts
from the Kawanori Formation of the southwestern
Kanto Mountains, Tokyo. — Transact. Proc. Palaeont.
Soc. Japan, N. S., 144, 516-527.

JIANG, Wu, Zhang, Fang et al. (1986): Conodonts-Palae-
ontology. — 287 pp., Nangzhong (Southwestern Pe-
troleum Institute).

JIN, Yugan, ME, Silong & ZHu, Zili (1993): The poten-
tial stratigraphic levels for Guadalupian/Lopingian
boundary. — Permopbhiles, 23, 17-20.

KANG, Pei-quan, WANG, Cheng-yuan & WANG, Zhi-hao
(1987): Carboniferous-Permian conodont conodont

Geol. Paldont. Mitt. Innsbruck, Bd. 20, 1995



biostratigraphy in the shelf facies of Ziyun County,
Guizhou. — Acta Micropalaeontol. Sinica, 4, 2,
179-192.

KoTLYAR, G. V., Kozur, H. & ZakHArROv, YU. D.
(1993): The Transcaucasian sections Dorasham 2
(Azerbaidzhan) and Sovetashen (Armenia), two can-
didates for P/T boundary reference sections. — Alber-
tiana, 12, 36-38.

Kozur, H. (1972): Vorlaufige Mitteilung zur Parallel-
isierung der germanischen und tethyalen Trias sowie
einige Bemerkungen zur Stufen- und Unterstufenglie-
derung der Trias. — Mitt. Ges. Geol. Bergbaustud., 21,
363-412.

Kozur, H. (1974): Zur Altersstellung des Zechstein-
kalkes (ca 1) innerhalb der ,tethyalen* Permgliede-
rung. — Freiberger Forsch.-H., C 298, 45-50.

Kozur, H. (1975): Beitrage zur Conodontenfauna des
Perm. — Geol.-Paldont. Mitt. Innsbruck, §, 4, 1-44.
Kozur, H. (1977a): Revision der Conodontengattung
Anchignathodus und ihrer Typusart. — Zeitschr. geol.

Wiss. §, 9, 1113-1127.

KozuRr, H. (1977b): Beitrédge zur Stratigraphie des Perm.
Teil I: Probleme der Abgrenzung und Gliederung des
Perm. — Freiberger Forsch.-H., C 319, 79-121.

Kozur, H. (1978): Beitrdge zur Stratigraphie des Perms.
Teil II: Die Conodontenchronologie des Perms. —
Freiberger Forsch.-H., C 334, 85-161.

Kozur, H. (1980): The main events in the Upper Per-
mian and Triassic conodont evolution and its bearing
to the Upper Permian and Triassic stratigraphy. — Ri-
vista Ital. Paleont., 85, 3—4, 741-766.

Kozur, H. (1989): The Permian-Triassic boundary in
marine and continental sediments. — Zentralbl. Geol.
Paldont., 1988, 11/12, 1245-1277.

Kozur, H. (1990a): Significance of events in conodont
evolution for the Permian and Triassic stratigraphy. —
Cour. Forschungsinst. Senckenberg, 117, 385-408.

KozuRr, H. (1990b): The taxonomy of the gondolellid co-
nodonts in the Permian and Triassic. — Cour. For-
schungsinst. Senckenberg, 117, 409-469.

Kozur, H. (1990c): Significance of conodonts for strati-
graphic and biofacial evaluations in the Permian. —
ISt Latin  American Conodont Symposium,
LACON-I, part 2: Abstracts of Meeting, pp. 87-89.

Kozur, H. (1991): Permian deep-water ostracods from
Sicily (Italy). Part 2: Biofacial evaluation and re-
marks to the Silurian to Triassic paleopsychrospheric

Geol. Paldont. Mitt. Innsbruck, Bd. 20, 1995

ostracods. — Geol.-Paldont. Mitt. Innsbruck, Sdb. 3,
25-38.

KozuRr, H. (1992a): Age and paleoecology of the cono-
dont Clarkina changxingensis (Wang & Wang). —
Geol.-Paldont. Mitt. Innsbruck, 18, 83-86.

Kozur, H. (1992b): Late Permian Tethyan conodonts
from West Texas and their significance for world-
wide correlation of the Guadalupian-Dzhulfian boun-
dary. — Geol.-Paldont. Mitt. Innsbruck, 18, 179-186.

Kozur, H. (1992c): Dzhulfian and Early Changxingian
(Late Permian) Tethyan conodonts from the Glass
Mountains, West Texas. — N. Jb. Geol. Paldont.,
Abh., 187, 1, 99-114.

Kozur, H. (1992d): Boundaries and Stage subdivision of
the Mid-Permian (Guadalupian Series) in the light of
new micropaleontological data. — Internat. Geol. Rev.
34,9, 907-932. i

Kozur, H. (1993a): Boundaries and subdivision of the
Permian System. — Occasional Publications ESRI,
N.S., 9 B, 139-154.

Kozur, H. (1993b): Gullodus n. gen. — a new conodont
genus and remarks to the pelagic Permian and Trias- °
sic of western Sicily. — Jb. Geol. B.-A_, 136, 1, 87-88.

KozuUR, H. (1993c): Upper Permian radiolarians from the
Sosio Valley area, western Sicily (Italy) and from the
uppermost Lamar Limestone of West Texas. — Jb.
Geol. B.-A, 136, 1, 99-123.

Kozur, H. (1994a): Permian pelagic and shallow-water
conodont zonation. — Permophiles, 24, 16-20.

KozuRr, H. (1994b): Permian/Triassic boundary and pos-
sible causes of the faunal change near the P/T boun-
dary. — Permophiles, 24, 51-54.

Kozur, H., Davypov, V. & KOTLYAR, G. V. (1994):
Preliminary report on the Permian conodont fauna of
Darvas and SE Pamir and its importance for the Per-
mian time scale. — Permophiles, 24, 13-15.

Kozur, H., LEVEN, E. Ja. Lozovsku, V. R. & PJIATAKO-
VA, M. V. (1978): Rasclenenie po konodontam pogra-
nicnych sloev permi i triasa Zakavkazja. — Bjul.
MOIP, otd., geol., 1978, 5, 15-24.

Kozur, H. & Lucas, S. (in press): Clarkina crofti n. sp.,
anew conodont species from the uppermost Lamar of

the Delaware Basin (West-Texas). —~ Texas Journ.
Sci. :

Kozur, H. & MOSTLER, H. (1976): Neue Conodonten
aus dem Jungpaldozoikum und der Trias. — Geol.-
Paldont. Mitt. Innsbruck, 6, 2, 1-40.

183



Kozur, H. & MOSTLER, H. (1991): Pelagic Permian co-
nodonts from an oceanic sequence at Sang-e-Sefid
(Fariman, NE-Iran). — In: RUTTNER, A.W. (ed.): The
Triassic of Aghdarband (AgDarband), NE-Iran, and
its Prq—Triassic frame. — Abh. Geol. B.-A., 38,
101-110.

Kozur, H., MOSTLER, H. & RAHIMI-YAZD, A. (1975):
Beitrdge zur Mikropaldontologie permotriadischer
Schichtfolgen. Teil II: Neue Conodonten aus dem
Oberperm und der basalen Trias von Nord- und Zen-
traliran. — Geol.-Paldont. Mitt. Innsbruck, §, 3, 1-23.

Kozur, H. & NassiCHUK, W.W. (1977): Permian conod-
onts in the Canadian Arctic Archipelago — biostrati-
graphic discussion. — Geol. Surv. Canada, Paper,
77-1 A, 139-143.

L1, Zhihong (1991): Conodont fauna from the lower part
of the Upper Permian Wujiaping Formation in Wu-
feng County, Hubei Province. — Bull. Yichang Inst.
Geol. Min. Res., CAGS, 17, 95-103.

‘MaTsupa, T. (1981): Early Triassic conodonts from
Kashmir, India. Part I: Hindeodus and Isarcicella. - J.
Geosci., Osaka City Univ., 24, 3, 75-108.

ME], Shilong, JIN, Yugan & WARDLAW, B. R. (1994a):
Succession of conodont zones from the permian
“Kuhfeng” Formation, Xuanhan, sichuan and its im-
plication in global correlation. — Acta Palaeont. Sini-
ca, 33, 1, 1-23.

MEI, Shilong, JIN, Yugan & WARDLAW, B. R. (1994b):
Zonation of conodonts from the Maokouan-Wuchia-
pingian boundary strata, South China. — Palaeoworld,
4,225-233.

ME]|, Shi-long, JIN, Yu-gan & WARDLAW, B. R. (1994c):
Succession of Wuchiapingian conodonts from north-
eastern Sichuan and its worldwide correlation. — Acta
Micropaleont. Sinica, 11, 2, 121-139.

MovsHOVICH, E. V., Kozur, H. PavLov, A. M., PNEv,
V. P, PoLozova, A. N., CHuVASHOV, B. I. & BoGos-
LovskaJAa, M. F. (1979): Kompleksy konodonty nizh-
nej permi Priuralja i problemy koreljacii nizhne-
permskich otlozhenij. — In: PApuLov, G.N. & Puck-
ov, N.N. (eds.): Konodonty Urala i ich stratigrafi-
cheskoe znachenie. 94-131, Sverdlovsk.

Nakazawa, K., NaAkaMURrA, K. & KiMURrA, G. (1987):
Discovery of Otoceras boreale Spath from West
Spitsbergen. — Proc. Japan. Acad. Sci., Ser. B, 63,
171-174.

184

NAKREM, H.N. (1991): Conodonts from the Permian suc-
cession of Bjg¢rn¢gya (Svalbard). — Norsk Geol.
Tidsskrift, 71, 235-248.

NassicHUK, W.W. & HENDERSON, C.M. (1986): Lower
Permian (Asselian) ammonoids and conodonts from
the Belcher Channel Formation, southwestern Elles-
mere Island. — Current Research, Part B, Geol. Surv.
Canada, Paper 86-1B, 411-416.

NEsSTELL, M.K. & WARDLAW, B.R. (1987): Upper Per-
mian conodonts from Hydra, Greece. — J. Paleont. 61,
4, 758-772.

ORCHARD, M. J. (1984): Early Permian conodonts from
the Harper Ranch Beds, Kamloops area, southern
British Columbia. — Current Research, Part B, Geol.
Surv. Canada, Paper 84-1B, 207-215.

ORCHARD, M.J. & FORSTER, P.J.L. (1988): Permian co-
nodont biostratigraphy of the Harper Ranch Beds,
near Kamloops, south-central British Columbia. —
Geol. Surv. Canada, Paper 88-8, 1-27.

ORMISTON, A. R. & BABcocCk, L. (1979): Follicucullus,
new radiolarian genus from the Guadalupian (Per-
mian) Lamar Limestone of the Delaware Basin. — J.
Paleont. 53, 2, 328-334.

PARK, S. (1989): Study on the Lower Permian conodonts
in the Machari area of Yeongweolgun, Kangweondo.
—J. Sci. Technol., 28, 90-104.

PARK, So0-In (1993): Conodont fauna and its biostratig-
raphy of the Bamchi Formation (Lower Permian) in
Yobong-Bamchi area, Yeongweolgun, Korea. — J.
Geol. Soc. Korea, 29, 4, 360-374.

PauLL, R.K. & Paull, R.A. (1994): Hindeodus parvus as
index fossil for the Permian-Triassic boundary: A re-
sponse to the Chinese Working Group. — Albertiana,
13, 3-7.

PERLMUTTER, B. (1975): Conodonts from the uppermost
Wabaunsee Group (Pennsylvanian) and the Admire
and Council Grove Groups (Permian) in Kansas. —
Geologica et Paleontologica, 9, 95-115.

PErrI, M. C. 1991. Conodont biostratigraphy of the
Werfen Formation (Lower Triassic), Southern Alps,
Italy. Bolletino della Societa Paleontologica Italiana,
30, 1, 23-46.

RABE, E.H. (1977): Zur Stratigraphie des ostandinen
Raumes von Kolumbien. II: Conodonten des

jiingeren Paldozoikum der Ostkordillere, Sierra Neva-

da de Santa Marta und der Serrania de Perrija. — Gies-

sener geol. Schriften, 11, 101-223.

Geol. Paldiont. Mitt. Innsbruck, Bd. 20, 1995



RamMovs, A. (1982): Unterperm-Conodonten aus den
Karawanken (Slowenien, NW Jugoslawien). — N. Jb.
Geol. Paldont., Abh., 164, 3, 414-427.

RASMUSSEN, J.A., PIASECK], S., Stemmerik, L., Stouge,
S. (1990): Late Permian conodonts from central East
Greenland. — N. Jb. Geol. Paldont., Abh. 178, 3,
309-324.

REIMERS, A.N. (1991): Nizhnepermskie konodonty Pa-
mira i Darvaza. — Bjul. MOIP, otd. geol. 66, 6, 59-71.

RITTER, S.M. (1986): Taxonomic revision and phyloge-
ny of post-Early Permian crisis bisselli — whitei Zone
conodonts with comments on Late Paleozoic diver-
sity. — Geologica et Palaeontologica, 20, 139-165.

ROHR, D,. M. Wardlaw, B. R., Rudine, S. F., Hall, A.J,,
Grant, R. E. & Haneef, M. (1991): Guidebook to the
Guadalupian Symposium. — Proc. Guadalupian
Symp., 18-111, Alpine.

Ross, C.A. & Ross, J.R.P. (1987): Late Paleozoic sea
levels and depositional sequences. — Cushman Found.
Foram. Res., Spec. Publ. 24, 137-149.

SpiNosA, C. & Snyder, W.S. (1993): A progress report.
Ajdaralash as candidate stratotype section for the
Carboniferous-Permian boundary. — Permophiles, 23,
9-11.

SuAREzZ RiGLOS, M., Hiinicken, M.A. & Merino, D.
(1987): Conodont biostratigraphy of the Upper Car-
boniferous-Lower Permian rocks of Bolivia. In: Aus-
tin, R. L. (ed.): Conodonts: Investigative techniques
and applications. 316-332.

SWEET, W.C,, in Teichert, C., Kummel, B. & Sweet, W.
(1973): Permian-Triassic strata, Kuh-E-Ali Bashi,
northwestern Iran. — Bull. Mus. Comp. Zool. 145, 8,
359-472.

SwWeeT, W.C. (1976): Conodonts from the Permian-Tri-
assic boundary beds at Kap Stosch, East Greenland. —
Medd. Gr¢nland, 197, 5, 51-54.

SwIFT, A. (1986): The conodont Merrillina divergens
(Bender and Stoppel) from the Upper Permian of
England. — In: HaARwoOD, G. M. & SMITH, D. B.
(eds.): The English Zechstein and Related Topics.
Geol. Soc. Spec. Publ. 22, 55-62.

SWIFT, A. & ALDRIGDE, R.J. (1986): Conodonts from the
Upper Permian strata of Nottinghamshire and North
Yorkshire. — Palaeontology, 25, 4, 845-856.

Szaniawski, H. & MaLkowskl, K. (1979): Conodonts -

from the Kapp Starostin Formation (Permian) of

Geol. Paliont. Mitt. Innsbruck, Bd. 20, 1995

Spitsbergen. — Acta Palaeont. Polonica, 24, 2,
231-264.

TiaN, Chuan-rong (1983): Permian conodont zones. In:
Paleontological Atlas of Southwest China, p. 407.
TiaN, Shu-gang (1993 a): Late Permian-earliest Triassic
conodont paleoecology in northwestern Hunan: Acta

Palaeont. Sinica, 32, 3, 332-345.

TiAN, Shu-gang (1993 b): A new conodont genus Dicer-
ogondolella (gen. nov.). — Bull. Inst. Geol. Chinese
Acad. Geol. Sci., 23, 203-214.

TiaN, Shu-gang (1993 c): The Permo-Triassic boundary
and conodont zones in northwestern Hunan Province.
— Bull. Chinese Acad. Geol. Sci., 26, 134-150.

TiAN, Shu-gang (1994): Evolutions of conodont genera
Neogondolella, Hindeodus and Isarcicella in north-
western Hunan, China. — Strat. Paleont. China, 2,
1993, 173-191.

VAN DEN BOOGAARD, M. (1987): Lower Permian conod-
onts from western Timor (Indonesia). — Proc. Kon.
Nederland. Akad. Wetensch., Ser. B, 90, 1, 15-39.

VON BITTER, P. & MERRILL, G.K. (1983): Late Paleozoic
species of Ellisonia (Conodontophorida). Evolution-
ary and palaeoecological significance. — Royal Onta-
rio Mus. Life Sci. Contr. 136, 1-57.

WaN, Shilu & DING, Hui (1987): The Carboniferous-
Permian conodont sequence of north China Platform.
In: Proc. Symposium on Permo-Carboniferous coal-
bearing strata and geology, 78-83.

WANG, Cheng-yuan (1994a): A conodont-based high-
resolution eventostratigraphy and biostratigraphy for
the Permian-Triassic boundaries in South China. —
Palaeoworld, 4, 234-248.

WANG, Chengyuan (ed.) (1994b): Conodonts of lower
Yangtze Valley — an index to biostratigraphy and or-
ganic metamorphic maturity. 326 pp., Nanjing.

WANG, Cheng-yuan-& DONG, Zheng-chang (1991): Per-
mian conodonts from Suoxiyu in Cili County, Hunan.
— Acta Micropalaeont. Sinica, 8, 1, 41-56.

WANG, Cheng-yuan, Ritter, S.M. & Clark, D.L. (1987):
The Sweetognathus complex in the Permian of China:
Implications for evolution and homeomorphy. — J.
Paleont. 61, 5, 1047-1057.

WANG, Cheng-Yuan & Wang, Zhi-Hao (1979): Permian
conodonts from the Longtan Formation and Changh-
sing Formation of Changxing, Zheijiang and their
stratigraphical and paleoecological significance: Se-

185



lected Papers 1st Convention of the Micropaleonto-
logical Society of China, 114-120.

WANG, Cheng-yuan & Wang, Zhi-hao (1981a): Conod-
onts. — In: ZHAO, Jin-ke, SHENG, Jin-zhang et al.
(eds.): Late Changhsingian and Permian-Triassic
boundary in South China. — Bull. Nanjing Inst. Geol.
Palaeont., Acad. Sinica, 2, 79-81.

WANG, Chengyuan & Wang, Zhihao (1981b): Permian
conodont biostratigraphy of China. — Geol. Soc.
America, Spec. Paper, 187, 227-236.

WANG, Zhi-hao (1991): Conodonts from the Carbonifer-
ous-Permian boundary strata in China with comments
on the boundary. — Acta Palaeont. Sinica, 30, 1, 6-41.

WANG, Zhi-hao (1994): Early Permian conodonts from
the Nashui section, Luodian of Guizhou. — Palaeo-
world, 4, 203-224.

WANG, Zhi-hao & ZHANG, Wen-sheng (1985): Discov-
ery of conodonts from the upper part of the Taiyuan
Formation in Yuxian, Henan. — Journ. Strat. 9, 3,
228-230.

WaRrDLAW, B.R. (in press): Guadalupian conodont bio-
stratigraphy of the Glass and Del Norte Mountains. —
Smithsonian Contr. Paleobiol.

WARDLAW, B.R. & COLLINSON, J.W. (1979): Youngest
Permian conodont faunas from the Great Basin and
Rocky mountain regions. — In: SANDBERG, C.A. &
CLARK, D.L. (eds.): Cortodont biostratigraphy of the
Great Basin and Rocky Mountains. — Brigham Young
Univ. Geol. Studies, 26, 3, 151-163.

WarbpLAW, B.R. & Collinson, J.W. (1984): Conodont
paleoecology of the Permian Phosphoria Formation
and related rocks of Wyoming and adjacent areas. —
In: CLARK, D.L. (ed.): Conodont biofacies and pro-
vincialism. Geol. Soc. America, Spec. Paper 196,
263-281.

WARDLAW, B.R. & COLLINSON, J.W. (1986): Paleontolo-
gy and deposition of the Phosphoria Formation. —
Contr. Geol., Univ. Wyoming, 24, 2, 107-14.

WaRDLAW, B.R. & Grant, R.E. (1990): Conodont bio-
stratigraphy of the Permian Road Canyon Formation,
Glass Mountains, Texas. — U.S. Geol. Surv. Bull.
1895, 1-18.

186

WarbDLAW, B.R., Nestell, M.K. & Dutro, J.T. (1982):
Biostratigraphy and structural setting of the Permian
Coyote Butte Formation of central Oregon. — Geolo-
gy, 10, 13-16.

WEITSCHAT, W. & Dagys, A.S. (1989): Triassic biostra-
tigraphy of Svalbard and a comparison with NE-Sibe-
ria. — Mitt. Geol.-Paldont. Inst. Univ. Hamburg, 68,
179-213.

WIGNALL, P.B. & Hallam, A. (1992): Anoxia as a cause
of the Permian/Triassic mass extinction: facies evi-
dence from northern Italy and the western United
States. — Palaeogeogr., Palaeoclimatol., Palaeoecol.,
93, 21-46.

Xi1A, Fengshen & Zhang, Binggao (1992): Age of the Se-
long Group, Selong of Xizang (Tibet) and the Per-
mian-Triassic boundary. - Journ. Strat., 16, 4,
256-263.

YIN, Hongfu (1993): A proposal for the global stratotype
section and point (GSSP) of the Permian-Triassic
boundary. — Albertiana, 11, 45-30.

YounGgQuisT, W. HAWLEY, R.W. & MILLER, A.K.
(1951): Phosphoria conodonts from southeastern
Idaho. — J. Paleont., 25, 3, 356-364.

ZHANG, Jinghua, Dal, Jinye & TiaN, Shugang (1984):
Biostratigraphy of Late Permian and Early Triassic
conodonts in Shangsi, Guangyuan County, Sichuan,
China. In: Scientific Papers on Geology for Interna-
tional Exchange, 163-178.

ZHou, Zuren (1986): Two ecological patterns of the Per-
mian ammonoids. — Sci. Sinica, Ser. B, 29, 1,96-112.

ZHou, Zuren, Glenister, B. F., & Furnish, W. M. (1989):
Two-fold or three-fold? — Concerning geological time
scale of Permian period. — Acta Palaeont. Sinica, 28,
269-282.

Author’s address:
Dr. sc. Heinz Kozur, Rézsii u. 83, H-1029 Budapest, Hungary;

Manuscript submitted: November 23, 1994

Geol. Paldiont. Mitt. Innsbruck, Bd. 20, 1995



Figures, tables and plates



Series Stage Conodont Zones and Assemblage Zones Conodont Standard-Zonation
Shallow-water pelagic
Guadalupian Roadian Sweetognathus subsymmetricus|Mesogondolella Mesogondolella nankingensis-
(pars) Neostreptognathodus clinei |nankingensis (pars) Sweetognathus subsymmetricus
Neostreptogn. sulcoplicatus [Mesogondolella idahoensis M. idahoensis-N. sulcoplicatus
P Mesogondolella zsuzsannae M. zsuzsannae-S. ? prayi
Cathedralian|Sichuanognathus ? prayi
Mesogondolella idahoensis M. idahoensis-S. ? prayi
E Mesogondolella asiatica
Neostreptogn. exsculptus- M. idahoensis-N. exsculptus
R Neostreptognathodus pnevi M. shindyensis-M. intermedia|M. intermedia-N. exsculptus
Lower N. pequopensis-N. ruzhencevi M. bisselli-N. pequopensis
M
Permian Artinskian [Sweetognathus whitei Mesogondolella bisselli M. bisselli-S. whitei
If= S. inornatus-S. whitei M. bisselli-S. inornatus
Cisuralian S. inornatus-Sweetogn. n.sp.[M. bisselli-M. visibilis M. bisselli-M. visibilis
A Sakmarian
Sweetognathus merrilli M. obliquimarginata M. obliquimarginata-S. merrilli
N Wardlawella expansa- Mesogondolella adentata- Streptognathodus postfusus
Streptognathodus postfusus Streptognathodus postfusus
Asselian Wardlawella expansa- Mesogondolella adentata- Streptognathodus constrictus
Streptognathodus constrictus|Streptognathodus constrictus
Wardlawella expansa- Streptognathodus barskovi Streptognathodus barskovi
Streptognathodus barskovi Streptognathodus invaginatus|Streptognathodus invaginatus
Fig. 1: Cisuralian (Early Permian) conodont zonation.
T Series Stage Conodont Zones and Assemblage Zones Conodont Standard Zonation
R Shallow-water pelagic -
I
A|Early Brahmanian |Isarcicella isarcica Isarcicella isarcica
S|Triassic ("Induan") Clarkina carinata
-|= Scythian Hindeodus parvus Hindeodus parvus
Hindeodus C. deflecta- C. xiangxiensis|H. latidentatus- C. xiangxiensis
C. changxin= ——m -
Changxingian latidentatus |gensis C. postwangi C. deflecta C. postwangi
Hindeodus
julfensis Clarkina subcarinata C. subcarinata-H. julfensis
Clarkina mediconstricta Clarkina mediconstricta
W D Clarkina orientalis Clarkina orientalis
u z Iranognathus tarazi
Upper c h Clarkina transcaucasica Clarkina transcaucasica
Permian h U [=-=-=-=-==---=--=
= i 1
Lopingian a f
P p i Clarkina leveni Clarkina leveni
E i a M. divergens-
R n n M. rosenkrantzi
M 9
I i Merrillina divergens |Clarkina niuzhuangensis Clarkina niuzhuangensis
A a -
N n Clarkina postbitteri- Clarkina postbitteri-
———————————————— Clarkina crofti Clarkian crofti l
disputed Hindeodus Clarkina altudaensis ? Clarkina altudaensis ?
altudaensis
Mesogondolella shannoni Mesogondolella shannoni
Capitanian
M. postserrata |-------------- M. postserrata
Middle
Permian M. aserrata - -{Mesogondolella aserrata
= Wordian Gullodus catalanoi Mesogondolella
Guadalupian
M. nankingensis|siciliensis Mesogondolella
Roadian S. subsymmetricus nankingensis Sweetognathus
Neostreptogn. clinei subsymmetricus

Fig. 2: Guadalupian and Lopingian conodont zonation.
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Series | Stage Conodont Standard-Zonation Subdivision after Mei et al. (1994 a) Mei et al. (1994 a, c)
(this paper) Conodont Zones Stages Series Conodont Zones
Clarkina mediconstricta C. inflecta T
D
W 2z |[Clarkina orientalis Clarkina orientalis C. orientalis W
u h u
c u |[Clarkina transcaucasica C. transcaucasica c|L
h 1 h|o
i f C. guangyuanensis ilp
a i Wuchia= ali
Upper p a |Clarkina leveni Clarkina leveni pingian p(n
Permian| i n M. divergens- C. leveni ilg
= n M. rosenkrantzi n|i
Lopin= g gla
gian i Lopingian |C. asymmetrica i|n
(pars) a Clarkina niuzhuangensis (pars) a
n C. liangshanensis ? C. dukouensis n
Clarkina postbitteri- C. postbitteri
Clarkina crofti .
? M. granti C|G
——————————————————— aju
disputed|Clarkina altudaensis _-|M. xuanhanensis M. xuanhanensis pla
.2 |~——————————|Unnamed i|d
——— -—= =Z--?---|M. praexuanhanensis|Stage M. praexuanhanensis|t|a
Middle all
Permian "M. altudaensis" "M. altudaensis" nfu
= Mesogondolella shannoni ilp
Guada= |Capi= M. shannoni ali
lupian [tanian nia
(pars) M. postserrata Capitanian|Guadalupian|M. postserrata n
Mesogondolella postserrata l

Fig. 3: Assumed correlation of the Chinese conodont zonation (MEI et al., 1994a—c) with the proposed conodont zonation around
the Guadalupian-Lopingian boundary. M. xuanhanensis MEl & WARDLAW, 1994, is a junior synonym of M. nuchalina (DAl &
ZHANG, 1984); C. asymmetrica MEl & WARDLAW, 1994, is a junior synonym of C. niuzhuangensis (L1, 1991).

Stage Conodont Standard-Zonation Conodont Zones of the Eastern Gondwana conodont Province

shallow-water pelagic Eastern Gondwanide Standard
M. idahoensis-N. sulcoplicatus|unknown unknown - - |unknown
M. zsuzsannae-N. prayi
Cathedralian|M. idahoensis-N. prayi
N. leonovae M. idahoensis|N. idahoensis-N. leonovae

M. idahoensis-N. exsculptus

M. intermedia-N. exsculptus [N. exsculptus- [M. intermedia-|N. exsculptus-V. shindyensis
R. bucaramanqus |V.shindyensis

M. bisselli-" [M. bisselli-V. shindyensis
Late M. bisselli-N. pequopensis unknown V. shindyensis
Artinskian o B -

M. bisselli-S. whitei

Fig. 4: Correlation of the conodont zonation of the Eastern Gondwana province with the standard zonation.
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species Facies|Area|Asselian |Sakmarian |Artinskian|Cathedralian|pl./fig.
Streptognathodus wabaunsensis I TNBG|<x+ 1/1,2
Streptognathodus nodulinearis I TBN |<x+ 1/8
Streptognathodus invaginatus I TBN |xx 1/20
Streptognathodus cristellaris I BN |ott+++ 1/3
Wardlawella expansa S TBN |xxxxxxt++t 1/17,18
Streptognathodus barskovi I TNBG|++XXXX++0 1/4,6
Streptognathodus elongatus I TNBG | <xxx++000 |00 1/7
Adetognathus paralautus S TNB | <XXXXXXXX|++++++4+444{00 2/1
Streptognathodus simplex I TNBG | <XXXXXXXX [++++++++++[000 1/5
Hindeodus minutus S TNBG [ <XXXXXXXX|XXXXXXXXXX[+H++++4++
Streptognathodus tulkassensis I B ++4
Streptognathodus constrictus I TNB | o+xxxt 1/11
Mesogondolella belladontae P B + -
Streptognathodus longissimus I TNBG|  xxx 1/13
Mesogondolella dentiseparata P TB XXXX+ 1/9
Mesogondolella adentata P TB XXXX+ 1/12
Gondolelloides canadensis I B-A XXXHH[2? 1/19,21
Streptognathodus fusus I BN XX 1/10
Mesogondolella simulata P B 01+++{00000
Streptognathodus postfusus I BN 0X0 1/16
Mesogondolella corpulenta P T H 4
Mesogondolella striata P B XX {00000
Mesogondolella longifoliosa P B X[ XXXXX
Mesogondolella foliosa P B +HxXXXX 1/14,15
Mesogondolella obliquimarqinatal P B 0| XxxXXX 2/8,9
Diplognathodus sakmaraensis S B 00000
Mesogondolella uralensis P B H+
Mesogondolella caudata P T 44
Mesogondolella bisselli n. subsp.|P TB +HHH44 2/18, 20
Streptognathodus irreqularis I ™ +++4++0000
Sweetognathus merrilli S TNB XXXXXH4440 2/4-7
Mesogondolella luodianensis P T HHHHH
Mesogondolella bisselli P TNBG HXXXXXXXX [ XXXXXXXXXX | X+ 2/10-12
Wardlawella trianqularis S T +H
Xuzhougnathus monoridgosus S T 0000 2/2,3
Sweetognathus n. sp. S B +XXXXX++ : 2/14,15
Mesogondolella visibilis P B 44 2/13
Sweetognathus inornatus? S TNBG +XXXX [XXXX++ 2/16,17,21
Wardlawella adenticulata’ S TNB +++44|4+00000000 | 000000000000 [2/19
Sweetognathus whitei S TNBG H [ xxxxxx+ 31
"Sweetognathus" sulcatus S N 0

Table 1: Stratigraphic range of the most important Cisuralian (Early Permian) conodonts.

Frequency: x = common, + =rare, 0 = very rare, < = present also in older beds, > = present also in younger beds.

Facies: S = mostly in shallow-water or restricted to shallow-water, P = restricted to pelagic environments, I = both in shallow- and
deep-water, W = restricted to warm-water, C = restricted to cold- and cool-water, including cold bottom water of open tropical seas.
Distribution: T = Tethys, G = Gondwana and Gondwana margin of eastern Tethys, G-E = exclusively in eastern Gondwana and
Gondwana margin of eastern Tethys, N = North America (except Arctic), B = Boreal realm (including Cis-Urals), B-A = exclusive-
ly in the Arctic. The outer column refers to figured species on plates 1-6. Junior synonyma: 1: Neogondolella pseudostriata CHER-
NIKH; 2:.Sweetognathus primus CHERNIKH (only the holotype); 3: Iranognathus ziyunensis WANG, CHENG-YUAN et al.
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species Facies|Area|Asselian |Sakmarian |Artinskian|Cathedralian|pl./fig.
Neostreptognathodus clarki S NB +++
Sweetognathus windi S N HHH4+ 3/8
Sweetocristatus oertlii I TB HHHtt
Hindeodus excavatus S TNBG +++++]| XXXXXXXXXXXD
Neostreptognathodus transitus? S B ++
Neostreptognathodus peguopensis S TNBG XXXX |+ 3/4,5
Sweetognathus behnkeni S TNG XXX | +4+ 3/2
Sweetognathus bogoslovskajae S B ++ 3/7
Neostreptognathodus ruzhencevi S NB XXX i+ 3/6,10,11
Neostreptognathodus tschuvaschovi|S NB +H4i+ 3/3
Sichuanognathodus yanqchangensis7 S TG 000 ++
Iranognathus huecoensis S N +H+]HH+++ 3/13
Pseudohindeodus auqustus I TNG +++] XXXXXXX+++00
Sweetognathus nodocostatus® S T 00+ | ++++++++++++
Mesogondolella luosuensis P B ++ ]+
Sweetocristatus. arcticus I B H 44
Rabeignathus asymmetricus S N 0000
Gullodus hemicircularis p? G-E +
Rabeignathus bucuramangus S TNBG +HiXX 3/14
Vjalovognathus shindyensis P G-E XXX 4/1
Mesogondolella shindyensis P TBG XX 3/9
Mesogondolella intermedia P TNBG XX 3/12
Mesogondolella qujioensis P TNG XX 3/21
Sichuanognathodus foliatus S TNG XX 3/17
Neostreptognathodus kamajensis S B X+
Rabeignathus pamiricus S NG ++
Sweetognathus flexsus S G-E ++
Sweetognathus venustus S G-E ++
Neostreptognathodus pseudoclinei |S B ++
Stepanovites alienus S B ++
Neostreptognathodus pnevi S NB X+t 3/19
Neostreptognathodus exsculptus S TNG XX++ 3/16
Neostreptognathodus leonovae S GT +XXX++++4
Pseudohindeodus nassichuki S TG XXXXXXXXXXXX
Pseudohindeodus ramovsi S TNG XXXXXXXXXXX>{4/24
Stepanovites festivus S TNB HHHH+HHHEED
Sweetognathus guizhouensis10 S TG 00++++++XXX>|4/23
Mesogondolella asiatica P TNG OXXXX 3/15
Mesogondolella idahoensis P TNBG OXXXXXXXXXX|3/18
Pseudosweetognathus costatus S T 00+++++++>
Sichuanognathodus ? prayi S TN XXXX 3/22
Pseudosweetognathus adjunctus S NT 00000
Mesogondolella zsuzsannae P ™ XX 3/20
Pseudosweetognathus denticulatus |S T +++
Pseudosweetognathus adenticulatusis T ++++4
Sichuanognathodus monocornus S TN o+XXx>
Neostreptognathodus sulcoplicatus|S N XXx0/3/23
Mesogondolella saraciniensis P T XXX
Hindeodus permicus S TNG ++>
Sweetognathus semiornatus S T 00
Mesogondolella slovenica P T ++
Mesogondolella orchardi P T ++
Sweetognathus expansus S T x>

Table 1 (continued)

Junior synonyma: 4: Neostreptognathodus svalbardensis SZANIAWSKI; 5: Neostreptognathodus toriyamai 1G0; 6: Diplognathodus
stevensi CLARK & CARR; 7: Sweetognathus murgabicus REIMERS; 8: Sweetognathus variabilis WANG, Cheng-Yuan et al.; 9: Diplo-
gnathodus paraaugustus WANG, Cheng-Yuan; 10: Sweetognathus paraguizhouensis WANG, RITTER & CLARK; 11: Neostreptogna-
thodus pseudoprayi W aNG, Cheng-Yuan 12: Mesogondolella parasiciliensis WANG, ZHI-HAoO.
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species Facies|Area|Roadian|Wordian|Capitanian|Wuchiapingian|Changxingian|pl./fig.

Pseudosweetognathus costatus T <o

TNB [<++++++[++4++44
TNG |[++++++4]|0000000
TNG [+++++4+4]| XXXXXXX
T [0000000(+++++++ 4/22
T [?2227222] 4444444 4/18
TNG [00+++++]|+++4+xxX|XX+0
TG |0000000| XXXXXXX[0007?? 4/21

Stepanovites festivus
Pseudohindeodus oertlii
Mesogondolella phosphoriensis
Gullodus catalanoi

Gullodus sicilianus
Sweetognathus iranicus!4
Mesogondolella siciliensis

S
Sichuanognathodus monocornus S ™ |<++0000
Sweetognathus expansus S T |<000000
Mesogondolella gracilis PC N [xxxxxxx
Neostreptognathodus clinei S N |44+ ‘ 4/25
Neostreptognathodus newelli S N [+
Mesogondolella nashuiensis P T  [0000000
Mesogondolella prorosenkrantzi [P T [0000000
Mesogondolella nankinqensis13 PW TNB [ XXXXXXX|XXXX 4/2-4
Sweetognathus subsymmetricus S TN | XXXXXXX|X+++ 4/26
Sweetina tritica S N [+ H4
Pseudohindeodus ramovsi S TN | <XXXXXX|++++444 4/24
Sweetognathus quizhouensis S TG [<xxxxxx|+++++++ 4/23
S
S
PC
S
S
S
PC

Hindeodus excavatus S TNBG| <XXXXXX|XXXXXXX | XXXXX+++++

Hindeodus permicus S TNG [<H+++++|+++++++|++4+000000

Wardlawella ? lanceolata S T HHHE|

Stepanovites meyeni S B |4

Iranognathus nodosus S T [+

Sweetocristatus arcucristatus S N 00 [+++++++

Mesogondolella prolongata PC N xxx+

Sweetognathus hanzhongensis S T XXX

Sweetocristatus qaleatus15 S N XXXXXXX [ XXXXXXXXXX|++++++++4+44+4 | $4400000
Mesogondolella aserrata PW N XXXX 4/5,6
Merrillina praedivergens S TNG HH [t

Sweetognathus sweeti S T HHt

Mesogondolella postserrata16 PW TNG XXXXXXXO 4/7,8
Mesogondolella behnkeni PW ™™ +HHHH444

Clarkina bitteri PC ™ FHHHHHHH

Wardlawella paralanceolata S T 4

Clarkina denticulata PW ™ -

Wardlawella movschovitschil’ S ™ 0000000000 |[+++++++++++++ |+HH++444 5/20
Hindeodus typicalis18 S TNBG : O+ [XXXXXXXXXXXXX | XXXXXXXX++++]5/18
Mesogondolella shannoni PW N XX0 4/9,10
Mesogondolella nuchalinal? PW ™ ox+ 4/16,17
Hindeodus altudaensis PW N +++|+00 4/20
Merrillina divergens S TNBG [ xxx440 5/24
Mesogondolella praexuanhanensis (PW ™ X 4/12-15
Mesogondolella granti PW ™ +

Table 2: Stratigraphic range of the most important Guadalupian and Lopingian conodonts.

Explanations see table 1.

Junior synonyma: 13: Gondolella serrata CLARK & ETHINGTON; 14: Sweetognathus parvus WANG, Cheng-Yun et al.; 15: Xaniogna-
thus sweeti 1G0; 16: Neogondolella babcocki CLARK & BEHNKEN; 17: Iranognathus nudus WANG, RITTER & CLARK; 18: Anchigna-
thodus zhenanensis DAl & ZHANG; 18: Mesogondolella xuanhanensis MEI & W ARDLAW.
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species Facies [Area|Roadian [Wordian|Capitanian|Wuchiapingian|Changxingian|pl./fig.
Clarkina altudaensis PW NG +x 4/11;5/1
Clarkina wilcoxi P ™ ol+t
Clarkina crofti P N X0 4/19
Clarkina rosenkrantzi PC BT? +XXXX 5/22,23
Stepanovites inflatus S TB XX+
Clarkina postbitteri PW ™ 0X0 5/26
Clarkina lanceolata PW ™ 000
Clarkina dukouensis PW T XX0 5/25
Clarkina niuzhuangensis!? P T 0%0 5/19
Clarkina daxianensis PW T ++10 5/27
Clarkina leveniZ0 PW T +XX 5/3
Stepanovites dobruskinae S T HH |
Clarkina transcaucasica PW ™ +XXX 5/4
Clarkina liangshanensis PW T 0+++0 5/2
Clarkina jesmondi P N XX
Iranognathus unicostatus S T H| 4
Clarkina orientalis PW T OXXX|X++++++ 5/5
Hindeodus julfensis s. str. P TBG 0000 | XXXXXXXXXXX |6/1
Iranognathus tarazi S T | XxHH 5/21
Clarkina mononica PW T 000
Clarkina inflecta PW T XX
Clarkina demicornis PW T +H
Clarkina mediconstricta?3 PW T XX |+o 5/6
Clarkina pugiensis PW T Xx[++
Clarkina subcarinata P TNB +XXXXX$0 5/7
Clarkina wanqiz5 PW T XXXXXX+0 5/17
Clarkina changxinqensis26 P TNBG 0000++XXX|5/8
Clarkina deflecta PW T +HXXXXX|5/9
Clarkina postwangi PW T ++x|5/10,11
Clarkina dicerocarinata PW T +XXXXX
Clarkina sosioensis PC T Xxxx|5/14-16
Clarkina xiangxiensis PW T +xxx(5/12,13
Hindeodus latidentatus S TNBG 0+x>(6/2,5
Clarkina unilaticarinata P T 00
Clarkina zhonqlianqshanensis28 P TBG »
Clarkina tulongensis PC TG +
Clarkina procerocarinata P TB +>16/6-8
Isarcicella ? prisca S T x{6/3,4

Table 2 (continued).

Junior synonyma: 19: Clarkina asymmetrica MEl & WARDLAW; 20: Neogondolella guangyuanensis DAl & ZHANG (advanced C. le-
veni), 21: Clarkina bizarrensis MEI & WARDLAW; 22: Neogondolella paralella TIAN (pars); 23: Neogondolella latimarginata
CLARK & WANG, Cheng-Yuan; Clarkina yanjinxinensis DING, Meihua (pathologic C. wangi); 26: ? Gondolella liuchangensis DING,
Meihua; Gondolella beifengjingensis DING, Meihua; Gondolella serrata liuchangensis DING, Meihua (homonym of Gondolella
liuchangensis, DING, Meihua).
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All plates have been prepared from low quality copies, because the originals have been lost during the control of the

private mail by the Hungarian post office.

All figures on plates 1-6 are upper views unless otherwise noted.

Plate 1

Figs. 1, 2:

Fig. 3:

Figs. 4, 6:

Fig. 5:

Fig. 7:
Fig. 8:

Fig. 9:

Fig. 10:

Fig. 11:

Fig. 12:

Fig. 13:

Figs. 14, 15:

Fig. 16:

Figs. 17, 18:

Figs. 19, 21:

Fig. 20:
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Streptognathodus wabaunsensis GUNNELL, fig. 1: x 40, basal Asselian, Bennett Shale, Council Grove
Group, Kansas; from PERLMUTTER (1975); fig. 2: x 90, Asselian, Dafenko (North China); from DING &
WaN (1990).

Streptognathodus cristellaris CHERNIKH & RESHETKOVA, x 55, Lower Asselian, Juresan (Cis-Urals); from
CHERNIKH & RESHETKOVA (1987).

Streptognathodus barskovi (Kozur), Lower Asselian; fig. 4: x 77, Neva Limestone, Grenola Fm., Council
Grove Group, Kansas; from Kozur (1978); fig. 6: x 140, Xishan (North China); from DING & WAN (1990,
assigned to S. fuchengensis Zhao).

Streptognathodus simplex GUNNELL, x 42, uppermost Gzhelian, Youlchi section, Corea; from PARK
(1989).

Streptognathodus elongatus GUNNELL, x 42, as for fig. 5.

Streptognathodus nodulinearis CHERNIKH & RESHETKOVA, x 46, Lower Asselian, Usolka (Cis-Urals),
from CHERNIKH & RESHETKOVA (1987).

Mesogondolella dentiseparata (RESHETKOVA & CHERNIKH), holotype, x 45, Middle Asselian, right bank
of river Kojva (Cis-Urals); from CHUVASHOV et al. (1986).

Streptognathodus fusus CHERNIKH & RESHETKOVA, holotype, x 55, Middle Asselian, Juresan (Cis-Ural);
from CHERNIKH & RESHETKOVA (1988).

Streptognathodus constrictus CHERNIKH & RESHETKOVA, x 50, as for fig. 10; from CHERNIKH & RESHET-
KOVA (1986).

Mesogondolella adentata (CHERNIKH & RESHETKOVA), x 55, Middle Asselian, Usolka (Cis-Urals); from
CHERNIKH & RESHETKOVA (1987).

Streptognathodus longissimus CHERNIKH & RESHETKOVA, x 55, Upper Asselian, Usolka (Cis-Urals); from
CHERNIKH & RESHETKOVA (1988).

Mesogondolella foliosa (CHERNIKH & RESHETKOVA), x 50, sample 21/3, upper Asselian, Kondurovka
(Cis-Urals), fig. 15: lateral view.

Streptognathodus postfusus CHERNIKH & RESHETKOVA, x 55, Upper Asselian, Usolka (Cis-Urals), from
CHERNIKH & RESHETKOVA (1987).

Wardlawella expansa (PERLMUTTER), Asselian, Funston Limestone, Council Grove Group, Kansas;
fig. 17: x 150, fig. 18: detail of carina, x 360; from VON BITTER & MERRILL (1990).

Gondolelloides canadensis HENDERSON & ORCHARD, holotype, x 46, Middle Asselian, 262 m above base
of Hare Fiord Fm., Van Hauen Pass area, Ellesmere Island, Canada; fig. 21: oblique lateral-lower view;
from HENDERSON & ORCHARD (1991).

Streptognathodus invaginatus CHERNIKH & RESHETKOVA, x 45, bed 15-4 (basal Asselian), Usolka; from
CHERNIKH & RESHETKOVA (1987).
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Plate 2
Fig. 1:
Figs. 2, 3:

Figs. 4-7:

Figs. 8, 9:

Figs. 10-12:

Fig. 13:

Figs. 14, 15:

Figs. 16,17,21:

Figs. 18, 20:

Fig. 19:
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Adetognathus paralautus ORCHARD, holgtype, x 70, fauna 1 (Upper Sakmarian or Lower Artinskian) of
Harper Ranch Group, Kamloops (British Columbia, Canada); from ORCHARD & FORSTER (1988).
Xuzhougnathus monoridgosus DING & WAN, holotype, Sakmarian, Huaibei (North China; fig. 2: x 220,
fig. 3: detail with microsculpture of carina and side branch, x 440; from DING & WAN (1990).
Sweetognathus merrilli Kozur, no gap between carina and denticles of free blade (compare S. inornatus,
figs. 16, 17, 21); figs. 4, 6: Sakmarian, Huainan (North China), fig. 4: x 130, fig. 6: x 175; from DING &
WaN (1990, assigned to S. inornatus, material studied in China at Prof. DING, Taiyuan); figs. 5, 7 (lateral
view): x 73, Lower Sakmarian (Tastubian), Eiss Limestone Mbr., Bader Limestone Fm., upper Council
Grove Group, Kansas; from Kozur (1978).

Mesogondolella obliquimarginata (CHERNIKH), x 50, sample 21/8, Lower Sakmarian (Tastubian), Kon-
durovka (Cis-Urals), fig. 8: lateral view.

Mesogondolella bisselli (CLARK & BEHNKEN), primitive form, x 50, sample 21/24, Lower Sakmarian
(Tastubian), Kondurovka (Cis-Urals), fig. 11: lower view, fig. 12: lateral view.

Mesogondolella visibilis (CHERNIKH), x 45, Upper Sakmarian (Sterlitamakian), Sim (Cis-Urals); from
CHUVASHOV et al. (1990).

Sweetognathus n. sp.; fig. 14: x 82, Sakmarian, Huainan (North China); from DING & WAN (1990, as-
signed to S. whitei); fig. 15: x 45, Upper Sakmarian (Sterlitamakian), Sim (Cis-Urals); from CHUVASHOV
et al. (1990, assigned to S. primus, compare figs. 16, 17).

Sweetognathus inornatus RITTER, distinct gap between carina and denticles of free blade (compare
figs. 4-7: S. merrilli), figs. 16, 17 (lateral view): holotype of S. primus Chernikh, x 45, Upper Sakmarian
(Sterlitamakian), Sim (Cis-Urals); from Chuvashov et al. (1990); fig. 21: holotype, x 80, Lower Artinsk-
ian (Aktastinian), Burbank Hills, Utah; from RITTER (1986).

Mesogondolella bisselli n. subsp., x 50, sample 21/12, Lower Sakmarian (Tastubian), Kondurovka (Cis-
Urals), fig. 18: lateral view.

Wardlawella adenticulata (RITTER), holotype, x 90, basal Threemile Limestone, Chase Group, Kansas,
from RITTER (1986).
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Plate 3

Fig. 1:

Fig. 2:

Fig. 3.

Figs. 4, 5:

Figs. 6, 10, 11:

Fig. 7:

Fig. 8:

Fig. 9:

Fig. 12:
Fig. 13:

Fig. 14:

Fig. 15:

Fig. 16:
Fig. 17:

Fig. 18:
Fig. 19:
Fig. 20:
Fig. 21:

Fig. 22:

Fig. 23:
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Sweetognathus whitei (RHODES), x 80, fauna 2 (Artinskian) of Harper Ranch Beds, Kamloops (British
Columbia, Canada); from ORCHARD & FORSTER (1988).

Sweetognathus behnkeni KOZUR, x 82, Upper Artinskian (Baigendzhinian), Copacabana Fm., Yaurich-
ambi, Bolivia; from SUAREZ RIGLOS et al. (1987).

Neostreptognathodus tschuvaschovi KOZUR, x 65, Upper Artinskian (Baigendzhinian), Hambergfjellet
Fm., Svalbard; from NAKREM (1991, assigned to N. clarki).

Neostreptognathodus pequopensis BEHNKEN, fig. 4: x 58, holotype, Upper Artinskian (Baigendzhinian),
lower Arcturus Limestone, Nevada; from BEHNKEN (1975); fig. 5: x 100, as fig. 3, from NAKREM, 1991).
Neostreptognathodus ruzhencevi KOZUR; fig. 6: primitive form, holotype of N. obliquidentatus CHER-
NIKH, x 80, Artinskian, right bank of Dalnij Tjulkas (Cis-Urals); from CHUVASHOV et al. (1990); fig. 10:
holotype, x 60, Upper Artinskian (Baigendzhinian), Aktasti (Cis-Urals); from Kozur & MOSTLER
(1976); fig. 11: advanced specimen, x 80, as fig. 1; from ORCHARD & FORSTER (1988, assigned to N. sul-
coplicatus).

Sweetognathus bogoslovskajae KOZUR, lateral view, x 60, Upper Artinskian (Baigendzhinian), Zhil-Tau
(Cis-Urals); from Kozur & MOSTLER (1976).

Sweetognathus windi RITTER, holotype, lateral view, x 80, Upper Artinskian (Baigendzhinian), Fort
Riley Limestone, Chase Group, Kansas; from RITTER (1986).

Mesogondolella shindyensis KOZUR, x 73, basal Cathedralian (basal Bolorian or uppermost Jachtashian),
Shindy (Pamirs); from Kozur (1978).

Mesogondolella intermedia (1G0), holotype, x 72, Cathedralian, Ichinose, Japan; from IGo (1981).
Iranognathus huecoensis (RITTER), holotype, x 70, Upper Artinskian or basal Cathedralian, Franklin
Mits, Texas; from RITTER (1986). '

Rabeignathus bucuramangus (RABE), x 80, Upper Artinskian (Baigendzhinian), Burbank Hills, Utah,
from RITTER (1986).

Mesogondolella asiatica (1GO), holotype, x 73, lower Cathedralian, Akuda Fm., Gifu Prefecture, Japan;
from IGo (1981).

Neostreptognathodus exscul ptus 1Go, holotype, x 68, lower Cathedralian, Yoro, Japan; from IGo (1981).
Sichuanognathus foliatus 160, holotype, x 43, lower Cathedralian, Gujio Hachiman, Japan; from IGo
(1981).

Mesogondolella idahoensis (YOUNGQUIST, HAWLEY & MILLER), x 60, uppermost Cathedralian, basal
Road Canyon Fm., Glass Mts, Texas; from WARDLAW & GRANT (1990).

Neostreptognathodus pnevi KozZUR & MOVSHOVICH, x 76, Cathedralian, Phosphoria Fm., Idaho; from
BEHNKEN et al. (1986).

Mesogondolella zsuzsannae KOZUR, x 80, Cathedralian, Torrente San Calogero (Sicily).
Mesogondolella gujioensis (1Go), x 75, Cathedralian, Gujio Hachiman, Japan; from IGo (1981).
Sichuanognathus ? prayi BEHNKEN, holotype, x 57, Cathedralian, Bone Spring Fm., Guadalupe Mts,
Texas; from BEHNKEN (1975).

Neostreptognathodus sulcoplicatus (YOUNGQUIST, HAWLEY & MILLER), x 57, upper Cathedralian, Kaib-
ab Fm., Nevada, from BEHNKEN (1975).
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Plate 4

Fig. 1: Vjalovognathus shindyensis (Kozur), lateral view, x 100, Upper Artinskian (Baigendzhinian), Timor;
from VAN DEN BOOGAARD (1987).

Figs. 2-4:  Mesogondolella nankingensis (Ching), type locality of Roadian, Glass Mts, Texas; figs. 2 (lateral view),
3: x 42, Roadian, Road Canyon Fm.; fig. 4: juvenile specimen, x 53, lower Wordian, 7.5. m above the
base of Word Fm.

Figs. 5,6: Mesogondolella aserrata (CLARK & BEHNKEN), Wordian, Cherry Canyon Fm.; fig. 5: x 69; fig. 6: holotype,
x 58; from CLARK & BEHNKEN (1969).

Figs. 7, 8:  Mesogondolella postserrata (BEHNKEN), x 42, Capitanian, upper Rader Mbr., Bell Canyon Fm., Delaware
Basin, Texas, fig. 8: lateral view.

Figs. 9, 10: Mesogondolella shannoni W ARDLAW (in press), uppermost Capitanian, upper Altuda Fm., 10 m below
Tessey Fm., locality 2.3 after ROHR et al. (1991), Glass Mts, Texas; fig. 9: x 36; fig. 10: x 42.

Fig. 11: Clarkina altudaensis KOzUR, holotype, x 70, basal Lopingian Series, uppermost Altuda Fm., 5 m below
Tessey Fm., locality 2.3 after ROHR et al. (1991), Glass Mts, Texas; from Kozur (1992c).

Figs. 12-15: Mesogondolella praexuanhanensis ME1 & WARDLAW, Early Lopingian Series; fig. 12: x 70, uppermost
Altuda Fm., 3 m below Tessey Fm., locality 2.3 after RoHR et al. (1991), Glass Mts, Texas; figs. 13—15:
x 60, Dukou (South China); fig. 14: lateral view; fig. 15: holotype; figs. 13—15 from MEI et al. (1994).

Figs. 16, 17: Mesogondolella nuchalina (DAl & ZHANG), Early Lopingian Series; fig. 16: advanced specimen, x 50, up-
permost Altuda Fm., 2.50 m below Tessey Fm., locality 2.3 after ROHR et al. (1991), Glass Mts, Texas;
fig. 17: x 60, Dukou (South China); fig. 17 from MEI et al. (1994), assigned to M. xuanhanensis MEI &
WARDLAW, a junior synonym of M. nuchalina.

Fig. 18: Gullodus sicilianus (BENDER & STOPPEL), x 75, lateral view, Roadian limestone block, Pietra di Salomo-
ne, Sicily; from Kozur (1993).

Fig. 19: Clarkina crofti Kozur & Lucas (in press), x 100, basal Lopingian, 0.40 m below top of Lamar, 1 km east
of locality H sensu ORMISTON & BaBcock (1979), Delaware Basin, Texas.

Fig. 20: Hindeodus altudaensis KOZUR & MOSTLER (in press), holotype, x 51, lateral view of Pa element, upper-
most Capitanian, upper Altuda Fm. 10 m below Tessey Fm., section 2.3 after ROHR et al. (1991), Glass
Mts, Texas.

Fig. 21: Mesogondolella siciliensis (Kozur), x 100, Wordian limestone block, Rupe del Passo di Burgio, Sosio
Valley, Sicily; from Kozur (1990b).

Fig. 22: Gullodus catalanoi (GuLLO & K0zUR), holotype, lateral view, x 108, as fig. 21; from GuLLO & KoOzur
(1992).

Fig. 23: Sweetognathus guizhouensis BANDO et al., x 55, Cathedralian, Cozzo Intronata, Sicily; from GULLO &
Kozur (1992).

Fig. 24: Pseudohindeodus ramovsi GULLO & KOZUR, x 140, Roadian limestone block, Pietra di Salomone, Sicily;
from KOzURr (1993).

Fig. 25: Neostreptognathodus clinei BEHNKEN, holotype, x 116, Roadian, uppermost Pequop Fm., Nevada; from
BEHNKEN (1975). )

Fig. 26: Sweetognathus subsymmetricus W ANG, RITTER & CLARK, x 190, Roadian, matrix of Olistostrome Unit,

Torrente San Calogero, Sicily.
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Plate 5

Fig. 1:

Fig. 2:

Fig. 3:

Fig. 4:

Fig. 5:

Fig. 6:

Fig. 7:

Fig. &:
Fig. 9:

Figs. 10, 11:

Figs. 12, 13:
Figs. 14-16:

Fig. 17:
Fig. 18:
Fig. 19:
Fig. 20:

Fig. 21:

Figs.22,23:

Fig. 24:

Fig. 25:

Fig. 26:

Fig. 27:
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Clarkina altudaensis KOZUR, transitional to C. changxingensis (WANG & WANG), x 100, basal Lopingian
Series, Altuda Fm., 9 m below Tessey, locality 2.3 after ROHR et al. (1991), Glass Mts, Texas.

Clarkina liangshanensis (WANG), x 67, Wuchiapingian, lower Wuchiaping Formation, Liangshan (south-
ern Shaanxi, South China); from WANG (1978).

Clarkina leveni (KOZUR, MOSTLER & PJATAKOVA), x 100, middle Wuchiapingian (lower Dzhulfian), Kuh-
e-Ali Bashi, NW Iran; from Kozur et al. (1975).

Clarkina transcaucasica GULLO & KOZUR, holotype, x 60, middle Wuchiapingian (middle Dzhulfian),
Achura (Azerbaidzhan), from Kozur (1975).

Clarkina orientalis (BARSKOV & KOROLEVA), x 69, upper Wuchiapingian (upper Dzhulfian), Hydra (Greece),
from NESTELL & WARDLAW (1987).

Clarkina mediconstricta (WANG & WANG), holotype of Neogondolella latimarginata CLARK & WANG,
x 45, Wuchiapingian, 11 m below top of Shangxi Fm., Nanjing (China); from CLARK & WANG (1988).
Clarkina subcarinata (SWEET), medium ontogenetic stage, x 110, Changhsingian, Torrente San Calogero,
Sicily; from GULLO & K0OzUR (1992).

Clarkina changxingensis (WANG & WANG), x 50, age and locality as fig. 7; from GULLO & KOZUR (1992).
Clarkina deflecta (WANG & WANG), x 60, calcarenite within upper Changhsingian red claystones, P/T
boundary section 500 m south of Pietra dei Saracini, Sosio Valley area, Sicily.

Clarkina postwangi (T1aN), x 50, uppermost Changhsingian, Hunan (South China), fig 10: lower view;
from TiAN (1993c).

Clarkina xiangxiensis (T1aN), x 50, as figs. 10, 11; fig. 12: lower view; from TIAN (1993c).

Clarkina sosioensis GULLO & KOZUR, uppermost Changhsingian, Red Claystone Unit, Torrente San Calo-
gero, Sicily; fig. 14: holotype, x 110, fig. 15 (lateral view), 16: x 115; from GuLLO & K0OzUR (1992).
Clarkina wangi (DA, TIAN & ZHANG), x 50, Changhsingian, Hunan (South China), from TiaN (1993c).
Hindeodus typicalis (SWEET), x 100, Wuchiapingian (Dzhulfian), Kuh-e-Ali Bashi, NW Iran.

Clarkina niuzhuangensis (L1), x 60, lower Wuchiapingian, bed 13, Nanjiang 1, Sichuan (South China);
from MEl et al. (1994c¢), assigned to C. asymmetrica MEl & WARDLAW.

Wardlawella movschovitschi (Kozur & PiaTakova), x 100, upper Changhsingian, Red Claystone Unit,
Torrente San Calogero, Sicily; from GULLO & Kozur (1992).

Iranognathus tarazi KOZUR, MOSTLER & RAHIMI-Y AZD, x 62, Changhsingian, Qiaoting (Sichuan Prov-
ince, South China); from WANG et al. (1987). B

Clarkina rosenkrantzi (BENDER & STOPPEL), Wuchiapingian; fig. 22: x 60, Posidonia Shale, Kap Stosch,
East Greenland; from SWEET (1976); fig. 23: x 80, lower Zechstein (Marl Slate), Great Britain; from
SWIFT & ALDRIDGE (1986).

Merrillina divergens (BENDER & STOPPEL), lateral view of Pa element, x 80, Wuchiapingian, Raisby Fm.
(lower Zechstein), Great Britain; from SWIFT & ALDRIDGE (1986).

Clarkina dukouensis MEI & WARDLAW, holotype, x 50, lower Wuchiapingian, bed 8, Dukou (South
China); from MEI et al. (1994c).

Clarkina postbitteri ME1 & WARDLAW, x 50, lower Wuchiapingian, bed 18, Fengshan (South China); from
MEI et al. (1994b).

Clarkina daxianensis MEI & W ARDLAW, holotype, x 50, middle Wuchiapingian, upper part of bed 8,
Dukou (South China); from MEI et al. (1994c).

Geol. Paldont. Mitt. Innsbruck, Bd. 20, 1995






Plate 6

Fig. 1:

Figs. 2, 5:

Figs. 3, 4:

Figs. 6-8:

Hindeodus julfensis (SWEET), x 210, lower Dorashamian (lower Changhsingian), bed 54, Kuh-e-Ali
Bashi, NW Iran; from Kozur et al. (1975).

Hindeodus latidentatus (KOZUR, MOSTLER & RAHIMI-YAZD), Tesero Oolite, 2 m above the Bellero-
phon Limestone, horizon with Changhsingian brachiopods, upper Changhsingian, Tesero (Southern
Alps, Italy); fig. 2: Pa element, specimen very similar to the holotype (such morphotypes are charac-
teristic for upper Changhsingian of Transcaucasia and China), x 150; fig. 5: Sb element, cusp imme-
diately behind the inward bent part of the bar, x 160, rep.-no. Ko 9208.

Isarcicella 7 prisca n. sp., holotype, re-figured from PERRI (1991, pl. 3, fig. 1), x 95, sample Bu 10,
lower Tesero Oolite, upper Changhsingian, Bulla section, SW of Ortisei (Southern Alps, Italy), lo-
cality and sample data see PERRI (1991), rep.-no. IC 1444; fig. 3: lateral view; fig. 4: upper view.
Clarkina procerocarinata n. sp., holotype, red Changhsingian claystones, about 1 m below the base
of the Triassic, P/T boundary section 500 m south of Pietra dei Saracini, Sosio Valley area, Sicily,
rep.-no. KoMo 121191/IX-3; fig. 6: lateral view, x 130; fig. 7: lower view, x 145; fig. 8: upper view,
x 120.

Figs. 9-11, 16, 17: Hindeodus parvus (KozZUR & PJATAKOVA), apparatus from a monospecies fauna with about 100

Figs. 12, 13: ~

Figs. 14, 15:

Fig. 18:

Figs. 19, 20:
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exclusively juvenile specimens of H. parvus, sample 14 (thin laminated limestone intercalation in 2
m thick anoxic, yellowish-brown weathered, laminated, originally pyritic claystone immediately
above upper Changhsingian red claystones, H. parvus Zone of basal Triassic, rep.-no. Ko 1994/I-1;
fig. 9: Pa element, x-230; fig. 10: Pb element, x 210; fig. 11: M element, x 170; fig. 16: Sb element,
cusp (and one denticle behind it) situated on the inward curved part of the bar (compare Sb element
of H. latidentatus on fig. 5), x 140; fig. 17: Sc element, x 130 .

Hindeodus parvus (KOZUR & PIATAKOVA), x 95; fig. 12: morphotype 1, sample 10/13a-1 below the
lower stromatolite horizon, H. parvus Zone, Achura (Azerbaidhan), rep.-no PK 1-4; fig. 13: morpho-
type 2, sample 10/13 a-2, I. isarcica Zone, Achura (Azerbaidzhan), rep.-no. PK 1-7.

Isarcicella ? turgida (KOZUR, MOSTLER & RAHIMI-YAZD); fig. 14: lateral view, x 120, sample 2092,
lower I. isarcica Zone, basal Brahmanian (“Induan”), section 500 m south of Pierta dei Saracini,
Sosio Valley area, Sicily, rep.-no. G 91/IX-15; fig. 15: upper view of an other specimen, x 80, sam-
ple Ko 12 B, age and locality as for fig. 14.

Isarcicella isarcica staeschei (DAl & ZHANG), upper view, x 150, sample 21.4, I. isarcica Zone, basal
Brahmanian (“Induan”), Dorasham II (Azerbaidzhan), rep.-no. Ko 1465.

Clarkina planata (CLARK), x 120, sample Ko 11 a, H. postparvus Zone, basal Brahmanian (“Induan’),
locality as for figs. 6-8, rep.-no. KoMo 121191/1X-8; fig. 19: upper view; fig. 20: lateral view.
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