
INTRODUCTION

The present paper is the third in a series devoted to
the description of Bashkirian rugose corals from the
Donets Basin, Ukraine (Text-fig. 1). The two species
treated in the paper are restricted to a very few local-
ities (see occurrences) and to the F1 group of Lime-
stones. This F1 group, Lower Bashkirian in age, cor-
responds to the upper Bilinguites-Cancelloceras
ammonoid Biozone, the Pseudostaffella praegorskyi-
Staffelleformes stafelleformis foraminiferal Biozone,
and the Idiognathodus sinuosus conodont Biozone,
the boundaries of which are not identical. However,
those small differences in the boundaries are unim-
portant for the topic of the present paper. The geo-
graphic location of the F1 group of Limestones in the
vicinity of the Donets Basin, i.e., the study area, is

shown on Text-fig. 2. For the details mentioned, the
history of the investigation, and the geological setting,
see Fedorowski (2009a, b).
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The genus Cyathaxonia Michelin, 1847 is determined to be one of only two possible genera belonging in the family

Cyathaxonidae Milne Edwards and Haime, 1850. This detailed study of a new species, Cyathaxonia nodosa, proves

the origin of the columella independent of major septa, as demonstrated in crossed nicols. The inner margins of the

major septa retreat from the corallite axis in the late neanic growth stage. The presence of a circulotheca is considered

to be an important feature of this genus. Barytichisma represented by Barytichisma sp, is placed in the family

Stereophrentidae Fomichev, 1953. 
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Text-fig. 1. General map of Ukraine shoving approximate position of the 

study area. Upper frame North



SYSTEMATIC PALAEONTOLOGY

Order Stauriida Verrill, 1865
Family Cyathaxonidae Milne Edwards and Haime,

1850
Genus Cyathaxonia Michelin, 1847

TYPE  SPECIES: Cyathaxonia cornu Michelin, 1847.

1847. Cyathaxonia J. L. H. Michelin, p. 257.

1895. Cyathaxonia Michelin 1846; Stuckenberg, p.

24 (cum synon.)

1906. Cyathaxonia; Vaughan, p. 316

1909. Cyathaxonia cornu Michelin; Faurot, p. 75.

1913. Cyathaxonia Mich.; Carruthers, p. 53.

1925. Cyathaxonia Michel. [27] 1846; Soshkina, p.

89.

1928. Cyathaxonia Michelin; Grabau, p. 117.

1928. Cyathaxonia Michelin 1846; Soshkina, p. 375

non 1929. Cyathaxonia; Dutertre, p. 127 (= Axisvacuus
Fedorowski, 2009)

1932. Cyathaxonia Michelin 1846; Soshkina, p. 254

1934. Cyathaxonia Michelin; Vojnovsky-Krieger, p.

30

1935. Cyathaxonia Michelin; Grove, p. 367.

1936. Cyathaxonia Michelin 1846; Dobrolyubova,

p. 91.

1938. Cyathaxonia Michelin 1847; Demanet, p. 34.

1938-1941. Cyathaxonia Michelin; Hill, p. 194 (cum
synon.)

1942. Cyathaxonia Michelin, 1847; Hudson and

Fox, p. 120

1944. Cyathaxonia Michelin 1847; Easton, p. 29 

(cum synon. of C. tentilla).

1951. Cyathaxonia Michelin, 1846; Gorsky, p. 46

1951. Cyathaxonia cornu n. subsp.; Schindewolf,

p. 101. 

1953. Cyathaxonia Michelin 1846 em. Mn. Edw. et

H., 1850; Fomichev, p. 54.

1960. Cyathaxonia Michelin 1846; Vassilyuk, p.

156.

1961. Cyathaxonia Michelin 1847; Fontaine, p. 73.

1964. Cyathaxonia Michelin 1847; Vassilyuk, p. 87.

1964. Cyathaxonia Michelin 1847; Wu, p. 26. 

1966. Cyathaxonia Michelin, 1846; Pyzhyanov, p.

267

1968. Cyathaxonia Michelin, 1847; Fedorowski, p.

210.

1969. Cyathaxonia Michelin 1847; Różkowska, p.

52 (cum synon.).

1975. Cyathaxonia Michelin, 1847; Weyer, p. 937.

1977. Cyathaxonia Michelin 1847; Jia et al., p. 124.

1977. Cyathaxonia Michelin 1847; Khoa, p. 318.

1977. Cyathaxonia Michelin; Sando, p. 53 ( cum
synon. pp. 53, 54, 56).

1979. Cyathaxonia Michelin 1847; Degtjarev, p. 45
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Text-fig. 2. Vicinity of the town of Donetsk. Generalized positions of individual Limestone Groups (D to N). Carboniferous deposits left in white (after J. Fedorowski 

(2009a), provided by N.P. Vassilyuk). Upper frame North
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1979.  Cyathaxonia Michelin 1847; Li and Liao, p.

20.

1981. Cyathaxonia Michelin 1847; Poty, p. 16.

1981. Cyathaxonia (Cyathaxonia) sp.; Weyer, p. 5.

1982. Cyathaxonia; Yang and Fan, p. 63.

1983. Cyathaxonia Michelin 1847; Cao et al., p. 54.

1983. Cyathaxonia Michelin 1847; Yu et al., p. 64.

1984. Cyathaxonia Michelin (1847); Rodríguez, p.

165.

1984. Cyathaxonia (Cyathaxonia) sp. Weyer, Photo

4, fig. 3.

1984. Cyathaxonia (Cyathocarinia) n. sp.; Weyer,

Photo 4, fig. 4; Text-fig. 6:2.

1986. Cyathaxonia (Cyathocarinia); Weyer, Pl. 2,

fig. 12.

1989. Cyathaxonia Michelin 1847; Wu and Zhao, p.

38.

1990. Cyathaxonia Michelin 1847; Rodríguez and

Kullmann, p. 22.

1993. Cyathaxonia cornu Michelin, 1847; Weyer,

text-fig. 3, Pl. 5, figs 2, 3.

1994. Cyathaxonia Michelin, 1847; Weyer, p. 184.

1995. Cyathaxonia Michelin, 1847: Lin Baoyu et
al., p. 373.

1999. Cyathaxonia Michelin 1847; Rodríguez and

Kullmann, p. 27.

2000. Cyathaxonia Michelin, 1847; Igo and Adachi,

p. 43.

2001. Cyathaxonia Michelin, 1847; Fedorowski, p.

100.

2002. Cyathaxonia Michelin, 1847; Berkowski, p.

19.

2003. Cyathaxonia Michelin 1848; Fan et al., p.

266.

2003. Cyathaxonia Michelin, 1847; Fedorowski, p.

60.

2003. Cyathaxonia Michelin, 1847; Weyer, p. 102.

2005. Cyathaxonia Michelin, 1847; Chwieduk, p.

416.

EMENDED DIAGNOSIS: Small, solitary, non-dis-
sepimented; major septa meet axially in early on-
togeny and form a circulotheca at a more advanced
growth stage with their inner margins reaching a
basally secreted columella which projects high in cal-
ice; minor septa contratingent; tabularium biform; mi-
crostructure of septa finely trabecular.

REMARKS: Cyathaxonia Michelin, 1847 is one of the
most easily recognizable genera among the latest De-
vonian and Carboniferous Rugosa. Its unique diag-
nostic features are present only in Cyathocarinia
Soshkina, 1928. The only difference between those

two genera is the presence of carinae in the latter
genus. However, in some specimens of Cyathaxonia a
few flanges or low swellings are present on some
septa (e.g., Pl. 1, fig. 2d, e; Pl. 2, fig. 5b). Such spec-
imens can be interpreted as intermediate between the
strongly carinated and the non-carinated corallites,
making the independent generic status of Cyatho-
carinia questionable. That status has already been
questioned by some scientists (e.g., de Groot 1963;
Sando 1977; Hill 1981; Rodríguez and Kullmann
1999). We do not take a position on this question, so
neither the type of Cyathocarinia nor other species in-
cluded in that taxon are here synonymized with Cy-
athaxonia. 

All genera included by Hill (1981) in the family
Cyathaxoniidae, other than Cyathaxonia, bear only a
superficial similarity to that genus. Lophotichium
Moore and Jeffords 1945 and Epiphanophyllum Ilina,
1970, included by her in that family, were correctly
transferred by Weyer (1972) to his new family
Lophotichiidae. The Silurian Columnaxon Scrutton
1971, placed by Hill (1981) in the Cyathaxoniidae, was
originally included in the family Lindstroemiidae
Počta 1902 (Scrutton 1971). This latter idea was sup-
ported by the occurrence in that genus of contratingent
minor septa and a circulotheca, called an aulos at that
time. However, the ‘columella’ of Columnaxon, de-
rived from the inner margin of the counter protosep-
tum, has nothing in common with the true columella
of Cyathaxonia and should be called a pseudocol-
umella. This suggests that Columnaxon should be
placed in a different family.

Weyer (1980, 2005) recognized the difference in
the development of the axial structure in Cyathaxonia
and Columnaxon, as opposed to its development in
Lindstroemia Nicholson and Thomson, 1876, so he in-
troduced a new subfamily Columnaxoninae Weyer,
1980. He, however, included it in the family Cy-
athaxoniidae on the basis of the presence of a circu-
lotheca. That idea is clearly demonstrated in one of his
more recent papers (Weyer 2001, p. 73) in which he in-
cluded the subfamilies Cyathaxoninae, Columnaxon-
inae, Laccophyllinae and Taralasmatinae in the family
Cyathaxoniidae. We do not follow that idea, as dis-
cussed below. Also, Weyer’s (2005) ‘lineage’ of Lac-
cophyllum/Hamarophyllum – Antilacca – Columnaxon
is not accepted by us. This ‘lineage’ serves only as an
example of the increase in the morphological com-
plexity of some non-dissepimented Silurian and De-
vonian Rugosa through time. However, two of them
(Columnaxon and Antilacca) possess the counter pro-
toseptum elongated whereas most, but not Antilacca,
possess the circulotheca. Also, occurrences of the gen-
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era included in that ‘lineage’ are not stratigraphically
sequential and their geographic positions are so scat-
tered that direct relationships seem very unlikely. The
stratigraphically much earlier occurrence of the mor-
phologically more complex Columnaxon (in the Lud-
low) than the much simpler Antilacca (in the Upper
Emsian-?Lower Eifelian) and the lack of a circu-
lotheca in the latter genus, are additional arguments
against the reality of that lineage. A theoretically pos-
sible trend towards morphological simplification can-
not be applied in this case if the morphologically sim-
plest genus, Laccophyllum, is accepted as a starting
point for the lineage. 

We fully accept the taxonomic elevation of Colum-
naxon to a higher taxonomic level as proposed by
Weyer (1980). In fact, we would increase that eleva-
tion to that of an independent family not connected
with the Cyathaxoniidae. The content of Columnax-
oninae, proposed by Weyer (2005, p. 7), should be
treated as provisional until the relationships between
the relevant taxa are firmly documented. That docu-
mentation should include information on the mi-
crostructure of the septa and the geographic occurrence
of species. The distribution of all species should reflect
free communication and thus be compatible with the
Late Silurian and Devonian palaeogeography.

Cyathaxonella Stuckenberg, 1895 was also in-
cluded by Hill (1981) in the family Cyathaxoniidae.
The state of preservation of the type specimen and the
only representative of that genus, however, is poor
and it cannot be sectioned (Ivanovskiy 1987, p. 13).
Thus, its morphology cannot be re-investigated and no
topotypes have ever been collected. The large size of
the type specimen (4 cm in length and 1.8 cm in the di-
ameter) is one of the characters distinguishing that
genus from Cyathaxonia. However, Stuckenberg
(1895, p. 26) stated that the morphology of the col-
umella in Cyathaxonella was the only character dis-
tinguishing his possibly non-dissepimented genus from
Cyathaxonia. He described that columella as ‘com-
posed of radially arranged and slightly curved plates’
[translated herein from Russian] and illustrated such a
columella on his plate 6, figure 5a. If that observation
and the picture are accurate, the axial structure in Cy-
athaxonella is totally different from that in Cyathaxo-
nia. Unfortunately, there is no possibility of verifying
that difference, so Cyathaxonella is not considered
here.

The preceding discussion suggests that the content
of the family Cyathaxonidae Milne Edwards and
Haime 1850 (in our meaning) is restricted to the gen-
era Cyathaxonia and Cyathocarinia, if those two are
not subgenera or synonyms. Thus, the approach taken

here is opposed to the broad concept of that family pro-
posed by Weyer (2001), as mentioned above. The re-
constructed morphology of Cyathaxonia, including a
highly elevated columella, differs  substantially from
that of taxa possessing an empty circumaxial structure.
Fedorowski (1997) has already noted that difference in
a reconstruction of the probable physiology of Cy-
athaxonia and Syringaxon. Such long-lasting mor-
phological and physiological differences as those be-
tween Cyathaxonia/Cyathocarinia on the one side and
circulothecate corals on the other, must have been ge-
netically controlled at a level higher than subfamily. 

Also, a trend towards an amplexoid mature mor-
phology, observed in some taxa possessing the circu-
lotheca in the early growth stages (e.g., Schindewolfia
Weissermel, 1943; Silesamplus Fedorowski, 2009), is
absent from both Cyathaxonia and Cyathocarinia. The
columella is invariably present in those genera (or
genus?) during the entire history of their occurrence,
i.e., from the Famennian (Różkowska 1969; Chwieduk
2005) to the Middle Artinskian (Soshkina 1925) and
Upper Artinskian (Kossovaya 2007). 

In contrast to the presence of a columella in Cy-
athaxonia and Cyathocarinia, which is unique in mor-
phology and derivation, contratingent minor septa and
biform tabularia are common among the non-dissepi-
mented corals of Silurian and Devonian age (e.g., Sy-
ringaxon Lindström, 1882; Laccophyllum Simpson,
1900; Boolelasma Pedder, 1967; Columnaxon Scrutton
1971; Sutherlandinia Weyer, 1972; Muenstraia Weyer,
2001). Some forms extend into the Early Carbonifer-
ous (e.g., ‘Permia’ of Hudson 1943, 1944, 1945, that
may belong to Laccophyllum) or are definitely Car-
boniferous (Claviphyllum Hudson 1942; Silesamplus
Fedorowski 2009).  Thus, presence of contratingent
minor septa and a biform tabularium must be consid-
ered taxonomically important only in conjuction with
other morphological, microstructural, and palaeogeo-
graphic data. Most of the corals listed above and sev-
eral other genera possess circumaxial structures. How-
ever, there are genera such as Claviphyllum,
Muenstraia and the Carboniferous and Permian fam-
ily Lophotichiidae Weyer, 1972 that developed a bi-
form tabularium and contratingent or free minor septa,
but not a circumaxial structure. Thus, the columella, in
contrast to all the other characters listed, appears to be
the only stable morphological structure in the genera
and families considered.  Therefore, the family Cy-
athaxoniidae is unique and not related to other taxa at
a level lower than suborder.

The early skeletogenesis has been documented in
only a few genera developing a biform tabularium
and contratingent, or in some cases, free minor septa.



All such genera pass through a brephic growth stage
characterized by about six major septa meeting at the
corallite axis with contratingent minor septa absent.
Such an early growth stage is known from Cyathaxo-
nia (Faurot 1909, text-figs 4-7; Weyer 1993, text-fig.
4:1a, b; and Pl. 1, Fig. 1a, b; Text-fig. 3A, B herein)
and in  several circulothecate taxa, including Sy-
ringaxon (Fedorowski 1965, text-fig. 1:1; Berkowski
2008, pl. 8, fig. 2a), Metrionaxon Glinski, 1963 (Fe-
dorowski 1965, text-figs 2, 3) and Schindewolfia
(Berkowski 2008, pl. 9, fig. 2a, b). It was also docu-
mented in representatives of the family Lophotichiidae
including Lophotichium Moore and Jeffords, 1945
(Fedorowski 1987, text-fig. 54:1a-c), Paraduplo-
phyllum Wu and Zhou, 1982 (Fedorowski 1987, text-
figs. 75:3a-g), its subgenus P. (Vacoea) Fedorowski,
1987 (text-figs 81:1a-c, 83:9a-c), and Assimulia Fe-
dorowski, 1987 (text-figs 60:3a-d, 71:1a-c). The bi-
form tabularium and contratingent minor septa other
than those at the counter protoseptum, may appear as
late as in the early mature growth stage (e.g., Muen-
straia Weyer, 2001, pl. 1, figs 1b, 2d; text-fig. 2d), doc-
umenting the necessity of complete studies of those
and other solitary, non-dissepimented corallites in or-
der to establish their correct taxonomic positions.

As indicated above, early skeletogenesis is known
in only a small number of genera possessing a biform
tabularium (not all mentioned in the list above) and mi-
nor septa which are either contratingent (most), or
only contraclined, but free. Nevertheless, that charac-
ter appears in different taxa at different growth stages,
making their close relationship doubtful. This infor-
mation allows recognition of several informal groups
of taxa: 

1. Taxa possessing a columella, contratingent mi-
nor septa, and rhopaloid major septa, the inner margins
of which remain in lateral contiguity, i.e., the same way
as they are in a circulotheca. Only Cyathaxonia and
Cyathocarinia fit these characteristics.

2. Taxa possessing most characters indicated
above, but lacking a columella. The microstructure of
septa is unknown from most type species. It was es-
tablished as finely trabecular in a Polish specimen in-
cluded in Syringaxon (Fedorowski 2009a, fig. 4B, C),
but this cannot be extended to the entire family Lac-
cophyllidae. The same is true for coarsely trabecular
microstructure seen in the calice of Boolelasma Ped-
der, 1967 from the Emsian of Morocco (Berkowski
2008, pl. 1, fig. 6c) and trabecular microstructure of
septa in Schindewolfia Weissermel, 1943 (Berkowski
2008, pl. 2, fig. 2a) from the same age and area. The

latter two taxa were included by Weyer (2001) and
Berkowski (2008) in different subfamilies placed in
turn in different families, the Protozaphrentidae and
Cyathaxoniidae, respectively. Both of those families
were included by them within the suborder Cyathax-
oniina Spasskiy 1977. 

Our position concerning the subfamilies included
in the family Cyathaxoniidae was discussed above.
The family designation of individual genera by both
Weyer (2001) and Berkowski (2008) and the relation-
ships of particular subfamilies, questioned in part by
Berkowski (2008, pp. 33, 34), are not discussed here.
However, the morphologically simple Protozaphren-
tis Yu, 1957, which has underdeveloped minor septa
and a probably normal tabularium, has very little in
common with the morphologically complex taxa in-
cluded by Weyer (2001) and Berkowski (2008) in the
family Protozaphrentidae. The simple morphology of
Protozaphrentis differs distinctly from that of Cy-
athaxonia. Thus, we question the position of the fam-
ily Protozaphrentidae within the suborder Cyathax-
oniina, as we do the content of that suborder as
proposed by both Weyer (2001) and Berkowski (2008).
The relationships between taxa included in that sub-
order by the authors mentioned are more complex and
require a re-consideration, especially in the context of
the microstructure of septa, morphology of the tabu-
larium, formation of the circulotheca vs. other axial and
circumaxial structures, peripheral splitting of septa,
and development of minor septa. Also, placement of
dissepimented taxa within the suborder Cyathaxoniina
seems inappropriate.

3. Taxa of this group can in general be characterized by
features attributed to the family Lophotichiidae. They
bear such characters as long contratingent and/or con-
traclined minor septa and biform tabularia, thus re-
sembling the subfamily Sutherlandiniinae, which was
included by Weyer (2001) and Berkowski (2008) in the
suborder Cyathaxoniina. Morphological similarity be-
tween Lophotichium Moore and Jeffords, 1945 and
Sutherlandinia Weyer, 1972 is only superficial,
whereas the main features of both genera are distinct
from that in Cyathaxonia at the suborder level.

Being clearly distinct from all other Rugosa at the
family and genus level, representatives of Cyathaxonia,
which extend over a very long time span (Late Fa-
mennian-Late Artinskian), are strikingly similar to one
another irrespective of their age.  Specimens possess-
ing septa more or less clearly carinated, i.e., identified
as Cyathocarinia, accompany the non-carinated ones
since their earliest recorded occurrence (Różkowska,
1969). Bodies called “jagged projections”, probably
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representing indistinct carinae, were mentioned by both
Carruthers (1913) in C. cornu Michelin, 1847 and by
Vaughan (1906) in his species C. rushiana. None of the
distinguishing characters introduced by Vaughan (1906,
pp. 316, 317 and foot notes) for his species, are of a di-
agnostic value. This species was accepted by several
authors mainly on the basis of Carruthers’ (1913) recog-
nition of its oval columella. Distinguishing characters
of C. rushiana have been rather inconsistently applied
by other authors. For instance, Smith (1931) identified
as C. cf. rushiana a Bashkirian specimen from South
Wales, despite it being the size of the smaller species C.
cornu and possessing a columella of uncertain shape.
Moreover, the columella may vary in its shape and
outline, as demonstrated in the present paper.

Reduction in the length of the minor septa in the
course of phylogeny was mentioned as important by
Smith (1931, pp. 9, 10) and supported by de Groot
(1963, p. 25). Unfortunately, Smith (1931) referred to
the length of the minor septa in the calice, i.e., where
they became shortened, irrespective of their strati-
graphic position. They are very long in some Upper
Moscovian specimens described by de Groot (1963),
contradicting her own and Smith’s (1931) position.
This is also true for the Moscovian and Gshelian speci-
mens described by Fomichev (1953) and for some
specimens described herein (Pl. 2, Fig. 1b; Text-fig.
5D, F). Accepting that character, de Groot (1963) re-
jected the following characters as taxonomically im-
portant: presence or absence of carinae, length and
shape of specimens, and thickness of the septa and the
external wall (called ‘epitheca’ by her). Such an ap-
proach leaves almost no character to be used for a
species distinction. We list those characters in order to
stress difficulties in distinguishing between species. 

Several authors (e.g., Khoa 1977; Sando 1977;
Rodríguez and Kullmann 1999) discussed nearly all
the characters present in Cyathaxonia and came to the
conclusion that at least some of those characters are
different in different species. Unfortunately, evaluation
of the differences varies from paper to paper showing
clearly that rigid characters for the distinction between
species of Cyathaxonia have not yet been established.  

Fomichev (1953) discussed most of the older pa-
pers dealing with species truly belonging to Cyathax-
onia and other species belonging to other genera and
families incorrectly bearing that name. He also intro-
duced several new species of Cyathaxonia, mostly
Moscovian and Gshelian in age. A few specimens de-
scribed by him were derived from the Upper
Bashkirian Prikamsk Stage (Limestone H), therefore
stratigraphically close to the species described here (in
Limestone F). His discussion was comprehensive and

need not be repeated, but none of his new species
were investigated completely enough to form an in-
disputable basis for their distinction. For instance,
weak carinae are mentioned by Fomichev (1953) to oc-
cur in all species except for C. kapustini, a species rep-
resented by two small, poorly preserved fragments, and
C. archangelskyi intermedia, which also is poorly rep-
resented. Both of those taxa are omitted from this dis-
cussion. Differences between Fomichev’s (1953) re-
maining species, as pointed out by him, are: the shape
and size of the columella, the thickness of the external
wall, the thickness of the major and minor septa, the
slightly different angle between the major and con-
tratingent minor septa, and the diameter and number of
septa. Most of these characters are unimportant and oc-
cur in various combinations in individual groups of
specimens identified by Fomichev (1953) as species.
Besides, it is not quite certain whether or not identical
growth stages were compared by him. One of us (J.F)
restudied Fomichev’s (1953) specimens briefly and a
long time ago, but did not revise them in detail. Al-
though it is likely that some of the species should be
placed in synonymy, we do not have a rigid basis to
make a determination. These specimens were not
restudied by Rodriguez prior to his publishing a syn-
onymy of Cyathaxonia cornu (Rodríguez 1984, p.
165), so we cannot accept his synonymy.

Difficulty in identification of species of Cyathax-
onia is well illustrated by the work of Rodríguez
(1984) and Rodríguez and Kullmann (1990, 1999) on
specimens from Bashkirian to Podolskian (Middle/Up-
per Moscovian) strata in Spain. Illustrations of the
Spanish specimens identified by those authors as Cy-
athaxonia cornu Michelin closely resemble Late Tour-
naisian and Early Viséan specimens of that species
from several other European countries. The question
arises, however, whether is this an extremely long-last-
ing species or a genetically distinct species which pro-
duced similar appearing skeletons? This is a funda-
mental question that cannot be solved on purely
palaeontological data which, of course, must be taken
into consideration. Nevertheless, the existence of the
same species extending from the late Famennian into
the Gshelian (see synonymy of Rodríguez and Kull-
mann 1990, p. 22) or  Upper Artinskian (Kossovaya
(2007) seems very unlikely, especially when the Ser-
pukhovian/Bashkirian crisis in rugose coral evolution
is considered.

Thus, several points must be made clear: (1) The
fundamental basis for the distinction between species
of Cyathaxonia has not been established either in pre-
vious works or in this paper. Many species have been
introduced with the result that several of them appear
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to be synonyms; (2) The opposite situation, i.e., the ex-
istence of a single species for more than 80 million
years is very unlikely. It only proves a lack of methods
allowing a distinction between species of Cyathaxonia,
but not the identity of palaeontological objects studied;
(3) Only a few specimens of Cyathaxonia have been in-
vestigated adequately enough for unquestionable com-
parison. Some features, including the external mor-
phology and microstructure of the external wall, the
microstructure of the septa and columella, the in-
traspecific variability, and the step by step description
of the ontogeny allowing a precise comparison of in-
dividual growth stages, are missing from the vast ma-
jority of descriptions; (4) Comparison between the
specimens described in this paper and earlier inade-
quately described species has resulted in the introduc-
tion of a new species. This has been done mostly be-
cause the inclusion of those specimens in any of the
existing species must be preceded by a synonymy of the
most similar species. Such a synonymy, which would
suggest a close relationship, would be superficial until
a re-investigation of type collections of such species is
made. Such a condition is impossible for us to fulfill.
For the same reason the species content of the genus
Cyathaxonia was not included in this paper. 

A complete synonymy of the genus has not been
published in any paper known to us. We have made an
attempt to complete it as much as possible, but there
are almost certainly papers omitted by us. Also, we re-
fer to earlier papers when possible (cum synonim-
icum). Several papers not cited, especially old ones, are
to be found in citations in those other papers. In some
papers specific names are cited, but not the generic
names.  Such papers, however, may contain refer-
ences important enough to be mentioned. Papers in
which the name Cyathaxonia was only mentioned but
specimens not illustrated, were omitted from the syn-
onymy. Thus, the overall geographic and stratigraphic
distribution and the species content of the genus may
be larger than cited. 

Cyathaxonia nodosa sp. nov.
(Pls 1-4, Text-figs 3-6A, B)

HOLOTYPE: UAM-Tc.Don.1/79.

TYPE HORIZON: Limestone F1
1, Upper Mandrykinian

Horizon, Blagodatnian Subhorizon, upper Lower
Bashkirian. 

TYPE LOCALITY:  Kalmyus River area, Menchugovo
Village.

ETYMOLOGY: Lat. nodosus, a, um – full of nodes –
after numerous swellings on interseptal ridges. 

DIAGNOSIS: Cyathaxonia with n:d values of 18:4.6
to 20:5.8; interseptal ridges bear distinct swellings; ma-
jor septa reach columella which occupies 1/6-1/8
corallite diameter and appears in late neanic growth
stage; minor septa meet major septa at 3/4-4/5 the lat-
ter length; cardinal protoseptum is almost equal to re-
maining major septa; septotheca up to 0.8 mm thick.

MATERIAL: Holotype UAM-Tc.Don.1/79, fourteen
paratypes UAM-Tc.Don.1/80, 82-94, and nine un-
numbered specimens were available for study. The
corallite surfaces and the macro-morphology of their
mature parts are well preserved, except for the upper
parts of their deep calices which are either missing or
flattened in most corallites. The microstructure of the
septa is altered diagenetically. That alteration pre-
cludes recognition of the primary septa in most in-
stances. However, rudiments of the original mi-
crostructure remain in some septal fragments. Tips of
all specimens, including the holotype, are missing.
The ontogenetically earliest part of the holotype pre-
served, 1.0 mm in the mean diameter (Pl. 1, Fig. 1a;
Text-fig. 4A), is strongly corroded and burrowed, sug-
gesting bioerosional and diagenetic reasons for the
incompleteness of this and other specimens.  The ex-
ternal surfaces of most specimens are well preserved
and do not show destruction resulting from trans-
portation. The measured length of corallites (10 mm to
almost 30 mm) is approximate because of the incom-
pleteness mentioned. Thirty-three thin sections and
thirty-five peels were available for study.

DESCRIPTION OF THE HOLOTYPE: The corallite
is 11.3 mm long and has 18:4.6 n:d value above the
calice floor (Text-fig. 3). Its 0.6 mm-thick septotheca
bears deep septal furrows and distinct interseptal ridges
armed with swellings (Pl. 1, figs 1i, j). A detailed de-
scription of the latter bodies  in the holotype and the
paratypes is given below. 

In the ontogenetically earliest growth stage pre-
served (Pl. 1, Fig. 1a, b; Text-fig. 4A, B), the inner
margins of the strongly thickened major septa ap-
proach the corallite axis, but their direct connection is
uncertain due to the diagenetic alteration (Pl. 3, Fig. 1a,
b). The minor septa are absent from the corallite lumen
at this stage, but their furrows occur on the corallite
surface. The first minor septa appear in the corallite lu-
men next to the counter protoseptum and the counter-
lateral septa at a corallite n:d value of 12:1.9 mm (Pl.
1, Fig. 1c; Text-fig. 4C). The distal extensions of
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the major septa are unequal as are their diagenetic al-
terations (Pl. 3, Fig. 1b-d). Remnants of trabeculae (Pl.
3, Fig. 1c) suggest that only the longest major septa
meet at the corallite axis. However, the protosepta do
not dominate in length and their retreat from the coral-
lite axis is not delayed compared to the remaining
long major septa. The cardinal protoseptum is long and
thick at an early growth stage (Pl. 1, Fig. 1c-f; Text-
fig. 4C-G). Only in the calice does it become slightly
shorter and thinner than the adjacent major septa. Its
inner margin, however, remains extended to the cir-
culotheca (Pl. 1, Fig. 1h; Text-fig. 4I). 

The formation of the circulotheca begins when an
unequal retreat of the major septa from the corallite
axis occurs. The septa are replaced by sclerenchyme
that probably does not form a cone at the very begin-
ning of its appearance in the corallite axis. This is
suggested by the absence of isogyre lines = polariza-
tion brush (Pl. 3, Fig. 1e). The poorly developed iso-
gyre lines in the next thin section (Pl. 3, Fig. 1f, axial
right), made 0.4 mm above the previous one, indicates
a rearrangement of crystalline fibrils towards a cone-
shaped mass within that distance of corallite growth.
That transformation took place at an advanced
neanic/early mature growth stage, when some loculi
sectioned were already above the calice floor (Pl. 1,
Fig. 1f).  The complete, narrow columella, well
demonstrated by isogyre lines, appears only at the
early mature growth stage when most loculi are cut
above the calice floor (Pl. 1, Fig. 1g; Pl. 3, Fig. 1g). A
complete and clearly distinguishable circulotheca is ab-
sent at that growth stage. It becomes fully developed
higher in the calice (Pl. 1, Fig. 1h) where the col-
umella, well documented by isogyre lines (forming a
cross), reaches its final width of 0.7 × 0.9 mm and at-
tains a slightly oval outline (Pl. 3, Fig. 1h). 

Both major and minor septa are strongly thick-
ened during the entire early growth of the corallite (Pl.
1, Fig. 1a-f; Text-fig. 4A-F). A slight reduction in their
thickness begins only at the late neanic/early mature
growth stage and is best accentuated in the calice (Pl.
1, Fig. 1f-h; Text-fig. 4G-I). This and the diagenetic
alterations camouflage the precise level of the ap-
pearance of individual minor septa in the corallite lu-
men. These septa are always inserted next to the wide
peripheral parts of the major septa at the cardinal pro-
toseptum side, appearing at the very beginning like the
lateral extensions of the major septa. The borders be-
tween the major and minor septa are commonly irreg-
ular and distinguished mainly by a different arrange-
ment of crystalline fibrils on both sides of the
borderline (Pl. 1, Fig. 1c-e). The complete number of
minor septa is established only when the entire septo-

genesis is finished (Pl. 1, Fig. 1h; Text-fig. 4I), i.e., in
the calice. 

The length of the minor septa and their thickness
and isolation from the major septa depends on both the
growth stage and position within the corallite lumen.
This process is well illustrated by the successive trans-
verse sections (Pl. 1, Fig. 1e-h; Text-fig. 4E-I). The
first inserted minor septa in each quadrant become
the thinnest and the longest in later growth stages,
reaching nearly up to ¾ the length of the major septa.
The last inserted minor septa reach only ½ the length
of the adjacent major septa or less. That relationship
continues up into the calice (Pl. 1, Fig. 1h, left ; Text-
fig. 4I, left).

INTRASPECIFIC VARIABILITY: Mature corallites
(Pl. 1, Figs 2a-e, 3; Pl. 2, Figs 1-5; Text-figs 4L, M;
5B-D, F, H-L), except for two specimens, described
separately as Cyathaxonia sp. (Text-fig. 6C-J), differ
from the holotype in individual characters rather than
in sets of characters. Thus, the morphologically clos-
est groups of individuals cannot be clearly established.
The same seems to be true for the measurements (Text-
fig. 3). Some differences in the septal pattern do not
show any trend in that character (e.g.: 1/79 (holotype)
4+4+4+4, 1/82 – 4+5+5+4, 1/85 – 5+5+4+4, 1/86 -
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Text-fig. 3. Numerical data provided by specimens of Cyathaxonia. Ordinate

(n) - number of major septa. Abscissa (d) - corallite diameter in mm. C. no-

dosa: Dashed line, marked H both ends, join values of particular measure-

ments of the holotype. Dotted line, marked 86 shows the same for the

specimen UAM-Tc.Don.1/86. Solid line, marked m – mean n:d value for the

species. Dots not connected by lines correspond to n:d values of mature

growth stages of remaining measured corallites. Cyathaxonia sp. Diamonds

- n:d values of specimen UAM-Tc.Don.1/95. Triangle n:d value of specimen 

UAM-Tc.Don.1/81
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Text-fig. 4. Cyathaxonia nodosa sp. nov.  A-I – UAM-Tc.Don.1/79, holotype, Menchugovo Village, Limestone F1, Upper Mandrykinian Horizon, Blagodatnian Sub-

horizon, upper Lower Bashkirian, transverse thin sections; A-F – early to late neanic growth stage; G – early mature growth stage;  H, I – mature growth stage; above

calice floor in some (H) and in all septal loculi (I). J-M – UAM-Tc.Don.1/86, paratype, Novo Troitskoe Village, stratigraphic position as the holotype, transverse

thin sections; J, K – early mature growth stage,  L, M – mature growth stage; above calice floor in most loculi, note flanges on some septa. Remarks to Text-figs 4,

5. Cardinal protoseptum at the bottom. Protosepta and alar septa marked by dots. Scale bars located between two adjacent pictures correspond to both; those right 

to the picture correspond only to it
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Text-fig. 5. Cyathaxonia nodosa sp. nov., paratypes, transverse thin sections of mature growth stage, except when stated.   A, B - UAM-Tc.Don.1/84, locality and

horizon as the holotype; A – late neanic growth stage,  B – above calice floor.   C, D - UAM-Tc.Don.1/82, locality and horizon as the holotype, above calice floor in

some (C) and most (D) loculi. E, F - UAM-Tc.Don.1/88, Novo Troitskoe Village, stratigraphic position as the holotype; E – late neanic/early mature growth stage,

F - above calice floor in most loculi.  G-I - UAM-Tc.Don.1/87, Novo Troitskoe Village, stratigraphic position as the holotype; G – early mature growth stage, H –

just beneath calice floor, I – above calice floor in some loculi; note rare flanges on some septa. J – UAM-Tc.Don.1/85, locality and horizon as the holotype, above

calice floor in counter quadrants. K, L - UAM-Tc.Don.1/94, Novo Troitskoe Village, stratigraphic position as the holotype, just beneath calice floor in most loculi; 

further remarks see Text-fig. 4
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5+5+4+3. Counter quadrants at top, protosepta cardi-
nal and counter omitted)  However, the number of
specimens is too small to provide reasonable statistics.
Here, individual features in the sections are compared
with reference to the growth stage of the corallites. 

The cardinal protoseptum in most corallites is long
but not dominant in the late neanic growth stage (Pl. 2,
Fig. 3a; Text-fig. 5A), resembling that of the protosep-
tum in the holotype. In the early mature growth stage
that protoseptum may be either stronger than adjacent

major septa and more clearly connected to the col-
umella (Pl. 1, Fig. 3; Pl. 2, fig. 4; Text-figs 4J, K; 5J, K)
or (rarely) a little shortened (Text-fig. 5G). That growth
stage commonly corresponds to the corallite skeleton
cut just below the calice floor in some and just above
it in the other septal loculi. However, the length of the
cardinal protoseptum changes during growth, as ex-
emplified by the corallites cited above. Those corallites
possessing a long protoseptum in their early growth
may have a clearly shortened one at maturity, which

Text-fig. 6. A, B - Cyathaxonia nodosa sp. nov., UAM-Tc.Don.1/80, paratype, Novo Troitskoe Village, stratigraphic position as the holotype, transverse thin sections,

mature growth stage.  C-J -Cyathaxonia sp.;  C, D -UAM-Tc.Don.1/81, locality and horizon as the holotype, above calice floor in some loculi; E-J -UAM-Tc.Don.1/95,

locality and horizon as above; E – corallite surface, weak nodulation of interseptal ridges; F-J – transverse sections (I, J peels), minor septa free beneath calice floor in

advanced mature growth stage (I, J);  Note. Cardinal protoseptum at the bottom. Protosepta and alar septa marked by dots in transverse sections. Scale bar corresponds 

to all images
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may reach only the peripheral part of the inner ring of
the margins of the rhopaloid major septa (Pl. 2, Fig. 5a;
Text-fig. 4 L, M vs 4J, K). Contrary to that sequence,
the cardinal protoseptum, shortened slightly at early
maturity, may increase in length during growth, up to
almost reaching the length of the adjacent major septa
(Text-fig. 5I vs 5G).  In that respect it resembles both
the holotype and most paratypes (Pl. 1, Fig. 1h; Pl. 2,
Figs 1a, b, 3b; Text-figs 4I; 5B-D, F). In some speci-
mens the cardinal protoseptum is equal in length and
thickness to that of the remaining major septa (Pl. 1,
Fig. 3 Pl. 2, Fig. 4; Text-fig. 5J-L) or it may be slightly
thinner (Pl. 1, Fig. 2a, b; Text-fig. 6A, B).

The length of the counter protoseptum is much
more constant than that of the cardinal protoseptum in
both the holotype and the paratypes. It reaches the col-
umella beginning  at the latest neanic or earliest mature
growth stage similar to that of the adjacent major septa
(Pl. 1, Figs 1f-h, 2a,b; Pl. 2, Figs 1a, b, 3b, 4, 5a; Text-
figs 4G-I, K-M; 5B-L; 6a, B). 

The major and minor septa are thickened in the
early growth stages of all corallites, but that thicken-
ing is less advanced in most of the paratypes than it is
in the holotype (Pl. 1, Figs 1a-e; Text-fig. 4A-F vs Pl.
2, Fig. 3a; Text-figs 4J, 5A). The septa in the cardinal
quadrants commonly remain thickened longer than
those in the counter quadrants and are slightly de-
layed in their insertion (Pl. 1, Fig. 2a, b; Pl. 2, Fig. 3a;
Text-figs 4J, K; 5A, E). The thin sections made exactly
along the growth lines proves the reliability of the
above statement as well as the depth of the calices,
which are shallower in the cardinal quadrants. The
calice depth is slightly irregular, but the septal loculi
adjacent to the counter protoseptum are always the
deepest and those closer to the cardinal protoseptum,
but not the cardinal fossula, are the shallowest. How-
ever, the cardinal fossula is not deep. The loculi be-
tween the major and the adjacent contratingent minor
septa are always shallowest at the periphery, resulting
from the Position I of Sutherland (1965).

The major septa continue to reach the columella up
to the upper part of the calice. Their number is constant
in the fully mature parts of specimens, i.e., beginning
at the calice floor, and their length, except for the car-
dinal protoseptum, is equal. These characters make
recognition of individual quadrants possible only by
comparison to the earlier growth stages.

Recognition of the level of insertion of the minor
septa in the paratypes is difficult for the same reason
as it is in the holotype. The easily recognizable inser-
tion of those septa next to the counter protoseptum is
the only exception in both cases. Also, an increase in
the length of the minor septa in the paratypes is simi-

lar to that described in the holotype. Thus, their true
length is exposed only in transverse sections made
well above the calice floor. The length of the fully de-
veloped minor septa does not exceed ¾ the length of
the major septa. In the early mature growth stage of
one specimen, the minor septa adjacent to the counter
protoseptum are comparatively short (Pl. 1, Fig. 2a;
Text-fig. 5K, L). That character, as well as the domi-
nance of the cardinal protoseptum, separates the spec-
imen discussed from the remaining corallites, whereas
another specimen, possessing a dominant cardinal pro-
toseptum,  but long counter-lateral minor septa (Pl. 2,
Fig. 4; Text-fig. 5J), allay it with the other corallites.
Thus, both are included here in C. nodosa. The same
is true for the corallite in which the counter-lateral mi-
nor septa in maturity are relatively long (Pl. 2, Fig. 1b;
Text-fig. 5D).

The length of the minor septa is to some extent re-
lated to the width of the circumaxial interseptal scle-
renchyme. They cross the interseptal loculi free from
the sclerenchyme and terminate within it. The cir-
cumaxial, interseptal sclerenchyme is commonly wider
in the early growth stages than upwards in the calice.
That reduction may be considerable (Text-figs 4K-M;
5G-I) or slight (Text-fig. 5C, D, K, L). 

All major and minor septa widen at the periphery
so as to become laterally contiguous  to form the sep-
totheca. That kind of external wall was originally pres-
ent in all corallites, but in some parts of corallites it
may have been totally altered diagenetically.

The width and outline of the columella differ both
at different growth stages of individual corallites and
between corallites. It is invariably narrowest at the be-
ginning of formation and reaches its maximum width
at the calice floor. That width is constant along most of
the calice, i.e. until the columella becomes cone-shaped. 

The outline of the columella reflects the regularity
or irregularity of the circulotheca, resulting from the in-
ter-relationships between those two skeletal elements.
The inner margins of the major septa intrude into the
peripheral part of the columella that may in turn extend
slightly between those margins and pass into scle-
renchymal infillings of the incomplete circulotheca (a
term introduced by Fedorowski 2009a). That inter-re-
lationship is best seen at the early level of formation of
the columella, as documented in the holotype (Pl. 3,
Fig. 1f, g) and one paratype (Pl. 4, Fig. 1c), but may
be recognized in more advanced growth stages as well
(Pl. 3, Figs 1h, 2, 3; Pl. 4, Fig. 2a). Thus, the outline
of the columella is never smooth, but it is generally
oval (Pl. 1, Fig. 2a, b; Pl. 2, Figs 3b, 5a; Text-figs 4M,
5F, I). However, it may be circular (Pl. 1, Fig. 1h; Text-
figs 4I, L; 5C, G, J), elongated towards the cardinal



145
CARBONIFEROUS RUGOSA FROM THE DONETS BASIN, UKRAINE

protoseptum (Pl. 1, Fig. 3; Text-fig. 5K), irregular (Pl.
1G; Text-figs 4G, H; 5B) or slightly widened in the alar
septa plan (Pl. 2, Fig. 1b; Text-figs 4K; 5D). Such a
wide variability makes that feature taxonomically
unimportant.   

The cone- or fan-shape arrangement of crystalline
fibrils is well documented by isogyre lines (=polar-
ization brush). That phenomenon reflects not only that
arrangement, but also the level of development of the
columella, its width, and the increase in thickness
when the specimen is adequately preserved. A cross of
four shades is always recognizable (Pl. 3, Figs 1f-h, 2,
3; Pl. 4, Figs 1d, 2a, b), but increments of crystalline
fibrils, documenting their inconsistent growth, is ex-
ceptional in the material studied (Pl. 4, Fig. 2b).

MICROSTRUCTURE OF SEPTA: The microstruc-
ture of septa is diagenetically altered in all septa in all
corallites. The diagenetic alteration has commonly re-
sulted in the total destruction of the primary septa
documented by an absence of ‘dark lines’, extension of
the crystalline fibrils from the middle part of septa, and
their arrangement within the septa oblique to their
surfaces (Pl. 3, Fig. 5). Also, the disorderly arranged
crystals in the septotheca are diagenetic in the origin. 

In one transverse section of the early growth stage
of the holotype (Pl. 3, Fig. 1c) and in some transverse
sections of the paratypes (Pl. 4, Figs 1a, b, 2a), chains
of closely packed, irregularly outlined dots occur along
the middle parts of several major septa. Those dots are
interpreted as very fine and densely packed trabeculae,
arranged in a single row and probably stained with iron
compounds. The rows of suspected trabeculae occupy
1/10 to 1/7 width of those major septa.

PROTUBERANCES ON SEPTA: The lateral surfaces
of septa are smooth in a large majority of the speci-
mens. However, there are septa in some specimens
which bear lateral thickenings as seen in transverse
sections (Pl. 1, Fig. 2d, e; Pl. 2, Fig. 5b). Those protu-
berances are never  well enough developed to be called
flanges which are present in typical representatives of
the genus Cyathocarinia Soshkina 1925, but they cer-
tainly are primary, rather than diagenetic in  origin. The
advanced diagenetic alterations preclude the recogni-
tion of their microstructure. Nevertheless, their oc-
currence again blurs the difference between Cyathax-
onia and Cyathocarinia.

NODES: The occurrence of nodes has been observed
in all specimens. Thus, it is here considered as taxo-
nomically important, although their more or less strong
development was perhaps environmentally controlled.

Also, swellings along particular ridges may differ.
They are weaker on the interseptal ridges correspon-
ding to the loculi between contratingent minor and ad-
jacent major septa in most specimens observed (Pl. 1,
Figs 1i, j, 2c; Pl. 2, Figs 2, 3c, d). However, those dif-
ferences may be hardly recognizable in some (Pl. 1,
Fig. 2c) and extremely strong in some others (Pl. 2,
Fig. 3c, d). Swellings range in development from ir-
regular low protuberances in some corallites and in
early growth of all specimens, through a combination
of protuberances and knobs (Pl. 1, Figs 1i, j, 2c) to
mostly knobs or distinct nodes (Pl. 2, Fig. 3c, d). The
swellings, which are always solid, rather than tubular,
may appear along the same growth line, as is evident
in the holotype specimen with the undulose/ribbed
margin (Pl. 1, Fig. 1f, g; Text-fig. 4G, H). 

REMARKS: Lower Bashkirian species of Cyathaxo-
nia have not been described from western Europe or
North Africa, except for a single poorly preserved
specimen from the “Middle Coal Measures” (= Donet-
zoceras aegiranum ammonite Biozone) of South
Wales, identified by Smith (1931) as Cyathaxonia cf.
rushiana Vaughan. Also, we cannot point to any east-
ern Asiatic species to have been collected from well es-
tablished, Lower Bashkirian strata. Thus, C. nodosa
fills the gap between the Lower and Upper Carbonif-
erous species of Cyathaxonia. 

OCCURRENCE: Kalmyus River Area, Menchugovo
Village. Limestone F1

1 ( 16/24-32); Kalinin Quarry.
Limestone F1

1 (16/33-43); Solenaya River Area,
Novo-Troitskoe Village, Limestone F1

1 (16/86, 206-
209). Upper Mandrykinian Horizon, Blagodatnian 
Subhorizon, upper Lower Bashkirian. 

Cyathaxonia sp.
(Text-figs 3, 6C-J)

MATERIAL: Two incomplete specimens: UAM-
Tc.Don.1/81 with only the upper part of the calice re-
maining from thin sectioning and UAM-Tc.Don.1/95
without the tip or the calice, but with a 8.5mm-long
skeletal fragment preserved. Three thin sections and
four peels were prepared. 

DESCRIPTION: The thin section of specimen UAM-
Tc.Don.1/81 (Text-fig. 6C, D)  exposes the corallite
morphology near its calice floor. It cuts some septal lo-
culi above (Text-fig. 6C, shadowed) and some below
the calice floor. The n:d value 20:5.8 mm places that
specimen among the widest corallites of Cyathaxonia
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studied here (Text-fig. 3). The cardinal protoseptum,
cut below the last tabula, is thinner and shorter than the
adjacent major septa. The rhopaloid, inner parts of
the major septa, except for the cardinal protoseptum,
are in lateral continuity so that the complete circu-
lotheca occupies almost 1/3 of their length. The
counter protoseptum does not differ from the remain-
ing major septa. The contratingent minor septa attach
to the lateral surfaces of the major septa at or just
above the peripheral limit of their rhopaloid parts, i.e.,
at about 2/3-3/4 the length of the major septa. The car-
dinal fossula, if present, must be shallow, short, and
narrow as suggested by a transverse section. It is hardly
distinguishable from septal loculi occupied by tabulae
in the Position II of Sutherland (1965). The columella
occupies only 1/9 of the corallite radius, being one of
the narrowest among the known specimens of Cy-
athaxonia. These sets of characters suggest a separate
species status for this specimen. Thus, it is here briefly
described and illustrated, but not named.

The external surface of corallite UAM-Tc.Don.1/95
resembles that of specimens of C. nodosa sp. nov.
with weakly developed protuberances on interseptal
ridges rather than knobs (Text-fig. 6E). Also, the mor-
phology at the earliest growth stage preserved (Text-
fig. 6F) and at the early maturity (Text-fig. 6 G, H) re-
sembles that in specimens of C. nodosa that have a
slightly shortened cardinal protoseptum, an oval col-
umella, and an incomplete circulotheca with a wide
sclerenchymal ring. The only difference at that growth
stage is that the minor septa reach rather than attach to
the lateral surfaces of the major septa. However, that
difference is camouflaged by the sclerenchyme and is
hardly recognizable at a low magnification. The n:d
value of that corallite (Text-fig. 3) differs slightly from
that of both the largest specimens and the mean value
of C. nodosa. 

The advanced mature growth stage, exposed by a
section made just below the calice floor (Text-fig. 6I,
J), with n:d mean value 18:6.0 mm, differs distinctly
from all previously described species of Cyathaxonia
in that almost all of the minor septa are free, slightly
rhopaloid, and reach less than ½ the corallite radius.
Only the counter-lateral minor septa are attached to the
counter protoseptum to form a triad, and 2-3 minor
septa adjacent to the latter remain contratingent at that
growth stage. The length of the cardinal protoseptum,
the distal end of which is thin, is only approximately
1/3 the corallite radius. It is shorter than the adjacent
minor septa. The counter protoseptum does not differ
from the adjacent major septa. The rhopaloid thicken-
ings of the latter are oval in shape with the inner mar-
gins terminating at the 6 mm-wide columella. The pe-

ripheral parts of these thickenings grade smoothly into
the thin middle parts of major septa. The circulotheca
is mainly complete with narrow sclerenchymal infill-
ings.  The columella and the circulotheca together oc-
cupy approximately 1/3 of the corallite diameter. The
major and the minor septa are strongly expanded at the
periphery to form the septotheca.

The free minor septa are the most important dis-
tinctive character of the corallite described, whereas
the remaining characters could be included in the in-
traspecific variability of C. nodosa. The shape of the
inner margins of the major septa and the columella,
which is narrower than in any specimen of the latter
species, are the only remaining major differences.
However, the free minor septa are perhaps different
enough for distinction of a new genus, not proposed
here for a single, incomplete specimen.

OCCURRENCE:  UAM-Tc.Don.1/81 - Kalmyus
River Area, Menchugovo Village. Limestone F1

1

(16/24-32); Kalinin Quarry. Limestone F1
1 (16/33-

43); UAM-Tc.Don.1/95 - Solenaya River Area, Novo-
Troitskoe Village, Limestone F1

1. Upper Mandrykin-
ian Horizon, Blagodatnian Subhorizon, upper Lower
Bashkirian.

Family Stereophrentidae Fomichev, 1953
Genus Barytichisma Moore and Jeffords, 1945

TYPE SPECIES: Barytichisma crassum Moore and
Jeffords, 1945.

Synonyms:
? e.p.1953. Thecophyllum Fomichev, p. 175.

? 1986. Eoamplexocarinia Wang and Yu, p. 662.

EMENDED DIAGNOSIS:  Slightly curved conico-
cylindrical Stereophrentidae with thick external wall;
major septa pinnately arranged and axially confluent
in early stages, radially arranged and amplexoid at
maturity; cardinal protoseptum shortened; cardinal
fossula distinct; counter protoseptum slightly longer
than or equal to adjacent major septa; tabularium uni-
form; microstructure of septa trabecular.

REMARKS: All of the main diagnostic characters of
the genus, except for the microstructure, were de-
scribed and illustrated by Moore and Jeffords (1945).
Unfortunately, the unpublished revision by one of us
(JF) of the type material was based exclusively on
specimens and peels;  thin sections that might have es-
tablished the microstructure were impossible to make.
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Weyer (1965) and Sando (1965) independently re-
vised another species of Barytichisma, i.e., Amplexus
zaphrentiformis White 1876. Based on those studies
and a detailed description by Sando (1975) of Za-
phrentis (= Barytichisma) amsdenensis Branson and
Greger 1918 on the ontogeny and variability within in-
dividual species of Barytichisma, that genus can be
considered well established. 

In contrast to Sando (1965), who did not mention
possible members of Barytichisma outside North
America, Weyer (1965) included the Donets Basin
Thecophyllum Fomichev, 1953 in the synonymy with
that genus. He even included (with a question mark)
one of Fomichev’s (1953) specimens in Barytichisma
zaphrentiforme. Indeed, the specimen he selected bears
some characters of immature Barytichisma. The prob-
lem is, however, that several Upper Viséan to Moscov-
ian taxa are similar in their neanic growth by possess-
ing a long cardinal protoseptum and a strongly
accentuated alar pseudofossulae. Some of those taxa
also possess slightly amplexoid  major septa which are
generally shortened in the axial area both beneath and
above a tabula. Amplexizaphrentis Vaughan, 1906 is
best known among such taxa. Thus, we do not accept
Weyer’s (1965) re-identification of that Fomichev’s
specimen.

Fedorowski (2009c, in his discussion on Axisvac-
uus) provisionally accepted the original description of
the holotype of Thecophyllum lebedevi Fomichev, 1953
of shortening of the cardinal protoseptum at maturity.
That position is followed here and a part of that genus
was included, with restriction, in the synonymy of
Barytichisma, whereas some paratypes of that species
were considered members of Axisvacuus (Fedorowski
2009c, p. 285) and were left aside this discussion.

The differences in the microstructure between Am-
plexizaphrentis Vaughan, 1906 and Barytichisma, dis-
cussed in detail by Weyer (1965), are omitted from
consideration herein. Judging from the descriptions by
Weyer, supported by his own illustrations, there were
diagenetic alterations but not original microstructures
showing differences between species and genera.

Weyer (1965, p. 455) described the microstruc-
ture of septa in B. zaphrentiforme as “typically lamel-
lar with a dark middle line, corresponding to that de-
scribed by Kato (1963) as fibro-normal or
fibro-lamellar” (roughly translated here from Ger-
man). Enlarged illustrations (Weyer 1965, pl. 2:2a,b)
exhibit diagenetic alterations in both the external wall,
probably septothecal in the origin, and the major septa.
Primary parts of the latter (“dunkelem Medianstreif”
of Weyer 1965, p. 455) are irregular with a few
bunches of crystalline fibrils elongated  into the stere-

oplasmic sheets. Those bunches may be remnants of
diagenetically altered trabeculae, but the microstruc-
ture cannot be considered truly known. Sando (1965)
did not study the microstructure in specimens he
restudied, but the septothecal nature of the external
walls of his specimens is obvious from his illustrations
(Sando 1965, pls 2:5, 7, 8; 3:19).

Specimens included in Barytichisma in the present
paper exhibit some diagenetic alterations (Pl. 5, Figs
1h, 2c) similar to those illustrated by Weyer (1965).
Thus,  their original microstructures may have been
similar as well.   

All species included in the genus Barytichisma on
the basis of adequate studies possess amplexoid major
septa although their shortening beneath tabulae is var-
iously developed. Judging from the illustrations pub-
lished by Moore and Jeffords (1945, text-fig. 111), of
sections made close to the upper surfaces of tabulae in
the holotype of the type species, B. crassum, that
shortening apparently is weak. Paratypes of B. crassum
and specimens identified originally as B. callosum
Moore and Jeffords, 1945 possess obviously short-
ened and radially arranged major septa at maturity.
Barytichisma repletum (Moore and Jeffords 1945,
text-fig. 114c) and Zaphrentis amsdenensis Branson
and Greger, 1918 (Sando 1975, pl. 3:123, 14), the
most advanced species described prior to the present
paper, exhibit distinct shortening of major septa in
maturity. In the case of B. zaphrentiforme (White,
1876), only some corallites or restricted parts of the
corallites show well-developed amplexoid morphology
(e.g., Weyer 1965, text-fig. 2e; pls 1:2d;  2:1c).  Bary-
tichisma sp., especially the specimen UAM-
Tc.Don.1/96, is the most advanced in the reduction in
the length of the major septa among all  species of the
genus so far described (Pl. 5, Fig. 1f; Text-fig. 7D).

The strong reduction in the length of the major
septa in Barytichisma sp. is very similar to that shown
in the genus Eoamplexocarinia Wang and Yu, 1986, in-
troduced by those authors for early Upper Carbonif-
erous corals of the Dongtujinhe Group from the Jinghe
Province, Xinjiang, China. The mature morphology of
the holotype of the type species of that  Chinese genus
(Wang and Yu 1986, pl. 1:7a, b) also resembles that of
the Axisvacuus both in the transverse and longitudinal
sections. Unfortunately, early growth stages of that and
other corals included in Eoamplexocarinia were nei-
ther described nor illustrated. Also, illustrations of
specimens other than the holotype are so poor that de-
tails of the morphology are difficult to check. The
length of the cardinal protoseptum, critical for distin-
guishing between Barytichisma and Axisvacuus, was
mentioned in the original diagnosis of Eoamplexo-
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carinia of Wang and Yu (1986) as “a little short”. This
can be only suspected from the illustrations provided
(Wang and Yu 1986, p. 662, pl. 1:7a; 9a, b). Besides,
it is uncertain whether the slightly shortened major
septa illustrated by those authors in the holotypes of E.
typica (lower in the picture) and E. crassiseptata (up-
per in the picture) are really the cardinal protosepta. We
accept the first option and provisionally include Eoam-
plexocarinia in the synonymy with Barytichisma. 

Barytichisma sp. 
(Pl. 5, Text-fig. 7)

MATERIAL: Two incomplete corallites. UAM-
Tc.Don.1/96 with earliest ontogeny and the calice
missing. Specimen UAM-Tc.Don.1/97 consists of a
partly broken calice. Both specimens are diagenetically
altered, but remnants of the primary microstructure re-
main in some major septa. Three thin sections and
eight peels were available for study.

DESCRIPTION:  In the more complete specimen
UAM-Tc.Don.1/96, n:d value 29:8.0-8.5 mm in the
late neanic growth stage increases to 29:11.7 mm at
maturity. The mean thickness of the external wall to
the mean width of the tabularium in the late neanic
growth  stage (1:3.3) increases to 1:4.1 at maturity.
Those two growth stages differ considerably in their
morphology. 

In the late neanic growth stage (Pl. 5, Fig. 1a, c-e,
Text-fig. 7A-C), the arrangement of the major septa re-
sembles that in the genus Amplexizaphrentis Vaughan,
1906. The major septa in the counter quadrants are
slightly shorter and thicker than those in the cardinal
quadrants. The former are almost equal in length, join-
ing each other at their inner margins, forming an arch
opening towards the cardinal quadrants. Their periph-
eral parts are thicker than those in the cardinal quad-
rants. The counter protoseptum is minimally longer
than the counter-lateral septa. Only the last pair of
major septa in the counter quadrants remain underde-
veloped during the entire late neanic growth stage. The
amplexoid alar septa are elongated only in earlier
corallite growth (Pl. 5, Fig. 1a, c; Text-fig. 7A) and
when being sectioned close to a tabula surface (com-
pare left and right sides in Pl. 5, Fig. 1d, e; Text-fig. 7B,
C). Thus, the alar pseudofossulae are not always
clearly recognizable. 

All major septa in the cardinal quadrants are di-
rected towards the counter protoseptum, with their in-
ner margins free from one another, unless connected by
sections of tabulae. Their amplexoid character is ac-

centuated by differentiated length in particular trans-
verse sections (Pl. 5, Fig. 1a, c-e; Text-fig. 7A-C). The
cardinal protoseptum is less amplexoid than the re-
maining major septa. Thus its length varies slightly by
comparison to that of adjacent major septa, and its
shortening is generally not prominent. A distinct car-
dinal fossula widens slightly peripherally. (Pl. 5, Fig.
1d, e; Text-fig. 7B, C). The arrangement and shape of
sections of tabulae, arching above the cardinal proto-
septum in the ontogenetically earliest growth stage
observed (Pl. 5, Fig. 1a, c; Text-fig. 7A), suggest an ex-
tension of that fossula behind the corallite axis. The
fossula may extend up to the inner margins of major
septa in the counter quadrants. With further growth, its
length is reduced to 2/3-3/4 of the corallite radius as
demonstrated by sections of tabulae, flat in the coral-
lite axial area, free from major septa (Pl. 5, Fig. 1d, e;
Text-fig. 7B, C). The minor septa are unrecognizable
in the corallite lumen and the external wall at this
growth stage. 

At maturity (Pl. 5, Fig. 1f; Text-fig. 7D) the major
septa become distinctly shortened and reduced in
thickness. The cardinal protoseptum remains slightly
shortened, but it is hardly recognizable because the
shortest major septa in the cardinal quadrants reach
only 0.25 mm in length. The cardinal fossula is un-
recognizable at this growth stage (Pl. 5, Fig. 1f; Text-
fig. 1D), from which it may be absent. The counter pro-
toseptum is indistinguishable from adjacent major
septa in length and thickness. The longest major septa
in the counter quadrants, including the suspected
counter protoseptum, reach 0.7 mm in length. The
alar septa are indistinguishable from the adjacent ma-
jor septa and alar pseudofossulae are absent. Connec-
tion of inner margins of some major septa by sections
of tabulae make that stage very similar to Amplexo-
carinia Soshkina, 1925.

The n:d value 28:12.0 mm determined just be-
neath the calice in the specimen UAM-Tc.Don.1/97
closely resembles that in the specimen UAM-
Tc.Don.1/96, but the morphology of the former coral-
lite retains some juvenile characteristics, i.e., a com-
paratively long major septa, almost up to the calice
floor slightly advanced towards a radial arrangement,
and the shape of the cardinal fossula closely resem-
bling that in the immature growth stage in the other
specimen (Pl. 5, Fig. 2a, b; Text-fig. 7E, F). The
slightly elongated counter protoseptum in the corallite
UAM-Tc.Don.1/97 is another difference, whereas min
or septa are absent from the corallite lumen, although
their furrows occur on the surface. Their absence from
the external wall in this and in the earlier described
specimen may be apparent, resulting from an advanced
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diagenetic damage. That supposition is to some extent
supported by the morphology of the external wall of
the specimen UAM-Tc.Don.1/96 (Pl. 5, Fig. 1b), but
it cannot be considered as proven.  

The strange shape of three major septa in the
counter quadrants, left of the counter protoseptum in
the picture (Pl. 5, Fig. 2a, b; Text-fig. 7E, F, upper left),
is here considered pathological. It may reflect recov-
ery from an injury or an activity of a parasitic organ-
ism. Unfortunately, the corallite is not preserved com-
pletely enough to establish a true reason for that
character. 

MICROSTRUCTURE AND DIAGENESIS: The mi-
crostructure in the septa has been diagenetically altered
to various degrees. There is almost nothing left from
the original microstructure in some septa (Pl. 5, Fig.

1h), whereas dark bunches of crystalline fibrils, inter-
preted here as remnants of trabeculae, remain in some
septa (Pl. 5, Fig. 2c, g). They may form short chains in
some major septa in which most parts have been in-
tensely altered by diagenesis (Pl. 5, fig. 1g upper and
lower, respectively). The primary microstructure of the
external wall is almost completely destroyed (Pl. 5,
Fig. 1b). Thus, neither connections of the major septa
to the external wall, nor the occurrence of minor septa
within the wall has been observed with adequate reli-
ability.

The involvement of diagenesis was not studied by
us in detail. Thus, individual steps are not described.
However, the difference in the photographs taken with
parallel vs. crossed nicols is important. The appar-
ently smooth lateral surface of the major septum, as
seen with parallel nicols (Pl. 5, Fig. 2c), suggest only

Text-fig. 7. Barytichisma sp. A-D - UAM-Tc.Don.1/96, Kalmyus River area, Gorbachevo Village, Gruzskaya Ravine (Balka), Limestone F1
2, Upper Mandrykin-

ian Horizon, Blagodatnian Subhorizon, upper Lower Bashkirian; A-C – neanic growth stage,  D – mature growth stage; E, F - UAM-Tc.Don.1/97, mature growth 

stage; Note. Cardinal protoseptum at the bottom. Protosepta and alar septa marked by dots in transverse sections. Scale bar corresponds to all images
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a moderate amount of diagenetic alteration. However,
the photograph taken with cross nicols shows long
calcite crystals, extending from the corallite axis well
behind the boundary between the septum and the in-
organic calcite (arrow in Fig. 2c), seen with parallel
nicols (Pl. 5, Fig. 2d, upper left). Thus, the primary
septum, the sclerenchymal sheets of that septum, and
the secondary and purely inorganic infilling of the in-
terseptal loculum underwent a common, deep recrys-
tallization. 

REMARKS: The cardinal fossula, well developed in
the premature growth stages, and a permanently short-
ened cardinal protoseptum are the main characters
distinguishing Barytichisma sp. from Amplexocarinia
Soshkina, 1928 and Axisvacuus Fedorowski, 2009.
The first of the specimens described here differs from
the type species of Barytichisma in the extremely re-
duced length of the major septa at maturity and the
possession of a counter protoseptum equal to that of
other major septa in length and thickness. This proto-
septum is more or less clearly elongated in all North
American species. The second specimen described re-
sembles the North American species more closely in
both elongation of that protoseptum and in longer
length of the remaining major septa. 

The elongated counter protoseptum is probably
absent from “Thecophyllum” lebedevi Fomichev, 1953,
a species from the Donets Basin that also possesses a
thick external wall although not as thick as in Bary-
tichisma sp. This, as well as much more distinctly
shortened major septa in Barytichisma sp. and some
differences in the n:d value, allows differentiation be-
tween the Donets Basin species, presuming that “T.”
lebedevi belongs to Barytichisma as discussed by Fe-
dorowski (2009b, p. 289).

Description of two incomplete specimens, that also
differ in some morphological details, may be ques-
tioned. The following reasons support our decision: (1)
The specimen UAM-Tc.Don.1/96 is complete enough
to demonstrate the immature and mature morphology,
with the former typical for the genus and the latter to-
tally different from that of all other known species of
Barytichisma; (2) The second specimen closely re-
sembles North American species in mature morphol-
ogy and may appear useful for palaeogeographic re-
constructions; (3) The rugose coral taxa of the
Pseudostaffella praegorskyi or Idiognathodus sinuosus
biozones are very rare all over the World, making
every enrichment to the knowledge in that fauna valu-
able;  (4) Further demonstration of the occurrence of
Barytichisma in the Donets Basin is useful for the
comparison of the relationship of the rugose coral

fauna from that basin to the rugose coral fauna of sim-
ilar age in Texas and Oklahoma, USA.

OCCURRENCE: Kalmyus River Area, Gorbachevo
Village, Gruzskaya Ravine (Balka). Limestone F1

2

(Specimens UAM-Tc.Don.1/96, UAM-Tc.Don.1/97).
Upper Mandrykinian Horizon, Blagodatnian Subhori-
zon, upper Lower Bashkirian.

SUMMARY

(1) This taxonomic paper is one of a series of pa-
pers leading to as complete a knowledge of the Lower
Bashkirian rugose coral fauna of the Donets Basin as
possible; 

(2) Analysis of the main characteristics of taxa
previously included in the family Cyathaxoniidae
Milne Edwards and Haime, 1850 allows rejection of
most of them from that family, so that the family ap-
parently is restricted to only two taxa, Cyathaxonia
Michelin, 1847 and Cyathocarinia Soshkina, 1925.
This conclusion is mainly supported by the origin of
the columella. This character is unique and is restricted
to the many species of these genera which lived in var-
ious different environments and were present almost
world-wide for more than 80MY.  Such a persistent
feature must be accepted as a first rank taxonomic
character; 

(3) Closely spaced series of thin sections prepared
through the neanic growth stage has allowed confirma-
tion of the typical rugosan increase of septa which meet
at the corallite axis early in ontogeny. It also allowed
recognition of the early steps of formation of the col-
umella, which is exclusively sclerenchymal and ap-
pears independent of the septa. During the first step in
the formation of the columella, tabulae-like scle-
renchyme replace the inner margins of the major septa
which retreat from the corallite axis. Soon after, the scle-
renchyme forms a cone-shaped body. Those two steps
are demonstrated by the absence of isogyre lines (=
polarization brush) from the first secreted layer of crys-
tals and their appearance approximately 0.4 mm higher; 

(4) In contrast to the unique columella that allows
an easy identification of specimens at the family level,
identification of both genera and species is difficult.
Different authors have had very different approaches
to their taxonomy. The question of either synonymy or
an independent status of Cyathaxonia and Cyatho-
carinia is left open; 
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(5) Two incomplete specimens, identified as Bary-
tichisma, but left in open nomenclature, are included
in the paper to demonstrate the wider differentiation of
that mostly North American genus in Europe than pre-
viously documented. Those two specimens may rep-
resent different species.
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PLATES 1-5



PLATE 1

Cyathaxonia nodosa sp. nov.; Kalmyus River area

1 – UAM-Tc.Don.1/79, holotype, Menchugovo Village, Limestone F1, Upper
Mandrykinian Horizon, Blagodatnian Subhorizon, upper Lower Bashkirian, trans-
verse thin sections, except when stated. 1a-e – early to late neanic growth stage; 1f
– early mature growth stage; 1 g, h – mature growth stage; 1i, j – external view show-
ing nodular interseptal ridges.  

2 – UAM-Tc.Don.1/80, paratype, Novo Troitskoe Village, stratigraphic position as the
holotype. 2a, b, d, e –  transverse thin sections, mature growth stages with protu-
berances on some septa (2d, 2e enlarged); 2c – external view showing nodular in-
terseptal ridges.   

3 – UAM-Tc.Don.1/94, paratype, locality and horizon as above, transverse thin section,
mature growth stage, beneath calice floor in most loculi.

Cardinal protoseptum at the bottom. Protosepta and alar septa marked by dots. Scale bars lo-

cated between two adjacent pictures correspond to both; those right to the picture correspond

only to it
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PLATE 2
Cyathaxonia nodosa sp. nov.; paratypes, Kalmyus River area

1 – UAM-Tc.Don.1/82, locality and horizon as the holotype. 1a, b – transverse thin sec-
tions, mature growth stage; 1c – longitudinal thin section.   

2 – UAM-Tc.Don.1/83, Novo Troitskoe Village, stratigraphic position as the holotype,
external view of early growth stage. Strongly nodular interseptal ridges present only
above tip.   

3 – UAM –Tc.Don.1/84, locality and horizon as the holotype. 3a – late neanic growth
stage;  3b – mature growth stage, above calice floor in most loculi;   3c, d – exter-
nal view showing strongly nodular interseptal ridges; 3d enlarged to demonstrate re-
lationships of nodules to growth lines.   

4 – UAM-Tc.Don.1/85, locality and horizon as the holotype, transverse thin section, ma-
ture growth stage, above calice floor in loculi of counter quadrants.   

5 – UAM –Tc.Don.1/86, Novo Troitskoe Village, stratigraphic position as the holotype,
transverse thin sections. 5a – mature growth stage;  5b – protuberances on some septa.

Cardinal protoseptum at the bottom. Protosepta and alar septa marked by dots. Scale bars lo-

cated between two adjacent pictures correspond to both; those right to the picture correspond

only to it
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PLATE 3

1-4 – Cyathaxonia nodosa sp. nov.; 1 – UAM_Tc.Don.1/79, holotype. 1a-e – early to late
mature growth stage; major septa approach corallite axis; note rudiments of fine
trabeculae in 1c and slight retreat of  some major septa from corallite axis in 1e
(compare Pl. 1, Fig. 1a-e; Text-fig. 1A-F); 1f – early mature growth stage; begin-
ning of conical columella shown by deformed isogyre lines (= Pl. 1, Fig.1f = Text-
fig. 1G); 1g – mature growth stage; narrow columella, but isogyre lines (=crys-
tallization brush) easily recognizable (= Pl. 1g, Fig. 1f = Text-fig. 1H); 1h –
mature growth stage, lower part of calice; columella remains comparatively nar-
row. 2 – UAM-Tc.Don.1/86, paratype, mature growth stage. 3 – UAM-
Tc.Don.1/87, paratype, Novo Troitskoe Village, stratigraphic position as the holo-
type, mature growth stage. 4 – UAM-Tc.Don.1/82, paratype, longitudinal thin
section, fan-shaped arrangement of crystalline fibrils.  

5 – Cyathaxonia sp., UAM-Tc.Don.1/81, Kalmyus River area, Menchugovo Village.
Limestone F1 , Upper Mandrykinian Horizon, Blagodatnian Subhorizon, upper
Lower Bashkirian, transverse thin section, arrangement of crystalline fibrils in
strongly diagenetically altered septa resembles that in columella; primary septa un-
recognizable.

Transverse thin sections, except when stated; axial parts of corallites, except Fig. 5; Crossed

nicols; Horizon and locality not repeated when explained in earlier plates
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PLATE 4

Cyathaxonia nodosa sp. nov. 
Transverse thin sections, axial parts of corallites, crossed nicols, except when
stated.  Paratypes. Horizon and locality not repeated when explained in earlier

plates

1 – UAM-Tc.Don.1/84; 1a, b – late neanic growth stage, remnants of fine trabeculae. 1a
– parallel nicols; 1b – turned 90° left by comparison to 1a; 1c – near the end of neanic
growth stage; 1d – mature growth stage.   

2 – UAM-Tc.Don.1/88, Novo Troitskoe Village, stratigraphic position as the holotype.
2a – early mature growth stage; remnants of fine trabeculae apparent in most major
septa, columella narrow; 2b – advanced mature growth stage, columella wide,
demonstrating both growth lines and crystalline fibrils.
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PLATE 5

Barytichisma sp. transverse thin sections 

1 – UAM-Tc.Don.1/96, holotype, Kalmyus River area, Gorbachevo Village, Gruzskaya
Ravine (Balka), Limestone F1

2, Upper Mandrykinian Horizon, Blagodatnian Sub-
horizon, upper Lower Bashkirian. 1a, c-e – successive sections of neanic growth
stage; 1b – part of fig. 1a (arrow) enlarged to show diagenetic alteration of septa and
external wall;  1f – mature growth stage; 1g, h – major septa documenting differen-
tiated diagenetic alterations (parallel nicols).   

2 – UAM-Tc.Don.1/97, locality and horizon as above. 2a, b – mature growth stage;  2c,
d – major septum documenting differentiated diagenetic alterations (c – parallel, d
– crossed nicols).     

Cardinal protoseptum at the bottom. Protosepta and alar septa marked by dots. Scale bars lo-

cated between two adjacent pictures correspond to both; those right to the picture correspond

only to it
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