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This study provides the first documentation of lower Famennian spiriferide brachiopods from 
the Volhyn-Podillian plate in western Ukraine, specifically from the Lokachi, Torchyn, Kowel’, and 
Velyki Mosty boreholes in the Volhyn and Lviv regions. The examined assemblage comprises three 
species: Cyrtospiriferinae gen. indet., Tornatospirifer sp., and Cyrtiopsis? sp. Albeit with some 
uncertainty regarding the latter genus, this marks the first record of these genera in Ukraine, 
thereby extending the palaeobiogeographic distribution of the subfamily Cyrtiopsinae. 



4 ISSN 1025-6814   |   Геологічний журнал. 2024. № 3   |   Geologìčnij žurnal. 2024. № 3 

O.Yu. Kotlyar, V. Serobyan

4 ISSN 1025-6814   |   Геологічний журнал. 2024. № 3   |   Geologìčnij žurnal. 2024. № 3 

Introduction
The Devonian Period was a time of significant evo-
lutionary advancements and ecological shifts within 
the marine part of the biosphere. Among the numer-
ous marine invertebrates that flourished during this 
period, brachiopods were particularly abundant and 
diverse, thriving in shallow-water tropical and sub-
tropical marine environments (Ma and Day, 1999; 
Curry and Brunton, 2007; Alroy, 2010). Consequently, 
brachiopods have been widely considered valuable 
biostratigraphic markers and are crucial for under-
standing the changes that occurred during the De-
vonian. However, during the Late Devonian interval, 
their diversity declined through multiple pulses of 
extinction, particularly around the Frasnian–Famen-
nian (F–F) boundary (McGhee, 1996; Racki and House, 
2002; Huang et al., 2018). Although it is evident that 
brachiopods experienced severe losses at the F–F 
boundary, the extent of the crisis’s impact on bra-
chiopod diversity and the dynamics of their post-ex-
tinction recovery remain poorly understood in many 
study areas. This lack of understanding is particular-
ly true for the brachiopods from the Volhyn-Podillian 
area in western Ukraine. The Famennian spiriferides 
from this area were first examined by Samsonowicz 
(1950), who recovered two species from the Busk 
borehole near Lviv and identified them as Spirifer 
archiaci Murchison, 1840 and S. murchisonianus Ver-
neuil, 1845. Regrettably, the illustrations were not 
accompanied by detailed serial sections or mor-
phological descriptions, which preclude a definitive 
assignment of these species. Pomyanovskaya (1974, 
1991) conducted a more detailed study on the strati-
graphic distribution of the Upper Devonian brachio-
pods from boreholes in the Volhyn-Podillian plate. 
She reported the presence of 75 species, but did not 
provide any illustration or description of the bra-
chiopods. Unfortunately, the current location of the 
material examined in the aforementioned studies is 
unknown. Despite these taxonomic studies, as well 
as more recent work by O. Kotlyar (Kotlyar, 1980, 2011, 
2021; Kotlyar et al., 2013), the taxonomy and biostra-
tigraphy of the Upper Devonian brachiopod assem-
blages from Ukraine remain largely undocumented. 
This is especially true for the cyrtospiriferid species 
of the Frasnian-Famennian critical interval.

The prime objective of this contribution is to 
assess the taxonomy of three cyrtospiriferid spe-
cies (Cyrtospiriferinae gen. indet., Tornatospirifer 
sp., and Cyrtiopsis? sp.) described herein from 
the lower Famennian recovery interval of the 
Volhyn-Podillian plate.

Stratigraphy and geological setting
The study area is located in the south-western seg-
ment of the East European Platform (Fig.  1). Here, 
the Famennian strata form an elongated monocline 
between the north-western blocks of the Ukrainian 
Shield (so-called Kowel’ projection of the founda-
tion) and the Carpathian Geosyncline. The western 
submerged part of this monocline represents Lviv Pa-
laeozoic trough (or depression). Two distinct Famen-
nian regional stratigraphic units, the Kowelian and 
Novovolhynian regional stages, were distinguished 
in this area by Kotlyar (2021). The lower Famennian 
Kowelian regional stage includes the Sadovian Hori-
zon. The latter could be correlated with the triangu-
laris to crepida conodont zones and possibly partly 
to the rhomboidea Zone (Drygant, 2010). The lower 
part of the Sadovian Horizon is characterized by a 
succession of marine facies represented by nodular 
limestones and marlstones. Based on limited mate-
rials only from ten boreholes we consider the iden-

Fig. 1. Geographical location of the Volhyn-Podillian plate and 
its tectonic zonation. Boreholes with brachiopod species de-
scribed in this paper: 1 – The Kowel’ borehole area; 2 – The Lok-
achi borehole area; 3 – The Torchyn borehole area; 4 – The Velyki 
Mosty borehole area
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tification of any brachiopod zones to be currently in-
correct. The lower part of the Sadovian Horizon may 
be correlated with the Zadonskian Horizon of the East 
European Platform (triangularis to crepida conodont 
zones), whereas its upper part correlates with the 
Eletzian Horizon (rhomboidea conodont Zone). The 
middle and upper Famennian Novovolhynian region-
al stage is characterized by regressive succession of 
subcontinental rocks (sandstones and siltstones with 
rare marlstone lenses). Litovezhian, Zakhidny-Bugian 
and Volodymir-Volhynskian horizons were recognized 
within this regional stage (Kotlyar, 2021). These strata 
are dated only by palynological data (Ivanina, 2018). 
The brachiopod specimens examined in this study 
were recovered from the Sadovian Horizon.

Material and methods
The brachiopod specimens illustrated and investigated 
herein come from the Lokachi and Torchyn boreholes, 
located west of the city of Lutsk, and the Kowel’ bore-
hole area, situated close to the town of Kowel’, as well 
as the Velyki Mosty borehole area, located north of the 
city of Lviv (see Fig. 1). Most of the specimens, recovered 
from boreholes, are either partially preserved, repre-
sented by single disarticulated valves, or are corroded. 
The internal morphology of specimens was investigat-
ed by using the standard technique of serial sections 
and acetate peels. The fossils were photographed with 
a camera Panasonic DMC-ZC1 with Leica-Lumix optics 
after being coated with ammonium chloride.

Repositories and abbreviations: All illustrated 
material is stored in the Department of Palaeon-
tology and Stratigraphy of Palaeozoic Sediments of 
the Institute of Geological Sciences of the National 
Academy of Sciences of Ukraine, Kyiv (IGS NASU).

Systematic palaentology
The supraspecific classification of this study fol-
lows the one suggested by Carter et al. (1994) and 
Johnson (2006).

Order Spiriferida Waagen, 1883
Suborder Spiriferidina Waagen, 1883
Superfamily Cyrtospiriferoidea Termier & Termier, 
1949
Family Cyrtospiriferidae Termier & Termier, 1949
Subfamily Cyrtospiriferinae Termier & Termier, 1949

Cyrtospiriferinae gen. indet.
Pl. 1, Fig. 1a–c

Material. Two incomplete ventral valves from the Lo-
kachi-4 borehole, depth interval 475–480 m; one in-

complete ventral valve presumably representing this 
species comes from the lower part of the Sadovian 
Horizon in the Velyki Mosty-1 borehole, depth inter-
val 1390–1394 m; two incomplete ventral valves come 
from the upper part of the lower Famennian in the 
Kowel’-5448 borehole, depth 117.7  m and the Kow-
el’-5447 borehole, depth 272 m, and one ventral valve 
with high interarea from the latter borehole, depth 
305 m; three fragments of the ventral valves come 
from the same borehole, depth interval 330–334 m; 
two incomplete ventral valves and one dorsal valve 
presumably belonging to this species were found in 
same borehole at depth interval 377–378 m; one ven-
tral valve comes from the Lokachi-6 borehole, depth 
618 m and two fragments of ventral valves from the 
same borehole, depth interval 718–722 m.
Remarks. The specimens consist of poorly pre-
served, medium-sized (up to 40 mm in width, 33 in 
length and 23 mm in thickness) ventral valves, which 
are markedly inflated with flanks sloping steeply 
towards the lateral commissures and posteriorly 
hemipyramidal in lateral profile. The cardinal ex-
tremities are acute. The specimens are widest at the 
hinge line and have a prominent umbo terminating 
with a straight to inclined, acute beak. The ventral 
interarea is very high, nearly catacline, with a nar-
row delthyrium (height/width ratio of three to four). 
The sulcus is poorly preserved, becoming percepti-
ble starting at the midlength and more prominent 
towards the anterior margin. Ornamentation is pre-
served only on the left flank of the illustrated spec-
imen and consists of low, flattened, simple costae, 
which become progressively thicker anteriorly. The 
examined material is assigned to the subfamily Cyr-
tospiriferinae rather than Cyrtiopsinae, based on its 
wide hinge line and acute cardinal extremities. It is 
worth noting that the nearly catacline ventral inter-
area and the markedly high and narrow delthyrium 
are more indicative of the genus Tenticospirifer Tien, 
1938, as revised by Ma and Day (2000), than Cyrto-
spirifer Nalivkin in Fredericks, 1924, as revised by Ma 
and Day (2003). However, representatives of Tenti-
cospirifer generally display smaller shells and are 
known only from the Frasnian strata. A better com-
parison of this material to the aforementioned gen-
era is hampered due to the insufficiency of our ma-
terial. Therefore, from the generic viewpoint, these 
specimens are left in open nomenclature pending 
the collection of better-preserved material.
Occurrence. Sadovian Horizon, lower Famennian, 
triangularis-crepida zones, northern part of the 
Volhyn-Podillian plate, Ukraine.
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Subfamily Cyrtiopsinae Ivanova, 1972

Genus Tornatospirifer Serobyan et al., 2022

Type species: Cyrtiopsis senceliae armenica Abra-
hamyan, 1974 (by original designation)

Tornatospirifer sp.
Pl. 1, Figs. 2–3; Fig. 2 

Material. Two complete shells and four ventral valves 
from the Torchyn-201 borehole, depth interval 310–
319 m; two ventral valves from the Kowel`-5447 bore-
hole, depth interval 334–338 m and one ventral valve 
from the depth interval 310–315 m; one ventral valve 
from Lokachi-1 borehole, depth interval 498–500 m.
Description. Shell medium-sized (up to 29  mm in 
width, 24  mm in length and 16  mm in thickness), 
wider than long, markedly ventribiconvex, rounded 

subpentagonal in outline, widest at about mid-
length; cardinal extremities obtuse or slightly mu-
cronate (although these features are not well-pre-
served in the specimens we examined); anterior 
commissure uniplicate.

Ventral valve strongly inflated, with convex flanks 
sloping moderately towards lateral commissures; 
umbo inflated, prominent; beak unobserved (due 
to poor preservation); interarea apsacline, trian-
gular, moderately high, well-defined, slightly con-
cave; delthyrium relatively wide, covered by pseu-
dodeltidium formed by several distinct plates with 
a minute foramen at its top; sulcus relatively wide, 
moderately deep, originating from beak, widening 
and becoming deeper anteriorly, round-bottomed 
at front; tongue relatively high, wide, subtriangular 
to subcircular in outline. 

Plate 1. Lower Famennian cyrto-
spiriferid brachiopods from the 
Volhyn-Podillian plate: 1a–c – Cyr-
tospiriferinae gen. indet. from the 
Lokachi-4 borehole, depth 446 m. 
Specimen IGS NASU-573/2, incom-
plete ventral valve in oblique ante-
rior, oblique lateral and posterior 
views. Apical part restored with 
plasticine (the boundary between 
the fossil and the reconstruct-
ed part of the shell is shown by a 
dashed line). 2a–3c – Tornatospir-
ifer sp. IGS NASU-578/2, partly ex-
foliated specimen from the Kow-
el’-5447 borehole (depth 334  m) 
in oblique ventral, dorsal, oblique 
lateral, posterior and oblique an-
terior views (2a–e). IGS NASU-577/1, 
partly exfoliated specimen from 
the Torchyn-201 borehole (depth 
interval 310-319 m) in dorsal, pos-
terior and lateral views (3a–c). 
4a–5e  – Cyrtiopsis? sp. from the 
Lokachi-3 borehole, depth 635 m. 
IGS NASU-566/5, almost complete 
specimen in oblique ventral, dor-
sal, oblique lateral, posterior and 
anterior views (4a–e). IGS NASU-
566/6, partly exfoliated specimen 
in oblique ventral, dorsal, oblique 
lateral, posterior and anterior 
views (5a–e)

1a 1b 1c

2a 2b 2c 2d

2e 3a 3b 3c

4a 4b 4c 4d 4e

5a 5b 5c 5d 5e
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Dorsal valve moderately inflated with convex 
flanks sloping gently to moderately towards lat-
eral commissures, rounded rectangular in out-
line; interarea linear, nearly flat, orthocline; fold 
relatively wide, well-defined, moderately high, 
originating from beak, widening and becoming 
relatively higher anteriorly, round-topped at 
front.

Ornamentation of up to 29 rounded, simple, 
flattened, low ribs on each flank becoming thick-
er anteriorly; in sulcus and on fold, up to 14 ribs, 
increasing by bifurcation, much narrower than 
those present on flanks; ribs twice as wide as in-
terspaces on the entire shell.

Ventral valve interior (Fig. 2) with long, subpar-
allel to slightly divergent dental plates; delthyr-
ial plate short; central and lateral apical cavities 
large and poorly filled in by callus; teeth small, 
subrectangular. 

Dorsal valve interior unobserved due to defi-
cient preservation.
Remarks. Serobyan et al. (2022) erected the 
genus Tornatospirifer, designating Cyrtiopsis 
senceliae armenica Abrahamyan, 1974, as the 
type species, primarily based on specimens 
from the Lesser Caucasus that feature a short 
delthyrial plate. They noted that among all gen-
era attributed to the subfamily Cyrtiopsinae Iva-
nova, 1972, a delthyrial plate is observed only in 
the genus Pseudocyrtiopsis Ma and Day (1999). 
This genus was created to include species that 
resemble Cyrtiopsis Grabau, 1923, but differ by 
having a wide hinge line and a delthyrial plate. 
Although Ma and Day (1999), and later Gourven-
nec and Carter (2007), assigned Pseudocyrtiopsis 
to the subfamily Cyrtiopsinae, Serobyan et al. 
(2022) explained that due to its wide hinge line, 
the latter genus should be re-assigned to the 

subfamily Cyrtospiriferinae, according to John-
son’s (2006) classification. Thus, Tornatospirifer 
Serobyan et al., 2022, rather than Pseudocyrtiop-
sis Ma and Day, 1999, appears to be the only ge-
nus in the subfamily Cyrtiopsinae that possesses 
a delthyrial plate.

The material examined in this study displays 
a brachythyrid shell and also possesses a short 
delthyrial plate, and is therefore assigned to 
the lower Famennian genus Tornatospirifer. Ad-
ditionally, it is worth noting that the ornamen-
tation of our specimens appears to be variable. 
Some specimens (e.g., IGS NASU 578/2; Pl.  1, 
Fig. 2) exhibit coarser and fewer ribs on the flanks 
compared to others (e.g., IGS NASU 577/1; Pl.  1, 
Fig.  3), which display more numerous and finer 
ribs. Currently, it is difficult to determine wheth-
er these variations are due to palaeoecologi-
cal factors or if the examined material includes 
both a nominal species and a subspecies, given 
the insufficiency of material. Therefore, these 
differences are considered here as expressions 
of intraspecific variability, pending the collec-
tion of additional specimens. The Ukrainian ma-
terial, particularly the specimens with finer ribs, 
appears to be close to Tornatospirifer armenicus 
(Abrahamyan, 1974), but differs from the latter in 
their smaller size, less convex shell, and deeper 
sulcus. Comparing the internal morphology and 
micro-ornamentation of these species is chal-
lenging due to the poor state of preservation of 
the Ukrainian specimens. Consequently, the in-
sufficiency of our material precludes a definitive 
identification at the species level.
Occurrence. Sadovian Horizon, lower Famennian, 
triangularis-crepida conodont zones, northern 
part of the Volhyn-Podillian plate, Ukraine.

Fig. 2. Transverse serial 
sections of Tornato-
spirifer sp. (IGS NASU-
578/5), Kowel`-5447 
borehole, depth 310 
m. Numbers refer to 
distance in mm mea-
sured from the top of 
the ventral umbo
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Genus Cyrtiopsis Grabau, 1923

Type species: Cyrtiopsis davidsoni Grabau, 1923 (by 
subsequent designation by Grabau, 1931)

Cyrtiopsis? sp.
Pl. 1, Figs. 4–5; Fig. 3.

Material. Lokachi-3 borehole, depth interval 645–
649 m: 28 complete to nearly complete shells and 
55 fragments of shells and single valves, including 
10 juvenile specimens; Lokachi-4 borehole, depth 
interval 498–500 m: two juvenile specimens; Velyki 
Mosty-13 borehole, depth 1124 m: two ventral valves.
Description. Shell medium-sized (reaching 16  mm 
in width, 18 mm in length and 10 mm in thickness), 
longer than wide to as wide as long, ventribiconvex, 
widest at about mid-length or slightly anteriorly; car-
dinal extremities obtuse or rounded (although the 
latter are poorly preserved in our examined materi-
al); anterior margin nearly straight to emarginate; an-
terior commissure uniplicate.

Ventral valve inflated with convex flanks sloping 
moderately towards lateral commissures; highest in 
the posterior third of the valve, then decreasing pro-
gressively towards anterior margin; umbo inflated; 
beak unobserved; interarea triangular, high, well-de-
fined, high and apsacline; delthyrium relatively wide, 
closed by a pseudeltidium (?), with a minute foramen 
near the apex; sulcus well-defined, moderately deep, 
originating from beak, widening and becoming deep-
er anteriorly, flat- to slightly round-bottomed at front; 
tongue wider than high, subtriangular in outline.

Dorsal valve slightly inflated, subquadrangular to 
subtrapezoidal in outline, with flanks sloping gently 
to moderately towards the lateral commissures; in-
terarea linear, flat to slightly concave, orthocline; fold 
moderately low, originating from beak, round-topped 
at front.

Ornamentation of up to 16 coarse ribs on each 
flank (4–5 ribs per 5 mm at anterior margin near sul-

cus and fold), becoming coarser anteriorly; in sulcus 
and on fold, up to 8 ribs, increasing by bifurcation, 
narrower than those present on flanks; ribs twice as 
wide as interspaces on the entire shell; micro-orna-
ment not preserved.

Ventral valve interior (Fig.  3) with relatively thin, 
long, intrasinal or subsinal dental plates, slightly di-
vergent posteriorly then becoming subparallel ante-
riorly; delthyrial plate absent; central and lateral api-
cal cavities large and poorly filled in by callus. Dorsal 
valve interior (Fig.  3) with ctenophoridium; spiral 
cones not preserved in the sectioned specimens.
Remarks. The external and internal features ob-
served in the studied specimens, such as the me-
dium-sized brachythyrid shell, obtuse or rounded 
cardinal extremities, ventribiconvex profile, near-
ly subparallel to slightly divergent dental plates, 
absence of a delthyrial plate, and presence of a 
ctenophoridium, indicate affinities to the genus 
Cyrtiopsis Grabau, 1923, as revised by Ma and Day 
(1999). However, it is doubtfully assigned to this 
genus, since representatives of Cyrtiopsis general-
ly display a very broad sulcus with rounded lateral 
boundaries and fine ribs, in contrast to the clear-
ly defined sulcus and coarse ribs observed in the 
Ukrainian material. Moreover, most Cyrtiopsis spe-
cies possess a supported ctenophoridium, whereas 
in our specimens, it is unsupported. Additionally, 
further comparison with other Cyrtiopsis species 
is currently hampered by the poor state of preser-
vation of the Ukrainian specimens, which prevents 
determination of important taxonomic features 
such as micro-ornament and type of pseudodeltid-
ium. Thus, this assignment appears to be the most 
satisfactory at this stage, pending the collection 
of additional material to enable a more confident 
identification.
Occurrence. Sadovian Horizon, lower Famennian, tri-
angularis-crepida conodont zones, northern part of 
the Volhyn-Podillian plate, Ukraine.

Fig. 3. Transverse serial sections 
of Cyrtiopsis? sp. (IGS NASU-
566/15), Lokachi-3 borehole, 
depth 645 m. Numbers refer to 
distance in mm measured from 
the top of the ventral umbo
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Conclusions
The taxonomic assessment of brachiopods collect-
ed from the drilling cores of the Lower Famennian 
strata of the Volhyn-Podillian plate has led to the 
identification of three cyrtospiriferide species: Cyr-
tospiriferinae gen. indet., Tornatospirifer sp., and 
Cyrtiopsis? sp. This study represents the first docu-
mentation of the genera Tornatospirifer and Cyrti-
opsis? (albeit with some uncertainty regarding the 
latter) not only in the Volhyn-Podillian plate but 
also across the entire territory of Ukraine. These 
findings underscore the significance of studying 
the lower Famennian strata of the Volhyn-Podillian 
plate for understanding the diversity within the 
subfamily Cyrtiopsinae and shedding light on the 
recovery of brachiopods following the Frasnian–
Famennian crisis. However, further investigations 

of the Ukrainian material are urgently needed to 
refine our understanding of the taxonomy and bio-
stratigraphy of Upper Devonian brachiopod assem-
blages.
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У цьому дослідженні вперше задокументовано нижньофаменські циртоспірифероїдні брахіоподи із Волино-Поділь-
ської плити на заході України, зокрема зі свердловин Локачинської, Торчинської, Ковельської та Великомостівської 
площ буріння у Волинській та Львівській областях. До складу вивченого комплексу входять три види: Cyrtospiriferinae 
gen. indet., Tornatospirifer sp. і Cyrtiopsis? sр. Незважаючи на певну невизначеність щодо останнього роду, це перший 
опис та зображення представників цих родів в Україні, що розширює наше уявлення про палеобіогеографічне поши-
рення підродини Cyrtiopsinae.

References
Abrahamyan M.S. 1974. Description of fauna, Devonian System, 

Phylum Brachiopoda, brachiopods. In: Akopian V.T. (Ed.), 
Atlas of the fossil fauna of the Armenian SSR. Yerevan: Aka-
demiya Nauk Armyanskoy SSR, Institut Geologyiceskih Nauk, 
pp. 48–64 (in Russian).

Alroy J. 2010. The shifting balance of diversity among major ma-
rine animal groups. Science, 329: 1191–1194.

Carter J.L., Johnson J.G., Gourvennec R., Hou H F. 1994. A revised 
classification of the spiriferid brachiopods. Annals of the 
Carnegie Museum, 63: 327–374.

Curry G.B., Brunton C.H.C. 2007. Stratigraphic distribution of bra-
chiopods. In: Selden P.A. (Ed.), Treatise on Invertebrate Palae-
ontology, Part H, Brachiopoda (Revised). 6, Supplement. Geo-
logical Society of America and University of Kansas, Boulder, 
Colorado and Lawrence, Kansas, pp. 2901–3081.

Drygant  D.M. 2010. Devonian conodonts of the SW margin of 
the East-European platform (Volhyn-Podilla, Ukraine). Kyiv: 
Akademperiodyka (in Ukrainian).

Gourvennec  R., Carter  J.L. 2007. Spiriferida and Spiriferinida. 
In: Kaesler R.L. (Ed.), Treatise on Invertebrate Palaeontology, 
Part H, Brachiopoda (Revised). Vol. 6. Geological Society of 
America and University of Kansas Press, Lawrence, Kansas 
and Boulder, Colorado, pp. 2772–2796.

Grabau A.W. 1923. Stratigraphy of China. Part 1. Palaeozoic and old-
er. Geological Survey of China, Beijing, 200 pp. (201–528 [1924]).

Grabau A.W. 1931. Devonian Brachiopoda of China, 1: Devonian 
Brachiopoda from Yunnan and other districts in South China. 
Palaeontologia Sinica, Series B, 3: 1–545.

Frederiks G.N. 1924. On the Upper Carboniferous spiriferids of 
the Urals. Izvestiya Geologicheskogo Komiteta, 38: 295–324 
(in Russian).

Huang C., Song J., Shen J., Gong Y. 2018. The influence of the Late De-
vonian Kellwasser events on deep-water ecosystems: evidence 
from palaeontological and geochemical records from South 
China. Palaeogeography, Palaeoclimatology, Palaeoecology, 
504: 60–74. https://doi.org/10.1016/j.palaeo.2018.05.006

Ivanina A.V. 2018. Famenian palynostratigraphy of the Volyn–Po-
dillya margin of the East–Europian platform. Dnipro Universi-
ty Bulletin. Geology and Geography, 26(1): 71–78. DOI: https://
doi.org/10.15421/111808

Ivanova E.A. 1972. Main features of spiriferid evolution (Brachio-
poda). Paleontological Journal, 3: 309–320.

Johnson J.G. 2006. Cyrtospiriferoidea (part). In: Kaesler R.L. (Ed.), 
Treatise on Invertebrate Paleontology, Part H, Brachiopoda 5 
(Revised). Vol. 5. Geological Society of America and University 
of Kansas Press, Boulder, Colorado and Lawrence, Kansas, pp. 
1722–1732.

Kotlyar  O.Ye. 1980. On the characteristic of the Upper Devo-
nian deposits from the Lvov Paleozoic trough. Tektonika i 
stratigrafia, 19: 75–80 (in Russian).

Kotlyar  O.Yu. 2011. The Devonian stratigraphic Scheme of the 
Volhyn-Podilla: Step to modernisation. Tektonika i stratigra-
fia, 38: 51–66 (in Ukrainian).

Kotlyar O.Yu. 2021. Biostratigraphy and correlation of Devonian 
deposits in the south-west segment of the East-European 
platform by Brachiopods. Geologičnij žurnal, 3 (376): 74–85. 
DOI: https://doi.org/10.30836/igs.1025-6814.2021.3.228312 (in 
Ukrainian).

Kotlyar  O.Yu., Konstantinenko  L.I., Berchenko  O.I. 2013. De-
vonian. Volhyn-Podilla and Dnipro-Donets Depression. 
In: Gozhik P.F. (Ed.), Stratigraphy of the Upper Proterozoic 
and Phanerozoic in Ukraine. Kyiv: Logos, pp. 200–246 (in 
Ukrainian).

Ma X.P., Day J. 1999. The late Devonian brachiopod Cyrtiopsis da-
vidsoni Grabau 1923, and related forms from central Hunan 
of South China. Journal of Paleontology, 73: 608–624.

Ma X.P., Day J. 2000. Revision of Tenticospirifer Tien, 1938, and 
morphologically similar spiriferid brachiopod genera from 
the Late Devonian (Frasnian) of Eurasia, North America, and 
Australia. Journal of Paleontology, 74: 444–463.

Ma X.P., Day J. 2003. Revision of North American and selected 
Eurasian Late Devonian (Frasnian) species of Cyrtospirifer 
and Regelia (Brachiopoda). Journal of Paleontology, 77: 
267–292.



10 ISSN 1025-6814   |   Геологічний журнал. 2024. № 3   |   Geologìčnij žurnal. 2024. № 3 

O.Yu. Kotlyar, V. Serobyan

10 ISSN 1025-6814   |   Геологічний журнал. 2024. № 3   |   Geologìčnij žurnal. 2024. № 3 

McGhee G.R. 1996. The Late Devonian mass extinction. The Fras-
nian/Famennian Crisis. Columbia University Press, New York.

Oleneva  N.V. 2016. Devonian brachiopods of the orders Spiri-
ferida and Spiriferinida of the European Russia and Trans-
caucasia: systematics, shell microstructure. Paleontological 
Journal, 50: 1207–1296.

Pomyanovskaya  G.M. 1974. The Volyn-Podolian Outskirt of 
the East-European Platform. In: Stratigraphy of the USSR. 
Vol. 4. Part 2. Devonian. Kyiv: Naukova Dumka, pp. 36–99 (in 
Ukrainian).

Pomyanovskaya G.M. 1991. Devonian of the SW part of the Rus-
sian Platform. In: Stratigraphy and paleontology of the De-
vonian, Carboniferous and Permian at the Russian Platform. 
Leningrad: Izdatelstvo VSEGEI, pp. 54–63 (in Russian).

Racki G., House M.R. 2002. Late Devonian biotic crisis: ecological, 
depositional and geochemical records. Palaeogeography, 
Palaeoclimatology, Palaeoecology, 181: 1–374.

Serobyan V., Danelian T., Crônier C., Grigoryan A., Mottequin B. 
2022. New and revised cyrtospiriferid (Spiriferida) brachio-
pods from the lower Famennian (Upper Devonian) of Ar-
menia. Journal of Paleontology, 96: 839–858. https://doi.
org/10.1017/jpa.2022.9

Termier H., Termier G. 1949. Essai sur l’évolution des Spiriféridés. 
Notes et Mémoires, Service géologique, Division des Mines et 
de la Géologie (Maroc), 74: 85–112.

Tien C.C. 1938. Devonian Brachiopoda of Hunan. Palaeontologia 
Sinica. New Series B, 4: 1–192.

Waagen  W.H. 1883. Salt Range Fossils, I. Productus-Limestone 
Fossils. Brachiopoda. Palaeontologia Indica, Memoirs, Series 
13, 4: 391–546.


