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In an effort to describe the brachiopod diversity of the lower Famennian Aramaz-
dospirifer orbelianus brachiopod Zone of Central Armenia (coeval to the Palmatolepis
crepida conodont Zone), our attention is here focused on the description and
illustration of two previously unknown spiriferide species (Cyrtospirifer sp. A and C.
sp. B) of the Subfamily Cyrtospiriferinae.

Keywords: Brachiopoda; Spiriferida; Cyrtospiriferinae; Upper Devonian;
Aramazdospirifer orbelianus Zone; Lesser Caucasus.

Introduction

The Upper Devonian of Central Armenia constitutes a continuous successsion
of mixed carbonate-siliciclastic deposits, accumulated in a shallow water
environment. Geodynamically speaking, they are part of the South Armenian
Block (SAB), a microcontinent that was detached from Gondwana during the
Triassic and Jurassic (Sosson et al., 2010). These sequences contain a diverse
and abundant brachiopod fauna, among which the spiriferides are the most
common. Brachiopods were systematically studied by Abrahamyan (1957,
1964, 1974) and Serobyan et al. (2019, 2021, 2022a, b). Most notably, Se-
robyan et al. (2022a) revised Spirifer orbelianus Abich, 1858 and erected the
cyrtospiriferid genus Aramazdospirifer for this biostratigraphically important
species for the lower Famennian of the Lesser Caucasus. They also discussed
and discarded reports indicating the presence of Abich‘s species outside this
Gondwanan area. However, the brachiopod assemblages from Armenia are still
poorly understood, both taxonomically and biostratigraphically. Moreover, the
rarely encountered species are not well known and often were even not
collected. This is particularly true for the spiriferides that were generally ascri-
bed to the widespread cyrtospiriferid genus Cyrtospirifer Nalivkin in Fredericks
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(1924). Despite its unique and distinctive morphology, the concept of this genus
was often misunderstood. During the twentieth century, as many as 150 species
or varieties (equivalent to species or subspecies in modern terminology (Article
45 of the International Code on Zoological Nomenclature (fourth edition, 1999)
(consult also Article 10.2)) were incorrectly assigned to Cyrtospirifer (Ma and
Day, 2003). This has led to an overextension of its published stratigraphic
range, from the late Givetian to the early Carboniferous (see discussion in
Schemm-Gregory, 2011; Ma and Day, 2003, 2007; Gourvennec, 2019), but
recent systematic revisions over the past fifty years considerably reduced the
number of species erroneously ascribed to Cyrtospirifer. Nonetheless, many
cyrtospiriferids remain poorly known.
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Fig.1. Schematic geological map and distribution of Upper Palacozoic sequences in Central
Armenia, including the location of the studied Djravank section (after Serobyan et al., 2019,
modified).

The prime objective of this paper is to describe two cyrtospiriferid taxa
(Spiriferida) on the basis of the newly collected, although restricted, material
from the lower Famennian succession of Central Armenia (fig.1), in order to
better document the diversity of Cyrtospiriferid brachiopods from this interval,
in addition to the fauna recently published by Serobyan et al. (2022a, b).

Material and methods

The brachiopods described in the present paper were collected in the
marly/sandy limestone layers of the Ertych Regional Stage, which constitutes



the upper part of the Djravank section (Vayots Dzor Province) (fig.1). The
Ertych Regional Stage is correlated with the Aramazdospirifer orbelianus
brachiopod Zone of Abrahamyan (1957), which corresponds to the Ara-
mazdospirifer orbelianus—Tornatospirifer armenicus brachiopod Zone of
Rzhonsnitskaya and Mamedov (2000) (see Serobyan et al., 2022a, b), and is
coeval with the Palmatolepis crepida conodont Zone (Rzhonsnitskaya and
Mamedov, 2000). The Djravank section crops out along a mountain path ori-
ginating from the ruins of the Ertych village and leads to a tiny church hidden in
the mountains at the locality known as Djravank (fig.1).

All specimens illustrated and investigated herein are deposited at the
Geological Museum of the Institute of Geological Sciences of the National
Academy of Sciences of Armenia, Yerevan (IGSNASRAGM/PS). The prefix
PS indicates the laboratory of Palaeontology and Stratigraphy. The specimens
were coated with magnesium oxide before being photographed with a Canon
EOS 700D camera.

Systematic palaeontology
Order Spiriferida Waagen, 1883
Suborder Spiriferidina Waagen, 1883
Superfamily Cyrtospiriferoidea Termier and Termier, 1949
Family Cyrtospiriferidae Termier and Termier, 1949
Subfamily Cyrtospiriferinae Termier and Termier, 1949

Genus Cyrtospirifer Nalivkin in Fredericks, 1924

Type species.—Spirifer verneuili Murchison, 1840; from the Frasnian of
Ferques (France, Boulonnais area).

Cyrtospirifer sp. A
Figure 2, Plate 1.1-1.7

Material—Two mostly complete, but strongly exfoliated, articulated
specimens from the Djravank section (Fig. 1), lower Famennian Aramazdospi-
rifer orbelianus brachiopod Zone.

Description—Shell medium-sized (up to ¢. 39 mm in width, 17.9 mm in
length and 20.1 mm in thickness), wider than long, markedly ventribiconvex,
rounded subtrapezoidal in outline; widest at hinge line; cardinal extremities
acute; anterior margin emarginate (in ventral view); anterior commissure
uniplicate.

Ventral valve inflated, with convex flanks sloping moderately towards
lateral commissures; umbo small, not prominent; beak presumably small and
erect (tip broken); interarea triangular, very high, slightly concave, procline at
its base then becoming apsacline; delthyrium wide, partly covered by a convex
pseudodeltidium (poorly preserved); sulcus wide, relatively deep, originating
from beak, round-bottomed at front; tongue high, not perpendicular to com-



missural plane (bent dorsally), subcircular to subogival in outline.

Dorsal valve subtrapezoidal in outline, moderately inflated with flanks
sloping gently towards lateral commissures; highest slightly posteriorly to
midlength, then progressively declining towards the anterior margin; interarea
linear, nearly flat, orthocline; fold wide, well-delimited, moderately high,
starting from beak and widening anteriorly, round-topped at front.

Up to 22 simple, low, round-topped ribs on flanks with top rounded; 5 ribs
per 5 mm at anterior margin near sulcus and fold; in sulcus and on fold, at least
10 ribs (poorly preserved) increasing by bifurcations and narrower than those on
flanks; interspaces narrower than ribs; micro-ornament not preserved.

Ventral interior (fig.2) with relatively stout dental plates, intrasinal or
subsinal posteriorly but extrasinal more anteriorly; delthyrial plate distinct,
short, relatively thick; post-delthyrial and lateral apical cavities moderately
infilled.

Dorsal valve interior (fig.2) with an unsupported ctenophoridium consisting
of up to 23, relatively short lamellae; hinge plates divided; crural bases dorsally
convergent; spiralia unknown.

Fig. 2. Transverse serial sections of Cyrtospirifer sp. A (IGSNASRAGM 3945/PS 3051) from the
lower Famennian Aramazdospirifer orbelianus Zone of Armenia, Djravank section. Numbers
refer to distances in mm from the tip of the ventral umbo.

Remarks —Our material is ascribed to the genus Cyrtospirifer on the basis
of the external (e.g. type of ribbing, general shape) and internal (e.g. well-
developed, relatively thick delthyrial plate; position of the dental plates)
features and is left in open nomenclature due to the very limited number of
specimens available. We herein provide a comparison of Cyrtospirifer sp. A
with other Cyrtospirifer representatives but only with those which are described
with respect to modern standards, as several species were previously lumped



under the genus Cyrtospirifer and revision of which may reveal that they belong
to different genera (Ma and Day, 2003).

Cyrtospirifer sp. A differs from C. verneuili (Murchison, 1840) as revised
by Brice (1988) and Ma and Day (2003), mainly by its higher ventral interarea
and by its unsupported ctenophoridium.

Cyrtospirifer sp. A appears to be closely related to C. _sinensis‘ (Grabau,
1931) sensu Ma and Day (2003), known from the lower(?)—uppermost Frasnian
of China; however, the ventral interarea of the species is procline at its base,
then becoming apsacline, whereas the latter has an apsacline to catacline ventral
interarea. Moreover, C. sp. A differs by having fewer ribs on flanks and non-
thickened dental plates.

Cyrtospirifer sp. A differs from the specimens of the lower Famennian of
Afghanistan ascribed to C. asiaticus Brice, 1971 by Brice (1971) by its trans-
versely elongated shell and unsupported ctenophoridium. It is important to note
that Cyrtospirifer asiaticus was proposed to include specimens from the Upper
Devonian of the Zadonsk area (Russia), mistakenly identified as Spirifer
archiaci Murchison, 1840 by de Verneuil (in Murchison et al., 1845), but the
latter material has never been revised.

Cyrtospirifer sp. A is distinguished externally from C. placitus Stainbrook,
1945, known from the Upper Frasnian of Iowa (USA), by its high ventral
interarea, lower tongue, fewer ribs on flanks, as well as in sulcus and on fold.
Additionally, C. sp. A differs by the absence of a dorsal myophragm.

Cyrtospirifer sp. A may be distinguished externally from C. whitneyi (Hall,
1858), a middle—Upper Frasnian species from lowa (USA), by its shell shape,
wider sulcus and fold, lower and subcircular to subogival tongue. Internally, the
former differs from the latter by the absence of myophragm on floors of both
valves.

Cyrtospirifer sp. A differs from C. vjacheslavi Sokiran, 2013, known from
the Middle Frasnian of the East European Platform, mainly by its shell shape,
high ventral interarea and lower tongue. Additionally, C. sp. A may be
separated by the presence of a strong, ventral apical callosity, developed by its
nearly flat ctenophoridium and the absence of a dorsal myophragm.

Cyrtospirifer sp. A is distinguished from C. sp. B by its larger size, higher
ventral interarea, deeper sulcus and higher fold, higher tongue, and larger
number of ribs on flanks as well as in sulcus and on fold. Furthermore, C. sp. A
differs by its convergent dental plates and unsupported ctenophoridium.

Cyrtospirifer sp. B
Figure 3, Plate 1.8-1.12

Material —Two partly exfoliated articulated specimens from the Djravank
section (fig.1), lower Famennian Aramazdospirifer orbelianus brachiopod
Zone.



Description.—Shell medium-sized (up to ¢. 27 mm in width, 20.6 mm in
length and 17.6 mm in thickness), wider than long, ventribiconvex, subpen-
tagonal in outline; widest presumably at the hinge line; cardinal extremities
broken; anterior margin straight; anterior commissure uniplicate.

Ventral valve strongly inflated, with convex flanks sloping moderately
towards lateral commissures; umbo inflated, prominent; beak incurved,
interarea apsacline, strongly concave, low; delthyrium unobserved (concealed
by sediment); sulcus narrow, shallow to relatively deep, originating from beak,
flat-bottomed at front, well-defined by bounding ribs; tongue low, subtrape-
zoidal in outline, perpendicular to commissural plane or slightly bent dorsally.

Dorsal valve slightly inflated with flanks sloping gently towards lateral
commissures, subquadrangular to subtrapezoidal in outline; highest at mid-
length, then decreasing gradually towards anterior margin; interarea concave,
linear, orthocline; fold low, well-delimited, originating from beak, round to flat-
topped at front.

Ornamentation of up to 16 rounded, simple, low ribs on each flank, beco-
ming fainter towards posterolateral margins; 5 ribs per 5 mm at anterior margin
near sulcus and fold; in sulcus and on fold, up to 4-5 ribs, slightly narrower
than those present on flanks; ribs slightly wider than interspaces on flanks;
micro-ornament poorly preserved, only a few capillae observed in ventral
interspaces.
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Fig. 3. Transverse serial sections of Cyrtospirifer sp. B (IGSNASRAGM 3947/PS 3053) from the
lower Famennian Aramazdospirifer orbelianus Zone of Armenia, Djravank section. Numbers
refer to distances in mm from the tip of the ventral umbo.

Ventral valve interior (fig.3) with stout, long, extrasinal and markedly
divergent dental plates, converging dorsally in umbonal region (as seen in
transverse section); teeth massive, bilobed; delthyrial plate short, thick; post-
delthyrial (large) and lateral apical cavities poorly filled in by callus.

Dorsal valve interior (fig.3) with supported ctenophoridium that is com-
posed of up to 19 well-developed, relatively long lamellae; hinge plate divided;
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crural bases stout; spiralia oriented posterolaterally with at least 15 whorls per
spiral cone.

Remarks—The external and internal features observed (e.g., well-deve-
loped fold and sulcus, long and extrasinal dental plates, delthyrial plate) in the
two studied specimens are in favour of an assignment to the genus Cyr-
tospirifer.

Cyrtospirifer sp. B differs from C. verneuili (Murchison, 1840) mainly by
its smaller size, short hinge line, lower tongue, fewer ribs on flanks as well as in
sulcus and on fold. Furthermore, the former is distinguished by its markedly
divergent dental plates.

Cyrtospirifer sp. B is separable externally from C. thalattodoxa Crickmay,
1952, by its shorter hinge line, lower tongue and fewer number of ribs on flanks
as well as in sulcus and on fold. However, it is worth noting that Ma and Day
(2003; pl. 9.6-9.8) illustrated a specimen of C. thalattodoxa with very short
hinge line and obtuse cardinal extremities, but they specified that it is a result of
abnormal growth. Additionally, C. sp. B differs by its supported ctenopho-
ridium.

Cyrtospirifer sp. B differs externally from C. whitneyi (Hall, 1858) by its
lower and subtrapezoidal tongue, fewer ribs on flanks as well as in sulcus and
on fold. Moreover, C. sp. B is distinguished by its markedly divergent dental
plates, supported ctenophoridium and by the absence of a ventral myophragm.

Plate 1. Cyrtospirifer sp. A from the lower Famennian Aramazdospirifer orbelianus Zone of
Abrahamyan (1957) in Armenia. (1-7). IGSNASRAGM 3946/PS 3052 (Djravank section),
corroded specimen in ventral, dorsal, lateral, posterior and anterior views (1-5), close-up of the
ventral interarea (pseudodeltidium) (6, 7).

Cyrtospirifer sp. B from the lower Famennian Aramazdospirifer orbelianus Zone of Abrahamyan
(1957) in Armenia. (8-12). IGSNASRAGM 3948/PS 3054 (Djravank section), almost complete
specimen in ventral, dorsal, lateral, posterior and anterior views. Scale bars: 10mm (1-12), Smm
(6-7).
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Discussion

According to Ma and Day (2003) representatives of the genus Cyrtospirifer
occur in upper Givetian and Frasnian sequences, and perhaps in the lower
Famennian, pending the reinvestigation of the Famennian cyrtospiriferids.
Concerning the earliest known occurrence of this genus, Gourvennec (2019)
stated that its first known occurrence is from the upper Eifelian—lower Givetian
transitional layers of the Tindouf Basin in Algeria. Regarding its youngest
occurrence, Abrahamyan (1957, 1974) described and illustrated numerous
brachiopods that were assigned to Cyrtospirifer from the lower—upper
Famennian sequences of Armenia. Although most of the species she illustrated
were subsequently assigned to other genera (e.g., see Ma and Day, 2007;
Grechishnikova in Alekseeva et al., 2018a), some appear to belong indeed to
Cyrtospirifer. This is the case of the specimens from the lower—upper
Famennian of the Lesser Caucasus (Armenia and Nakhichevan) that were
identified as C. verneuili (Murchison, 1840) by Abrahamyan (1957), who did
not illustrate their internal features. It is important to stress here that
Cyrtospirifer verneuili was originally described from the Frasnian of Ferques in
the Boulonnais area (northern France) (Brice, 1988; Sartenaer, 2017), more
precisely from the Ferques Formation, and Murchison (1840) also included
Belgian material in describing this emblematic Frasnian species. It is highly
probable that the specimens ascribed to C. verneuili by Abrahamyan (1957) do
not belong to this species, but they just display some external similarities with
it. Nevertheless, they apparently belong to Cyrtospirifer. Consequently, it is
reasonable to assume that resampling and reinvestigation of the Middle and
Upper Devonian succession of the Lesser Caucasus is a necessary task as it
might improve our understanding of the biostratigraphic distribution of the
genus Cyrtospirifer.

Conclusion

The examination of the lower Famennian Aramazdospirifer orbelianus
Zone of the Djravank section (Central Armenia) reveals two uncommon
cyrtospiriferid brachiopods. Both of them are herein assigned to the genus
Cyrtospirifer Nalivkin in Fredericks (1924), which is one of the most
widespread cyrtospiriferid genera, and left in open nomenclature due to the very
limited material available for each species. It is well-known that the lower
Famennian is characterized by the huge development of representatives of the
subfamily Cyrtiopsinae in comparison with the Cyrtospiriferinae (e.g. Ma and
Day, 2007; Mottequin and Poty, 2016) as is also the case in Armenia. Further
investigations on the Armenian material are required in order to complete the
recent revisions conducted on the Famennian brachiopods recoveredfrom the
different parts of northern Gondwana that crop out now in the Lesser Caucasus,
Afghanistan and Iran (Alekseeva et al., 2018a, b; Mottequin and Brice, 2019).
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FLUNPNNNYD BLUNP SEUTULED UUUDPL

Utpnpjui 9., Ununnnkpniht £.
Udthnthmd

Ghunpntwluwt Zwjwunwih unnpht Swdtvh Aramazdospirifer
orbelianus ppuluthnwynnuiht phngnuugh (app hwdwwywunwuppwtnud £
Palmatolepis crepida \nunnnuwnwjhtt phnqnuuwjhtt) ppwjuhnwnnubph
JEtuwpwquuquinipmniip quwhwwnbint tyuwwnwlny, unybt wohuw-
nwipnd winpunupd b junwpl) twhehhimd wihwpn® Cyrtospi-
riferinae Lupwpnwthphtt yuwwnlwuny tplnt uyhphdtphnuknh (Cyrro-
spirifersp. A. and C. sp. B) ujupwugpnipjutit nt tjupuqupnduinp:

O IBYX HOBBIX BUJAX CYRTOSPIRIFERID BPAXUOIIO/ U3
HMW/KHEI'O PAMEHA HEHTPAJIbBHOU APMEHUN

Cepo0sin B., MorTrekyuH b.
Pe3rome

B nanno#i pabote, jJis OLieHKM OMOpa3HOOOpa3usi OpaxuoIoa 30HBI Ara-
mazdospirifer orbelianus awxHero gamena LlentpanbHoit Apmennu (kKotopast
COOTBETCTBYET KOHOJIOHTOBOH 30He Palmatolepis crepida), BHUIMaHHE y/eIEHO
ONMCAaHHUI0O M WJUTIOCTPAIMM JBYX paHee HEM3BECTHBIX BHUJIOB CIUpPU(EpHN
(Cyrtospiriferid sp. A. n C. sp. B) npunagnexamux noacemeiictBy Cyrtospi-
riferinae.
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