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New conodont data provide further constraints on the occurrence of the Devonian-Carboniferous boundary in the Kule section through the carbonate Novchomok Formation (Kitab Reserve, Uzbekistan). The stratigraphically condensed section includes the interval from the uppermost Famennian Pseudopolygnathus granulosus–lowermost Protognathodus kockeli
zones to the middle Tournaisian Siphonodella crenulata Zone. In addition to revision of earlier published taxonomic and
biostratigraphic data, two previously unreported taxa are described: Polygnathus sp. n. A and a peculiar form probably representing a new genus (gen. et sp. indet.). The biofacies analysis documents a succession of polygnathid, siphonodellid-polygnathid, polygnathid-siphonodellid to polygnathid-bispathodid, and again polygnathid-siphonodellid biofacies. The
generic composition of the samples and relative abundance of Polygnathus purus reflect deep marine environments of the
continental slope and rise.
Key words: DCB, carbonate facies, conodont biostratigraphy, biofacies analysis, deep marine environment.

INTRODUCTION
The Devonian-Carboniferous boundary (DCB) is the subject of continuing research focused on unresolved biostratigraphic problems (i.a. Flais and Feist, 1988; Ziegler and Sandberg, 1996; Kaiser, 2009; Kaiser and Corradini, 2011; Corradini
et al., 2011, 2017b, 2020). Much study is are also being devoted to global events connected with this boundary, the
Hangenberg Event in particular (Kaiser et al., 2009, 2016;
Marynowski et al., 2012; Matyja et al., 2015; Becker et al., 2016;
Kumpan et al., 2019; Paschall et al., 2019; Rakociñski et al.,
2020; Shizuya et al., 2020). With regard to these issues, the
Kule section in Uzbekistan has been a focus of the working
group established in 2008 by the International Commission on
Stratigraphy to redefine the boundary and find a new GSSP
(Global Boundary Stratotype Section and Point). The results of

early conodont investigations of the section, suggesting the
possibility of documenting the DCB, were given during a joint
meeting of the Subcommission on Devonian Stratigraphy and
IGCP Project 499 (Yolkin et al., 2008: p. 46; Kim et al., 2008).
The locality was inspected and resampled by participants of the
excursion organized during the meeting (Matyja, 2011). Thereafter, it was measured and sampled in 2015 by a field party from
the Silesian University in Sosnowiec (Dubicka and Rakociñski,
2015, unpubl. report). The present study, based on the results
of the latter fieldwork, supplied new conodont data which allowed updating of the earlier findings (Erina, 2008a, b). Preliminary data and interpretations were presented during the 4th International Conodont Symposium in Valencia (Narkiewicz et al.,
2017). This paper reports new taxonomic, biostratigraphic and
biofacies results from the interval spanning the DCB and the
lower Tournaisian (lowermost Mississippian) strata.

REGIONAL AND STRATIGRAPHIC
SETTING
* Corresponding author, e-mail: katarzyna.narkiewicz@pgi.gov.pl
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accepted: first published online: 1 April , 2021

The Kule section is located in the Kitab Reserve Area in SE
Uzbekistan, in the Zeravshan-Gissar Mountains of the SW Tian
Shan, not far from the Pragian-Emsian GSSP in the Zinzil’ban
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Gorge (Yolkin et al., 1997; Fig. 1). The exposures occupy the
southern flank of the Dzhindy-Darya River near the eastern
margin of the Kitab Natural Park (Yolkin et al., 2008: p. 68).
The section studied is a part of folded and faulted Middle
Devonian to Lower Carboniferous succession exposed along
the left slope of the Kule Gorge (Yolkin et al., 2008: fig. 15). The
interval investigated corresponds to a part of the Novchomok
Formation, the unit comprising the local uppermost Famennian
and Tournaisian (Yolkin et al., 2008: p. 68). The formation is developed as grey and light grey, variably bedded, partly massive
limestones (Figs. 2 and 3). The deposits are fine-grained and
micritic, in places brecciated, bioclastic, with irregular bedding
surfaces. They contain crinoids, rare brachiopods and coral
fragments. According to an earlier study (Yolkin et al., 2008: fig.
14), the DCB interval, from an undifferentiated praesulcata to
the crenulata zones, is only 15 m thick, which suggests some
degree of stratigraphic condensation.

tained is 250 and their preservation state is moderately good to
poor. Most specimens are broken, fractured and in some cases
the upper ornamented surface has been scraped off, probably
due to tectonic fracturing and shearing.
The conodont abundance in the samples, summarised in
Table 1, is mostly 20–40 specimens per sample, except for
sample 5B, where the abundance reaches about one hundred.
The conodont assemblages contain elements of different
ontogenetic stages, from early juvenile to mature. This indicates
insignificant post-mortem, hydrodynamic, sorting which in turn
suggests the occurrence of in situ assemblages (see the section on biofacies below). The colour alteration index (CAI) of
mature specimens is 3, corresponding to palaeotemperatures
110–200°C (Epstein et al., 1977).
Conodonts described herein are stored at the Silesian University in Sosnowiec, Poland.

BIOSTRATIGRAPHY
MATERIAL STUDIED
Altogether, 37 samples were taken in 2015 by Dubicka and
Rakociñski from the Kule section, out of which seven were analysed in this study (Fig. 2). The samples, the weight of which
varied between 0.25 and 0.55 kg, were dissolved in 15% formic
acid and the heavy residue with conodonts was separated using sodium metatungstate. The total number of specimens ob-

Table 1 summarises the conodont taxa found in the samples, their frequency and the biostratigraphy of the microfossil
assemblages. The conodont biostratigraphy is based on the literature data cited below, and is discussed in stratigraphic order.
In addition, the stratigraphic ranges attributed to particular samples are visualised with reference to the conodont zonation of
the uppermost Devonian-lowermost Carboniferous (Fig. 4).

Fig. 1. Geological sketch-map show ing the location of the section investigated,
the inset map of Uzbekistan show ing the location of the Kitab Reserve
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Fig. 2. Location of the samples investigated and corresponding conodont biofacies (right) against the
relevant part of the Novchomok Formation in the Kule section (Dubicka and Rakociñski, 2015, unpubl.
report) compared with the equivalent part (left) of the section published in Yolkin et al. (2008: fig. 14)
The biostratigraphic correlation of the two columns is discussed in the text; abbreviations: P – polygnathid,
Si – siphonodellid, B – bispathodid (Bispathodus, Mehlina, Branmehla)

The taxa important for stratigraphy and interesting from a taxonomic viewpoint are illustrated in Figures 5–8.
Various conodont zonation schemes are applied across the
DCB. The classical subdivisions by Ziegler and Sandberg
(1990) for the Upper Devonian and Sandberg et al. (1978) for

the Tournaisian have been updated by Corradini (2008), Kaiser
et al. (2009), and Spalletta et al. (2017). Also, due to difficulties
in recognizing the early siphonodellids, a new zonation across
the DCB was introduced by Corradini et al. (2017b). This
scheme is less detailed than the previous one for the uppermost
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Fig. 3. Field photo show ing the DCB position according
to the concept of Yolkin et al. (2008: fig. 14)
Photo by M. Rakociñski taken in 2015

Famennian interval, as the Bispathodus ultimus Zone includes
the previous Upper expansa, Lower and Middle praesulcata
zones. Therefore, Corradini et al. (2020) introduced in the upper part of the Bi. ultimus Zone the Protognathodus meischneri
Subzone, the base of which is approximately equivalent to the
base of the former Lower praesulcata Zone of Ziegler and
Sandberg (1990) and of the Siphodonodella praesulcata Zone
of Kaiser et al. (2009). In this paper we apply the most recent
zonation (Spalletta et al., 2017; Corradini et al., 2020), with the
modification suggested by Becker et al. (2016) to rename the
Siphonodella hassi Zone as that of Siphonodella jii, due to taxonomic problems with the index species.
The biostratigraphic position of the sample 04F assemblage is defined by the total stratigraphic range of Palmatolepis
gracilis sigmoidalis (Fig. 6A, B), that is, from the middle part of
the Pseudopolygnathus granulosus Zone to lowermost part of
the Protognathodus kockeli Zone (Spalletta et al., 2017, 2020).
The presence of Pa. gracilis sigmoidalis above the Hangenberg
Black Shale Event has been often considered by German authors as a result of reworking from older sediments (e.g., Kaiser
et al., 2009). It is documented, however, in the lower part of the
Pr. kockeli Zone in sections where there is no sedimentation
break and the sequence is continuously carbonate without any

evidence of reworking (e.g., Grüne Schneid, Sentiero Cresta
Verde; Spalletta et al., 2020).
The stratigraphically important species in the sample 01A is
Siphonodella sulcata (Fig. 5J, K), the present marker for the
base of the Carboniferous, the first appearance of which indicates the base of the eponymous zone. The upper biozonal limit
is set by the biostratigraphy of the assemblage from sample 1
higher in the section (see below) and thus sample 01A is referred to an interval from the upper part of the Pr. kockeli Zone
(sulcata/kuehni Zone of Kaiser et al., 2009) into the Siphonodella duplicata Zone.
Sample 0 did not yield any characteristic conodonts. The
lack of Si. jii (which appears higher in the section) may point to
an age older than the Si. jii Chron.
Samples 1 and 5B are attributed to the Siphonodella jii Zone
based on the presence of representatives of Si. jii in both samples (respectively: Fig. 5V, W, X–Z) and specimens attributed to
Polygnathus cf. P. tenuiserratus (Fig. 7F, G) found in the higher
sample. Siphonodella jii is the index species for this zone
(Becker et al., 2016), whereas Po. tenuiserratus has been
found so far only in Sardinia in the interval comprising the
Siphonodella bransoni to the Si. jii zones (Corradini et al., 2003,
2020; Mossoni et al., 2015). Other characteristic species found
in both samples are Si. sulcata (Fig. 5H, J) and Si. duplicata
Morphotype 3 (Fig. 5R–U; see Ji and Ziegler, 1993).
Sample 8A has an impoverished fauna compared to the
previous sample, and does not include any stratigraphically diagnostic taxa. Pseudopolygnathus multistriatus (Fig. 8P–R)
and a juvenile stage of Ps. fusiformis (Fig. 8V, W) have their last
occurrence within the Si. crenulata Zone (Ji and Ziegler, 1993).
Consequently, the assemblage from sample 8A is attributed to
the Si. jii–Si. crenulata interval.
The position of sample 38 against the conodont zonation is
determined by the co-occurrence of Siphonodella cf. Si.
isosticha (Fig. 6C–G), and Pinacognathus profunda (Fig. 6M,
N). Siphonodella isosticha is reported from the base of the Si.
crenulata Zone (Klapper, 1971; Ji and Ziegler, 1993: p. 13;
Hogancamp et al., 2019), and Pi. profunda has its last occurrence within this zone (e.g., Klapper, 1966). In sample 38 a single specimen of Ps. micropunctatus (Fig. 8X–Z) has been determined. However, this is a Famennian taxon with its LAD ascribed to the lower part of the Bi. ultimus Zone (Hartenfels,
2011; Corradini et al., 2017; Spalletta et al., 2017). This unusual
discovery is probably an artifact of sample processing, otherwise it is difficult to explain, as there is no evidence of reworking
in the section studied.

BIOFACIES
Several conodont biofacies models have been proposed for
the lower Tournaisian (e.g., Dreesen et al., 1986; Dreesen,
1992; Kalvoda et al., 1999, 2015; Kaiser et al., 2009, 2017).
They demonstrate that the Hangenberg Event and associated
extinction of palmatolepids was followed by a proliferation of two
surviving genera, Polygnathus and Siphonodella, which dominated early Tournaisian deep-water environments. Migration
paths of the genera, and global and local environmental changes, including eustatic fluctuations, controlled the proportion of
both taxa in conodont assemblages. In the lower part of the
Tournaisian corresponding to the middle part of the Pr. kockeli
Zone (= lower and middle part of the sulcata/kuehni Zone according to Kaiser et al., 2009; cf. Fig. 4) the protognathodid-polygnathid biofacies has been observed. This biofacies
grades in the upper part of the zone into the polygnathid
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Table 1
Taxonomic composition of conodont assemblages and their biostratigraphy in particular samples
Conodont zones
Sample numbers
Weight of samples (kg)
Palmatolepis gracilis sigmoidalis
Branmehla inornata
Branmehla cf. B. inornata
Branmehla sp.
Polygnathus purus purus
Polygnathus cf. P. purus purus
Pseudopolygnathus primus
Pseudopolygnathus cf. P. primus
Pseudopolygnathus fusiformis
Siphonodella sulcata
Sihonodella cf. sulcata
Siphonodella sp.
(praesulcata›sulcata)
Siphonodella bransoni›duplicata
Siphonodella duplicata Morphotype 3
Siphonodella jii
Pseudopolygnathus multistriatus
Polygnathus n.sp. A
Pinacognathus profunda
genus and species indet.
Bispathodus cf. B. stabilis
Bispathodus stabilis stabilis
Mehlina sp.
Protognathodus sp.
Polygnathus pupus sensu Bardashev
2004: pl. 12, figs. 12, 13
Polygnathus communis carinus
Polygnathus cf. P. tenuiserratus
Polygnathus aff. P. spicatus
Polygnathus aff. P. mehli
Pseudopolygnathus cf.
Ps. micropunctatus
Siphonodella cooperi
Siphonodella lobata
Siphonodella cf. Si. isosticha
Siphonodella sp.
Pseudopolygnathus sp.
Bispathodus sp.
Polygnathus sp.
Ramiforms
Total of P1 elements

Ps. granul.–Pr.
kockeli
04F
0.47
2

Pr. kockeli –
Si. duplicata
01A
0
0.55
0.33

Si. jii–
Si. cren.
8A
0.30

Si.
cren.
38
0.43

1
1

5

4

4
3
1
1

24
15

10
2

8
4

2
1

2

4

2

Siphonodella jii
1
0.25

1
2
15
4
1
1

11
3
1

5B
0.37

1
1

1
1
1
1
2
1
1

2

2
1
4

1
1
1

2
1
5
1

1

1
2
2
1
1
1

1
3
6

2
2
1
3
6
30

1

4
3
20

6
1

2
31

11
7
2
11
23
98

1

2
1
1
8
2

7
9
30

4
6
38

Ps. granul. – Pseudopolygnathus granulosus, Pr. – Protognathodus, Si. – Siphonodella, cren. – crenulata

biofacies. A distinct increase in the proportion of siphonodellids,
accompanied by their taxonomic diversification, takes place
from the Si. duplicata Zone upwards (Souquet et al., 2020). The
Si. jii to Si. crenulata zonal interval is characterized by the
polygnathid-siphonodellid or siphonodellid-polygnathid biofacies (Kaiser et al., 2009, 2017; Kalvoda et al., 2015).
The quantitative evaluation of the biofacies succession in
the Kule section is possible owing to the sufficient conodont

abundance exceeding 30 specimens in the samples 01A, 1, 5B,
8A, 38 (Table 1). The presence of representatives of various
ontogenetic stages, including juvenile and early-juvenile specimens (44%), attests to the autochthonous nature of the assemblages, thus supporting the reliability of the biofacies analysis.
This conclusion could be challenged taking into account
underrepresentation of ramiform elements relative to platform
ones. The delicate ramiforms, however, can be more easily
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Fig. 4. Stratigraphic position of the microfossil assemblages investigated relative
to conodont zonation schemes of the upper Famennian to lower Tournaisian
MT – middle Tournaisian

fragmented and removed during preparation of samples than
the more robust platform individuals. In addition, their hydrodynamic properties could have led to their larger susceptibility to
lateral transportation in a water column, even under a weak current regime, and particularly at greater water-depths (Broadhead et al., 1990).
The results of the quantitative biofacies analysis are summarised in Figure 2. The analysis has been conducted following
the procedure applied by Sandberg (1976, 1988) and Bultynck

et al. (1998). Individual representatives of the genera Pinacognathus, Protognathodus and genus indet. have been neglected in calculating respective percentages.
The assemblage from sample 01A corresponds to the
polygnathid biofacies with the Polygnathus percentage as high
as 73% while Pseudopolygnathus represents 13% and
Siphonodella 10% (see Fig. 2). Higher in the section, in sample
1, the assemblage investigated is ascribed to the siphonodellid-polygnathid biofacies. Siphonodella, displaying increased

Katarzyna Narkiewicz et al. / Geological Quarterly, 2021, 65: 17
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Fig. 5. Selected conodont elements (P1) of the genus Siphonodella from the Kule section
A–G, N, O – Siphonodella sp. (transitional forms praesulcata®sulcata): A, B – upper and lower views, C–E – upper, lateral and lower views,
F–G – upper and lower views, sample 1; N, O – upper and lower views, sample 8A; H–K – Siphonodella sulcata (Huddle, 1934): H, I – upper
and lower views, sample 5B; J, K – upper and lower views, sample 01A; L, M – Siphonodella sp.: L, M – upper and lower views, sample 38; P,
Q – Siphonodella bransoni Jii, 1985 ® Siphonodella duplicata (Branson and Mehl, 1934a): P, Q – upper and lower views, sample1; R–U, AA,
BB – Siphonodella duplicata (Branson and Mehl, 1934) Morphotype 3 of Ji and Ziegler, 1993: R, S – lower and upper views, sample 5B, T–U
– upper and lower views, sample 1, AA, BB – upper and lower views, sample 5B; V–Z – Siphonodella jii (Ji, 1985): V, W – upper and lower
views, sample 1, X–Z – oblique, upper and lower views, sample 5B; scale bar in all specimens represents 100 m
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Fig. 6. Selected conodont elements (P1) from the Kule section
A, B – Palmatolepis gracilis sigmoidalis Ziegler, 1962: A, B – upper and lower views, sample 04F; C–G – Siphonodella cooperi Hass, 1959
M1, sample 38: C–E – upper, oblique and lower views, F, G – upper and upper/oblique views of a juvenile stage; H, I – Siphonodella cf. Si.
isosticha (Cooper, 1939): H, I – upper and lower views, sample 38; J – Siphonodella lobata (Branson and Mehl, 1934a), upper view, sample
38; K – Protognathodus sp., upper view of a juvenile form, sample 5B; L–N – Pinacognathus profunda (Branson and Mehl, 1934a): L – lateral
view, sample 1, M, N – lateral and lower views, sample 38; O–Q, EE–GG – Bispathodus cf. Bi. stabilis (Branson and Mehl, 1934b): O–Q – upper, lateral and lower views, sample 5B; EE–GG – lateral, upper and lower views, sample 38; R–W – Mehlina sp., sample 1: R–T – lateral,
lower views and enlargement of the pit; U–W – lateral, upper and lower views; X, Y – Branmehla cf. Br. inornata (Branson and Mehl, 1934b):
X, Y – lateral and lower views, sample 04F; Z–DD – Branmehla inornata (Branson and Mehl, 1934b): Z, AA – lateral and lower views, sample
5B, BB, CC – upper and lateral views, sample 8A, DD – lateral/oblique view, sample 38; scale bar in all specimens represents 100 m
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Fig. 7. Selected conodont elements (P1) of genus Polygnathus from the Kule section
A–C, H–N – Polygnathus n. sp. A: A–C – upper, lateral and lower views, sample 5B, H–I – upper and lower views of juvenile stage, sam ple
5B, J, K – upper and lower views, sample 1, L–N – upper, lower and lateral views, sample 1; D, E – Polygnathus communis carinus Hass,
1959: D–E – upper and lower views, sample 5B; F, G – Polygnathus cf. P. tenuiserratus Morphotype 2 Corradini and Spalletta, 2003 (in
Corradini et al., 2003): F, G – upper and lower views, sample 5B; O–T – Polygnathus purus purus Voges, 1959: O, P – upper and lower views,
sample 01A, Q, R – upper and lower views, sample 38, S, T – upper and lateral views of early juvenile stage, sample 01A; U–W – Polygnathus
sp.: U–W –upper, lower and lateral views, sample 8A; X, Y – Polygnathus pupus sensu Bardashev et al. 2004: pl. 12, fig. 12, 13: X, Y – upper
and lower views, sample 5B; Z–BB – Polygnathus aff. P. spicatus Branson, 1934: Z–BB – oblique, upper and lower views, sample 5B;
CC–EE – Polygnathus aff. P. mehli Thompson, 1967: CC–EE – upper, lower and lateral views, sample 38; scale bar in all specimens represents 100 m
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Fig. 8. Selected conodont elements (P1) of the genus Pseudopolygnathus from the Kule section
A–E, N, O – Pseudopolygnathus primus Branson and Mehl, 1934a: A–C – upper, lower and lateral views, sample 01A, D, E – upper and
lower views, sample 1, N, O – upper and lower views, sample 01A; F, M, P, R – Pseudopolygnathus multistriatus Mehl and Thomas, 1947:
F–M – upper and lower views, sample 1, P, R – upper/oblique, upper and lower views of juvenile stage, sample 8A; G–I – genus and species
indetermined: G–I – upper, lower and lateral views, sample 1; J–L – Pseudopolygnathus sp.: J–L – upper, lateral, lower views, sample 01A;
S–U – Pseudopolygnathus cf. Ps. primus Branson and Mehl, 1934a: S–U – upper, oblique and lower views of juvenile stage, sample 0; V, W
– Pseudopolygnathus fusiformis Branson and Mehl, 1934a: V, W – upper and lower views of juvenile stage, sample 8A; X–Z –
Pseudopolygnathus cf. Ps. micropunctatus Bischoff and Ziegler, 1956: X–Z – upper, lower and lateral views, sample 38; scale bar in all specimens represents 100 m
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taxonomic diversity, composes 55% of the entire assemblage,
polygnathids 35%, and pseudopolygnathids 10%. In turn, sample 5B is characterized by the polygnathid-siphonodellid
biofacies with 62% of Polygnathus and 19% of Siphonodella.
The 5B sample assemblage is the most abundant and diverse
of all studied. In addition to the genera Polygnathus, Siphonodella and Pseudopolygnathus, found also in lower samples, it
records the first entry of the bispathodid group including Bispathodus and the morphologically similar Branmehla and
Mehlina (Ziegler and Sandberg, 1984). The bispathodid group
is third largest in the 5B assemblage, which also contains a single representative of Protognathodus.
The bispathodid group continues higher in the section peaking in sample 8A attributable to the polygnathid-bispathodid
biofacies. The percentage of Polygnathus is 66% and that of
bispathodids is 17% while Pseudopolygnathus and Siphonodella compose 10 and 7%, respectively. The polygnathid-siphonodellid biofacies returns in sample 38, with Polygnathus
forming 46%, Siphonodella 32%, and bispathodids 14% of the
whole assemblage.
It is remarkable that Polygnathus is dominated by Po. purus
purus in all the assemblages investigated. In sample 01A the
taxon represents 100% of all polygnathids; in the upper samples 1 and 5B its proportion ranges to ~60%, while in the samples 8A and 38 it attains 66 and 70% of all polygnathids, respectively. Some published interpretations suggest that the subspecies was adapted to environments deeper than shallow-water
platforms (Kaiser et al., 2009, 2017; Kalvoda et al., 2015).
The higher proportion and increased diversity of siphonodellids in sample 1 is consistent with the wider trend starting
from the Si. duplicata Zone (see above). It may have been connected with the eustatic post-Hangenberg rise (Kaiser et al.,
2017) and colonization of emptied mesopelagic niches during
the transgression (Kalvoda et al., 1999, 2015). A lower proportion of Siphonodella is observed higher, in samples 5B and 8A.
In the latter assemblage all characteristic earlier-occurring
Siphonodella species have disappeared, except for Siphonodella sp. (transitional form praesulcata®sulcata). The lack of
siphonodellids is not necessarily evidence for shallowing of the
Kule Basin, however, as the bispathodid group are characteristic of the euphotic zone of the deep marine environment (Kaiser
et al., 2009; Girard et al., 2014; Kalvoda et al., 2015). The revival of Siphonodella, associated with the appearance of new
species, is observed higher, in sample 38.
The conodont biofacies succession in the Kule section described above is consistent with the universal models noted at
the beginning of this chapter. There is a notable lack of the
protognathodid-polygnathid biofacies, however, known from
other localities of the lower Tournaisian (Kaiser et al., 2009,
2017). This may suggest that the lowermost Tournaisian sample investigated (01A), in which the polygnathid biofacies was
found, corresponds to the upper part of the Pr. kockeli Zone.
Such a supposition is in agreement with the recent data on the
DCB in the Kule section, being placed lower than that in Yolkin
et al. (2008; see also Fig. 2). The considerable proportion and
diversity of Siphonodella starting from sample 1 upwards is
consistent with the global trend initiated in the Si. duplicata
Zone. Various proportions of Siphonodella, Polygnathus and
Bispathodus in the interval from samples 5B to 38 probably reflect local or regional environmental shifts.
In general, the conodont assemblages analysed from the
Kule section, dominated by Po. purus purus and accompanying
siphonodellids and bispathodids, indicate deep-water marine
environments typical of the lower continental slope and rise
(Ziegler and Sandberg, 1984; Savoy et al., 1999; Kaiser et al.,
2008, 2009, 2017; Kalvoda et al., 2015).
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COMPARISON WITH PREVIOUS DATA
The section investigated is here correlated with the previously published log (Yolkin et al., 2008: fig. 14) based on the
same location of the DCB, and assuming the same vertical
scale (Fig. 2).
The stratigraphic range of the 04F assemblage (Ps.
granulosus to Pr. kockeli zones interval) is wider than but not inconsistent with the range previously attributed to the roughly
equivalent samples 96/2 to 96/3, which was placed within an
undifferentiated expansa Zone (Fig. 2; Erina, 2008a: fig. 14).
On the other hand, there is a disparity between the present data
on the 01A sample (kockeli–duplicata zones) and the corresponding 630-3 sample (praesulcata Zone; Fig. 2; Erina,
2008a: fig. 14). Consequently, the DCB which was drawn by
Yolkin et al. (2008) between their samples 96/4 and 630-4, is located lower in the section, i.e. between the 04F and 01A samples according to our study. Such a lower position has been already suggested by Matyja (2011) and Narkiewicz et al. (2017)
and has been detailed by the new data of Erina (fide Salimova
2017, information in an e-mail from December 14th, 2017). The
latter author draws the DCB at the base of Bed 5 of Yolkin et al.
(2008: fig. 14) corresponding to the central part of our Bed 04,
above the position of our sample 04F (Fig. 2).
Also, the present biostratigraphic data from sample 1 (= Si.
jii Zone; Table 1) differ from that for the slightly higher sample
630-4 (Fig. 2). Yolkin et al. (2008: fig. 14) attributed this sample
to the sulcata Zone, but from that sample Erina (2008b: pl. 33,
fig, 3) illustrated as Si. angulata n. sp. an element that actually is
a juvenile of Si. lobata, which has its first occurrence within the
Si. jii Zone (Kalvoda et al., 2015; Corradini et al., 2020).
Concerning sample 5B, it is within the undifferentiated
duplicata Zone according to Yolkin et al. (2008). So, both compared datasets may correspond to each other as the Si. jii Zone
is equivalent to the former Upper duplicata Zone. The same applies for our sample 8A, equivalent to sample 630-10 in the previous study.
Due to the sampling gap we do not have data on the occurrence of the Siphonodella sandbergi and Siphonodella
quadruplicata zones, while our uppermost sample 38 belongs
to the undivided Si. crenulata Zone. It fits in the interval where
this zone was discriminated by Yolkin et al. (2008).
The present results concur with the stratigraphic condensation of the interval around the DCB in the Kule section. This appears to be a universal phenomenon associated with this
boundary (e.g., Kalvoda et al., 1999; Kaiser et al., 2009).

SYSTEMATIC PALAEONTOLOGY
Polygnathus n. sp. A
(Fig. 7A–C, H–N)
D e s c r i p t i o n. – Platform is relatively narrow, elongated, nearly
symmetrical and curved in the middle part, variously arched in a lateral
view. Platform is widest in the anterior part, gradually narrowing posteriorly. In the anterior part the platform margins are more or less parallel
but posteriorly the outer margin is curved and parallel to the carina,
while the inner one is straight or concave. The anterior platform end is
straight whereas the posterior one is slightly rounded. Ornamentation
consists of ridges and nodes. Isolated ridges, which may divide into
discrete nodes, occur in the most anterior part the platform whereas
nodes are present in the remaining part. Nodes tend to be arranged
into elongated rows parallel to the carina. Both ridges and nodes are
not in contact with the carina.
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Carina is quite strongly curved inwards; it reaches the posterior end of
the platform. It is accompanied by shallow grooves deepening in the
anteriormost part of the platform. It is composed of low nodes in the
central and posterior part of the platform, and higher denticles in the
anterior part. Rounded, isolated and low nodes (~9) are distributed
from 1/3 of the anterior length of the carina to its posterior end. The distance between nodes is larger in the posterior part than in the central
one. The nodes are connected by a thin ridge, particularly in the posterior part. In the most anterior part of the platform, nodes are replaced by
distinctly higher, narrow, densely situated denticles. There is no distinct boundary between the denticles of the carina and those of the free
blade.
The blade is short, composed of 4 to 6 denticles merged at their bases
but with free peaks. The denticles are of almost uniform width but of
various heights. The first two or three denticles are higher than the remaining ones which are lower, grading into the denticles of the carina.
A moderately large basal pit with raised flanges is located in the anterior third of the platform.
Indistinct keel with a furrow extends from the basal cavity to the
posterior end of the specimens. The basal cavity with keel is surrounded by a wide crimp with distinct edges.
In the phylogenetically older forms (Fig. 7J, L) the platform and carina
are slightly curved inwards. The arc-like bowing in lateral view is lacking. The outer part of the platform may extend farther anteriorly than
the inner one. The lower surface of a specimen is nearly flat. The keel
is lacking but a distinct furrow extends from the basal cavity to the posterior end.
M a t e r i a l. – Seven specimens from samples 1, 5B and 8A.
D i s c u s s i o n. – The taxon described displays similarities to the
specimen from the sandbergi Zone figured by Bardashev et al. (2004:
pl. 11, figs. 16, 17) as Eucostapolygnathus sp. nov. 3. It differs from the
latter, however, in the absence of an upturned outer platform margin. In
the taxon described both anterior margins are at the same level.
S t r a t i g r a p h i c d i s t r i b u t i o n. – The taxon occurs in the Si.
jii Zone, and possibly at slightly younger levels.

Genus and species indetermined
(Fig. 8G–I)
D e s c r i p t i o n. – The incomplete specimen with a broken anterior
part probably belongs to a new taxon (genus ?) distinguished by a high
blade, fixed to the right side of the platform. The blade is inclined
posteriorwards and consists of two large merged denticles with free
(separated) apical parts. The first denticle is considerably higher and
almost two times wider than the second one which is connected with a
much lower carina.
The platform is very narrow, slightly asymmetrical and its posterior end is
twisted inwards. The left anterior part of the platform is wider than the
right one. Upper surface is slightly concave. The platform margins are
mostly nearly straight, except for the most posterior twisted part, and run
parallel to the carina. Small nodes occurring along the margins may
merge causing thickening of the margins and a crenulate appearance of
the inner margin in side view (Fig. 8G). On the inner side of the platform
there are about eight distinct nodes while on the outer side only three
weakly developed nodes are observed. Where the blade joins the carina
there is a notable constriction of both platform margins (“waistline”).
Starting from the constriction, the anterior inner margin is inclined downwards (see Fig. 8I).
Carina is strong, considerably higher than platform margins and extends from its anterior to posterior part. It consists of nine denticles
which are wide in side view, of uneven size. They are connected at
their bases while their sharp peaks are free. Overall, they are lower
posteriorwards, but the highest denticle occurs in the posterior part
while, both in front of it and behind it, two small denticles occur.
The development of the basal cavity is unclear as the critical part of the
specimen is missing (broken). The lower side is sharply bevelled from
keel to platform margins. A high sharp keel with a narrow poorly visible
furrow runs from the posterior end of the platform towards its anterior
part. More or less in the place of the platform margin constrictions the
keel grades into a more clearly visible furrow. Both structures are surrounded by a darker crimp with sharply outlined margins.

M a t e r i a l. – One specimen from sample 1.
D i s c u s s i o n. – The general shape of the element may recall other
lower Carboniferous genera characterized by high and short free
blades and a narrow platform (Cavusgnathus, Clydagnathus, Patrognathus, Taphrognathus), but differs by the presence of the carina
above the platform. In fact, all these genera have a distinct medial
trough on the platform.
S t r a t i g r a p h i c d i s t r i b u t i o n. – The element comes from
the Si. jii Zone.

SUMMARY AND CONCLUSIONS
Conodont investigations of the Kule section in SE
Uzbekistan document the presence of several zones comprising Ps. granulosus–Pr. kockeli interval of the uppermost
Famennian and the Pr. kockeli–Si. crenulata interval of the
lower–middle Tournaisian. The results of the present conodont
study allowed the authors to revise earlier taxonomic and
biostratigraphic data (Yolkin et al., 2008; Kim et al., 2008). This
revision resulted in placing the position of the Devonian-Carboniferous boundary a few metres lower within the Novchomok
Formation relative to the earlier results. A new species of
Polygnathus has been described in open nomenclature in addition to a peculiar P1 element reported as genus and species
indet., probably constituting a new genus.
The present analysis revealed that the changes in conodont
biofacies in the section studied are consistent with the lower
Tournaisian biofacies succession generally known from other
basins worldwide. The main difference is the absence of the
protognathodid-polygnathid biofacies of the middle part of the
Pr. kockeli Zone, probably corresponding to a lack of adequate
data below the lowermost Tournaisian sample investigated. On
the other hand, the low frequency of Siphonodella and predominance of polygnathids in samples 01A and 0 suggests that the
assemblage is older than the Si. jii Zone. This would constrain
the stratigraphic attribution of the 01A and 0 assemblages to the
interval comprising the upper part of Pr. kockeli Zone to the Si.
duplicata Zone. The other difference is the relative abundance
of bispathodids which allowed the authors to discern a previously undescribed polygnathid-bispathodid biofacies. The high
percentage of Po. purus purus and the abundance of
siphonodellids and bispathodids are evidence of deep marine
environments of the lower continental slope and rise in the Kule
part of the sedimentary basin.
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