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Abstract: To solve the Permian/Triassic boundary problems, the so-called mixed-fauna
beds or transition beds in representative places of Tethys are examined, for example, the
Tesero Horizon of South Alps, Unit E; of the Khunamuh Formation in Kashmir, the
Otoceras concavum horizon of Nepal, the Ofoceras latilobatum bed of South Tibet, and the
mixed-fauna beds of the Chinglung Formation in Yangtze platform. The basal part of the
Lower Triassic in Abadeh, Central Iran and the Lower Kathwai Unit of the Mianwali
Formation in the Salt Range area, Pakistan are also considered. The base of the Ofoceras
woodwardi zone in the Himalaya is traditionally considered and generally accepted as the
base of the Triassic, but several authors maintain the Permian age. Considering the
coexisting fossils, such as, Fumorphotis spp.,Hypophiceras spp., Ophiceras spp., Vishnuites
sp., Claraia stachei, Leptochondria minima, etc.the Ofoceras zone, at least, woodwardi
or boreale zone is concluded to be younger than latest Permian Dorashamian or
Changxingian. The O. concavum zone situating below boreale zone is referred to as
being older than woodwardi zone but younger than Dorashamian, because Enantios-
treon cf. difforme and Clavaia stachei? are found in Greenland and Isarcicella? parva
occurs characteristically in this zone in Tibet.

The Tesero Horizon and the lower part of the overlying Mazzin Member in the
Alps and the lowermost part (basal shale and algal limestone) of the Lower Trias-
sic in Abadeh are characterized by I.? parva without isarcica and are correlated
with the Lower Griesbachian Ofoceras zone. The lower part of the Tesero Horizon
yielding Permian-type fossils and the basal shale bed in Iran are most probably
referred to as comcavum zone. The mixed-fauna bed 1 of the Chinglung Formation
contains Hypophiceras spp., Otoceras? sp.,Peribositra(=Claraia or Pseudoclaraia) baoquin-
gensts, 1.? parva-Neogondlolella changxingensis etc. in addition to Permian-type bra-
chiopods. This bed is also correlated with concavum zone. Unit E; of the Khunamuh
Formation is conformably overlain by Otoceras woodwardi bed (Unit E,), and the bound-
ary is gradational, but the fossils contained are all Permian-type excepting Claraia bions.
The lower unit of the Kathwai Member in Pakistan is conformably covered by the middle
unit which is considered as Ofoceras woodwardi zone based on the conodont assemblage
and Ophiceras connectens in it. The lithofacies change is gradational from lower to
middle unit, and the Permian-type brachiopod assemblage of the lower unit is similar to
that of the Tesero Horizon and mixed-fauna bed ! of the Chinglung Formation, but no
Triassic-type fossils could be confirmed. Unit E1 and the lower Kathwai Unit are here
referred to time-equivalent of comcavum zone with some question. The correlation of
transition beds is shown in Fig. 10.

CRERE AR, HEHALR/NMUTARAIRET28-2, Keywords : Permian/Triassic boundary, mixed-fauna bed,
Ofoceras zone, parva zone, Dorashamian, Griesbachian
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The end of the Permian is marked by the so-called mass extinction of the Paleozic
biota. There are several different opinions concerning the Permian/Triassic boundary.
The remarkable disappearance of the Permian fossils took place at the lower and upper
boundaries of the mixed-fauna beds. The Permian-type fossils were still much more
predominated over the Triassic-type ones in the mixed-fauna bed, and the upper bound-
ary seems to be more reasonable than the lower one. However, the extinction rate is
greater at the lower boundary than at the upper, and the lithostratigraphic boundary
coincides with the lower boundary. Furthermore, the anomaly of Ir, REE and meta!l
elements and a decrease of ¢*C and ¢'%0 are observed just before the lower boundary of
or within the mixed-fauna beds. Accordingly, the lower boundary of the mixed-fauna
beds is here preferred as the Permian/Triassic boundary. This is defined as Dorashamian
or Changxingian/Griesbachian boundary, namely, Paratirolites (or Pleuronodoceras-
Rotodiscoceras) / Otoceras concavum (or Hypophiceras spp.) zone boundary and Neogon-
dolella chagringensis/ Isarcicella? parva zone boundary.
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3,

5) DolomitesP& & D Tesero section T & Bellero-
phonBD b v 7, TeseroB¥EDERNZ §13CP §1B0NRA
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Fig. 1 Locality map of the Ofoceras beds or Permian-Triassic mixed-fauna beds quoted in
the text. 1:Northern Alaska, 2.Ellesmere Is., Arctic Canada, 3:East Greenland, 4:
Spitsbergen, Svalbard Is., 5:Verkhoyansk, 6:Southern Alps, 7:Abadeh, Central Iran, 8:
Salt Range, Pakistan, 9:Kashmir, India, 10:Punjab Himalaya, 11:Selong, South Tibet,
12:Changxing, Yangtze plarform, 13:Dzhulfa, Armenia
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Composite sequence of the uppermost Bellerophon Formation and lower Werfen

Formation-Tesero section. Reproduced from Fig.3 of Posenato (1988) with the addi-
tion of Permian-Triassic boundary position of various authors based on his Fig.2. a:
bioturbated marly limestone, b:limestone, c:marl, d:intraclastic limestone, e:oolitic
limestone, f:bioclastic limestone, g:silty and arenaceous bioturbated dolomitic lime-

stone.

(Posenato,1988). Kozur (1985) idMazzin Member
@ Claraia  wangi-griesbachilt GEEOHBR T o b b
Ophicerass® TR L L, Broglio Loriga ef al.(1986)
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F &L Tw3(EE2X), Schonlaub(1991)C & 11 1F
TeseroB# & Mazzin Member® T¥i% Hindeodus (=
Isarcicella?) parvus TEHROU &0, Isaricella  isar-
cicaVd parvusDER FERCHET 5, minutusid Teserof@
HrEonb,

2.2 15 hsEfAbadenitis (35 3 X))
Abadeh#ti i Iranian-Japanese Research Group
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Fig. 3 Uppermost Permian and Lower Triassic sequence in Abadeh region, Central Iran,
showing range chart of significant fossils (adapted from Iranian-Japanese Research

Group, 1981).
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Fig. 4 Uppermost Chhidru Formation and lower part of Mianwali Formation at Narmia,
Surghar Range, Pakistan and composite range chart of representative fossils (adapt-
ed from Pakistani-Japanese Research Group, 1985) (Erratum: Read Pernopecten for

Entolium).
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Fig. 5 Columnar section and range chart of fossils of uppermost Zewan Formation and
lower part of Khunamuh Formation in Kashmir, India (adapted from Nakazawa ef

al .,1975).

—431—




WMEREMAZRGEUE B 75
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Fig. 6 Columnar section of Permian-Triassic transition beds in Selong-Xishan area, South
Tibet (made from Wang ef al., 1989).
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Fig. 7 Columnar section and range chart of representative fossils or fossil groups of
Uppermost Changxing Formation and lowermost Chinlung Formation at Meishan in
Changxing area, South China (made from Sheng et al., 1984).
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Fig. 8 Columnar sections of uppermost Permian-lowermost Triassic in East Greenland (A)

and Spitsbergen (B) (from Grasmiick and Triimpy, 1969 and Nakazawa et al., 1990).
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Fig. 9 Columnar section and range chart of fossils of lower part of the Lower Triassic in
Verkhoyan region (simplified from Zakharov, 1971)
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Fig. 10 Correlation chart of the Permian-Triassic transition beds in the world.
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