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De tailed cono dont data were ob tained from 66 sam ples in 9 deep wells rep re sen ta tive of three palaeogeographic re gions of the Mid De -
vo nian epicontinental ba sin of south east ern Po land: (1) the el e vated part of the East Eu ro pean Plat form rep re sent ing the ba sin mar gin, (2) 
the Lublin Graben with a larger pro por tion of open ma rine sys tems, (3) the Radom Area char ac ter ized by more off shore, purely ma rine
de po si tion and larger sub si dence rates in the Radom Area. The 1344 spec i mens col lected were as signed to 8 gen era: Icriodus,
Polygnathus, Ancyrodella, Belodella, Mehlina, Neopanderodus, Pandorinellina and Skeletognathus, and 38 taxa of spe cies or sub spe -
cies rank. The ver ti cal dis tri bu tion of the cono dont as sem blages stud ied  in par tic u lar sec tions is highly ir reg u lar and dis con tin u ous with
many bar ren in ter vals con trolled by less suit able palaeocological con di tions, mostly rep re sent ing re stricted  and/or very shal low-wa ter
fa cies. We found only a sin gle in dex spe cies char ac ter is tic of deeper ma rine fa cies, as ap plied in the stan dard cono dont zonation. There -
fore the biostratigraphic in ter pre ta tion also takes into ac count the to tal range of all taxa found in par tic u lar sam ples, es tab lished af ter a
crit i cal anal y sis of ad e quately pub lished to tal ranges of these taxa. The strati graphic ranges of the fol low ing taxa were mod i fied: Icriodus 
arkonensis arkonensis, I. a. walliserianus, I. eslaensis, I. platyobliquimarginatus, I. subterminus, I. aff. I. subterminus, Polygnathus
ansatus, P. latifossatus, P. linguiformis linguiformis, P. timorensis and P. varcus. As a re sult of the strati graphic anal y sis of the cono dont 
as sem blages we dis tin guished five zones in the Givetian of the stud ied area, i.e. the  rhenanus/varcus, ansatus, hermanni, norrisi (=
lower part of Lower falsiovalis Zone) zones, and also two in for mal units, the subterminus and insita fau nas. We doc u mented the co-oc -
cur rence of  I. subterminus and P. latifossatus which sup ports the ear lier sup po si tion of Rog ers (1998) that the Lower subterminus Fauna
may partly cor re spond to the Lower hermanni Zone. 
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INTRODUCTION

The most com monly ap plied De vo nian cono dont zonation
is the sub di vi sion com piled by Clausen, Weddige and Ziegler
(1993). Its stan dard char ac ter is also stressed by the fact that it
has been in volved in de fin ing the stage bound aries. So far it is
the most ac cu rate biozonation of the De vo nian, un ri valled by
the zonations based on other fos sil groups.  How ever, cer tain
as pects of this scheme, par tic u larly its Givetian-low er most
Frasnian part, are prob lem atic and re quire re con sid er a tion.
This re fers to the Givetian–Frasnian bound ary in ter val (see
Racki and Wrzo³ek, 1989; Sandberg et al., 1989; Klapper and
John son, 1990) and to the varcus Zone and its sub di vi sions (see 
Bultynck, 1987). Fi nally, the ap pli ca bil ity of this zonation to
re stricted ma rine fa cies is un sat is fac tory.

The epicontinental Mid dle De vo nian of south east ern Po -
land ex em pli fies prob lems in the ap pli ca tion of clas si cal
biostratigraphy, in clud ing the “stan dard” cono dont  zonation in 
par tic u lar. The al ter na tion of con ti nen tal, mar ginal ma rine and
more open ma rine sys tems led to a highly dis con tin u ous cono -
dont suc ces sion. In dex taxa are rar i ties, whereas forms typ i cal
of shal low-wa ter and/or nearshore en vi ron ments pre vail
(Narkiewicz and Narkiewicz, 1998). There fore, in the pres ent
study we have at tempted to ap ply al ter na tive cono dont sub di vi -
sions based on taxa not used in de fin ing clas si cal “stan dard”
zones for the Givetian Stage. In par tic u lar, we have ap plied a
four fold sub di vi sion for the lower-mid dle Givetian (Bultynck,
1987) in stead of the varcus Zone sub di vi sion as de fined by
Ziegler et al. (1976). We have also ex plored the ap pli ca bil ity of 
biostratigraphic units rarely used for the Eu ro pean Givetian.
These in clude the in for mal subterminus and insita fau nas for



the up per part of the Givetian (Klapper et al., 1971; Rog ers,
1998), and the norrisi Zone, the more open ma rine equiv a lent
of the insita Fauna (Klapper and John son, 1990).

CONODONT ZONATION
 OF THE GIVETIAN

In the “stan dard” sub di vi sion com piled by Clausen et al.
(1993) the Givetian com prises five zones and three of these are
sub di vided (Ta ble 1; see also Narkiewicz, 2006). The lower
zonal bound aries are based on the first ap pear ance of the nom i -
nal taxon, whereas the up per is based on the ap pear ance of the

suc ces sive taxon. This rule, how ever, does not ap ply to the
varcus Zone for which the in dex spe cies for the base of the
Lower varcus Subzone is Polygnathus timorensis, and thus not
the nom i nal P. varcus, which ap pears slightly higher (Ziegler et 
al., 1976). The in dex taxa of the Givetian zones are typ i cal of
the deeper parts of ma rine bas ins, known, for ex am ple, from the 
east ern Rhenish Slate Mts., the Montagne Noire, the Tafilalt
area (Anti-At las) and Ne vada (Ziegler et al., 1976; Ziegler and
Klapper, 1982; Bultynck, 1987; Klapper and John son, 1990;
Ziegler and Sandberg, 1990). They are ei ther ab sent or much
more rare in shal low-ma rine fa cies dom i nated by icriodids (see
Bultynck, 1987; Bultynck et al., 2000; Yolkin et al., 2000).  

The sub di vi sion de fined by Bultynck (1987) is ac cepted
by sev eral au thors (Belka et al., 1997, Be³ka et al., 1999;

Bultynck and Walliser, 2000; Narkiewicz,
2006). It was in tro duced in or der to more
prop erly de fine the varcus Zone. The lower
bound ary of the timorensis Zone, equiv a lent
to the low er most part of the Lower varcus
Subzone, is de fined by the first ap pear ance of
P. timorensis. The rhenanus/varcus Zone,
com pris ing the up per part of the Lower varcus
Subzone, is de fined by the first oc cur rence of
ei ther P. rhenanus or P. varcus. The ansatus
Zone cor re sponds to the Mid dle varcus
Subzone mi nus its up per most part with
Ozarkodina semialternans (Wirth, 1967). The 
latifossatus/semialternans Zone is de fined by
the first ap pear ance of ei ther O. semialternans
or P. latifossatus. Bultynck (1987) in tro duced
this zone be cause O. semialternans is wide -
spread and com mon whereas P. latifossatus is
rather rare and ap pears only slightly above the
for mer spe cies. The cono dont fau nas on which 
the above sub di vi sion was based, in clud ing
the in dex taxa cited, were de scribed by
Bultynck (1987) from the deeper ma rine fa -
cies of the Tafilalt area (Mo rocco). 

In the up per Givetian of ar eas with a shal -
lower neritic fa cies the cono dont fau nas are
of ten dom i nated by rep re sen ta tives of the ge -
nus Icriodus. This ob ser va tion led to es tab -
lish ment of al ter na tive sub di vi sions based on
the subterminus Fauna typ i cal of shal low shelf 
ar eas. The lower bound ary of the subterminus
Fauna is de fined by the first ap pear ance of
Icriodus subterminus, the up per one by the en -
trance of Pandorinellina insita (Bunker and
Klapper, 1984). Witzke et al. (1988) sub di -
vided the subterminus Fauna into a Lower and
an Up per Fauna, with the bound ary de fined by 
the ap pear ance of Polygnathus angustidiscus
and Mehlina gradata co-oc cur ring with I.
subterminus. The Lower subterminus Fauna
would rep re sent a pos si ble equiv a lent of the
Lower disparilis Subzone, whereas the up per
one could cor re spond to the Up per disparilis
Subzone. How ever, Rog ers (1998) sug gested
that the Lower subterminus Fauna may in fact
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T a  b l e  1

Chronostratigraphy and cono dont zonation of the up per most Eifelian, Givetian
 and the low er most Frasnian (com piled by Narkiewicz, 2006) 

The stan dard cono dont zonation is rep re sented be tween the black bold lines; grey — the Mid -
dle De vo nian part; light grey — al ter na tive zonation for shal low-ma rine biofacies



rep re sent not only the Lower disparilis Subzone but may also
be “...an equiv a lent of part of the Lower hermanni Subzone,
or of ei ther part or all of the Up per hermanni Subzone...”. Ac -
cord ing to Rog ers (op. cit., p. 731) the base of the Up per
subterminus Fauna is de fined by the first oc cur rence of P.
angustidiscus. In Ne vada (John son et al., 1980) the en trance
of P. angustidiscus is within the Lower dengleri Subzone
which was later des ig nated as the Up per disparilis Subzone
(John son et al., 1985). The lower and up per bound aries of the
Lower subterminus Fauna are poorly es tab lished due to the
lack of de tailed data on the first ap pear ance of the in dex spe -
cies and dis par i ties be tween the first ap pear ances of char ac -
ter is tic spe cies, i.e. M. gradata and P. angustidiscus. In sum -
mary, the Lower subterminus Fauna can not be youn ger than
Lower disparilis Subzone, while the up per one can not be
older that the disparilis Zone. 

 Pre vi ous stud ies of the subterminus Fauna were car ried out 
mostly in North Amer ica, in east ern and north-cen tral Iowa
(USA), Al berta, Man i toba and the south ern part of the
north-west Ter ri to ries in Can ada (Bunker and Klapper, 1984;
Witzke et al., 1988; Rog ers, 1998; Norris and Uyeno, 1998). In 
Eu rope equiv a lents of the fauna were rec og nized in the
Boulonnais area of North ern France (Brice et al., 1979), and in
south-cen tral Po land in the Holy Cross Mts. and in the
Kraków–Czêstochowa area (Racki, 1992; Sobstel, 2003).

The norrisi Zone was pro posed by Klapper and John son
(1990) for the in ter val be tween the up per bound ary of the
disparilis Zone and the up per bound ary of the Mid dle De vo -
nian (within the lower part of the Lower falsiovalis Zone).
Its lower bound ary was de fined by the first ap pear ance of
Skeletognathus norrisi,  and the up per one by the en trance of 
the early form of Ancyrodella rotundiloba sensu Klapper,
1985. S. norrisi is a spe cies dis trib uted world wide (see Feist
and Klapper, 1985). In ad di tion to North Amer ica and Af -
rica, it has been found also in Asia (Bardashev
and Ziegler, 1985; Hong-fei et al., 1985) and in
Eu rope. In the lat ter, it was de scribed from the
east ern Rhenish Slate Mts. in Ger many
(Sandberg et al., 1989), Cornwall in Eng land
(Mar shall and House, 2000), the Montagne
Noire in France (Feist and Klapper, 1985), the
Aragonian Pyr e nees (Liao et al., 2001) as well
as from in Po land (Racki, 1992; Racki and
Bultynck, 1993; Racki and Turnau, 2000). It
ap pears par tic u larly use ful for biostratigraphy
as it oc curs not only in pe lagic en vi ron ments
char ac ter ized by a mesotaxid- polygnathid
biofacies (Sandberg et al., 1989, p. 200, tab. 1)
but also with shal low-ma rine fa cies char ac ter -
ized by the pres ence of Pa. insita (Uyeno,
1967; Klapper et al., 1971; John son et al.,
1980, tab. 23, p. 98; Klapper and John son,
1980, p. 415; Norris et al., 1982, tab. 13).

The insita Fauna is de fined as the fauna dom i -
nated by Pa. insita in strata be low the first ap -
pear ance of Ancyrodella rotundiloba (Bryant,
1921) and is rep re sen ta tive of the shal low-wa ter
neritic fa cies de vel op ment of the time in ter val
dis cussed (see Klapper et al., 1971, p. 300). Hav -

ing in mind a po ten tial of cor re la tion of sec tions from dif fer ent
fa cies zones, it is worth stress ing that the ap pear ance of Pa.
insita is ap prox i mately syn chro nous with the ear li est oc cur -
rence of S. norrisi (Klapper and John son, 1990). The
palaeogeographic range of the insita Fauna gen er ally cor re -
sponds to the re gional dis tri bu tion of the subterminus Fauna
(Klapper et al., 1971; Norris and Uyeno, 1981, 1983; Witzke et
al., 1988; Day, 1990). In Eu rope Pa. insita has been iden ti fied
only in the Ardennes so far (Coen and Coen-Aubert, 1971;
Bultynck, 1982).

STUDY AREA

In the Mid De vo nian the study area formed  a part of the
epicontinental ma rine ba sin at the south ern mar gin of the Old
Red Con ti nent (Laurussia) in a trop i cal cli ma tic belt
(Narkiewicz et al., 1998b). Ear lier sedimentological stud ies
(Narkiewicz et al., 1998a; Narkiewicz, 2002) doc u mented that
the area in ques tion com prised three dis tinct palaeogeographic
do mains: the el e vated part of the Pre cam brian East Eu ro pean
Plat form (EEP) in the east, the Lublin Graben (cen tral part) and
the Radom–Kraœnik High, named also the Radom Area, in the
west (Fig. 1). Strictly speak ing, the Lublin Graben was es tab -
lished as a sep a rate depocenter in the mid-Frasnian. There fore
dur ing the Mid De vo nian it was still char ac ter ized by low sub -
si dence rates and sim i lar depositional de vel op ment to that of
the el e vated EEP. Both ar eas are char ac ter ized mainly by mar -
ginal-ma rine or even partly con ti nen tal siliciclastic fa cies
interlayered with shal low-wa ter plat form car bon ates and
evaporites and, subordinately, subtidal marly de pos its. Thick -
ness ranges from ca. 100 metres in more prox i mal parts to 200
metres eastwards while it is re duced to wards the north-west.
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Fig. 1. Lo ca tion of the ar eas and well-sec tions in ves ti gated on a sim pli fied
geo log i cal sub-Perm ian map (af ter Po¿aryski and Dembowski, 1983); 
the in set map of Po land shows the lo ca tion of the re gion in ves ti gated 



The Lublin Graben area dis plays thicker and more open-ma -
rine fa cies rel a tive to the el e vated EEP.

The Radom Area was undergoing sub si dence, with stra tal
thick ness in the range of 1000 metres. The pre dom i nant
lithotypes are marly car bon ates and silty clays with a pe lagic
fauna or car bon ate lev els with abun dant brachi o pods or cor als
and stromatoporoids. These fa cies are usu ally re garded as
deeper shelf sys tems al though the term “deeper” is ob vi ously
rel a tive as the wa ter depths prob a bly only rarely exceeded few
tens of metres. 

CONODONT DATA

Cono dont ma te rial was ob tained from 66 core sam ples
from 9 deep wells (Fig. 1): Szwejki IG 3, B¹kowa IG 1,
Niesio³owice IG 1, Œwidno IG 1 (Radom Area), Gie³czew
PIG 5, Komarów IG 1, Korczmin IG 1, Terebin IG 5 (Lublin
Graben) and Krowie Bagno IG 1 (el e vated EEP). The spec i -
mens stud ied be long mainly to two gen era: Icriodus and
Polygnathus, with a smaller pro por tion of Ancyrodella,
Belodella, Mehlina, Neopanderodus, Pandorinellina  and
Skeletognathus (Fig. 2). A total num ber of 38 taxa of spe cies
and sub spe cies rank has been iden ti fied, in clud ing 9 taxa found 
in Po land for the first time: Icriodus arkonensis arkonensis, I.
arkonensis walliserianus, I. excavatus, I. lilliputensis, I.
platyobliquimarginatus, I. aff. I. subterminus, Pandorinellina
insita, Polygnathus klugi and P. rhenanus. The oc cur rence and
num ber of el e ments in par tic u lar sam ples are given in ta bles
2–10. Fig ure 3 con tains full names of spe cies and sub spe cies
(and their au thors) which were ap plied for biostratigraphic pur -
poses and which will be dis cussed be low.

It should be stressed that the ge neric spec trum of the cono -
dont as sem blages stud ied (Fig. 2) is in de pend ent ev i dence, in
ad di tion to lithofacies data, of the shal low-ma rine Mid De vo -
nian en vi ron ments pre vail ing in the Radom–Lublin area stud -
ied. In ad di tion to ge neric per cent ages the au thors ana lysed the
eco log i cal pref er ences of par tic u lar taxa most com monly oc -

cur ring in the ma te rial in ves ti gated, in clud ing P. ansatus, P.
ling. linguiformis, I. subterminus, I. brevis and I. symmetricus.
It may be con cluded that the Mid dle De vo nian cono dont as -
sem blages in ves ti gated gen er ally were as so ci ated with the
neritic zone, com pris ing a  shal low to slightly deeper shelf of
mod er ate en ergy, be low the fair-weather wave-base. Ap ply ing
the cri te ria pro posed by Sandberg et al. (1989), four biofacies
were dis tin guished: polygnathid, polygnathid-icriodid,
icriodid-poly gnathid and icriodid. 

The mid dle Givetian is dom i nated by polygnathid-icriodid 
and icriodid-polygnathid biofacies. Polygnathid biofacies oc -
curs spo rad i cally and is char ac ter ized by im pov er ished
Polygnathus fau nas in most cases. By the end of the mid
Givetian a shallowing of the sea is in ferred from the ap pear -
ance of the icriodid biofacies. In the up per Givetian the
icriodid-polygnathid and icriodid biofacies pre vail. The up -
per most Givetian dis plays con sid er able vari abil ity: from the
polygnathid biofacies in the Lublin Graben, to the
polygnathid-icriodid in the Radom Area, to icriodid in the el e -
vated EEP. The two first-named biofacies are dom i nated by
nar row-plat form rep re sen ta tives of Polygnathus dis play ing a
wide range of dis tri bu tion over shelf ar eas — from shal -
low-wa ter neritic to deeper, pe lagic en vi ron ments (Schu -
macher, 1976; Klapper and Lane, 1985; Vandelaer et al.,
1989; Belka and Wendt, 1992). How ever, con sid er able con -
tri bu tion of the subterminus group with in sig nif i cant num bers
of the more pe lagic I. symmetricus (less than 5 spec i mens per
sam ple) and a lack of typ i cal pe lagic forms such as
Klapperina or Mesotaxis ar gues against deeper pe lagic en vi -
ron ments of the shelf slope.  

CRITICAL  ANALYSIS OF  RANGES
 OF SELECTED CONODONT TAXA 

The biostratigraphic anal y sis was con ducted based on in -
dex taxa or taxa char ac ter is tic of al ter na tive zonations. When
the lat ter were lack ing, it was based on com par i son of to tal
strati graphic ranges of all taxa iden ti fied in a sam ple. There -
fore it was im por tant to ana lyse and ver ify the strati graphic
ranges as thor oughly as pos si ble. This anal y sis was based
mainly on pub lished data from the fol low ing pa pers: Ziegler
(1975), Ziegler et al. (1976), Weddige (1977), Klapper and
John son (1980, 1990), Bardashev and Ziegler (1985),
Hong-fei et al. (1985), Gar cia-Lopez (1987), Bultynck (1987, 
2003), Maw son and Tal ent (1989), Ziegler and Sandberg
(1990), Bardashev (1992), Klapper (1997), Belka et al.
(1997), Rog ers (1998), Be³ka et al. (1999), Spar ling (1999),
Ziegler et al. (2000), Ovnatanova and Kononova (2001),
Aboussalam and Becker (2001), Gar cia-Lopez et al. (2002),
Aboussalam (2003) and Gouwy and Bultynck (2003). As a re -
sult of the above anal y sis we se lected 33 key taxa of strati -
graphic im por tance for the area stud ied, out of which the to tal
ranges of eleven taxa were mod i fied (Fig. 3). Ranges of the
fol low ing 6 taxa were amended based solely on the lit er a ture
data: Icriodus arkonensis arkonensis, Polygnathus ansatus,
P. latifossatus, P. ling. linguiformis, P. timorensis and P.
varcus. In the case of 5 taxa data col lected dur ing the pres ent
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Fig. 2. Ge neric com po si tion of the Givetian cono dont as sem blages
from the Radom–Lublin area

 n — num ber of spec i mens
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T a  b l e   2

Cono dont distribution in the Gie³czew PIG 5 well-sec tion

Cono dont Zones hem.-a.? ansatus sF.
Lower falsiovalis

iF.

Sam ple depth
[metres]

2.9902

8.5902

9.7102

6.7102

5.7102

8.5102–0.6102*

7.0102

6.0102

1.6002–2.6002*

0.3002

5.2002

2.0791

7.9691

2.9691–5.9691*

1.7691

Pandorinellina cf. P. insita 2

Polygnathus pollocki 3

Polygnathus webbi 1

Polygnathus dubius 3

Polygnathus klugi 4

Polygnathus alatus 1

Mehlina gradata 1 4

Mehlina cf. M. gradata 2

Icriodus cf. I. symmetricus 5

Icriodus subterminus 2 1 1 2

Icriodus aff. I. subterminus 2 1

Icriodus cf. I. subterminus

Icriodus aff. I. lilliputensis 1

Icriodus excavatus 1

Icriodus cf. I. excavatus 1

Icriodus difficilis 5 11

Polygnathus ansatus 7 12 4 4 1

Polygnathus denisbriceae 2

Polygnathus cf. P. denisbriceae 1

Polygnathus xylus 

Polygnathus timorensis 1 2 1

Polygnathus pseudofoliatus 1 1

Polygnathus ling. linguiformis 1 7 2 1

Polygnathus ling. subsp. indet. 1 2

Icriodus latecarinatus 2 3 2 2 2

Icriodus brevis 1 1 1

Icriodus eslaensis 1 1

Icriodus lilliputensis 3 1 5

Icriodus arkonensis walliserianus 1 1

Icriodus arkonensis arkonensis 2

Icriodus aff. I. 
platyobliquimarginatus 1 1

Icriodus platyobliquimarginatus 1

Icriodus lindensis 1

Belodella devonica 1 2 1

Dvorakia chattertoni 1 2

Neopanderodus sp. indet. 1

Icriodus sp. indet. 1 8 7 6 3 6 2 3 13 24 4 3 1 7

Polygnathus sp. indet. 6 17 2 15 8 3 44

Coni form el e ments 1 1 1 2

Ramiform el e ments 4 6 4 3 2 3 1 5 7

To tal num ber of spec i mens 1 1 33 64 23 31 21 13 3 23 46 8 11 13 78

hem. — hemiansatus, a. — ansatus, sF. — subterminus Fauna, iF. — insita Fauna, * — sam pled by AMOCO



study were ap plied: I. arkonensis walliserianus, I. eslaensis, I.
platyobliquima rginatus, I. subterminus, I. aff. I. subterminus.
When cor rect ing the to tal strati graphic ranges of taxa we
based our con clu sions only on pa pers giv ing pho to graphs of
par tic u lar forms, thus mak ing the orig i nal tax o nomic iden ti fi -
ca tions re li able. 

Icriodus arkonensis arkonensis. The ear li est oc cur rence
of the sub spe cies was doc u mented pho to graph i cally from the
Up per hermanni Subzone by Gar cia-Lopez (1987, pl. 9, fig.
1–6). How ever, af ter de tailed in spec tion of the il lus tra tions in
the cited pa per it ap peared that the spec i mens from fig ures
1–4 (op. cit.) should be cor rectly as signed to Icriodus difficilis 
(com pare Ziegler et al., 1976, pl. 1, fig. 17), whereas those
from fig ures 5 and 6  (op. cit.) may be as signed to Icriodus

expansus®Icriodus arkonensis sensu Spar ling, 1995. The
Lower hermanni Subzone sug gested by Bardashev and
Ziegler (1985, p. 69, fig. 3) and Bardashev (1992, p. 52, fig.
14) as the last oc cur rence of I. a. arkonensis also should not be 
taken into ac count in view of a lack of pho to graphic doc u -
men ta tion. The last il lus trated oc cur rence was con firmed
from the Mid dle varcus Zone (= ansatus Zone in the pres ent
pa per) by Spar ling (1995, p. 898, pl. 3, fig. 5). Con se quently,

the ansatus Zone is here ac cepted as the up per strati graphic
range of the sub spe cies (Fig. 3). 

Polygnathus ansatus. The last oc cur rence of the spe cies,
rep re sented by merely a sin gle spec i men, was re ported from
an in ter val com pris ing the hermanni Zone to the low er most
part of the disparilis Zone (Bardashev, 1992, fig. 27, pl. 5).
Nev er the less, the pres ence of Schmidtognathus hermanni
Ziegler, 1966, to gether with P. ansatus (see Bardashev, 1992,
fig. 3, p. 35) con strains the up per strati graphic range of the
spe cies to the up per part of the Up per hermanni Subzone. Ex -
tend ing the range into the lower part of the disparilis Zone ap -
pears un sub stan ti ated.

Polygnathus latifossatus. The lit er a ture data on the last
oc cur rence of the spe cies are am big u ous and partly ques tion -
able. Ac cord ing to the com pi la tion of Klapper and John son
(1980, tab. 12) P. latifossatus prob a bly made its last ap pear -
ance in the Low er most asymmetricus Zone (= falsiovalis
Zone) in the Rhenish Slate Mts. (Ger many) and in Mo rocco.
How ever, the rel e vant sam ples from Ger many with the last
oc cur rences of P. latifossatus are dated to the hermanni Zone
(no. 19a and prob a bly no. 20 from the Koppen sec tion and no.
13 from the Giebringhausen sec tion — Ziegler et al., 1976).
The age of the youn ger sam ple no. 16 from Giebringhausen,
with a pos si ble P. latifossatus oc cur rence, was given by
Ziegler and Klapper (1982) as the lower part of the Lower
disparilis Subzone. How ever, ac cord ing to the cited au thors
the pres ence of the spe cies in the sam ple is ques tion able  and
thus can not be as sumed with con fi dence. In Mo rocco, the last
pho to graph i cally doc u mented oc cur rence of P. latifossatus is
from the Bou Tchafrine sec tion, sam ple BT 35, dated as the
mid dle part of the Up per hermanni Subzone (see Bultynck
and Hollard, 1980, pl. IX, figs. 11, 12). The pres ence of the
spe cies stratigraphically higher is un cer tain as in the sam ple
BT 37 the spec i mens were iden ti fied as P. aff. P. latifossatus
by Bultynck and Hollard (1980).

Un cer tainty is also con nected with the lat est oc cur rence of 
the dis cussed spe cies in Mid dle and South ern Tien-Shan and
the Pamirs (Bardashev, 1992). The rel e vant sam ple no.
23-B-4, lo cated 36 me ters above the base of the Akbasai Fm.,
is as signed to the falsiovalis Zone by the cited au thor. In ad di -
tion to P. latifossatus rep re sen ta tives of Sch. wittekindti
Ziegler, 1966 and P. webbi were found. The strati graphic
range of P. webbi is not com pat i ble with the ranges of the
other two spe cies (com pare Klapper and John son, 1990;
Ziegler and Sandberg, 1990) which may sug gest in cor rect
tax o nomic de ter mi na tion. The cited au thor him self marks the
last oc cur rence of P. latifossatus in the lower part of the
disparilis Zone and not in the falsiovalis Zone (Bardashev,
1992, fig. 14). How ever, the only fig ured spec i men from the
disparilis Zone (op. cit., pl. 9, figs. 17 and 27) is more sim i lar
to O. semialternans. One good spec i men of P. latifossatus
(op. cit., pl. 5, fig. 31) is from sam ple 12-3-103 of the
Kalagach Fm. co-oc cur ring with Sch. hermanni and as signed
to the hermanni Zone (op. cit., p. 40, fig. 4). 

In sum mary, it is here as sumed that the last well doc u -
mented oc cur rence of P. latifossatus is from the mid dle part of
the Up per hermanni Zone (see above — Bultynck and Hollard,
1980). The same age may be as signed to the non-il lus trated
rep re sen ta tives of the spe cies from the Rhenish Slate Mts.
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T a  b l e   3

Cono dont distribution in the Korczmin IG 1 well-sec tion

Cono dont zones ansatus a-Uh.

Sam ple depth
[metres]

3.
2

9
4

2
*

0.
2

9
4

2

0.
9

8
4

2

6.
8

8
4

2

0.
5

8
4

2

0.
3

8
4

2
*

Polygnathus ansatus 1 7 3 3

Polygnathus cf. P. ansatus 2

Icriodus cf. I. difficilis 1

Icriodus latecarinatus 2

Polygnathus cf. P. varcus 1

Polygnathus denisbriceae 1 1

Polygnathus timorensis 1

Icriodus brevis 1

Icriodus cf. I. brevis 1

Icriodus eslaensis 5

Icriodus aff. I. arkonensis
walliserianus 3

Icriodus arkonensis
walliserianus 3 1

Polygnathus linguiformis
linguiformis 1 5 4 12 2

Polygnathus linguiformis
subsp. indet. 3 3 2 2

Polygnathus parawebbi 1

Belodella devonica 1

Icriodus sp. indet. 4 3 1 2

Polygnathus sp. indet. 2 5 2

Coni form el e ments 3

Ramiform el e ments 2 1 2 2 8

To tal num ber 
of spec i mens 13 29 17 22 27 2

a — ansatus, Uh. — Up per hermanni, * — sam pled by AMOCO



(Ziegler et al., 1976) in the Bicken (sam ple 821) and Koppen
(sam ples 19–20?) sec tions. 

Polygnathus linguiformis linguiformis. The youn gest in
situ strati graphic oc cur rences of P. ling. linguiformis are as -
signed to the Up per hermanni Zone (Ebert, 1993; Weary and
Har ris, 1994; Aboussalam, 2003). Sev eral au thors noted the
sub spe cies from the un di vided hermanni Zone (Clausen et al., 
1979; Bardashev et al., 1985; John son et al., 1985; Kullman
and Ziegler, 1970). How ever, only Aboussalam (2003, pl. 17,
figs. 3–5) and prob a bly Bardashev (1992, pl. 3, fig. 25) doc u -
mented the pres ence of P. ling. linguiformis in this zone. The
lat ter au thor, in plate cap tions, as signed the spec i men from
the Abkasai Fm. to the hermanni Zone (sam ple 2-I-27; Barda -
shev, 1992, p. 66) but at the same time he did not in clude P.
ling. linguiformis in the taxa listed for that sam ple
(Bardashev, 1992, p. 35, tab. 3). 

Dat ing of the last oc cur rence of P. ling. linguiformis as the
low er most part of the undi vided disparilis Zone by Lazreq
(1990, 1999) seems un founded. All the rep re sen ta tives of the
sub spe cies il lus trated in the cited pa pers were ob tained from

the varcus Zone of the same sec tion. Pho to graphic doc u men ta -
tion re lated to the disparilis and hermanni zones is lacking.

In a few lo cal i ties the spe cies has been found in youn ger
beds cor re spond ing to the up per most Givetian to Lower-Mid -
dle Frasnian interval. This is the case for Martenberg in Ger -
many (Sandberg et al., 1989; Aboussalam, 2003), Ne vada and
Idaho (Sandberg et al., 1989), In di ana (Orr and Klapper, 1968;
Klapper and John son, 1980; Sandberg et al., 1994), west ern
New York (Hud dle, 1981), west Vir ginia, Mary land and Penn -
syl va nia (Weary and Har ris, 1994) and Man i toba in Can ada
(Norris et al., 1982). How ever, from the lithostratigraphic in -
for ma tion given in these pa pers it can be con cluded that the
sam ples may in clude re worked cono dont spec i mens. For this
rea son we do not use these up per most Givetian and
Lower–Mid dle Frasnian oc cur rences of P. ling. linguiformis in
our biostratigraphic in ter pre ta tions.

A sin gle spec i men of P. ling. linguiformis was found by
Ovnatanova and Kononova (2001, p. 43) in the Rzhaksa 1 sec -
tion of the cen tral EEP area, in strata as signed to the Pashiya –
Lower Timan ho ri zons. These ho ri zons are cor re lated with the
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T a  b l e   4

Cono dont distribution in the Terebin IG 5 well-sec tion

Cono dont zones rh/v.-ansatus ansatus a.- ?sF. sF? sF? -Lr.

Sam ple depth
 [metres]

6.8061

8.6061

3.5061

2.7751

6.6751

7.4751

6.4751

2.1551

8.2341

Mehlina gradata 1

Polygnathus angustidiscus 2

Icriodus subterminus 1

Polygnathus alatus 1

Polygnathus cf. P. ansatus 2

Polygnathus xylus 1 5

Icriodus difficilis 1

Icriodus cf. I. difficilis 1

Icriodus latecarinatus 1 1

Icriodus cf. I. latecarinatus 1 1

Icriodus platyobliquimarginatus 1

Icriodus cf. I. lindensis 1

Icriodus arkonensis walliserianus 1

Polygnathus linguiformis linguiformis 1 4

Polygnathus linguiformis subsp. indet. 2

Polygnathus parawebbi 6

Belodella triangularis 2 1

Dvorakia chattertoni 1

Neopanderodus sp. indet 1

Icriodus sp. indet. 3 1 3 1 2

Polygnathus sp. indet. 1 2 3 2 1 1

Coni form el e ments 3 1

Ramiform el e ments 3 6 2 3 4 1 16

To tal num ber of spec i mens 4 2 17 12 13 16 7 8 20

rh/v. — rhenanus/varcus, a. — ansatus, sF. — subterminus Fauna, Lr. — Lower rhenana



hermanni-cristatus, disparilis and binodosa zones (op. cit., p.
6, tab. 3). How ever, cono donts found in that in ter val (op.  cit.,
p. 8) do not al low a re li able as sign ment to any of these cono -
dont zones. Klapper and John son (1980, tab. 13) and
Kleinebrinker (1992) noted the pres ence of P. ling.
linguiformis in the lower Frasnian, in the Lower asymmetricus
Zone, cor re spond ing to the up per part of the falsiovalis Zone
and the transitans Zone. The first au thors based their strati -
graphic ranges on data from the Ardennes and Rhenish Slate
Mts. The oc cur rence in the Ardennes, in the Sourd d’Ave sec -
tion (Klapper and John son, 1980, p. 446, tab. 13) is prob lem -
atic. Its pres ence in sam ple 3 of the Sourd d’ Ave sec tion
(Bultynck, 1974, fig. 3), dated to the Lower falsiovalis Zone, is
prob a bly caused by ad mix ture dur ing the pro cess ing of the
sam ple. The lat ter sup po si tion is sup ported by CAI ob ser va -

tions and by resampling of the same in ter val with neg a tive re -
sults (Bultynck, 1982, fig. 5, sam ples 19a, b, tab. 2).

In the Rhenish Slate Mts. Klapper and John son (1980, p.
446) men tioned three lo cal i ties with P. ling. linguiformis oc -
cur ring in the Lower asymmetricus Zone: the Koppen sec tion,
the Padberg Lime stone and the Martenberg sec tion (see above). 
In the Koppen sec tion (Ziegler et al., 1976, tab. 13) the sub spe -
cies was not listed for sam ples 23 and 24, con trary to sug ges -
tions by Klapper and John son (1980). Its last oc cur rence was
noticed in sam ple 18a as signed to the hermanni Zone. In turn,
the Padberg Lime stone was as cribed by Bis choff and Ziegler
(1957, p. 34 and tab. 3, p. 133) to the dubia-rotundiloba
Subzone (up per Givetian–lower Frasnian bound ary). How -
ever, in com plete data, such as lack of pho to graphic doc u men -
ta tion, miss ing in for ma tion on the tax o nomic com po si tion of
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T a  b l e   5

Cono dont distribution in the B¹kowa IG 1 well- sec tion

Cono dont zones rh/v. ansatus a.- her. her.  her. - norrisi nor. nor.-tran. 

Sam ple depth
[metres]
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5
2
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2
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1
1
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1

7.
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3
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1
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3
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1

Ancyrodella pristina 1

Skeletognathus norrisi 1

Polygnathus webbi 2

Polygnathus aff. P. pollocki 6

Polygnathus klugi 3

Polygnathus cf. P. klugi 1

Polygnathus dubius 5

Polygnathus denisbriceae 4

Icriodus aff. I. symmetricus 3

Icriodus subterminus 7

Icriodus aff. I. subterminus 3 5

Icriodus expansus 4

Polygnathus alatus 1 2 1

Icriodus difficilis 1 1

Icriodus cf. I. difficilis 1 2

Icriodus latecarinatus 1 1

Icriodus excavatus 1

Icriodus brevis 2 2

Icriodus eslaensis 2 1 1

Icriodus lilliputensis 1 1

Icriodus cf. I. arkonensis 1

Polygnathus ansatus 4

Polygnathus timorensis 1

Polygnathus rhenanus 2

Polygnathus cf. P. rhenanus 1

Polygnathus ling. linguiformis 9 4

Polygnathus cf. P. ling. ling. 6

Neopanderodus sp. indet. 1

Icriodus sp. indet. 1 5 2 2 3 38

Polygnathus sp. indet. 1 5 1 2 1 68 1

Coni form el e ments 3 1

Ramiform el e ments 2 1 2 1 4 1 2 12 6

To tal num ber of spec i mens 3 23 27 4 2 8 5 4 4 3 169 1 8

rh/v. — rhenanus/varcus, a. — ansatus, her. — hermanni, nor. — norrisi, tran. — transitans



sam ples and fre quency of par tic u lar taxa, pre clude more ex act
lo ca tion of P. ling. linguiformis spec i mens within the fairly
wide in ter val of the dubia-rotundiloba Subzone. 

The up per strati graphic range of the sub spe cies in
Bergisches Land given by Kleinebrinker (1992, p. 57, tab. 12)
also raises se ri ous res er va tions. The tax o nomic com po si tion of
the rel e vant sam ples 12*, 42+, 41+ and 37+ as well as their su -
per po si tion in the sec tion (p. 11, fig. 3  and tab. 15, p. 69) in di -
cate that we are deal ing with stratigraphically mixed cono dont
as sem blages. The age of sam ple no. 37+ es tab lished as the
Lower disparilis Zone based on P. latifossatus can not be youn -
ger than the age of the lower sam ple 12* which con tains
Palmatolepis transitans Müller, 1956 and which is in dic a tive
of the Frasnian transitans Zone. 

In sum mary, all the well-doc u mented rep re sen ta tives of P.
ling. linguiformis pre sented made their last ap pear ance in the
hermanni Zone (Aboussalam, 2003). The pres ence of the sub -
spe cies in the disparilis Zone and the Lower falsiovalis Zone
should be re garded as prob lem atic. 

Polygnathus timorensis. This spe cies ap pears at the base of 
the timorensis Zone but it is also very com mon in the ansatus
Zone (e.g., Ziegler et al., 1976; Weddige, 1984; Bardashev and 
Ziegler, 1985; Bultynck, 1987; Maw son and Tal ent, 1989;
Uyeno, 1991; Kleinebrinken, 1992; Lazreq, 1999;
Aboussalam, 2003). In youn ger zones the fre quency de creases. 
Its pres ence in the Up per varcus Subzone (=

latifossatus/semialternans Zone in the pres ent pa per) was
noted by Ziegler et al. (1976), Schönlaub (1985), John son et al. 
(1985), Bardashev and Ziegler (1985), Hong-fei et al. (1985)
and Maw son and Tal ent (1989). 

The last ap pear ance of P. timorensis was noted in the
hermanni Zone by Bardashev (1992) and Lane et al. (1979,
fig. 8, pl. 2). The lat ter pa per in cludes a well-doc u mented oc -
cur rence whereas the for mer il lus trates only ju ve nile and/or
prob lem atic spec i mens which lack im por tant di ag nos tic fea -
tures (Bardashev, 1992, pl. 5, figs. 24, 28). Lane et al. (1979,
p. 215) found P. timorensis in their sam ple no. 1844, dated to
the hermanni Zone based on two il lus trated taxa: P. limitaris
Ziegler and Klapper, 1976 and P. linguiformis weddigei
Clausen, Leuteritz and Ziegler, 1979 (= P. ling. linguiformis
morphotype ä of Ziegler et al., 1976). P. limitaris ap pears first 
in the Lower hermanni Subzone (Klapper and John son, 1980;
Bardashev, 1992; Aboussalam, 2003), whereas the last ap -
pear ance of P. ling. weddigei is in the Up per hermanni
Subzone. It can be thus con cluded that the up per strati graphic
range of P. timorensis is within the un di vided hermanni Zone.

Polygnathus varcus. The up per strati graphic range of the
spe cies is well doc u mented in the hermanni Zone by Ziegler
et al. (1976) and Bultynck and Hollard (1980). Due to the ab -
sence of pho to graphic doc u men ta tion we did not take into ac -
count the data pub lished by Lazreq (1999, p. 19, fig. 9 —
Bou-Alzaz sec tion) and Clausen et al. (1979). Fur ther more,
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T a  b l e   6

Cono dont distribution in the Komarów IG 1 well-sec tion

Cono dont zones rh/v. ansatus - L.sF. L.sF.

Sam ple depth

[metres]
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Icriodus subterminus 4

Icriodus aff. I. subterminus 1

Polygnathus latifossatus 2

Polygnathus ansatus 4 4 3 1

Icriodus difficilis 6 2 1

Icriodus brevis 6

Icriodus eslaensis 2 2

Polygnathus linguiformis
linguiformis 3 4

Polygnathus linguiformis subsp.
indet. 1 1 1

Polygnathus rhenanus 2

Icriodus lindensis 2

Icriodus aff. I. arkonensis
walliserianus 1

Icriodus sp. indet. 1 7 16 3 5

Polygnathus sp. indet. 1 4 7 12 2 1

Coni form elemens 1 4

Ramiform el e ments 1 2 6 4 1

To tal num ber of spec i mens 10 14 41 45 7 14

rh/v. — rhenanus/varcus, L.sF. — Lower subterminus Fauna

T a  b l e   7

Cono dont distribution in the Œwidno IG 1 well-sec tion

Cono dont zones rh/v. - a. her.  U.her.-Lf.

Sam ple depth

[metres]
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9
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1
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1
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1
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1
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1
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1
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1

Polygnathus alatus 4

Icriodus aff. I. subterminus 1 1

Icriodus brevis 3

Icriodus difficilis 2 1 2

Icriodus eslaensis 2

Icriodus expansus 2

Icriodus latecarinatus 1 13 14

Polygnathus denisbriceae 1

Polygnathus timorensis 1

Polygnathus ling. linguiformis 2 2

Icriodus eslaensis 1

Icriodus platyobliquimarginatus 2

Icriodus arkonensis walliserianus 9 2

Icriodus arkonensis arkonensis 2

Icriodus sp. indet. 2 6 9 17 12

Polygnathus sp. indet. 1 3

Coni form el e ments 2 1

Ramiform el e ments 2 2 2 3

To tal num ber of spec i mens 15 18 31 39 27

rh/v. — rhenanus/varcus, a. — ansatus, U. — Up per, her. — hermanni, 
Lf. — Lower falsiovalis



the pres ent au thors do not ac cept the mid dle part of the
Frasnian as the last ap pear ance of P. varcus, as pro posed by
Aboussalam (2003, p. 190). The cited au thor in cluded the
data pub lished by Bultynck (1986) in spite of the fact that the
spe cific name was given with quo ta tion-marks thus ex press -
ing un cer tainty as to the proper tax o nomic de ter mi na tion.
When com par ing the lectotype (Klapper et al., 1970, p. 658,
figs. 3, 4) with the spec i men il lus trated by Bultynck (1986, pl.
1, fig. 3) it can be noted that the lat ter dis tinctly dif fers from
the typ i cal forms and there fore should be iden ti fied as P. aff.
P. varcus. In con clu sion, the last cer tain oc cur rence of P.
varcus is known from the Up per hermanni Subzone (cf.
Klapper and John son, 1980). 

Icriodus arkonensis walliserianus. Ac cord ing to Weddige
(1977, 1988) the strati graphic range of the sub spe cies was lim -
ited to the ensensis Zone. In cluded herein into I. a.
walliserianus are spec i mens iden ti fied as I. arkonensis by
Maw son and Tal ent (1989, pl. 1, figs. 1, 2) and Qiang (1992, pl.
1, figs. 11–15). As the above forms co-occur with the taxa in -
dic a tive of the rhenanus/varcus Zone, the range of I. a.
walliserianus is here ex tended to this zone. In the
Radom–Lublin area I. a. walliserianus (Fig. 4P) was found to -
gether with P. ansatus (Fig. 4C) in the fol low ing wells:
Gie³czew PIG 5 (Ta ble 2, depths 2017.9 m and 2017.5 m),

Korczmin IG 1 (Ta ble 3, depth 2492.0 m; Fig. 4V and W;  pl. I,
fig. 4 in Narkiewicz and Narkiewicz, 1998) and Terebin IG 5
(Ta ble 4, depth 1577.2 m). The above data ex tend the up per
range of the spe cies into the ansatus Zone. In the Gie³czew
PIG 5 well the co-oc cur rence of P. ansatus (Fig. 4G) with
I. lilliputensis (Fig. 4Z and AA) in the sam ple from depth
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T a  b l e   8

Cono dont distribution in the Niesio³owice IG 1 well-sec tion

Cono dont zones rh/v. - ansatus ? L.sF. U.sF.

Sam ple depth

[metres]
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Polygnathus pollocki 1

Polygnathus angustidiscus 1

Icriodus subterminus 1 1

Icriodus aff. I. subterminus 1 1

Icriodus cf. I. subterminus

Icriodus difficilis 1

Polygnathus alatus 1

Polygnathus cf. P. timorensis 1

Polygnathus linguiformis
subsp. indet. 5 1

Icriodus eslaensis 2

Icriodus brevis 4

Icriodus latecarinatus 3

Icriodus lindensis 1 2 19

Icriodus arkonensis
walliserianus 1 1

Icriodus cf. I. arkonensis 1

Polygnathus varcus 1

Icriodus sp. indet. 3 2 16

Polygnathus sp. indet. 4 2 1

Ramiform el e ments 1 2 5

To tal num ber of spec i mens 7 5 53 3 7 11

Sam ple 1397.6 m prob a bly rep re sents the in ter val from the
rhenanus/varcus Zone to the Lower subterminus Fauna;  rh/v. —
rhenanus/varcus, L. — Lower, U. — Up per, sF. — subterminus Fauna

T a  b l e   9

Cono dont distribution in the 
Krowie Bagno IG 1 well-sec tion

Cono dont zones L.sF. U.sF.  insF.

Sam ple depth

[metres]
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3

3
3

1

6.
2

3
3

1

2.
2

3
3

1

Pandorinellina insita 5

Pandorinellina sp. indet. 1

Mehlina gradata 7

Mehlina sp. indet. 2

Icriodus subterminus 6 7 6

Icriodus aff. I. subterminus 9 4 7

Icriodus cf. I. subterminus 7 16 9

Icriodus excavatus 1

Icriodus aff. I. lilliputensis 4 3

Polygnathus denisbriceae 3

Polygnathus xylus 10

Icriodus sp. indet.

Polygnathus sp. indet. 3 8

Ramiform el e ments 1 5 16

To tal num ber of spec i mens 33 62 45

L. — Lower; U. — Up per; sF. — subterminus Fauna; insF. —
insita Fauna

T a  b l e   10

Cono dont distribution in the Szwejki IG 1, IG 3  well-sec tion

Cono dont zones ansatus-h. Lh.- U.sF? U.sF?

Sam ple depth

[metres]

4.
6

4
5

4

0.
2

4
5

4

8.
3

4
3

4

0.
3

4
3

4

Icriodus subterminus 1

Icriodus aff. I. subterminus 1

Mehlina sp. 1

Polygnathus ovatinodosus ®
limitaris 

1

Polygnathus ansatus 1

Polygnathus timorensis 1

Icriodus cf. I. difficilis 1

Icriodus sp. indet. 1 1

Polygnathus sp. indet. 1 2

Coni form el e ments

Ramiform el e ments 2 3 1

To tal num ber of spec i mens 5 2 6 5

L. — Lower, h. — hermanni, U.sF — Up per subterminus Fauna
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2017.6 m con strains the up per age limit to the lower part of the
ansatus Zone (cf. Fig. 3).

Icriodus eslaensis. Based on pre vi ously pub lished lit er a ture
the last oc cur rence of the spe cies is from the low er most part of
the Up per hermanni Subzone (Gar cia-Lopez, 1987, p. 31, fig. 8,
pl. 8, fig. 13; Gar cia-Lopez and Sanz-Lopez, 2002, p. 175, fig.
5). In the  B¹kowa IG 1 well (Ta ble 5), I. eslaensis (Fig. 5H
and I) co-oc curs in the sam ple from depth 1493.4 m, with i.a.
Skeletognathus norrisi (Fig. 5V) and I. difficilis (Fig. 5M). Both
spe cies con strain the age of the cono dont as sem blage to the
norrisi Zone (Klapper and John son, 1990; Bultynck, 2003).
There fore, the up per strati graphic range of I. eslaensis should be
ex tended to the above-men tioned zone (Fig. 3).

Icriodus platyobliquimarginatus. The up per range of the
spe cies has been orig i nally es tab lished in the rhenanus/varcus
Zone (Coen et al., 1974; Bultynck, 1987, 2003). In the
Radom–Lublin area in the Gie³czew PIG 5 well (Ta ble 2, 
2017.6 m) I. platyobliquimarginatus (Fig. 4H and I) co-oc curs
with P. ansatus (Fig. 4G and K) and I. lilliputensis (Fig. 4Z and
AA) which ex tends the range of the spe cies into the lower part
of the ansatus Zone (cf. Fig. 3). 

Icriodus subterminus. Com par i son of the strati graphic dis -
tri bu tion of the spe cies re veals a dis tinct re gional vari abil ity
(Bultynck, 2003). In Eu rope and North ern Af rica it first ap -
pears in the Lower falsiovalis Subzone, whereas it is clearly
ear lier in North Amer ica. The ear li est ap pear ance was noted
from Mem ber D of the Dawson Bay Fm. in Man i toba, Can ada
(Norris et al., 1982), dated as the Mid dle varcus Subzone
(ansatus Zone). The biostratigraphic po si tion of the mem ber
was later mod i fied and it was moved up to the un di vided
hermanni Zone or the lower part of the subterminus Fauna
(Day et al., 1996, fig. 2). Oc cur rence of I. subterminus in the
Lower disparilis Subzone was re ported by Witzke et al.
(1988), Day (1990), Norris and Uyeno (1998) and Rog ers
(1998). The last-named au thor did not ex clude the pres ence of
the spe cies also in older strata, pos si bly equiv a lent to part of the 
Lower and/or Up per hermanni Subzone. In the pres ent pa per
the hermanni Zone is as sumed to be the old est zone with the
first ap pear ance of I. subterminus, its pres ence in the Lower
hermanni Subzone be ing re garded as un cer tain (cf. Fig. 3). 

Icriodus aff. I. subterminus. The first oc cur rence of this
form was noted in the Ar gil la ceous Lime stones Unit (B) of the
Point Wilkins Mb., Souris River Fm. from Man i toba in Can ada
(Norris et al., 1982). These strata, orig i nally as signed to the up -
per part of the Lower and to the Up per disparilis Subzone
(Braun et al., 1988) are pres ently re garded as an age equiv a lent
of the Up per subterminus Fauna (Day et al., 1996). In the pres -
ent study, in the B¹kowa IG 1 well (Ta ble 5, depth 1858.8 m),
Icriodus aff. I. subterminus (Fig. 6K) was found to gether with
P. timorensis (Fig. 6F). There fore, the hermanni Zone in which
P. timorensis makes its last ap pear ance (see above) should be
ac cepted as the first ap pear ance of Icriodus aff. I. subterminus.
As it was im pos si ble to as cer tain in which of the two subzones
of the hermanni Zone P. timorensis dis ap pears, the first ap pear -
ance of Icriodus aff. I. subterminus is some where in the
hermanni Zone. How ever, hav ing in mind the above-men -
tioned data from Can ada, the Lower hermanni Subzone is here
re garded as un cer tain in this re spect (cf. Fig. 3). 

BIOSTRATIGRAPHY:
POSSIBILITES OF DISTINGUISHING

 CONODONT UNITS

Polygnathus ansatus is the only taxon of the “stan dard”
zonation found in the ma te rial stud ied. We also col lected five
in dex taxa (P. rhenanus, P. varcus, Icriodus subterminus,
Skeletognathus norrisi and Pandorinellina insita) and two
char ac ter is tic spe cies (P. angustidiscus and M. gradata) ap -
plied in the al ter na tive zonations. The age of par tic u lar sam -
ples in the 9 wells stud ied (Ta bles 2–10) was es tab lished by
com par ing to tal strati graphic ranges of all the forms pres ent,
not only the in dex and char ac ter is tic taxa. These data were
then ex trap o lated and in ter po lated in par tic u lar well-sec tions
tak ing into ac count the strati graphic suc ces sion of sam ples.
As a re sult, seven biostratigraphic units were dis tin guished in
the Givetian. The al ter na tive zonation com prises, in as cend -
ing or der, rhenanus/varcus, ansatus and norrisi zones, and
subterminus and insita fau nas, whereas the “stan dard” units
in clude the hermanni and Lower falsiovalis zones.
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Fig. 4.  Cono dont el e ments from the ansatus Zone

A–E, G, K — Polygnathus ansatus Ziegler and Klapper, 1976: A — B¹kowa IG 1, 2116.0 m, ´ 65; B — Korczmin IG 1, 2492.3 m, ´ 55; C — Gie³czew

PIG 5, 2017.9 m, ´ 55; D —  Korczmin IG 1, 2849.0 m, ´ 50; G — 2017.6 m, ´ 60; K — 2017.6 m, ´ 65; E — Komarów IG  1, 2376.0 m, ´ 55; F —

Polygnathus cf. P. ansatus Ziegler and Klapper, 1976, Terebin IG 5, 1577.2 m, ́  40; the in ner and the outer geniculation points are op po site, the out ward
bow ing of the outer an te rior through mar gin is well de vel oped, the one on the in ner side can not be seen due to sed i ment par ti cles; where it can be seen, the
or na men ta tion of the plat form is nodose; H, I, T — Icriodus platyobliquimarginatus Bultynck, 1987: H, I — up per and lat eral views, Gie³czew PIG 5,

2017.6 m, ´ 65: T — Terebin IG 5, 1576.6 m, ´ 65; J — Dvorakia chattertoni Klapper and Barrick, 1983, Gie³czew PIG 5, 2017.6 m, ´ 55; L —

Polygnathus pseudofoliatus Wittekindt, 1965, Gie³czew PIG 5, 2017.6 m, ´ 60; M — Icriodus arkonensis arkonensis Stauffer, 1938, Gie³czew PIG 5,

2003.0 m, ´ 40; N, O, X — Icriodus brevis Stauffer, 1940: N, O — up per and lat eral views, B¹kowa IG 1, 2116.0 m, ´ 40; X — oblique-lat eral view,

Gie³czew PIG 5, 2002.5 m, ́  50; P, V, W — Icriodus arkonensis walliserianus Weddige, 1988; P — Gie³czew PIG 5, 2017.9 m, ́  50; V–W — up per and

lat eral views,  Korczmin IG 1, 2492.0 m, ́  50; Q, R — Icriodus eslaensis Van Adrichem Boogaert, 1967: Q, R — up per and lat eral views, Korczmin IG 1,

2485.0 m, ́  65; S — Icriodus difficilis Ziegler and Klapper, 1976, Gie³czew PIG 5, 2002.5 m, ́  40, U — Icriodus latecarinatus Bultynck, 1974, Korczmin 

IG 1, 2489.0 m, ´ 65; Y, Z, AA, BB, CC, DD — Icriodus lilliputensis Bultynck, 1987: Y — B¹kowa IG 1, 2040.1 m, ´ 70; Z–AA — up per and lat eral

views, Gie³czew PIG 5, 2017.6 m, ´ 45, BB–CC — up per and lat eral views, 2003.0 m, ´ 35; DD — 2002.5 m, ´ 40



Cor re la tion of the sec tions in ves ti gated in clud ing a syn -
thetic pre sen ta tion of biostratigraphic data is shown in Fig -
ures 7 and 8. It should be stressed, how ever, that the stage
bound aries are shown ten ta tively due to the highly dis con tin -
u ous and ir reg u lar dis tri bu tion of biostratigraphic data. The
lat ter is caused by the ir reg u lar ver ti cal suc ces sion of cono -
dont fau nas con trolled by fluc tu at ing suit able and ad verse

palaeoenviron ments. Forms for iden ti fied biostratigrafic units 
are il lus trated in Fig ures 4–6, 9, 10.

Fig ure 7 shows cor re la tion and sam ple ho ri zons of the
well-sec tions from the Lublin Graben Area (Gie³czew PIG 5,
Komarów IG 1, Korczmin IG 1 and Terebin IG 5), and the el e -
vated EEP (Krowie Bagno IG 1). The ten ta tive cor re la tion is
based on trac ing the Lower–Mid dle De vo nian bound ary
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Fig. 5. Cono dont el e ments from the norrisi Zone, insita Fauna and/or Lower falsiovalis Zone

A — Polygnathus alatus Hud dle, 1934; B¹kowa IG 1, 1493.4 m, ´ 50; B, E — Polygnathus webbi Stauffer, 1938: B — Gie³czew PIG 5, 1969.7 m, ´ 55; E —
B¹kowa IG 1, 1493.4 m, ́  50; C, F — Polygnathus denisbriceae Bultynck, 1979: C — B¹kowa IG 1, 1493.4 m, ́  50; F —  Gie³czew PIG 5, 1967.1 m, ́  55; D —
Polygnathus dubius Hinde, 1879, B¹kowa IG 1, 1493.4 m, ́  50; G, K, L — Polygnathus klugi Rog ers, 1998: G, K — Gie³czew PIG 5, 1967.1 m, ́  70 and ́  65; L 
— B¹kowa IG 1, 1493.4 m, ́  75; H, I — Icriodus eslaensis Van Adrichem Boogaert, 1967: H, I — up per and lat eral views, B¹kowa IG 1, 1493.4 m, ́  80; J —
Icriodus expansus Branson and Mehl, 1938; B¹kowa IG 1, 1493.4 m, ́  40; M — Icriodus difficilis Ziegler and Klapper, 1976; B¹kowa IG 1, 1493.4 m, ́  40; N
— Icriodus  cf. I. symmetricus  Branson and Mehl, 1934; Gie³czew PIG 5, g³. 1967.1 m, ´ 70; O — Icriodus excavatus Weddige, 1984; Krowie Bagno IG 1,
1332.2 m, ́  45; P — Icriodus aff. I. symmetricus Branson and Mehl, 1934; B¹kowa IG 1, 1493.4 m, ́  55; the spec i men dif fers from the nom i nal spe cies in hav ing 
a shorter and more mas sive spin dle, by the ir reg u lar ar range ment of the denticles on the an te rior part of the spin dle and by the mark edly in wards de flec tion of its
anteriormost part; Q, R, S, T — Icriodus  subterminus Youngquist, 1947; Q, R — up per and lat eral view, Gie³czew PIG 5, 1967.1 m, ́  65; S — 1969.7 m, ́  100;
T — Krowie Bagno IG 1, 1332.2 m, ́  90; U — Mehlina gradata Youngquist, 1945; lat eral view, Gie³czew PIG 5, 1969.7 m, ́  48; V — Skeletognathus norrisi 
(Uyeno, 1967); Pb el e ment, B¹kowa IG 1, 1493.4 m, ́  55; W, X — Pandorinellina insita (Stauffer, 1940); Krowie Bagno IG 1, 1332.2 m: W — lat eral view, me -
dium-sized form,  ́  70; X — up per view, adult form ́  70; Y — Pandorinellina cf. P. insita (Stauffer, 1940); lower view, Gie³czew PIG 5, 1969,7 m, ́  55; Z, AA
— Ancyrodella pristina  Khalymbadzha and Chernysheva, 1970: Z, AA — up per and lower views, B¹kowa IG 1, 1439.4 m, ́  50;  di ag nos tic fea tures in clude the
small num ber of nodes be tween the ca rina and plat form mar gin, and the large basal pit on the lower sur face
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Fig. 6. Cono dont el e ments from the in ter val of ansatus–hermanni zones

A, D — Polygnathus linguiformis linguiformis Hinde, 1879: A —  Œwidno IG 1, 1238.2 m, ́  80; D — Terebin IG 5, 1574.7 m, ́  75; B, C — Polygnathus

cf. P. varcus Stauffer, 1940; up per (re-il lus tra tion K. Narkiewicz and M. Narkiewicz, pl. I, fig. 15) and lower views, Korczmin IG 1, 2483.0 m, ́  70; E —

Neopanderodus sp.; Terebin IG 5, 1574.7 m, ́  55; F — Polygnathus timorensis Klapper, Philip and Jack son, 1970; B¹kowa IG 1, 1858.8 m, ́  80; G, M — 

Icriodus latecarinatus Bultynck, 1974: G — Terebin IG 5, 1574.7 m, ´ 45; M — B¹kowa IG 1, 1818.0 m, ´ 60; H, K, T, U, V — Icriodus aff. I.

subterminus: H, T — Œwidno IG 1,1238.2 m, ́  80 and 1218.8 m, ́  60; K — B¹kowa IG 1, 1858.8 m, ́  75; U, V — up per and lat eral views, Szwejki IG 3,

4343.8 m, ́  55; I — Icriodus eslaensis  Van Adrichem Boogaert, 1967; Komarów IG 1, 2370.6 m, ́  55; J — Icriodus excavatus Weddige, 1984; B¹kowa

IG 1, 1874.1 m, ́  70; L, N, S — Icriodus difficilis Ziegler and Klapper, 1976: L — Œwidno IG 1, 1238.2 m, ́  30; N — B¹kowa IG 1, 1535.7 m, ́  50; S —

Œwidno IG 1, 1218.8 m, ́  45; O — Icriodus expansus Branson and Mehl, 1938; Œwidno IG 1, 1237.1 m, ́  40; P, Q — Icriodus brevis Stauffer, 1940; P–Q

— up per and lat eral views, Œwidno IG 1, 1218.8 m, ´ 60; R — Polygnathus alatus  Hud dle, 1934; Œwidno IG 1, 1218.8 m, ´ 65; W, X — Polygnathus

ovatinodosus Ziegler and Klapper, 1976 ® limitaris Ziegler and Klapper, 1976, up per and lower views,  Szwejki IG 3, 4343.8 m, ´ 80 (re-il lus tra tion
Malec et al., pl. I, figs. 12, 13)
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Fig. 9.  Cono dont el e ments from the rhenanus/varcus–ansatus zones

A — Polygnathus timorensis Klapper, Philip and Jack son, 1970, Œwidno IG 1, 1241.2 m, ́  50; al though the blade is miss ing the spec i men is as signed to the
nom i nal spe cies be cause of the nar row elon gated plat form and be cause the geniculation points are not op po site; B, E — Polygnathus rhenanus Klapper,

Philip and Jack son, 1970: B — B¹kowa IG 1,  2248.1 m, ́  95, E — Komarów IG 1, 2377.5 m, ́  105, al though the blade is miss ing the two spec i mens are as -
signed to the nom i nal spe cies be cause of the short, mark edly asym met ric plat form and be cause the geniculation points are op po site; C, F — Polygnathus

parawebbi Chatterton, 1974, Terebin IG 5, 1605.3 m: C — ju ve nile form, ´ 55, F — adult form, ´ 40; D — Polygnathus varcus Stauffer, 1940,

Niesio³owice IG 1, 1512.1 m, ́  80; G, H, I, P —  Icriodus arkonensis walliserianus Weddige, 1988: G — Œwidno IG 1, 1299.1 m, ́  56; H, I — up per and

lat eral views, 1241.2 m, ́  40; P — Niesio³owice IG 1, 1510.0 m, ́  60; J — Icriodus arkonensis arkonensis Stauffer, 1938, Œwidno IG 1, 1299.1 m, ́  55; K,

L — Icriodus platyobliquimarginatus  Bultynck, 1987: K, L — Œwidno IG 1, 1241.2 m, ́  50, ́  40; M, N, Q, S, T, U, W–Y— Icriodus lindensis Weddige,

1977: M, N — up per and lat eral views, Niesio³owice IG 1, 1510.0 m, ́  65; S, T, X — up per and oblique- lat eral views, Niesio³owice IG 1,1481.3 m, ́  80;

W, Y —  up per and lat eral views, ́  55; Q — Komarów IG 1, 2377.5 m, ́  70;  U —  Gie³czew PIG 5, 2099.2 m, me dium-sized form, ́  80; O, R — Icriodus

latecarinatus  Bultynck, 1974: O — Niesio³owice IG 1, 1481.3 m, ´ 65; R — Terebin IG 5, 1605.3 m, ´ 70; V — Icriodus eslaensis  Van Adrichem

Boogaert, 1967, Œwidno IG 1, 1299.1 m, ´ 70
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Fig. 10.  Cono dont el e ments from the subterminus Fauna in ter val

A — Polygnathus denisbriceae  Bultynck, 1979, Krowie Bagno IG 1, 1333.0 m, ´ 55; B, C — Polygnathus latifossatus  Wirth, 1967: B, C — up per and

lower views, Komarów IG 1, 2353.5 m, ´ 90; D — Icriodus aff. I. lilliputensis Bultynck, 1987, Krowie Bagno IG 1, 1333.0 m, ´ 70; E, G, H — Icriodus 

subterminus Youngquist, 1947: E — Niesio³owice IG 1, 1358.5 m, ´ 80; G, H — up per and lat eral views, 1337.8 m, ´ 50 ; F, P, R — Polygnathus alatus

Hud dle, 1934: F — Niesio³owice IG 1, 1358.5 m, ́  80; P, R — up per and lower views, Terebin IG 5, 1551.2 m, ́  80; I, N, O, T–Z — Icriodus subterminus

Youngquist, 1947: I — Gie³czew PIG 5, 1970.2 m, ́  80;  N, O — up per and lat eral views, Terebin IG 5, 1551.2 m, ́  70; T — Krowie Bagno IG 1, 1332.6 m, 

´ 90; W —  Krowie Bagno IG 1, 1333.0 m, ´ 70; U, V — up per and lat eral views, Komarów IG 1, g³. 2353.5 m, ´ 80; Z — Szwejki IG 3, 4343.0 m, ´ 60

(re-il lus tra tion from Malec et al., 1996, pl. I, fig. 11); J — Polygnathus pollocki Druce, 1976, Niesio³owice IG 1, 1337.8 m, ´ 70; K — Icriodus difficilis

Ziegler and Klapper, 1976; Niesio³owice IG 1, 1337.8 m, ́  50; L, Q — Polygnathus angustidiscus Youngquist, 1945: L — Niesio³owice IG 1, 1337.8 m, ́

80; Q — Terebin IG 5, 1432.8 m, ´ 70; M — Polygnathus xylus Stauffer, 1940, Krowie Bagno IG 1, 1332.6 m, ´ 80; S, X, Y — Mehlina gradata 

Youngquist, 1945: S — lat eral view, Terebin IG 5, 1432.8 m, ´ 60; X, Y — lat eral and up per views, Krowie Bagno IG 1, 1332.6 m, ´ 60 and ´ 50



(Turnau et al., 2005, fig. 2) and the Mid dle–Up per De vo nian
bound ary (Mi³aczewski, 1981; Pajchlowa and Mi³aczewski,
2003). In the wells Komarów IG 1, Korczmin IG 1 and Terebin 
IG 5 the mem bers of the Telatyn Fm. (Mi³aczewski, 1981)
were ad di tion ally cor re lated. These were not dis tin guished in
the Gie³czew PIG 5 (Mi³aczewski, 1992), Krowie Bagno IG 1
(Mi³aczewski pers. comm., 2005) wells, where only in for mal
lithostratigraphic units were es tab lished.

The Szwejki IG 3, B¹kowa IG 1, Niesio³owice IG 1 and
Œwidno IG 1 wells were cor re lated sep a rately (Fig. 8) due to the
spe cific lithostratigraphic suc ces sion of the Radom Area. Ten ta -
tive cor re la tions of the lower and up per Mid dle De vo nian boun -
d aries and of the Eifelian–Givetian bound ary were drawn based
on un evenly dis trib uted biostratigraphic data in the sec tions. 

The rhenanus/varcus Zone was rec og nized in the B¹kowa 
IG 1 (Fig. 8 and Ta ble 5, depth 2252.3–2248.1 m) and
Komarów IG 1 (Fig. 7 and Ta ble 6, depth 2377.5 m) wells bas -
ing on the oc cur rence of  P. rhenanus (Figs. 9B and E, re spec -
tively) and tak ing into ac count  the first ap pear ance of P.
ansatus in the up per parts of the sec tions. 

The ansatus Zone was dis tin guished in four sec tions:
B¹kowa IG 1, depth in ter val 2116.0–2040.1 m (Fig. 8 and Ta -
ble 5), Gie³czew PIG 5, 2017.9–2002.5 m (Fig. 7 and Ta ble
2), Korczmin IG 1, 2492.3–2485.0 m (Fig. 7 and Ta ble 3) and
Terebin IG 5, 1577.2–1576.6 m (Fig. 7 and Ta ble 4). The
lower bound ary was based on the first ap pear ance of P.
ansatus (Fig. 4A–B and F, re spec tively) at the base of the par -
tic u lar in ter vals. The up per bound ary in B¹kowa IG 1 and
Gie³czew PIG 5 was based on the pres ence of I. lilliputensis
(Fig. 4Y and DD, re spec tively) which has its last oc cur rence
within the ansatus Zone (Fig. 3). In the Korczmin IG 1 well
the bound ary was based on the pres ence of I. arkonensis
walliserianus at the depth 2485.0 m, whereas in the Terebin
IG 5 well on the oc cur rence of I. platyobliquimarginatus (Fig. 
4T) at 1576.6 m. These taxa dis ap pear in the lower part of the
ansatus Zone (Fig. 3). 

It seems most prob a ble that the ansatus Zone is also pres ent 
in the Komarów IG 1 well, in the depth in ter val
2376.0–2368.7 m (Ta ble 6), and in Terebin IG 5, depth
1574.7–1574.6 m (Ta ble 4). In the first well the age of the re -
spec tive in ter val cor re sponds to the to tal strati graphic range of
P. ansatus, i.e. it com prises the ansatus to Up per hermanni
zones (Fig. 3). The sam pled in ter val is within the Pe³cza Mb.
(see Fig. 7) in which  the Taghanic Event (IIa trans gres sion of
John son et al., 1985) was rec og nized by Narkiewicz and
Narkiewicz (1998) and as signed to the Mid dle varcus Zone (=
ansatus Zone). The Taghanic Event starts within the ansatus
Zone (Aboussalam, 2003). There fore the same age is very
likely in the case of the dis cussed in ter val 2376.0–2368.7 m. 

Also in the Terebin IG 5 well the sam pled de pos its of the
depth in ter val 1577.2–1574.6 m can be cor re lated with the
Pe³cza Mb. and are in ter preted as cor re spond ing to the
Taghanic transgressive level (Narkiewicz and Narkiewicz,
1998, fig. 3). Lower cono dont abun dance and di ver sity com -
pared with co eval as sem blages from other wells may be ex -
plained by a more mar ginal lo ca tion of the sec tion in the sed i -
men tary ba sin and there fore less suit able eco log i cal con di tions
for the conodont fauna. 

The hermanni Zone. It was iden ti fied in the B¹kowa IG 1
well at 1858.8 m (Fig. 8 and Ta ble 5) and in the Œwidno IG 1
well at 1238.2 m (Fig. 8 and Ta ble 7) on the ba sis of the to tal
strati graphic ranges of taxa in these in ves ti gated as sem blages.
In B¹kowa IG 1 par tic u larly im por tant is the co-oc cur rence of
Icriodus aff. I. subterminus (Fig. 6K) and P. timorensis (Fig.
6F), whereas in Œwidno IG 1 I. aff. I. subterminus (Fig. 6H) and 
P. ling. linguiformis (Fig. 6A) are sig nif i cant. The ranges of the
above taxa con strain the age of the sam ples to the hermanni
Zone (cf. Fig. 3).

The subterminus Fauna. The fauna was pos i tively iden ti -
fied in four wells: Komarów IG 1, Krowie Bagno IG 1,
Niesio³owice IG 1 and Gie³czew PIG 5 (Fig. 8), whereas it
likely oc curs in two oth ers, Szwejki IG 3 (Fig. 8) and Terebin
IG 5 (Fig. 7). In the Krowie Bagno IG 1 and Niesio³owice IG
1 wells it was pos si ble to sub di vide the fauna into lower and
up per parts.

The Lower subterminus Fauna was iden ti fied in the fol low -
ing wells and depths: Niesio³owice IG 1, 1358.5 m (Ta ble 8),
Krowie Bagno IG 1, 1333.0 m (Ta ble 9) and Komarów IG 1,
2353.5 m (Ta ble 6). In the first two wells the fauna was noted
based on the nom i nal spe cies, I. subterminus (Fig. 10E, W), to -
gether with the oc cur rence of the char ac ter is tic spe cies, P.
angustidiscus and Mehlina gradate, found to gether with the
nom i nal spe cies in the up per parts of the sec tions. In the
Komarów IG 1 well the as sign ment is based on the co-oc cur -
rence of I. subterminus (Fig. 10U, V) with P. latifossatus (Fig.
10B, C) about 5 metres above the strata dated as prob a ble
ansatus Zone (see the dis cus sion above). 

The Up per subterminus Fauna was found in the Krowie
Bagno IG 1 well, depth  1332.6 m (Fig. 7 and Ta ble 9),
Niesio³owice IG 1, 1337.8 m (Fig. 8 and Ta ble 8), and prob a bly 
Szwejki IG 3, 4343.0 m (Fig. 8 and Ta ble 10). In the first two
sec tions it was iden ti fied on the ba sis of co-oc cur rence of I.
subterminus (Fig. 10T, G, H, re spec tively) with P.
angustidiscus (Fig. 10L) for Niesio³owice IG 1, and with M.
gradata  (Fig. 10X, Y) for Krowie Bagno IG 1. An additional
cri te rion is the ver ti cal suc ces sion of the in dex and char ac ter is -
tic taxa in both wells. 

In the Szwejki IG 3 well I. subterminus (Fig. 10Z) co-oc -
curs with the spec i men herein  iden ti fied as Mehlina sp. but
which is prob a bly as sign able to M. gradata. These elements
were found 20 cm above the sam ple from the depth 4343.8 m,
the age of which was de ter mined as the Lower hermanni? to
Lower falsiovalis zones based on the pres ence of I. aff. I.

subterminus (Fig. 6U, V) and P. ovatinodosus®limitaris (Fig.
6W, X) (cf. Fig. 3). The taxonomic com po si tion of the sam ple
from 4343.0 m as well as the  suc ces sion of as sem blages in the
in ter val 4546.4–4343.8 m sug gest a prob a ble pres ence of the
Up per subterminus Fauna. 

The un di vided subterminus Fauna was found in the
Gie³czew PIG 5 well, depth 1970.2 m (Fig. 7 and Ta ble 2) and
prob a bly in Terebin IG 5, 1551.2 m (Fig. 7 and Ta ble 4). This is 
based on I. subterminus (Fig. 10I and N, O, re spec tively) iden -
ti fied in these sam ples, as well as on con sid er ation of ver ti cal
suc ces sions of cono dont as sem blages in the sec tions. In the
first well the insita Fauna was found at the depth 1969.7 m,
50 cm above the subterminus Fauna. In the Terebin IG 5 well
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the subterminus Fauna prob a bly oc curs at the depth 1551.2 m,
which may be in ferred from the ap pear ance of I. subterminus.
This level is lo cated within the Rachanie Mb. which is con sis -
tent with the oc cur rence of the Lower subterminus Fauna in the 
Komarów IG 1 (see Fig. 7).

The norrisi Zone and its age equiv a lents were found in
the B¹kowa IG 1, Krowie Bagno IG 1 and Gie³czew PIG 5
wells. The norrisi Zone was iden ti fied only in the B¹kowa IG
1 well at the depth 1493.4 m (Fig. 8 and Ta ble 5), based on the
oc cur rence of a Pb el e ment of Skeletognathus norrisi (Fig.
5V), and I. difficilis (Fig. 5M). The last ap pear ance of the lat -
ter spe cies is in the Givetian part of the Lower falsiovalis
Zone (Fig. 3).

The insita Fauna was dis tin guished in the Gie³czew PIG 5
well at the depth 1969.7 m (Fig. 7 and Ta ble 2) and in Krowie
Bagno IG 1, 1332.2 m (Fig. 7 and Ta ble 9). In both wells the
iden ti fi ca tion of the fauna is based on the pres ence of the nom i -
nal spe cies Pandorinellina insita (Fig. 5Y, W–Z, re spec tively)
as well as its su per po si tion just above the subterminus Fauna
both in Gie³czew PIG 5 and Krowie Bagno IG 1 (Fig. 7).

The Lower falsiovalis Zone was de ter mined only in the
Gie³czew PIG 5 well in the depth in ter val 1969.5–1967.1 m
(Fig. 7 and Ta ble 2) on the ba sis of the insita Fauna oc cur ring
in the lower part of the sec tion and the pres ence of P.
denisbriceae (Fig. 5F) at the top of the in ter val. The last rep re -
sen ta tives of this spe cies oc cur in the Lower falsiovalis Zone
(cf. Fig. 3). 

  CONCLUDING REMARKS

The biostratigraphic in ter pre ta tion of the Givetian cono -
dont fau nas from sixty-six sam ples from nine deep wells in
the Radom–Lublin area and their cor re la tion re quired more
than a rou tine ap pli ca tion of a “stan dard” zonation. Only a
few in dex taxa of for mally de fined Givetian cono dont zones
are pres ent, Polygnathus timorensis, P. rhenanus, P. varcus,
P. ansatus and Skeletognathus norrisi. Our in ter pre ta tion also 
re lies on the oc cur rence of two in for mally de fined cono dont
fau nas, the subter minus Fauna and the insita Fauna, well
known from up per Givetian shal low-wa ter car bon ate plat -
form de pos its in North Amer ica.

Fur ther more our biostratigraphic in ter pre ta tion also takes
into ac count the to tal ranges of all cono dont taxa oc cur ring in
par tic u lar sam ples. In this con text we made a crit i cal anal y sis
of the ad e quately doc u mented pub lished ranges of these taxa.
The to tal ranges of thirty-three taxa were checked from which
eleven ranges have been amended. In this way it was pos si ble
to po si tion the hermanni and Lower falsiovalis zones. This
ap proach was nec es sary be cause the ver ti cal suc ces sion of the 
cono dont fau nas in par tic u lar sec tions is highly ir reg u lar and
dis con tin u ous with many bar ren in ter vals con trolled by less
suit able palaeo eco logi cal con di tions, mostly by re stricted
and/or very shal low-wa ter fa cies. 

Fi nally eight biostratigraphic units were rec og nized, i.e. the
rhenanus/varcus, ansatus, hermanni, norrisi and Lower
falsiovalis Zones, the Lower and Up per subterminus Fauna and 
the insita Fauna. The two lower Givetian cono dont zones, the
hemiansatus and timorensis zones, were not rec og nized due to
the pres ence of terrigeneous sed i ments at this level.

It is stressed that the subterminus Fauna and its sub di vi -
sions are rec og nized out side North Amer ica for the first time
and the pres ent study in di cates that the base of the
subterminus Fauna cor re sponds to a level within the
hermanni Zone.
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