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Abstract: The Lower Cretaceous carbonates succession (Shurijeh and Tirgan formations) in west Kopet-Dagh basin (NE-
Iran) was examined to study the diagenetic modifications. Various diagenetic processes were controlled by the original 
facies characteristics, carbonate mineralogy, climatic condition, sea-level fluctuations and burial history.Four types of 
dolomite are identified including 1: microcrystalline matrix replacement dolomite (xenotopic, D1), 2: fine to medium 
euhedral-to subhedral crystalline matrix replacement dolomite (D2e), 3: fine to medium euhedral-to subhedral 
porphyrotopic crystalline matrix replacement dolomite (D2p), and 4: fracture filling, euhedralto subhedral dolomite (D3). 
All dolomite samples were analyzed for carbon and oxygen stable isotopes. The microcrystalline dolomites (xenotopic, D1) 
define a relatively wide range of δ O values from 0.3 to -4.52‰V-PDB (pee dee belemnite), and narrower range of δ C l8 l3

values from 1.96 to 3.20‰V-PDB, which are slightly depleted compared with the original isotopic signatures for the Lower 
Cretaceous marine dolomites. The planar-e dolomites (fine crystals) in the matrix show δ O and δ C values ranging from -l8 l3

2.17 to -5.33‰ and 3.20 to 3.50‰ V-PDB respectively. Dolomitized orbitolinid and euhedral mosaic dolomite crystals 
with planar boundaries (D2e, medium crystals) show depleted δ O and δ C values ranging from -8.12 to -4.11‰ and 0.3 to l8 l3

3.34‰ V-PDB respectively. Fine crystal dolomites (D2e) formed during early burial and could be considered as 
recrystallized forms of D1 dolomite. Fluids responsible for the formation of medium crystals dolomites (D2e, medium) and 
orbitolinid filled dolomite (D2e), suffered higher temperature due to increasing the burial depth. Consequently, heavier δ O l8

values of finer dolomite crystals and elevated temperatures to lighter δ O values indicate in higher burial depths that led to l8

coarser euhedral crystals during dolomitization. 
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INTRODUCTION

Diagenetic history of recent and ancient carbonate platforms is 
controlled by changes in ocean chemistry, biotic mineralogy, 
depositional facies and burial history together with changes in 
climatic conditions and sea-level changes (Moss &Tucker 
1995; Tewari . 2007, Tewari & Tucker 2011). Periods of et al
emergence and flooding of a platform controlled by eustatic 
and/or tectonically induced changes in relative sea level that 
can produce significant variations in the patterns of diagenesis 
(Hird & Tucker 1988). Climate has been shown to exert a 
major control on early diagenetic history (Wright 1988). 
Berner (1981) recognized that changes in ocean chemistry, 
particularly sulphur and oxygen content, is a major influence 

on early diagenesis of a sediment. Other factors such as degree 
of bioturbation (Maynard 1982), sedimentation rate (Curtis 
1977; Scotchman 1991), organic content (Maynard 1982), 
grain size and sorting, and detrital composition (Stonecipher 
& May 1989) are also play important roles in diagenesis 
process.

 The Kopet-Dagh intracontinental basin of northeast Iran 
and southern Turkmenistan formed after the closure of 
Paleotethys (Hercynian) Ocean, which caused by the 
convergence of the Iranian and Turanian plates (Berberian & 
King 1981; Ruttner 1993; Alavi  1997). During the Late et al.
Jurassic and Early Cretaceous time, due to retreat of sea 
toward the northwest, siliciclastic red beds (Shurijeh 
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Formation) were deposited in fluvial depositional systems in 
the east Kopet-Dagh basin (Moussavi-Harami & Berener 
1993). Nevertheless, deposition of marine carbonates 
continued in the west to form the Zard Formation. Therefore, 
Lower Cretaceous deposits in the Kopet-Dagh basin change 
from fluvial siliciclastics in the east (Shurijeh Formation) to 
marine carbonate in the west basin (Zard Formation). Shallow 
marine carbonate of the Tirgan Formation overlies both 
Shourijeh and Zard formations.There are many studies on the 
Shourijeh siliciclastic Formation in the East and Central parts 
of the basin (i.e. Moussavi-Harami & Brenner 1992; 
Mortazavi . 2013), however, no detailed studies on et al
diagenesis and stable isotopes were attempted by earlier 
workers. The aim of this study is to distinguish the diagenetic 
phenomena in the Lower Cretaceous carbonates in the west of 
Kopet-Dagh basin,and to document the distribution of 
different dolomite types using combination of petrographic 
and geochemical and stable isotopic techniques.

GEOLOGICAL SETTING 
Iran is a part of Alpine-Himalaya orogenic belt, which is 
compressed between the Arabian (southwest) and Turan 
shields (northeast). The Iranian plate is divided into a number 
of tectono-stratigraphy units (e.g. Berberian & King 1981; 
Lyberis & Manby 1999; Hollingsworth . 2006; Ramazani et al
Oomali  2008) that includes the Kopet-Dagh Basin in et al.
northeast Iran (Fig. 1), which forms the northern end of Iranian 
part of the Alpine-Himalayan orogenic belt. A thick Mesozoic 
to Tertiary succession (up to 8,000 m thick in NE Iran and 
17,000 m thick in Turkmenistan) was subsequently folded 
during the late Alpine-Orogeny during the Neogene to 
Quaternary (Ramazani Oomali  2008). A relatively et al.
continuous succession is  recorded by five major 
transgressive-regressive sequences from Jurassic through the 

Fig. 1. Geographical location map of the study area in NE Iran. Inset box shows the location of measured stratigraphic 

Miocene time (Moussavi-Harami & Brenner 1992). The 
Shurijeh (Late Jurassic to Barremian) and Tirgan (Baremian to 
Aptian) formations are exposed in continuous east-west 
outcrops, in the Kopet-Dagh Basin. These formations in the 
western parts of the basin, Chaman-bid section located about 
60 km southwest of Boujnord city, were studied in detail (Fig. 
1). The Shurijeh and Tirgan formations are 663m thick in the 
studied section, which are characterized by marls, limestones, 
dolomites,  evaporates  (gypsum),  sandstones  and 
conglomerates (Fig. 2). The lower part of the Shurijeh 
Formation (150 m thick) consist of argillaceous micritic 
limestones with thin layered dolomite-evaporate (gypsum), 
and the upper part of the Formation (288 m thick) consist 
limestone, marl and sandstone in Chaman-bid section. Tirgan 
Formation (225 m thick) at top of the studied succession 
consists of massive limestones with algae and orbitoline 
fragments. 

MATERIALS AND METHOD  
Present study is based on field observations and petrographic 
investigation of 386 carbonate samples collected 
systematically in stratigraphic order both in Shurijeh and 
Tirgan formations in Chaman-bid section in NE Iran. Facies 
analysis, sedimentary environment and diagenetic features of 
the Lower Cretaceous sediments were conducted based on 
microscopic observations using standard petrographic 
techniques. Thin sections were stained with a solution of 
Alizarin Red-S (Dickson 1966) to distinguish calcite from 
dolomite. Scanning Electron Microscope (SEM) observation 
and analysis were carried out by operating LEO1450VP in 
central geochemical laboratory in Ferdowsi University of 
Mashhad. Samples were classified according to Dunham 
(1962) and dolomites were classified on the basis of Sibley & 
Gregg (1987), Mazzullo (1992) and Friedman (1965). Stable 
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microfacies were identified that include tidal flat/beach 
siliciclastic and peritidal flat carbonates, lagoonal (restricted 
and open lagoon) carbonates, high-energy shoals and open-
marine carbonates (Table 1). Different diagenetic processes 
were conducted according to various facies in the studied 
succession. Micritization is observed in bioclast packstones 
and grainstones microfacies (Fig. 4a). In the grainstone 
microfacies, after micritization, some marine isopachous rim 
cement formed around different grains (Fig. 4b). Syntaxial 
overgrowth cement and compaction are dominantly present in 
packstones and grainstones microfacies (Figs. 4c, 5a-f). Large 
crystals of blocky and equant calcite cements are commonly 
present in high energy microfacies (Fig. 4d, e). In mudstones 
and packstones microfacies (lagoonal carbonates), dominant 
diagenetic process are dissolution and neomorphism (Fig. 4f). 
Ooids are mostly spheroidal to ellipsoidal grains in the studied 
area. The majority are superficially coated grains ooids with a 
nucleus and some ooids are radial or concentric laminated. 
Some of them were trans shaped to spilled ooids by physical 
compaction (Fig. 5c). Microcrystalline dolomites (D1) almost 

isotope analysis was performed on 26 dolomite samples that 
were carefully removed from hand specimens using a dental 
microdrill. The drilled powders were sent to the geochemical 
laboratory of Kyushu, University of Japan, where the 
untreated sample powders were reacted with 100% H PO  at 3 4

50ºC for 72h in an off-line vacuum line. The extracted CO  2

was analyzed on a Thermo Finningn Delta Plus with Gas 
Bench II mass spectrometer. Oxygen isotope values were 
corrected for dolomite/phosphoric acid fractionation (Sharma 
& Clayton 1965). The δ C and δ O values were reported in 13 18

per mil (‰) relative to the Vienna-PeeDee Belemnite (VPDB) 
standard; with analytical precision of ±0.1‰ for δ C and ± 13

0.15 ‰ for δ O.18

RESULTS

Carbonate microfacies

Carbonate facies were identified based sedimentary structures 
in outcrops, and faunal assemblages, textures and 
microfaciespetrographic study (Figs. 2 and 3). Twenty-one 

Table 1.  Facies description, fossil content, and environmental interpretation of the microfacies types in ramp carbonate.

Facies 
association 

Facies  Component  description  Environmental 
interpretation  

A A1: Marl  
A2: Hybrid sandstone  

A1: Bivalves (Oyster) and 
benthic foraminifers  
A2: Quartz grains and peloids  

-Yellowish brown marl with low 
diversity of     fauna  
-Moderately sorted, sub rounded to 
sub angular, monocrystalline, fine to 
medium in size and straight to slightly 
undulose extinction  

Peritidal flat/beach clastics  

B B1: Mudstone  
B2: Dolostone  
B3: Coarse-crystalline  
       dolostone  
 B4: Stromatolitic 
boundstone  
 B5: Thrombolitic 
boundstone  
B6: Bindstone  

B1: Scattered silt-  to sand-sized 
quartz gains                                                   
B2: A little amount of micritic 
patches and silt-sized quartz 
grains  
B3:-  
B4: Clotted peloids  
B5: Clotted pelloid, benthic 
foraminfers  
B6: Intraclasts, peloids  

-Unfossiliferous mudstone with 
fenestral structures filled with sparry 
calcite  
-Yellowish brown in color, fenestral 
structure filled with sparry calcite  
-Large idiotopic dolomite rhombs  
-  Millimeter thick laminae, generally 
without fossils, alternating white-dark 
bands and voids with clotted peloid  
-Micritic clotted fabric separated by 
patches  of micrite, lacy strings and 
sparry cement

 -
 

Grayish white in colour, alternating 
intraclast-

 
peloidal layers and thin 

clotted micrite layers embedded in 
lime-mud matrix

 

Peritidal carbonates  

C
 

C1: Shale
 C2: Lime-mudstone

 C3: Bioclast peloidal 
 

       
wackestone-packstones

 

C1: Thin-shelled bivalves, 
ostrocods, gastropods, benthic 
foraminifera and spins of 
echinoderm

 C2: Peloids, few benthic 
foraminifers and bivalve 
fragments

 C3: Benthic foraminifers 
(miliolids textularriids, and 
orbitolinids), gastropods, 
bivalves and peloids

-Lamination bedding, gray color
 -Grayish white color, thickly-bedded, 

bioturbated
 -Grayish white in color, hard and 

almost thickly bedded                                                                            

Protected lagoonal 
carbonates 

 (shallow subtidal)
 

contd...
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D
 

D1: Bioclastic packstone
 D2: Green algae 

 
      

wackestone-packstone
 D3: Oolitic packstone

 D4: Bioclastic floatstone 
 

      
with Bacinella-

Lithocodium 
 D5: Boundstone

 

D1: Bivalves, gastropods, green 
algae, benthic foraminifers 
(miliolid textularriids, and 
orbitolinids) echinoderms, and 
peloids

 D2: Calcareous algae 
(dasycladaceans), bivalves, 
benthic foraminifers, gastropods, 
echinoderms and peloids   

 D3: Ooids, peloids, intraclasts, 
oncoids, granular aggregates, 
bivalves, and benthic 
foraminifers  

 D4: Bacinella-

 

Lithocodium, 
corals, sponges, green algae, 
bivalves benthic foraminfers, 
peloids, ooids and oncoids

 D5: Stromatoporoids, sponges, 
green algae, benthic 
foraminifers, gastropods, 
bivalve, and coral                                                                                            

-
 

Dark grey bed, diverse fauna and 
flora, micritic matrix and partly poorly 
washed micritic envelopes

 -
 

Grey bed, diverse fauna and flora, 
partly poorly washed and micritic 
envelopes

 -Light grey in color and thick-bedded 
micritic and partly poorly washed

 -
 

Predominance of microsparitic 
patches of the calcimicrobes, minor 
proportion of micritic discontinuous 
laminations

 -White in color and thin-bedded, lime-
mud dominated carbonate

 

Open lagoon carbonates
 

 
(shallow subtidal)     

 Normal marine 
environment  

     
 

with open circulation,with     

 
low hydrodynamic energy     

E

 

E1: Ooid-peloidal

 
         

packstone-grainstone 

 
E2: Bioclast-peloidal

 
        

grainstone-packstone 

 
E3: Intraclast-peloid-
bioclastic

 
        

grainstones-rudstone 

 
E4: Ooid-intra-bioclastic

 
       

grainstone-rudstone

 

E1: Ooids, peloids, benthic    
bivalves, green algae

 
E2: Peloids, benthic 
foraminifers, bivalves, green 
algae,  ± echinoderm  and 
bryozoa fragments

 
E3: Intraclasts, peloids, bivalves, 
benthic foraminifers, green 
algae, echinoderms, and bryozoa  

 
E4: Ooids, intraclasts, bivalves,                                     
benthic foraminifers, green 
algae,   gastropods, echinoderms 

 

-Predominance of spherical, oval to 
elliptical ooids, concentric and radial 
fabric some nuclei of pelecypod shell 
fragments, and thick cross bedded in 
outcrop

 
-Fine-grained grey thick-bedded, 
cross-bedded

 
-Buff-thick and cross-bedded in 
outcropt

 
-Superficial ooids, spherical or oval in 
shape, various skeletal grains nuclei 
dark grey in color, thick, and cross-
bedded in outcrop                                                                                                    

High-energy shoal Patch 
reef 

 
 

High energy, normal 
marine, 

 
well-oxygenated 
conditions

 

F

 

F1: Orbitolin-peloidal

 
      

packstone-floatstone

 

F2: Echinoid-peloidal 

 
     

packstone

 

F3: Bioclastic wackstone

 

F1: Discoidal rbitolinids, 
echinoderms, bryozoan, 
lenticulinids, and peloids   

 

F2: Echinoderms, bryozoan, 
bivalve and green algae 
fragments, and peloids 

 

F3: Echinoderm and bivalve 
fragments                                                                                     

-Flat-growing forms, large 
length/height    ratios of orbitolinids, 
thin-beded  

 

-Gray color and thin-bedded, presense 
of lime–mud matrix

 

-Presense of lime–mud matrix                        

Open marine

 

Open circulation and

 

low-energy conditions

 

 burial covering the eogenesis, mesogenesis and telogenesis 
spectrum. Major diagenetic features are discussed below with 
particular emphasis on dolomitization.

Micritization

The micritization process is very common in the earliest stage 
of paragenetic sequence of the studied carbonates (Figs. 2 and 
3). Micrite envelopes (5 to 25 μm thick) affected peripheral 
areas of skeletal grains such as bivalve shells, orbitolina, 
foraminifera, and algae as well as non-skeletal grains such as 
ooids. This process is attributed to the activities of micro-
boring organisms at or near the sediment-water interface (Fig. 
4a). In fact, synsedimentary micritization phenomenon appear 
as micritic biocorrosion fringes growing from surface to 
center of grains (Kobluk & Risk 1977; El-Saiy & Jordan 
2007). A marine low energy environment is favored for 
micritization of grains and the formation of a micritic 
envelopes around bioclasts, in various facies (Figs. 4a and 6a).

occurred in the peritidal flat environment, and replaced for 
micrite, allochems and calcite cements in the mud-supported 
facies prior to early compaction. Fine to medium crystalline 
matrix dolomites (D2) mostly occur in grainstone facies. 
Dissolution are mainly observed in some wackestones and 
mudstones, while stylolites (Fig. 5d, e, f) occur in all 
lithofacies. Fractures and filling veins and also pyritization are 
relatively common in many facies.

Diagenetic features 

Evidence for diagenetic process include micritization, 
cementation (isopachous rim, syntaxial overgrowth, equant 
mosaic sparry, blocky, and iron oxide cements), dissolution, 
neomorphism, compaction (physical and chemical), 
bioturbation (boring and barrowing), pyritization, 
dolomitization, fracturing and vein filling. Our evidence 
suggests at least four different diagenetic environments that 
include marine phreatic, meteoric phreatic, mixing zone and 
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Fig. 2. Stratigraphic section and major diagenetic features in the Lower Cretaceous carbonates of the study area (Chaman-bid section).
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Fig. 3. Paragenetic sequence of diagenetic events, processes and setting for the Lower Cretaceous carbonates in west Kopet-Dagh basin. 
The relative timing of diagenetic events and settings are based on the integration of petrographic and geochemical evidence.

Cementation

The cementation process is significantly limited in the studied 
succession (Fig. 2). Four types of calcite cements were 
observed that formed during early to late paragenetic stages 
(Fig. 3) including: 1) isopachous rim (FGC; Fig. 4b); 2) 
syntaxial overgrowth (Fig. 4c); 3) equant (Fig. 4d); and 4) 
blocky calcite cements (Fig. 4e). 

● The isopachous rim cement is first-generation cement, 
and it (FGC) is a rare, inclusion-rich, fibrous to bladed 
isopachous cement (10 to 30 μm thick). The cement 
occurred around some skeletal grains in grainstones (Fig. 
4b). Early diagenesis occurred in a marine environment 
with active circulating water, evidence by an isopachous 
acicular fringe cement precipitated around the grains 
(Flugel 2010). 

● The Syntaxial overgrowth cement commonly surrounds 
echinoderm fragments in the packstones or grainstones 
(Fig. 4c). 

● Equant calcite cements occluding the fractures, part of the 
remaining intergranular pore-space between grains and 
some foraminifers'  chambers in packstones or 
grainstones (Fig. 4d). 

● Blocky calcite cement is formed as coarse crystal up to 
several millimeters in size (Fig. 4e). This cement usually 
occludes primary porosity (fenestrae, umbrella structures 

within skeletal voids) and secondary pore spaces 
develope through the dissolution within the shells 
(geopetal fabric) (Fig. 4f). Equant and blocky cements are 
the most common types of cement (about 90% average 
volume of the studied cements in the succession) (Fig. 2). 

Compaction

Both physical and chemical compactions are other diagenetic 
phenomena that were recognized in studied samples. Physical 
compaction is characterized by rearranged and fractured 
grains under vertical pressure during the first stages of burial. 
Evidence of physical compaction consist of fractured grains, 
plastic deformation and spilled ooids in some samples (Fig. 
5a, c). 

 Chemical compaction is characterized by pressure 
dissolution of the grains and sediments, which is a significant 
source of CaCO  for burial cementation. The pressure solution 3

in our studied samples are caused by the following: (i) planar 
contacts (Fig. 5b), (ii) concavo-convex contacts (Fig. 5c), (iii) 
sutured grain contacts (microstylolites, Fig. 5d) and (iv) 
stylolites (Fig. 5e). The chemical compaction was recognized 
in lime mud that led to development of stylolites (Fig. 5d, e, f) 
in the middle and upper parts of studied succession (Fig. 2). 
Two distinct types of stylolites are distinguished: (1) high-
frequency stylolite with peaks of relatively low vertical 
amplitude (0.1-0.5 mm), and (2) columnar stylolite with high 
vertical amplitude peaks (0.5 mm-1 cm) (Fig. 5e, f). 
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Fig. 5. Photomicrograph of compactional features in plane polarized light; a) physical compaction in grainstone facies that occurs in bioclasts after micritization 
(arrow);  b) chemical compaction, evident from planar contacts between two intraclasts (arrow); c) concavo-convex contacts between two ooid grains 
(arrow); d) sutured grain contacts between grains (microstylolites) (arrow); e) stylolite with low vertical amplitude (arrow) in packstone facies; f) stylolite 
with high vertical amplitude peaks (arrow) in mudstone facies (macro-stylolite).

Fig. 4. Photomicrographs of a) plane polarized light photomicrograph showing micritic envelope (arrow) around bioclasts oyster (oy) and bivalve (bi); b) cross-
polarized light showing acicular isopachous fringe cement (FGC) (arrow) partially occluding the intergranular pore space around the bioclasts 
echinoderm (ech) and ooids (oo) succeeded by syntaxial cementation occluding the remaining pore space; c) cross-polarized light showing irregular 
syntaxial overgrowth of calcite cement (arrow) in optical continuity extending from echinoderm fragment (ech); d) equant calcite cement (arrow) filling 
the intergranular pore space around the bioclasts; e) coarse blocky calcite (arrow) occluding oyster shell (oy); f) geoptal micritic fabrics (gp) and blocky 
cement (arrow) filling intergranular pore space.
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Dissolution

Internal structures of aragonitic organisms such as gastropods 
or some bivalve shells were partially or completely dissolved 
(Fig. 6a). Early dissolution of aragonite may have occurred 
either in seawater or under very shallow burial conditions 
(Palmer  1988; Ferry  2007). The moldic pores were et al. et al.
subsequently cemented by bladed and/or blocky calcite (Fig. 
6a). After partiall dissolution, bivalve's wall subsequently 
collapsed or fractured during early physical compaction or late 
diagenesis. The internal framework of colonial organisms and 
algae may also show such dissolution features (Fig. 6b).

Neomorphism

Some carbonate samples show neomorphism as replacement 
of lime mudstone with coarser crystalline calcite spars and 
replacement of aragonite or high Mg calcite in shell fragments 
by low Mg calcite causing loss to original texture and 
structures (Fig. 6a). Early dissolution of aragonite and high 
Mg calcite might have occurred either in sea water or under 
very shallow burial conditions (Ferry  2007).et al.

Bioturbation

Pervasive bioturbation shows that carbonate sediments were 
deposited in aerobic, and nutrient-rich environments. Both 
bioturbation features boring and burrowing were observed in 
the studied succession. Some algae (Fig. 6b) and mollusks 
exhibit boring. The boring in the skeletal fragments and 
borrowing in the sediments indicate that they formed prior to 
burial, and compaction at an early stage of diagenesis (e.g. 
Pope 2004) (Fig. 6c, d).

Fractures and vein filling

In most cases, fractures have crossed other diagenesis 
products such as previous cements and neomorphed calcite 
(Fig. 6e). Most fractures were filled by blocky calcite cement 
(Fig. 6e) but some of them were filled by iron oxide and 
dolomite (Fig. 6f).

Pyritization

Two types of pyrite morphology occur in the studied area:a) 
the framboidal pyrite that indicate reducing and sub-oxic 
conditions at sedimentation time, b) the cubic shaped pyrite 
represents that replacements in the fine grained limestones 
(Fig. 7a) (e.g. Schulke & Popp 2005). The pyritization process 
observed in all the studied section.

Gypsification

A 40 m thick gypsum bearing interval is present at the lower 
part of the succession, which can be related to meteoric water 
effects during meteoric diagenesis (Fig. 7b). Evaporate 
deposits in the studied area formed in the tidal flat (sabkha) 
facies. Different size anhydrite nodules are diagenetic form of 
evaporates in the sabkha sediments (Warren 1999), which may 
change into gypsum and again to anhydrite based on water 
contents. Low energy condition in this area caused deposition 

of fine grained clay-size and clay mineral deposits such as 
illite-smectite (Fig. 7c, d).

Dolomitization

Most parts of the studied succession have been dolomitized 
(Fig. 2). The dolostone lithofacies vary from fine grain (3 µm) 
dolomicrites to coarse grain dolomite (200 µm). The dolomite 
occurred as both replacement and cements (Fig. 8). 

Dolomite types

Dolomite types are classified (Sibley & Gregg 1987) based on 
their crystal size distribution, either as unimodal or 
polymodal, and their crystal margins as either planar or non-
planar. Four types of dolomite are recognized in the studied 
section: (i) dolomicrite (D1, Fig. 8a, b), (ii) fine-medium 
euhedral to subhedral, planar equant replacive dolomite (D2e, 
Fig. 8c, d), (iii) fine-medium euhedral to subhedral 
porphyrotopic, planar equant replacive dolomite (D2p, Fig. 8 e, 
f), and (iv) fracture-filling euhedral-to subhedral dolomite (D3c, 
Fig. 8g, h). Megascopically, type1 dolomite is fabric-preserved 
and varies from light to dark brown in colour. Microscopically, 
type 1 dolomite is normally cryptocrystalline to finely 
crystalline (5-40 µm), and displays nonplanar-a to planar-s 
xenotopic textures (Fig. 8a, b, c). D2e is a fabric destructive 
replacive dolomite and consists of euhedral-to subhedral 
crystals ranging from 40 to 300 µm where crystals locally 
display cloudy, inclusion-rich cores and clearer rims (Fig. 8d). 
The crystals of type 2 dolomite (D2e) are polymodal and in 
precursor grains are commonly coarser than those in the 
matrix (Fig. 8d). In many samples, D2e crystals change in size 
across stylolites, and dolomite crystals are clustered into 
patches of different sizes. Porphyrotopic dolomite (D2p) is 
fine-medium euhedral to subhedral crystals, scattered in 
micrite matrix (Fig. 8f) and grains in grainstone-packstone 
facies (Fig. 8e). The D3 is fracture filling, coarse (100-350 
µm) euhedral to subhedral crystals (Fig. 8g). Also, this types 
of dolomites nucleate on the rims of pores filled with calcite 
cement and grow towards pore center (Fig. 8h).

Isotope geochemistry

Concerning highly distributed dolomites in the studied 
succession, 26 whole rock dolomite samples were analyzed 
for stable carbon and oxygen isotopes to compare isotopic 
signatures of various dolomites. The δ O and δ C values range l8 l3

from -8.12 to +1.99 and -0.18 to +3.62 V-PDB, respectively 
(Table 2). The xenotopic dolomites define a relatively wide 
δ O compositional range (0.3 to -4.52‰V-PDB), whereas the l8

δ C (1.96 to 3.20‰V-PDB) values lie in a narrow range. l3

δ Ovalues are slightly depleted compared with the original l8

marine signature (Lower Cretaceous marine dolomites, -2.6‰ 
to 1.2‰ SMOW, Veizer  1999). The fine planar-e et al.
dolomites (D2e) in the matrix of samples show δ O and δ C l8 l3

values -2.17 to -5.33‰ and 3.20 to 3.50‰ V-PDB 
respectively. Medium crystal dolomitized orbitolines (D2e-o) 
show depleted δ O and δ C values ranging between -8.12 to -l8 l3



Fig. 6. a) Photomicrograph of collapsed and fractured micritic envelopes and fractured bivalve shell (arrow) material within the internal body chamber following 
partial dissolution of the shell and neomorphism; b) The red algal grain replaced and cemented by calcite and truncated by microboring (arrow) filled by 
peloid micrite; c) Burrowing, Peloidal-bioclastic packstone (ps), within pelloidal-bioclast grainstone (gs); d) Bioturbated wackstone (ws) and packstone 
(ps) fabrics; e) Fractures and vein filling have crossed earlier diagenetic feature. Subhorizontal calcite cemented fracture veins (arrow); f) Fracture veins 
filled by iron oxide and dolomite.

Fig. 7. a) Photomicrograph showing pyrite in lime mudstone (arrowed); b) Field photograph of nodular gypsum gypsification; c) SEM photomicrograph 
showing formation clay mineral in mudstone facies; d) Eds analysis related to part c; e) SEM photomicrograph showing formation clay mineral in 
dolostone facies; f) EDX analysis related to part e.
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4.11‰ V-PDB and 0.3 to 3.34‰ V-PDB respectively 
(Table 2). 

DISCUSSION

Micritization is the first diagenetic process that occurs at the 
sediment-water interface (Adams & Mackenzie 1998) in low-
energy shallow marine settings and low sedimentation rates. 
Isopachous calcite rim cement was formed after micritization, 
and before compaction, either penecontemporaneously or 
immediately after the deposition. Micritization and marine 
cementation are controlled by facies and depositional setting 
of sediments on the platform. For example, lagoonal oyster 
packstones show more micritization and less marine 
cementation compared with shelf-margin bioclast ooid 
grainstones. Presence of equant crystals show low growth 
rate, low fluid flow, low temperature, low amount of CO  and 3

2–

high PCO  conditions (e.g. Tucker 1991). This second-2

generation cement took place during compaction under burial 
conditions (Asadi Mehmandosti  2013; Turpin  et al. et al.
2014). Syntaxial overgrowth cement crystals indicate that 
they may have formed during burial (Flugel 2010). In this 
studies, samples dissolution are related to influence of under 
saturated meteoric waters. Neomorphism is observed in the 
form of dissolution during shallow burial diagenesis that led to 
recrystallization of preexisting high Mg and aragonite lime 
mud (Fig. 3). Physical compaction takes place during the early 
stage of diagenesis (Jadoul & Galli 2008; Ronchi . 2011), et al
but the chemical compaction occurs during mesogenesis 
stage. This is indicated by the presence of diverse forms of 
stylolite in the sample. Fracturing and blocky cementation 
vein filling occur at late stages with deep burial (e.g., Vincent 
et al. 2007), and dolomite continued to be precipitated as  
filling pore spaces in different depths of burial (Tewari & 
Tucker 2011) Framboidal pyrite is interpreted to have formed . 

Fig. 8. Photomicrographs illustrating dolomite types in the studied area; a) microcrystalline dolomite replacing matrix (D1) that has been subjected to 
recrystallization, as indicated by an increase in crystal size; b) SEM image of microcrystalline dolomite; c) microcrystalline dolomite under SEM 
analysis, note to recrystallization; d) Fine and coarse crystalline replacive dolomite (D2e) (black and white arrows respectively); e) Partial dolomitization 
(arrow) in packestone (D2p). Partial dolomitization affected both the micrite matrix and the skeletal fragments; f) partial dolomitization (arrow) in 
mudstone (D2p), the void is filled with calcite cement and coarse crystalline dolomite D3c; g) crystalline dolomite cement accompanied with iron oxide 
cement in a fracture; h) coarse crystalline dolomite D3c, the void is filled with calcite cement.

Table 2. Stable isotope values; O values ranging from -8.12  δl8

to +1.99 and δl3C values ranging from -0.18 to 
+3.62 for the dolomites.

Sample No.               δl3C (‰ PDB)                  δl8O (‰ PDB)                 Type of dolomite             

C44                                 1.71                                - 1.98                                 D2e 
C106                               2.00                                - 0.72                                 D1 
C115                               1.39                                - 2.76                                 D2e 
C120                               1.43                                - 1.30                                 D2e 
C131                              -0.18                                - 3.64                                 D2e 
C146                              1.66                                 - 0.76                                  D1 
C149                              1.49                                - D2e3.04                                   
C150                              1.93                                - 2.13                                  D2e 
C151m  

                         
2.36                                 0.06                                   D1

 
C151f                             1.62                                 - 2.16                                 D2e

 
C201                              2.13                                - 1.21                                   D1

 C202                              1.96                                - 4.52                                   D1
 C211                              2.30                           

     
0.30                                    D1

 C221                              3.20                                - 5.33                                   D1
 C260                              2.93                                - 4.64                  

                 
D2e
 C263m                           3.20                                 - 5.33                                  D2e
 C263or                           0.30                                 - 8.12                                  D2e
 C264m  

                         
3.44                                 - 2.17                                  D2e

 C264or                           3.15                                 - 4.91                                  D2e
 C266m                           3.21

                                 
- 4.47                                  D2e

 C266or                           1.70                                 - 6.91                                  D2e
 C267m                           3.50                             

    
- 4.11                                  D2e

C267or                           3.34                                 - 6.04                                   D2e
C275                              2.82                                - 6.51                   

                 C297                              3.62                               - 4.46                                   D2e
C234                              3.25                                - 5.36                                   D2e

 D2e
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under reducing conditions during early stages of diagenesis 
(Butler & Rickard 2000). Partial replacement of fracture-
filling calcite cement with cubic shapes pyrite in some 
intervals indicate its occurrence during the last stages of 
diagenesis (Hajikazemi  2010).A role of sulphate as an et al.
inhibitor to dolomite formation has been overrated. Sulphate 
appears to be an inhibitor only in relatively low-sulphate 
aqueous solutions, but in sulphate-rich solutions it may 
promote dolomite formation (Machel 2004). Dolomites in the 
carbonate rocks have different origins based on their 
generation condition. Microcrystalline dolomite (D1) has 
formed in inter-tidal to supra-tidal environments. Early 
diagenetic dolomitization is a common feature in cyclic 
shallow-water carbonates throughout the geologic record 
(Rameil 2008). These dolomites are characterized by small 
crystal sizes indicating multiple-site nucleation and relatively 
rapid crystal growth on mud-rich limestone precursors (Sibley 
1982). The textures would suggest that originally fine-grained 
carbonate was replaced by fine dolomite (Tewari & Tucker 
2011).Other dolomites D2e, D2p, and D3c types are 
replacement types based on petrographic evidences such as 
increase in crystal size and planar boundaries (e.g. Reinhold 
1998; Rameil 2008).

 Type-1 dolomite (D1, microcrystalline to finely 
crystalline) consists of replaced, near-micritic to non-planar 
mosaic crystals (Fig. 9a). In many samples, dolomite 
preferentially replaced the matrix, whereas allochems (e.g., 
foraminifera) were left intact (Fig. 9b). This partial 
dolomitization shows a polymodal, planar-e dolomite. In 
some samples oysters and stylolite are preventive for 

dolomitization (Fig. 9c, d). The type 2 dolomite crystals 
invaded the outer boundary of the green algae and shell 
fragment (Fig. 9e, f). Unimodal, planar dolomite has not been 
replaced in oysters, however, replaced mimically in orbitoline 
and matrix (Fig. 9g, h). It has been postulated that unimodal 
size distribution generally results from a simple nucleation 
event and/or a unimodal primary (pre-dolomite) size 
distribution of the substrate (on homogeneously distributed 
nucleation sites combined with uniform growth rates), while 
polymodal size distributions indicate multiple nucleation 
events on a unimodal or polymodal substrate or differential 
nucleation on an originally polymodal substrate (Sibley & 
Gregg 1987). 

Dolomitization history 

Stable isotopes signatures indicate a complex dolomitization 
history (Fig. 3) in the studied carbonate rocks. Two main 
stages of dolomitization can be distinguished: (a) Evaporative 
dolomitization in the lower part of succession which is 
associated with evaporation (anhydritization) (Fig. 2). 
Precipitation of anhydrite is a triggering factor for dolomite 
formation (Hsu & Siegenthaler 1969). Dolomitization fluids 
might have been derived from Mg-rich brines migrating 
through the peritidal carbonates according to the evaporative 
pumping model (Mckenzie . 1980) or the seepage-reflux et al
model (Tucker & Wright 1990). Therefore, a dolomitization 
model, which is related to evaporation is assumed for the 
present study peritidal carbonates of western Kopet-Dagh 
basin. Comparison of the δ C and δ O values of the Chaman-13 18

Bid section dolomites with Allan and Wiggins' data (Fig. 10) 
reveal that early diagenetic dolomitization (D1) with δ O 18

Fig. 9. Photomicrographs showing textures of type of dolomites; a) Dolomite in the lower part of picture (mc) is nonplanar microcrystalline and dolomite in the 
upper part of picture is finely crystalline (fc), which is interpreted as resulting from recrystallization; b) Packstone is partially replaced by rhomboid type 2 
dolomite crystals 'floating' in limestone with mainly grain relicts, (gr) 'floating' in dolomite; c) Type 2 dolomite is medium crystalline and mainly planar-e, 
dolomitization (D2p) front in limestone (ls) is constrained by a bivalve shell; d) Dolomitization (D2p) front in limestone (ls) is constrained by a stylolite; 
e) Scattered fine crystalline type 2 dolomite crystals (fc) invaded the outer boundary of the green algae and shell fragment and occur coarse crystaline 
dolomite (cc); f) The SEM image of black square in figure ‘e’; g) Coarse crystals (cc) of dolomite (D2e) in precursor grains (orbitolinid) are coarser than 
those in matrix (fc); h) The SEM image of figure ‘g’.
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Fig. 10. Cross-plot of δ C and δ O values for Lower Cretaceous dolomites in l3 l8

the studied area. The shift to the lighter δ O values of type 2 dolomite l8

(D2e) is interpreted as the result of increase temperatures during 
progressive burial (Allan & Wiggins 1993).

values are positive than –2.5‰; indicating it probably formed 
in a supratidal environment. (b) Burial of dolomitization 
generated D2e, D2p dolomites that are slightly or probably 
later after generation of D1 dolomite. These dolomites (D2) 
predominantly occurs in grainstone facies. Oxygen 
fractionation is governed by dolomitization temperatures 
(Ferry  2011), so temperature increases can be sufficient et al.
to explain the depleted δ O signature of the dolomite cements l8

(Jacquemyn  2014). Crystal size and strong negative δ O et al. l8

(with δ O values more negative than –6.5‰) signatures of the 18

investigated dolomites indicate that the dominant 
dolomitization stage took placed under the burial conditions 
(Fig. 10) (e.g. Allan & Wiggins, 1993).Stabilization of former 
dolomite crystals during shallow burial diagenesis (Tucker & 
Wright 1990) may be a possible mechanism, which is 
described as a common trend in many ancient dolomites 
(Lumsden & Chimahusky 1980; Tewari & Tucker 2011). 

Temperature of dolomite formation

Crystal size and distribution can be used in understanding 
dolomite petrogenesis because they depend on limited 
variables such as temperature, reactive surface area, ionic 
concentrations, kinetic reaction rates, and pH etc., which 
affect the nucleation and growth rates (Sibley & Gregg 1987). 
To calculate the paleo-temperatures from oxygen isotope 
values, the relationship between temperature and δ O value of l8

dolomites has to be known. Equation of Land (1985) is used to 
calculate paleo-temperatures of the dolomite formation. The 
temperature of D1 (early diagenetic dolomitization) is about 
37 ºC. In the D2e-f (fine crystals) dolomites, temperature rose 
by more than 6ºC up to 43ºC. Temperature continues to 
increase in the euhedral mosaic dolomite of D2e-m (medium 
size crystals) with planar boundaries up to 65ºC. The 
temperature reached maximum at about 70 ºC in orbitolinid 
dolomites (D2e-o) (e.g. Azmy  2008).et al.

T (ºC) = 16.4 - 4.3([ O  -3.8]-δ O ) +0.14 ([δ O -3.8]-δ O ) δ18 18 18 18 2

dol. water dol. water

 Moreover, we used oxygen isotope-temperature curves 
for dolomite derived from equations of Friedman and O'Neil 

(1977) for studied samples, and the results were plotted in 
figure 11. Temperature of fourth type dolomite generation 
obtained by this method support the use of Land's (1985) 
equation. Burns  (1988), however, suggested that δ O  et al. l8

dol

values inferred depth range of dolomitization because more 
depleted δ O values of some dolomites instead may indicate l8

re-equilibration of prior-formed dolomite with increasing 
burial and temperature (Fig. 10). Positive δ C values for the l3

dolomite suggest that the carbon was supplied from the marine 
bioclastic source (Hendry  2000).et al.

CONCLUSION

The Lower Cretaceous succession (Shurijeh and Tirgan 
formations) in the Chaman-bid section in west Kopet-Dagh 
basin are composed of variably bedded carbonates and 
siliciclastics. Carbonates preserve three diagenetic settings 
including eogenesis (characterized by micritization, marine 
cementation, bioturbation, anhydritization, neomorphism, 
dissolution, pyritization, and dolomitization), mesogenesis 
(characterized by cementation, dolomitization, neomorphism, 
dissolution, pyritization, and chemical compaction) and 
telogenesis (characterized by fracturing and vein filling). The 
most common form of dolomite is early calcite replacement 
that exhibit a sequential series of texture that record increasing 
dolomitization. Four types of dolomites have been identified. 
Type 1 dolomite (D1) is microcrystalline to finely crystalline 
and displays nonplanar to planar-s textures of early diagenetic 
dolomitization, which is a common feature in shallow-water 
carbonates especially in the lower parts of the studied 
succession. Type 2 dolomite displays fine to medium 
crystalline and planar-s to planar-e textures (D2e). Type 3 
dolomite is fine to medium euhedral-to subhedral 
porphyrotopic crystalline matrix replacement dolomite (D2p); 
and type 4 is fracture filling, euhedral-to subhedral crystals 
dolomite (D3). Types 1 and 2 dolomites (D1, D2e) are the 
dolomite phases, which are analyzed for C and O stable 

Fig. 11. Oxygen isotope-temperature curves for dolomites (D1: xenotopic, 
D2e-f: fine euhedral crystals, D2e-m: medium euhedral crystals, 
D2e-o: euhedral crystals in orbitolinid) derived from equations of 
Friedman and O'Neil (1977).
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isotopes. The oxygen isotopic ratios of the fluids that 
precipitated the D1 phase ranged close to the reported 
Cretaceous seawater values. The shift to the lighter O values  δl8

(VPDB) of type 2 dolomite (D2e) is interpreted as the result of 
recrystallization at elevated temperatures during progressive 
burial leading to a negative shift in δ O signatures. 18
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