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Ab stract: In re cent years, conchostracan biostratigraphy has be come a pop u lar tool for the rec og ni tion of the
Perm ian–Tri as sic bound ary and for the chronostratigraphic sub di vi sion of the Tri as sic in intracontinental set tings,
in clud ing also the bone-bear ing Keuper strata of Po land. The am big u ous na ture of the new bio-chronostratigraphic 
ap proach was char ac ter ized in a case study of the Perm ian–Tri as sic bound ary in ter val. The most im por tant
prob lems were: (1) the lack of doc u men ta tion of the in dex spe cies, (2) the in di rect cor re la tion with the cono dont
stra tig ra phy in ma rine ref er ence sec tions through the sporomorph spec tra, (3) the lack of def i ni tion and doc u men -
ta tion of sup port ing palynologic zones, and (4) dif fi cul ties in re li able tax o nomic de ter mi na tion of Conchostraca.
Test ing and, if nec es sary, re vi sion of the zonation by sev eral in de pend ent re search groups is sug gested.
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IN TRO DUC TION

Conchostraca, in the Pol ish lit er a ture known as Esthe-
riae, are small phyl lo pod crus ta ceans with a chitinous bival- 
ved car a pace (Webb, 1979). They are nu mer ous in the gray
and red sed i ments of the intracontinental Tri as sic bas ins of
Eu rope, oth er wise lack ing in fos sils. There fore, they be -
came a source of in ter est as an eas ily ac ces si ble and ef fec -
tive biostratigraphic tool (see Kozur and Seidel, 1983b),
and for the dat ing of the key bone-bear ing sec tions of Up per 
Silesia (Olempska, 2004; Dzik and Sulej, 2007; Kozur and
Weems, 2010; Sulej et al., 2011; see re view in Szulc et al.,
2015).

Conchostracan zones were de fined for the first time by
Kozur and Seidel (1983b) for the Zechstein–Buntsandstein
bound ary in ter val of cen tral Ger many. Fur ther de vel op ment 
en abled the con struc tion of a com plete conchostracan zona-
tion scheme for the en tire Tri as sic suc ces sion of Cen tral Eu -
rope and other intracontinental bas ins of the north ern hemi -
sphere (see Kozur and Weems, 2010).

De spite its ef fi ciency, the biostratigraphic tool still re -
mains con tro ver sial. This is mainly be cause of in suf fi cient
doc u men ta tion and am big u ous chronostratigraphic inter-
preation. The aim of the pa per is to out line the fun da men tal
prob lem with re gard to the conchostracan biostratigraphy of 
the Perm ian–Tri as sic bound ary in ter val. The fol low ing crit -
i cal dis cus sion is the mod i fied ver sion of an ar ti cle al ready
pub lished in Pol ish (Becker, 2014).

CONCHOSTRACAN ZONES OF THE
PERM IAN–TRI AS SIC BOUND ARY

IN TER VAL

The Perm ian–Tri as sic bound ary (PTB) has been de -
fined at Meishan, China, by the first oc cur rence of the cono -
dont Hindeodus parvus (Kozur and Pjatakova) in an open-
shelf car bon ate suc ces sion (Yin et al., 2001; Gradstein et
al., 2004). Ac cord ing to Bachmann and Kozur (2004),
Kozur and Bachmann (2005) and Ogg (2012), it co in cides
with the bound ary be tween the Falsisca postera and Falsisca 
verchojanica conchostracan zones (Fig. 1). Both zones were 
es tab lished from the Falsisca eotriassica Zone af ter Kozur
and Seidel (1983b), the first conchostracan zone en com -
pass ing the Zechstein–Buntsandstein tran si tion, where the
PTB was ex pected to oc cur. The Falsisca eotriassica Zone
sensu Kozur and Seidel (1983b) was sub di vided into three
subzones: the low er most subzone I with the char ac ter is tic spe -
cies F. eotriassica eotriassica Kozur and Seidel, the mid dle
subzone II with the guide spe cies F. eotriassica postera Kozur
and Seidel and the up per most subzone III with a di ag nos tic un -
rec og nized form be tween F. eotriassica n. subsp. and F. n. sp.
aff. verchojanica (Molin) (Fig. 2). Af ter Kozur and Seidel
(1983a, b), the char ac ter is tic conchostracan forms for all sub-
zones around the PTB were sub spe cies of F. eotriassica Kozur 
and Seidel. This im plies the sim i lar ity of them.

Kozur (1999) mod i fied the conchostracan stra tig ra phy,
es tab lish ing new, sep a rate zones from the for mer subzones.



Subzone I be came the Falsisca eotriassica Zone, subzone II
the Falsisca postera Zone and subzone III the Falsisca n. sp.
aff. F. verchojanica Zone. It is note wor thy that all in dex
forms were un re lated spe cies and the range of the F. eotria-
ssica Zone was re duced to its for mer first subzone (Fig. 3).
Kozur (1999) placed the PTB at the bound ary be tween the
F. postera and the F. n. sp. aff. F. verchojanica zones. Kozur 
(1998a, b) dis cussed two conchostracan forms with re spect
to the PTB, i.e. F. postera and F. verchojanica (not the F. n.
sp. aff. F. verchojanica), which prob a bly was what led him
to re name the F. n. sp. aff. F. verchojanica Zone as F. ver-
chojanica Zone (see e.g., Bachmann and Kozur, 2004). Even -
tu ally Bachmann and Kozur (2004) es tab lished two
“verchojanica” zones: the F. verchojanica Zone from the up -
per most part of the F. postera Zone (see Kozur, 1993, fig. 1
and Bachmann and Kozur, 2004, fig. 11) and the Falsisca
cf. verchojanica Zone from the for mer F. n. sp. aff. F. ver-
chojanica Zone (Kozur, 1993, 1999; Bachmann and Kozur,
2004). So Bachmann and Kozur (2004) placed the PTB
lower than Kozur (1999) had done, at the bound ary of the F. 
postera and F. verchojanica zones, with out pro vid ing an ex -
pla na tion (Fig. 3). Kozur and Weems (2010) fi nally stressed 
that low er most part of the F. verchojanica Zone could be

Perm ian in age, but none the less placed the PTB at the
bound ary of F. postera and F. verchojanica zones.

COR RE LA TION OF
CONCHOSTRACAN-BASED PTB WITH
CONO DONT STAN DARD ZONATION

The meth ods and path ways of chronostratigraphic cor -
re la tion, which al lowed the conchostracan PTB to be es tab -
lished are sum ma rized in Fig ure 4, on the ba sis of an anal y -
sis of the pub li ca tions of Kozur (1987, 1989, 1993, 1998a,
b, 1999). The pub li ca tions dis cussed the age in ter pre ta tion
of the di ag nos tic conchostracan spe cies: Falsisca eotrias-
sica, F. postera and F. verchojanica (not the F. n. sp. aff. F.
verchojanica).

Falsisca eotriassica, found in the Nadaskut Do lo mite
Mem ber in Hun gary, was dated as late Chnagsingian, with
ref er ence to the ac com pa ny ing sporomorph as sem blage,
which re sem bled the as sem blage from the al pine Tesero
Oolite, dated as late Changsingian by means of cono donts
(Kozur, 1987). The age in ter pre ta tion of Falsisca postera
and F. verchojanica was more com pli cated. Both spe cies
were found in Dalongkou, Tien-Shan, co-oc cur ring with
ver te brates of the gen era Dicynodon and Lystrosaurus.
There was a dis cus sion in the lit er a ture of the re gion, as to
whether the PTB should be placed at the last-ap pear ance da -
tum of Dicynodon or at the first oc cur rence of Lystrosaurus
(Cheng et al., 1989, vide Kozur, 1998a), be cause both gen -
era co ex ist in a tran si tional zone. The conchostracan se -
quence of Falsisca postera fol lowed by F. verchojanica
was found pre cisely in such a tran si tional zone.

The first con clu sion, based on the su per po si tion of both
spe cies in the Tien-Shan ver te brate pro file, was that F. ver-
chojanica is youn ger than F. postera and most prob a bly Tri -
as sic in age. Fur ther more, F. verchojanica was found in
south-east ern Si be ria, oc cur ring to gether with a sporo-
morph as sem blage of Perm ian as pect, but in clud ing the Tri -
as sic form Lunatisporites hexagonalis (Jansonius). This
was enough for Kozur (1998a) to in ter pret the age of the as -
sem blage as Early Tri as sic. So, thanks to the sporomorph
as sem blage from south-east ern Si be ria, F. verchojanica be -

came Early Tri as sic in age. The
older F. postera was dated as late
Changsingian, on the ba sis of its
co-oc cur rence with Dicynodon.
The last-ap pear ance da tum of
Dicynodon was cho sen as a PTB
in di ca tor, based on conchostra-
cans (Kozur, 1998a). It is worth
not ing that the po si tion of the
PTB in ver te brate sec tions is still
dis cussed in re cent pa pers (Lucas, 
2009; Metcalfe et al., 2009).
Metcalfe et al. (2009) found the
place ment of the PTB in the
Dalongkou sec tion to be equiv o -
cal af ter ex ten sive multiproxy
studies, in clud ing the doc u men ta -
tion of conchostracans.
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Fig. 1. Stra tig ra phy of the Perm ian–Tri as sic bound ary in ter val
in cono dont, conchostracan and palynologic zonations af ter Bach-
mann and Kozur (2004, fig. 1) and Kozur and Bachmann (2005).
Ar rows mean con tin u a tion of zones be yond the fig ure.

Fig. 2. As sem blages of conchostracan taxa oc cur ring in Perm ian–Tri as sic bound ary in ter val,
af ter Kozur and Seidel (1983a, b). In dex taxa are given in bold print.



PALYNOSTRATIGRAPHY SUP PORT ING
THE CONCHOSTRACAN STRA TIG RA PHY

The fun da men tal pub li ca tions, in terms of the chrono-
stra tig ra phy of the palynological zones of the Perm ian–Tri -
as sic tran si tion, are the works of Balme (1979) from Green -
land and of Or³owska-Zwoliñska (1984) from Po land (see
Kürschner and Herngreen, 2010). The Early Tri as sic Lund-
bladispora obsoleta – Protohaploxypinus pantii Zone of Or-
³owska-Zwoliñska (1984) was of ten dis cussed crit i cally in
terms of conchostracan stra tig ra phy. Or³owska-Zwoliñska
(1984) doc u mented and de fined the zone care fully, pro vid -
ing a broad dis cus sion of the pos si ble chronostratigraphic

in ter pre ta tion. Later au thors ac knowl edged its cred i bil ity
(e.g., Ecke, 1986; Reitz, 1988; Kürschner and Herngreen,
2010).

In pub li ca tions based on conchostracan stra tig ra phy or
cited therein, an other palynostratigraphic zonation has been
fa voured (e.g., Kozur, 1989, 1998a, b, 1999; Szurlies et al.,
2003; Bachmann and Kozur, 2004). The two fol low ing pa-
lynostratigraphic zones en abled the rec og ni tion of the Per-
mian and Tri as sic suc ces sions, i.e.: the Lundbladispora
obsoleta – Lunatisporites noviaulensis Zone of Perm ian age
and the Lundbladispora willmotti – Lunatisporites hexa-
gona Zone (or – L. hexagonalis Zone; see Fig. 1) of Tri as sic
age. Dur ing the prep a ra tion of this pa per, it was im pos si ble
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Fig. 3. Evo lu tion of conchostracan zonation of the Perm ian–Tri as sic bound ary in ter val, af ter Kozur and Seidel (1983a, b), Kozur
(1993, 1999), Röhling (1993) and Bachmann and Kozur (2004, fig. 11).

Fig. 4. Di a gram of chronostratigraphic in ter pre ta tion of conchostracan in dex taxa for the Perm ian–Tri as sic bound ary, based on Kozur
(1987, 1989, 1993, 1998a, b, 1999).



to find a pub li ca tion, where both zones were pre cisely de -
fined, doc u mented and dis cussed. The list of spe cies of the
Lundbladispora obsoleta – Lunatisporites noviaulensis as -
sem blage with a short com men tary could be found only in
fig ure cap tion 1 (sic!) by Kozur (1994). It is not clear what
makes the dif fer ence be tween the two zones and the L.
obsoleta – P. pantii Zone. In West ern Po land, Lunatispori-
tes noviaulensis (Leschik) de Jer sey can be found up to the
Up per Buntsandstein and Lundbladispora willmotti was
found in all sam ples with the Lundbladispora obsoleta –
Protohaploxypinus pantii as sem blage (Or³owska-Zwoliñ-
ska, 1984).

PROB LEMS OF CONCHOSTRACAN
TAX O NOMIC DE TER MI NA TION

The tax o nomic iden ti fi ca tion of conchostracans ap -
pears to be dif fi cult. The most suc cess ful re sults on concho-
stracan biostratigraphy were those pub lished by Heinz
Kozur and co-work ers. The pub li ca tions of in de pend ent
teams are scarce. Kozur’s team was forced to cor rect the
tax o nomic de ter mi na tions of oth ers. Ptaszyñski and NiedŸ-
wiedzki (2004, 2006) were cor rected by Kozur and Weems
(2010, p. 365), and Orlova (1990, vide Kozur and Weems,
2011) was cor rected by Kozur and Weems (2011, pp.
24–25). Even the de ter mi na tions in the stan dard pub li ca tion 
of Kozur and Seidel (1983a) had to be re vised (Kozur and
Weems, 2010, p. 364). Kozur and Weems (2010) re peat edly 
stressed the high sus cep ti bil ity of conchostracan car a paces
or their im prints to plas tic de for ma tion in fine-grained de -
pos its, which caused er ro ne ous de ter mi na tions. The lack of
in formed dis cus sion of the taphonomically-con trolled chan- 
ges, pos si bly in flu enc ing tax o nomic de ter mi na tion, is a ba -
sis for ad di tional doubts as to which in ter pre ta tion is ac tu -
ally cor rect.

CON CLU SIONS

The study of conchostracan biostratigraphy of the
Permian–Tri as sic bound ary in ter val yielded a num ber of
un re solved prob lems, sum ma rized be low.

1. In the lit er a ture on conchostracan stra tig -
ra phy, the tax o nomic de ter mi na tion of in dex
forms is im pre cise and in suf fi ciently doc u mented. 
It is un clear if in dex spe cies for the Perm ian–Tri -
as sic bound ary in ter val are the sub spe cies of one
spe cies or un re lated spe cies.

2. The ranges of conchostracan zones were
changed with out ex pla na tion and com men tary,
e.g. in the case of the F. eotriassica Zone, mak ing
the re fined anal y sis of zonal doc u men ta tion al -
most im pos si ble.

3. The def i ni tion of the base of the Tri as sic is
un clear in conchostracan stra tig ra phy (Fig. 5).
The first Tri as sic F. verchojanica Zone can be
partly Perm ian in age (Kozur and Weems, 2010)
and F. eotriassica, orig i nally thought to be di ag -
nos tic for the whole Perm ian–Tri as sic tran si tional

zone (Kozur and Seidel, 1983b), is late Changsingian in age 
af ter Kozur (1987).

4. The cor re la tion of conchostracan zonation with the
cono dont-based Perm ian–Tri as sic bound ary in ma rine suc -
ces sions was car ried out in di rectly us ing sporomorph as -
sem blages and ver te brates from dif fer ent parts of the world.
The cor re la tion tools fre quently suf fer from doubt ful doc u -
men ta tion and im pre cise res o lu tion.

5. An anal y sis of lit er a ture shows that a re li able tax o -
nomic de ter mi na tion of conchostracans is dif fi cult to
achieve, rais ing doubts to its use ful ness in stra tig ra phy. One 
of the rea sons re ported by Kozur and Weems (2010) them -
selves can be the vari able pres er va tion of conchostracans
car a paces.

These con clu sions cast doubt on the re sults achieved by 
the biostratigraphic ap proach re ported for zonation of the
Up per Tri as sic, as well. Maron et al. (2015) re cently high-
lighted spec u la tive ter res trial-ma rine cor re la tions in the case of 
late Carnian conchostracan-based stra tig ra phy. There fore,
there is an ur gent need to test and pos si bly to re vise the Tri as -
sic conchostracan zonation for a cred i ble and ef fi cient biostra-
tigraphic method, which could be very help ful for fur ther re -
search on the intracontinental Tri as sic bas ins.
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