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Abstract

New assemblages of diverse fishes from the Givetian—Famennian were described in six
sections in the Middle Urals: Pokrovskoe, Baronskaya, Sulem, Pershino, Yokva, and Vilva.
Diademodus, Wellerodus, and Mimipiscis genera were discovered in the Urals for the first
time. Data on the occurrence of Phoebodus species in the Pokrovskoe section were used to
specify the boundary between the Phoebodus sophiae and Ph. latus phoebodontid zones. Four
phoebodontid zones can be recognized in the sections of the Middle Urals.
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Introduction

In the Urals region, fish assemblages have been recorded earlier in the Late Devo-
nian of the South Urals [1-3] and the Famennian of the Polar Urals [4], but fishes from
the Middle and Late Devonian of the Middle Urals are still poorly known, with only
one Phoebodus species recently described [5].

A new collection of diverse and abundant fishes from the Givetian—Famennian
deposits of the Middle Urals is studied in this paper. The fish microremains were ob-
tained from the processed conodont samples (coll. by A.Z. Bikbaev and M.P. Snigireva,
Institute of Geology and Geochemistry, Ekaterinburg) and micrographed using Hitachi
S-3400N, Cambridge CamScan-4, and Tescan VEGA-II XMU scanning electron micro-
scopes. All specimens described here are housed at the Paleontological Museum of
St. Petersburg State University (PMSPU).

Geological Setting

The new assemblages of fishes under study come from six sections (localities)
of the Middle Urals: Pokrovskoe, Baronskaya, Sulem, Pershino, Yokva, and Vilva.
Five sections (Pokrovskoe, Baronskaya, Sulem, Pershino, and Yokva) are located
in the Sverdlovsk Region, and one (Vilva) in the Perm Region.

The Pokrovskoe section is in the vicinity of the village of Pokrovskoe on the Bob-
rovka River (left tributary of the Irbit River), 10 km west of the town of Artemovsky.
The Givetian and Frasnian deposits of the Vysotinkian and Brodovkian regional stages
(RS) are exposed on both banks of the river for over 2 km. The Givetian deposits of
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the Vysotinkian RS include sandy limestones with clay interbeds, while the deposits
of the Brodovkian RS, corresponding to the Lower Frasnian and possibly Upper
Givetian, contain unbedded and massive reef limestones [6-8].

The Baronskaya section is situated on the right bank of the Mezhevaya Utka River
(right tributary of the Chusovaya River), 6.5 km from the river mouth. The Upper Fras-
nian deposits of the Askynian RS and the Lower Famennian deposits of the Makarovian
RS are represented by limestones, dolomitized limestones with intercalations of marls,
mudstones, clayey and calcareous-siliceous shales [9, 10].

The Sulem section is on the left bank of the Sulem River, near the river mouth,
15 km south of the Baronskaya section. The Upper Frasnian deposits of the Askynian
RS and the Lower Famennian deposits of the Makarovian RS are formed by micritic
and dolomitized limestones with intercalations of marls and clayey limestones [11].

The Yokva section is on the right bank of the Chusovaya River, 3 km downstream
of the village of Yokva. The section comprises the Upper Frasnian—Tournaisian deposits.
The Upper Frasnian deposits of the Askynian RS and the Famennian deposits of the
Makarovian—Lytvian RS of the section consist of limestones and dolomites with diverse
fossils [12].

The Pershino section is located near the village of Pershino on the Rezh River,
10 km north of the town of Rezh. The massive limestones of the Upper Frasnian deposits
of the Gubinskian RS and the detrital limestones and siltstones of the Lower Famennian
deposits of the Shameyskian RS are exposed in the section [10, 13].

The Vilva (Krivoy Rog) section is located on the left bank of the Vilva River, 2 km
southeast of the town of Gremyachinsk. The deposits of the section belong to the Fras-
nian Sargaevian, Domanikian, Mendymian, Askynian RS and Lower Famennian
Makarovian RS. The Upper Frasnian and Lower Famennian deposits are composed of
limestones, dolomites, and marls with various invertebrate fossils [14].

Fish Assemblages

Pokrovskoe section. The diverse and abundant fish remains (Fig. 1) of the Pok-
rovskoe section were found at four levels: in the interval of the Givetian of the Upper
Polygnathus varcus, Upper Klapperina disparilis, Skeletognathus norrisi, and Frasnian
of the Upper Mesotaxis falsiovalis conodont zones (CZ). The fish assemblage of the Up-
per Po. varcus CZ is made up of the teeth of the chondrichthyans Phoebodus fastigatus
and Ph. sophiae, as well as ptyctodontid plates (Fig. 1.25), acanthodiform scales, teeth of
struniiform sarcopterygians, and actinopterygian scales. The fish remains from the Upper
K. disparilis CZ are as follows: teeth of Phoebodus curvatus, Ph. fastigatus, Ph. Sophiae
(Fig. 1.2-8), and Ph. sp.; chondrichthyan scales of “Ohiolepis”, protacrodontid, ctena-
canthid, and hybodontid types (Fig. 1.14, 16, 20, 21); uncompleted plates of ptyctodon-
tids (Fig. 1.24) and undetermined placoderms; acanthodiform scales (Fig. 1.23); jaw
fragments of osteolepiforms; teeth and jaw fragments of struniiforms; teeth, jaw frag-
ments (Fig. 1.30), and scales of actinopterygians, including Moythomasia sp. The as-
semblage of the S. norrisi CZ includes: the teeth of Phoebodus curvatus, Ph. fastiga-
tus, Ph. latus (Fig. 1.9, 10, 12, 13), and Ph. sp.; chondrichthyan scales of “Ohiolepis”,
protacrodontid, ctenacanthid, and hybodontid types (Fig. 1.15, 19, 22); plate fragments
of undetermined placoderms; osteolepiform scales; struniiform teeth, fragments of jaws,
and scales (Fig. 1.26, 28, 29); teeth, jaw fragments, and scales of actinopterygians,
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Fig. 1. Fish remains from the Givetian—Frasnian of the Pokrovskoe section. 1, 11, 17, 18, 27,
33 — Upper M. falsiovalis CZ; 2-8, 14, 16, 20, 21, 30 — Upper K. disparilis CZ; 9, 10, 12, 13,
15, 19, 22-24, 26, 28, 29, 31, 32, 34-39 — S. norrisi CZ; 25 — Upper Po. varcus CZ. 1-4 —
Phoebodus fastigatus Ginter et Ivanov, 1992, teeth, occlusal views: 1 — PMSPU 97-1, 2 —
PMSPU 97-2, 3 — PMSPU 97-3, 4 — PMSPU 97-4. 5-7 — Ph. sophiae St. John et Worthen,
1875, teeth, occlusal views: 5 — PMSPU 97-5, 6 — PMSPU 97-6, 7 — PMSPU 97-7. 8-10 —
Ph. curvatus Ivanov, 2021, teeth, occlusal (8a, 9, 10) and labial (8b) views: 8 — PMSPU 74-2,
9 - PMSPU 74-4, 10 — PMSPU 74-5. 11-13 — Ph. latus Ginter et Ivanov, 1995, teeth, occlusal
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views: 11 — PMSPU 97-8, 12 — PMSPU 97-9, 13 — PMSPU 97-10. 14-22 — Chondrichthyan
scales, crown views: 14, 15 — Ohiolepis type, 14 — PMSPU 97-11, 15 — PMSPU 97-12; 16-21 —
Ctenacanth type, 16 — PMSPU 97-13, 17 — PMSPU 97-14, 18 — PMSPU 97-15, 19 - PMSPU
97-16, 20 — PMSPU 97-17, 21 — PMSPU 97-18; 22 — Tessera-like scale, PMSPU 97-19. 23 —
Acanthodiformes indet., scale, oblique crown view, PMSPU 97-20. 24, 25 — Ptyctodontida
indet.: 24 — upper tooth plate, lingual view, PMSPU 97-21; 25 — dermal clasping element,
ventral view, PMSPU 97-22. 26-29 — Struniiformes indet.: 26 — jaw fragment, lingual view,
PMSPU 97-23; 27 — parasymphysial whorl, lateral view, PMSPU 97-24; 28, 29 — teeth, 28 —
lateral view, PMSPU 97-25, 29 — lingual view, PMSPU 97-26. 30-32, 39 — Actinopterygii
indet.: 30 — jaw fragment, labial view, PMSPU 97-27; 31 — skull bone, external view,
PMSPU 97-28; 32 — fulcral scale, external view, PMSPU 97-29; 39 — flank scale, external
view, PMSPU 97-30. 33-36 — Moythomasia sp., flank scales, external views: 33 — PMSPU
97-31, 34 — PMSPU 97-32, 35 - PMSPU 97-33, 36 — PMSPU 97-34. 37, 38 — Mimipiscis sp.,
flank scales, external views: 37 — PMSPU 97-35, 38 — PMSPU 97-36. Scale bars: 1-23 — 100 um;
24-29 — 500 pm; 30-39 — 300 um

including Moythomasia sp. and Mimipiscis sp. (Fig. 1.31, 32, 34-39). A number of fish
remains were recovered from the Upper M. falsiovalis CZ: the teeth of Phoebodus fas-
tigatus, Ph. latus (Fig. 1.1, 11), and Ph. sp.; chondrichthyan scales of protacrodontid and
ctenacanthid types (Fig. 1.17, 18); osteolepiform scale fragments; struniiform teeth, frag-
ments of jaws, and scales (Fig. 1.27); teeth, jaw fragments, and scales of actinoptery-
gians, including Moythomasia sp. and Mimipiscis sp. (Fig. 1.33). The record of Omalo-
dus teeth in the Pokrovskoe section is erroneous [8] — there are no known findings of
omalodontids in the Urals.

Baronskaya section. An assemblage of diverse fishes from the Frasnian of
the Lower Palmatolepis rhenana CZ of the Baronskaya section comprises the fol-
lowing remains: the teeth of the chondrichthyans Phoebodus bifurcatus (Fig. 2.1),
Ph. curvatus, Ph. fastigatus (Fig. 2.2), Ph. latus, Ph. sp., Diademodus sp. (Fig. 2.3),
and Protacodus sp. (Fig. 2.4); chondrichthyan scales of the ctenacanthid type;
acanthodiform scales; struniiform teeth; scales of the actinopterygians Moythomasia sp.
and Mimipiscis sp. The teeth of Phoebodus bifurcatus and the fragments of actinop-
terygian scales were found in the Palmatolepis linguiformis CZ of the section, and
a tooth of Cladodoides sp. was obtained from the Famennian of the Middle Palmatolepis
triangularis CZ (Fig. 3).

Sulem section. The fish remains from the Sulem section were discovered in four
levels: Frasnian of the Lower Pa. rhenana, Pa. linguiformis, Famennian of the Lower
and Upper triangularis CZ. The teeth of Phoebodus bifurcates and Ph. latus (Fig. 2.5, 6)
and the struniiform teeth occurred in the Lower Pa. rhenana CZ. The chondrichthyan
scales of the ctenacanthid type, placoderm scale, acanthodiform and actinopterygian
scales were collected in the Pa. linguiformis CZ. The chondrichthyan teeth of
Cladodoides sp. and the unidentified cladodontomorph, actinopterygian bone fragments
were found in the Lower Pa. triangularis CZ. The teeth of Wellerodus sp. (Fig. 2.7) and
Cladodoides sp. (Fig. 2.8), struniiform teeth, and actinopterygian scales were ob-
tained from the Upper Pa. triangularis CZ.

Pershino section. A tooth of Phoebodus curvatus was recorded in the Lower Pa.
rhenana CZ of the Pershino section. The teeth of Protacodus sp., scales of the ctena-
canthid type, and placoderm fragments occurred in the Lower Pa. triangularis CZ of
same section. The assemblage of the Middle-Upper Pa. triangularis CZ of the section
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Fig. 2. The chondrichthyan teeth (1-15, 17-22, 25-28) and scales (16, 23, 24) from the Late De-
vonian of the Baronskaya section (1-4), Sulem section (5-8), Vilva section (9-17), Pershino sec-
tion (18-24), and Yokva section (25-28). 1-6, 9-15 — Lower Pa. rhenana CZ; 7, 8, 16 — Upper
Pa. triangularis CZ; 17 — Uppermost Pa. crepida CZ; 18-24 — Middle-Upper Pa. triangularis
CZ; 25 — Pa. linguiformis CZ; 26, 27 — Pa. postera—Middle Pa. expansa CZ; 28 — Middle
Pa. expansa—Middle S. praesulcata CZ. 1, 9 — Phoebodus fastigatus Ginter et lvanov, 1992, oc-
clusal views: 1 — PMSPU 97-37, 9 — PMSPU 97-45. 2, 6, 10 — Phoebodus bifurcatus Ginter et
Ivanov, 1992, occlusal views: 2 — PMSPU 97-38, 6 — PMSPU 97-42, 10 —- PMSPU 97-46. 3, 13 —
Diademodus sp.: 3 — oblique occlusal view, PMSPU 97-39; 13 — occlusal (13a) and oblique lateral
(13b) views, PMSPU 97-49. 4, 15, 21, 22, 25 — Protacodus sp., occlusal (4, 15, 21) and labial (22,
25) views: 4 — PMSPU 97-40, 15 - PMSPU 97-51, 21 — PMSPU 97-56, 22 — PMSPU 97-57, 25 —
PMSPU 97-60. 5, 11 — Phoebodus latus Ginter et lvanov, 1995, occlusal views: 5 — PMSPU 97-41,
11 — PMSPU 97-47. 7 — Wellerodus sp., occlusal (7a) and labial (7b) views, PMSPU 97-43. 8 —
Cladodoides sp., occlusal view, PMSPU 97-44. 12 — Phoebodus curvatus Ivanov, 2021, occlusal
view, PMSPU 97-48. 14 — Protacrodontidae indet., occlusal view, PMSPU 97-50. 16, 23 — Ctena-
canth type scales, crown views: 16 — PMSPU 97-52, 23 — PMSPU 97-58. 17 — cf. Cladodoides sp.,
oblique labial view, PMSPU 97-53. 18 — Symmoriiformes indet., labial view, PMSPU 97-54. 19 —
Phoebodus typicus Ginter et Ivanov, 1995, occlusal view, PMSPU 97-54. 20 — Squatinactis sp.,
occlusal view, PMSPU 97-55. 24 — Protacrodontid type scale, crown view, PMSPU 97-59. 26 —
Thrinacodus tranquillus Ginter, 2000, oblique occlusal view, PMSPU 97-61. 27 — Squatinactis
caudispinatus Lund et Zangerl, 1974, labial (27a) and occlusal (27b) views, PMSPU 97-62. 28 —
Thrinacodus ferox (Turner, 1982), oblique occlusal view, PMSPU 97-63. Scale bars: 300 pm
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Fig. 3. Distribution of fish taxa in the sections of the Middle Urals. List of conodont zones:
Polygnathus timorensis, Polygnatus rhenanus, Polygnathus varcus, Polygnathus ansatus,
“Ozarkodina” semialternans, Schmidtognathus hermanni, Polygnathus cristatus, Polygnathus
cristatus ectypus, Klapperina disparilis, Polygnathus dengleri sagitta, Polygnathus dengleri
dengleri, Skeletognathus norrisi, Ancyrodella rotundiloba pristina, Ancyrodella rotundiloba
soluta, Ancyrodella rotundiloba rotundiloba, Ancyrodella rugosa, Mesotaxis falsiovalis, Pal-
matolepis transitans, Palmatolepis punctata, Ancyognathus primus, “Ozarkodina” nonaginta,
Palmatolepis housei, Palmatolepis proversa, Palmatolepis plana, Palmatolepis hassi, Palmat-
olepis feisti, Palmatolepis jamieae, Palmatolepis winchelli, Palmatolepis bogartensis, Palmat-
olepis rhenana, Palmatolepis linguiformis, Palmatolepis ultima, Palmatolepis subperlobata,
Palmatolepis triangularis, Palmatolepis delicatula platys, Palmatolepis minuta minuta, Pal-
matolepis crepida crepida, Palmatolepis crepida, Palmatolepis termini, Palmatolepis glabra
prima, Palmatolepis glabra pectinata

includes: the teeth of Phoebodus typicus (Fig. 2.19), Squatinactis sp. (Fig. 2.20),
Protacodus sp. (Fig. 2.21, 22), and Symmoriiformes indet. (Fig. 2.18); scales of the cte-
nacanthid and protacrodontid types (Fig. 2.23, 24); fragments of ptyctodontid plates;
scales of Mimipiscis sp. and bone fragments of actinopterygians.

Yokva section. The fish remains in the Yokva section were found in two levels
of the Upper Frasnian and two levels of Upper and Uppermost Famennian. A tooth of
Phoebodus sp. was collected from the Upper Pa. rhenana CZ. The teeth of Protacodus
sp. (Fig. 2.24) were found in the Pa. linguiformis CZ. The teeth of Thrinacodus ferox,
Th. tranquillus (Fig. 2.26), Squatinactis caudispinatus (Fig. 2.27), along with scales of
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the ctenacanthid type, placoderm fragments, actinopterygian teeth were recorded in
the Palmatolepis postera—Middle Palmatolepis expansa CZ interval. The teeth of
Thrinacodus ferox (Fig. 2.28), Squatinactis caudispinatus, and actinopterygian teeth
were reported from in the Middle Palmatolepis expansa—Middle Siphonodella praesul-
cata CZ interval.

Vilva section. Diverse fish fossils were recorded in the Lower and Upper Fras-
nian, Lower Famennian of the Vilva section (Fig. 3).

The anterior supragnathal plate of Plourdosteus sp., plate fragments of arthrodires
and bothriolepids, osteolepiform scales were found in the Palmatolepis transitans CZ.
The assemblage of the Lower Pa. rhenana CZ comprises the teeth of Phoebodus bifurca-
tus (Fig. 2.10), Ph. curvatus (Fig. 2.12), Ph. fastigatus (Fig. 2.9), Ph. latus (Fig. 2.11),
Wellerodus sp., Diademodus sp. (Fig. 2.13), Protacodus sp. (Fig. 2.15), Protacrodontidae
indet. (Fig. 2.14), and stethacanthid, as well as chondrichthyan scales of the ctenacanthid
type, fragments of ptyctodontid and bothriolepid plates, struniiform teeth, osteolepiform
scales, and actinopterygian teeth and scales. The fragments of placoderm plates,
acanthodiform scales, fragments of struniiform scales, and scales of Moythomasia sp.
were found in the Lower Palmatolepis triangularis CZ. A tooth of Protacodus sp.,
scales of the ctenacanthid type (Fig. 2.16), acanthodiform scales, fragments of strunii-
form scales, scales of Mimipiscis sp. were discovered in the Upper Pa. triangularis CZ.
The fish remains from the Lower Palmatolepis crepida CZ include the chondrichthyan
scales of the ctenacanthid and hybodontid types, acanthodiform scales, struniiform teeth,
osteolepiform scales, and actinopterygian toothed plates. The tooth of cf. Cladodoides sp.
(Fig. 2.17) was collected in the Uppermost Pa. crepida CZ.

Conclusions

The fish assemblages from the Givetian—Famennian of the Middle Urals are taxo-
nomically diverse and represented by widely distributed taxa. Among chondrichthy-
ans, phoebodontids are dominant. Some taxa, such as Diademodus, Wellerodus, and
Mimipiscis, were reported for the first time from the Urals. Data on the distribution of
Phoebodus species in the Givetian—Frasnian of the Pokrovskoe section allow updating
the boundary between the Phoebodus sophiae and Ph. latus phoebodontid zones [15].
The Phoebodus sophiae Zone corresponds to the Lower Po. varcus—K. disparilis CZ
and the Ph. latus Zone to the Lower M. falsiovalis—Palmatolepis jamieae CZ. The fol-
lowing phoebodontid zones can be recognized in the sections of the Middle Urals: Phoe-
bodus sophiae, Ph. latus, Ph. bifurcatus, and Ph. typicus.

Acknowledgments. My sincere thanks to A.Z. Bikbaev (Leading Engineer) and
M.P. Snigireva (PhD in Geology and Mineralogy, Leading Engineer) from Zavaritsky
Institute of Geology and Geochemistry, Ural Branch, Russian Academy of Sciences for
providing the collection and the stratigraphic data, as well as to N.S. Vlasenko (Engineer,
St. Petershburg State University) and R.A. Rakitov (PhD in Biology, Senior Scientist,
Borissiak Paleontological Institute, Russian Academy of Sciences) for their assistance
with SEM imaging.

The scientific research was performed at the Center for Geo-Environmental Re-
search and Modeling (GEOMODEL) and the Centre for Microscopy and Microanaly-
sis of Research Park of St. Petersburg State University.



574 A.O0. IVANOV

This study was partly funded by the Russian Foundation for Basic Research (project
no. 20-05-00445a). This paper was supported by the Kazan Federal University Strategic
Academic Leadership Program (PRIORITY-2030).

References

1. Ginter M., lvanov A. Devonian phoebodont shark teeth. Acta Palaeontol. Pol., 1992, vol. 37,
no. 1, pp. 55-75.

2. Ginter M., Ivanov A. Stratigraphic distribution of chondrichthyans in the Devonian on
the East European Platform margin. CFS, Cour. Forschungsinst. Senckenberg, 2000, Bd. 223,
S. 325-339.

3. lvanov A. Late Devonian vertebrate fauna of the South Urals. Geobios, 1995, vol. 28,
suppl. 2, pp. 357-359. doi: 10.1016/S0016-6995(95)80138-3.

4. lvanov A. Late Devonian — Early Permian chondrichthyans of the Russian Arctic. Acta
Geol. Pol., 1999, vol. 49, no. 3, pp. 267-285.

5. lvanov A.O. A new phoebodontid shark from the Devonian of the Urals and the distribu-
tion of Phoebodus species. Paleontol. J., 2021, vol. 55, no. 3, pp. 301-310. doi:
10.1134/S0031030121030096.

6. Nasedkina V.A., Borozdina G.N. Conodonts from the boundary deposits of Middle and
Upper Devonian on the eastern slope of the Middle Urals. In: Zoloev K.A., Antsygin N.Ya.
(Eds.) Problemy stratigrafii i paleontologii Urala [Problems of Stratigraphy and Paleontol-
ogy of the Urals]. Yekaterinburg, Minprir. RF, OAO UGSE 1999, pp. 45-51. (In Russian)

7. Bikbaev A.Z., Snigireva M.P., Tupitsina M.A. On the age of the brachiopod assemblage
with Rhyssochonetes rugosus in the Givetian deposits of the Pokrovskoe type section
(eastern slope of the Middle Urals). Ezhegodnik-2012, Tr. Inst. Geol. Geokhim. Ural.
Otd. Ross. Akad. Nauk, 2013, no. 160, pp. 8-12. (In Russian)

8. Bikbaev A.Z., Snigireva M.P., Tupitsina M.A. Lithological description and conodonts of
the Upper Givetian deposits of the Pokrovskoe type section. Ezhegodnik-2013, Tr. Inst.
Geol. Geokhim. Ural. Otd. Ross. Akad. Nauk, 2014, no. 161, pp. 7-14. (In Russian)

9. Bikbaev A.Z., Snigireva M.P., Ziegler W., Schindler E., Konigshof P., Mizens L.L.,
Schraut G., Ivanov K.S. On the Frasnian—Famennian boundary on the western slope of
the Middle Urals. Ezhegodnik-2000, Tr. Inst. Geol. Geokhim. Ural. Otd. Ross. Akad. Nauk,
2001, pp. 24-30. (In Russian)

10. Mizens A.G. Brakhipody i biostratigrafiya verkhnego devona Srednego i Yuzhnogo Urala
[Brachiopods and Biostratigraphy of the Upper Devonian of the Middle and Southern
Urals]. Yekaterinburg, RIO Ural. Otd. Ross. Akad. Nauk, 2012. 324 p. (In Russian)

11. Bikbaev A.Z., Tupitsina M.A. On some morphogenesis trends of platform conodonts of
the genus Palmatolepis from the Frasnian — Famennian boundary deposits of the Middle Urals.
Ezhegodnik-2008, Tr. Inst. Geol. Geokhim. Ural. Otd. Ross. Akad. Nauk, 2009, no. 156,
pp. 12-17. (In Russian)

12. Bikbaev A.Z., Snigireva M.P., Mizens L.1. To the stratigraphy of the Frasnian — Famennian
boundary deposits in the “Yokva” section (Chusovaya River) of the western slope of
the Middle Urals. Ezhegodnik-2006, Tr. Inst. Geol. Geokhim. Ural. Otd. Ross. Akad. Nauk,
2007, no. 154, pp. 10-16. (In Russian)

13. Bikbaev A.Z., Snigireva M.P. To the problem of the Frasnian — Famennian boundary on
the eastern slope of the Middle Urals. Ezhegodnik-2001, Tr. Inst. Geol. Geokhim. Ural. Otd.
Ross. Akad. Nauk, 2002, no. 149, pp. 9-13. (In Russian)



FISH ASSEMBLAGES FROM THE MIDDLE-UPPER DEVONIAN... 575

14. Bikbaev A.Z., Snigireva M.P. The Frasnian — Famennian boundary by the conodonts in
the Krivoy Rog section (Vilva River). Ezhegodnik-2003, Tr. Inst. Geol. Geokhim. Ural. Otd.
Ross. Akad. Nauk, 2004, no. 151, pp. 9-14. (In Russian)

15. Ivanov A.O. Devonian phoebodontid-based zonation. Proc. 4th Kazan Golovkinsky Stratigr.
Meet. 2020. Sedimentary Earth Systems: Stratigraphy, Geochronology, Petroleum Resources.
Filodiritto Int. Proc., 2020, pp. 64-69. doi: 10.26352/E922_KAZAN2020.

16. Aboussalam Z.S., Becker R.T. The global Taghanic Biocrisis (Givetian) in the eastern Anti-
Atlas, Morocco. Palaeogeogr., Palaeoclimatol., Palaeoecol., 2011, vol. 304, nos. 1-2,
pp. 136-164. doi: 10.1016/j.palac0.2010.10.015.

17. Becker R.T., Konigshof P., Brett C.E. Devonian climate, sea level and evolutionary events:
An introduction. In: Becker R.T., Konigshof P., Brett C.E. (Eds.) Devonian Climate, Sea
Level and Evolutionary Events. Geol. Soc., London, Spec. Publ., 2016, vol. 423, pp. 1-10.
doi: 10.1144/SP423.15.

18. Ziegler W., Sandberg C.A. The Late Devonian standard conodont zonation. CFS, Cour. For-
schungsinst. Senckenberg, 1990, Bd. 121, S. 1-115.

Received
August 29, 2022

lvanov Alexander Olegovich, PhD in Geology and Mineralogy, Associated Professor, Department of
Sedimentary Geology, Institute of Earth Sciences; Senior Researcher, Institute of Geology and Petroleum
Technologies

St. Petersburg State University

Universitetskaya Emb., 7/9, St. Petersburg, 199034 Russia
Kazan Federal University

ul. Kremlevskaya, 18, Kazan, 420008 Russia
E-mail: lvanovA-Paleo@yandex.ru

OPUTUHAJIBHAA CTATDHA

VK 567.31:551.734 doi: 10.26907/2542-064X.2022.4.567-576

Komniekchl pbId U3 cpeiHero — BepxXHero 1eBOHa
Cpeanero Ypaaa, Poccust

A.O. Hsanos

Canxm-Ilemepbypackuil 2ocyoapcmeenublil yHugepcumen,
2. Cankm-Ilemep6ype, 199034, Poccus
Kaszanckuii (Ipusonsicckuir) pedepanvuvlii ynusepcumem, 2. Kasanw, 420008, Poccus

AHHOTANMSA

HoBble KOMIUIEKCHI pa3sHOOOpa3HbIX PHIO M3 KMBeTa — (DaMeHa OMMCAHBl M3 LIECTH Pa3pe3oB
Cpennero Ypama: ITokposckoe, Baponckas, Cymem, Ilepumuo, Moksa u Buesa. IlpeiacraBurenn
Diademodus, Wellerodus u Mimipiscis BmepBbie oTMmedeHbl Ha Ypane. PacnpocrpaHeHde BHIOB
Phoebodus B paspese TTokpoBckoe MO3BONSET YTOYHHUTH IOJOKEHHE I'PaHMIBI (eOOJOHTHIAHBIX 30H
Phoebodus sophiae u Ph. latus. TTonyuentbie pe3ynbTaThl CBHICTEIBCTBYIOT O TOM, YTO B pa3pesax
Cpentero Ypana MOTyT GbITh IPOCIIEKEHBI YeThIpe (heOOJOHTHIHBIC 30HBI.

KnroueBble cioBa: peiObI, neBoH, Cpennel Ypai
BaaromapnocT. ABTop BhIpakaeTr G6maromapHocTs cotpynuukam UI'T Ypo PAH A.3. Buk6aeBy

(Bemyumit nmkenep) u M.I1. CHUTHpeBO# (KaHA. Te€ON.-MUHEpall. HayK, BEAYIIHH WHXKEHEp) 3a Mpejo-
CTaBJICHHYIO KOJUIEKIMIO M cTparturpadpudeckue nanusle, a Takke H.C. Bracenko (mmxenep, CIIOIY)



576 A.O0. IVANOV

u P.A. PakutoBy (kaHz. 6uoin. Hayk, c.H.c., [INH PAH) 3a moMomts npu padoTe Ha CKAHUPYIOLIUX JNIEK-
TPOHHBIX MUKPOCKOTIaXx.

VccnenoBaHust IPOBEAEHBI ¢ UCIIONB30BAHUEM 00OPYIOBAHUSA PECYPCHBIX LIEHTPOB «I €OMOIENbY
1 «MHUKpocKonuHu U MUKpoaHanu3a» Hayunoro mapka CIIGIY.

PaboTa BBINOJHEHA 3a cYeT cpelcTB IIporpaMMbl CTPAaTErHYECKOro0 aKaJeMHYECKOro JIMAEPCTBa
Kazanckoro (IlpuBomkckoro) ¢exnepamsaoro yausepcurera (IIPMOPUTET-2030) u npu gacTHaHOM
noanepskke POOU (mpoext Ne 20-05-00445a).

IToctynuna B pegakuuto
29.08.2022

HBanoB Anexcanap OJieroBud, KaHINAAT T€0JIOr0-MUHEPATIOTHIECKNX HAYK, TOIEHT Kadeaphl 0canod-
HOI1 reostornu MHCTHTYTA HAyK 0 3eMIle; CTapIIni HayqHBIH COTpyAHHUK MHCTHTYTa reosoruy u HeTera-
30BBIX TEXHOJIOTUI

Cankr-IlerepOyprekuii rocyAapCTBEHHBI YHUBEPCUTET
YuuBepcuterckas Hao., 1. 7/9, r. Cankt-IlerepOypr, 199034, Poccus
Kazauckwuii (ITpuBomkckuii) GemepabHEIN YHUBEPCUTET
yi. Kpemnesckas, 1. 18, r. Kazans, 420008, Poccus
E-mail: lvanovA-Paleo@yandex.ru

For citation: Ivanov A.O. Fish assemblages from the Middle—Upper Devonian of the Middle
Urals, Russia. Uchenye Zapiski Kazanskogo Universiteta. Seriya Estestvennye Nauki, 2022,
vol. 164, no. 4, pp. 567-576. doi: 10.26907/2542-064X.2022.4.567-576.

Jna yumuposanus: lvanov A.O. Fish assemblages from the Middle-Upper Devonian of
the Middle Urals, Russia // Vuen. 3an. Kazan. yu-ta. Cep. Ecrects. nayku. — 2022. — T. 164,
kH. 4. — C. 567-576. — doi: 10.26907/2542-064X.2022.4.567-576.



