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PERMIAN CONODONT ZONATION AND ITS IMPORTANCE FOR THE 
PERMIAN STRATIGRAPHie STANDARD SCALE 
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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 Faziesabhängigkeit permiseher Conodonten kann beträchtlich sein. Probleme für die Conodontenzonie
rung ergeben sich aus Migrationen infolge großräumiger Faziesänderungen, besonders in der mittelpermischen Guarla

lupe-Serie und an der Guadalupe!Loping-Grenze. Migration-events sind diachron und daher ungeeignet für die Defini
tion von Stufengrenzen und großräumige Korrelationen. 
Eine neue Gattung, Wardlawella n.  gen. ,  und zwei neue Arten werden beschrieben. 

1. Introduction 

Detailed taxonomic and Stratigraphie 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 Eastem 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, westem North 
America, the Circum-Pacific realm and partly in 
the Arctic and on the northem 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 mQst 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 
CIP and Pff boundaries as weil 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, Eastem Greenland, Texas, New 
Mexico, Arizona, Germanie 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 Stratigraphie 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 Stratigraphie 
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 stratatype for the Guadalupian Series 
(ÜLENISTER et al. , 1992, ÜLENISTER, 1993). There, 
the upper Cathedralian and all 3 stages of the 
Guadalupian Series are weil exposed in a contin

uaus 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 stratatype 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 Ievel. 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 riebest 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 Ionger accessible after the dis
integration of the form er 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; KOTLYAR et al. , 1993; 
KOZUR, 1994a, 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; HAYASHI, 
1981; CLARK & WANG, 1988; KOZUR, 1990a). In 
KüZUR ( 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; DAI & ZHANG, 1989; DONG 
et al., 1987; KANG et al. , 1987; WANG et al., 
1987; CLARK & WANG, 1988; DING et al. , 1990; 
WANG, 1991; WANG & DONG, 1991; TIAN, 
1993a, b, c, 1994). In all other Tethyan regions, 

the Permian conodont distribution is not so well 
known. Either conodonts occur only in short 
Stratigraphie 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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(CATALANO 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; ÜRCHARD, 1984; ÜRCHARD & 
FORSTER, 1988; BEYERS & ÜRCHARD, 1991). 
Also, the rather well known conodont succes
sions of Japan (IGo, 1979, 1981, HAYASHI, 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 
stratatype 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; KOZUR, 
1978; SWIFf, 1986; SWIFf & ALDRIGDE, 1986; 
RAssMUSSEN 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 ÜRCHARD, 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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eastem Gondwana margin of the Tethys are bet
ter known (KOZUR, 1975, 1978; VAN DEN Boo
GAARD, 1987; REIMERS, 1991; KOZUR et al., 
1994). 

3. Taxonomie note 

The genus Wardlawella n. gen. and the new 
species Clarkina procerocarinata n. sp. and 
Isarcicella ? 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: 
Ozarkodina expansa PERLMUTTER, 197 5 
Diplognathodus movschovitschi KozUR & PJA
TAKOVA, 1975 

Synonym: Iranognathus nudus WANG, RITTER 
& CLARK, 1987 

? Diplognathodus lanceolatus IGo, 1981 

Diplognathodus paralanceolatus W ANG & 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. lt 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. 

/ranognathus KOZUR, MOSTLER & RAHIMI
YAZD, 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 & KozUR, 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 KozuR, 1990 

Type species: Gondolella leveni KozuR, MosT
LER & PJATAKOVA, 1976 

Clarkina procerocarinata n. sp. 
(PI. 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 Pff 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 uptumed, 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 KozuR, 1975 

Type species: Spathognathodus isarcicus 
HUCKRIEDE, 1958 

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

1991 Hindeodus typicalis (SWEET), pars - PERRJ, 
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 
PERRJ, 1991, pl. 3, fig. 1), rep.-no. IC 1444. 
Type locality: Bulla section SW of Ortisei, 
Southem Alps, ltaly (see PERRJ, 1991). 

Type stratum: Sampie 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 Southem 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). /. ? 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). 

/sarcicella ? turgida (KOZUR, MOSTLER & 
RAHIMI-YAZD) from the basal Triassie displays a 
more prominent cusp that is more than two 
times Ionger 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 
( ?) element. Like other fossils from this facies, 

these conodonts have little Stratigraphie value. 
Beside Stepanovites, numerous conodont 

genera occur in-.Permian shallow-water deposits 

below the tidal flats, but the typical pelagic gon
dolellid conodörits are missing in such faunas. 
Some Early Permian shallow-water conodonts 

have greater Stratigraphie 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 Pennian
Triassie boundary; especially forms with partly 
fused carina, such as H. julfensis (SWEET), occur 
also in pelagic deposits], Iranognathus KozuR, 
MüSTLER & RAHIMI-YAZD, junior synonym 
Homeoiranognathus Ritter (Artinskian-Changh
singian, some species are also present in pelagic 
deposits), Merrillina KozuR (Capitanian to 

lower Wuchiapingian ), N eostrepto gnathodus 
CLARK ( with several excellent guide forms of 
the Upper Artinskian-Roadian), Pseudohindeo
dus GULLO & KozUR (Artinskian-Middle Per
mian, partly also pelagic ), Rabeignathus KozUR 
(Upper Artinskian-lower Cathedralian, both shal
low-water and pelagic), Stepanovites KozUR (see 
above ), Streptognathodus STAUFPER & 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-Urais 
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 li ved 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 westem 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 & W ANG, 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 dccurs in west
em Sicily and in Oman together with Wordian 

ammonoids and in the slope facies of Sicily ad
ditionally together with Wordian fusulinids). 
The Stratigraphie evaluation of the conodont 
successions is especially difficult in areas where 

warm-water pelagic and cold-water pelagic fau
nas replaced each other in Stratigraphie 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 Stratigraphie 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 & COLLINSON, 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 N orth 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 Stratigraphie world stan
dard, because the Cis-U ralian 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 Stratigraphie 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 & ÜRCHARD 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 Triassie 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 (KOZUR) is a typi
cal Upper Artinskian - Cathedralian species 
from the eastem Gondwana margin of the Tethys 
(e.g. Pamirs, Timor) unknown from any other 
area. It is also present in eastem Gondwana 
(eastem Australia) (pers. comm. Prof. I. MET
CALFE). Neostreptognathodus leonovae KozUR 

and Gullodus heniicircularis KozUR may also be 
restricted to this faunal realm. Other species 

known so far only from the eastem 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 is re
stricted to westem North America. Mesogondo
lella gracilis (CLARK & ETHINGTON) and M. pro
longata (WARDLAW & COLLINSON) are seerning
ly also restricted to the Guadalupian of the west
em USA (but not known from the Delaware 
Basin). 

Very important for Perrnian 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 Perrnian 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-U rals, and in the marginal parts of the 
Delaware Basin, the type area of the Cathedral
ian stage (uppermost stage of the Early Perrnian) 
and of the Guadalupian Series (Roadian, Wor
dian and Capitanian stages ). However, N. pnevi 
is rnissing in the Tethys and in Gondwana. For 
this reason the Tethyan regional scale (J achtash
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-Urais (DAVYDOV et al., 1992). 
According to these authors, the base of the 
Sphaeroschwagerina fusiformis - S. vulgaris 
Zone lies 12 m below this Ievel, whereas Strep
to gnathodus constrictus CHERNIKH & RESHET
KOVA and S. barskovi (KozUR) begin somewhat 
above this Ievel. The exact conodont zonation of 
the Ajdaralash section will be studied by an 
American-Russian research group. Conodonts 
are in most Ievels 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 U solka section, next to Ajdara
lash the second candidate for the C/P boundary 
stratatype (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 weil 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 
SPINOSA & SNYDER (1993) that the Usolka sec
tion is condensed in the C/P boundary interval 
cannot be confmned by the investigation of 
about 30 kg rock material from the critical inter
val, neither from conodont succession nor from 
lithology and rnicrofacies. The conodont succes
sion was weil 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 Perrnian low latitude fauna from the 
Tethys and westem North America, the frrst 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 frrst 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 Iimestones 
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 frrst 
appearance of S. barskovi is used in the present 
paper for defining this boundary. 

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

Streptognathodus species (pl. 1) are decisive 
for Asselian subdivision (tab. 1). Mesogondolel
la is 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 ÜRCHARD 
(pl. 2, fig. 1), a Iong-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 Iong-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 Mesogondole/la 
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 halo
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 f-r-etn-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. inomatus RrrrER (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 RITIER 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 weil established 
(KOZUR, 1978; MOVSHOVICH et al., 1979; KOZUR, 
1993a). In the basal Baigendzhinian M. bisselli
S. whitei Zone, ail Carboniferous holdovers 
( Streptognathodus and Adetognathus) are ab
sent. A little later, the firsf 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 weil 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
dole/la intermedia (IGo) (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 frrst 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 
(Ioo) (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 westem 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 in this stage. This zonation is weil 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 is 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 lhe 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-Urais 
(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 N. 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 diachronaus 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 N. 
pnevi Zone (without N. pequopensis) at the top 
occurs only in the northemmost 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 
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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 Ievel of this boundary about 
800 km to the south. 

Through the Texas standard, the Tethyan Ar
tinsklan-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 Artinsklan, 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, KozUR et 
al. , 1994). This indicates an Early Artinsklan 
(Aktastinian) age for this Ievel, so far assigned to 
the Upper Artinsklan (Baigendzhinian). An Ar
tinsklan age of the J achtashian makes this stage 
name unnecessary. The richest conodont fauna 
occurs at the base of the Bolorian of SE Pamirs 
(KOZUR & MOSTLER, 1976; KOZUR, 1978; REIM
ERS, 1991, KozUR et al., 1994). It contains both 
elements of the eastem Gondwana conodont 
prövince [Vjalovognathus shindyensis (KozUR), 
pl. 4, fig. 1] and world-wide distributed forms. 
The presence of Neostreptognathodus exsculptus 
(forinerly assigned to N. sulcoplicatus by KozuR, 
1978; and REIMERS, 1991), S. foliatus (IGO) and 
Mesogondolella gujioensis (Ioo) 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 weil studied (e.g. 
BEHNKEN, 1975; CLARK & BEHNKEN, 1979; 
CLARK & WANG, 1988, Kozur, 1992b, c, d, 
1993a). lt is based on the lineage Mesogondolel
la nankingensis-M. aserrata-M. postserrata-M. 
shannoni (pl. 4, figs. 2-1 0). 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 westem 
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 Stratigraphie 
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 (KozUR, MosTLER & PJATAKOVA) (pl. 5, 
fig. 3) from C. niuzhuangensis (LI, 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 ÜRMISTON & BABCOCK and 
Ishigaconus scholasticus (ÜRMISTON & BAB
COCK) 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 Stratigraphie 
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 confmned. 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 Iimestones 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 Ionger ranging species. Moreover, the 
phylomorphogenetic lineage "M. " altudaensis 
M. praexuanhanensis-M. "xuanhanensis" could 
not be confirmed. As clearly seen in westem 
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 (W ANG, 1994, 
pl. 5 0, 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 
(DAI & 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 (DAI & 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 
WARDLAW 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 MEI 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 
WARDLAW (lecture in Guiyang, August 1994), 
the halotype 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 halotype (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 W ANG 
(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 JrN et al. (1993) cannot be confirmed. JrN 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-MetadoUo
lina fusulinid zone, but no data were given, 
whether this is an assumed correlation or Yabei
na and M etadolioUna are present in the Dukou 
section. The M. shannoni-M. "xuanhanensis" 
fauna of the Fengshan section occurs tagether 
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 frrst 
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
Wuchiapingian 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 is 
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. orientaUs (pl. 5 ,  fig. 5) .  

The C. mediconstricta Zone is introduced 
between the C. orientaUs 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. 
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A new Lopingian conodont subdivision was 
proposed by MEI 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 form er 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
tians 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-c) 
from this Stratigraphie Ievel 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 Triassie defined by 
the first appearence of H. parvus. The base for 
this incorrect correlation were specimens of C. 
subcarinata from the uppermost ParatiroUtes 
beds of Achura ( uppermost occurrence of C. 
subcarinata in this outcrop ), erroneously placed 
into C. injlecta 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 MEI et al. ( 1994c ). As 
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clearly to seen from the figures and discussed by 
KozuR, the material figured by KozuR ( 197 5,  
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 LI (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-Triassie boundary at the base of 
the Hindeodus parvus Zone 

The Pff boundary is placed at the base of the 
H. parvus Zone (YIN, 1 985 � KoTLYAR et al., 
1993; PAULL & PAULL, 1994; KOZUR, 1994). At 
the base of this zone, all Permian Clarkina ( C. 
changxingensis, C. subcarinata, C. dejlecta 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 Pff 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 öC1 3 values. 

The base of the H. parvus Zone lies also in 
other areas a little above the minimum in the 
öCI 3 values at the Pff 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 Pff 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 & SWEEt, in 
prep.). This proves the time equivalence of the 
Boreal Otoceras faunas with the Changhsingian 
as pointed out by KozuR ( 1 972 and later 
papers). In the Gondwana margin of the Tethys, 
H. parvus begins in a phylomorphogenetic cline 
in the middle part of the 0. woodwardi Zone 
(Matsuda, 1981). Therefore, the 0. 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). 
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Stage Conodont Zones and Assemblage Zones Conodont Standard- Zonation 
Sha llow-water pelagic 

Roadian Sweetognathus subsymmetricus Mesogondole Ha Mesogondolella nankingensis-
Neostreptognathodus c l i ne i  nankingensis ( pars ) Sweetognathus subsymmetricus 

- - - - ---------- - - - -----------
Neostreptogn . sulcoplicatus Mesogondolella idahoensis M .  idahoensis-N . sulcopl i catus 

Mesogondolella zsuz sannae M .  z suz sannae-s . ? prayi 
Cathedral ian Sichuanognathus ? pray i  

Hesogondolella idahoensis M .  idahoensi s-S . ? prayi 
Mesogondolella asiatica 

Neostreptogn . exsculptus- M .  idahoensis-N . exsculptus 

Neostreptognathodus pnevi M .  shindyensis-M . intermedia M .  intermedia-N . exsculptus 

N .  pequopensis-N . ruzhencevi M .  bissell i - N .  pequopensis 

Artinskian Sweetognathus whitei Mesogondolella bisselli M .  bissell i - s .  whitei 

s .  inornatus-s . whitei M. b i ssel l i - S .  inornatus 

s .  inornatus-Sweetogn . n . sp . M .  bisse l l i -M .  v i s i b i l i s  M .  b isse l l i -H . v i s i b i l i s  
Sakmarian 

Sweetognathus merr i l l i  M .  obl i quimarginata H .  obl i quimarginata-S . merri l l i  

Wardlawella expansa- Mesogondolella adentata- Streptognathodus postfusus 
Streptognathodus postfusus Streptognathodus postfusus 

Assel ian Wardlawella expansa- Hesogondolella adentata- Streptognathodus constrictus 
Streptognathodus constrictus Streptognathodus constrictus 

Wardlawella expansa- Streptognathodus barskovi Streptognathodus barskovi 
Streptognathodus barskovi Streptognathodus invaginatus streptognathodus invagi natus 

Fig. 1 :  Cisuralian (Early Permian) conodont zonation. 

Stage Conodont Zones and Assemblage Zones Conodont Standard Zonation 
Shallow-water pelagic 

Brahmanian I sarci cella i sarcica Isarcicella isarcica 
( " Induan " )  Clarkina carinata 

Hindeodus parvus H indeodus parvus 

H indeodus c .  deflecta- c .  x iangxiensis H .  latidentatus- c .  x i angx iensis 
C .  changx in= 

Changxingian latidentatus gensis c .  postwangi c .  deflecta c .  postwangi 

w D 
u z 
c h 
h u 
i 1 
a f 
p i 
i a 
n n 
g -
i 
a 
n 

- ------ - ----
di sputed 

Capitanian 

Wordian 

Roadian 

H indeodus 
julfens:is 

Iranognathus tara z i  

r- - - - - - - - - - -

Merri l li na divergens 

----------- - - - - -

Hindeodus 
altudaensis 

Gullodus catalanoi 

s .  subsymmetricus 
Neostreptogn . cl inei 

Clarkina subcarinata 

Clarkina mediconstricta 

Clarkina orientalis 

Clarkina transcaucasica 

Clarkina leveni 

Clarkina niuzhuangensis 
------------------- -----------
Clarkina postbitteri-
Clarkina crofti 1 ------- ------- -- -------- ---- -
Clarkina altudaensis ? 

Hesogondolella shannoni 

M .  postserrata --- - -------- - -

c .  subcarinata-H . julfensis 

Clarkina mediconstricta 

Clarkina orienta l i s  

Clarkina transcaucasica 

Clarkina leveni I " · divergens-
M .  rosenkrantz i 

Clarkina niuz huangensis 
--- - - -- - -------------- --
Clarkina postbitteri-
Clarkian crofti 

- - - -1- - - -- ------- ------ - ------ ---
Clarkina altudaensis ? 

Hesogondolella shannoni 

M .  postserrata 

M .  aserrata - Mesogondolella aserrata 
Mesogondolella 

M. nankingensis sici l iensis Mesoqondolella 
nankingensis Sweetoqnathus 

subsymmetricus 

Fig. 2: Guadalupian and Lopingian conodont zonation. 
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Series Stage Conodont Standard- Zonation Subdivision after Hei et a1 . ( 1994 a )  Mei et a1 . ( 1 994 a ,  c )  
( this paper ) Conodont Zones Stages Series Conodont Zones 

C1arkina mediconstricta c .  inf lecta I T  
D 

w z C1arkina orienta1is Clarkina orienta 1 i s  c .  orienta l i s  w 
u h u 
c u C1arkina transcaucasica c .  transcaucasica c L 
h 1 h 0 
i f c .  guangyuanensis i p 
a i Wuchia= a i 

Upper p a Clarkina leveni 1 C1arkina 1eveni p ingian p n 
Permian i n M .  d ivergens- c .  1eveni i g 
= n 1-1 .  rosenkrant z i  n i 
Lopin= g g a 
gian i Lopingian c .  asymmetrica i n 
( pars ) a Clarkina n i u z huangensis ( pars ) a 

n c .  l i angshanensis ? c .  dukouensis n 
- - - -- - -- --------- - - - ---
C1arkina postbi tter i - c .  postbitteri 
C1arkina croft i  

- - - - --- --------- - - - - - - ---! - - - -
? M .  granti C G ------ ---- - - --- ---- a u 

disputed C1arkina a1tudaensi s  � M .  xuanhanensi s  M .  xuanhanensis p a � 
�? � Unnamed i d 

--- -------- ----------- �:--?- - - H .  praexuanhanensis Stage M .  praexuanhanensis t a 
Hidd1e a 1 
Permian " M . a1tudaensi s "  " M . a1tudaensi s "  n u 
= Mesogondolel1a shannoni i p 
Guada= Capi= M .  shannoni a i 
lupian tanian n a 
( pars ) H .  postserrata Capitanian Guada1upian H .  postserrata n 

Mesogondole Ha postserrata J l 

Fig. 3: Assumed correlation of the Chinese conodont zonation (MEI et al . ,  1 994a-c) with the proposed conodont zonation around 
the Guadalupian-Lopingian boundary. M. xuanhanensis MEI & WARDLAW, 1 994, is a junior synonym of M. nuchalina (DAI & 
ZHANG, 1 984) ;  C. asymmetrica MEI & WARDLAW, 1 994, is a junior synonym of C. niuzhuangensis (LI, 1 99 1 ) .  

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 

H .  idahoensis-N . exsculptus 

M .  intermedia-N . exsculptus N .  exsculptus- M .  intermedia- N .  exsculptus-V . shindyensis 
R .  bucaramangus V . shindyensis 

M .  bisselli- ·  M .  bisselli-V .  shindyensis 
Late M .  bisselli-N .  pequopensis unknown V. shindyensis 
Artinskian --------------- -------------- ----------------------------

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 X X  1 /20 
Streptognathodus cristellaris I BN o++++ 1/3  
Wardlawella expansa s TBN xxxxxx+++ 1/17 , 18 
Streptognathodus barskovi I TNBG ++xxxx++o 1 / 4 , 6  
Streptognathodus elongatus I TNBG <xxx++ooo 00 1 /7 
Adetognathus paralautus s TNB <xxxxxxxx ++++++++++ 00 2/1 
Streptognathodus simplex I TNBG <xxxxxxxx ++++++++++ 000 1/5  
Hindeodus minutus s TNBG < xxxxxxxx xxxxxxxxxx ++++++++++ 
Streptognathodus tulkassensis I B ++++ 
Streptognathodus constrictus I TNB o+xxx+ 1/11  
Mesogondolella belladontae p B ++ 
Streptognathodus longissimus I TNBG X X X  1/13  
Mesogondolella dentiseparata p TB xxxx+ 1/9 
Mesogondolella adentata p TB xxxx+ 1 /12 
Gondolelloides canadensis I B-A xxx+++ ?? 1/19 , 21 
Streptognathodus fusus I BN XX 1 /10 
Mesogondolella simulata p B o++++ 00000 

Streptognathodus postfusus I ·  BN oxo 1/16 
Mesogondolella corpulenta p T ++ +++ 
Mesogondolella striata p B X X  00000 

Hesogondolella longifoliosa p B X X X X XX 

Mesogondolella fol iosa p B + xxxxx 1/14 , 15 
Mesogondolella obliquimargi nata1 p B 0 xxxxx 2/8 , 9  
Diplognathodus sakmaraensis s B 00000 

Mesogondolella uralensis p B +++++ 
Hesogondolella caudata p T +++++ 
Hesogondolella bisselli  n. subsp . P TB ++++++ 2/18 , 20 
Streptognathodus irregularis I TN ++++++oooo 
Sweetognathus merrilli  s TNB xxxxx++++o 2/4-7 
Hesogondolella luodianensis  p T ++++++++++ 
Mesogondolella bisselli  p TNBG +xxxxxxxx xxxxxxxxxx x+ 2 /10-12 
Wardlawella triangularis s T ++++ 
Xuzhougnathus monoridgosus s T 0000 2 /2 , 3  
Sweetognathus n .  sp . s TB +xxxxx++ 2/14 , 15 
Hesogondolella visibil is p B +++++ 2/13 
Sweetognathus inornatus2 s TNBG +xxxx xxxx++ 2/16 , 17 , 21 
Wardlawella adenticulata3 s TNB +++++ ++oooooooo 000000000000 2/19 
Sweetognathus whitei s TNBG ++ xxxxxx+ 3/1 
"Sweetognathus" sulcatus s N 0 

Table 1 :  Stratigraphie range of the most i mportant Cisural ian (Early Permian) conodonts. 
Frequency: x = common, + = rare, o = very rare, < = present also in older beds, > = present also in younger beds. 
Fades: 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 :  Jranognathus ziyunensis WANG, CHENG-YUAN et al. 
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species Facies Area Assel ian Sakmarian Artinskian Cathedral ian pl . J fig . 

Neostreptognathodus clarki S 
Sweetognathus windi S 
Sweetocristatus oert l i i  I 
Hindeodus excavatus S 
Neostreptognathodus transitus4 s 
Neostreptognathodus pe§uopensis S 
Sweetognathus behnkeni S 
Sweetognathus bogoslovska jae s 
Neostreptognathodus ruzhencevi S 
Neostreptognathodus tschuvaschovi S 
Sichuanognathodus yangchangensis7 S 
Iranognathus huecoensis S 
Pseudohindeodus augustus6 I 
Sweetognathus nodocostatus8 S 
Mesogondolella luosuensis P 
Sweetocristatus. arcticus I 
Rabeignathus asymmetricus S 
Gullodus hemicircularis P? 
Rabeignathus bucuramangus S 
Vjalovognathus shindyensis P 
Mesogondolella shindyensis P 
Mesogondolella intermedia P 
Mesogondolella guj ioensis P 
Sichuanognathodus foliatus S 
Neostreptognathodus kamajensis S 
Rabeignathus pamiricus s 
Sweetognathus f lexsus S 
Sweetognathus venustus S 
Neostreptognathodus pseudocl inei S 
Stepanovites alienus S 
Neostreptognathodus pnev i S 
Neostreptognathodus exsculptus S 
Neostreptognathodus leonovae s 
Ps.eudohindeodus nassichuki S 
Pseudohindeodus ramovsi9 S 
Stepanovites festivus s 
Sweetognathus gui zhouensislO s 
Mesogondolella asi at ica P 
Mesogondolella idahoensis P 
Pseudosweetognathus costatus S 
Sichuanognathodus ? prayi S 
Pseudosweetognathus adjunctus S 
Hesogondolella z suzsannae P 
Pseudosweetognathus denticulatus s 
Pseudosweetognathus adenticulatus s 
Sichuanognathodus monocornus1 1  s 
Neostreptognathodus sulcoplicatus S 
Hesogondolella saraciniensisl2 P 
Hindeodus permicus S 
Sweetognathus semiornatus S 
Mesogondolella sl ovenica P 
Mesogondolella orchardi P 
Sweetognathus expansus S 

Table 1 (continued) 

NB 
N 
TB 
TNBG 
B 
TNBG 
TNG 
B 
NB 
NB 
TG 
N 
TNG 
T 
TB 
B 
N 
G-E 
TNBG 
G-E 
TBG 
TNBG 
TNG 
TNG 
B 
NG 
G-E 
G-E 
B 
B 
NB 
TNG 
GT 
TG 
TNG 
TNB 
TG 
TNG 
TNBG 
T 
TN 
NT 
TN 
T 
T 
TN 
TN 
T 
TNG 
T 
T 
T 
T 

+++ 
++++ 
+++++ 

3 / 8  

+ + + + +  x x x x x x x x x x x >  
+ +  
x x x x  + 3 / 4 , 5  
+xxx + +  3 / 2  

+ +  3 /7 
X X X  + 3 /6 , 10 , 1 1  
+++ + 3 / 3  
000 + +  
+++ +++++ 3 / 1 3  
+ + +  x x x x x x x+++oo 
oo+ ++++++++++++ 

++ ++ 
++ ++ 
00 00 

+ 

t X X  

X X X  

X X  

X X  

X X  

X X  

x +  
++ 
++ 
++ 
++ 
++ 

3 / 1 4  
4 /1 
3 /9 
3 / 1 2  
3 /21 
3 /1 7  

x++  3 / 19 
xx++ 3 /1 6  
+ xx x+++++ 
X X X X X X X X X  X X X  

X X X X X X X X X X X >  4 /24 
+++++++++++> 
oo++++++xxx> 4 /23 

oxxxx 3/15 
oxx x x x x x x x x  3 / 1 8  

oo+++++++> 
xxxx 3 /22 
00000 

X X  3 /20 
+++ 
+++++ 

o+xx >  
x x x o  3 / 2 3  

X X X  

+ + >  
00 

++ 
++ 
x> 

Junior synonyma: 4: Neostreptognathodus svalbardensis SzANIAWSKI;  5 :  Neostreptognathodus toriyamai Ioo; 6: Diplognathodus 
stevensi CLARK & CARR; 7: Sweetognathus murgabicus REIMERS; 8: Sweetognathus variabilis WANG, Cheng-Yuan et a l . ;  9: Diplo
gnathodus paraaugustus WANG, Cheng-Yuan; 10 :  Sweetognathus paraguizhouensis WANG, RnTER & CLARK; 1 1 : Neostreptogna
thodus pseudoprayi W ANG, Cheng-Yuan 1 2 :  Mesogondolella parasiciliensis WANG, ZHI-HAO. 
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species Facies Area Roadian Wordian Capitanian Wuchiapingian 

Pseudosweetognathus costatus s T <o 
Sichuanognathodus monocornus s TN <++oooo 
Sweetognathus expansus s T <oooooo 
Mesogondolella gracilis PC N X XXXXXX  

Neostreptognathodus clinei s N +++++++ 

Neostreptognathodus newelli s N +++++++ 

Mesogondolella nashuiensis p T 0000000 

Mesogondolella prorosenkrantzi  p T 0000000 

Hesogondolella nankingensis13 PW TNB xxxxxxx xxxx 
Sweetognathus subsymmetricus s TN xxxxxxx x+++ 

Sweetina tritica s N +++++++ ++++ 

Pseudohindeodus ramovsi s TN <xxxxxx +++++++ 

Sweetognathus gui zhouensis s TG <xxxxxx +++++++ 

Stepanovites festivus s TNB < ++++++ +++++++ 

Pseudohindeodus oertlii s TNG +++++++ 0000000 

Mesogondolella phosphoriensis PC TNG +++++++ XXXXXX X 

Gullodus catalanoi s T 0000000 +++++++ 

Gullodus sicilianus s T ??????? +++++++ 

Sweetognathus iranicus14  s TNG oo+++++ ++++xxx xx+o 
Mesogondolella siciliensis PC TG 0000000 XXXXXX X ooo??? 
Hindeodus excavatus s TNBG < XXXXXX  XXXXXX  X xxxxx+++++ 

Hindeodus permicus s TNG < ++++++ +++++++ ++++oooooo 
Wardlawella ? lanceolata s T +++++ +++++++ 

Stepanovites meyeni s B +++ +++ 

Iranognathus nodosus s T +++ +++++++ 

Sweetocristatus arcucristatus s N 00 +++++++ 

Mesogondolella prolongata PC N xxx+ 
Sweetognathus hanzhongensis s T ++++xxx 

Sweetocristatus galeatus15 s TN xxxxxxx xxxxxxxxxx +++++++++++++ 

Mesogondolella aserrata PW TN xxxx 
Herrillina praedivergens s TNG +++ ++++++ 

Sweetognathus sweeti s T ++++ 

Hesogondolella postserrata16  PW TNG xxxxxxxo 
Mesogondolella behnkeni PW TN ++++++++ 

Clarkina bitteri PC TN ++++++++++ 

Wardlawella paralanceolata s T ++++++++++ 

Clarkina denticulata PW TN ++++++++++ 

Wardlawella movschovitschi17 s TN 0000000000 +++++++++++++ 

Hindeodus typicalis18 s TNBG o+++ xxxxxxxxxxxxx 
Mesogondolella shannoni PW TN xxo 
Hesogondolella nuchalina19 PW TN oxt 
Hindeodus altudaensis PW N +++ +oo 
Herrillina divergens s TNBG +++ xxx++o 
Mesogondolella praexuanhanensis PW TN X 

Hesogondolella granti PW TN + 

Table 2: Stratigraphie range of the most i mportant Guadalupian and Lopingian conodonts. 
Explanations see table 1 .  

Changxingian pl . /fig . 

4 /25 

4 /2-4 
4/26 

4/24  
4/23 

4 /22 
4 /18 

4/21 

+++ooooo 
4/5 , 6  

4/7 , 8  

++++++++ 5/20 
xxxxxxxx++++ 5/18 

4 /9 , 10 
4 /16 , 17 
4 /20 
5/24 
4 /12-15 

Junior synonyma: 1 3 :  Gondole/la serrata CLARK & ETHINGTON; 1 4 : Sweetognathus parvus WANG, Cheng-Yun et al . ;  1 5 :  Xaniogna
thus sweeti lGO; 16:  Neogondole/la babcocki CLARK & B EHNKEN; 1 7 : Iranognathus nudus WANG, RITTER & CLARK; 1 8 : Anchigna
thodus zhenanensis DAI & ZHANG; 1 8 : Mesogondole/la xuanhanensis MEI & WARDLAW. 
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species Facies Area Roadian Wordian Capitanian Wuchiapingian Changxingian pl . /fig. 

Clarkina altudaensis PW TNG t X 4/11 ; 5/1  
Clarkina wilcoxi p TN o ++ 
Clarkina crofti PW N xo 4 /19 
Clarkina rosenkrantz i  PC BT? +xxxx 5/22 , 23 
stepanovites inflatus s TB +++xx++ 
Clarkina postbitteri PW TN oxo 5/26 
Clarkina lanceolata PW TN 000 

Clarkina dukouensis PW T xxo 5/25 
Clarkina niuzhuangensis19 PW T oxo 5/19 
Clarkina daxianensis PW T +++o 5/27 
Clarkina leveni20 PW T +xx 5/3 
Stepanovites dobruskinae s T +++++++++ ++++++++++++ 
Clarkina transcaucasica21 PW TN +xxx 5/4 
Clarkina liangshanensis PW T o+++o 5/2 
Clarkina jesmondi p N X X  

Iranognathus unicostatus s T ++++ ++ 
Clarkina orientalis22 PW T oxxx x++++++ 5/5 
Hindeodus julfensis s. str . PW TBG 0000 xxxxxxxxxxx 6/1 
Iranognathus taraz i  s T +++ xx+++ 5/21 
Clarkina mononica PW T 000 

Clarkina inflecta PW T X X  

Clarkina demicornis PW T ++ 
Clarkina mediconstricta23 PW T XX +o 5/6 
Clarkina puqiensis24 PW T XX ++ . . . 
Clarkina subcarinata p TNB +xxxxx+o 5/7 
Clarkina wangi25 PW T xxxxxx+o 5/17 
Clarkina changxingensis26 p TNBG oooo++xxx 5/8 
Clarkina deflecta PW T ++xxxxx 5/9 
Clarkina postwangi PW T +++x 5/10, 11 
Clarkina dicerocarinata27 PW T +xxxxx 
Clarkina sosioensis PC T xxxx 5/14-16 
Clarkina xiangxiensis PW T +xxx 5/12 ,13  
Hindeodus latidentatus s TNBG o+x> 6/2 , 5 
Clarkina unilaticarinata p T 00 

Clarkina zhongliangshanensis28 p TBG x> 
Clarkina tulongensis PC TG +> 
Clarkina procerocarinata p TB +> 6/6-8 
Isarcicella ? prisca s T X 6/3 , 4 

Table 2 (continued). 
Junior synonyma: 1 9 : Clarkina asymmetrica MEI & WARDLAW; 20: Neogondolella guangyuanensis DAI & ZHANG (advanced C. le

veni); 2 1 :  Clarkina bizarrensis MEI & WARDLAW; 22: Neogondolella paralella TIAN (pars); 23 :  Neogondolella latimarginata 

CLARK & W ANG, 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 :  Streptognathodus wabaunsensis GUNNELL, fig. 1 :  x 40, basal Asselian, Bennett Shale, Council Grove 

Group, Kansas; from PERLMUTTER ( 1 975);  fig. 2: x 90, Asselian, Dafenko (North China); from DING & 

WAN ( 1 990) . 

Fig. 3 :  Streptognathodus cristellaris CHERNIKH & RESHETKOVA, x 55, Lower Asselian, Juresan (Cis-Urals); from 

CHERNIKH & RESHETKOV A ( 1987). 

Figs. 4, 6:  Streptognathodus barskovi (KozuR), Lower Asselian; fig. 4 :  x 77, Neva Limestone, Grenola Fm. ,  Council 

Grove Group, Kansas ; from KozuR ( 1 978);  fig .  6:  x 140, Xishan (North China) ;  from DING & WAN ( 1 990, 

assigned to S. fuchengensis Zhao). 

Fig. 5 :  

Fig. 7 :  

Fig. 8 :  

Fig. 9 :  

Fig. 1 0: 

Fig. 1 1 : 

Fig. 12 :  

Fig. 13 :  

Streptognathodus simplex GuNNELL, x 42,  uppermost Gzhelian, Y oulchi section, Corea; from PARK 

( 1 989). 

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

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

from CHERNIKH & RESHETKOV A ( 1987). 

Mesogondolella dentiseparata (RESHETKOVA & CHERNIKH), holotype, x 45, Middle Asselian, right bank 

of river Kojva (Cis-Urals); from CHUVASHOV et al . ( 1 986). 

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

from CHERNIKH & RESHETKOV A ( 1988). 

Streptognathodus constrictus CHERNIKH & RESHETKOVA, X 50, as for fig. 1 0; from CHERNIKH & RESHET

KOV A ( 1 986). 

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

CHERNIKH & RESHETKOVA ( 1 987). 

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

CHERNIKH & RESHETKOVA ( 1988).  

Figs. 14, 15:  Mesogondolella foliosa (CHERNIKH & RESHETKOVA), x 50, sample 2 1 13 ,  upper Asselian, Kondurovka 

(Cis-Urals), fig. 1 5 :  lateral view. 

Fig. 16 :  Streptognathodus postfusus CHERNIKH & RESHETKOVA, x 55,  Upper Asselian, Usolka (Cis-Urals), from 

CHERNIKH & RESHETKOVA ( 1 987). 

Figs. 17,  1 8: Wardlawella expansa (PERLMUTTER), Asselian, Funston Limestone, Council Grove Group, Kansas; 

fig. 1 7 :  X 1 50, fig. 1 8 : detail of carina, X 360; from VON BITTER & MERRILL ( 1 990). 

Figs. 19, 2 1 :  Gondolelloides canadensis HENDERSON & ÜRCHARD, holotype, x 46, Middle Asselian, 262 m above base 

of Hare Fiord Fm. ,  V an Hauen Pass area, Ellesmere Island, Canada; fig. 2 1 :  oblique lateral-lower view; 

from HENDERSON & ÜRCHARD ( 199 1) .  

Fig. 20: 

1 94 

Streptognathodus invaginatus CHERNIKH & RESHETKOVA, x 45, bed 1 5-4 (basal Asselian), Usolka; from 

CHERNIKH & RESHETKOV A ( 1 987). 

Geol. Paläont. Mitt. lnnsbruck, Bd. 20, 1 995 



195 



Plate 2 

Fig. 1 :  

Figs .  2, 3 :  

Figs. 4-7 : 

Figs. 8, 9 :  

Adetognathus paralautus ÜRCHARD, hol6type, x 70, fauna 1 (Upper Sakmarian or  Lower Artinskian) of 

Harper Ranch Group, Kamloops (British Columbia, Canada); from ÜRCHARD & FüRSTER ( 1 988).  

Xuzhougnathus monoridgosus DING & W AN, holotype, Sakmarian, Huaibei (North China; fig .  2:  x 220, 

fig. 3: detail with microsculpture of carina and side branch, x 440; from DING & WAN ( 1 990). 

Sweetognathus merrilli Kozur, no gap between carina and denticles of free blade (compare S. inornatus, 

figs. 1 6, 1 7, 2 1 ) ; figs. 4, 6: Sakmarian, Huainan (North China), fig .  4: x 1 30, fig. 6: x 1 75 ;  from DING & 

WAN ( 1 990, 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 ( 1 978). 

Mesogondolella obliquimarginata (CHERNIKH), x 50, sample 2 1 18, Lower Sakmarian (Tastubian), Kon

durovka (Cis-Urals), fig. 8 :  lateral view. 

Figs. 10-12: Mesogondolella bisselli (CLARK & BEHNKEN), primitive form, x 50, sample 2 1 /24, Lower Sakmarian 

Fig. 1 3 :  

(Tastubian), Kondurovka (Cis-Urals), fig. 1 1 : lower view, fig. 1 2: lateral view. 

Mesogondolella visibilis (CHERNIKH), x 45 , Upper Sakmarian (Sterlitamakian), Sim (Cis-Urals); from 

CHUV ASHOV et al . ( 1 990) . 

Figs. 1 4, 15 :  Sweetognathus n .  sp. ;  fig. 14 :  x 82 ,  Sakmarian, Huainan (North China) ; from DING & WAN ( 1 990, as

signed to S. whitei); fig. 1 5 :  x 45, Upper Sakmarian (Sterlitamakian), Sim (Cis-Urals); from CHUVASHOV 

et al . ( 1 990, assigned to S. primus, compare figs. 16 ,  17) .  

Figs. 16, 17, 21 :  Sweetognathus inornatus RITTER, distinct gap between carina and denticles of free blade (compare 

figs. 4-7 : S. merrilli); figs. 16, 1 7  (lateral view) : halotype of S. primus Chernikh, x 45, Upper Sakmarian 

(Sterlitamakian), Sim (Cis-Urals); from Chuvashov et al . ( 1 990) ; fig. 2 1 :  holotype, x 80, Lower Artinsk

ian (Aktastinian), Burbank Hills, Utah; from RITTER ( 1 986) . 

Figs. 1 8 ,  20: Mesogondolella bisselli n. subsp. ,  x 50, sample 2 1/ 1 2, Lower Sakmarian (Tastubian), Kondurovka (Cis

Urals), fig. 1 8 : lateral view. 

Fig. 1 9: 
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Wardlawella adenticulata (RITTER), holotype, x 90, basal Threemile Limestone, Chase Group, Kansas, 

from RITTER ( 1 986). 
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Plate 3 

Fig. 1 :  

Fig. 2 :  

Fig. 3 .  

Figs. 4, 5 :  

Sweetognathus whitei (RHODES), x 80, fauna 2 (Artinskian) of  Harper Ranch Beds, Kamloops (British 

Columbia, Canada) ; from ÜRCHARD & FüRSTER ( 1 988). 

Sweetognathus behnkeni KozvR, x 82, Upper Artinskian (Baigendzhinian), Copacabana Fm. ,  Yaurich

ambi, Bolivia; from SuAREZ RIOLOS et al. ( 1 987). 

Neostreptognathodus tschuvaschovi KozuR, x 65, Upper Artinskian (Baigendzhinian), Hambergfjellet 

Fm. ,  Svalbard; from NAKREM ( 1 99 1 ,  assigned to N. clarki) . 

Neostreptognathodus pequopensis BEHNKEN, fig. 4: x 58, holotype, Upper Artinskian (Baigendzhinian), 

lower Arcturus Limestone, Nevada; from BEHNKEN ( 1 975); fig. 5 :  x 1 00, as fig. 3 ,  from NAKREM, 1 99 1 ) . 

Figs. 6, 10, 1 1 : 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 . ( 1 990) ; fig. 10: 

holotype, x 60, Upper Artinskian (Baigendzhinian), Aktasti (Cis-Urals); from KozuR & MoSTLER 

( 1 976) ; fig. 1 1 : advanced specimen, x 80, as fig. 1 ;  from ÜRCHARD & FüRSTER ( 1 988, assigned to N. sul-

Fig. 7 :  

Fig. 8 :  

Fig. 9 :  

Fig. 1 2 :  

Fig. 1 3 :  

Fig. 14 :  

Fig. 1 5 :  

Fig. 1 6: 

Fig. 1 7 :  

Fig. 1 8 :  

Fig. 1 9: 

Fig. 20: 

Fig. 2 1 :  

Fig. 22: 

Fig. 23: 
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coplicatus). 

Sweetognathus bogoslovskajae KozuR, lateral view, x 60, Upper Artinskian (Baigendzhinian), Zhil-Tau 

(Cis-Urals); from KOZUR & MOSTLER ( 1 976). 

Sweetognathus windi RITTER, holotype, lateral view, x 80, Upper Artinskian (Baigendzhinian), Fort 

Riley Limestone, Chase Group, Kansas; from RITTER ( 1 986). 

Mesogondolella shindyensis KozuR, x 73, basal Cathedralian (basal Bolorian or uppermost Jachtashian), 

Shindy (Pamirs); from KozuR ( 1 978).  

Mesogondolella intermedia (loo), holotype, x 72, Cathedralian, Ichinose, Japan; from Ioo ( 1 98 1 ) .  

Iranognathus huecoensis (RITTER), holotype, x 70, Upper Artinskian o r  basal Cathedralian, Franklin 

Mts, Texas ; from RITTER ( 1 986) . 

Rabeignathus bucuramangus (RABE), x 80, Upper Artinskian (Baigendzhinian), Burbank Hills, Utah, 

from RITTER ( 1 986). 

Mesogondole/la asiatica (loo), holotype, x 73, lower Cathedralian, Akuda Fm.,  Gifu Prefecture, Japan; 

from Ioo ( 1 98 1 ) . 

Neostreptognathodus exsculptus Ioo, holotype, x 68, lower Cathedralian, Yoro, Japan; from Ioo ( 1 98 1 ) . 

Sichuanognathus foliatus Ioo, holotype, x 43,  lower Cathedralian, Gujio Hachiman, Japan; from Ioo 

( 1 98 1 ) . 

Mesogondole/la idahoensis (YOUNGQUIST, HAWLEY & MILLER), x 60, uppermost Cathedralian, basal 

Road Canyon Fm.,  Glass Mts, Texas ; from WARDLAW & GRANT ( 1990). 

Neostreptognathodus pnevi KozuR & MovsHOVICH, x 76, Cathedralian, Phosphoria Fm. ,  Idaho; from 

BEHNKEN et al . ( 1 986) . 

Mesogondole/la zsuzsannae KozuR, x 80, Cathedralian, Torrente San Calogero (Sicily). 

Mesogondolella gujioensis (loo), x 75, Cathedralian, Gujio Hachiman, Japan; from Ioo ( 1 98 1 ) .  

Sichuanognathus ? prayi BEHNKEN, holotype, x 57 ,  Cathedralian, Bone Spring Fm. ,  Guadalupe Mts, 

Texas; from BEHNKEN ( 1 975). 

Neostreptognathodus sulcoplicatus (YOUNGQUIST, HAWLEY & MILLER), x 57, upper Cathedralian, Kaih

ab Fm., Nevada, from BEHNKEN ( 1 975).  
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Plate 4 

Fig. 1 :  Vjalovognathus shindyensis (KozuR), lateral view, x 1 00, Upper Artinskian (Baigendzhinian), Timor; 

from VAN DEN BOOGAARD ( 1 987). 

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 ( 1 969). 

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 WARDLAW (in press), uppermost Capitanian, upper Altuda Fm. ,  10 m below 

Tessey Fm.,  locality 2.3 after RüHR et al . ( 1 99 1 ), Glass Mts, Texas; fig. 9 :  x 36; fig. 10: x 42. 

Fig. 1 1 : Clarkina altudaensis KozuR, holotype, x 70, basal Lopingian Series, uppermost Altuda Fm. ,  5 m below 

Tessey Fm. ,  locality 2.3 after ROHR et al . ( 1 99 1 ), Glass Mts, Texas; from KozuR ( 1 992c). 

Figs. 1 2-15 :  Mesogondolella praexuanhanensis MEI & WARDLAW, Early Lopingian Series; fig. 12 :  x 70, uppermost 

Altuda Fm. ,  3 m  below Tessey Fm. ,  locality 2.3 after ROHR et al . ( 1 99 1 ), Glass Mts, Texas ; figs. 1 3- 1 5 :  

x 60, Dukou (South China) ; fig .  1 4 :  lateral view; fig. 1 5 :  holotype; figs. 1 3- 1 5  from MEI et al . ( 1 994) . 

Figs. 1 6, 17 :  Mesogondolella nuchalina (DAI & 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 . ( 1 99 1),  Glass Mts, Texas; 

fig. 17: x 60, Dukou (South China) ; fig. 17  from MEI et al . ( 1994), assigned to M. xuanhanensis MEI & 

W ARDLA w, a junior synonym of M. nuchalina. 

Fig. 1 8 :  

Fig. 1 9: 

Fig. 20: 

Fig. 2 1 :  

Fig. 22: 

Fig. 23: 

Fig. 24: 

Fig. 25 : 

Fig. 26: 
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Gullodus sicilianus (BENDER & STOPPEL), x 75, lateral view, Roadian I imestone block, Pietra di Salomo

ne, Sicily; from KozuR ( 1 993). 

Clarkina crofti KozuR & LucAs (in press), x 100, basal Lopingian, 0.40 m below top of Lamar, 1 km east 

of loca1ity H sensu ÜRMISTON & BABCOCK ( 1 979), Delaware Basin, Texas. 

Hindeodus altudaensis KozuR & MOSTLER (in press), holotype, x 5 1 ,  lateral view of Pa element, upper

most Capitanian, upper Altuda Fm. 1 0 m below Tessey Fm. ,  section 2.3 after ROHR et al. ( 1 99 1 ), Glass 

Mts, Texas. 

Mesogondolella siciliensis (KozuR), x 1 00, Wordian Iimestone block, Rupe del Passo di B urgio, Sosio 

Valley, S icily; from KOZUR (1 990b). 

Gullodus catalanoi (GULLO & KozuR), holotype, lateral view, x 108, as fig. 2 1 ;  from GULLO & KozuR 

( 1 992). 

Sweetognathus guizhouensis BANDO et al . ,  x 55, Cathedralian, Cozzo Intronata, Sicily; from GULLO & 

KOZUR ( 1 992). 

Pseudohindeodus ramovsi GULLO & KozuR, x 1 40, Roadian Iimestone block, Pietra di Salomone, Sicily;  

from KOZUR ( 1 993).  

Neostreptognathodus clinei BEHNKEN, holotype, x 1 16, Roadian, uppermost Pequop Fm.,  Nevada; from 

BEHNKEN ( 1 975). 

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.  8 :  

Fig.  9 :  

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 . ( 1 99 1 ), Glass Mts, Texas. 

Clarkina liangshanensis (W ANG), x 67, Wuchiapingian, lower Wuchiaping Formation, Liangshan (south

ern Shaanxi,  South China) ; from WANG ( 1 978).  

Clarkina leveni (KozuR, MOSTLER & PJATAKOVA), x 1 00, middle Wuchiapingian (lower Dzhulfian), Kuh

e-Ali Bashi , NW Iran; from KozuR et al . ( 1 975). 

Clarkina transcaucasica GULLO & KozuR, holotype, x 60, middle Wuchiapingian (middle Dzhulfian), 

Achura (Azerbaidzhan), from KozuR ( 1 975). 

Clarkina orientalis (BARSKOV & KOROLEVA), x 69, upper Wuchiapingian (upper Dzhulfian), Hydra (Greece), 

from NESTELL & WARDLAW ( 1 987). 

Clarkina mediconstricta (W ANG & W ANG), holotype of Neogondolella latimarginata CLARK & W ANG, 

x 45 , Wuchiapingian, 1 1  m below top of Shangxi Fm. ,  Nanjing (China) ; from CLARK & WANG ( 1 988). 

Clarkina subcarinata (SWEET), medium ontogenetic stage, x 1 10, Changhsingian, Torrente San Calogero, 

Sicily ; from GULLO & KOZUR ( 1992). 

Clarkina changxingensis (WANG & WANG), x 50, age and locality as fig. 7 ;  from GuLLO & KozuR ( 1992). 

Clarkina deflecta (W ANG & W ANG), x 60, calcarenite within upper Changhsingian red claystones, Prr 

boundary section 500 m south of Pietra dei Saracini, Sosio Valley area, Sicily. 

Figs. 1 0, 1 1 : Clarkina postwangi (TIAN), x 50, uppermost Changhsingian, Hunan (South China), fig 1 0: lower view; 

from TIAN ( 1 993c). 

Figs. 1 2, 13: Clarkina xiangxiensis (TIAN), x 50, as figs. 1 0, 1 1 ;  fig. 12 :  lower view; from TIAN ( 1 993c). 

Figs. 14-16:  Clarkina sosioensis GuLLO & KozuR, uppermost Changhsingian, Red C1aystone Unit, Torrente San Ca1o

gero, Sicily; fig. 14 :  holotype, x 1 10, fig. 15 (lateral view), 16 :  x 1 1 5 ;  from GuLLO & KozuR ( 1 992). 

Fig. 1 7 :  

Fig. 1 8 :  

Fig. 1 9 :  

Fig. 20: 

Fig. 2 1 :  

Clarkina wangi (DAI, TIAN & ZHANG), x 50, Changhsingian, Hunan (South China), from TIAN ( 1 993c). 

Hindeodus typicalis (SWEET), x 100, Wuchiapingian (Dzhulfian), Kuh-e-Ali Bashi, NW Iran. 

Clarkina niuzhuangensis (LI), x 60, lower Wuchiapingian, bed 1 3 , Nanj iang 1, S ichuan (South China) ; 

from MEI et al . ( 1 994c ), assigned to C. asymmetrica MEI & W ARDLA w. 

Wardlawella movschovitschi (KozuR & PJATAKOVA), x 100, upper Changhsingian, Red Claystone Unit, 

Torrente San Calogero, Sicily; from GULLO & KozuR ( 1 992). 

/ranognathus tarazi KozuR, MOSTLER & RAHIMI-Y AZD, x 62, Changhsingian, Qiaoting (Sichuan Prov

ince, South China) ; from WANG et al . ( 1987). 

Figs. 22, 23 : Clarkina rosenkrantzi (BENDER & STOPPEL), Wuchiapingian ; fig. 22: x 60, Posidonia Shale, Kap Stosch, 

East Greenland; from SWEET ( 1 976) ; fig. 23: x 80, lower Zechstein (Mari Slate), Great Britain ;  from 

SwiFr & ALDRIDGE ( 1 986). 

Fig. 24: 

Fig. 25 : 

Fig. 26: 

Fig. 27 : 
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Merrillina divergens (BENDER & STOPPEL), lateral view of Pa element, x 80, Wuchiapingian, Raisby Fm. 

(lower Zechstein), Great Britain; from Swwr & ALDRIDGE ( 1 986) . 

Clarkina dukouensis MEI & WARDLAW, holotype, x 50, lower Wuchiapingian, bed 8, Dukou (South 

China) ; from MEI et al . ( 1 994c). 

Clarkina postbitteri MEI & WARDLAW, x 50, lower Wuchiapingian, bed 1 8, Fengshan (South China) ;  from 

MEI et al . ( 1 994b ) .  

Clarkina daxianensis MEI & W ARDLA w, holotype, x 50,  middle Wuchiapingian, upper part of  bed 8, · 

Dukou (South China) ; from MEI et al . ( 1 994c). 
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Plate 6 

Fig. 1 :  

Figs. 2, 5 :  

Figs. 3 ,  4 :  

Figs . 6-8 : 

Hindeodus julfensis (SWEET), x 2 1 0, lower Dorasha�ian (lower Changhsingian), bed 54, Kuh-e-Ali 

Bashi, NW Iran; from KozuR et al . ( 1 975). 

Hindeodus latidentatus (KozuR, MOSTLER & RAHIMI-Y AZD ), Tesero Oolite, 2 m above the Bellera

phon Limestone, horizon with Changhsingian brachiopods, upper Changhsingian, Tesero (Southem 

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 1 50; fig. 5: Sb element, cusp imme

diately behind the inward bent part of the bar, x 1 60, rep.-no. Ko 9208. 

Isarcicella ? prisca n .  sp. ,  holotype, re-figured from PERRI ( 1 99 1 ,  pl .  3 ,  fig. 1) ,  x 95, sample Bu 1 0, 

lower Tesero Oolite, upper Changhsingian, Bulla section, SW of Ortisei (Southem Alps, Italy), lo

cality and sample data see PERRI ( 199 1 ), 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, Prr boundary section 500 m south of Pietra dei Saracini, Sosio Valley area, Sicily, 

rep.-no. KoMo 1 2 1 1 9 1 /IX-3;  fig. 6:  lateral view, x 1 30; fig. 7: lower view, x 145 ;  fig. 8 :  upper view, 

X 1 20. 

Figs. 9-1 1 ,  16, 17: Hindeodus parvus (KozuR & PJATAKOVA), apparatus from a monospecies fauna with about 1 00 

exclusively juvenile specimens of H. parvus, sample 1 4  (thin Iaminated Iimestone 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 1 994/I- 1 ;  

fig. 9 :  Pa element, x· 230; fig .  1 0: Pb element, x 2 1  0; fig. 1 1 : M element, x 1 70; 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 1 40; fig. 1 7 :  Sc element, x 1 30 . 

Figs . 1 2, 1 3 :  

Figs. 14, 1 5 :  

Fig. 1 8 :  

Figs. 1 9 ,  20: 
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Hindeodus parvus (KozuR & PJATAKOVA), x 95;  fig. 1 2: morphotype 1 ,  sample 1 0/ 1 3a- 1 below the 

lower stromatolite horizon, H. parvus Zone, Achura (Azerbaidhan), rep.-no PK 1 -4;  fig. 1 3 :  morpho

type 2, sample 1 0/ 1 3  a-2, I. isarcica Zone, Achura (Azerbaidzhan), rep.-no. PK 1 -7 .  

Isarcicella ? turgida (KOZUR, MOSTLER & RAHIMI-YAZD) ; fig. 14 :  lateral view, x 1 20, sample 2092, 

lower I. isarcica Zone, basal Brahmanian ("lnduan"),  section 500 m south of Pierta dei Saracini,  

Sosio Valley area, S icily, rep.-no. G 9 1/IX- 1 5 ;  fig. 15: upper view of an other specimen, x 80, sam

ple Ko 12 B,  age arid locality as for fig. 14. 

Isarcicella isarcica staeschei (DAI & ZHANG), upper view, x 1 50, sample 2 1 .4, I. isarcica Zone, basal 

Brahmanian ("lnduan"),  Dorasham II (Azerbaidzhan), rep.-no. Ko 1465 . 

Clarkina planata (CLARK), x 1 20, sample Ko 1 1  a, H. postparvus Zone, basal Brahmanian ("lnduan"), 

locality as for figs. 6-8, rep.-no. KoMo 1 2 1 19 1/IX-8; fig .  19 :  upper view; fig. 20: lateral view. 
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