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THE LOWER CRETACEOUS TIRGAN FORMATION IN THE GELIAN SECTION
(KOPET DAGH, NORTH IRAN): MICROFACIES, MICROFOSSILS, AND THEIR
BIOSTRATIGRAPHIC SIGNIFICANCE
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Abstract The carbonate succession of the Tirgan Formation was studied in the Gelian section located 25 km south of
Shirvan town (central Kopet Dagh). In this section, the Tirgan Formation contains a rich assemblage of calcareous al-
gae and foraminifera. Based mainly on the orbitolinid association a latest Barremian-ealy Aptian age was assigned to
the Tirgan Formation in the Gelian section. Based on the available stratigraphic analyses and age assignments of the
overlying Sarcheshmeh Formation by different authors, one should presume that both the Tirgan and the Sarchesh-
meh formations are heterochronous across the Kopet Dagh basin.
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INTRODUCTION

The Kopet Dagh basin is well known for its hydrocarbon
potential. Several previous studies focused on its struc-
ture and stratigraphic succession (Afshar Harb, 1979;
Ruttner, 1991; Moussavi-Harami and Brenner, 1993;
Immel et al., 1997; Majidifard, 2003; Kavoosi et al.,
2009; Javanbacht et al., 2011; Robert et al., 2014;
Majidifard et al., 2017).

In the last decades, important contributions addressed the
microbiostratigraphy of the Lower Cretaceous Tirgan
Formation (Majidifard, 2003; Bucur et al., 2013;
Taherpour Khalil Abad et al., 2009; 2010a, 2010b, 2013,
2015; Taherpour Khalil Abad, 2017: Yavarmanesh et al.,
2017). Important thickness and content variations define
this formation throughout the basin, as indicated by litera-
ture data. Additional studies performed on novel geologi-
cal sections can contribute to a better understanding of its
geological depositional context. The present study aims
to describe the succession of the Tirgan Formation in the
Gelian section. New micropaleontological data including
calcareous algae and benthic foraminifera are reported,
for correlation purposes with other sections of this unit
from the Kopet Dagh basin.

LOCATION AND GEOLOGICAL FRAMEWORK

The Kopet Dagh thrust and fold belt has a total length of
more than 600 km. It stretches along the Iran-
Turkmenistan border (Stoecklin, 1968; Afshar Harb,
1979) (Fig. 1). Following the Paleotethys closure at the
end of the Triassic (old Cimmerian movements), the
opening of the Kopet Dagh Basin started in the Middle
Jurassic. Its sedimentary succession consists of over
10000 m thick Mesozoic and Cenozoic deposits (Afshar
Harb, 1979; Brunet et al., 2009; Firsich et al., 2009;
Wilmsen et al., 2009).

The Lower Cretaceous succession from the Kopet Dagh

basin comprises five distinct units: the Surijeh, Tirgan,
Sarcheshmeh, Sanganeh and Aitamir formations (Afshar
Harb, 1979). A relatively thick succession of Barremian-
lower Aptian carbonate platform limestones makes up the
Tirgan Formation, overlying the Surijeh Formation and
underlying the Sarcheshmeh Formation (Majififard,
2003; Taherpor Khalil Abad et al, 2010a). Thickness dis-
tribution patterns indicate a general east-west thickening
trend, the unit ranging from 50-100 m in the east, to over
700 m in the west (Afshar Harb, 1979).

The present study describes a section located near Gelian
locality, 25 km south of Shirvan town, in the central part
of the Kopet Dagh (Fig. 1; Fig.2) (Coordinates:
34°14°14"N and 57°54°12"E). Here, the carbonate succes-
sion of the Tirgan Formation (Fig. 3) consists of 153 m of
bioclastic to oolithic limestones with rare marly-
limestone intercalations (Fig. 4) containing, mostly in its
upper part, orbitolinid foraminifera.

MATERIAL AND METHODS

Sixty-three samples (G1 to G63) were collected in the
Gelian succession, from which standard thin-sections
were made (these include 52 samples from limestones of
the Tirgan Formation). The thin-sections are housed at
the Faculty of Science, Islamic Azad University of
Zahedan (Iran).

MICROFACIES

Four facies associations were identified in the Gelian
section, consisting of different microfacies types.

1) The first facies association consists of partially fenes-
tral mudstone and fenestral mudstone-wackestone (Fig.
5a). Some of these microfacies types are distributed with-
in the middle part of the succession (samples G20, G21).
They contain small bivalve fragments, rare small forami-
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Fig. 1 Location of the studied Gelian section on the Iranian territory and in the area surrounding Shirvan town.
Modified from Zanchi et al., 2003.
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Fig. 2 Geological map of the region surrounding Shirvan town. The location of the Gelian section
is indicated by the red circle. Modified from Nadim & Haftlang, 2009.



The Lower Cretaceous Tirgan Formation in the Gelian section (Kopet Dagh, north Iran)

Gelian Village '

Fig. 3 Field photo showing the contact between the Shurijeh and Tirgan formations in the Gelian area.

nifera and rare dasycladalean algae. In association with
some fenestral wackestone microfacies types (sample
G22), they indicate an inner platform, restricted lagoonal
environment.

2) The second facies association contains different wack-
estone types: bioclastic wackestone, ooidal-intraclastic
wackestone, foraminiferal wackestone, rudist wack-
estone, fenestral wackestone, bioclastic wackestone-
packstone (Fig.5b, d, g). Wackestone facies types are
well developed through the entire succession of the Tir-
gan Formation. They are commonly interbedded with
other facies categories and contain a large variety of bio-
clasts (mollusc, echinoderm and bryozoan fragments,
anellid worm tubes, foraminifera, dasycladalean and
udoteacean-gymnocodiacean algae). Occasionally, ooids
and intraclasts are present. Some fenestral varieties con-
tain Rivularia-type cyanobacteria. They indicate a re-
stricted, inner platform environment. Silty or small-
arenitic quartz is present in some varieties. The upper part
of the succession contains nodosariid foraminifera indi-
cating a relative deepening of the depositional environ-
ment.

3) The third association contains orbitolinid-bearing
packstones and bioclastic packstone-grainstone (Fig 5c, e,
f). These microtypes are interbedded with other facies
categories throughout the entire succession of the Tirgan
Formation. They contain a wide range of bioclasts (mol-
lusc, echinoderm and bryozoan fragments, foraminifera,
dasycladalean and udoteacean-gymnocodiacean algae).
Some varieties contain abundant bryozoans (e.g., sample
G38) while others show abundant orbitolinids and
dasycladalean algae (samples G29, G45-G47). Worth
mentioning are the varieties rich in Balkhania balkhanica
Mamontova (sample G18c) (Fig. 5c). Samples G32a and
G32b consists of packstone with reworked orbitolinids
and other bioclasts. These bioclasts show a distinct, well-
developed micritic rim (possibly of microbial origin).
Stylolitic grain contacts and partial iron oxide develop-
ments are common. The packstone facies types indicate a
moderate to low energy, open marine environment.
4) Finally, the fourth facies association consists of ooidal

grainstone, bioclastic grainstone, peloidal-bioclastic
grainstone, and bioclastic grainstone-rudstone (Fig. 5 h-j).
Bioclast diversity characterises all these facies varieties.
The bioclasts include mollusc, echinoderm and bryozoan
fragments, anellid worm tubes, foraminifera and calcare-
ous algae, as well as rare coral and sponge fragments.
These facies types are also interbedded with other facies
types throughout the entire succession of the Tirgan For-
mation. In the lower part of the succession they contain
terrigenous quartz fragments that form the nucleus of
some ooids.

The grainstone facies association is typical for relatively
shallow, high energy, open marine environments. Some
lithological varieties contain meniscus cement and key-
stone vugs (sample G25), structures indicating a very
shallow depositional environment.

The vertical facies distribution within the Tirgan For-
mation is illustrated in Fig. 6.

The entire carbonate succession of the Tirgan Formation
corresponds to a ramp-type carbonate platform, docu-
menting the presence of inner and middle ramp deposi-
tional settings for the Gelian section. Small-scale coral
and sponge bioconstructions (samples G18b, G23a,
G23b) were developing across the carbonate ramp. How-
ever, they did not form continuous rims to bar the plat-
form.

Micropaleontological associations and age of the
Tirgan Formation in the Gelian section

The studied succession contains rich assemblages of cal-
careous algae and foraminifera. Calcareous algae are rep-
resented by the following species: Actinoporella podolica
(Alth) (Fig. 7a,b), Bakalovaella elitzae (Bakalova) (Fig.
8a-d), Deloffrella quercifoliipora Granier & Michaud
(Fig. 7c-f), Kopetdagaria sphaerica Maslov (Fig. 7g-i),
Neomeris cf. cretacea Steinmann (Fig. 8e-h), Neomeris
sp. (Fig. 8i-j), Neomeris div. sp. (Fig. 8k-m), Pseudo-
actinoporella? iranica Bucur, Rashidi & Senowbari-
Daryan (Fig. 9a-c), Salpingoporella muehlbergii (Lorenz)
(Fig. 9d-g, j; Fig. 10a-c, g, h), Salpingoporella div. sp.
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Fig. 5 Microfacies. a Fenestral mudstone with small benthic foraminifera, rare fragments of gastropods and worm tubes,
and very rare dasycladaleans; sample G21. b Wackestone with ooids, intraclasts and bioclasts; the matrix is a siltic car-
bonate containing rare siltic to small arenitic quartz; sample G13A. c Bioclastic packstone with Balkhania balkhanica,
fragments of molluscs, rare fragments of echinoderms, and rare ooids, foraminifera and calcareous algae; sample G18C.
d Wackestone with fragments of molluscs, echinoderms and bryozoans, rare nodosariid framinifera, orbitolinids (Pa=
Paleodictyonus actinostoma) and dasycladaleans; sample G44B. e Bioclastic packstone with fragments of molluscs,
echinoderms and bryozoans, foraminifera (Balkhania balkhanica) and calcareous algae; sample G16A. f Bioclastic pack-
stone with orbitolinids, lenticulinids, fragments of molluscs, worm tubes, echinoderm, bryozoans, and calcareous algae;
sample G45. g Wackestone, partly dolomitized, with orbitolinids, fragments of bivalves, echinoderms and bryozoans,
dasycladaleans (Nc=Neomeris cf. cretacea) and small fragments of udoteacens; sample G34. h-j Ooidic grainstone, con-
taining ooidic laminae with variable granulometry; frequently, the ooid nuclei are made of bioclasts (foraminifera or bi-
valve fragments); orbitolinids, as well as mollusc, echinoderm and bryozoan fragments are present; h — sample G40; i —
sample G41; j — sample G43. Scale bar is 1 mm.
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identified in the Tirgan Formation from the Gelian section.
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(Fig. 9h, i; Fig. 10d-f, i-k, n), Steinmanniporella sp. (Fig.
10p), Terquemella div. sp. (Fig. 11a-l), Triploporella sp.
(Fig. 10r), ?Zittelina sp. (Fig. 10s), Arabicodium sp. (Fig.
12a, b), Boueina hochstetteri Toula (Fig. 12c; Fig. 13c),
Boueina minima Bucur (Fig. 12f, g; Fig. 13d), Boueina
cf. pygmaea Pia (Fig. 12h, i; Fig. 13a, b, e-g, i), Boueina-
Arabicodium-Permocalculus-like  udoteaceangymnoco-
diacean algae (Fig. 12e, j-m), Permocalculus (Pyrulites)
deceneii Bucur (Fig. 12d), Permocalculus div. sp. (Fig.
13h, j, k), and Marinella lugeoni Pfender. The foramini-
feral association includes the following species: Balkha-
nia balkhanica Mamontova (Fig. 14a-d), Charentia cuvil-
lieri Neumann (Fig. 15a), Dictyoconus? pachymarginalis
Schroeder (Fig. 16 e-f), Frentzenella odukpaniensis (De-
sauvagie) (Fig. 15n, ?0), lIragia simplex Henson (Fig.
17a, c-e), ?lragia sp. (Fig. 17b, f, g, i), Lenticulina sp.
(Fig. 15j-m, u), Montseciella arabica (Henson) (Fig.
16b), Neotrocholina aptiensis (lovtcheva) (Fig. 15p-t),
?O0rbitolinopsis sp. (Fig. 16d, g, h), Palaeodictyoconus
actinostoma Arnaud-Vanneau & Schroeder (Fig. 17j-),
?Palaeodictyoconus sp. (Fig. 16m), Palorbitolina lenticu-
laris (Blumenbach) (Fig. 17h), Praeorbitolina cormyi
Schroeder (Fig. 16i-l), Rectodyctioconus giganteus
Schroeder (Fig. 16a), Toremiroella hispanica Brun &
Canerot (Fig. 14e-h), and Vercorsella scarsellai (De Cas-
tro) (Fig. 14, k, m, n). From these microfossils, the or-
bitolinids have the most important biostratigraphic signif-
icance. Palorbitolina lenticularis is known from upper
Barremian to lower Aptian (Bedoulian) deposits
(Schroeder et al., 2010). A recent study (Clavel in Grani-
er et al., 2013) lowered its range into the upper part of the
lower Barremian. Montseciella arabica is well known
from upper Barremian to lowermost Aptian deposits
(Masse, 2003; Schroeder et al., 2010), and Iragia simplex
covers the upper Bedoulian (i.e., upper part of the lower
Aptian, Masse, 2003; Schlagintweit et al., 2013a).
Paleodictyoconus actinostoma was described from the
lower Aptian by Arnaud-Vanneau & Schroeder (1976),
and Schlagintweit et al. (2013a) have mentioned this tax-
on from the upper Bedoulian (the upper part of the lower
Aptian). Praeorbitolina cormyi, a taxon with a wide dis-
tribution within the Tethyan realm, has a stratigraphic
range restricted to the upper Bedoulian (Masse, 2003;
Schroeder et al., 2010; Schlagintweit et al., 2013a). Dic-
tyoconus? pachymarginalis was initially described from
the Bedoulian-Gargasian boundary (Schroeder, 1965). It
is frequently mentioned from uppermost Bedoulian
(Mancinelli and Chiocchini, 2006) or upper Bedoulian-
Gargasian (Schlagintweit et al. 2013a, 2013b) deposits,
and was recently reported from the lower Barremian-
Bedoulian (Yazdi-Moghadam et al., 2017).

The stratigraphic range of the orbitolinids from the
Gelian section is consistent with the above-mentioned
distributional data (Fig. 6). Based on these microfossils,
the age of the Tirgan Formation (Gelian section) is latest
Barremian-Bedoulian. The Barremian/Aptian boundary
is located approximately in the lower third of the succes-
sion.

The age of the Tirgan Formation and the Lower
Cretaceous diachronism in the Kopet Dagh region.

Based on micropaleontological assemblages, the carbona-

te deposits of the Tirgan Formation were attributed to the
Barremian-lower Aptian by the vast majority of previous
authors who studied these limestones. Numerous sections
were sampled from West to East across the Kopet Dagh
basin, over the entire outcrop surface of the Tirgan For-
mation (Taherpour Khalil Abad et al., 2009; 2010; 2013;
Javanbakht et al., 2011; Carevi¢ et al., 2013; Taherpour
Khalil Abad et al., 2013; Molaei et al., 2017; Taherpour
Khalil Abad, 2017; Yavarmanesh et al., 2017; Javanbakht
et al., 2018). Surveying the previously figured micropale-
ontological assemblages shows that in many of these pub-
lications, several species were incorrectly identified (e.g.,
Carevi¢ et al., 2013; Molaei et al., 2017, Yavarmanesh et
al., 2017, etc.), with the notable exception of the work of
Taherpour Khalil Abad et al. (2009; 2010; 2013). How-
ever, the correctly identified micropaleontological as-
semblages from all of these papers are conform with their
attribution to the Barremian-lower Aptian interval. In the
case of the Gelian section discussed in this study, a latest
Barremian-early Aptian age was inferred. Recently
Taherpour Khalil Abad et al. (2017) presented a succes-
sion of sampled sections from the Tirgan Formation that
document thickness variation within the unit from the
central part of the Kopet Dagh (330 m) towards the east
(45 m). In addition, the micropaleontological association
of some sections (e.g., Chenaran, Ali Abad) contains Ber-
riasian—Valanginian foraminifera (Anchispirocyclina lusi-
tanica, “Trocholina elongata”, Pseudocyclammina litu-
us). Raisossadat & Moussavi-Harami (2000) and Raisos-
sadat and Shakri (2011) have studied the Sarcheshmeh
Formation, a unit overlying the Tirgan Formation. These
authors indicate a late Barremian to early Aptian age for
the Sarcheshmeh Formation based on ammonites and
calcareous nannoplankton. Thus, they assigned a
Barremian (but not terminal Barremian) age for the Tir-
gan Formation. In this context, Arnaud-Vanneau et al.
(2017) questioned the previously assigned age of the Tir-
gan Formation, near its type locality where the succession
has a total thickness of about 700 m. According to Ar-
naud-Vanneau et al. (2017), the basal part of this for-
mation may comprise the Berriasian—Hauterivian, or even
part of the upper Tithonian.
Important thickness variations within the Tirgan For-
mation were already indicated by Afshar Hab (1979),
with a maximum thickness reaching 600-700 m in the
central-western part of the basin. The thickness of the
formation decreases to 20—35 m towards east, and to 250
m in the NNW. In the central part of the basin (around the
Bojnourd locality), it has a total thickness of 300 m. As
pointed out by Afshar Harb (1979), northeast of Moshad
the lower part of the Tirgan Formation passes laterally
into the Shurijeh Formation, whereas toward the west
(Daregaz area, where the type section of the Tirgan For-
mation is located) deposits of the Shurijeh Formation
pass laterally into the carbonates of the lower part of the
Tirgan Formation. Afshar Harb (1979) indicated a
Barremian to early Aptian age for the Tirgan Formation,
and noted that its lower part may also include the Hau-
terivian near its type locality. The Tirgan Formation be-
comes younger west and east from this locality, being
represented mainly by Aptian deposits. Accordingly, Af-
shar Harb (1979) assumed a heterochronous contact be-
tween the Tirgan Formation and the underlying Surijeh
19
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Fig. 7 Calcareous algae from the Tirgan Formation in the Gelian section. a, b Actinoporella podolica (Alth); oblique
sections; sample G15. c-f Deloffrella quercifoliipora Granier & Michaud; ¢, longitudinal-tangential section, sample G12;
d-f, oblique sections, sample G16. g-i Kopetdagaria sphaerica Maslov; g (K) transverse section (O — orbitolinid foramin-
ifer), sample G35; h, i, fragments of oblique sections; h, sample G32a; i, sample G32b. Scale bar is 0.25 mm.
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Fig. 8 Calcareous algae from the Tirgan Formation in the Gelian section. a-d Bakalovaella elitzae (Bakalova). a, b, lon-
gitudinal-oblique sections, sample G35; c, oblique section, sample G15; d, transverse-oblique section, sample G15. e-h
Neomeris cf. cretacea Steinmann; e, oblique-tangential section, sample G35; f, g, oblique sections; h, detail of g showing
the reproductive structures morphology; f sample G49; g, h, sample G34. i, j Neomeris sp. Oblique section; j — detail of i;
sample G33. k-m Fragments of Neomeris ssp.; k, m, sample G16a; |, sample G34. Scale b is 0.25 mm.

21



22

loan I. Bucur, Hamed Yarahmadzahi & Cristian V. Mircescu

Fig. 9 Calcareous algae from the Tirgan Formation in the Gelian section. a-c Pseudoactinoporella? iranica Bucur, Rashidi &
Senowbari-Daryan; a, oblique section, sample G12; b, tangential section, sample G17a; c, transverse section, sample G27-28. d-
g, i Salpingoporella muehlbergii (Lorenz); d, e, longitudinal-oblique sections, sample G29; f. g, oblique sections; f, sample G29;
g, sample G25; j, transverse section, sample G29. h, i Salpingoporella sp., oblique sections; h, G16; I, sample G29. Scale bar is
0.25 mm.
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Fig. 10 Calcareous algae and microproblematica from the Tirgan Formation in the Gelian section. a-c, g, h Salpingoporella
muehlbergii (Lorenz); a, tangential section, sample G32; b, oblique section, sample G32; c, transverse section, sample G29; g,
oblique section, sample G25; h, transverse section, sample G29. d, e, f, i-k, n Salpingoporella div. sp. in longitudinal (d),
oblique (e, f, i, j, k) and transverse (h, n) sections; d, sample G19; e, sample G21a; f, sample G17b; i-k, sample G15; n, sample
G22. 1, m Unidentified actinoporelliform dasycladalean alga; I, oblique section, sample G16a; m, transverse section, sample
G35. o, q, t Carpathoporella occidentalis Dragastan; different sections through supposed octocoralian sclerites; o, sample G15;
g, sample G42; t, sample G32. p Steinmanniporella sp. transverse section, sample G35. r Triploporella sp., sample G15. s

?Zittelina sp, sample G15. Scale bar is 0.25 mm.
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Fig. 11 Calcareous algae from Tirgan the Formation in the Gelian section. a-1 Terquemella div. sp. a, j, k, sample G32; b, c,
sample G12; d-f, I, sample G15; g, sample G16a; h, sample G18a, I, sample G18b. Scale bar is 0.25 mm.

Formation. Later, Immel et al. (1997) have demonstrated
the heterochronous nature of the Lower Cretaceous de-
posits from the Kopet Dagh basin based on rich ammo-
nite faunas, and indicated a Hauterivian—late Barremian
age for the Tirgan Formation in the western part of the
Kopet Dagh basin, and a late Barremian to earliest Aptian
age in the east. Recently, Molaei et al. (2019) reported an
ammonite fauna from the Tirgan Formation in the Shar
Abad section (NW Kopet Dagh). In this section, the mid-
dle and upper part of the Tirgan Formation are attributed
to the upper Barremian (with Heteroceras sp.) and to
lower Aptian (with Deshayesites cf. planus and Des-
hayesites cf. fobersi), respectively. These authors also
mention that in a nearby area (Takal Kuh section) Raisos-
sadat and Shakri (2011) identified an upper Barremian
ammonite association (with Colchidites, Imerites,
Barremites, Heteroceras) within the Sarcheshmeh For-
mation, a unit overlying the Tirgan Formation. However,
Molaei et al. (2019) did not comment on the unusual age
overlap between these two units, which normally have a
superpositional relationship.

The heterochrony of the Tirgan Formation, as indicated
by the available data, can be correlated with the facies
variations and heterochrony of the Tithonian to lower-
most Cretaceous formations from the Kopet Dagh basin.
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This phenomenon, noted by Immel et al. (1997), and pre-
sumed by Majidifard (2003) and Majidifard et al. (2017),
was demonstrated by Bucur et al. (2013). According to
the latter authors, in the Takhtehbashgheh section, the
upper part of the Mozduran Formation extends into the
Valanginian. It can be assumed that in other sections the
lowermost Cretaceous (Berriasian—Valanginian) could be
developed in a carbonate facies underlying directly the
carbonate deposits of the Tirgan Formation (see Arnaud-
Vanneau et al., 2017). Further mapping together with
detailed and accurate micropaleontological analyses are
necessary in order to clarify these aspects. However, a
rigorous review of the already described micropaleonto-
logical associations from the sections studied by different
authors should also shed new light on the potential heter-
ochrony of the Kopet Dagh Lower Cretaceous.

REMARKS ON SELECTED MICROFOSSILS

Pseudoactinoporella? iranica Bucur, Rashidi & Senow-
bari-Daryan (Fig. 9a-c)

Bucur et al. (2012) described this dasycladalean alga
from the Taft Formation in central Iran (at Aliabad, near
Yazd). Figure 5 caption in Bucur et al. (2012, p. 611)
indicates this species as Actinoporella? iranica.
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Fig. 12 Calcareous algae from the Tirgan Formation in the Gelian section. a, b Arabicodium sp. a, longitudinal section,
sample G12; b, Oblique section, sample G35. ¢ Boueina hochstetteri Toula; longitudinal-oblique section, sample G35. d
Permocalculus (Pyrulites) deceneii Bucur; reconstruction based on 2 longitudinal-oblique sections, sample G18c. e, k-m
Udoteacean-gymnocodiacean algae showing characteristics of both Boueina-Arabicodium, and Permocalculus: branching
lateral and cortical filaments like in Boueina-Arabicodium, and large inflated filaments like the “reproductive structures” in
Permocalculus; e, I, oblique sections; e, sample G15; I, sample G16a; k, m, transverse sections; k, sample G16a; m, sample
G33. f, g Boueina minima Bucur, Rashidi & Senowbari-Daryan; f, longitudinal-oblique section, sample G15; g, oblique
section, sample G16. h, i Boueina cf. pygmaea (Pia); longitudinal (h) and longitudinal-oblique (i) sections; h, sample G15; i,
sample G13b. Scale bar is 0.25 mm.
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Fig. 13 Calcareous algae from the Tirgan Formation in the Gelian section. a, b, e-g, i Boueina cf. pygmaea (Pia); a, b, e, g,
transverse sections; a, sample G13b; b, e, sample G16; f, g, sample G16a; i, oblique section, sample G17c. ¢ Boueina
hochstetteri Toula, transverse section, sample G17a. d Boueina minima Bucur, Rashidi & Senowbari-Daryan, transverse-
oblique secton, sample G15. h, j, k Permocalculus sp.; transverse (h, k) and oblique (j) sections; h, sample G17b; j, sample
G24a; k, sample G17a. Scale bar is 0.25 mm.
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Fig. 14 Foraminifera from the Tirgan Formation in the Gelian section. a-d Balkhania balkhanica Mamontova. a, microfa-
cies with Balkhania, sample G17a; b, c, subaxial transverse sections; b, sample G164a; ¢, sample G18; d, subequatorial sec-
tion, sample G18. e-h Torremiroella hispanica Brun & Canerot; e, oblique section of a megalospheric specimen cutting the
proloculus, sample G23b; e, transverse section, sample G18; g-i, longitudinal-oblique sections; g, sample G28; h, sample
G23b. i ?Reophax sp., sample G33; j, k, m, n Vercorsella scarsellai (DE Castro); j, k, m, longitudinal sections; j, sample
G29; k, m, sample G31; n, transverse section, sample G30. I, p, g ?Mayncina sp., |, sample G22; p, sample G17b; q, sample
G16a. o ?Streptocyclammina sp., sample G33. Scale bar is 0.25 mm.
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According to the ICBN rules, the first denomination men-
tioned in the text (Pseudoactinoporella? iranica, Bucur et
al., 2012, p. 609) is the correct and valid one. Until now,
Kopet Dagh represents the second area where this taxon
was identified.

Bakalovaella elitzae (Bakalova) (Fig. 8a-d).

Initially described by Bakalova (1971) as Cylindroporella
elitzae, this dasycladalean alga was subsequently attribut-
ed to the genus Montiella by Radoi¢i¢ (1980). Bucur
(1993) transferred it to the new genus Bakalovaella by
highlighting some differences between the Cenozoic spe-
cies of Montiella (M. munieri and M. macropora) and the
Lower Cretaceous alga originally assigned to the genus
Cylindroporella. However, numerous paleoalgologists
avoided its attribution to the genus Bakalovaella and pre-
ferred to assign it to Montiella. Subsequently, some au-
thors (Taherpour Khalil Abad et al., 2010; Bucur, 2011)
questioned once more the attribution of the species elitzae
to the genus Montiella, and recently Granier & Bucur
(2019) reinstated the genus Bakalovaella based on the
species Bakalovaella deloffrei Granier & Bucur, and re-
validated the combination Bakalovaella elitzae (Bucur,
1993).

Boueina minima Bucur, Rashidi & Senowbari-Daryan
(Fig. 12f,g; Fig. 13d).

This udoteacean alga was also described from the Taft
Formation by Bucur et al. (2012). Just as in the case of
Pseudoactinoporella? iranica, it appears with two de-
nominations: Boueina minima (in text, p. 625) and Boue-
ina minuta (caption of Fig. 13) (Bucur et al., 2012, p.
627). Boueina minima is the correct denomination of this
taxon since it is mentioned as such for the first time in the
text. This species is now reported for the first time in
carbonate deposits other than those from the type locality.

Udoteacean-gymnocodiacean algae showing characteris-
tics of both Boueina-Arabicodium, and Permocalculus
(Fig. 12e, j-m).

Some of the calcareous algae identified within the Tirgan
Formation have ramified medullar and cortical filaments
arranged in a manner similar to that described in Boueina
and Arabicodium. At the same time, they also present a
series of inflated, larger ovoid or ovoid-acuminated fila-
ments. Such filaments are similar to the supposed repro-
ductive organs of the gymnocodiacean algae. A similar
alga is Boueina camenitzae (Dragastan & Bucur, 1979)
which contains such sub-ovoid filaments in the subcorti-
cal zone. When the inflated filaments are elongated, con-
fusion with Juraella bifurcata is possible. A revision of
these gymnocodiacean-udoteacean algae is currently un-
dertaken by Bucur & Schlagintweit.

Torremiroella hispanica Brun & Canerot (Fig. 14e-h)

Schlagintweit et al. (2013a) identified this foraminifer in
central Iran; its presence in the Kopet Dagh basin is doc-
umented for the first time in this study, a report that does
not influence its paleogeographical significance. Its co-
occurrence with Balkhania balkhanica and Kopetdagaria
sphaerica is highly expected (see Schlagintweit et al.,
2013a). From a paleogeographic perspective, the Kopet
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Dagh basin is integrated in the Carpathian-Cimmerian
province (Taherpour Khalil Abad et al., 2013).

CONCLUSIONS

This study deals with the carbonate succession of the
Tirgan Formation by analyzing its outcrop within the
Gelian section, near Shirvan locality in the central part of
the Kopet Dagh basin. The latest Barremian to early Ap-
tian age of these deposits is indicated by a rich micro-
paleontological assemblage consisting primarily of cal-
careous algae and benthic foraminifera, including orbito-
linids, a result that is in accordance with the outcomes of
previous micropaleontological studies. However, there
are clear discrepancies in terms of age constraints be-
tween the Tirgan Formation and the overlying Sarchesh-
meh Formation. The age of the first unit is defined mainly
based on calcareous microfossils, whereas ammonite as-
sociations were used to determine the age of the second,
overlying unit. Moreover, some authors assign a late
Barremian to early Aptian age to the Sarcheshmeh For-
mation (Immel, 1997; Raisossadat and Shakri, 2011).
Such an age attribution produces overlaps with the orbito-
linid-based age assessments of the Tirgan Formation. As
a consequence, one should presume that these formations
are heterochronous along the Kopet Dagh basin. The ex-
act and detailed patterns and underlying mechanisms of
such a heterochrony are yet to be understood.
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Fig. 15 Foraminifera from the Tirgan Formation in the Gelian section. a Charentia cuvillieri Neumann, equatorial section,
sample G16a. b Nautiloculina sp., equatorial section, sample G32. ¢ Vercorsella sp., longitudinal-tangential section, sam-
ple G29. d Bullopora sp., sample G17a. e, f Encrusting foraminifer, sample G32a. g, h Unidentified agglutinating forami-
nifera; g, sample G18; h, sample G46. i Epistominid foraminifer, axial section, sample G44b. j-m, u Lenticulina sp. in
subequatorial (j) and axial-subaxial (k-m, u) sections; j, sample G50; k, sample G32b; I, m, sample G45; u, sample G48. n,
?0 Frentzenella cf. odukpaniensis (Desauvagie), longitudinal sections; n, sample G24a; o, sample G39a. p-t Neotrocholi-
na aptiensis (lovcheva), longitudinal and oblique sections; p, g, sample G29b (g with cross nikols); r, s, sample G42 (s
with cross nikols); t, sample G42a. Scale bar is 0.25 mm.
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Fig. 16 Orbitolinid foraminifera from the Tirgan Formation in the Gelian section. a Rectodyctioconus giganteus Schroed-
er, longitudinal section, sample G29; b Montseciella arabica (Henson)longitudinal-oblique section; sample G25; ¢ ?Ira-
gia sp., sample G32. e-f Dictyoconus? pachymarginalis Schroeder, longitudinal-oblique sections; e, sample 32; f, sample
G35. d, g, h ?Orbitolinopsis sp., oblique (d), longitudinal-oblique (g), and transverse-oblique (h) sections; d, sample
G23a; g, sample G35; h, sample G32. i-lI Praeorbitolina cormyi Schroeder; different sections cutting the embryonal appa-
ratus; i, I, sample G32; j, close-up view of the embryonal apparatus in i; k, sample G29. m ?Paleodictyoconus sp., longi-
tudinal-oblique section, sample G24a. Scale bar is 0.25 mm.

31



32

loan I. Bucur, Hamed Yarahmadzahi & Cristian V. Mircescu

% .
P

>
I Hiig o G

- ~

e &
ey

Fig. 17 Orbitolinid foraminifera from the Tirgan Formation in the Gelian section. a, c-e Iragia simplex Henson; a, d, trans-
verse and transverse-oblique sections; ¢, e, longitudinal and longitudinal-oblique sections; a, sample G32; c-e sample G30. b,
f, g, i ?lragia sp.; b, sample G23a; f, g, sample G23b; i, sample G35. h Palorbitolina lenticularis Blumenbach, section
through the embryonal apparatus, sample G47. j-I Paleodictyoconus actinostoma Arnaud-Vanneau & Schroeder; longitudinal-
oblique (j) and transverse oblique (k, 1) sections; j, sample G29; k, sample G44b; I, sample G47. Scale bar is 0.25 mm.
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