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1. Introduction
In 1958, Ukrainian palaeontologist David Aisenverg 
published a short Ukrainian-language report on the 
discovery of graptolite remains in the upper Visean rocks 
of the western part of the Donets Basin (Dnipropetrovsk 
Region, eastern Ukraine). The assignment of the fossil, 
identified by him (Aisenverg, 1958a) as ?Ptiograptus 
sp. to dendroid graptolites is beyond doubt, but given 
that Aisenverg’s work was published in Ukrainian in a 
little-known scientific journal (Reports of the Academy 
of Sciences of the Ukrainian SSR), this find remained 
unknown to the general palaeontological community, as 
demonstrated by subsequent works devoted to the study 
of Carboniferous graptolites (e.g., Erdtmann and Adams, 
1975; Chapman et al., 1993; Maletz et al., 2020; Mottequin 
et al., 2023), which do not refer to Aisenverg’s work.

The uncatalogued specimen of ?Ptiograptus sp. 
illustrated by Aisenverg (1958a: unnumbered text-figure) 
was considered lost, as the search for it in the collections 
of the Geological Department of the National Museum of 
Natural History, National Academy of Sciences of Ukraine, 
Kyiv (NMNH), which houses palaeontological materials 
studied by the researchers of the Institute of Geological 
Sciences, National Academy of Sciences of Ukraine, Kyiv 
(IGS NASU), yielded no results. However, in February 
2023, the author found the specimen figured by Aisenverg 
(1958a) and one another unstudied Carboniferous 
graptolite fossil from the fossil site located in the border 

area of the Donets Basin and Dnipro-Donets Depression 
(eastern Ukraine), while working with the collection of 
Carboniferous productidine brachiopods from the Donets 
Basin stored in the IGS NASU.

Given that graptolites were a rather rare faunistic 
group in the Carboniferous and are currently known 
mainly from the United States, British Isles, Belgium and 
China, this paper describes the Carboniferous (Visean and 
Kasimovian) graptolites from eastern Ukraine. Previously, 
relatively diverse graptolite faunas had been identified in 
Ukraine only from the Ordovician, Silurian and Lower 
Devonian strata in the Volyn and Podillia (Krandievsky, 
1963, 1968; Koren, 1968; Tsegelnyuk, 1974, 1976a, 1976b, 
1988a, 1988b). 

It should be noted that the findings of Carboniferous 
graptolites in Ukraine are unlikely to be repeated in the 
near future, and thus, the available poorly preserved sparse 
material is of great scientific importance. The data obtained 
expand our knowledge of the geographical distribution of 
the Carboniferous graptolites, detail the palaeontological 
characteristics of the Carboniferous succession of the 
Donets Basin and the Dnipro-Donets Depression, and 
supplement the fossil record of graptolites.

2. Material and methods
Two poorly preserved fragments of carbonized graptolite 
colonies (specimens IGS NASU-25/01 and IGS NASU-
25/02) from two carbonaceous siltstone and mudstone 
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drill samples were studied. The studied collection (IGS 
NASU-25) is stored in the Department of Palaeontology 
and Stratigraphy of the Palaeozoic sediments of the IGS 
NASU, Kyiv, Ukraine. The sparce examined fossils do 
not allow investigation of the fine details of the graptolite 
morphology, as these fossils are poorly preserved. This 
poor preservation was further worsened by prolonged 
storage of the drill samples in inappropriate conditions in 
rooms with high humidity with other rock slabs rubbing 
against each other. It was therefore only possible to classify 
them at the genus level. 

3. Geological setting
The available material comes from one Visean (Middle 
Mississippian) and one Kasimovian (Upper Pennsylvanian) 
stratigraphic level (Figure 1) in the western part of the 

Donets Basin and the border area between the Donets 
Basin and Dnipro-Donets Depression, respectively. These 
areas are located in Kharkiv and Dnipropetrovsk regions 
of Ukraine (Figure 2).

Single specimens come from the Visean Mezhova 
Formation (specimen IGS NASU-25/01) and Kasimovian 
Avilovka Formation (specimen IGS NASU-25/02).

Specimen IGS NASU-25/01. The drill sample of a 
carbonaceous siltstone with ?Ptiograptus sp. was taken 
at a depth of 341.95–342.80 m (former late Visean C1

vg1 
zone (Poletaev et al., 2011; Poletaev and Vdovenko, 
2013)) of the borehole No. 1341 drilled near the village of 
Petropavlivka (Dnipropetrovsk Region, eastern Ukraine; 
Novomoskovs’k-Petropavlivka zone of the Donets Basin 
according to Poletaev and Vdovenko (2013)). The collector 
is probably David Aisenverg.

Figure 1. Stratigraphic position of the graptolite-bearing localities 
(numbered stars). Buzyn. + Oleniv. – Buzynivian and Olenivkian.

Figure 2. Geographical location of the graptolite-bearing localities (numbered stars). 
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Borehole No. 1341 uncovered a c. 320-m-thick 
succession of Visean (Mississippian) rocks (Aisenverg 
and Brazhnikova, 1955). The former late Visean C1

vg1 
zone, which is now referred to the Mezhova Formation 
(Poletaev and Vdovenko, 2013: Figure 7.2), was exposed 
in the depth interval of 341.95–342.80 m in the borehole 
No. 1341 (Aisenverg and Brazhnikova, 1955). A gray, 
coarse-grained, slightly carbonaceous, horizontally 
bedded micaceous siltstone containing graptolite remains 
also contains spiriferid, chonetidine (Figure 3A) and 
productidine brachiopods, bivalves, crinoids, and trilobites 
(Aisenverg and Brazhnikova, 1955). 

The Mezhova Formation consists of a 500-m-thick 
paralic succession of sandstones (22.2%), siltstones 
(65.4%), mudstones (11.0%), coals (c. 9 beds; 0.14%) 
and limestones (c. 18 layers; 1.2%). The marine rocks of 
the formation contain rich assemblages of fossil biota, 
including foraminifers, corals, brachiopods, bryozoans, 
bivalves, gastropods, trilobites and calcareous algae 
(Aisenverg, 1958b; Feofilova and Levenshtein, 1963; 
Aisenverg and Brazhnikova, 1969; Dunaeva, 1969). Well-
preserved terrestrial plants also occur in the continental 
facies of the Mezhova Formation (Novik, 1968). 

This formation corresponds to the upper half of the 
Yefremian Regional Stage (see Figure 1) of the regional 
stratigraphic scheme of the Dnipro-Donets Downwarp 
(Poletaev et al., 2011; Poletaev and Vdovenko, 2013). 
The Mezhova Formation lies on the top of the Mokra 
Volnovakha Group and is overlain by the Samara 
Formation (Poletaev and Vdovenko, 2013).

Specimen IGS NASU-25/02. The drill sample of a black 
shale with a graptolite Dictyonema sp. was taken at a depth 
of 263.3–267.5 m of the borehole No. 19 drilled near the 
village of Volvenkove (Kharkiv Region, Izyum District, 
Pivnichno-Volvenkove hydrocarbon deposit). Dictyonema 
sp. preserved in a gray slightly carbonaceous mudstone 

with bryozoans and marine bivalve Phestia (Figure 3B), as 
well as crinoid stems (Figure 3C). The rock with graptolite 
remains is a shale, which lies above the O1 limestone 
layer of the Avilovka Formation (late Kasimovian–early 
Gzhelian, Late Pennsylvanian). The collector is unknown.

The O1 limestone bed is a basal layer of the 
Avilovka Formation. This formation consists of a 300 to 
1100-m-thick paralic succession of sandstones (38.0%), 
siltstones (30.0%), mudstones (30.0%), limestones (1.5%) 
and coals (0.5%) (Aisenverg et al., 1963; Dunaeva, 1969; 
Makarov and Kosenko, 1985; Stschegolev and Boyarina, 
2013). This formation lies on the top of the Isayivka 
Formation (also called C2-3

1 or N) and is overlain by the 
Araukarytova Formation (C3

3 or P). A characteristic feature 
of the lower part of the Avilovka Formation is the presence 
of thick sandstone beds, as well as interlayers of brecciated 
limestones and mottled mudstones. In the upper part of 
the Avilovka Formation, the role of mottled mudstones 
increases considerably, and gravelites and coarse-grained 
sandstones occur (Dunaeva, 1969; Aisenverg et al., 1975; 
Makarov and Kosenko, 1985). The fauna of the Avilovka 
Fm. is represented by various foraminifers, rugose 
corals, ostracodes, brachiopods, bryozoans, bivalves, 
and conodonts (Stschegolev and Boyarina, 2013); a rich 
terrestrial plant assemblage is present in the Avilovka Fm. 
(Stschegolev, 1991; Boyarina, 2016). 

The Avilovka Formation corresponds to the Torezian 
and Kalynovian regional stages of the Regional stratigraphic 
scheme of the Dnipro-Donets Downwarp (Poletaev et al., 
2011; Stschegolev and Boyarina, 2013). The Kasimovian/
Gzhelian boundary in the Donets Basin is at the base of the 
O5 limestone layer in the upper part of the Avilovka Fm. 
(Stschegolev and Boyarina, 2013) or at the base of the O7 
limestone layer (Barrick et al., 2022; Ueno, 2022; Wang et 
al., 2023); Khodjanyazova et al. (2014: Figure 2) identified 
this boundary at the base of the O6 limestone layer. Thus, 
the O1 limestone layer is of late Kasimovian age.

Figure 3. Fossils cooccurring with graptolites in the drill samples: A – brachiopod steinkern (borehole No. 1341, Petropavlivka; Visean); 
B – bivalve Phestia and bryozoans associated with Dictyonema sp. on the bedding plane (borehole No. 19, Volvenkove; Kasimovain); 
C – crinoid stem fragments (borehole No. 19, Volvenkove; Kasimovain). Scale bars = 5 mm.
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4. Brief description of the graptolites
Phylum Hemichordata Bateson, 1885
Class Pterobranchia Lankester, 1877
Subclass Graptolithina Bronn, 1849
Order Dendroidea Nicholson, 1872
Family Acanthograptidae Bulman, 1938
Genus Ptiograptus Ruedemann, 1908
Type species. Ptiograptus percorrugatus Ruedemann, 
1908; by original designation.
?Ptiograptus sp.
Figures 4A–4C
1958a ?Ptiograptus sp.: Aisenverg, pp. 562–563, 
unnumbered text-figure.
Material. One specimen (IGS NASU-25/01). 
Description. Specimen IGS NASU-25/01 is represented 
by a single fragment, poorly preserved in lateral view, 
of a carbonized fan-like in the shape, relatively rapidly 
expanding tubarium with an expansion angle of c. 80–90°. 
The preserved part of the tubarium is c. 35 mm long and c. 
30 mm wide at its widest part, with a stipe width of 0.5–0.7 
mm, which remains constant along the entire fragment. 
The stipes are of medium width and demonstrate multiple 
dichotomous quickly reaching a parallel orientation. The 
stipe count ranges from 8 to 12 stipes per 10 mm; the 
lateral distance between stipes is 1.2–1.5 mm. The thecae 
are not visible, and anastomosis has not been observed in 
the specimen.

Genus Dictyonema Hall, 1851
Type species. ?Gorgonia retiformis Hall, 1843; subsequently 
designated by Miller (1889: p. 185).
Dictyonema sp. 
Figures 4D–4G 
Material. One specimen (IGS NASU-25/02).
Description. Specimen IGS NASU-25/02 is represented by 
a single poorly preserved in lateral aspect small fragment 
of the carbonized colony c. 10 mm wide and c. 20 mm long 
in a gray mudstone. The general shape of the colony is 
difficult to determine, but it appears to be fan-shaped. The 
specimen has a stipe width of c. 0.5 mm and is oriented 
nearly parallel to each other; a stipe count of c. 4 stipes in 5 
mm. The connections between the stipes are c. 1.5–2.5 mm 
wide; the bridges of the thecal transfer are perpendicular 
to the stipes and obliques, but the number of sufficiently 
preserved bridges in the available material is small.

5. Discussion and concluding remarks
Carboniferous graptolites are known from few regions 
(Figure 5), but the age of some graptolite faunas is 
controversial, and it is likely that some of them (e.g., from 
the Englewood Formation (Ruedemann and Lochman, 
1942; Ruedemann, 1947; Decker, 1954)) are actually of the 
Late Devonian age.
5.1. North America
In the United States, Carboniferous graptolites are 
known from several localities. Gurley (1896) was the 

foremost researcher to detect graptolites in Carboniferous 
deposits in North America and established a new species, 
Dictyonema blairi Gurley, 1896, from the Chouteau 
Limestone (Tournaisian) of Missouri. This species was 
later figured by Thomas (1965: pl. 11) from the Warsaw 
Formation (Visean) of Missouri.

Ruedemann and Lochman (1942) and Ruedemann 
(1947) described Dictyonema dakotense Ruedemann in 
Ruedemann & Lochman, 1942, D. lochmannae Ruedemann 
in Ruedemann & Lochman, 1942, and D. mississippiense 
Ruedemann in Ruedemann & Lochman, 1942 from the 
Englewood Formation (Late Devonian–early Tournaisian) 
of the Black Hills in South Dakota. Later, Decker (1954) 
described Dictyonema aspidoides Decker, 1954 from the 
same formation.

I think that the Carboniferous opinion that the 
Carboniferous age of the graptolite fauna from the 
Englewood Formation is open to question. The study of 
conodonts indicates that the Devonian/Carboniferous 
boundary in the Black Hills and Whitewood Canyon 
sections is located approximately 0.6–3.0 m below the top 
of the Englewood Formation (Klapper and Furnish, 1962; 
Klapper, 1966). The graptolites described by Ruedemann 
and Lochman (1942), Ruedemann (1947), and Decker 
(1954) from the Englewood Formation were found in its 
lower part, which, according to Klapper (1966), belongs 
to the Late Devonian lower Spathognathodus costatus 
Zone or to the Fammenian (Late Devonian) Bispathodus 
aculeatus aculeatus, Bispathodus costatus, and Bispathodus 
ultimus zones (Hogancamp, 2022). Thus, it is likely that 
the graptolites from the Englewood Formation are of the 
Famenian rather than the Early Mississippian age.

Erdtmann and Adams (1975) described Dictyonema cf. 
dakotense Ruedemann, 1942 and Callograptus indianensis 
Erdtmann & Adams, 1975 from the Harrodsburg 
Limestone (Visean) of Indiana.
5.2. China 
There are different opinions about the age of the graptolite 
faunule consisting of Dictyonema ex gr. fraiponti Ubaghs, 
1941, D. hainanense Mu et al., 1981, D. shiluense Mu et 
al., 1981, D. sp. and ?D. sp. from rocks of the Sanlingshan 
Formation outcropped near Sanlingshan of Shilu, 
Hainan Island in China (Mu et al., 1981; Deng, 1985). 
Mu et al. (1981) reported the Late Mississippian age for 
this formation and supported this conclusion by the 
terrestrial plants Neuropteris sp., ?Pecopteris sp., and 
?Rhodeopteridium sp. However, Mu et al. (1981) did not 
provide images of the plant fossils, and thus, the definitions 
are somewhat questionable, especially concerning the 
genus Pecopteris Brongniart, 1828.

Deng (1985) reported that the Sanlingshan Formation 
is underlain by the Shilu Group, which, based on 
miospore studies, dates to the Carboniferous. However, 
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Figure 4. Carboniferous graptolites from Ukraine: A–C – ?Ptiograptus sp., general view of the tubarium 
(A) and some morphological details (B, C) (IGS NASU-25/01); D–G – Dictyonema sp., general view of 
the tubarium (D) and some morphological details (E–G) (IGS NASU-25/02). Scale bars = 5 mm. 
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according to new data (Xu et al., 2013, 2014), the Shilu 
Group is of the Meso-Neoproterozoic age and overlies the 
Sinian Shihuiding Formation. Deng (1985) also reported 
terrestrial plants such as Linopteris sp., Mariopteris sp., 
Pecopteris sp., Neuropteris sp., and Cordaites sp. in the 
layer below the graptolite-bearing rocks of the Sanlingshan 
Formation, which he attributed to the Pennsylvanian. Based 
on the results of terrestrial plant studies, Zhuangguang 
and Xiuhu (1981) determined the Visean–Namurian age 
of the Sanlingshan Formation, but Deng (1985) suggests 
an assumption about the Permian age of this formation 
that may require further substantiation. 

According to the geological maps of Hainan Island 
(e.g., Xu et al., 2013: Figure 1; Xu et al., 2014: Figure 1a; 
Yao et al., 2021: Figure 1) and the Shilu outskirts in the 
northwestern part of the island (e.g., Xu et al., 2013: Figure 
2; Zhang et al., 2013: Figure 2; Xu et al., 2014: Figure 1), 
Permian–Late Cretaceous granites, Early–Middle Permian 
mudstones, siltstones, sandstones and limestones (Echa, 
Eding, and Nanlong formations), and Mississippian–Early 
and Middle Pennsylvanian conglomerates, sandstones, 
mudstones and limestones (Nanhao and Qingtianxia 
formations) are exposed in the Shilu area.

However, it should be noted that the Nanhao 
Formation contains remains of Llandoverian (Silurian) 
brachiopods and trilobites (Zeng et al., 2004). In the Shilu 
area, this formation overlies the Early Silurian Kongliecun 

Formation; therefore, either these two formations form 
a single stratigraphic unit or Zeng et al. (2004) may have 
inaccurately assigned rocks of the Kongliecun Formation 
to the Nanhao Formation. 

Yao et al. (2021) assigned the Nanhao Formation to the 
Early Silurian based on the Llandoverian fauna identified 
by Zeng et al. (2004), but slightly earlier Zhang et al. (2001) 
assigned different parts of the Nanhao Formation to the 
Silurian, as well as the Mississippian Jishi Formation, Late 
Devonian Changjiang Formation, and Pennsylvanian 
deposits. According to Yao et al. (2021), in the Shilu 
area, Mississippian deposits are represented by the Jishi 
Formation (Tournaisian); below it lies the Changjiang 
Formation (Famenian) and the Lanyang Formation 
(Frasnian) (Yao et al., 2021).

In summary, based on the Palaeozoic stratigraphy of 
the Shilu area, the graptolites may originate from the Early 
Silurian Nanhao Formation, Late Devonian Changjiang 
and Lanyang formations, Tournaisian Jishi Formation, and 
Pennsylvanian Qingtianxia Formation. However, this issue 
is resolved in favor of the Jishi Formation, as the images of 
fossil fauna given by Yao et al. (2021) include a graptolite 
(Figure 6.22) identified as the bryozoan Fenestella sp. 

The origin of the misunderstanding regarding the 
age of the graptolite fauna is not entirely clear.  Given 
that the Shilu area is located near the large Changjiang-
Qionghai fault (Kong et al., 2022), it can be assumed that 

Figure 5. Geographical distribution of the Carboniferous graptolites. Locality numbers: 1 – England 
and Wales, 2 – Ireland and Isle of Man, 3 – Belgium, 4 – Ukraine, 5–7 – USA (5 – South Dakota, 6 – 
Indiana, 7 – Missouri), 8 – Hainan Island (China). Map modified from Scotese (2014).
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the Tournaisian deposits are tectonically superimposed 
on the fossil plant-bearing Pennsylvanian rocks due to 
the presence of the fault, or that the geological section was 
misinterpreted due to the heavy dislocation of rocks and 
the extensive development of tropical vegetation, which 
hinders geological research, as pointed out by Zhang et al. 
(2013) and Yao et al. (2021).
5.3. Europe
In Europe, Carboniferous graptolites are known from 
Belgium, the British Isles and Ukraine. The Visean–early 
Serpukhovian age of the graptolite fauna, consisting 
of Callograptus monensis (Hind, 1907), C. sevastopuloi 
Chapman et al., 1993, Dendrograptus whitewellensis 
Chapman et al., 1993, D. rileyi Chapman et al., 1993, D. 
oldhami Chapman et al., 1993, D. kittyae Chapman & 
al., 1993, Stelechocladia ubaghsis Chapman et al., 1993, 
Dictyonema carboniferus (Hind, 1907), D. crassum (Girty, 
1897), D. fraiponti Ubaghs, 1941, D. heyi Chapman et al., 
1993, D. sp. A and D. sp. B from the British Isles described 
by Hind (1907) and Chapman et al. (1993) are well 
documented by ammonoid sequences. 

The Belgian material originally described by Ubaghs 
(1941) have been revised recently by Maletz et al. (2020) 
and currently only two of the seven species (Dictyonema 
ultimum Ubaghs, 1941 and D. fraiponti Ubaghs, 
1941) described by Ubaghs are valid. The Visean age 
(Molignée Formation) of the Belgian graptolites has been 
substantiated in detail (Mottequin, 2008; Mottequin et al., 
2015), leaving no doubt about it.

In the Donets Basin, the shale above the O1 limestone 
layer, in which the single specimen of Dictyonema sp. was 

found, belongs to the Lobatopteris lamuriana zone, which 
was defined by Boyarina (2016). This zone corresponds 
to the Crenulopteris lamuriana zone of Western Europe 
(Barruelian Substage, Kasimovian) (Knight et al., 2023). 
The stratigraphic interval with graptolite is located within 
the Idiognathodus sagittalis–Id. sp. A conodont zone, 
which correlates with the Khamovnichian Horizon of 
the stratotype of the Kasimovian Stage in the Moscow 
Syneclise (Russia) (Alekseev et al., 2022).

Dictyonema sp. from the Avilovka Formation is 
probably the youngest record of a dendroid graptolite to 
date. The closest findings in terms of age are Dictyonema 
carboniferus (Hind, 1907) and D. heyi Chapman et 
al., 1993 from England (Hind, 1907; Chapman et al., 
1993). Thus, there exists a significant gap in the fossil 
record of Carboniferous graptolites, covering part of the 
Serpukhovian, Bashkirian, Moscovian, and part of the 
Kasimovian. It is possible that undescribed findings of 
graptolites from the Serpukhovian deposits of the Moscow 
Basin (Vinn and Mironenko, 2021; Van Iten et al., 2023) 
will assist in partially filling this gap.
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