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Abstract. The Givetian—Frasnian (G-F) transition marks a time of significant palacoenvironmental perturbations
and biotic turnover, yet its stratigraphic record in the southern Caucasus remains poorly constrained. This study presents
the first integrated examination of conodont biostratigraphy and lithofacies across the G-F transitional interval in Armenia,
based on material from the Arpi section. The section yielded a relatively diverse and abundant conodont assemblage, with
taxonomic assessment allowing to identify eleven species and subspecies assigned to genera Polygnathus, leriodus, and Ancyro-
della. The first occurrences of Ancyrodella rotundiloba s.s., A. pristina, and A. binodosa in the upper part of the section enable
correlation with the upper FZ1-FZ2 zones of the Frasnian conodont zonation, constraining this interval to the lowermost
Frasnian. The absence of An¢yrodella in the underlying strata, coupled with the presence of species such as Polygnathus dubius,
Ieriodus cedarensis, and 1. excavatus, suggests that the lower to middle part of the section corresponds to the upper Givetian.
This interval is further correlated with the Upper hermanni to norrisi zones. Lithostratigraphic observations and microfacies
analyses indicate that the sedimentary sequence of the section accumulated in a ramp setting. Moreover, a shallowing trend
is observed, from relatively deeper, low-energy black shale facies in the late Givetian to more oxygenated, proximal carbonate
facies in the early Frasnian.
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INTRODUCTION

The Givetian—Frasnian (G-F) transition was
marked by a succession of global eustatic fluctua-
tions and hypoxic oceanic events, evidenced by pro-
nounced perturbations in both the sedimentary and
fossil records. More specifically, the Frasnes Event,
occurred near the G—F boundary, triggering sub-
stantial biodiversity declines among major marine
invertebrates, including mollusks, echinoderms,
arthropods, brachiopods, corals, and stromatopo-
roids (House 2002; McGhee et al. 2013). This in-
terval correlates with rapid sea-level transgressions
in Euramerican sections (e.g.,, Ebert 1993; Walliser
1996; House 2002; McGhee et al. 2013), widespread
hypoxic phases (House 1985, 2002; Aboussalam &
Becker 2007), and major perturbations of the ma-
rine carbon cycle, documented in central and south-
ern Europe (Montagne Noire and Carnia; Bug-
gisch & Joachimski 2006) and in South China (Qie
et al. 2019). Nevertheless, the causal links between
the biotic crisis and these environmental disrup-
tions remain poorly constrained. The key obstacles
to resolve this relationship include (1) insufficient
high-resolution palacontological and biostrati-
graphic data, (2) discrepancies in defining the G-F
boundary (see discussion in Liao & Valenzuela-Rios
2008), and (3) taxonomic disputes among con-
odont specialists regarding the index species used
to recognize the G-I boundary. Despite extensive
research on the G-F boundary in regions such
as Morocco (Aboussalam & Becker 2007; Gouwy
et al. 2007), France (Feist & Klapper 1985; Klapper
et al. 1987), Poland (Racki 1993; Narkiewicz & Bul-
tynck 2007), Canada (Braun et al. 1988), South Chi-
na (Hua et al. 2009), Belgium (Casier & Préat 2009;
Devleeschouwer et al. 2010), Germany (Stichling
et al. 2022), Iran (e.g, Ashouri 2004, 2006; Ghol-
amalian et al. 2013, 2022), and Turkey (Ozkan et
al. 2019), the Lesser Caucasus (Armenia and Na-
khichevan; Fig. 1) remains critically understudied.
The eatlier studies by Ovnatanova & Aristov (1984)
and Aristov (1994), although examining several lo-
calities in Nakhichevan, recovered only sparse index
ancyrodellid conodonts. Moreover, the use of non-
systematic (sporadic) sampling methods made it dif-
ficult to determine the first and last occurrences of
these species, hindering precise recognition of the
G-F boundary. Additionally, neither study provides
section-specific biostratigraphic detail; instead, they

present generalized biochronostratigraphic charts,
leaving it unclear whether these apply to all sections,
a specific one, or only a subset. Consequently, the
Givetian—Frasnian boundary remains pootly con-
strained in Nakhichevan, while in Armenia it has
yet to be investigated within the framework of con-
odont biostratigraphy.

The primary objective of this study is to
provide the first conodont-based biostratigraphic
characterization of the G—F transitional interval in
Armenia, with the Arpi section designated as the
reference locality. Additionally, this study compares
the biostratigraphic peculiarities of the examined
section with the Global Stratotype Section for the
base of Frasnian at Col du Puech de la Suque E
in the Montagne Noire, southern France, as well
as with contemporaneous sections from other
northern Gondwanan terranes, including those in
Morocco, Turkey, and Iran. In addition, carbonate
facies analyses, supported by detailed field obser-
vations, are applied to refine the lithostratigraphic
framework of the Arpi section and to reconstruct
changes in depositional environments across the
G-F transition.

DEVONIAN STRATIGRAPHY AND
PALAEOGEOGRAPHY OF ARMENIA

From southwest to northeast, the Lesser
Caucasus consists of three main structural units:
the South Armenian Block (SAB), the Sevan-Akera
ophiolites, and the Somkheto-Karabagh arc (Mi-
lanovsky 1968). The SAB, a continental block of
Gondwanan origin, was initially situated to the
north, facing the Palacotethys ocean. Sosson et al.
(2010) proposed that it was detached from Gond-
wana during the Triassic and migrated northward
during the Jurassic following the opening of the
Neotethys to the south. More recent evidence sug-
gests that rift initiation of the SAB may have started
earlier, during the Late Permian—Farly Triassic inter-
val (Nikoghosian et al. 2023). Mid-Palacozoic sedi-
mentary sequences of the SAB are exposed primar-
ily in southwestern Armenia and extend westward
into Nakhichevan (Fig. 1). These sequences consist
of mixed carbonate-siliciclastic deposits, forming
an approximately 1500 m-thick Lower Devonian—
Lower Carboniferous succession (Abrahamyan
1964; Arakelyan 1964). Arakelyan (1964) subdivided
the Lower—Upper Devonian sedimentary succes-
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Fig. 1 - Schematic geological map and distribution of the middle—upper Palacozoic successions in the Lesser Caucasus (Central Armenia and
Nakhichevan), including the location of the Arpi section (modified from Ginter et al. 2011).

sion of the Lesser Caucasus into twelve fossil-based
“formations” (e.g., Danzik, Chrakhana; Fig. 2).
However, these units were differentiated primarily
by their fossil content rather than on lithological cri-
teria. In practice, most exhibit nearly identical litho-
logical characteristics, making field discrimination
challenging without knowledge of their brachiopod
assemblages. Consequently, as argued by Serobyan
et al. (2019), these units hold mainly biostratigraph-
ic than lithostratigraphic significance and it is more
appropriate to classify as horizons rather than for-
mations. To date, Lower Devonian strata have been
documented only in Nakhichevan, with no con-
firmed occurrences in Armenia (Fig. 1). Addition-
ally, while Nakhichevan hosts several outcrops of
Middle Devonian (Eifelian—Givetian) strata, these
successions appear to be very restricted in Arme-
nia, where they are seemingly represented solely
by Givetian-aged deposits. Prior to this study, the
presence of Middle Devonian deposits in Armenia
was only inferred based on lithostratigraphic cor-

relations, and was thought to be genuinely exposed
only along the boundary with Nakhichevan (Arake-
lyan 1964; Abrahamyan 1973). Among the limited
contributions to the Middle-Upper Devonian bio-
stratigraphy, notable works include Grechishnikova
et al. (1983) on brachiopods, and Ovnatanova &
Aristov (1984) and Aristov (1994) on regional con-
odont assemblages. The latter studies established
local conodont zones and correlated with the stan-
dard zonations of Klapper (1985) and Klapper &
Ziegler (1979). Figure 2 summarizes the tentative
correlations between these brachiopod and con-
odont zonations in the region, correlating with the
global conodont frameworks.

MATERIAL AND METHODS

The study material was collected during sys-
tematic field works conducted between 2023 and
2024 at the Arpi section. The section is located in
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Fig. 2 - Stratigraphic scheme of the upper Givetian—Frasnian strata and the major lithostratigraphic units (Arakelyan 1964) correlated with local
brachiopod biozones (Abrahamyan 1957 in Central Armenia; Grechishnikova et al. 1982 in Nakhichevan), local conodont biozones
(Ovnatanova & Aristov, 1984; Aristov, 1994), as well as the global standard conodont zones of Ziegler & Klapper 1982; Ziegler &
Sandberg 1990; Klapper & Johnson 1990; Corradini et al. 2026) in the southern Caucasus. The gray zone represents time interval of
the Arpi section. As defined in Ovnatanova & Aristov (1984) and Aristov (1994), the G-I boundary (red bar) is based on correlating

old and recent conodont biozonation schemes.

western Vayots Dzor Province, approximately 7
km northeast of the Areni Municipality, near the
village of Arpi. The sedimentary sequence is well-
exposed along the left bank of the Arpa River, ad-
jacent to the road leading to Mozrov village (Fig.
3.1). Eight conodont samples (Ar23/5, Ar23/10,
Ar23/14, Ar23/15, Ar23/16, Ar23/17, Ar24/12,
and Ar24/13), each weighing 4-6 kg, were collected
from limestone beds. Carbonate dissolution was
performed using a buffered 5-9% formic acid so-
lution in 10-L plastic buckets, with sieves (63—500
um mesh) immersed to retain insoluble residues.
The process was repeated iteratively until complete

sample dissolution was achieved. Residues were
dry-sieved, and the 125-500 um fractions were
subjected to density separation using bromoform.
Subsequently, conodont elements were manually
extracted from the heavy fraction under a Leica
EZ4 E stereomicroscope. A total of 470 conodont
specimens were recovered, with all samples yielding
faunal remains, albeit in variable abundances (Table
1). It must be worth noting that the conodont col-
or alteration index (CAI) values range between 3.5
and 4, suggesting that the fossils were subjected to
elevated thermal maturity. Approximately 24% of
the material consists of fragmented or incomplete

Conodont biozones Upper hermanni - norrisi

Upper FZ1 - FZ2

Tab. 1 - Distribution chart and conodont

Taxa / Samples Ar23/5 Ar23/10 Ar24/12 Ar24/13 Ar23/14

Ar23/15

biozones in the Arpi section.

A Tibe: total including broken ele-

Ar23/17

Ancyrodella binodosa - - 10

3

3
ments.

Ancyrodella pristina

Ancyrodella rotundiloba s.s.

2
1
5

Polygnathus praepolitus

Polygnathus alatus

Polygnathus dubius

Polygnathus webbi

—| oo &| & &| &

—| w| oo| w| w| wl &~

Polygnathus cf. webbi

Icriodus cedarensis 17

Icriodus excavatus

Icriodus cf. excavatus

1

Total 44

42

21 1

Ancyrodella % (tibe) 22.8 (16)

12.8 (10)

13.6 9) 25

Polygnathus % (tibe) 242(16) | 545(6) 636 (24) | 42.9 (30)

56.4 (44)

652(43) | 7503)

Tcriodus % (tibe) 758 (50) | 455(5) 314(11) | 343 (24)

30.8 (24)

212 (14)

Unassigned elements 6 30

44

23
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Fig. 3 - 1) General view of the
middle—upper part of the
Arpi section, showing the
Givetian—Frasnian  (G-F)
transitional interval; 2) Clo-
se-up of the upper part of
the section, showing Fra-
snian carbonate rocks with
sample locations and the un-
derlying Givetian black shale
interval; 3) Close-up of the
last limestone bed (Ar24/12)
in the upper Givetian part of
the section.
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ramiform elements that could not be confidently as-
signed to a genus or species and are therefore cat-
egorized as unassigned elements (Table 1). Repre-
sentative specimens selected for scanning electron
microscopy (SEM) were mounted on aluminum
stubs, gold-coated (45 s, 15 mA), and imaged us-
ing a Thermo Scientific Prisma E SEM at the A.B.
Nalbandyan Institute of Chemical Physics, National
Academy of Sciences of the Republic of Armenia
(NAS RA). All recovered specimens are stored at
the Geological Museum of the Institute of Geologi-
cal Sciences, NAS RA, under the catalog numbers
prefixed as IGS/PS. The ‘PS’ designation refers to
the Laboratory of Palacontology and Stratigraphy.
The prefix ‘Ar’ (e.g,, Ar23/5) used in the manuscript
specifies the samples collected from the Arpi section.
The following abbreviations are used: An. = _Aneyro-
della, 1. = Icriodus, P. = Pobjgnathus.

LITHOFACIES AND DEPOSITIONAL
ENVIRONMENTS OF THE ARPI SECTION

The Arpi section, consisting predominantly
of black shales with intercalations of limestone,

sandstone and siltstone beds, along with multiple
intrusive sills, fits well with the description of low-
er—middle Chrakhana Horizon of Arakelyan (1964).
The presence of magmatic intrusions within these
Devonian strata was first documented by Arake-
lyan (1952), who noted their significantly younger
age relative to the host sedimentary rocks. Recent
geochronological work by Nikoghosian et al. (2023)
confirmed a Middle Triassic age for the basaltic sills
and an Early Cretaceous age for the cross-cutting
andesitic dykes.

The basal portion of the section features
two distinct basaltic sills intruding into black shales
(Fig. 4). The upper part of this black shale interval
contains fragmented plant remains measuring 10
to 20 mm in length, representing an as yet uniden-
tified species. This interval is overlain by the first
conodont-bearing bed in the section, a 15 cm thick
carbonate bed, designated as At23/5. This bed in-
cludes several marly and sandy nodules, measuring
up to 70 cm in diameter. Microfacies analysis of
this bed reveals a composition dominated by frag-
mented crinoid stem segments, with broken bra-
chiopod shells and spines as the second most com-
mon component, all embedded in a micritic matrix
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Fig. 4 - Lithostratigraphic column of the studied Arpi section, di-
splaying the stratigraphic positions of the sampled beds and
occurrences of conodonts.

(Fig. 5.1-3). Additional bioclasts present include
ostracods, tentaculitids, mollusks, algae, phosphatic
fish bones, and bryozoans, indicating a complex as-
semblage (Fig. 5.1-3). Fine-sized quartz grains are
also observed. Consequently, Ar23/5 is classified as
a crinoidal bioclastic packstone. Furthermore, the
extensive fragmentation of fossils suggests depo-
sition under storm-induced processes (tempestite
facies). The Ar23/5 bed is succeeded by another

black shale interval, containing a middle bed of
fine-grained sandstone (Fig. 4), with its upper por-
tion transitioning into siltstones. The subsequent
limestone bed, designated as Ar23/10, crops out in
the middle part of the section and is approximately
25 cm thick (Fig, 4). Microfacies analysis of this bed
reveals that it is primarily composed of abundant
fragmented crinoid debris, with minor components
including bivalves, brachiopods, and, more rarely,
sea urchins, fish remains, and a barnacle (Fig. 5.4).
Some of these bioclasts display micritic rims (cor-
toids). A few quartz grains are also present. Based
on these characteristics and the general textural fea-
tures, this bed is a bioclastic crinoidal grainstone.
The Ar23/10 bed is bounded both above and be-
low by fine-grained sandstone horizons (Fig. 4).
The upper portion of the section contains at least
four additional basaltic sills interbedded with thin
sandstone and black shale beds. The next carbon-
ate bed (Ar24/12; Fig, 3.3), approximately 15 cm
thick, exhibits a crinoidal packstone facies similar
to that of the underlying beds (Ar23/5, Ar23/10).
It is primarily composed of coarse crinoid frag-
ments, with a lesser proportion of fragmented
mollusks, both embedded in a micritic matrix (Fig;
5.5-6). Subordinate bioclasts include ostracods, ten-
taculitids, brachiopods, and phosphatic fish bones.
Fine-grained quartz particles are moderately abun-
dant. Compared to beds Ar23/5 and Ar23/10, it
appears slightly different in assemblage composi-
tion due to the higher abundance of mollusks and
likely reflects a shallower depositional setting. The
uppermost portion of the section is character-
ized by a predominantly carbonate interval with a
3-4 m thickness (Fig. 3.2; 4). Microfacies analysis
shows that the bed designated as Ar23/14 appat-
ently exhibits pressure solution seams and contains
fine-grained bioclasts of crinoids, mollusks, gastro-
pods, ostracods and some peloids (Fig. 5.7). Some
burrows are also observed in the thin section. Con-
sequently, this bed is classified as a bioclastic pack-
stone (or micropackstone). Microfacies analysis
of the overlying beds (Ar23/15-Ar23/17) reveals
that they are more matrix-supported, yet still reflect
shallow depositional patterns. These beds contain
scattered small bioclasts, including ostracod and
brachiopod shells. They also show pressure solution
seams, burrows, and bioturbation (Fig, 5.8). Based
on their texture and composition, they are classi-
fied as wackestone. Field observations indicate that
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Fig. 5 - Microfacies aspects of thin sections from the Arpi section. (1-3) Sample Ar23/5: ctinoidal bioclastic packstone with broken brachiopod
shells and spines as the second most common components, all embedded in a micritic matrix. (4) Sample Ar23/10: crinoidal bioclastic
grainstone with components including bivalves, brachiopods, and, more rarely, sea urchins, fish remains, and a barnacle. Some frag-
ments display micritic rims (cortoids). (5-6) Sample Ar24/12: bioclastic crinoidal packstone; in addition to echinoderms, it contains a
lesser amount of fragmented brachiopod shells, all embedded in a micritic matrix. (7) Sample Ar23/14: bioclastic packstone with fine-
grained bioclasts of crinoids, bivalves, brachiopods, and ostracods, all embedded in a micritic matrix. Fine- to relatively coarse-sized
quartz grains are comparably abundant. (8) Sample Ar23/17: bioturbated microbioclastic wackestone. Scale bars equal 0.2 mm. Arrows
indicate bioclasts: blue — crinoid; red — brachiopod; green — bryozoan; orange — mollusk; purple — sea urchin.

these beds are particularly rich in atrypid brachio-  have been previously reported from the Frasnian
pods, including Atrypa (Planatrypa) ertichensis (Abra-  strata of the Ertych section (Serobyan et al. 2023).
hamyan, 1959) and Spinatrypa sp., both of which ~ The Ar23/17 bed is overlain by fine-grained sand-
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stone beds that are devoid of any fauna (Fig. 4). The
whole section is primarily composed of black shale
intervals but also includes a few beds of limestone,
sandstone, and siltstone, as well as a few intrusions
of sills. Furthermore, the section consists of a single
lithostratigraphic unit, which, based on its composi-
tion, can be correlated with the lower—middle part of
the Chrakhana Horizon of Arakelyan (1964).

CONODONT BIOSTRATIGRAPHY AND BIOFACIES

The taxonomic assessment of the conodonts
from the Arpi section revealed the presence of elev-
en species, including five species of Polgnathus, three
of Icriodus, and three of Ancyrodella. Notably, Polyg-
nathus dominates the assemblage in both diversity
and abundance. The stratigraphic distribution of
conodonts and specimen counts per sample are
detailed in Table 1. The biostratigraphic interpre-
tation follows the global upper Givetian—Frasnian
conodont zonation of Klapper (1985, 1989), Klap-
per & Johnson (1990), and Klapper & Kirchgasser
(2016). Throughout this paper, the Frasnian zones
are designated using the FZ notation (e.g,, FZ1 and
FZ2) following Corradini et al. (2026). Taxonomic
assignments follow recent revisions of _Awcyrodel-
la by Klapper (2021).

Upper hermanni-norrisi Lones

Sample Ar23/5, collected from the lower part
of the section (Fig, 4), contains a conodont assem-
blage composed of Pohgnathus dubius, Icriodus cedaren-
sis, and 1. excavatus. Notably, P. dubius and L. cedarensis
are of particular biostratigraphic significance, with
the former originating in the Lower bermanni Zone
and the latter in the uppermost part of the Up-
per hermanni Zone (Narkiewicz & Bultynck 2010).
Samples Ar23/10 and Ar24/12 contain depaupet-
ate faunas: Ar23/10 yields only P. dubins and 1. ceda-
rensis. Collectively, the assemblage, observed in the
beds Ar23/5, Ar23/10, Ar24/12, define an interval
spanning the Upper hermanni to norrisi Zones. The
upper limit of this interval is marked by the lowest
occurrence of Ancyrodella binodesa in the overlying
strata.

Upper FZ1-FZ2 Zones

The upper part of the section comprises sev-
eral carbonate beds, positioned between an under-
lying black shale interval and overlying sandstone
beds. The base of this carbonate interval is marked

by sample Ar24/13, which yielded Ancyrodella bino-
dosa along with Polygnathus dubius, P. praepolitus and
Ieriodus  cedarensis. 'The occurrence of _Ancyrodella
demonstrates that this level is already Frasnian in
age, although the recovered assemblage does not
permit an unequivocal assighment to a formal con-
odont biozone. Sample Ar23/14, taken from the
top of the same carbonate bed, yielded a more
diverse conodont assemblage comprising two bio-
stratigraphically significant species, Ancyrodella ro-
tundiloba sensu stricto and A. pristina, along with P.
dnbins, P. webbi, P. alatus, P. praepolitus, 1. cedarensis, and
L. excavatus. The first occurrence of A. rotundiloba
s.s. formally defines the base of FZ2 in the Fras-
nian conodont zonation of Klapper & Kirchgasser
(2016) and Corradini et al. (2026), thereby assigning
sample Ar23/14 to this biozone. Representatives
of Ancyrodella continue throughout the overlying
carbonate succession, with _A. rotundiloba s.s. and
A. binodosa recorded up to sample Ar23/16 and A.
pristina persisting to the uppermost sampled bed,
Ar23/17 (Table 1). The occurrence of A. rotundiloba
s.s. throughout the interval, together with the pres-
ence of A. pristina, whose range extends into FZ2
(Klapper 1985; Narkiewicz & Bultynck 2010), in-
dicates that the interval between samples Ar23/14
and Ar23/17 belongs to FZ2. Since sample Ar24/13
immediately underlies the first occurrence of Aney-
rodella rotundiloba s.s., it is most plausibly interpreted
as representing the upper part of FZ1. This inter-
pretation is based primarily on the stratigraphic po-
sition of the sample rather than on the presence
of taxa diagnostic of FZ1 and should therefore be
regarded as tentative. If correct, it would imply that
the lower part of FZ1 is either preserved within the
underlying conodont-barren black-shale interval or
absent owing to a stratigraphic hiatus.

Fig. 6 - Scanning electron micrographs of selected conodont species
from the Arpi section. 1-8 - Aneyrodella pristinaKhalymbadzha
and Chernysheva 1970. 1-2) IGS-C44, sample Ar23/15. 3-4)
IGS-C45, sample Ar23/14. 5-6) IGS-C406, sample Ar23/15.
7-8) IGS-C47, sample Ar23/16. 9-22 - Ancyrodella rotundiloba
sensu stricto Bryant, 1931; 9-10) IGS-C48, sample Ar23/14.
11-12) IGS-C49, sample Ar23/14. 13-14) IGS-C50, sample
Ar 23/15. 15-16) 1GS-C51, sample Ar23/14. 17-18) IGS-
C52, sample Ar23/15. 19-20) IGS-C53, sample Ar23/15.
21-22) IGS-C54, sample Ar23/15.
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Biofacies

The conodont fauna in the upper Givetian
is dominated by icriodids (ranging from 45.5% to
75.8%), whereas in the lower Frasnian, polygnathids
and later ancyrodellids become dominant (Table 1).
The conodont assemblages from the Arpi section
indicate a relatively shallow marine environment,
characterized by an icriodid-polygnathid to polyg-
nathid-icriodid-ancyrodellid biofacies. According
to Sandberg et al. (1989), the presence of Awncyro-
della suggests a neritic setting away from the outer
pelagic belt.

DiscussioN

GSSP Definition and Current Consensus
on the Givetian—Frasnian Boundary. The Global
Stratotype Section and Point (GSSP) defining the
base of Frasnian boundary was established at the
“Col du Puech de la Suque E” section, in south-
eastern Montagne Noire, France (Feist & Klapper
1985); it was subsequently ratified by the Interna-
tional Union of Geological Sciences (Klapper et
al. 1987). The exact position of the boundary was
chosen to coincide with the base of the Lower asy»-
metricus Zone of Klapper & Ziegler (1979) and is
defined by the first appearance of Ancyrodella rotun-
diloba (early form), or A. pristina in current terminol-
ogy (see Klapper, 2021). This level corresponds to
the base of MN Zone 1 of Klapper (1989) (= FZ1
in current terminology) and falls within the middle
part of the Lower falsiovalis Zone of Sandberg et al.
(1989). Sandberg et al. (1989) challenged the GSSP
marker, citing A. rotundiloba’s shallow-water affinity
and uncertain phylogeny. Subsequent studies, such
as Ziegler & Sandberg (1996, 2000), proposed al-
ternative conodont markers, including A. pristina or
A. soluta. Klapper (2000) later suggested relocating
the boundary to the first occurrence of Ancyrodella
rotundiloba rotundiloba s.s. The situation was further
complicated by the findings of Liao et al. (2019),
who documented an earlier occurrence of A. pris-
tina below the current GSSP. They suggested that,
before considering any stratigraphical revisions to
the GSSP, the potential for selecting a different tax-
on should be thoroughly evaluated. This supports
Klapper’s (2000) proposal that a more appropriate
level for the base of Frasnian might be the base of
Bed 46, marked by the first occurrence of A. ro-

tundiloba rotundiloba s.s. Despite numerous studies
and reports, including those by e.g. Ziegler et al.
(1976), Ziegler & Klapper (1982), Racki & Wrzolek
(1989), Aboussalam & Becker (2007), Liao & Va-
lenzuela-Rios (2008, 2012, 2013, 2017), and Casier
et al. (2013), the definition of the G-F boundary
remains a complex issue and continues to be a sub-
ject of ongoing investigation. Nevertheless, the 4.
pristina criterion currently remains the operational

standard (Becker et al. 2020).

Reassessing Givetian—Frasnian biostra-
tigraphy in the Lesser Caucasus. The broader
challenge of accurately identifying the boundary
is particularly pronounced in the Lesser Caucasus,
where the conodont biostratigraphy of the G-F
transition remains pootly constrained, with only
two significant studies, those by Ovnatanova &
Aristov (1984) and Aristov (1994), having exam-
ined stratigraphic sections in Nakhichevan. These
works, while pioneering, contain several strati-
graphic inconsistencies that require revision in the
light of modern taxonomic concepts. More pat-
ticularly, Ovnatanova & Aristov’s (1984) study of
the Bagarsykh Horizon described a lower Frasnian
conodont assemblage dominated by Ancyrodella ro-
tundiloba binodosa and Pobjgnathus decorosus, which they
correlated with the lowermost asymmetricus Zone
(Fig. 2). However, this correlation presents a fun-
damental chronological conflict, as modern bio-
stratigraphic schemes (Klapper 2000; Becker et al.

Fig. 7 - Scanning electron micrographs of selected conodont spe-
cies from the Arpi section. 1-5 - Ancyrodella binodosa Uyeno,
1967; 1-2) IGS-C55, sample Ar23/15; 3-4) IGS-C56, sample
Ar23/15; 5) 1GS-C57, sample Ar23/15. 6-12 - Polygnathus
dubins Hinde, 1879; 6-7) 1GS-C24, sample Ar23/5; 8) IGS-
C25, sample Ar23/14; 9) IGS-C26, sample Ar23/5; 10) IGS-
C26/1 sample Ar23/14; 11) IGS-C27, sample Ar23/14; 12)
1GS-C28, sample Ar 23/14. 13 - Polygnathus webbi Stauffer,
1938; 1GS-C29, sample Ar 23/15. 14 - Pohgnathus cf. webbi
Stauffer, 1938; IGS-C30, sample Ar23/14. 15-17 - Pohgnathus
alatus Huddle, 1934; 15) IGS-C31, sample Ar23/14; 16) IGS-
C31, sample Ar23/14; 17) IGS-C32, sample Arpi 23/15. 18-
20 - Polygnathus praepolitns Kononova et al., 1996; 18) 1GS-C33,
sample Ar 23/15; 19) IGS-C34, sample Ar23/14; 20) IGS-
C35, sample Ar23/14. 21-24 - Ieriodus cedarensis Narkiewicz &
Bultynck, 2010; 21) IGS-C36, sample Ar23/15. 22) IGS-C37,
sample Ar23/5. 23) IGS-C38, sample Ar23/5. 24) IGS-C39,
sample Ar23/15. 25 - Ieriodus cf. excavatns Weddige, 1984; IGS-
C43, sample At23/5. 26-28 - Icriodus excavatns Weddige, 1984;
26) IGS-C40, sample Ar23/5. 27) IGS-C41, sample Ar23/5.
28) 1GS-C42, sample Ar23/5.
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2020) clearly show that the asymmetricus Zone cot-
responds to the uppermost Givetian strata, whereas
Ancyrodella species, including A. rotundiloba binodo-
sa, are diagnostic of the Frasnian. The underlying
Chrakhana Horizon, containing Polgnathus xylus, P.
normalis, Ieriodus expansus and 1. brevis, was correctly
assigned to the upper Givetian (hermanni—cristatus
Zone). However, the absence of illustrated sections
or range charts in their publication makes it impos-
sible to verify either the stratigraphic relationships
or the taxonomic identifications. Aristov (1994) es-
tablished two biozones within the Bagarsykh Ho-
rizon: the Ancyrodella binodosa Zone, erroneously
correlated with the lowermost asymmetricus Zone,
and the A. rotundiloba Zone, placed within the lower
asymmetricus Zone. This correlation reiterates the
same stratigraphic inconsistency noted in an eatlier
study, as Aristov, although not explicitly stating it,
regarded the A. binodosa Zone as representative of
upper Givetian strata. Given these considerations,
our study of shallow-water sequences containing
diagnostic ancyrodellid species offers crucial in-
sights for refining the stratigraphy of the Givetian—
Frasnian boundary in the Lesser Caucasus. These
findings not only enhance our understanding of
Devonian basin evolution, but also underscore the
importance of re-examining historical sections us-
ing modern analytical approaches.

Regional implications. While the reason of
the co-occurrence of these Ancyrodella species at the
Arpi section rather than their successive appearance
(as documented at the base Frasnian Global Strato-
type Section and Point [GSSP] in Montagne Noire,
southern France), is difficult to determine, it is note-
worthy that similar patterns have been observed in
other northern Gondwanan localities. Most nota-
bly, this is the case of the Bou Tchrafine section of
the Tafilalt Platform in the eastern Anti-Atlas (SE
Morocco), which was examined in the search for
a Middle—Upper Devonian stratotype section. Ben-
said et al. (1985) mentioned that at the base of a
condensed bed just above the boundary, Ancyrodella
rotundiloba s.s. occurs alongside A. alata, with A. pra-
mosica first appearing slightly above this level. This
suggests that the lower part of the Lower asymmetri-
cus Zoone, and thus the MN 1 Zone (= FZ1 in cur-
rent terminology), is not represented in this section
according to the sequence established in the Mon-
tagne Noire. Bultynck (1986) later examined a 6 cm

thick styliolinid coquina bed across the G-F tran-
sition, sampling the latter five cm, and noted that
the bed directly below belongs to the disparilis Zone,
while the overlying bed correlates with the Middle
asymmetricus Zone, indicating a clear sedimentary
gap. Subsequently, Aboussalam & Becker (2007) re-
sampled multiple sections within the Tafilalt Plat-
form and noted that their re-sampling of the G-F
interval confirms that the basalmost Frasnian is ab-
sent in all but the Bine Jebilet section. Additionally,
it is worth noting that they documented A. pristina
and A. binodosa appearing within the same bed, con-
sidering them as contemporaneous sister taxa; the
presence of A. rotundiloba s.s. was not recorded. In-
terestingly, despite high-resolution biostratigraphic
studies by Gholamalian et al. (2013, 2022) exam-
ining the G—F interval across multiple sections in
Iran, including Sar-Ashk, Anarak, Baghin, Sardar,
and Hojedk, this particular species has yet to be re-
corded in the country. The same applies to Turkey,
as Ozkan et al. (2019) conducted a detailed study
of the Kocadere section in the eastern Taurides, re-
vealing only the presence of _A. pristina. Therefore,
it can be stated that this is the first record of 4. r0-
tundiloba s.s. in the region. It is also worth emphasiz-
ing the lithostratigraphic peculiarities of the studied
section, which is dominated by black shales in its
lower to middle Givetian part, with carbonate rocks
only at the top, whereas G—F sections in both Iran
and Turkey mainly consist of carbonate beds.

Sedimentological model. Sedimentation in
the studied section is interpreted to have taken place
on a mixed siliciclastic—carbonate system with sub-
ordinate carbonate development, characterized by
the following features: (1) a facies succession from
deeper to shallower environments; (2) absence of
barrier reefs; (3) lack of extensive lagoonal or re-
stricted facies; (4) widespread storm-related de-
posits; and (5) absence of slope sediments such as
slumps and turbidites. These characteristics are con-
sistent with a ramp setting rather than a shelf (Read
1985; Burchette & Wright 1992; Herbig & Weber
1996). Accordingly, the facies may be interpreted as
reflecting a carbonate ramp model in the sense of
Burchette & Wright (1992). This model may repre-
sent either a homoclinal or a distally steepened ramp
(Flugel 2004). Most carbonate facies observed in
the section are fully open marine, as indicated by the
abundance of crinoids and brachiopods (Mabille &
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Boulvain 2007). However, detrital silt- to sand-sized
quartz is locally present. The scarcity of lamination
and other sedimentary structures likely reflects in-
tense bioturbation (Sepkoski et al. 1991). Among
the sampled microfacies, Ar23/5 represents the
most distal carbonate facies, characterized by tem-
pestite deposits that accumulated around the storm
wave base, indicative of a mid-ramp depositional
environment. Ar23/10 marks the transition toward
the inner ramp and exhibits extensive micritization,
reflecting proximal mid-ramp conditions approach-
ing shallower environments. The subsequent bed,
Ar24/12, differs slightly from Ar23/5 and 23/10 in
assemblage composition due to a higher abundance
of mollusks, which corresponds to the inner ramp,
indicating a slightly shallower depositional setting;
The upper part of the section shows an increased
abundance of well-preserved brachiopods with deli-
cate morphological features, such as the frills on atr-
ypid shells, which, according to Copper (1967), are
characteristic of low-energy settings. Together with
the presence of bioturbation and burrows in thin
sections, these features indicate that the Ar23/15—
Ar23/17 interval was deposited in a quiet inner-
ramp environment, partially protected by shoal
complexes (Bertola et al., 2013). Consequently, the
facies distribution suggests that the lower to middle
parts of the section, dominated by black shales with
occasional crinoidal packstone beds, represent a
low-oxygen distal environment deposited in a mid-
ramp setting. In contrast, the bioclastic wackstone
and overlying sandstones at the top of the section
likely indicate a more proximal setting, although
the former still reflect relatively low-energy condi-
tions. The abrupt contact between these facies as-
sociations, lacking intermediate deposits, implies a
period of non-deposition or erosion, followed by a
marked environmental shift to shallow-water depo-
sition rather than a gradual regression.

It is worth noting that the G-F boundary is
commonly associated with a global transgression,
which followed a regressive phase during the Upper
FZ1-FZ2 (see Walliser 1996; Becker et al. 2012).
The lithostratigraphic peculiarities of the Arpi sec-
tion correlate with this global record, as its shallow-
ing trend from the upper Givetian to the lower Fra-
snian occurred within the same interval. Regionally,
however, the Arpi section differs from most doc-
umented sections in both Iran and Turkey, where
the G—F interval is predominantly represented by

carbonate facies (Ozkan 2019; Wehrmann et al.
2010; Gholamalian 2013, 2022). The only section
with a very similar lithostratigraphic succession of
black shales near the G—F boundary is the Koca-
dere section in the Eastern Taurides. In that section,
this black shale interval, indicative of anoxic con-
ditions, is interpreted as a facies expression of the
Frasnes Event, though further biological evidence
is required to confirm this (Wehrmann et al. 2010).
A comparable interpretation may also apply to the
black shale interval exposed between beds Ar24/12
and Ar23/14 in the Arpi section.

CONCLUSIONS

The integrated biostratigraphic and lithofa-
cies analysis of the Arpi section provides the first
robust framework for understanding the Givetian—
Frasnian (G—F) transition in the Lesser Caucasus.
The appearance of Ancyrodella rotundiloba s.s., A.
pristina, and A. binodosa in the upper part of the sec-
tion constrains this interval to the lowermost Fra-
snian. Notably, A. pristina does not precede either
A. rotundiloba s.s. or A. binodesa, and this pattern
suggests that the lower part of the FZ1 is either
absent from the Arpi section or confined to the
underlying black shale interval, which yielded no
conodonts. Consequently, the limestone interval at
the top correlates with the upper FZ1-FZ2. The
absence of Ancyrodella in underlying beds, alongside
species such as Pohgnathus dubius, Leriodus cedarensis,
and 1. excavatus, indicates upper Givetian strata, spe-
cifically correlating with the Upper hermanni—norrisi
Zones. Lithofacies analysis reveals an abrupt transi-
tion from distal facies in the lower to middle section
to more proximal deposits in the lower Frasnian in-
terval, indicating a shallowing trend across the G-F
transition. The Givetian interval reflects an anoxic,
low-energy and storm-influenced environment,
whereas the Frasnian interval exhibits compara-
tively increased oxygenation, although conditions
remained low-energy. Future work should focus on
expanded sampling above the Givetian interval to
ascertain whether the lower FZ1 is preserved or ab-
sent due to a hiatus, as documented in Moroccan
sections. If a hiatus is confirmed, this pattern may
reflect a broader regional phenomenon rather than
a localized event. Additionally, subsequent research
should incorporate geochemical proxies to differ-
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entiate between local and global environmental per-
turbations, complemented by comparative analyses
of coeval sections from Armenia and Nakhichevan.
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