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Abstract

Tirgan formation of the Kopet-Dagh Basin (northeast Iran) represents one of the Urgonian carbonate platforms that were
deposited during the Early Cretaceous time in the northern Alpine Tethys and deformed during the Alpine orogeny. In
this study, six stratigraphic sections of the shallow-water platform sediments (Tirgan formation) were measured based on
microfacies and fauna abundance. Detail study of petrography, fossil content, and sedimentary structures led to the identi-
fication of fifteen microfacies belonging to four facies belts including open marine, shoal, protected lagoon, and tidal flat.
The sediments of the Tirgan formation exhibit calcareous green algae, abundant ooids, oysters, bryozoans, and crinoids in
inner and middle platform ramp facies and planktonic bivalves and sponge spicules in outer-platform facies. Furthermore,
the absence of basinal deposits and lack of evaporate evidence point to deposition under warm-temperate and humid climate
conditions. Sequence stratigraphy analysis of Tirgan formation led to distinguish a single depositional sequence in all of the
sections which are composed of transgressive and highstand systems tracts with sequence boundaries of type II (SB2). The
lowermost lower Aptian Tirgan sequence in the study area relatively shows a similar trend in comparison with the global
curve. This basin was deepened over time so that shaly and marly sediments of Sarcheshmeh formation were placed over
Tirgan conformably and may suggest a drowning event that was likely related to unusual global warming. Last, this study
contributes to the better understanding of the high distribution of facies assemblages in the Urgonian carbonate platforms.
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Introduction

During the Barremian—Aptian, because of favorable geo-
graphical location and warm climate, the typical Early
Cretaceous shallow carbonate facies that is known as
Urgonian facies, was widely distributed on both sides of
the Tethys (Fig. 1). Tirgan formation as one of the Urgon-
ian platform deposited in north Tethys, the Kopeh-Dagh
basin during the Early Cretaceous. The Kopeh-Dagh
basin subsided during Jurassic to the latest Cretaceous
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time, when it was connected, Turkmenistan and northern
Afghanistan to the Caspian Basin (Afshar-Harb 1979;
Buryakovsky et al. 2001; Ghorbani 2019). This basin was
shaped in Middle Triassic, during the Early Kimmeridgian
orogenic phase. Sedimentation has been continued from
Jurassic to Miocene and sedimentary rocks consisted of
five transgressive and regressive sequences (Moussavi-
Harami and Brenner 1992). The sedimentary sequences
Early Pliocene and has formed several anticlines and
synclines with the northwest-southeast strike. The Early
Cretaceous carbonates in the Kopet-Dagh Basin consti-
tute one of the potential petroleum reservoirs. Based on
paleontological and stratigraphic studies in the Lower
Cretaceous, the part belonging to Hauterivian-Aptian
was named Tirgan formation and is the reservoir rocks
of gas (Afshar-Harb 1979). Primarily previous work on
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Fig. 1 Palacogeographic map of the Late Barremiane-Early Aptian showing the locations of the Urgonian carbonate platforms (yellow dots) and
the studied area (red dots) (modified after Ron Blakey, NAU Geology, Http: deeptimemaps.com/global-series)

the Tirgan formation in the Kopet-Dagh Basin has been
the subject of many types of research (Kalantari 1969;
Afshar-Harb 1979; Khodaei 1991; Aharipour 1996; Immel
et al. 1997; Khazaei 2000). Recently detailed work has
focused on the stratigraphy, biostratigraphy sedimentol-
ogy, geochemical and reservoir quality of this platform
succession (Taherpour Khalil Abad et al. 2013; Sharafi
2012; Javanbakht et al. 2013, 2018; Carevic et al. 2013;
Molaei et al. 2019; Yavarmanesh et al. 2017; Abbassi et al.
2018; Tabatabaee et al. 2018; Bucur et al. 2019; Gheias-
vand et al. 2019). These studies have provided the basic in
formation related to the regional bio-and lithostratigraphi-
cal setting of the Tirgan carbonate platform. This platform
is mainly ramps and its lack of frame-building organisms
capable of building a steep-margined platform. To assess
this model, we describe six sections through the Early
Cretaceous Tirgan formation in the eastern Kopet-Dagh
Basin (Fig. 2) and use architecture and geometry to pro-
pose and reconstruct the lateral and vertical facies changes
and delineate sequence stratigraphy of this carbonate plat-
form and to reconstruct its sedimentary evolution. Further-
more, we believe that studying the sedimentary environ-
ment and sequence stratigraphy of the Tirgan formation
as a reservoir potential in the Kopet Dagh sedimentary
basin can provide, while answering some of the questions
and ambiguities in the region, important in formation for
future modeling of sedimentary basin and reconstruction
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of environmental conditions of Urgonian platform carbon-
ates during the Early Cretaceous.

Geological setting

The Kopet-Dagh region comprises fold, thrust Belt Moun-
tains in northeastern Iran, and is believed to be the northern
part of the Paleo-Tethys suture line (Stocklin 1977; Alavi
1991; Robert et al. 2014). By collision of the Middle Ira-
nian Plateau (MIP) with Northern Iranian Plateau (NIP)
during the Middle Triassic and closure of the Paleo-Tethys
basin, this region acted as an intracontinental subsidence
basin during Middle Jurassic (MJ) to Middle Eocene (ME)
time, while its sedimentary environments were controlled
by WSW-ESE strike-slip faults (Afshar-Harb 1979). Horst
and grabens formed in the region by these faults. In the area
north of the village of Rezvan, a series of horst and graben
occurs in a wide syncline with the Shurijeh formation in
the core. In the west Kopet-Dagh, a small graben formed
in the Garmab anticline during the deposition of the Tir-
gan formation (Afshar-Harb 1979). The Tirgan formation is
characterized by thick-bedded oolitic to bioclastic limestone
accompanied by thin layers of marly limestone, marl, and
shaly limestone intercalations in the type section. The thick-
ness of the Tirgan formation changes from less than 20 m
in the east of Kopet-Dagh to more than 780 m at the type
section (Afshar-Harb 1979) and in the West Kopet-Dagh the
Tirgan formation thins rapidly (Fig. 2c). In the study areas of
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this formation overlies Shurijeh formation, a fluvial succes-
sion (Moussavi-Harami and Brenner 1990; Hosseinyar et al.
2018), and is overlain by Sarcheshmeh formation consists
of ammonite bearing shale and marl (Afshar-Harb 1979).
In central Kopet-Dagh Basin, the Tirgan formation belongs
to the upper Barremian through the lower Aptian interval
(Afshar-Harb 1979; Immel et al. 1997; Carevic et al. 2013;
Taherpour Khalil Abad et al. 2013). Gheiasvand et al. (2019)
presented the new biostratigraphic data to assign a Berria-
sian (?)-Valanginian to Albian age in the type section. In
the eastern part of eastern Kopet-Dagh, however, the Tirgan
is classified as a lower Aptian succession (Kalantari 1969;
Afshar-Harb 1979; Immel et al. 1997).

Material and methods

Six stratigraphic sections of the Tirgan formation of Urgo-
nian carbonate platforms (Figs. 1, 2) have been selected
and measured along the northern Tethyan carbonate ramp
so that from the east to west they include the Shurijeh, the
Baghak, the Padeha, the Mozduran, the Ghorghoreh, and the
Derakht-e Bid. Fieldwork forms the basis for studying sedi-
mentary deposits so that 234 samples in total were taken and
their thin sections were studied. Criteria studied in outcrops
and thin sections are lithology, texture, rock color, bedding,
sedimentary structures, fossils, and biogenic structures. Car-
bonate components percentages (the grains and matrix) were
estimated using visual percentage charts (Fliigel 2010). The
carbonate classification was used in the scheme of Dunham
(1962) and Embry and Klovan (1971). Facies types, depo-
sitional settings, interpretation of depositional environment
have been based on using the standard models of Wilson
(1975) and Fliigel (2010) and Read (1985) and Burchette
and Wright (1992) and Arnaud-Vanneau and Arnaud (2005).
The recognition of 3-order depositional sequences was car-
ried out by Van Wagoner et al. (1990), Vail et al. (1991),
Catuneanu (2006), and Catuneanu et al. (2009).

Lithostratigraphy

The Tirgan formation is formed mainly of oolitic and bio-
clastic (mostly Orbitolina) limestone with subordinate layers
of marl and calcareous shale. This name derives from the
village of Tirgan, 40 km southeast of the town of Darre-
hgaz, in east Kopet Dagh. Regarding the difficult accessibil-
ity of the type locality, a paratype section is also introduced
in the West Kopet Dagh, west of the village of Jozak by
Afshar-Harb 1979 and as Urgonian carbonate platforms by
Taherpour Khalil Abad et al. 2013. In the Shurijeh (11 m
thick), Baghak (14 m thick), Padeha (15 m thick), Mozduran
(43 m thick), Ghorghoreh (42 m thick) and Derakht-e Bid

(35 m thick) sections (the eastern Kopet Dagh Basin) the
Tirgan formation can be divided into two units based on
the morphology and lithology (Figs. 3, 4, 5c). The lower
unit forming badland topography disappears towards the east
basin and is not observed in the Shurijeh section (Fig. 12).
The upper unit which is a thick carbonate unit forms cliffs
(Fig. 5a, b). But on the east is thin and does not affect the
morphology area (Fig. 5c) which is probably due to the
proximity to the Aghdarband tectonic windows (Fig. 14d)
(Zanchi et al. 2016; Brunet et al. 2017). In the west of sec-
tions (Mozduran, Ghorghoreh, and Derakht-e Bid), Tirgan
formation conformably over- and underlies the Shurijeh and
Sarcheshmeh formations (Figs. 3, 12). But in the east of sec-
tions (Padeha, Baghak, and Shurijeh) faulty underlies the
Shurijeh formation (Fig. 12). The lower unit of these sec-
tions consists of medium pale orange and grey calcarenite
(Fig. 5d, e, f) and calcirudite (shell bed) with an alternation
of red and green shales and grey calcilutite (Figs. Se, 12I).
Calcirudite contains 2-5 cm sized mud clast and bioclasts
(mostly oyster and bryozoan) (Figs. 6b, f, 11b, 12a, d). The
upper unit consists of cream and grey calcarenite (oolitic
limestone) and calcirudite (Figs. 6a, c—e, 9¢, 10b) with an
alternation of grey calcilutite (marly limestone). The mac-
rofauna, bivalves, echinoids, and gastropods (Fig. 6b, d) and
cross-lamination, cross-bedding, trough-bedding hummocky
cross-bedding (Fig. 9h), normal graded-bedding (Fig. 10b)
and trace fossil (Protovirgularia) are sedimentary structures
in these units (Fig. 7).

Biostratigraphy

During the Barremian-lower Aptian (Lower Cretaceous), the
benthic foraminifer (orbitolinids), calcareous algae, coral,
gastropods, bryozoans, and bivalves assemblages in Urgon-
ian carbonate environments of the Paleo-Tethyan realm is
deposited (Arnaud-Vanneau and Arnaud 2005; Taherpour
Khalil Abad et al. 2013). Base on primary micropaleonto-
logical studies from calcareous algae and benthic foraminif-
era assemblage (Kalantari 1969; Afshar-Harb 1979; Immel
et al. 1997), the age of the Tirgan formation is Barremian to
Aptian. But in recent micropaleontological studies, Gheias-
vand et al. (2019) applying carbon isotope chemostratigra-
phy and benthic foraminifera and planktonic organisms in
type section have established a new biostratigraphic data for
the Tirgan formation (Berriasian (?)-Valanginian to Albian
age). Molaei et al. (2019) based on ammonite assemblages in
the west of Kopet-Dagh and Bucur et al. (2019) mainly the
orbitolinid association was assigned a latest Barremian-early
Aptian age to Tirgan formation. Based on these authors, four
calcareous algae and six benthic foraminiferal (orbitolinid)
assemblages were determined (Fig. 8). The age of the Tirgan
formation along the studied sections provide the Aptian age.
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«Fig.2 Location map of the study area and measured stratigraphic
sections in the Kopet-Dagh Basin. a Map of present-day Iran show-
ing the geographical domains as well as the main sutures and tec-
tonic structures including the Arabian plate, Iran plate, and Turan
plate, moreover, a close-up view of the square of the study area in
the SE Kopet-Dagh Basin (modified after Alavi 1991). b Close-up
view of the locations of measured sections in the study area. ¢ The
chart illustrates lateral changes from the Sarakhs area in the far east to
the Gonbad area in the far western part of the Kopet-Dagh Basin and
(d) geology map of the study area (modified after Afshar-Harb 1982)
1: West of 1: Shurijeh, 2: Baghak, 3: Padeha, 4: Mozduran pas, 5:
Ghorghoreh, 6: Derakhet-e Bid ( source: author)

Facies analysis

The thickness and lithology of Tirgan formation are very
variable in the studied sections. This formation consists
mainly of oolitic limestone, limy sandstone, shale/marl, and
shale. Field and detailed petrographic investigation using the
microfacies approach has led to the recognition of fifteen
facies types that characterize ramp platform development.
These facies belong to four facies association (A, B, C, and
D), which they are as follows:

Open marine (A1-A3)
Bioturbated mudstone (A1)

This microfacies is composed of thin to very thin-bedded
(Fig. 9a) intercalated with marly limestone that contains
very fine quartz silt, pyrite, burrow (Fig. 9b), and scattered
bioclasts (planktonic bivalves and sponge spicules) (Fig. 9a,
b). This facies can be observed sporadically in the western
parts of the study area, upper parts of Mozduran, and Ghorg-
horeh sections.

Bioclast wacke-to floatstone (A2)

Opysters (~ 10%) and bryozoans (~8%) with sizes >3 mm
are the main components of this facies (Fig. 9c—e). Bra-
chiopods, corals, and scattered serpulid tubes constitute the
minor components (< 5%). Ooids, intraclasts, corticoid, and
oncoid (mainly bryooncoids) also present (~5%). The mix-
ture of complete and broken or complete shells (Figs. 6d,
e, 9e) is characterized by thin-bedded grey limestone with
fining-upward. This facies is observed in the upper parts
of Padeha, Mozduran, and Derakhat-e Bid sections (mainly
west of the study area).

Ooid bioclast pack-to rudstone (A3)

This grain-supported facies is mostly composed of ooids
with radial-concentric structure (~22%) and bioclasts
(~29%). Skeletal grains are bryozoans (~ 11%), echino-
derms (~5%), oyster (~7) with sizes up to 3 mm, and other

skeletal grains (~ 6%). Intraclasts, peloids, cortoids, aggre-
gates, oncoids, and quartz form about 8% of grains. In
some samples of Baghak and Shurijeh sections, the num-
ber of ooids increases, and the name of this microfacies
changes to ooid packstone with the erosional base, normal
graded-bedding, and may display hummocky cross-stratifi-
cation (Fig. 9f, h, 1). It is the most abundant facies of open
marine in the facies association and is observed in almost
all sections (east to west of the study area).

Interpretation

According to the presence of horizontal lamination (Fig. 9a),
lime-mud supported texture and existence of sponge spic-
ules and planktonic bivalves (Fig. 9b), bioturbated mudstone
microfacies has probably been occurred in a low energy
environment in distal open marine setting (Bover-Arnal et al.
2009; Fliigel 2010) and pyritization suggests deep-water
dysoxic conditions at below the SWB (Payros et al. 2010;
Bassi and Nebelsick 2010). Stenohaline fauna (bivalves,
brachiopods, and echinoids) in microfacies bioclast wacke-
stone/floatstone and ooid bioclast pack-to rudstone indicate
proximal normal marine conditions (Fliigel 2010; Bai et al.
2017). Components such as crinoids, brachiopods, bryo-
zoans, and bivalves typically are in the photic zone in the
middle and outer ramp sediments deposited (Burchette et al.
1990; Bai et al. 2017). Ooids and intraclasts as non-skeletal
allochems in this facies have been probably transported from
high-energy (such as shoals) to this environment by currents.
Accumulations of shells fragmentation (especially bivalves)
and the upward-fining are probably caused by various pro-
cesses including current concentrations, storm wave, and
tempestite concentrations (Rubert et al. 2012; Bover-Arnal
et al. 2009; Laya and Tucker 2012). The lack of evidence for
turbidity currents and shell concentrations is very common
in mid-ramp settings so that suggests the deposition between
the FWWB and the SWB (Bover-Arnal et al. 2009; Bassi
and Nebelsick 2010; Laya and Tucker 2012). According to
the concentration of shell fragments (Fig. 9¢), inverse texture
(sorted ooid in micrite matrix), an erosional base (Fig. 9f),
normal graded-bedding and hummocky cross-stratification
(Fig. 9h, i) are interpreted as storm depositional and tempes-
tite (Fursich and Oschmann 1986; Perez-Lopez and Perez-
Valera 2012; Chatalov 2013).

Shoal facies association (B1-B3)
The grainstone shoal facies is pale to grey color, medium

bedded, and in some beds are present lamination and
cross-bedding (Figs. 7a, b, 10g, h).
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Fig. 3 Field aspects of the Tir-
gan formation along the Moz-
duran section (as representation
from the west of sections).

The sequence stratigraphic
subdivisions of the formation
are shown by the green and blue
triangles

Fig.4 Field aspects of the
Tirgan formation along the
Padeha section (as representa-
tion from the east of sections).
The sequence stratigraphic
subdivisions of the formation
are shown by the green and blue
triangles

Bioclast ooid grainstone (B1)

Characteristic features of this microfacies are ooids with
radial-distinct concentric structure (~23%) and size
0.2 mm and bioclasts are oysters (~6%), bryozoans (~4%)
echinoderms, red algae (~4%), discoidal orbitolinids, and
others allochems (6%) (Fig. 10a). Intraclasts, peloids,
oncoid, and quartz form about 10% of grains. In some thin
sections of Shurijeh and Mozduran sections, the type of
nonskeletal increases, and the name of this facies changes
to bioclast/ooid intraclast grainstone (Fig. 10b—d). This

@ Springer

facies with a thickness of 0.3—-0.8 m exhibit at the base
of some shallowing upward cycles and the presence of
normal graded-bedding (Figs. 7e, 10b, d). Pebbles with
size ranges between 6 to 100 mm and roundness is floated
in a matrix (~30-60%) that is formed by ooid/sand and
carbonate cement. Clasts are mainly mudstone fragments
but rarely milky white quartz is observed (Fig. 10b). It is
the most abundant facies in the shoal facies association
and is observed in almost all sections (east to west of the
study area).
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Fig.5 Field aspects of the
Tirgan formation. a, b The cliff
formed in the Derakht-e Bid and
the Mozduran sections, respec-
tively, ¢ the no cliff face in the
Baghak section, d alternation of
medium pale orange and grey
calcarenite of the Baghak sec-
tion, e alternation pale orange
limestone and red and green
shales and grey calcilutite in the
first unit of the Mozduran sec-
tion, f the pale orange limestone
of the Mozduran section

Well-sorted ooid grainstone (B2)

The ooids in grain-supported facies exhibit radial-con-
centric structures (~43%, 0.1-0.3 mm) and are and well
sorted (Fig. 10e). Most ooids are spherical to sub elongate
and their shapes and thickness of the cortex often result
from the shape of the nuclei. Aggregate grains of ooids
and compound ooids are also present. Nuclei of ooids
are common benthic foraminifers, peloids, debris shells,
and quartz. This facies developed in Bahgak, Padeha, and
Ghorghoreh sections (mainly east of the study area).

Bioclast peloid grainstone (B3)

These sediments are characterized by accumulations of
very small (~0.2-0.4 mm), grain-supported, equal-sized
peloids (~23%, probably fecal pellets) associated with
benthic foraminifera (miliolids), Ostracods, green algae,
few intraclasts, ooids, and conical orbitolinids (Fig. 10f).
This microfacies is mostly common in the Mozduran
(Fig. 5b), Ghorghoreh, and Drakht-e Bid (Fig. 5a) sec-
tions (west of the study area).
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Fig.6 Field photos of different
types of shell beds in Tirgan
formation in area study. a The
sharp and erosional base and
sharp top of the bioclast shell
bed in the Ghorghoreh section,
b two beds of bivalves and gas-
tropods shell bed with different
states of preservation that are
in the lower bed complete and
in the upper bed broken. d—f
Slide view of bioclast shell bed
in the Shurijeh, the Padeha, and
Baghak sections, respectively

Interpretation

Accumulations with a relatively high percentage of stenohaline
fauna (such as bryozoans and oysters) with ooids, intraclasts
and lamination and cross-bedding (Fig. 10a) show that this
microfacies may have occurred on or near the seaward edge
of platforms and formed within the inner ramps at the depth
of about 30-100 m due to the present bivalve, echinoderm
and bryozoan fragments with grainstone in similar facies (Nel-
son et al.1988; Pomar et al. 2001). Abundance ooids and also
intraclasts and normal graded-bedding (Figs. 7e, 10b, d) in
microfacies B1 (bioclast/ooid intraclast grainstone) properly
occurred in high-energy environments of oolitic shoals and
channels created by a storm or tidal currents (Adabi and Rao
1991; Luczynski et al. 2014). Quartz grains are (Fig. 10b,
¢) abundant in this microfacies and indicative of a close of
the source area (Miall 1997; Amir Hassan et al. 2013). Well-
sorted grains and grain-supported, radial-concentric ooid,
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cross-bedding and lamination in well-sorted ooid grainstone
microfacies (Fig. 10f) indicate a high-energy shoal environ-
ment and deposited above the fair-weather wave base (Bach-
mann and Hirsch 2006; Palma et al. 2007; Bover-Arnal et al.
2009; Laya and Tucker 2012; Armella et al. 2013). The pres-
ence of ooids with cross-bedding in these facies evidenced
their formation in saturated water shallow and warm concern-
ing calcium carbonate (Betzler et al. 1997; Burchette et al.
1990; Purkis and Harris 2016). Additionally, the existence of
peloid and lagoon fauna (miliolids and green algae), cross-
lamination in bioclast peloid grainstone also suggest on the
landward face of an oolitic shoal.
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Fig.7 Field photos of different
types of sedimentary structures
in Tirgan formation in area
study. a Cross-bedding in the
Padeha section, b cross-lam-
ination in the Padeha section,

¢ trough cross-bedding in the
Padeha section, d wavy ripple
mark in the Derakht-e Bid sec-
tion, e normal graded-bedding
in storm layers in the Ghrghoreh
section, f trace fossil Protovir-
gularia in the Baghak section

Lagoon facies association (C1-C3)
Bioclast oncoid ooid packstone/wackestone (C1)

This microfacies consist of diverse skeletal grains includ-
ing lagoonal (green algae, gastropods, benthic foraminif-
era,~5%), and open marine (echinoids, bryozoans and
bivalve fragments (~6%) fauna. Non-skeletal allochems
mostly consist of ooids (~17%), in the wackestone facies
about 5%, oncoid (~ 11%), and some intraclasts and peloids
(3%). Quartz grains are very rare (1%) (Fig. 11a—c). In
some samples (especially in the Ghorghoreh section), oys-
ters (larger than 4 mm), are floated in a matrix (ranges
from 30 to 60 percent) or peloids (2-19%), ooid (5-30%),
and spray-micrite cement (Fig. 11b, ¢) with poorly sorted
and densely packed. This facies with sizes >3 mm bio-
clasts as shell beds (Figs. 6¢c, 11a) in field exhibit at the
base of some deepening upward cycles and is defined by
medium, grey to yellow limestone beds with erosional
base, trough cross-bedding and wavy ripple (Fig. 7c, d)

in a few beds and is observed in almost all sections but is
mainly developed in the western sections (Fig. 14).

Bioturbated bioclast wackestone/mudstone (C2)

Skeletal components include benthic foraminifera (mainly
textularids, Balkhania, with rare presence of miliolids),
green algae, ostracods, bivalves, and gastropods (~8-22%).
Quartz grains are present in some samples (Fig. 11d). Bio-
turbations are mainly filled by dolomite (Fig. 11e). This
facies is defined by medium, grey to yellow limestone beds
(Fig. 5f) with trace fossil (Protovirgularia) (Fig. 7f) and is
mainly observed in the western part of the study area (Moz-
duran, Ghorghoreh, Derakht-e Bid sections).

Bivalve boundstone/floatstone (C3)
Planktonic bivalves (~35), oysters (~9%), echinoderms

and corals (~4%), ostracods, serpulid tubes, and gastropods
(~5%) are the main components. The characteristic feature
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Fig.8 Benthic foraminifers and Calcareous algae of the Tirgan for-
mation in the studied area and their position in the section. A Benthic
foraminifers: (a) Nautiloulina oolithica, in Ghorghoreh section, 4 m,
Aptian, (b) Vercorsella aff, in Mozduran section, 39 m, Aptian, (c)
Iragia cf. hensoni, in Mozduran section, 42 m, Aptian, (d) Balkhania
cf. balkhanica in Ghorghoreh section, 22 m, Aptian, (e) Praeorbito-

of this microfacies is homogenous lime mud matrix and ero-
sive-based (Figs. 6b, 11f-h) and is grey limestone and thin
beds. Dolomite formed as a pore-filling (Fig. 11g, h). This
facies is only observed in the Mozduran and Ghorghoreh
sections (West of the study area).

Interpretation

The co-occurrence of lagoonal fauna (green algae, gastro-
pods, miliolids) and normal marine fauna (echinoids, bryo-
zoans, and bivalve) and the presentence of nonskeletal ooid,
peloid, and oncoid indicate that deposited in an open lagoon.
The open marine and lagoonal mixed fauna may also be
because of a connection between the lagoon and the sea
(Singh 2012). The bioclast concentration and poorly sorted
oyster remains with a sharp erosional base and trough cross-
bedding and wavy ripple mark are identified lag concentra-
tion (Kidwell 1991) and probably indicate a high-energy
inner ramp environment (on or near the landward edge of
platforms) and deposited above the fair-weather wave base.
The overall fine-grained nature indicates a low-energy
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lina? P. transiens?, in Padeha section, 11 m, Aptian, (f) Simplorbito-
lina sp., in Mozduran section, 39 m, Aptian. B Calcareous algae: (a,
b) Kopetdagaria sphaerica, in Mozduran and Padeha sections, 30 m
and 5 m, respectively, Aptian, (c, d) Montiella? elitzae, in Mozduran
and Padeha sections, 32 m and 2 m, respectively, Aptian, (f, g) Boue-
ina hochstetteri, in Mozduran section, 31 m and 39 m, Aptian

environment. The presence of ostracods together with small
benthic foraminifera, green algae as restricted fauna, and
bioturbation (trace fossil, Protovirgularia, Fig. 7f) sug-
gest that deposited in a lagoon protected from ooid shoals.
Dasycladacean green algae, which are also common, suggest
deposition may have taken place in a very shallow marine
environment (Curry 1999). In bivalve boundstone/floatstone
facies, due to the mixing of open marine and lagoonal fauna
with erosive-based, represent storm deposits in a Lagoon
setting. Besides, the orientation of bivalves in this facies is
probably due to the overpressure or the chemical compres-
sion (macrostylolites) (Fig. 111).

Tidal flat facies association (D1-D4)

Sandy bioclast/ooid grain- to rudstone (D1)

This microfacies includes calcirudite limestones with grain
size ranging from 0.5 to 4 mm in size (Figs. 6f, 12a—e).

Coarse grains (larger than 2 mm) often contain various skel-
etal fragments (oysters, echinoderms, and others, 13%), and
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Fig.9 Field photos and photomicrographs of the open marine facies.
a, b Bioturbated mudstone microfacies with detail of burrowing and
thin to very thin-bedded in a, bioturbation, and pritization in b—e bio-
clast wackestone/floatstone microfacies, the arrow indicates a bryoon-
coid in ¢, with detail of complete or broken shells in the photomi-
crograph and the field aspects have shown, in d, e figs, respectively

intraclasts (~5%), which are floated in a matrix or coarse
ooid (2-19%), quartz grains (5-30%), peloids (~ 1%), and
spray-micrite cement. The erosional base, rarely cross-bed-
ding, and an orientation in the fossils in the west of sec-
tions are the most important features in this facies. Also, the
number of fauna increases from the east (Baghak, Padeha
sections) (Fig. 12c—e) to the west (Mozduran, Ghorghoreh,
and Derakht-e Bid) of the study area but quartz grains and
ooids decreased (Fig. 12a, b).

Mudstone with fenestral (D2)
The characteristic feature in this microfacies is well

developed fenestral fabrics (Fig. 12f) that comprises few
Bioclasts and quartz grains and pale orange mudstones.

(Padeha section). f-i ooid bioclast pack- to rudstone microfacies with
detail of inverse texture and an erosional base in f, bryozoans large
clasts in g, hummocky cross-stratification, normal graded-bedding in
h and i (Shurijeh section). br bryozoan, oy oyster, In intraclast, Oo
00id, on oncoid

Fenestral voids are filled by dolomite or calcite with a
mean of 1.2 mm in size. This facies developed in Moz-
duran and Baghak sections.

Limy sandstone (D3)

Limy sandstone is in the lowermost part of Mozduran,
Ghorghoreh, and Derakhat-e Bid sections. The main com-
ponents of this microfacies consist of mostly quartz grains
(~38% and ranges between 0.1 to 0.6 mm in sizes), peloid
and intraclast (~6%), few bioclasts (~5%), and few bent
mica (muscovite) (Fig. 12g). The quartz grains are mostly
monocrystalline with subangular to rounded and moderate
to well sorted.
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Fig. 10 Field photos and photomicrographs of the shoal facies. a Bio-
clast ooid grainstone microfacies, b—d bioclast/ooid intraclast grain-
stone microfacies that the field photo b and photomicrograph ¢ are
the same (Shurijeh section), with detail of normal graded-bedding or
fining upward cycles in b and d, also arrow in b indicates a milky

Heterolithic bedding or limy sandstone-mudstone (D4)

This microfacies consists of limy sandstone and mudstone
and can be observed sporadically in Mozduran, Ghorghoreh,
and Derakhat-e-Bid sections (in the west of the study area).
Quartz grains (~20%) and bioclasts (~5%) are the main
components of limy sandstone. Grain size is often fine sand
(> 0.1 mm), with medium roundness and well sorting. Also,
flaser to wavy structures can be observed (Fig. 12h). Bio-
turbation has partially decayed lamination and sediment
structures (Fig. 12i).

Interpretation
Sandy bioclast/ooid grain- to rudstone facies with an

erosional base oriented finning-upward cycles and with
a slightly lateral extension, presence of directing fossils
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white quartz pebble. e Sorted ooid grainstone microfacies, f bioclast
peloid grainstone microfacies, g shallowing-upward cycle with lami-
nation, HCS (hummocky cross-bedding), and h cross-bedding in beds
of the grainstone shoal facies (Shurijeh section)

(Fig. 12a), and with distant lateral extension can indi-
cate coastal channels formed in a storm or tidal currents
(Tamura 2003). Fenestral porosity is of polygenic origin
(Fliigel 2010) due to the presence of bioturbation that
can be interpreted as the most probable origin (Fig. 12f).
The absence of structures (e.g., mud cracks) and the
existence of fenestral porosity may have occurred in the
intertidal setting (Fliigel 2010). Based on the preserva-
tion of the mud matrix, the lack of fossil, interbedded
of limy sandstone and red color with tidal evidence, it
is interpreted to be deposited under lower energy condi-
tions in coastal tidal flat (Fig. 12g) have been suggested
in the tidal zone so that is often related to the alterna-
tion of bimodal tidal currents (Adnan et al. 2015). Flaser
(Fig. 12h) beds or heterolithic bedding facies are related
to alternation of bimodal tidal currents and continuous
changes in energy conditions, intermediate high-energy
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Fig. 11 Field photos and photomicrographs of the lagoon facies.
a—c bioclast oncoid ooid packstone/wackestone microfacies, that the
field photo b and photomicrograph ¢ are the same, arrows in b indi-
cate oysters (Ghorghoreh section), d bioturbated bioclast wackestone
microfacies, e bioturbated bioclast mudstone microfacies, the arrow
indicates bioturbations that are mainly filled by dolomite, f bivalve

facies (limy sandstone) and low energy (mudstone) in the
intertidal setting have formed.

Fine-grained facies association (T1-T2)
Marly limestone (T1)

This facies occurs as interbeds with lagoonal and open
marine facies in different parts of the sections (Fig. 14)
and is observed grey, dark grey colors (Fig. 12j). Micro-
fossils (e.g., echinoderms, oysters, and...) and nonskeletal
(e.g., ooids) are distributed in the upper part of sections.
Bioturbation is the most important sedimentary structure
(Fig. 12k).

boundstone/floatstone microfacies with detail of erosion surface
between g and h photomicrographs (Ghorghoreh section), g bivalve
floatstone microfacies arrow indicates a vague that filled by dolomite,
h bivalve boundstone/floatstone microfacies, i macrostylolite (Dera-
kht-e Bid section)

Calcareous shale (T2)

This facies can be mostly observed as interbeds in lower
parts of the Mozduran and Ghorghoreh sections (Fig. 14)
with gray to green and red—purple colors (Fig. 121) that
alternates with limy sandstone microfacies. The Calcar-
eous shale is non-fossiliferous with thicknesses of less
than 1.5 m.

Interpretation
Marly limestone with bioturbation and gray to green colored

may indicate redox conditions probably in the tidal environ-
ment to a very shallow marine (e.g., Davis 2012). Based
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Fig. 12 Field photos and photomicrographs of the tidal flats and the
fine-grained facies. a, b Sandy bioclast/ooid grain- to rudstone micro-
facies with high quartz grains (Derakht-e Bid section) with detail
photo a of directing fossils, c—e sandy bioclast/ooid grain- to rudstone
microfacies, with high many fauna and ooids d and e are the same

on the red color in calcareous shale, the lack of fossil and
interbedded with tidal flat facies deposited in the coastal
tidal flat area.
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too (Baghak section), f mudstone microfacies with fenestral, g limy
sandstone microfacies h, i heterolithic bedding or limy sandstone-
mudstone microfacies (Mozduran section), j field photo of marly
limestone microfacies (Mozduran section), k bioturbation in marly
limestone microfacies, 1 green to red shale (Mozduran section)

Conceptual depositional models

The Early Cretaceous carbonate succession (Tirgan for-
mation) forms part of a carbonate ramp in the study areas,
in which sedimentation mostly occurred above the storm
wave base belong to the inner ramp (Fig. 13). The facies
belts in ramps are controlled primarily by energy levels
(fair-weather wave base and storm wave base), variations in
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Fig. 13 Schematic model for carbonate platform environments of the
Tirgan formation in the Kopet-Dagh Basin based on interpretation
of facies belts, sedimentary environments, their lateral relationships,

ramp topography (without a morphological break at the shelf
edge), and material transport by storms, waves, and tides
(Ahr 1973; Read 1985; Burchette and Wright 1992). Car-
bonate ramp environments are consisted of by (1) above fair-
weather wave base, inner ramp, (tidal flat, D1-D4, Lagoon
C1-C3, and shoal B1-B3 facies associations), (2) between
fair-weather wave base and storm wave base, the middle
ramp, (proximal open marine facies associations, A2-3),
and (3) below normal storm wave base down the wave, the
outer ramp, (distal open marine facies association, A1) and
the basin (Burchette and Wright 1992). To reconstruct the
depositional environment of the Tirgan formation, our study
benefited from previous research in the Kopet-Dagh Basin.
Aharipour (1996) in the northwest of the basin showed
that the Tirgan formation in the Gharnaveh sections (80 m
thick) (number 1 in Fig. 16a) is composed of alternating
thin-bedded grey limestone, dark argillaceous limestone, and
thick-bedded orbitolina limestone (Fig. 15a). Sedimentary
structures including channel, graded bedding, cross-bedding
and slump folding, and imbrication fabric are recognized and
suggested as calciturbidite facies in the deeper environment.
The study of the Tirgan formation in the west of Kopet-Dagh
Basin by Tabatabaei (2012) shows that this formation in the
TakelKuh (225 m thick) section in the northwest of the basin
(numbers 2in Fig. 16a), due to the alternation of pelagic
and hemipelagic limestone and calciturbidite, suggested that
are deposited in distal open marine or basin settings. She
also introduced the environment of this formation in the Zav
(580 m thick), the Khorkhud (410 m thick) and the Jozak
(330 m thick), paratype section, (southwest of the basin,
respectively numbers 3, 4, 5 in Fig. 16a) of an open marine,

Ostracod

t Echinoderm —, Bioclast —— Pelagic bivalves & Gastropod Greenalgae £ Oncoid

and correlation with other sections. Distribution of fossils, facies, and
their codes showed on the model. FWWB fair-weather wave base,
SWB storm wave base

barrier or shoal, lagoon, and tidal flat. It seems that there
are conditions for coral growth in nearby areas. Therefore,
patch reefs from these areas have been reported (Khazaei
2000). Tirgan formation in the central part of the Kopet-
Dagh Basin, the Sisab (215 m thick, Taher Pour Khalil Abad
2013), the Radkan and the Chenaran (respectively, 238 and
119 m thick and numbers 7, 8 in Fig. 16a), Javanbakht et al.
2013) and the Tirgan (number 9 in Fig. 10a) (640 m thick,
Gheisvand et al. 2019), type section, is deposited of the shal-
low marine environment that is mostly composed of oolitic
limestone. Generally, sedimentation of Tirgan formation in
the Zavin section (110 m thick, Javanbakhat et al. 2011)
(number 10 in Fig. 16a) and the studied area (numbers 11-16
in Fig. 16a), in the eastern basin, were formed in Tidal flat
(intertidal) and subtidal environments mixed carbonate and
siliciclastic that are attributed to the episodic influx of sedi-
ments from the terrestrial source or to mixing of sediments
from different environments (Duncan et al. 2003). After
correlation between different sections, the thickness of the
Tirgan formation increases from the east toward the Tirgan
village (type section) (e.g., 11 m in Shurijeh, 110 m in the
Zavin, and 640 m in the Type sections). In some studies
(e.g., Khodaei 1991), this abrupt increase in thickness has
been interpreted to be related to the carbonate platform of a
rimmed shelf type. But positions of the Radkan and the Che-
naran sections (number 7, 8 in Fig. 16a) and the village of
Tiregan (number 9 in Fig. 16a) in the central of basin appear
that the origin of this increase in thickness must probably be
related to a tectonic of area (of course requires tectonic stud-
ies in these areas?). Because they strongly differ from their
thickness and have not been reported reef builders such as
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Fig. 14 Lithostratigraphic columns, sedimentary environments (sub-
environments), and depositional sequences in the studied sections
of the Tirgan formation and sea-level fluctuation (Haq et al. 1987).
Abbreviations include Sed-E: sedimentary environment; Sy. Tr: Sys-

corals. Therefore, field and petrographic investigations and
correlation with other sections revealed that was deposited
in a carbonate platform of a distal steep ramp type (Fig. 13)
during Early Cretaceous. Carbonate sediments were trans-
ported off the platform located to the east and south to the
west. These resedimented carbonates were transported to the
northwest (deepest part of the basin) by turbidity currents.
Maximum transgression occurred after deposition of the Tir-
gan formation, the Tirgan carbonate platform was drowned
and the deep marine facies of the Sarcheshmeh formation
was deposited.

Sequence stratigraphy

Base on, field and laboratory studies led to distinguish one
depositional sequence in all of the sections, which com-
poses of transgressive, and highstand systems tracts in all
of the sections (Fig. 14). This sequence observed in the all
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of sections of the west to east of the study area with the pres-
ence of 10-30 cm dark gray marly limestone in the most sec-
tions and is enclosed by two sequence boundaries SB2, based
on underlying intertidal facies and no evidence of exposure,
at the bottom and top. The sequence boundary SB2 of this
sequence coincides probably with TS (Transgressive Sur-
face) separates the overlying Tirgan transgressive deposits
from the continental sediments of Shurijeh formation below.
Above this boundary TST (Transgressive Systems Tract)
deposited in all sections, except the Shurijeh section, the
transgressive systems tract (TST) is characterized by open
marine, shoal, lagoon, and intertidal facies. Therefore, in
the Derakht-e Bid section, the TST starts with Sandy bio-
clast/ooid grain- to rudstone facies with an erosional base
oriented finning-upward cycles and with a slightly lateral
extension, presence of directing fossils (Fig. 12a), and with
distant lateral extension can indicate coastal channels and
transgressive evolution, overlain by the lagoon and shoal
facies representing retrogradational stacking patterns. The
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Fig. 15 a Correlation of depositional sequences and changes in the
vertical and lateral facies belts of the Tirgan formation in the Kopet-
Dagh Basin (the numbers sections see Fig. 16). b Thickness variation

bivalve concentration in the Gorghoreh and Mozduran sec-
tions and Baghak sections indicates the transgressive evo-
lution and is located within transgressive system tract. The
maximum flooding facies is located on the top of a bioclast
peloid grainstone facies in the Derakht-e Bid section and is
selected at the top of distal open marine in the Ghorghoreh
and the Mozduran sections and proximal open marine facies
in other sections. Following TST, the highstand systems tract
is characterized by the lagoon and open marine setting that
reflects an aggradational stacking pattern in all of the sec-
tions and consists of shallowing-upward parasequences and
is composed of alternation ooid grainstone shoal and ooid

along with a profile from six sections of the Tirgan formation in the
east of Kopet-Dagh Basin

bioclast packstone open marine interlayered with marly
limestone (Fig. 14). Due to the uplift basement (Aghdarband
tectonic windows), this sequence in the Shurijeh section
is suggested as a composite boundary (SB2 + TS + MFS)
that HST deposits with bioclast/ooid intraclast grainstone
facies directly overlie gray shale of the Shurijeh formation
(Fig. 14). The bioclast concentration with an erosional base
and normal graded-bedding shallowing-upward cycles,
presence of Pebbles with size ranges between 6 to 100 mm
(Fig. 12b), cross-lamination and few micro-HCS and ran-
domly oriented was properly occurred in channels created
by a storm (Adabi and Rao 1991; Luczyski et al. 2014). In
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Fig. 16 a Simplified geological map of the Kopet-Dagh area com-
piled from the geological maps of the Geological Survey of Iran. b
Basement faults of the west Kopet-Dagh were active from the begin-
ning of Cretaceous (Afshar Harb 1979). ¢ A schematic profile for the
down platform in the west of the basin (Aharipour 1996). d Tectonic
sketch of the Aghdarband erosional window, modified from previ-
ously published cross-sections (Ruttner 1991; Zanchi et al. 2010;
Robert et al. 2014). Tectonic sketch of the Aghdarband erosional
window, (modified from Ruttner 1991; Zanchi et al. 2010).The num-

general, the thickness of this sequence decreases from west
to east in the eastern Kopet-Dagh Basin (Fig. 15b).

Discussion and platform evolution

During the Late Cimmerian Orogeny, the non-marine Shuri-
jeh formation deposited in a fluvial setting in the eastern
basin and to the west changed gradually to argillaceous
calcareous and carbonates marine succession of the Zard
formation (Moussavi-Harami and Brenner 1993; Hosseinyar
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bers sections are as follows: 1: the Gharnaveh (80 m thick, Aharipour
1996), 2: the TakelKuh (225 m thick) and 3: the Zav (580 m thick), 4:
the Khorkhud (410 m thick), 5: the Jozak (330 m thick) (Tabatabaei
2012), 6: the Sisab (215 m thick, Taher Pour Khalil Abad 2013), 7:
Radkan and 8: Chenaran (respectively, 238 and 119 m thick, Javan-
bakht et al. 2013), 9: the Tirgan (640 m thick, Gheisvand et al. 2019),
10: the Zavin (110 m thick, Javanbakhat et al. 2011), 11-16: the study
area described above

et al. 2018). With transgression of the Cretaceous sea (late
Hauterivian) in central, northwest parts of Kopet Dagh
Basin, a thick sequence of carbonate facies of Tirgan for-
mation was deposited extensively (Haq et al. 1987; Haq
2014) that represents one of the Urgonian carbonate plat-
forms. Previous studies and our studies of facies analyses
by Aharipour (1996), Afshar-Harb (1979), and Tabatabaei
(2012) indicate that the Tirgan formation in the village of
Tirgan and Khorkhud area is very thick and consists of shal-
low marine carbonate and decreases to the south (both east
and west) and its facies become shallower. The thickness of
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this formation decreases to the west but the facies is deep-
ened. As a result, shallow carbonates were formed in the
east-southeast and south-west of Kopet-Dagh, due to the
activity of Khorkhud and possibly Takalkuh faults (Dur-
ing the Late Cimmerian Orogeny), the carbonate platform
in the northwest was gradually subsided (Fig. 16c). This
subsidence, coupled with the gradual global sea-level rise,
led to the drowning of the platform, slumping and calcare-
ous turbidites (Fig. 15a), (e.g., Gharnaveh section, number
1 in Fig. 16a) could have formed on the continental slope
(Aharipour 1996). Also, patch reefs in the outcrops (e.g.,
Khorkhud section, number 4 in Fig. 16a) (Khazaei 2000)
suggest that they formed at the top of the horst blocks of
faults (Khorkhud and Takalkuh). At the late Barremian
with sea-level rise, the Jozak and Sisab areas (numbers 5,
6 in Fig. 16a) are covered by the shallow sea, and towards
the east, it continues onlapping (numbers 7-11 in Fig. 16a)
of the basin (Fig. 16b) (Javanbakht et al. 2013; Gheisvand
et al. 2019). It is necessary to explain that apparently from
the Zavin section towards the Darehgaz area, the thick-
ness of the Tirgan formation increases abruptly. So that, in
the Tirgan area, southeast of the town of Darehgaz (num-
ber 9 in Fig. 16a), the Tirgan formation has a thickness of
650 m (Gheisvand et al. 2019), while in the Radkan and
the Chenaran the thickness is 238 and 119 m, respectively
(Javanbakht et al. 2013). So that we suggest that this abrupt
increase in the thickness of the Tirgan formation, northeast
of the basin, is not related to deposition conditions (e.g.,
reef builders) and is probably related to the regional tecton-
ics? The sea-level rise at the Aptian, coinciding with the
global sea-level rise in Aptian times (Fig. 14) which is called
OAE (Oceanic anoxic events), displaced the depositional
environments landwards to the east (Kalantari 1969; Immel
et al. 1997). During the following transgression systems
tract (TST) in the study area that marked with shell beds
in the form of transgressive lags within this systems tract.
This depositional sequence is the final sea-level fluctuation
during the Aptian time in the Tirgan formation that is only
recorded central parts and southeast of Kopet-Dagh Basin
(Gheisvand et al. 2019). During the following transgression,
shallow lagoon and shoal conditions (Fig. 14) was depos-
ited by intraclasts, shell fragments, with sharp erosional
bases, poorly sorted is interpreted transgressive lags in TST
in the Derakht-e Bid section (number 11 in Fig. 16a) and
the Ghorghoreh and the Mozduran sections (numbers 12,
13 in Fig. 16a) in the coastal environment (Fig. 14). This
sedimentary sequence also extended in the Padeha and the
Baghak sections (numbers 14, 15 in Fig. 16a) but the tidal
facies were limited, and most marine facies were deposited
(Fig. 14) because of the uplift basement during the Late
Jurassic—Early Cretaceous (Aghdarband tectonics window,
Ruttner 1991; Zanchi et al. 2010) in this area (Fig. 16d). In
this sequence in all of the sections, TST starts with oyster

concentration or bioclast concentration in the form of trans-
gressive lags deposited. These shell beds are interpreted in
the base and top of the TST by Kidwell (1991) and Zecchin
et al. (2017). Ooid shoal facies with well-preserved fabric
that mostly deposited in HST (Fig. 14) reflect LMC (low
Mg calcite) mineralogy, seawater chemistry, and Cretaceous
rise sea level (Wilkinson et al. 1985; Balthasar and Cusack
2015; Sandberg 1983). Also towards the west, shoals facies
(well-sorted ooid grainstone to bioclast peloid grainstone)
less energetic than east result the subsidence and increasing
depth. The bioclast concentration deposited in all sections
probably created by storm currents and interpreted as com-
posite or multi-event concentrations by Kidwell (1991) and
Zecchin et al., (2017), which probably concentrate along
with the stacking progradational or HST (Nasiri et al. 2019).
Tirgan 3-order sequence was possibly developed by Global
sea-level fluctuation as the main factor in the study area.
Global warming and the overlying of Tirgan formation
with deep marine facies of the Sarcheshmeh formation may
result in a drowning event during Aptian (e.g., Weissert et al.
1998; Robinson et al. 2017). According to the studies carried
out by Taherpour Khalil Abad (2011,2013), all fauna was
introduced for the Urgonian facies (Renard 1986) as well
as lithostratigraphy of these facies (limestone-shale-marl)
in the Tirgan formation were identified. So, Base the recon-
struction of the environmental conditions of Tirgan forma-
tion is relatively similar to the Jura Mountains in Europe of
the Urgonian platform from the Northern Tethyan margin.
In all these regions, evidence of the presence of patch reefs
(and thus comparable to some facies of the Tirgan forma-
tion) are dated from the Late Barremian, and thus suggest
that the installation of Urgonian-type facies was a wide-
spread phenomenon within the Tethys.

Conclusion

The sedimentological study and microfacies analysis of the
Tirgan formation as part of Urgonian platform carbonates,
which changed a continental setting into a shallow marine
carbonate system, in the Kopet-Dagh Basin improved the
understanding of evaluating facies variability and sequence
stratigraphic framework. The presence of faults in the
northwest suggests that Tirgan formation was deposited in
a distally steepened ramp type carbonate platform during
Early Cretaceous time. In the northwest basin, slumping and
calcareous turbidites could have formed on the continental
slope, and patch reefs probably formed at the top of the horst
blocks of faults and in Barremian with sea-level rise, the
basin are covered by the shallow sea, and towards the east,
it continues onlapping. Also, there was local high (Aghdar-
band tectonics window uplift) during the Late Jurassic—Early
Cretaceous time and the last phase of rising sea-level during
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Early Aptian time-controlled thickness variations, facies dis-
tribution, and deposition of the Tirgan formation the east-
ern part of Kopet-Dagh. Sequence stratigraphy analysis of
this formation in the eastern parts of the basin is a single
3-order depositional sequence in the Derakht-e Bid to Shuri-
jeh sections which is correlated with the Early Aptian global
3-order sea-level cycle. Facies variations with low thickness
in the study area probably result in local tectonic (basement
uplift) and sea-level rise during Early Aptian and also as the
main control of 3-order depositional sequences. Therefore,
maximum transgression occurred after deposition of the Tir-
gan Formation, the Tirgan carbonate platform was drowned
(likely global warming during Early Aptian) and the overly-
ing deep marine facies of the Sarcheshmeh Formation was
deposited. The microfacies distribution in Tirgan Formation
suggests that it is similar over wide areas within the northern
Tethyan margin and closer to those of the Jura Mountains.
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