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Abstract
In this contribution, we describe a section through the Lower Cretaceous shallow-water platform sediments (Tirgan Formation)
from the Kopet-Dagh basin (northern Tethys), which is located near Tirgan village, NE Iran. We used benthic foraminifera and
planktonic organisms for biostratigraphy associated to the carbon isotope chemostratigraphy to constrain the age of the succes-
sion. Microfossils are grouped around the Feurtillia gracilis range zone (Upper Valanginian), the Campanellula capuensis range
zone (Upper Hauterivian-Barremian), the Orbitolinid assemblage zone (Lower to Upper Aptian) and the Planktonic assemblage
zone (Upper Aptian) as well as several genera and species are reported from the Kopet-Dagh for the first time (e.g.,C. capuensis,
Colomiella sp.,Cuneolina composaurii, F. gracilis). The new biostratigraphic data allow us to date the lower part of the section as
Berriasian (?), Valanginian, and Hauterivian, which is older than the age range previously assumed for the Tirgan Fm.
(Barremian-Aptian). Our age determinations are consistent with those obtained by the carbonate carbon isotope
chemostratigraphy and the resulting age model allows to assign a Berriasian (?)-Valanginian to Albian age to the Tirgan Fm.
Furthermore, a prominent positive excursion near the base of the section can be correlated with the Weissert Episode, and likely
also the Faraoni Episode is registered in this succession. The Tirgan Fm. displays an explicit onlap pattern to the west, which
explains the diachrony in ages of the base of the formation. This suggests the effect of a long-term subsidence in the Kopet-Dagh
during the Early Cretaceous, following the Cimmerian phase of orogenesis.
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Introduction

The existence of Lower Cretaceous carbonate platforms is
known from the northern and southern margins of the Tethys
since long (e.g., Kilian 1907; Föllmi et al. 1994, 2006;
Schlagintweit and Ebli 1999; Arnaud-Vanneau 2006; Masse

et al. 2009; Schlagintweit 2011; Stein et al. 2012; Godet et al.
2010, 2014). With regard to the northern Alpine Tethys, the
platform carbonate preserved date from the Jurassic and Early
Cretaceous and were part of a vast platform, which extended
over 2000 km (Föllmi et al. 1994; Rosenbaum et al. 2004;
Carević et al. 2013). In Iran, Lower Cretaceous carbonate suc-
cessions occur in different regions such as in the Zagros and
Alborz Mountains, Kopet-Dagh basin, and Central Iran
(Mehrnusch 1973; Afshar-Harb 1979; Davoudzadeh 1997;
Hosseini and Conrad 2008; Taherpour Khalil Abad et al.
2010; Bucur et al. 2012, 2013a, b). From these successions,
the ones preserved in the Kopet-Dagh basin are considered to
be of northern Tethyan origin (Stampfli and Borel 2004;
Wilmsen et al. 2009; Taherpour Khalil Abad et al. 2013).
However, in Iran, studies on the Lower Cretaceous carbonate
successions are mostly based on the benthic foraminifera and
only limited information is available on the exact bio- and
chronostratigraphy of these units and their depositional environ-
ments (cf. Raisossadat 2006).
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Here, we describe a new section through the Lower
Cretaceous Tirgan Formation (Fm.) near Tirgan village
and use benthic foraminifera and their associations to
propose a biostratigraphic framework for this succession.
We also established a carbonate carbon isotope record,
which assisted us in calibrating of our biostratigraphic
record. Based on these records and on the facies, we
have identified the equivalents of the Weissert Episode
and likely also the Faraoni Episode. We furthermore cor-
related the Tirgan village section with the type section of
the Tirgan Fm. and showed that the age of latter section
is more restricted (Barremian-Aptian).

Geological settings

The Kopet-Dagh Mountains represent an active fold belt
a t t h e bo rde r be tween nor t hea s t e rn I r an and
Turkmenistan (Raisossadat 2006; Robert et al. 2014).
Following the early Cimmerian orogeny and the closure

of the Paleo-Tethys Ocean during the Late Triassic-Early
Jurassic, an intracontinental was formed in the Iranian
part of the Kopet-Dagh (Fig. 1; Berberian and King
1981). In this marginal area of the northern Tethys,
Mesozoic and Paleogene sediments were deposited. The
basin closed and inverted because of the subsequent con-
vergence between the Arabian and Eurasian plates and
suturing of northeast Iran onto the Eurasian Turan plat-
form (e.g., Stöcklin 1968, 1974; Berberian and King
1981). The Kopet-Dagh Range was shortened through
long, linear, NW-SE trending folds during the last phase
of the Alpine orogeny in Plio-Pleistocene times.

The Tirgan village section is located in the central-
eastern part of the Kopet-Dagh Range (Khorasan-e-
Razavi Province), 3 km south of the Tirgan village (37°
07′ 11″ N and 59° 18′ 45″ E). The type section of the
Tirgan Fm., with which we correlate the section de-
scribed here, is located at a distance of 8 km to the
ESE of the Tirgan village section, 39 km southeast of
Dargaz county, about 5 km west of the Tirgan village

Kopet-Dagh

131 Ma 

Fig. 1 Paleogeographic reconstruction of the western and central Tethyan realm with view of the Kopet-Dagh Basin, Hauterivian age. Modified from
Stampfli and Borel 2004
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(37° 09′ 27″ N and 59° 14′ 48″ E; Fig. 2; Afshar-Harb
1979).

Material and methods

In the Tirgan village section, a total of 300 samples were
collected and processed. For the stable carbon and oxy-
gen isotope analysis, powdered carbonate samples were
obtained by microdrilling of small rock slices. We
targeted mudstone, wackestone, or the micritic matrix
of mud-dominated packstone and floatstone, and frac-
tures, veins, cement-filled cavities and areas showing
petrographic evidence of diagenetic alteration were
avoided. Stable isotope ratios (δ13C and δ18O values)
were determined on a total of 149 bulk-rock samples at
the Institute of Earth Surface Dynamics of the University
of Lausanne following the procedure of Spangenberg
et al. (2014). Analyses of aliquots of all samples were
performed using a Thermo Fisher Scientific Gas-Bench II
preparation device interfaced with a Thermo Fisher
Scientific Delta Plus XL continuous flow isotope ratio
mass spectrometer (IRMS). The CO2 extraction was ex-
ecuted at 90 °C. The carbon and oxygen isotope ratios
were reported in the delta (δ) notation as the per-mil (‰)
deviation relative to the Vienna Pee Dee belemnite stan-
dard (VPDB). The analytical uncertainty (2σ), assessed
using the international calcite standard NBS-19 and the

laboratory standard Carrara Marble is not larger than ±
0.05‰ for δ13C and ± 0.1‰ for δ18O.

Tirgan village section

Lithology

The section near Tirgan village is approximately 640-m
thick. Lithologically, this section is dominated by oolitic
and bioclastic limestone, which include partly reworked
components and which are rich in bryozoans. Limestone
rich in macrofossils, dolomitized limestone, nodular and
marly limestone, marl, and fine sandstone beds, are fur-
ther lithologies present in the section. The limestone
beds are characteristic for the Tirgan Fm. and are well
exposed, forming several small cliffs amalgamated to a
large cliff in the area. They are subdivided into four
units. These lithostratigraphic divisions are separated by
prominent surfaces, which can laterally be followed on
Google Earth maps (Fig. 3a, b).

& Unit 1 (0–30 m)

This unit overlies clastic and evaporitic sediments
(gypsum) of the Shourijeh Formation. The boundary between
the Shourijeh and Tirgan Fms. is very irregular and erosive.

Fig. 2 Simplified structural map of Iran (modified fromWilmsen et al. 2009), with an indication of the location of the investigated section in the Kopet-
Dagh Basin in NE Iran by a star
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The Tirgan Fm. onlaps on top of this surface (Fig. 3). The
basal interval of the Tirgan Fm. is marked by approximately
30 m of gray to buff, massive, limestone, without visible strat-
ification. The sediments of this unit are barred by a dam and
are unfortunately not accessible and could not be sampled.

& Unit 2 (30–115 m)

The first part of this unit is composed of 55 m gray to buff,
thickly-bedded limestone, containing bioclasts and oolites.
Fragments of corals are observed at the top of this interval.
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Fig. 3 a Google Earth image showing the lateral evolution of the
sediments of the Tirgan Fm, and the contacts with the underlying
Shourijeh Fm. and overlying Sarcheshmeh Fm., Tirgan village section.

b Correlation between Tirgan village section and the type section of the
Tirgan Formation (Afshar-Harb 1979)
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It is followed by gray shale with interbedded brown to gray,
medium to thickly bedded limestone, including some small
benthic foraminifera, calpionellids, echinoderms, and gray
thin-bedded nodular limestone near 70 m. This unit shows
abundant bryozoans and is topped by gray shale containing
brachiopods and calcareous sponges.

& Unit 3 (115–420 m)

Approximately 115 m of nodular and marly limestone sep-
arates the gray shale of unit 2 from an alternation of green to
purple shale in this unit. Benthic foraminifera are the main
biological components in this interval, although some
calpionellids, oncolites, and Thalassinoides traces (Fig. 4)
are also found. A first main succession of mostly nodular
limestone with 23-m thickness is distinguished at the base of
this interval. Like unit 2, it includes bryozoans, but they are
not as abundant as in unit 2. They are associated with annelids
and deeper marine organisms (e.g., radiolaria and
calcispherids) at the top of a nodular limestone. At about
210 m, the occurrence of cross bedding and the appearance
of small Balkhania species is observed. In the following, 1.5-
m light gray, thinly bedded silty limestone with dwelling
structures in its upper part occur. The green to purple shale
interval is overlain by limestone, which is equally bioturbated
(Thalassinoides). It is followed by gray to green shale with
intercalations of marly limestone and marl. Its lower part is
partly covered and poor in microfauna. It is overlain bymostly
marly limestone, containing bryozoans and oolites. Scour
marks were observed near 350 m. A 30-m interval topping
unit 3 is composed of alternations of gray thinly to thickly
bedded limestone, marly limestone, gray marl and shale and
partly dolomitized limestone. Algal laminations are preserved
in this interval.

& Unit 4 (420–640 m)

Unit 4 is composed of alternations of limestone, marly
limestone, shale, and marl, and beds of silty and nodular lime-
stone, which are partly dolomitized. The first part of this unit
consists of gray shale and marl with beds of buff, medium-
bedded limestone. It is an interval barren of fossils and bryo-
zoans and oolites disappear. It is followed by 30 m mostly
marly and dolomitized limestone with stylolith structures in
its middle part. This interval is poor in microfauna, which is
mainly represented by sparse miliolids. Bird’s eyes, algal lam-
inations, and Thalassinoides are also present. This interval is
overlain by 7 m of alternations of gray marl, shale, thinly
bedded silty limestone, and dolomite. It continues with nodu-
lar and marly limestone, which is interbedded with shale and
marl, in which echinoderms, bryozoans, and oolites started to
appear. This interval also shows fragments of deeper marine
organisms (e.g., radiolarian, calcispherids, and colomiellids),
in addition to sparse calcareous sponges (between 270 and
510 m) and annelids. The first orbitolinids occur at around
490 m and persist up to the top of the Tirgan Fm. They are
present in a nodular limestone, rich in echinoderms, brachio-
pods and bivalves. The sediments towards the top of the
Tirgan Fm. do not show any macrofossils, but become rich
in coarse sand. The boundary with the overlying shaly sedi-
ments of the Sarcheshmeh Fm. is characterized by emersion
and karstification features including microcaves.

Microfacies

For this study, we examined the distribution of microfacies
using 300 thin sections and the microfacies classification of
Arnaud-Vanneau and Arnaud (2005; Figs. 5 and 6). The

Fig. 4 Clearly meshworks of
Thalassinoides suevicus passively
filled with bioclastic limestones,
characterized by different color
contrast and sharpness of
contours visible against the
background (identified by Carlos
Neto De Carvalho)
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Fig. 5 Lithology, whole-rock carbon and oxygen isotope records, and microfacies of the Tirgan village section
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Tirgan village section exhibits a succession of different main
microfacies types, in addition to evidence for reworking (R:
wackestone to packstone, lag, and reworked grains) as well as
dolomitized limestone (D). Eight microfacies types were
distinguished:

& F1: Marl and marly limestone with less than 50% deeper
marine organisms.

& F2: Marly limestone to wackestone enriched in thin echi-
noid clasts.

& F3: Marly limestone to packstone and grainstone, with
dominant circalittoral foraminifera, small grains, includ-
ing F3a; abundance of annelids.

& F4: Packstone enriched in crinoids, bryozoans, and calcar-
eous sponges.

& F6: Oolitic grainstone.
& F8: Packstone to wackestone (lagoonal facies) with abun-

dant miliolids.
& F10: Wackestone (lagoonal facies) with abundant

oncolites (indicating intense microbial activity).
& F11: Supralittoral facies, including F11a (beach environ-

ment; grainstone and keystone vugs) and F11b (muddy
environment; mudstone, algal mats, sheet cracks and
bird’s eyes).

These microfacies types are regrouped in three classes
(MF1–MF3). MF1 (F1–F4) characterize the outer-shelf be-
yond the platform, MF2 (F6) is related to the outer-platform,
and MF3 (F8 and F10) is typical for the inner-platform. This

Fig. 6 Microphotographs of microfacies types. a Pelagic facies (F1, K3.
366). b Echinoid facies (F2, K3. 368). c Annelid facies (F3a, K3. 372). d
Calcareous sponge facies (F4, K3. 101). e Bryozoan facies (F4, K3. 230).

f Oolite facies (F6, K3. 168). gMiliolid facies (F8, K3. 270). h Oncolite
facies (F10, K3. 119). i Supralittoral facies (F11b, K3. 260)

Arab J Geosci          (2019) 12:142 Page 7 of 15   142 



classification reflects the environmental position of ecosys-
tems, in addition to the effects of light, salinity, currents, and
trophic levels (see also Bonvallet 2015).

The microfacies and their vertical succession in the Tirgan
village section indicate an initial stage of marine deepening
recognized by outer-shelf facies, followed by a shift to lagoon-
al facies at around 140m. From 280m onwards, the sediments
are mainly composed of outer-shelf packstone/grainstone (F4
and F6), with wackestone intercalations and partly reworked
facies. Dominant components of these sediments are bryozoan
fragments, oolites, and oncolites. Near 390 m, a renewed shift
towards proximal microfacies types is observed, with

evidence for partial emersion. From 470 m onwards, the
microfacies shifts again to deeper-water types and an
alternance between outer- and inner-shelf microfacies types
is observed between 520 and 590 m. The uppermost parts of
the Tirgan Fm. are rich in oncolites (F10), but contain also
oolitic grainstone. Different features indicating an episode of
emersion and karstification suggested by the presence of
microcaves, overlain by an interval characterized by deeper
water facies (F1). The Tirgan Fm. ends with an emersion level
as indicated by the presence of karstic microcaves. This limit
defines the boundary to the overlying Sarcheshmeh Fm,
which consists of outer-shelf facies.

Fig. 7 Photomicrographs and the stratigraphic distribution of selected benthic foraminifera, other microfossils and microfacies
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Paleontology and ages

In this research, the age control obtained is not optimal
for every unit recognized in the measured section, relat-
ed to the local scarcity of benthic foraminifera and
planktonic organisms (Figs. 5, 7, 8 and 9). We defined
two informal taxon range zones and two assemblage
zone. Taxon range zones of benthic foraminifera are
used to obtain a first-order age control in the Tirgan
village section (Neagu and Cîrnaru 2002; De Castro
1965), with boundaries, which are marked by the ap-
pearance and disappearance of the following two marker
species:

& Feurtillia gracilis

Family: Cyclamminidae Marie 1941.
Genus: Feurtillia Maync 1958.
F. gracilis Neagu and Cîrnaru 2002.
Description: Test with a gracile, delicate aspect; the early

stage planispiral evolute-involute coiled and biumbilicate with
7–14 chambers in the last whorl; uncoiled stage well devel-
oped, with 9–17 globulous chambers with depressionary
straight sutures; terminal aperture central on the last chamber,
circular or slightly elliptic with a simple or imperfect dentate
edge; wall with a clear alveolar structure underneath an exter-
nal, very thin to moderately agglutinated epidermal layer; in-
teriors of the chambers simple.

Remarks: This species is different from Feurtillia frequens
Maync 1958, by the gracile aspect of the test, evolute-involute
early stage, clearly circular aspect of the coiled stage and

Fig. 8 Main species and genera
of this research. a Cuneolina
camposaurii, K3. 259. b–e
Feurtillia gracilis; b, cK3. 149, d
K3. 109, e K3. 138. f
Neotrocholina sabbati, K3. 338;
g, h Campanellula capuensis; g
K3. 201, h K3. 259. i
Haplophragmoides joukovskyi,
K3. 133. j Calpionellid, K3. 109.
k Fisherina carinata, K3. 374. l
Gaudryina tuchaensis, K3. 380.
m Debarina hahounerensis, K3.
344. n Ammodiscus cf. glabratus,
K3. 338. o, p Danubiella sp., K3.
136. q Epistomina sp., K3. 107. r
Scythiolina crumenaeformae, K3.
128. s Montsalevia salevensis,
K3. 118. t Novalesia cornucopia,
K3. 361. u Verneuilina aff.
Pharaonica, K3. 386. v
Colomiella sp., K3. 366
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aspect of the aperture. In the Tirgan village section, F. gracilis
is rare and observed only in three thin sections.

& Campanellula capuensis

Family: Trochamminidae Saidova 1981.
Genus: Campanellula De Castro 1965.
C. capuensis De Castro 1965.
Description: Test small, cylindri-conical to conical, with a

flat to slightly concave base. Numerous chambers per whorl
(minimum 4 to 6–8). Chambers simple, triangular, with a
trochospiral arrangement. Wall microgranular. Aperture is a
simple opening at the base of the inner margin of the cham-
bers. Height = 0.2 mm, diameter = 0.15 mm (Arnaud Vanneau
and Sliter 1995).

Remarks: Macoin et al. (1970) found a very small form of
Orbitolinopsis in Algeria, which they considered to be C.
capuensis. The Algerian species is supposed to come from a
Barremian series. They considered thatCampanellula described

by De Castro (1964) from Italy belongs to the genus
Orbitolinopsis. However, in De Castro’s detailed description, it
is stated that the hyaline layer characteristic of the wall of
orbitolinids was missing and Campanellula was excluded to
be an orbitolinid. Based on the observation of the arrangement
of chambers of Campanellula, we confirm that there is no
relation to that of Orbitolinopsis. On the contrary, the Algerian
species of Macoin et al. (1970, Pl.1, Figs. 2, 5, 7, 8) shows this
hyaline layer and a typical arrangement of a cylindro-conical
Orbitolinopsis with no marginal zone (Arnaud Vanneau 1980,
Fig. 221). In the investigated samples, C. capuensis is rare and
observed only in tangential section in two thin sections (K3.201
and K3.259). But this type of section is fortunately fairly char-
acteristic of this species.

Feurtillia gracilis range zone (upper Valanginian)

Age and distribution: According to Neagu and Cîrnaru (2002),
the interval of F. gracilis ranges from the upper Berriasian to

Fig. 9 Main species and genera
of this research. a–c «
Dictyoconus » pachymarginalis.
a K3. 348. b K3. 346. c K3. 342.
d Balkhania cf. balkhanica, K3.
288. e Iraqia cf. hensoni, K3. 342.
f Simplorbitolina sp., K3. 348. g,
h Neotrocholina friburgensis. g
K3. 353. h K3. 349. i, k
Rectodictyoconus giganteus. i
K3. 344. j, k K3. 353. l
Hensonina sp., K3. 351. m, n
Trocholina molesta.mK3. 201. n
K3. 222
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the Valanginian. In this study F. graciliswas observed in sam-
ples K3.109, K3.138, and K3.149 from the Tirgan village
section, in an interval between 138 and 230 m.

Associated microfossils: Among the benthic foraminifera,
we obse rved Danub i e l l a sp . , Ep i s t om ina sp . ,
Haplophragmoides joukovskyi, Montsalevia salevensis,
Scythiolina crumenaeformae, and some small species of
Balkhania. Calpionellids are also associated with this interval.

Campanellula capuensis range zone (upper
Hauterivian-Barremian)

Age and distribution: According to De Castro (1965), the
interval of C. capuensis is located between the Valanginian
and the Barremian. Also, based on studies of Bruni et al.
(2007) in Maiella, Italy, the association of H. joukovskyi,
Salpingoporella annulata, and Clypeina solkani with
C. capuensis confirms a Hauterivian age for this interval (cf.
also Luperto Sinni and Masse 1984, 1986; Claps et al.
1996). Other reports suggest that this species belongs to
the late Hauterivian-early Barremian or Barremian (Bruni
et al. 2007). Here, this species is described from the upper
Hauterivian-Barremian. C. capuensis is reported from
Italy, Croatia, Slovenia, North Africa, and southern Spain
(Chiocchini and Mancinelli 1977; Luperto Sinni and
Masse 1986, Arnaud-Vanneau and Sliter 1995. We identi-
fied C. capuensis in samples K3.201 and K3.259 of the
Tirgan village section, in an interval between 342 m and
442 m.

Associated microfossils: C. capuensis is associated with
Cuneolina camposaurii and Trocholina molesta.

Orbitolinid assemblage zone (Lower to Upper Aptian)

This interval is characterized by the first appearance of
Orbitolinidae, which coincides with the presence of abundant
macrofossils, especially Toxasteridae or irregular echinoids,
Inoceramid bivalves, and brachiopods, including
rhynchone l l i d s ( e .g . , Burr i rhynch ia c f . sayn i ,
Lamellaerhynchia cf. renauxiana) and terebratulids (e.g.,
Sellithyris cf. sella). These brachiopod species are well known
from Barremian-Aptian successions (e.g., Helvetic Alps,
Carpatho-Balkanids of Serbia, Caucasus region; Radulović
et al. 2007; Smirnova 2012; Sulser et al. 2013). The microfauna
becomes richer towards the top of the interval (487m to 587m).

The Orbitolinid assemblage zone (Figs. 5 and 7) is defined
by the disappearance of the index types Rectodictyoconus
giganteus Schroeder 1964 and « Dictyoconus »
pachymarginalis Schroeder 1965. R. giganteus represents an
index fossil for the early Aptian (Schroeder 1964; Schroeder
et al. 2002). It is also reported from the Lower Aptian of south-
ern Italy (Luperto Sinni and Masse 1987). « Dictyoconus »
pachymarginalis was described from the upper part of upper

Lower Aptian to Upper Aptian strata of the Alborz Mountains,
northern Iran. In southeastern Spain, it determines the lower
part of the Upper Aptian (Masse et al. 1992).

Based on the observed orbitolinidae in this interval, the
recognition of the Barremian-Aptian boundary is not possible,
but the occurrence of R. giganteus and « Dictyoconus »
pachymarginalis suggests that the assemblage is not younger
than early part of the late Aptian.

Associated microfossils: Among other microfossils, we ob-
served Ammodiscus cf. glabratus, Balkhania cf. balkhanica,
Cuneolina sp., Debarina hahounerensis, Dictyopsella sp.,
Gaudryna sp., Hensonina sp., Iraqia cf. hensoni ,
Meandrospira favrei, Montseciella sp., Neotrocholina
friburgensis, Neotrocholina sabbati, Patellina sp.,
Praeorbitolina? P. transiens?, Pseudocyclammina hedbergi,
Simplorbitolina sp., and Valserina sp.?.

Planktonic assemblage zone (Upper Aptian)

This assemblage is characterized by the occurrence of
Planktonic organisms, which coincides with the presence of
fragments of colomiellids, radiolarian, and calcispherids, es-
peciallyColomiella sp. This interval is known from upper part
of the Tirgan Fm. (K.366 to K.386) and topped by Sb2. The
genus Colomiella was originally described by Bonet (1956,
pp. 42–46) as belonging to the superfamily Tintinnidea. Then,
during the stratigraphic studies, the position of the Colomiella
genus is shown as Late Aptian to Early Albian (Fekete et al.
2017; Longoria 1972, 1973; Longoria and Gamper 1974).
Based on the observed Colomiella genus in this interval, the
recognition of the late Aptian is possible.

Associated microfossils: Among other microfossils, we ob-
served Arenobulimina sp., Fisherina carinata, Gaudryina
tuchaensis, Mesorbitolina sp., Novalesia cornucopia,
Pseudotextulariella sp., Reticulinella reicheli, and
Verneuilina aff. Pharaonica.

Lithology and paleontology of the type section
of the Tirgan formation

The type section of the Tirgan Fm. is located near the Tirgan
village section (Fig. 3b). Its stratigraphy was studied by Afshar-
Harb and Allahyar, and its micropaleontology by Kalantari (see
Afshar-Harb 1979). According to those authors, the type sec-
tion includes oolitic and bioclastic limestone, partly marly lime-
stone, calcareous marl, and marl. It has a reported height of
778 m. The type section conformably overlies gypsum of the
Shurijeh Fm. and is covered by the Sarcheshmeh Fm.

The benthic foraminifera reported by Kalantari for the up-
per 400-m interval include Orbitolina discoidea-conoidea,
Dictyoconus sp. (is also quoted Dictyoconus arabicus; cf.
Taherpour Khalil Abad et al. 2013), Lituola sp., and
Nautiloculina circularis, although this species is only known
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in the Upper Jurassic (Tasli 2001). Bryozoans are abundant in
this interval. The microfaunal association was used to indicate
an Aptian age.

Carbonate carbon and oxygen isotope records

The results of the stable isotope analyses on a total of 149
samples for the Tirgan village section are shown in Fig. 5.
The δ13C record is characterized by a larger positive excursion
of approximately 3‰ starting at around 115 m. δ13C values
start to gradually decrease at around 140 m and reach mini-
mum values in the interval between 260 and 320 m. They
increase again to the interval of 390 m. In the interval above
390m, they rather rapidly decrease and increase again to reach
a maximum at 440 m. Above this level, a further decrease is
observed in the δ13C record, which is followed by an irregular
evolution in values up to a twofold maxima at around 600 m.
The remainder of the record towards the top of the Tirgan Fm.
is characterized by a decrease followed by a slow and irregular
increase (Fig. 5).

The δ18O record shows an irregular evolution of values
ranging between around − 5 and 0‰ for the first part of the
measured section (up to 450 m), which is followed by a more
steady evolution of values between − 6 and − 3‰ for the re-
mainder of the section.

Discussion and interpretations

With the identification of the above-discussed marker species
among the benthic foraminifera and the distinction of four
biostratigraphic zones, we are able to positively distinguish
between the Valanginian, the Hauterivian-Barremian, and
the Aptian as indicated in Figs. 5 and 7.

Our ages based on the benthic foraminifera are refined by a
correlation of the δ13C record of the Tirgan village section and
a reference record for the northern Tethyan margin (Föllmi
et al. 2006), as is shown in Fig. 10. The correlations are par-
ticularly good for the upper Valanginian, where the positive
δ13C excursion related to the Weissert Episode is identified,
for the Hauterivian, where the general trend to more negative
values followed by a positive shift in the δ13C record is
reproduced, and for the Barremian and upper Aptian, where
reasonable correspondence exists. The trends for the lower
Aptian are less well reproduced and this may be related to
the presence of one or more hiatus for this interval.

The interval in which the Weissert Episode is identified, is
mainly characterized by a shallow-water carbonate interval,
which is followed by a deeper-water, clayey facies. The fol-
lowing, Hauterivian to lower Barremian lithology is dominat-
ed by bryozoan-rich limestones. Whereas the Hauterivian part
is devoided of major marl intervals, the lower Barremian part
includes marly intervals. An interval enriched in algal mat

remains near 405 m may be an expression of the
paleoenvironmental perturbations related to the latest
Hauterivian Faraoni Episode. In general, the upper
Barremian and lower Aptian sediments are rich in brachio-
pods and bivalves. The upper Aptian sediments are poor in
macrofossils. Dolomitization is widespread in the interval be-
tween 400 and 500 m. The coarse crystal size, the non-planar
texture, the presence of saddle dolomite cement, and negative
δ18O values are evidence of a phase of late diagenetic dolo-
mitization at higher temperature conditions (Machel 2004;
Davies and Smith 2006).

Phases of shallow-water carbonate development are noted
for the late Valanginian to early Hauterivian, the early to mid-
dle late Barremian, and the late early to late Aptian. The inter-
vening periods are characterized by deeper-water, open-
marine environments.

Correlation with the type section of the Tirgan
Formation and general trends in the onset
of deposition of the Tirgan Formation

One of the problems, which arises when comparing the sec-
tion described here with the type section are the differences in
thickness in the type section. In correlating the type section
with our section using the lithostratigraphy and biostratigra-
phy, it appears that the upper part of the type section is very
similar to our section because of the appearance of orbitolinids
and the presence of abundant bryozoans. Using a Google
Earth image of the region (Fig. 3b), it turns out that the pre-
Aptian sediments important in our section are absent in the
type section, and that the sediments of the Tirgan Fm. show a
pronounced onlap pattern onto the sediments of the Shurijeh
Fm. into the western direction. This means that the base of the
Tirgan Fm. becomes younger in age into the western direction
and explains why the Tirgan village section starts with older
sediments than the Tirgan type section. This also implies that
the thickness indicated for the type section needs to be revised.
More importantly, the sediments of the Tirgan Fm. are a good
indicator of a long-term transgression in the Kopet-Dagh ba-
sin, which may indicate the progressive subsidence of the
basin during the Early Cretaceous, likely following the
Cimmerian phase of orogenesis during the Jurassic.

Conclusions

We investigated and sampled a carbonate succession through
the Lower Cretaceous Tirgan Fm. of the Kopet-Dagh basin near
Tirgan village for its microfossils, established a carbonate car-
bon isotope record, and compared this section with the type
section of the Tirgan Fm. The benthic foraminifera and plank-
tonic organisms allowed us to distinguish four distinct time
intervals: (1) the F. gracilis range zone (upper Valanginian);
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(2) theC. capuensis range zone (upper Hauterivian-Barremian);
(3) the Orbitolinid assemblage zone (Lower to Upper Aptian);
and the Planktonic assemblage zone (Upper Aptian). The iso-
tope record is partly well correlated with a reference record
from the northern Tethyan margin, which allows to refine the
age model for this section and to identify the equivalents of the
latest Early to Late Valanginian Weissert and the latest
Hauterivian Faraoni Episodes. The correlation with the Early
Aptian Selli Episode is less well constrained, which may be
related to the presence of a hiatus in the investigated section.

A comparison with the type section shows that the
here-described section starts with much older sediments
(Berriasian? to Lower Valanginian) than the type section
(Upper Barremian? to Lower Aptian). An analysis of a
Google Earth image of the region shows that the sedi-
ments of the Tirgan Fm. proceeds by onlap into a west-
ern direction, probably as the results of long-term sub-
sidence of the Kopet-Dagh basin during the Early
Cretaceous, following the Jurassic, Cimmerian orogenic
phase.
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