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Abstract 
Parvadeh Formation (Bathonian) in Tabas block is formed of mixed siliciclastic-carbonate deposits. Six stratigraphic sections have 
been selected in this formation which dominantly composed of conglomerate, sandstone, shale and limestone. Integration of field and 
microscopic studies resulted in identifying two facies association including 4 siliciclastic and 10 carbonate facies in this formation. 
Analyzing facies and sea level fluctuations caused identification of two 3rd order sedimentary sequences in each of the sections. The 
low-stand system tracts of the recorded sequences are characterized by tidal flat and lagoon facies and shallowing-upward para-
sequences. Highstand and transgressive systems tracts are generally both represented by dominantly intertidal and sub-tidal lagoon, 
shoal and open marine facies. The upper and lower boundaries in all stratigraphic sections of middle Jurassic successions are SB1 that 
are distinguished by erosional evidences and sometime red conglomerate and sandstone horizons. On the basis of detailed facies and 
depositional sequences analysis, global sea level fluctuations and tectonic events are the most important factors that affected system 
tracts and depositional sequences in the Tabas block. Local tectonic activities (mostly related to Kalmard and Nayband Faults) also 
have an effective role on the thicknesses of siliciclastic and carbonate deposits in different parts of study areas.  
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Introduction 
Jurassic deposits in central Iran, and particularly in 
the Tabas block, are highly developed and have been 
studied by numerous researchers (Aghanabati, 1975; 
Seyed-Emami et al., 2000; Fürsich et al., 2003; 
Wilmsen et al., 2003; Wilmsen et al., 2005; Wilmsen 
et al., 2009a; Wilmsen et al., 2010; Zamani-Pedram, 
2011; Salehi et al., 2017). Parvadeh Formation as the 
first Formation of Magu Group of Central Iran 
deposited after Middle Cimmerian event and its type 
section was measured and introduced by Aghanbati 
(2006), on the western slope of Eshelon Mountain 
and extensive studies have been done on it by Iranian 
and other foreign geologists, including Seyed-Emami 
et al., (2004), Mehdizadeh (2010), Rahmani (2014a), 
Rahmani et al., (2014b), Rahmani et al., (2014c) , 
Valipour Gudarzi et al., (2015), Zarrin et al., (2016), 
Pandey & Fürsich, (2003) & Seyed-Emami et al., 
(2004). Tabas block has been affected by the sea 
level fluctuation and many tectonic activities in 
global, regional and local scale, especially at the time 
of middle and late Jurassic led to formation several 
sedimentary basins with various lithofacies (Seyed-
Emami et al., 2006; Wilmsen et al., 2009a). After the 
ending sedimentation of Middle Cimmerian event, 
Parvadeh Formation was deposited. Type section of 
this formation with 46 m thickness was measured and 

introduced in the western part of Eshelon Mountain 
(Northwest of Tabas) (Aghanabati, 1998, 2006). This 
formation outcropped in different parts of 
sedimentary structural zones of Tabas block such as 
Shirgesht, Kalmard, Abdoughi, and Ravar and this 
rock unit is located as a key bed between Hojedk 
sandstones (below) and Baghamshah marls (above). 
In this paper, six stratigraphic sections, of the 
Parvadeh Formation were selected to describe facies 
and characterize detailed sequence of stratigraphic 
framework of the mixed carbonate-siliciclastic 
deposits. These sections were selected according to 
the Aghanabati’s divisions for Iran’s sedimentary-
structural zones (2006), and included Kal-e-Shur, 
Mazino, Chah-e-Kamardoshakh (Abbas Abad), south 
of Parvadeh, Sikhuri and Kalshaneh, in various sub-
blocks of Tabas block. Mixed carbonate-siliciclastic 
successions have been described in many 
Phanerozoic sedimentary basins which were affected 
by various factors including tectonics, eustasy, 
climate, in situ carbonate production and variations 
in siliciclastic sediment supply (Tucker, 2003; 
Tcherepanov et al., 2008; Catuneanu et al., 2011). 

Geological Setting 
The study area is located in Tabas block as a part of 
Central-East Iranian Micro-continent (CEIM). It 
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became detached from Gondwana during the (Late) 
Permian and collided with Eurasia (Turan Plate) in 
the late Middle – early Late Triassic, there by 
closing the Palaeotethys (e.g. Berberian & King 
1981; Boulin, 1988; Alavi et al., 1997; Saidi et al., 
1997; Stampfli & Borel 2002). The CEIM consists 
of three north–south oriented structural units, called 
the Lut, Tabas and Yazd blocks, which are today 
aligned from east to west, respectively. Tabas block 
is a part of the vast territory of central Iran with a 
very complex geologic and structural history which 
is the most complex and disturbed geological unit 
of Iran. In fact, this zone can be considered a 
collection of different suspect terrains that have 
been linked together during long geological times 
and different geotectonic activities and movements 
(Nazemi, 2013). The Tabas fusiform block is 
separated from the Posht-e-Badam and Yazd blocks 
by the Nayband fault (from the east) and the 
Kalmard-Kuhbanan fault (from the west). The 
mentioned large north-south direction faults have 
been formed since the beginning of the structural 
evolution of central Iran and have been divided into 
different facies and sedimentary basins since the 
Infracambrian (Stocklin, 1968; Berberian & king, 

1981). 
Parvadeh Formation has a very good outcrop in 

Tabas block and many of its properties such as 
bedding and skeletal and non-skeletal components 
are clearly observable in the field. These sections 
are respectively located at 130, 91, 95, 83, 63, and 
85 km of Tabas city. On the basis of previous 
studies, the age of this formation is Bathonian 
(Aghanabati, 2006). Kalshaneh and Kal-e-Shur 
sections (Tal Hamid), respectively with 46.95m and 
54.4m thickness, are located in Kalmard block; 
Mazino and Chah-e-Kamardoshakh (Abbas Abad), 
respectively with 58.85 m and 54.33 m thickness, 
are located in Ravar-Mazino sub-block; and South 
of Parvadeh section, with 79.64 m thickness is 
located in Nayband sub-block; and Sikhuri section, 
with 49 m thickness is located in Shotori block 
(Fig. 1). The lithology of this formation consists of 
conglomerate, sandstone, ooidal-oncoidal, and 
fossiliferous (including coral, bivalve, brachiopods, 
echinoderm, ammonite, sponge, and bryozoan) 
limestone, shale and mudrocks. This formation 
almost in all sections is situated with an erosional 
surface on Hojedk Formation and is situated 
conformably below Baghamshah Formation.  

 

 
Figure 1. Structural zones of Iran (A) (Wilmsen et al., 2009a) and location map of studied sections (B), No.1: Kal-e-Shur section, 
No.2: Mazino section, No.3: Chah-e-Kamardoshakh (Abbas Abad) section, No.4: South of Parvadeh section, No.5: Sikhuri section, 
No.6: Kalshaneh section. 
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In Sikhuri section, Parvadeh Formation deposits 
are situated with angular unconformity on the 
limestones and dolomites of Jamal Formation 
(Permian). Parvadeh Formation carbonate rocks 
mainly include fine grain (calcilutite) to coarse-
grained (calcarenite) with a variety of skeletal and 
non-skeletal components that mostly consist of 
coral, bivalve, brachiopod, echinoderm, gastropod, 
foraminifera (Fig. 2). 
 
Material and Methods 
Six complete sections were selected at the well-
developed middle Jurassic succession. A variety of 
data sets were utilized such as lithofacies, physical 
sedimentary structures and bioturbation intensity to 
construct a detailed sequence stratigraphic 
framework for these deposits. Four hundred and fifty 
samples were obtained and detailed petrographic 
examination of thin sections allowed the 
determination of various microfacies. Siliciclastic 
and carbonate facies were described following the 
classification of Dunham (1962) and Folk (1980) 
classification scheme with the modifications of 
Embry and Klovan (1972). Identification and 
Separation of facies were done using ramp facies 
model of Flügel (2010). Clasticity indices of ooid, 
intraclast and echinoderm fragments in some facies 
were measured based on Carozzi (1993). 
Identification and separation of depositional 
sequences and facies association, were carried out 
following Carozzi (1993), Van Wagoner et al., 
(1988, 1990), Schlager (2003), Catuneanu et al., 
(2009, 2011, 2013). For better simulation of the 
sedimentary basin at the middle Jurassic time, 
depositional sequences, system tracts and sequence 
boundaries were correlated in all stratigraphic 
sections. Since no accurate detail study has been 
done on sedimentology of Parvadeh Formation in the 
studied area, the aim of this study is the facies 

description, depositional environment analysis and 
characterized sequence stratigraphy in these sections. 
 
Facies analysis and depositional environments 
Based on a variety of characteristics in Parvadeh 
Formation deposits such as dominant texture, 
sedimentary structures, grain size, grain type 
(skeletal and non-skeletal) and matrix, two main 
facies associations were identified within these 
successions. Siliciclastic facies association (T1-T4) 
included coarse-grained (conglomerate), medium-
grained (sandstone) and fine-grained (shale and 
mud rock). Carbonate facies association (L-O) 
composed of lagoon, shoal and open marine facies. 
A detailed description and interpretation of these 
facies has been mentioned as below: 
 
Siliciclastic facies association (T1-T4) 
Four facies were identified in this facies association 
which had been mostly formed in tidal flat 
environment and consisted of conglomerate, shale, 
sandstone, and mud rock facies (Fig. 3). 
 
Subfacies T1: Conglomerate. This lithofacies is 
usually present at the base of some cycles (fining 
upward cycles) in the lower part of succession of 
Parvadeh Formation (Fig. 3A). Conglomerates with 
different thickness are often in lensed form and 
bounded at their base by erosional surfaces 
Sedimentary structures, such as cross-bedding, can 
be observed in this lithofacies. Conglomerate based 
on their matrix amounts are ortho- conglomerate (in 
Abbas Abad, south of Parvadeh and Mazino 
sections) and para-conglomerate (mostly in 
Kalshaneh section) and considering the pebble types 
are polygenetic. Pebbles are mainly composed of 
sandstones and carbonate rocks and also large 
fragments of fossils with micrite envelope.  

 

 
Figure 2. Characteristic outcrop of Middle Jurassic deposits of the Parvadeh Formation in the South of Parvadeh section that underlain 
Hojedk Formation and overlain by Baghamshah Formation. 
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Figure 3. Tidal flat facies, A: Outcrop photograph of conglomerates in Parvadeh Formation (T1), B: Conglomerate having some 
sandstone and rounded bioclasts (T1), C: Outcrop photograph of sandstones showing planar and cross-bedding structures (T2), D: 
Sandstone with abundant chert fragments and moderate sorting (T2), E: Sandstone with abundant Fe oxide (T2), F: Sandstone with 
marine environment allochems (T2), G: Non fossiliferous mudrock with scattered quartz grains (T3), H: Outcrop photograph of grey to 
reddish shale and mud rocks (T3,T4). 
 

The roundness of fragments in many parts 
represents the long transport distance and the effect 
of erosional factors on them. They are medium to 
thick-bedded red to brown color in the field. 
Pebbles are floated in a matrix of coarse sand with 

iron oxide and sometime carbonate cement (Fig. 
3B). The size of conglomerate pebbles ranges 
between several millimeters to centimeters and 
shows the high energy of the environment and their 
probable formation in a channel high-energy 
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environment which has been under the effect of the 
tidal currents. 

 
Subfacies T2: Sandstone. Sandstones are the most 
frequent lithofacies in siliciclastic rocks of 
Parvadeh Formation that contain sedimentary 
structures such as ripple mark, planar and cross-
bedding, relatively horizontal stratification and 
bioturbation (Fig. 3C). These sandstones have 
different grain sizes and forms which change 
between fine to coarse-grain, angular to subangular 
and sometimes rounded along the succession. These 
sandstones have relatively moderate sorting and 
roundness which are alternate with mud rocks 
lithofacies. Several types of sandstones including 
litharenite, sublitharenite, hybrid sandstone with 
fossils and marine allochems existed in the studied 
sections (Fig. 3D and F). Various grains, especially 
limestone fragments containing skeletal and non-
skeletal allochems were observed in these 
sandstones which were cemented by calcite and Fe 
oxide and dolomite (Fig. 3E). Sedimentary 
structures such as lamination, cross-beds and 
ripples are present in this subfacies. These 
sandstones are grey to red in color in the outcrop.  
 
Subfacies T3: Mudrock. This subfacies are often 
alternatively present with sandstone facies. Mud 
rocks in the studied sections are medium to thick 
bedded, mostly without fossil and sedimentary 
structure and sometimes with Fe-oxide contents 
(Fig. 3G and H). They sometimes display a distinct 
sub-millimeter-scale parallel lamination. They are 
thin to medium-bedded and grey to buff in color in 
the outcrop. Sand grains that are often quartz, can 
be sporadically observed in these mud rocks, in 
which their frequency reaches more than 10 
percent. These mud rocks have been affected by 
several diagenetic processes, dissolution, 
neomorphism and compaction. Bioclast fragments 
are rarely sporadically observable in this facies. 
Calcite veins can be seen in some of the mud rocks 
which had been filled with the sparry calcite 
cement. This facies, which was deposited in the 
tidal area, especially the supratidal environment 
related to a carbonate ramp. 
 
Subfacies T4: Shale. Shale beds are observed in the 
form of intercalates with sandstones and sometimes 
carbonated rocks and their thickness changes from a 
few centimeters to several meters (Fig. 3H). They 
have no fossil and are observed in red and grey 

color in the field. Their frequency is different in 
studied stratigraphic sections. 
 
Interpretation (Siliciclastic Facies Association) 
Considering the lack of fossils and their red color of 
shale and some sandstone and mud rock layers, they 
have been deposited in tidal flat and high-oxygen 
environment. Presence of sedimentary structures, 
such as cross-bedding, lens layers, flaser, trace 
fossils (Scolicia and Thalassinoides), planet fossils 
and presence of ripple marks confirm this 
interpretation (Fig. 4) (Adnan et al., 2015; Patra & 
Singh, 2015; Sabbagh Bajestani et al., 2017; Sim et 
al., 2019). Also, the conglomerate with the 
intercalation of sandstones, which in many parts 
have a sedimentary structure such as cross and 
parallel stratification (Fig. 4) shows their formation 
in a channel and tide-dominated environments 
(Adnan et al., 2015). Their limited extension and 
their lensed shape also confirm the channel 
conditions which eroded the lower part of these 
sediments due to the existence of currents at various 
times. Sublitharenite sandstones compared to quartz 
arenite, regarding the preservation of rock 
fragments, were formed in the environment with 
lower energy conditions and it can be argued that 
they have been less transported than quartz arenite 
(Tamura & Masuda, 2003). The presence of detrital 
sediments in different parts of the depositional 
environment at the time that there is potential for 
carbonate formation, indicates intense tectonic 
fluctuations in different parts of the environment 
(Miall, 2014). The conditions of sandstones 
formation are very different. In study sections, 
sandstones mostly belong to tidal environments due 
to lack of fossil, sedimentary structures and the 
presence of Fe-oxide (Hematite). Regarding the 
tectonic status of the area at the time of middle 
Jurassic (Wilmsen et al., 2010), the components, 
sedimentary structures and low to moderate textural 
and compositional maturity of the studied 
sandstones, seem to be formed under the effect of 
river and sometimes marine currents. The 
sandstones can be deposited during the traction-
suspension mechanisms (Khalifa & Catuneanu, 
2008; Javidan et al., 2015). Presence of Fe-oxide in 
the studied sandstones represents their deposition in 
the relatively shallow and oxygenated conditions. 
 
Carbonate facies association 
Lagoon facies (L1-L5) 
Subfacies L1: Peloid wackestone/packstone. 
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Allochem in this subfacies includes mostly pellet 
and peloid, in which their frequency is about 30 to 
60 percent. Fecal pellets are completely rounded 
and identifiable, but the peloids have various shapes 
and their origin can be mud rocks or other 
allochems crushing. In this subfacies, in addition to 

the peloids, there are skeletal grains such as bivalve, 
gastropod, foraminifera and algae. Also, sand 
grains, which are mostly quartz, have sometimes a 
considerable frequency and show the coastal 
currents carrying the sand grains to the environment 
(Fig. 5A).  

 

 
Figure 4. Field photo of sedimentary structures and trace fossils of Parvadeh Formation deposits in the studied sections, A: Flaser 
bedding in Mazino section, B: Planar cross-bedding in sandy limestone on Kalshaneh section, C: Planar and trough cross-bedding in 
the sandstones of Mazino section, D: Ripple marks in Mazino section, E: Thalassinoides trace fossil in Chah-e-Kamardoshakh section, 
F: Thalassinoides trace fossil in Kalshaneh section, G: Scolicia trace fossil in tidal flat facies of Parvadeh Formation in south of 
Parvadeh section, H: Planet fossils in Chah-e-Kamardoshakh section. 
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Figure 5. Lagoon facies, A: Peloid wackestone/packstone subfacies and sand particles are mostly formed of quartz (L1), B: Bioclast 
intraclast oncoid grainstone subfacies (L2), C: Oncoid packstone/grainstone subfacies (L3), D: Field photo of oncoid 
packstone/grainstone subfacies (L3), E: Bioclast oncoid grainstone/packstone subfacies (L4), F: Intraclast packstone subfacies with 
various size of intraclasts (L5). 
 

Compaction in some parts causes a change in the 
shape and orientation of pellets. This subfacies is 
light grey to grey in color with lamination in the 
outcrop.  
 
Subfacies L2: Bioclast intraclast oncoid grainstone. 
Allochems existing in this subfacies consist of 
oncoid, intraclast and bioclast. Size of oncoid varies 

and ranges from 0.2 millimeter to several 
centimeters. Oncoids of this subfacies are more 
abundant than other allochems and their size is 
larger than other allochems like bioclast, intraclast. 
Bioclasts are normally bivalve particles and 
sometimes gastropod and foraminifera fragments 
(Fig. 5B). They are medium to thick bedded, grey 
in color and sometimes with lamination in the field. 
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Subfacies L3: Oncoid packstone/grainstone. There 
are oncoids with various forms and sizes in this 
subfacies. The form of oncoids is mostly influenced 
by the type of core and oncoids with bioclast core 
can be seen in elongated form. Other skeletal and 
non-skeletal allochems including ooid, intraclast, 
milliolid and bivalve are observed in this subfacies. 
In this subfacies, the space between allochems is 
filled with micrite and in place with sparry calcite 
cements. Oncoids in some layers have very large 
sizes and are clearly observed in the outcrop (Fig. 
5C and D). 
 
Subfacies L4: Bioclast oncoid grainstone/ 
packstone. In this subfacies, oncoid is more 
abundant than other allochems and interparticle 
space is filled with sparry calcite cement, especially 
blocky and drusy calcite. Other allochems, such as 
peloid and low amounts of intraclast and sometimes 
ooid are observable with oncoids (Fig. 5E). The 
edges of many intraclasts are rounded which 
suggest their transport by currents to this place. 
Low amount of skeletal debris consisting of bivalve 
and foraminifera are present in this subfacies, which 
are affected by micritization in some parts. These 
limestones are medium-grained, grey colored, 
medium- to thick-bedded but in places laminated. 
 
Subfacies L5: Intraclast packstone. The main 
allochem of this subfacies is intraclast (about 45-
50%) with different size and forms which are 
sometimes well-rounded but poorly sorted mud 
fragments (Fig. 5F). Other non-skeletal allochems 
such as oncoid and peloid are observed in this 
subfacies. Oncoids size varies from 1 to >2 mm 
with nuclei of other allochems such as bioclast and 
intraclast. Bioclasts in this subfacies mostly consist 
of gastropod, foraminifera and bivalve fragments 
with different frequencies. In the field, this rock 
type appears fine- to medium-grained, grey-colored 
and medium to thick-bedded (1–3 m). The spaces 
between allochems are filled with lime mud 
affected by diagenesis process (neomorphism, 
compaction and dissolution). 
 
Interpretation (Lagoon Facies) 
These facies are often composed of skeletal and 
non-skeletal allochems (gastropod, framinifera, 
pellet, peloid and oncoid) that belong to low energy 
and restricted environments. But some of allochems 
belong to other environments that probably have 
been carried by currents. Regarding the fact that 

pellets are formed in warm and supersaturating 
water of calcium carbonate (Bjørlykke, 2010), they 
indicate deposition in the back shoal low-energy 
lagoon environment with no effects of sea waves 
(Burchette & Wright, 1992; Adachi et al., 2004; 
Sabbagh Bajestani et al., 2017). Large amounts of 
peloid with lime mud in many facies represent their 
sedimentation in low-energy lagoon environment 
(Adachi et al., 2004). Also presence of micrite 
between allochems shows the formation of these 
facies in a shallow and low-energy lagoon 
environment (Cadjenovic et al., 2008). Texture with 
weak sorting and allochems micritization and 
presence of lagoon bioclasts with normal marine 
bioclasts show their formation in a semi-limited 
lagoon environment (Hallock & Glenn, 1986). 
Also, presence of abundant oncoids in many of 
these facies proves their formation in a low-energy 
and lagoon environment. In general, on the basis of 
the existence of lagoonal bioclasts such as milliolid 
and their accompaniment with tidal flat facies, the 
presence of micrite between particles, development 
of micritization process and bioturbation, these 
facies belong to lagoon environment (Geel, 2000; 
Alsharhan, 2006; Maurer et al., 2009; Badenas & 
Aurell, 2010; Flügel, 2010; Adabi et al., 2010; 
Berra et al., 2019). Oncoidal facies are also 
sometimes attributed to tidal channel deposits 
adjacent to the ooid shoals (Adams & Diamond, 
2019). 
 
Shoal facies (S1-S6) 
Subfacies S1: Ooid grainstone. The main allochem 
in this subfacies is ooid which can be seen in 
various forms and sizes. The forms of ooids are 
radial, superficial, extended and compound and 
their clasticity index ranges from 0.5 to 1.5 Pore 
and interparticle spaces were filled with different 
types of sparry calcite cements including equant, 
drusy, isopachous and sometimes poikilotopic 
cement. Bivalve, brachiopoda, coral and 
echinoderm fragments and also non-skeletal 
components, including intraclast, oncoid and peloid 
with a lower frequency, can be observed in this 
facies (Fig. 6A). This subfacies had relatively good 
textural maturity, roundness and well sorting. They 
are dark grey to grey in color and medium to thick-
bedded sometime with cross-bedding. 
 
Subfacies S2: Intraclast ooid grainstone. Ooid and 
intraclast are the most abundant allochems in this 
subfacies and between allochems has been filled 
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with sparry calcite cement and in some parts with a 
lower amount of micrite. Sand grains, which are 
mostly quartz, are scattered in this subfacies and 
sometimes form the core of ooids. Intraclast is 
almost abundant and their clasticity indices are 
higher than ooids and also have moderate sorting 
and roundness. Many of ooids are under the effect 
of micritization process and usually their internal 
structure has been destroyed (Fig. 6B). This 

subfacies is buff to grey in color and relatively 
thick-bedded with planar cross-bedding. 
 
Subfacies S3: Sandy bioclast ooid grainstone. Ooids 
and bioclast form the main allochems of this 
subfacies. The frequency of ooid is more than 
bioclasts and different types of ooid exist in this 
subfacies which are often affected by micritization. 

 

 
Figure 6. Shoal facies, A: Ooid grainstone subfacies (S1), B: Intraclast ooid grainstone subfacies (S2), C: Sandy bioclast ooid 
grainstone subfacies (S3), D: Intraclast grainstone subfacies (S4), E: Ooid intraclast grainstone subfacies (S5), F: Sandy bioclast 
grainstone subfacies (S6). 
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Bioclasts are mostly consisting of bivalves and 
brachiopoda. In some parts, diagenetic processes 
such as dissolution and silicification influenced 
some allochems. Quartz grains are sporadically 
observable between allochems and between them 
had been filled mainly with sparry cement and 
lower amount of micrite and Fe oxide (Fig. 6C). In 
the field, this subfacies is medium to thick-bedded 
with cross-bedding and sometime bioclasts that 
observed in the surface of layers.    
 
Subfacies S4: Intraclast grainstone. This subfacies 
is abundant in the studied sections and contains 
intraclasts with various dimensions and sizes. Size 
of intraclasts is more than two millimeters in some 
of the studied samples and had been formed with 
the crushing of previous rocks. In this subfacies, in 
addition to intraclasts, skeletal components 
including bivalve, coral, gastropod, echinoderm, 
brachiopod and non-skeletal components such as 
ooid and peloid are observable. The clasticity index 
of intraclasts would reach up to 2 millimeters in this 
subfacies (Fig. 6D). Some of the intraclasts are 
more angular and some have rounded edges. In the 
field, the beds appear as dark grey, medium to 
thick-bedded, cross-bedded and laminated 
calcarenites.  
 
Subfacies S5: Ooid intraclast grainstone. This 
subfacies is found in many of the studied sections 
and there are intraclasts with different sizes and 
relatively low sorting. There are ooids with a high 
frequency inside most of the intraclasts. Between 
allochems is filled with various types of sparry 
cements such as blocky, drusy, granular and 
sometimes poikilotopic. Size of intraclasts ranges 
from less than 0.5 mm to more than 2 mm in which, 
size and type varies in different sections (Fig. 6E). 
This subfacies appears as medium-grained, grey, 
thick-bedded (about 2–3 m) cross-bedded 
calcarenites.  
 
Subfacies S6: Sandy bioclast grainstone. Bioclast 
grainstone subfacies are one of the most abundant 
available subfacies in the studied sections. Small to 
large-size skeletal components consist of coral, 
bivalve, echinoderm, brachiopod, gastropod with a 
lower amount of bryozoans are exist in this 
subfacies (Fig. 6F). Coral fragments, bivalve, 
brachiopod are larger than the other components 
and this fossil can be separately seen in the outcrop. 
The non-skeletal components such as intraclast, 

ooid and peloid can be seen between the skeletal 
components with a different frequency. The beds 
are grey, medium to thick-bedded with fossil 
fragments. 

The space between allochems has been filled by 
different types of sparry cement. Some of the 
allochems such as ooids and skeletal grains had 
been affected by micritization and their primary 
structure has been destroyed. Some diagenetic 
processes like dissolution and replacement can also 
be seen in some parts. 
 
Interpretation (Shoal Facies) 
Well-washed grain-supported grainstones with 
sparry calcite cement show shallow marine high 
energy conditions. Absence or low amount of 
micrite between allochems shows the continuous 
flow of water and consequently washed-up micrite 
(Flügel, 2010; Koehrer et al., 2010; Bover-Arnal et 
al., 2009; Bayet‐Goll et al., 2018). The roundness 
of the main components and their moderate to good 
sorting could reflect shallow-water high-energy 
bioclastic shoals environment (Pleş et al., 2019). 
Availability of open marine skeletal allochems such 
as echinoderm, coral and brachiopod in the ooid 
and intraclast grainstone facies shows the 
deposition of these subfacies in shoal areas towards 
the open marine (Flügel, 2010). Peloid is also one 
of the other important components of these facies. 
The existence of peloid with granular sparry calcite 
and drusy cement represent their movement from 
the low-energy to high-energy environment and 
then deposition in high-energy shoal environments 
(Carozzi, 1989; Sinclair et al., 1998). Bryozoan 
fragments also exist in some of the subfacies. 
Regarding that Bryozoan can usually live and grow 
in low light conditions, in addition to the existence 
of micrite between grains and lack of red algae, it 
can be concluded that this facies was formed in a 
low energy oligophotic and mesophotic 
environment (Pomar, 2001). The frequency of 
echinoid in many subfacies shows their formations 
in open marine environments (Flügel, 2010). 
However, in some of the subfacies, there are some 
lagoonal bioclasts which have probably been 
carried to this environment by currents. The 
dominance of moderate to high abrasion and 
fragmentation of macrofossil shells, their horizontal 
concave-down arrangement and coarse size of the 
bioclasts indicate high-energy selective transport 
(Armenteros et al., 2019). Biclaste ooid grainstone 
subfacies represent shoal and shoal to lagoon 
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environment with high energy conditions (Flügel, 
2010; Koehrer et al., 2010; Pleş et al., 2019). Ooid 
grainstone is related to shoal environment and 
indicates sedimentation in FWWB (Alsharhan, 
2006; Maurer et al., 2009; Koehrer et al., 2010; Bai 
et al., 2017). 
 

Open marine facies (O1-O3) 
Subfacies O1: Bioclast wackestone/packstone. 
Bioclast components in this subfacies consist of 
brachiopod, bivalve, echinoderm, coral and 
sometimes lower amount of gastropod and 
foraminifera. Micrite filled the space between grains 
and sometimes compaction caused the compression 
of allochems and created suture contact. Bioturbation 
could be sporadically observed in this subfacies 
which was filled by micrite. The rocks are medium to 
thick-bedded, light grey to grey-colored and 
sometimes bioclast are observed in the hand sample. 
Micritization affected some of the bioclasts, 
especially echinoderm fragments (Fig. 7A and B).  

Dissolution of the bioclasts in some parts shows 
the aragonite and calcite with high magnesium 

composition of them which have high solubility 
(Farry & Van Hassel, 2007). This process can be 
seen in bivalve and gastropod fragments.  
 
Subfacies O2: Peloid wackestone. Peloid and 
bioclast are the main allochem in this subfacies and 
the space between them is filled with micrite. 
Sporadic bioclasts in this facies consist of 
echinoderm, brachiopod and bivalve. Bioclasts in 
this facies consist of open marine fauna such as 
echinoderm, brachiopod and bivalve. Bioturbation 
can be seen in this subfacies and sometimes the 
clastic grains which are mostly quartz are 
observable (Fig. 7C). They are gray to buff in color, 
medium- to thick-bedded, mostly non laminated 
and homogeneous. 
 
Subfacies O3: Mudstone. This subfacies has a low 
amount of bioclast (about 2 to 6 percent), consisting 
of small fragments of brachiopod, bivalve and 
sponge needle and sometimes echinoderm, 
belemnite and ammonite (Fig. 7D).  

 

 
Figure 7. Open marine facies, A: Bioclast wackestone subfacies with brachiopoda, echinoderm and bivalve fragments (O1), B: 
Bioclast packstone subfacies (O1), C: Peloid wackestone subfacies (O2), D: Mudstone subfacies (O3). 
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Lamination and low amount of bioturbation can 
be observed in this subfacies. Mudstones are light 
grey to grey, thin-bedded, laminated and with low 
fossils in the field. 
 
Interpretation (Open marine Facies) 
These subfacies mostly contain open marine 
skeletal allochems and fossils such as echinoderm, 
brachiopod, coral and low amount of bryozoan, 
belemnite, ammonite and sponge needles. 
Considering the low energy in this environment, the 
space between allochems is mostly filled with 
micrite. Presence of lamination in the rocks of this 
facies assemblage shows slow energy conditions at 
the time of deposition. Based on the abundance of 
Stenohaline fauna, including bryozoa and 
echinoderms and abundant mud, this facies was 
possibly deposited in a low energy environment 
below the fair weather wave base (Bachmann, & 
Hirsch, 2006; Flügel, 2010). Many of the ramp 
facies that deposited in the photic zone typically 
consist of crinoid, brachiopod, bryozoan, and 
bivalve (Burchette et al., 1990; Bai et al., 2017). 
Wackestone facies, with sponge needle are one of 
the many facies which have sedimented in a quiet 
marine environment. Also the presence of high 
amount of micrite shows a quiet and low-energy 
environment. Depositional environment of 
mudstone subfacies, considering its properties is 
outer ramp (Wilson, 1975; Cluff, 1984; Adachi et 
al., 2004; Bover-Arnal et al., 2009; Berbier et al., 
2012). In the deep marine environment due to the 
low energy conditions and low rate of 
sedimentation, there are just fine-grained sediments 
with transferred allochems and clastic-bioclasts 
which are related to the shallow marine 
environment. In addition, some sediment is 
transferred to the environment by the wind (Haq, 
1991; Hueneke & Mulder, 2011). 
 
Depositional Model 
According to the performed investigations, the 
identified facies have deposited in tidal flats, 
lagoon, shoal and open marine environments. These 
facies have gradually transformed to each other in 
many parts and no abrupt change is observed. Some 
of the quick shifts can be due to the erosional 
factors which occurred by the currents. On the basis 
of the absence of frame-building creatures such as 
coral, presence of abundant amounts of ooid 
grainstones, gradual change in facies and their no-
sudden change, a carbonate ramp model is proposed 

for the study deposits (Burchette & Wright, 1992; 
Elgadi & Brookfield, 1999; Brachert et al., 2001; 
Pomar, 2001; Aurell et al., 2003; Corda & 
Brandano, 2003; Bai et al., 2017). In the studied 
facies, there are some corals which belong to patch 
reef and are formed in the ramp environment 
(Ehrenberg et al., 2002; Alsharhan, 2006) (Fig. 8). 
 
Sequence stratigraphy 
Sequence stratigraphy includes identification and 
correlation of changes in depositional trend of the 
rock successions (Embry, 2002). Identification and 
analysis of depositional sequences and sea level 
changes were done according to Van Wagoner et 
al., (1988, 1990) and Catuneanu et al., (2009, 2011, 
2013) and were accurately performed in all 
sections. Factors such as performance between the 
amount of sediment supply, basin floor 
physiography and relative changes of sea level, 
controlled and affected sediments deposition and 
their temporal as well as spatial expansion. Relative 
changes in sea level are controlled by both of 
eustatic fluctuations and subsidence or uplift of 
basin floor (Ketzer, 2002). Various factors such as 
lithology, sedimentary structures and textures, 
microfacies and lateral changes in microfacies can 
help to identify depositional sequences (Catuneanu 
et al., 2009, 2011, 2013; Yilmaz & Altiner, 2007). 
In this study, two third-order depositional 
sequences and sea water level fluctuation were 
identified by detail facies studies and compilation 
of field and microscopic evidence. These two 
sequences were precisely investigated in studied 
sections and are discussed as follow. 
 
Depositional Sequence 1 (DS1) 
In Kal-e-Shur section, the lower boundary of this 
sequence with the Hojedk Formation is erosional 
(SB1) and the sandstones of Parvadeh Formation 
are located on the shale and sandstones of Hojedk. 
These sandstones are mostly litharenite and 
sublitharenite and after them, sandy bioclast ooid 
grainstone of shoal environment are deposited due 
to the sea level transgression. After that during sea 
water transgression, open marine bioclast ooid 
packstone facies has been deposited and formed 
maximum flooding zone (MFZ). Then sea water 
regression has occurred and highstand system tract 
(HST) deposited. The thickness of the first 
sequence in Kal-e-Shur section is about 33 meters. 
The boundary of this sequence with the DS2 is due 
to the presence of erosional evidences of the 
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sequence boundary type 1 (SB1) (Fig. 9 and 10). In 
Mazino section, the first sequence boundary with 
Hojedk Formation is erosional type and the red 
conglomerates of lowstand system tract (LST), are 
located on Hojedk Formation deposits. After that, 
the sea water transgressed and sand intraclast 
bioclast grainstone facies, ooid grainstone and 
bioclast ooid intraclast grainstone of transgressive 
system tracts (TST) were deposited. Maximum 
flooding zone is formed by deposition of in traclast 
bioclast packstone facies and then highstand system 

tact deposits HST, including shoal facies was 
formed. The thickness of this sequence is almost 40 
meters and the upper boundary of this sequence 
with the second sequence DS2 is SB2 type (Fig. 
11). In the Chah-e-Kamardoshakh section (Abbas 
Abad), DS1 is located on the Hojedk Formation 
deposits with erosional boundary (SB1). This 
sequence begins with sandstone facies, belonging to 
tidal flats and continued with a slow transgressive 
and formation of TST deposits. 

 

 
Figure 8. Ramp model of Parvadeh Formation deposits. Based on facies and their lateral and vertical changes, a ramp model is 
proposed for the Parvadeh Formation. These facies was formed in tidal flat to open marine environment. 
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Figure 9. Signs used for skeletal and non-skeletal allochems, 
facies, sedimentary structures in sequence stratigraphy column, 
Figures 10 to 15. 

 
Maximum flooding zone was formed by deposition 
of bioclast and intraclast ooid grainstone subfacies 
belonging to shoal environment on the tidal and 
lagoon facies. Then, sea level has been relatively 
stable and the lagoonal facies of HST has been 
deposited. These facies mainly consist of biolclast 
packstone containing pellet and intraclast and sandy 
bioclast oncoid wackestone/packstone. The 
thickness of this sequence is about 17 meters (Fig. 
12). In the south of Parvadeh section with 80 meter 
thickness, two third-order depositional sequences 
were identified considering the facies changes and 
sea level fluctuations. Sequence one (DS1), with a 
38-meter thickness, is formed of LST, TST, and 
HST. The lower boundary of the sequence is 
erosional type (SB1), which includes conglomerate 
in its base and is erosionally located on the Hojedk 
Formation facies. LST is mainly formed of 
conglomerate and sandstone and shales related to 
tidal flat in the base of sequence, showing the sea 
level fall in the upper boundary of Hojedk 
Formation and after that, sea level beginning to 
transgressive. After deposition of these facies, sea 
level transgression started and carbonated facies of 
lagoon and shoal environments, including 
wackestone, packstone and bioclast, intraclast and 
ooid grainstones with low amounts of oncoid, 
deposited on the mainly clastic facies of tidal flats. 
Maximum flooding surface mainly includes 

grainstone subfacies, related to the shoal 
environment, after which the sea has fewer 
fluctuations and HST is formed with deposition of 
shoal and lagoon facies. The boundary of this 
sequence with the second sequence (DS2) due to 
the absence of erosional evidence is considered as 
sequence boundary type 2 (SB2) (Fig. 13). In the 
Sikhuri section, the first sequence (DS1) is located 
with an erosional boundary and angular 
unconformity on the limestones and dolomites of 
Jamal Formation. This sequence begins with high 
energy and shoal facies consisting of intraclast ooid 
grainstone, calcareous sandstones, bioclast ooid 
grainstone and after the marine transgression, shoal 
and open marine facies, such as sandy ooid bioclast 
grainstone/packstone and intraclast ooid 
packstone/grainstone of TST have deposited. 
Maximum flooding surface in this sequence 
includes open marine facies (ooid bioclast 
grainstone/packstone). After the transgression, HST 
has deposited with formation of the shoal and 
channel facies, showing the gradual regression of 
sea level and based on channel facies formation, the 
boundary of this sequence with the second 
depositional sequence (DS2) is erosional (SB2) 
(Fig. 14). The lower boundary of this sequence with 
Hojedk Formation in Kalshaneh section is erosional 
type SB1 and the red conglomerates in its base 
make LST facies. After this system tract facies, 
tidal flat sandstones and mudstones, and in the 
following shoal intraclast ooid grainstone facies 
were deposited and formed TST. Maximum 
flooding zone (MFZ) was formed by deposition of 
open marine bioclast wackestones containing 
bioclasts and then, with deposition of shoal and 
tidal flat deposits, highstand system tract (HST) was 
formed. The thickness of this sequence is about 22 
meters and its boundary with the upper sequence is 
of non-erosional type (SB2) (Fig. 15).  
 
Depositional Sequence 2 (DS2) 
Second sequence in Kal-e-Shur section begins with 
deposition of tidal flat sandstones and continues by 
transgression of the sea level and deposition of the 
lagoon and shoal facies (TST). Maximum flooding 
zone in this sequence is formed by shoal intraclast 
bioclast grainstone subfacies. HST in this sequence 
is mostly formed of lagoonal facies which its upper 
boundary with shale and marl facies of 
Baghamshah Formation is SB2. (Fig. 10). In 
Mazino section, this sequence is mostly consisting 
of lagoonal oncoid/peloid wackestone/packstone 



Depositional environment and sequence stratigraphy of siliciclastic - carbonate …             319 

 

subfacies and shows low sea level fluctuations, 
gradual transgression and formation of TST facies. 
Maximum flooding zone (MFZ) in this sequence 
consists of shoal intraclast grainstone/packstone 
subfacies. Highstand system tracts (HST) in this 
sequence, mostly consists of lagoon facies located 

below Baghamshah Formation with a type 2 
sequence boundary (SB2) (Fig. 11). In Chah-e-
Kamardoshakh (Abas Abad), this sequence is 
situated on the sequence one with a non-erosional 
boundary SB2. 

 

 
Figure 10. Sequence stratigraphy of Parvadeh Formation in Kal-e-Shur section. 
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Figure 11. Sequence stratigraphy of Parvadeh Formation in Mazino section. 

 
In the following, the lagoonal facies including 

bioclast intraclast packstone with low amounts of 
oncoid, oncoid intraclast packstone, pellet intraclast 
packstone with oncoid, are deposited and during 

transgressive of sea level, shoal facies, including 
intraclast grainstone/packstone with bioclast are 
deposited and form maximum flooding zone 
(MFZ). Finally, the sea started to regress and the 
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lagoon facies of HST were deposited. This 
sequence gradually with non-erosional boundary 
located below the shale and marl deposits of 
Baghamshah Formation. The thickness of this 

sequence is 36 meters (Fig. 12). In South of 
Parvadeh section, sequence two (DS2), with 42-
meter thickness, is deposited on the sequence one 
(DS1) with non-erosional boundary.  

 

 
Figure 12. Sequence stratigraphy of Parvadeh Formation in Chah-e-Kamardoshakh (Abbas Abad). 
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Figure 13. Sequence stratigraphy of Parvadeh Formation in south of Parvadeh section. 
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Figure 14. Sequence stratigraphy of Parvadeh Formation in Sikhuri section. 

 
This sequence begins with LST which mostly 

consists of facies belonging to tidal flat and lagoon, 
and after that, by transgressive the sea level, TST 

has formed which mostly includes lagoon, shoal, 
and open marine facies. These facies include sandy 
intraclast pellet bioclast wackestone, bioclast 
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wackestone/ packstone, sandy peloid wackestone/ 
packstone and sandy mudstone. Maximum flooding 
zone is mainly formed of open marine mudstone, 
wackestone and packstone facies. After TST, sea 

level has low fluctuations and HST is formed by 
deposition of sandy mudstone, bioclast pellet 
wackestone/ packstone and bioclast wackestone, 
which mainly belongs to open marine environment.  

 

 
Figure 15. Sequence stratigraphy of Parvadeh Formation in Kalshaneh section. 
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Figure 16. Small-scale shallowing and deepening cycles that mostly observed in the Parvadeh Formation successions (A) and different 
stages of sea level fluctuation that identified in depositional sequences based on Catuneanu, 2006 & Catuneanu et al., 2009 (B). 
 

In general, facies related to DS2 in South of 
Parvadeh section are formed in deeper environment 
suggesting that the basin is becoming deeper. After 
this depositional sequence, shale and marls of 
Baghamshah Formation continuously and non-
erosionally have deposited on carbonated facies of 
Parvadeh Formation with second-typed sequence 
boundary (SB2) (Fig. 13). In Sikhuri section, 
sequence two (DS2) consists of TST and HST. This 
sequence begins with shoal and channel facies such 
as calcareous litharenite (calcarenite), intraclast 
ooid packstone/grainstone and continues with shoal 
and open marine facies including calcareous 
sandstone, intraclast ooid packstone, intraclast ooid 
grainstone (TST). Maximum flooding zone is 
related to deposits of shoal and open marine facies 
which composed of intraclast ooid packstone/ 
grainstone subfacies with bioclasts. After the 

maximum transgressive, small-scale fluctuations 
took place in the sea level and HST was formed 
with lagoon, shoal and open marine facies. In this 
sequence, facies properties mostly represent their 
formations in relatively high energy environments 
and appropriate conditions for open marine fauna 
(Fig. 14). In Kalshaneh section, DS2 begins with 
deposition of lagoonal facies and continues by 
transgression of sea level and deposition of shoal 
facies. Finally, Maximum flooding zone is specified 
by deposition of open marine intraclast wackestone 
subfacies containing pelecypod and brachiopoda 
fragments. HST in this sequence consists of semi-
restricted lagoon and shoal facies which have been 
deposited due to sea level fluctuations. Boundary of 
this sequence with deposits of Baghamshah 
Formation is non-erosional SB2 sequence boundary 
and its thickness is about 33 meters (Fig. 15). 
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Sequences correlation and sea level fluctuation 
The correlation of depositional sequences, surfaces 
and systems tracts is useful for better understanding 
the depositional history of mixed carbonate-
siliciclastic complexes (Cateneanu et al., 2011). In 
this study as discussed, in all depositional 
sequences, several small-scale shallowing and 
deepening upward cycles have been identified, 

including tidal flat, lagoon, shoal and open marine 
facies. In shallowing-upward cycles, usually tidal 
flat and lagoon facies deposited on shoal and open 
marine facies. But in deepening-upward cycles 
shoal and open marine facies deposited on lagoon 
and sometimes tidal flat facies. The general 
characteristics of the depositional sequences in the 
study sections are illustrated in Fig. 17. 

 

 
Figure 17. All of Sections, the boundary of DS2 with Baghamshah Fm is SB2, but in this figure, boundary was written SB1. 
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Figure 18. Paleogeographic and geodynamic model for the studied area in Tabas block at the time of Late Bajocian – Callovian (not to 
scale; CEIM, Central–East Iranian Microcontinent) (modified from Thierry, 2000; Wilmsen et al., 2009b). 
 

Interplay of various autocyclic or allocyclic 
mechanism such as tectonic, eustasy, subsidence, 
and sediment accumulation has been responsible for 
generating the high-frequency cycles. These small-
scale cycles led to recognition of medium to large-
scale cycles (Catuneanu et al., 2009, 2011, 2013; 
Bai et al., 2017). In Kal-e-Shur section, first 
sequence (DS1) is mainly formed of tidal flat and 
channel sandstones and at the end of sequence is 
mainly shoal and less amount of open marine facies 
(Fig. 17). In the second sequence (DS2), TST 
consists of shoal facies and HST is mostly lagoon 
facies. In Mazino section, facies are mostly related 
to shoal in sequence one (DS1) and in sequence two 
(DS2), they belong to lagoon environment. In 
Chah-e-Kamardoshakh section, in DS1 and DS2, 
most of facies belong to lagoon and somewhat shoal 

environments. In the south of Parvadeh section, 
DS1 is mostly formed of tidal flat sandstones and 
less amounts of lagoon facies at the end of 
sequence. At the time of DS2 formation in this 
section, sea level transgression has taken place and 
the open marine facies had been deposited. 
Sequences one and two in Sikhuri section mostly 
composed of shoal facies and less amount of lagoon 
and open marine facies. In Kalshaneh section, 
sequence one (DS1) is mostly composed of tidal flat 
and lagoon facies and sequence two is mostly 
formed of shoal facies and fewer amount of lagoon 
and open marine facies. Generally, according to the 
detail studies and the presence of facies in the 
studied sections, transgressive of sea level is 
observed from lower part to the upper part in the 
studied sections, which conforms to the sea 
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transgression in a global scale (Haq et al., 1987; 
Halam, 1988). Most facies in these sections belong 
to shallow marine environment from tidal flat to 
lagoon and open marine, of which tidal flat facies, 
lagoon and shoal have more frequency. Various 
factors can be effective in sea level changes in a 
region such as intra-basin and extra-basin factors 
like tectonic status, global changes in sea level and 
glaciers forming or melting (Husinec & Jelaska, 
2006; Turner et al., 2012; Catuneanu et al., 2009, 
2011, 2013, 2019; Bai et al., 2017). Regarding the 
paleogeographic maps (Wilmsen et al., 2009b; 
2010) and also paleoclimate investigations, it can be 
mentioned that tectonic and global sea level 
changes more than other factors have affected the 
sea level changes in the studied area. The active 
tectonic status of the Tabas Block and the existence 
of important faults in this region, including the 
Kalmard, Nayband, Cheshme Rustam (a branch of 
the Nayband fault) faults, have had a relatively 
large impact on the deposition of siliciclastic and 
carbonate sediments in this area (wilmsen et al., 
2009b; Nazemi, 2013) (Fig. 18). The high thickness 
of detrital sediments in the Kalshaneh and Kalshour 
stratigraphic sections which are closer to the Yazd 
block and the Kalmard fault, indicate that these 
sediments have been originated from this block. 
The absence of siliciclastic sediments in the Sikhuri 
section can be attributed to the Shotori uplift 
relative to other Tabas subzones. In general, global 
sea level changes, Mid-Cimmerian tectonic events, 
Sediment supply, and local tectonic activities are 
important factors that have affected sedimentation 
of siliciclastic and carbonate deposits in the studied 

sections (e.g. Carpentier et al., 2007; Badenas et al., 
2010; Bosence et al., 2009). 
 
Conclusion 
Parvadeh Formation deposits (Bathonian), in the 
studied sections contained high variety of facies and 
formed in a marine carbonate ramp. These deposits 
contain skeletal and non-skeletal allochems which 
were formed in tidal flat, lagoon, shoal and open 
marine environment. Skeletal allochems show semi-
restricted marine environment to open marine 
conditions. Variety in size of allochems, type of 
cements and their different textures show changes in 
the environments’ energy level and depositional 
conditions during the formation of these depositional 
sequences. Presence of mixture siliciclastic 
(conglomerate and sandstone) and carbonate 
sediments and their sedimentary structures show the 
effect of waves and currents on the depositional 
environment. Detailed investigation of sedimentary 
facies and their integration with field and 
experimental observations led to identification of two 
third-order depositional sequences (DS1 and DS2). 
These facies are mostly abundant in transgressive 
systems tracts (TST) and highstand systems tracts 
(HST). Regarding these properties, sequence 
stratigraphy column and sea level fluctuations 
diagram in the study area have been drawn. Interplay 
of intra- and extra basin factors, such as tectonic, 
climate changes, local subsidence episodes and 
global sea level changes have been effective in these 
fluctuations during the Bathonian time. 
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