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REMARKS ON THE SCYTHIAN—ANISIAN BOUNDARY
WANG, YI-GANG

Key—words: Stratigraphy, Scythian—Anisian boundary, Boreal and Tethyan provinces, Ammo-
nites.

Abstract. Different definitions of the Scythian—Anisian boundary are discussed. Based on raxa and
sequence of Keyserlingites faunas at 19 Boreal localities and 6 Tethyan localities, Keyserlingites faunas are
considered to be Late Spathian in the Doreal province and Early Anisian in the Tethyan province. Kevser-
lingites is not appropriate for cosmopolitan zoning. The base of Lenotropites  Japonites zone of Central
Qinghai, China appears to indicate base Middle Triassic: it has abundant earliest Anisian ammonite faunas
of mixed Boreal—Tethyan character (ecotone) providing direct correlation between these provinces.

Correlations of Early Anisian (Aegean), Spathian and the Anisian—Scythian boundary are made
between different localities, particularly between the Tethyan and Boreal provinces and between basin
and platform facies. Olenikites zone is coeval to Subcolsmbites zone; Lenotropites caurus zone to Leno
tropites—[aponites zone; Columbites zone to Tirolites cassianus zonejand Subcolumbites zone to Tirolites
carniolicus zone.

Scythian—Anisian mixed faunas and stratigraphic condensation are also discussed.

The purpose of this paper is intended to deal with the marine Scythian —
Anisian boundary, namely the Lower —Middle Triassic boundary. The proposals
of Spath (1934) and Kummel (1957) concerning the boundary had been used
by most of the authorities and led to no acute argument, before the sixties of
this century. Since the last decade, it has become one of the most acutely
debated problems in Triassic stratigraphic boundaries. Various divergences on
the definition and division of the Scythian —Anisian boundary, have been rais-
ed. These divergences are mainly as follows: the problems of

(1) the geological age of Keyserlingites fauna;

(2) stratigraphic condensation leading to trouble on the division of the
Scythian — Anisian boundary;

(3) the top of Scythian and the base of Anisian;

(4) the correlation of the Scythian — Anisian boundary between both bio-
geographic provinces of the Tethys and the Boreal.

Nanjing Institute of Geology and Palaeontology, Academia Sinica.
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The argument of the geological age of Keyserlingites fauna.

Before discussing this problem, the genus Keyserlingites has to be defined.
The consideration of the present writer agrees with Dr. Tozer’s opinion that
Robustites Philippi, 1901; Durgaites Diener, 1905; and Anastephanites Spath,
1930, all of them, are synonyms of Keyserlingites Hyatt, 1900 (Type species:
Ceratites subrobustus Mojsisovics).

The inner whorls of «Durgaites» dieneri from Central Qinghai province of
China seem to be somewhat Tirolites—like (see Pl. 62, figs. 4, 5) just as those of
«Durgaitesy dieneri from Ellesmere Island and N. E. British Columbia, Canada
(Tozer, 1965, p. 30). Thus, «Durgaites» dieneri should be referred to Keyserlin-
gites of its more affinitive than Keyserlingites middendorffi of which, the inner
whorls are Olenikites—like (Tozer, 1965, p. 30).

As regards Robustites and Anastephanites, the writer likes to assign them
to Keyserlingites as Spath (1934), Kummel (1957) and Tozer did (1971, 1981).
Besides, the writer recognizes «Sibirites» pmhfada Diener (1897, p. 37, _pL s
fig. 5a—d) to be a species of «Anastephanitess. In our hands, there is a specimen
identified as «Sibirites» prahlada (see Pl 63, figs. 15-17), collected from
central Qinghai of which, the whorls are quite like the inner whorls of Keyser-
lingites dieneri from the same level of the same locality, indicating Tirolites—
like feature.

The writer agrees with Dr. Tozer that both species of «K.» bearlakensis
Kummel and «K.» bearriverensis Kummel (Kummel, 1969) from the Prohunga-
rites beds of Idaho might represent an undescribed genus(Tozer, 1971, p.1016).

(1) (29 (3 (4)
Tozer, Assereto et al,, Spath.1934 ; The resei
: » ; resent
1965, 1967, 1980; Zakharov, 1968; P
19711974 Jacobshagen et al., S W
I‘19‘8I : 1981 Kummel, 1969 ter
o  Durgaites ** E. Anisian
5 Late Early in the Tethyan
£ Early Anisian province
<
£
£ Keyserlingites L. Spathian
b Spathian Anisian
o in the Boreal
= Spathian

province

Table 1 — Schemes of the geologica] age of Keyserlingites fauna.
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Canada

Tozer,

1965

Norway |
Tozer et al.
1968

Ellesmere
Island

)

N.E. British
Columbia

(2)

Svalbard

(3)

|

1 Verkhoyansk
region

(4) (5)

Olenikites canadensis Tozer

0. spiniplicatus (Mojsisovics)

0. altus (Mojsisovies)

0. glacialis (Mojsisovies)
Svalbardiceras frebaldi Tozer

5. chowadei Tozer

5. spitzbergense (Frebold)

5. schmidti (Mojsisovics)

5. dentosum (Mojsisovies)
“C.—=ibiricum (Mojsisovies)

5. asiaticum Zakbarov

5. sp.

Popovites borealis Tozer

P. occidentalis Tozer

Monocanthites monoceras Tozer
Arctomeekoceras rotundatum (Mojsisovies)
Boreomeekoceras keyserlingi (Mojsisovies)
E. sp.

Arctotirolites menensis [(Fopow)
Arctopricnites sp.

Sibirites eichwaldi (Keyserling)

S. pretiosus Mojsisovies

5. subpretiosus Popow

5. ap.

FParasibirites grambergi |Fopow)

P. rariaculeatus Popow

Zenoites arcticus Tozer
Pseudosageceras bicarinatum Tozer

P. multilobatum Noetling

P. longilehatum Kiparisova

P. boreale Zakharov

2. 5p.

Procarnites modestus Tozer
Isculitoides minor Tozer
Metadagnoceras pulcher Tozer
Preflorianites multiplicatus (Mojsisovies)
Proptychitoides kuuwneli (Popow)
Prosphingites czekanowskii Mojsisovies
P. insularis Kiparisova

e, ef. globosus Kiparisova

P, cof. coombsi Kummel

P. sp.

Nordophiceras pseudosimplex Kummel

N. euocmphalum (Keyserling)

N. schmidti (Mojsisovics)

N. alexeevae Popow

N. eX gr. karpinskii (Mojsisovics)

N. SP.

Tirplites morpheos (Popow)
Keyserlingites subrobustus (Mojsisovies)
K. middendorffi (Keyserling)

K. nikitini (Mojsisovics)

K. sp.

Leiophyllites sp.

Ussurites ap.

Czekanowskites decipiens (Mojsisovies)
Karangatites 7 sp.

[-X =

Table 2 — Composition of Keyserlingites faunas in the Boreal province.
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So that, the premise is essentially coincident with Dr. Tozer’s, when we
discuss the problem of the geological age of Keyserlingites fauna.

As far as known, there are several different proposals in determining the
geological age of Keyserlingites fauna, which are indicated in Table 1. Table 1
shows that Keyserlingites fauna is (1) restricted to the beds of the Late Scy-
thian wherever found (Tozer,1965, 1967, 1971, 1974, 1981), (2) restricted at
the base of Anisian wherever found (Assereto et al., 1980; Jacobshagen et al.,
1981}, (3) considered that Keyserlingites (s.s.) is limited to the beds of Late
Scythian, and «Durgaitesy appears in Anisian, and (4) the present writer has
tried out some rules for the stratigraphic and geographic distribution of Keyser-
lingites fauna on the basis of their features and the levels yielded Keyserlingites
faunas from 19 localities almost the world over (see Fig. 1). It seems to the
writer that both biogeographic provinces of Keyserlingites fauna, viz. the Boreal
and the Techyan ones can be recognized.

The Boreal province (see Fig. 1 locs. 1—11 and Table 2).

The Keyserlingites tauna in this province is mainly found in the following
localities: Ellesmere Is. (loc. 1) and N. E. British Columbia (loc. 2), Canada;
Svalbard, Norway (loc. 3); and Verkhoyansk—Kolyma regions, N. E. Siberia,
USSR (loc. 4-11).

The members of the faunas associated with Keyserlingites from 11 loca-
lities are listed in Table 2. There are totally 57 species belonging to 28 genera
among which, there are 11 genera, restricted or being common in the Boreal
province, including Olenikites, Svalbardiceras, Sibirites, Parasibirites, Popovites,
Monocanthites, Arctomeekoceras, Arctotirolites, Boreomeekoceras, Czekanow
skites and Karangatites ?. The rest are cosmopolitan genera, but the species are
remarkably different from those of the Tethyan province, and also restricted in
the Boreal province except two or three. Such being the case, the Keyserlingites
faunas in this province show pronounced Boreal colour. From the analysis of
another aspect, all of these genera and species (in Table 2) are uniformly com-
mon members of Late Scythian, exceprt the last two genera. Facts ()fgreat signi-
ficance are that owing to sufficient stratigraphic control, the accurate basis for
determining the succession of Keyserlingites faunas are provided in this pro
vince, especially in N. E. Siberia, USSR, where the stratigraphic positions of
the Keyserlingites fauna occupy the interval between the Karangatites evolutus
Subzone, i.e. the Lower Subzone of Grambergia taimyrensis Zone representing
Lower Anisian and the Dieneroceras demokidovi zone regarded ss Lower
Spathian (Dagys et al., 1979, pp. 39, 44). It is worthy to note that in the S. Pri-
morye region, there are two levels of Keyserlingites faunas (see Fig. 1, loc. 19).
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In the lower level, Keyserlingites miroschnikovi, Olenikites sonticus etc. are
associated with abundant Tethyan forms such as Prosphingites, Columbites,
Subcolumbites, Prenkites, Paranannites, Hellenites, *Eophyllites, Leiophyllites?,
H‘eﬂm'fai'n're.s‘._ Tirolites, ?Danubites and some endemic genera Procolumbites,
Neocolumbites and ?Subdoricranites (Zakharov, 1978, pp. 12, 15, 22-26).
Another Keyserlingites fauna occurs in the upper level, where an Anisian «Dur-
gaitesy aff. dieneri is associated with abundant Anisian Tethyan elements such
as Leiophyllites ?, Acrochordiceras, Hollandites, Balatonites, Arctohungarites,
Phyllocladiscites, Japonites, Ussurites and Sturia, etc. (Zakharov, 1978, pp. 22
—26). The writer regards the faunas from S. Primorye as transitional ones
between the Boreal and the Tethyan types. So, S. Primorye should be excluded
from the Boreal province and regarded as a transitional area.

The Tethyan province (see Fig. 1, locs. 12—17, and Table 3).

As far as our information goes, the Keyserlingites fauna in this province
has been known from Central Qinghai, China (loc. 12), the Himalayas (locs.
13-16) and Timor, Indonesia {loc. 17).

The characters of Keyserlingites faunas from the six localities of this pro-
vince shown on Fig. 1, pruciscly form a shar'p contrast to those of the Boreal
province, and are all the Anisian common genera and species, except ?Stachei-
tes and ?Dalmatites (see Table 3).

Tables 3 and 4 show that the Keyserlingites fauna from C. Qinghai is the
most abundant one both in genera and species, totauy being 47 species referred
to 19 genera (see Tables 3, 4 and Plates) as comparing with those of other
localities in the same province. However, the C. Qinghai fauna is of great
significance in biostratigraphy, chronostratigraphy and biogeography.

Abundant specimens of Keyserlingites fauna of C. Qinghai were mainly
collected from Subzone Ib (i.e. subz. Japonites meridianus) of Zone 1 (Leno-
tropites—Japonites zone), and only a few fragments of Keyserlingites were
collected from Subzone la (i.e. subz. Lenotropites qinghaiensis) of Zone I (sce
Table 3, Fig. 2).

According to He, Wang and Chen’s current studies, Subzone Ia of C. Qin-
ghai is relatively more monotonous and characterized by the predominance
of Longobarditidac containing Grambergia, Arctohungarites, Lenotropites,
Groenlandites, Pearylandites ( Tienjunites) which show obviously Early Anisian

Fig. 1 — Localities of Keyserlingites faunas and Tirolires faunas. 1) Ellesmere Is.; 2) N. E.
British Columbia; 3) Svalbard; 4—5) Verkhoyansk region: 68} Lena—Anabar
region; 9—10) Baky—Nelgehe region; 11) Yana—Kolyma region; 12) C. Qinghai;
13) Lilang; 14) Po; 15) Shalshal Cl; 16) Bambanag; 17) Timor; 18) Exotic block
no. 1 of Chitichun; 19} S. Primorye.



I gang

Wang

520

et FRLi4n8 57 0F)
o 0 | <JeE) £34 1 pipdore 7056
HeRE Brsngs85)
—_—l ) . BILGEOF T UEY

@5 Sz Bypong 9E)

< eign, $BLIpIND I INTSE)
4 o4 < et Fa f 1 £ 4L

5 sogruodo IE0)

b et SIEIIL PO IO) 5 (ELY

<] a4 Quf SSgIITIPEFI0 g (TE)
@00 £o im0 ] (0F)
; . e <l felignunoosog 6T
™ P FosaeiovwAboyy (BE)
[ RS SR Y ,....‘._ L]
® <] < (9z! . s tE U (92)
M RSt T3 Aag ST

® v (Fogiuniuas ) SIjipunidenay ($2)
@ e Sefipupjueprnlivl
[ JS-E4] Fagrdosjowsy (2
<q OB (Sapingipangebucyy " 70T
—® (03] £ a2 uUny o2y 0
[ ) <8 BrEiPQuB s H UGN
< 81} S gipAydeEanen
<Jtn SRAIBU I 4 S Gyl
FRLIdrgiToup et
Fagldruyroyouplsll

| SRdiiferopnssyitt)
LTSN LD g VESY
SaddqunyorqartIn

S 4 ggE 30 s Ui
redrburyaroagied
Sagrron(E)
Fajinuytiauay (8)
Tossralarid)

oy 800000409)
Fouseiddsropndsd 5}
Seigrgrisuobut JAT0RY

4 < ® °

fiy
fil
o8 AN

AMDL

rodadodoup ey
SR EEUDINA4UE Y
Sodarepdouy iy}
T
| 9
-
L} -
& g
LA B CoE =
r Bm o ] w & £
i e . o i a B =
i ] £ [¥) =
. = 5
W H_ = M 1
,_ .I ™ -
- <
< E 3
9711 zqng BT CZgng SRR 53T 0Ny § = e
for v e
— m = E =}
(I ausz; (1 auozy aucz ° = 5 g
W97 S241UD14488 — gayipue | oy saiiugdep | . !
il o Lie i : : ¢ ueiyreds 3 ey pws)
4 - 55 L180120us] ( ueryseds 3 (uergilws i
4 @ <
: Lied Jamo
5 UELEILY W paed Jacdn ]l L
{4g-0% spsg) 4 +iun

(uzisiuy) U I4RW .04 onbugilbuesoey _ dnoan denuyz nysbuoy




Scythian—Anisian boundary 521
The Liealits (12 13) | (14) | c158) | (16 | (18] J(13)-(16) (17) (112)
’ T Exotie Chios
[ see fig. 1) C.Qinghai| Lilang Po Shal shal | Bambanag _bIO‘?k {18 Timor Canada
Chirichun 1
number of
genera of the 18 7 1 2 5 7 11 4 el 13
ecach region
abundance* 64.2% 25% 3.5% Y 17 8% 25% 392% | 3212 28 5% =4
"“‘I’_,'If:i_‘} / 579 | 100% | 100% | 80% | 857% | 636% | 777 % | 75 53.8°

Table 4 — Comparison of Early Anisian ammonoid faunas.
number of genera of each region in Table 3

+

abundance =
total number of genera in Table 3 (28 genera)

number of common genera between those of C. Qinghai
and other regicn

** similarity rate = =
number of genera of that region

aspect of the Boreal province, only a few specimens of Paradanubites, Leio-
phyllites, Megaphyllites, Keyserlingites, Procladiscites and Norites with some
Tethyan features. In Subzone Ib of Zone I, Boreal forms of Longobarditidae
remarkably fall into decline and finally disappear. On the other hand, the
common elements with Tethyan feature mainly including Japonites, Psilosturia,
Paradanubites, Megaphyllites, Kz,yserlmgzrec and Procladiscites become rapidly

abundant. Besides, there are also a few specimens of Parasageceras, Sageceras
and Psilocladiscites. Table 4 shows that the similarity rate shows high as com-
paring the Lenotropites—Japonites zone of C. Qinghai both with those of cor-
relatives in the Tethyan province and with Lower Anisian Lenotropites caurus
zone in Boreal province. In this case, the LQ}T(Jfr{JPIf(JK—JHP(JHI!‘,(-’H zone of C.
Qinghai with Keyserlingites seems to be alsol a transitional fauna similar to the
«Durgaitesy fauna of the upper level of S. Primorye, S. E. USSR.

The stratigraphic relations of the Lenotropites—Japonites zone containing
Keyserlingites are well displayed in C. Qinghai (see Fig. 2, Lenotropites—Japo-
nites zone overlies Subcolumbites beds and underlies Ho”m:dztm—Beyrzch:rec
zone), So thar, the Keyserlingites fauna of C. Qinghai should undoubtedly
represent Early Anisian.

Fig. 2 — Naocangjianguo section, Maduo counry, the southern slope of Mt. Burhan Budai,

the eastern branch of Mts. Kunlun, Central Qinghai.
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As concerning the Keyserlingites faunas of the Himalayas and Timor (see
Table 3), the writer formerly tended to assign those forms associated with Key-
serlingites, to Stacheites, Dalmatites, «Sibiritesy, Japonites, Ussurites and Leio-
phyllites and pointed out that they belonged to «non—typical Anisian forms»,
owing to the fact that the Ziyun fauna was regarded as a natural assemblage at
that time (Wang, 1978).

The writer thanks to Prof. Jacobshagen who kindly wrote me to call atten-
tion that «would it be possible that your association is a result of stratigraphic
condensation?» (Prof. Jacobshagen per. commun., 1978) (see next part of this
paper about the discussions of stratigraphic condensation and Ziyun fauna).

Having compared the Keyserlingites faunas of the Himalayas and Timor
with those of C. Qinghai (see Table 3), the writer considers that similarity rates
between those faunas of C. Qinghai and the Himalayas or Timor are also com-
paratively high. And it has to be firstly considered that among the members of
Keyserlingites faunas of the Himalayas and Timor, none typical Scythian ele-
ments are known, while the similarity rates of these Keyserlingites faunas are
also comparatively high as comparing with those of classic L. Anisian ammonoid
faunas without Keyserlingites, such as the faunas of Chios [Assereto, 1974;
Fantini Sestini, 1981), the exotic block no. 1 of Middlemiss crag near Chitichun
(Diener, 1897) and Caucasia, S. USSR (Shevyrev, 1968). However, the writer
now tends to assign the Keyserlingites faunas of this province to Aegean in age
as those of Chios and the exotic block no. 1 of Chitichun.

It is very interesting to note that the geological age provided by the bra-
chiopod fauna associated with the Keyserlingites fauna in the Himalayas is not
contrary to the geological age determined by the Keyserlingites fauna itself.
The brachiopod faunas from the same level associated with Keyserlingites in
the Himalayas contain «Rhynchonella wutabilis Stoliczka, Rhynchonella
griesbachi Bittner, Rhynchonella dieneri Bittner, Retzia himaica Bittner, Spi-
rigera stoliczkai Bittner, Mentzelia koeveskalliensis (Suess), Spiriferina stracheyi
Salter and Dielasma himalayensis Bittner». Recently, a correlative brachiopod
fauna has already been known from Laibuxi formation (Anisian) at Nyanang
and Dingri counties, S. Tibet, China (Yin, Wang & Chang, 1974; Ching et al.,
1976; Sun, 1980). The brachiopod fauna of S. Tibet contains Nudirostralina
griesbachi (Bittner) (= «Rhyn.» griesbachi),N. mutabilis (Stoliczka) (= «Rhyn.»
mutabilis), Tulungospirifer stracheyi (Salter) (= «Spiriferina» stracheyi),
Aequispiriferina koeveskalliensis (Boeckh) (= «Mentzelia» koeveskalliensis).
They are associated with typical Anisian ammonoids such as Hollandites, Bey-
richites, Leiophyllites and Paracrochordiceras etc. The aspect of brachiopod
fauna from S. Tibet is thus very similar to those from W. Himalayas. They are
more monotonous and seem to correspond to the correlatives in the Lower
Muschelkalk in Germany, Hungary, Yugoslavia, S. USSR and others. The ap-
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pearance of Tulungospirifer stracheyi, which is a common element within both
the Tethyan and Boreal provinces, is particularly significant. It was also found
in the Middle Triassic of Spitsbergen Island (Kublov, 1965; Pchelina, 1965),
N. E. Siberia (Dagys, 1965}, N.E. Japan (Yabe & Shimizu, 1927; Westermann,
1962) and Rocky Mountains, Canada (Westermann, 1962).

Recently, H. Kozur considered that the holothurian fauna of the Subro
bustus Zone is typical Aegean, the ostracode fauna of the Subrobustus Zone is
not only universally the same in the whole Aegean but also similar to the Spa-
thian assemblages, and the sporomorph assemblage has also Anisian character.

Based on the above discussion, the present writer favours to offer the fol-
]()Wirlg SUmI]’]H[}":

(1) In the Boreal province, the Keyserlingites taunas are restricted ro Lare
Spathian, and in contrast, in the Tethyan province restricted to Early Anisian.
Therefore, it is not so appropriate to regard the Keyserlingites faunas as a
cosmopolitan typical zone, instead of a local zone.”

(2) From the stratigraphic and geological distributions of Keyserlingites
faunas, a migratory rule of Keyserlingites in the relation between space and
time could be ascertained that the Boreal province was the original region of
Keyserlingites during Spathian stage, then they migrated southward through
transitional region (S. Primorye, C. Qinghai) during Spathian to Early Anisian,
and later moved further to the S. Tethyan province before Middle Anisian.

(3) The writer thus proposes that in the Boreal province, Olenikites zone
represents Spathian more accurately than Keyserlingites zone.

(4) 1t seems that the ammonoid faunas associated with Keyserlingites in
the Tethyan province and its correlatives may represent Early Anisian (see Table
7). However, the Lenotropites— Japonites zone ot C. Qinghai or Aegeiceras ugra
horizon of Chios can be regarded as the representatives of the typical earliest
Anisian ammonoid faunas in the Tethyan province, and especially the Qinghai
fauna is more appropriate representative, because it is a direct link between the
Tethyan province and the Boreal province, which leads better correlation of the
Early Anisian between both provinces.

On the Scythian—Anisian «mixed ammonoid faunasy» and stratigraphic condensation.

Since the last decade, more and more stratigraphers and palaecontologists
have paid attention to the Scythian—Anisian «mixed ammonoid faunas». As it
is well known that the Neopopanoceras haugi fauna of Nevada, USA was firstly
known as a Scythian—Anisian mixed one (Smith, 1914; Silberling & Wallace,
1969). Subsequently, the present writer recorded two localities of the «mixed
fauna», viz. Ziyun, Guizhou and Derong, Sichuang, China (Wang, 1978). Asse-
reto et al., (1979) also reported another «mixed fauna» from E. Chios, Greece
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and pointed out that “'this Chios assemblage is due to stratigraphic condensat-
ion” and in their opinion, however, “the possibility of stratigraphic condensat-
ion can not be excluded” for Ziyun fauna from Guizhou (Assereto et al., 1979,
p.728).

The present writer has already paid attention to the palacogeographic
position and environments of the mixed ammonoid fauna of Ziyun on the basis
of two field observations in 1963 and 1978, and results of other Chinese col-
legues’ studies (Ho et al., 1980) (see Fig. 3). According to sedimentary develop-
ment, deposits in Guizhou can be divided into two lithological facies, viz. the
basin facies and the platform facies along a «S—shaped» line drawn approxima-
tely from south of Xinyin, Ceheng counties in the south, through thngfeng,
Anshun, Qingyan to Fuquan in the east. The area north and west of this line,
U. Scythian — L. Anisian deposits are of platform facies, and south and east of
this line, the deposits are of basin facies during Late Scythian to Early Anisian.
Ziyun is just located right in the area of the least deposit thickness of basin
facies of the S. Guizhou — N. Guangxi open sea basin during that time (see Fig.

3 and Fig. 4).

Besides, the conodont fauna from the bed yielding the Ziyun ammonoid
fauna has been recently studied by Wang, Zhi—hao who is the writer’s collegue
Wang, Zhi-hao, 1982). The conodont fauna is also very interesting, and
contains Neospathodus timorensis (Nogami), N. homeri Bender, Gladigondo-
lella tethydis (Huckriede), Cypudode“a muelleri (Tatge), C. unialata Mosher,
Enantiognathus ziegleri (Diebel), Hindeodella multihamata Huckriede, H.
suevica (Tatge), Ozarkodina tortilis Tatge, Diplododella sp., Hibbardella sp.,
Xaniognathus sp., Gondolella excelsa (Mosher), G. bidentata (Wang, Zhi-hao,

Eﬁ;ﬂ thickness of Anisian deposits

thickness of Spathian deposits

the locality of Zivun fauna
E boundary between both facies areas
Ethe deposit area with the largest

thickness

-the deposit area with the Jeast

thickness

Ethe deposits of platform
mlhc deposits of basin facjes

Fig. 3 Distribution of basin and platform facies of Guizhou (thickness in metres).
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1982) among them, most elements are typical forms of Early Triassic, however
Gladigondolella tethydis and Gondolella excelsa hitherto are known from
Middle Triassic. Seemingly, the fauna also appears to be a mixed assemblage.

Thus, a condition of starved sedimentation might be existent. Consequent-
ly, the writer also considers that it can not be excluded that the Ziyun fauna
was possibly a result of stratigraphic condensation. However, when drawing the
Scythian — Anisian boundary, the problem is how to treat those beds with
mixed fauna, since stratigraphic condensation leads to some troubles for draw
ing the boundary. Assereto et al. (1979) expressed their opinion for solving
the problem that “'the Scythian—Anisian boundary is drawn at about 12,25m,
within a thin layer of reduced sedimentation which yielded an ammonoid fauna
of Scythian and L. Anisian types™ (Assereto et al., 1979, pp. 715, 731—-732),
The present writer agrees with their opinion that the mixed fauna was a result
of stratigraphic condensation, but dissents in drawing the Scythian—Anisian
boundary. Having considered the fact that the starved sedimentation happened
in a short span of time during the earliest Anisian, instead of during Spathian,
the present writer thus prefers to draw the Scythian—Anisian boundary at the
top of the thin layer containing a mixed ammonoid fauna of Scythian and
Early Anisian types, instead of drawing it within the thin layer.

Correlation of the Scythian—Anisian boundary between basin facies and platform facies.

It is still a ticklish prublcm, how to correlate the Scythian—Anisian boun-
dary between basin facies and platform facies.

In the area with the deposits of platform facies, the earliest Anisian am-
monoid fauna is not clearly known and the latest Spathian ammonoid fauna is
more monotonous and characterized by predominance of Dinaritidae, mainly
including Tirolites, Dinarites, Dalmatites, Hololobus, Stacheites and Doricranites
ctc. As far as our information goes, the most abundant fauna is well known
from the Campil Member of the Werfen Formation in Central Europe (Kittl,
1903). The Campil beds in Bulgaria contain Lanceolites, Balkanites, Tirolites,
Dinarites etc. (Ganev, 1966; Kummel, 1969).

The Tirolites faunas of platform facies in China are also widespread in
vast areas, covering most part of Sichuan, N.and W. Guizhou, E. Yunnan and N.
Qinghai (see Fig. 4], mainly including Dinarites, Tirolites, Doricranites, Dalma-
tites and Hololobus etc. The Tirolites faunas from different localities in China
are given herein Table 5, which shows as follows:

(1) The most pr‘ednminanr members of Tirolites faunas in China are Tiro-
lites and Dinarites. Tirolites generally occurs in the upper part of Lower Spath-
ian (Unit B of Kialingkiang Group or Yongningchen formation), a few forms
even range upward to the lower part of Upper Spathian (Unit C of Kialingkiang
Group or Yongningchen formation) at a few localities (Wang et al., 1981).
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Generally speaking, the levels of Dinarites are higher than those of Tiro-
lites, usually situated from Unit C to Unit D of Kialingkiang group or Yongning-
chen formation corresponding Upper Spathian. Dinarites, however, more fre-
quently occurs in Unit D.

In addition, only a few specimens of Doricranites, Dalmatites and Hololo-
bus are found in China.

(2) The arranged sequences of stratigraphy which provide Dinarites bed as
the upper horizon, and Tirolites bed as the lower horizon are well displayed in
those sections of Gong Xian, Chongqing and Guangan counties in Sichuan.

In Zhijin section nearly over 100 km west of Guiyang, the beds yielding
Tirolites faunas were overlain by Procarnites bed containing Procarnites and
Dagnoceras. There is a specimen identified as Leiophyllites cf. pitamaha, which
is associated with Dinarites from a bed of Unit D of Kialingkiang Group at
Chongging.

Based on these facts mentioned above (see Table 5 and Table 6), the writer
thus distinguishes two ammonoid zones, viz. Tirolites zone at below and Dina-
rites zone at above for platform facies (Wang & He, 1 9.80; Wang et al., 1981).
Further more based on the synthetical analysis of the horizons of Tirolites
faunas (s.l.) from different localities in the platform facies as well as in the basin
facies, where they are associated with other Spathian ammonoid faunas all over
the world, the writer tabulates the foﬂowing table concerning their appearance,
vicissitude and disappearance of some main genera in Tirolites faunas (s.l.) (see
Table 5 and Table 6). Therefore, in China both ammonoid zones of platform
facies probably correlate with the Columbites zone and the Procarnites—Sub-
columbites zone of basin facies respectively. While they also may correspond
to the Tirolites cassianus zone and 1. carniolicus zone of platform facies in C.
and E. Europe, established by L. Krystyn (1974) separately.

The link between Early and Middle Triassic ammonoids.

The writer remarked this problem in 1978. Progress in recent years
promotes the knowledge of this problem. In order to further recognize the
Lower—Middle Triassic boundary, it is necessary to discuss the present problem.

A(‘.C(}rding to the writer's present erbwledge, there are about 9 or more
linking genera between Scythian and Anisian, such as Leiophyllites, Japonites,

Fig. 4 — Locaﬁtics of Tirolites faunas in China. 1) Leshan; 2) Ebian; 3) Weiyuan; 4) Gao

Xian; 5)-Gong Xian; 6) Chongging; 7) Jiangjin; 8) Hechuan; 9) Guong’an; 10)

Wangcang; 11) ng]ong 12) Langdai; 13) Guanling; 14) Pu’an; 15) Shulrheng

16) Zhijin; 17) Dafang; 18) Bljle 19) Zunyi; 20) Renhuai; 21|Duyun 22) Luodian;

23) Kaiyuan; 24) Qiubei; 25) Ulan; 26) (J(mg(“d 27) Tmn]un 28) ]—engslnn 29)
Nyanang; 30) Nanjing; 31) Chao Xian.
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Dalmatites | poricranites Tirolites Dinarites
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Td {2) Ebian
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Th (7) Jiangjin
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Th Td {97 Guongan
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Unit Unit | Unit | Unit | Unit RitHHAD
A (Ta)|B (e (Te)|D (Ta)E (Te)
Yongningchen formation
L Mem. U. Mem. Guizhou and
L. Pt. | U P L. Pt | U Py, Yunnan o s
(Ta) | (Tb) [ Te) | (Td) Ty = Spathian

Table 5 — Localities and horizons of Tirolites faunas of platform facies in China.
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Table 6 — Horizons of Tirolites faunas of basin facies and geological range of main genera

in Tirolites faunas.
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Procladiscites, Beyrichites, Ussurites, Keyserlingites, Ziyumnites, Beneckeia,
Czekanowskites, and ?Karangatites, *Hungarites, ?Stacheites and ?Dalmatites.
Among them, Leiophyllites is the common element in both the Tethyan and
Boreal provinces found from Lower and Middle Triassic, Ussurites is more
common from Middle Triassic than from Lower Triassic and their species from
Middle Triassic are quite different from those of Lower Triassic.

Originally, «Acrochordicerasy was listed as one of the linking genera by
the writer in 1978 on the basis of Neopopanoceras haugi fauna of USA. Cur-
rently during visiting Geological Survey of Canada in Ottawa, the writer examin
ed the casts of Neopopanoceras haugi tauna, and therefore considers the so—
called «Acrochordicerasy is a inner whorls of Keyserlingites. _

Beneckeia is both from Lower Triassic and from Middle Triassic of plat-
form facies.

As discussed above, the geological range of Keyserlingites is also from Late
Spathian to Early Anisian, however it is restricted to Spathian in the Boreal
province, and limited to Early Anisian in the Tethyan province, except that
from S. Primorye, USSR. _

Japonites, Procladiscites, Beyrichites and Czekanowskites were all former-
ly known only from Middle Triassic, however recently, a few species of these
genera with simpler characters and quite different from those of the Middle
Triassic are also found in the Lower Triassic.

As regards ?Hungarites, ?Karangatites, ?Stacheites and ?Dalmatites, it is
not completely clear that whether or not they can be really referred to these
genera separately.

It was pointed out as early as 1978 that some Late Scythian ammonoid
forms were closely related to their corresponding Anisian genera.

Scythian form Anisian form
Pseud osdagecerds Pa rasageceras
Procarnites Megaphylfite:\'
Albanites Norites
Eodanubites Paradanubites
Eoacrochordiceras Paracrochordiceras
Eosturia Sturia

Conclusion.

(1) In order to draw a relatively complete and realizable definition of the
Scythian—Anisian boundary, it is very important to determine that what is the
base of Anisian or Middle Triassic and what is the top of the Spathian or Scy-
thian or Lower Triassic, and how to correlate the boundary between basin and
platform facies. '

(2) The present writer prefers to use the top of Prohungarites zone or
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Table 7 — Correlation of Spathian and Aegean between Tethys and Boreal provinces.

Subealumbites beds Lenotropites Japonites Nicomedite
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Subcolumbites zone (including Neopopanoceras haugi zone regarded as the up-
per part of Subcolumbites zone) in the Tethyan province and the top of Ole
nikites zone in the Boreal province as the top of Scythian or Spathian or Lower

Triassic rather than the Keyserlingites subrobustus zone in the Boreal province
since the latter is not appropriate for a cosmopolitan zone. On the other hand,
the top of the Scythian of platform facies may be well represented by the top
of the Tirolites carniolicus zone or Dinarites zone.

As regards the base of Anisian, generally speaking, the base of Lenotropi-
tes caurus zone of Canada is justificd as the representative of the base of Ani-
sian in the Boreal province. and the base of the Aegeiceras ugra bed of Chios
may represent the base of Anisian in the Tethyan province, however the present
writer prefers to offer the base of Lenotropites—Japonites zone of C. Qinghai,
China as the base of Anisian or Middle Triassic, not only because it contains the
most abundant earliest Anisian ammonoids, but also it lies in a region of a
«linking bridge» providing the possibility of directe correlation between the
Tethyan and the Boreal provinces, '

(3) Finally, the correlations of Aegean or early Anisian and Spathian or
Upper Scythian and the Scythian—Anisian boundary are given in Table 7.
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PLATE 62

Fig. 1 - 8 — Keyserlingites dieneri Mojsisovics. 1-3) Ventral, anterior and side views (cat. no.
69206). Tb subzone, L. Anisian;x 1/2. 4, 5) Side and ventral views (inner whorls
of the specimen cat. na. 69206). Tb subzone, L. Anisian; x 1. 6—8) Ventral, side
and anterior views (cat. no. 69205). Ib subzone, L. Anisian; x 1.

All of figured specimens in Plate 62, 63 and 64 were collected from Naocangjianguo,
Maduo, Qinghai province, except cat. no. 69276, 69292 (i. e. the specimens of P. 64, figs. 3,
4, 20-22) from Golmud, Qinghai province.

All of figured specimens are deposited in Nanjing Institute of Geology and Palaeonto-
logy, Academia Sinica.
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PLATE 63

Fig. 1,2 — Parasageceras gracile Spath. Side and ventral views (cat. no. 69181). Ib sub-
zone, L. Anisian.

Fig. 3,4 — Norites psilodiscus Arthaber. Side and ventral views (cat. no. 69190) Ib sub-
zone, L. Anisian.

Fig. 5,6 Psilosturia complex Chen (in He, Wang & Chen). Ventral and side views (cat.
no. 69409). I zone, L. Anisian.

Fig. 7, 8,22, 23, 2527 — Keyserlingites ginghaiensis Wang (in He, Wang & Chen). 7, 8) Side
and anterior views {cat. no, 69217). T zone, L. Anisian. 22, 23) Side and
ventral views (cat. no. 69212). I zone, L. Anisian. 25—27) Anterior, ventral
and side views {cat. no. 69211). Holotype. I zone, L. Anisian.

Fig. 9-11 — Nicomedites barbarossae (Toula). Anterior, side and ventral views (cat. no.
£ ) |

69325). I1b subzone, M. Anisian.

Fig. 12 - 14 — Procladiscites brancoi Mojsisovics. Ventral anterior and side views {(cat. no.
69373). la subzone, L. Anisian,

Fig. 15 - 17 — Keyserlingites prahlada (Diener). Ventral, anterior and side views (cat. no.
69210). I zone, L. Anisian.

Fig. 18 - 20 — Keyserlingites sinensis Wang (in He, Wang & Chen). Anterior, side and ventral
views (cat. no. 69207). Holotype. Izonc L. Anisian,

Fig. 21 — Japonites asseretoi Fantini Sestini. Side (cat. no. 69391).Tb subzone, L.
Anisian.

Fig. 24 — Keyserlingites dieneri Mojsisovics. Anterior view (cat. no. 69206). Ib subzone,
L. Anisian.

All figures natural size.
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PLATE 64

Ussurites hara (Diener). Side and anterior views (cat. no. 69433)..1 zone, L.
Anisian.

Lenotropites cf. tardus Mclearn. Side and anterior views (cat. no. 69276). I
zone, L. Anisian.

Arctohungarites umbilicus Wang (in He, Wang & Chen). Ventral and side views
(cat. no. 69270). Ia subzone, L. Anisian,

Arctohungarites kharaulakhensis Popow. Side and anterior views (cat. no.

69261). 1 zone, L. Anisian.

Grambergia tetsaensis Mclearn, Side and ventral views (cat.no.69243). 1 zone,

L. Anisian.

Pearylandites (Tienjunites) spinosus Wu (nom. nud.). 11) Side {cat.no.69310).
la subzone, L. Anisian. 12—-14) Side, anterior and ventral views (cat.no.69313).
I zone, L. Anisian.

Grambergia laevis Wang (in He, Wang & Chen). Ventral and side views {cat. no.
69247). 1 zone, L. Anisian.

Lenotropites ginghaiensis Wang & Chen. Anterior, ventral and side views (cat.
no. 69277). la subzone, L. Anisian.

Lenotropites sinensis Wang (in He, Wang & Chen). Side, ventral and anterior
views (cat. no. 69292). Holotype. I zone, L. Anisian.

Groenlandites qinghaiensis Wang (in He, Wang & Chen), Ventral, side and an-
terior views (cat. no. 69296). Holotype. | zone, L. Anisian.

Nicomedites osmani Toula. Anterior, ventral and side views (cat. no. 69324},
IIb subzone, M. Anisian.

Paradanubites kansa (Diener). Side and ventral views (cat. no. 69340). I zone,
L. Anisian.

31,32 — Japonites meridianus Welter. Anterior and side views (cat. no. 69383). Ib sub-

zone, L. Anisian.

All figures natural size.
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PLATE 65
Tirolites cassianus ;:Quenstedt']. Side (cat. no. 33971, collected from Tianjun,
Qinghai province). Spathian.

Anagymnotoceras cf. helle (Mclearn). Ventral, side and anterior views (cat. no.
69337, collected from Maduo, Qinghai province). 1Ib subzone, M. Anisian.

Dalmatites cf. morlaccus Kittl. Ventral and side views (cat. no. 84782, col-
lected from Langdai, Guizhou province). Spathian.

Hololobus evoluitus Wang & Chen, Ventral and side views (cat. no. 33973,
collected from Ulan, Qinghai province). Spathian.

Dinarites puanensis Zhao & Wang. Side and anterior views (car. no.22032,
collected from Pu’an, Guizhou province). Spathian.

Arnautoceltites cf. arnauticus {Arthaber). Side and anterior views (cat. no.
69197, collected from Maduo, Qinghai province). Subcolumbites zone,
Spat]‘nian.

Subcolumbites sp. Ventral and side views (cat. no. 69194, collected from
Maduo, Qinghai province). Subcolumbites zone, Spathiar,. -

Ussurites yabei Diener. Anterior and side views (cat. no. 69438, collected
from Maduo, Qinghai province). Ib subzone, L. Anisian.

All figures natural size.
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