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Fig. 1. The location map of the Shadegan Oil Field in Dezful Embayment, Zagros sedimentary basin (Modified after

Sharland et al., 2004).
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Fig. 2. Generalized lithostratigraphy column of the Asmari Formation in the SG-11 well of Shadegan Oil Field.
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Fig. 3. (a) Fabric-selective dolomitization that has extensively dolomitized the wackestone matrix (not colored with Alizarin Red-S)
and only the foraminifera and skeletal fragments have been spared from dolomitization (colored pink by Alizarin Red-S) (ppl, stained
with Alizarin Red-S); (b) Fabric-selective dolomitization in a Faverina packstone that totally dolomitized Faverina fragments and
pellets but the matrix remained immune from dolomitization (ppl); (c) Pervasive dolomitization (fabric-retentive dolomite) in a
bioclastic packstone where the rock is 100% dolomitized. The primary texture of allocames is preserved during dolomitization and
the intergranular porosities have been filled by anhydrite cement (white color parts) during late diagenesis (ppl); (d) A completely
dolomitized packstone texture where the ghosts of the ooids is visible. The lighter parts are anhydrite cement (ppl, stained with Alizarin
Red-S); (h) Pervasive dolomitization (fabric-destructive dolomite) that leaves no trace of the original texture (xpl, stained with Alizarin
Red-S); (w) Pervasive dolomitization (fabric-destructive dolomite). Dolomite crystals in two different crystal sizes have destroyed all

the fabric and the primary texture of the rock, the intercrystalline porosity (black colored parts) has been well developed, although in
some places it is filled by anhydrite cement (gray colored part) (xpl, stained with Alizarin Red-S).
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Fig. 4. (a) Dolomite crystals with an idiotopic texture that are euhedral with planar-e crystalline boundaries and the intercrystalline
pores are filled by micrite (ppl); (b) Figure a under xpl; (¢) Sucrosic dolomites with idiotopic texture, which euhedral rhombuses
formed intercrystalline porosity (dark colored points) and good permeability (xpl); (d) Hypidiotopic or Idiotopic-S dolomite texture
with subhedral crystals and planar-S crystalline boundaries (xpl, stained with Alizarin Red-S); (h) Replacive dolomites with a

xenotopic texture composed of anhedral medium-crystalline, fabric-destructive dolomites and non-pl crystalline boundaries
which is replaced calcite matrix (ppl, stained with Alizarin Red-S); (w) Figure h under xpl.
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Fig. 5. (a) Euhedral dolomite crystals in the form of vein-filling cement are filled the pore space and formed the Planar-
C texture (xpl); (b) Replacive dolomites with porphyrotopic or idiotopic-P texture, which euhedral dolomite crystals
are floating in the lime mud matrix (xpl); (c) Euhedral dolomite crystals (arrow) are floated within anhydrite cement
and formed poikilotpoic texture (xpl, stained with Alizarin Red-S); (d) Euhedral dolomite crystals (arrow) are floated
within calcite cement and formed poikilotpoic texture (xpl).
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Fig. 6. (a) Very fine to fine-crystalline, anhedral dolomite (D1) with low amplitude stylolite (Sty) (ppl); (b) D1 dolomite with
well-preserved precursor texture (peloid and bioclast) (ppl); (c) Wispy stylolite texture within recrystallized fine to medium-
crystalline dolomites (D2), (d) Dolomitized intraclasts (D1) in a sandstone matrix (white grains) (ppl); (h and w) CL images of
D1 dolomite and fully dolomitized mudstone (dolomicrite) with fabric-preserving fabric. Very fine or cryptocrystalline
dolomite crystals in the CL image shows a relatively homogenous red color and have no luminescence.
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Fig. 7. (a) D2 dolomite crystals result from recrystallization of D1 dolomite, relicts of D1 dolomite are visible in the
matrix (ppl); (b) D1 and D2 dolomite crystals which shows the dolomite crystal sizes as bimodal (ppl); (c) Complete
recrystallization of D1 has led to the formation of D2 dolomite, which itself has led to the creation of intercrystalline
porosities (ppl); (d) D1 inclusions in the matrix of recrystallized D2 resulted from recrystallization of D1 dolomite, the
primary texture of rock is bioclastic wackestone to packstone (ppl).
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Figure 8. (a) SEM image of D2 dolomites with mixture of fine dolomite crystals (D1). The fine to medium dolomite crystals are
euhedral (rhombohedral) and have planar crystalline boundary, meanwhile the intercrystalline pores are well expanded and
the permeability of the rock has improved to a great extent; (b) The SEM image showing both dolomite and undolomitized
(calcite) matrix together with relict pores. Part of the pore space is filled by D2 euhedral dolomite crystals; (¢) Thin section

image of a dolomitic sandstone with dolomite cement, (d) SEM images showing dolomite cement in sandstone. Fabric
destructive, planar-E, fine to medium crystalline dolomite has filled between the quartz grains.

2 wispy stylolite textures ! fine to medium-crystalline and fabric-retentive
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Figure 9. (a and b) CL images of D2 dolomite crystals and dolomitized peloids. Fabric-preserving dolomite (D2) replaced
the peloids and has a uniformly red CL. The dolomitized peloids show red luminescence and the surrounding D2 show
brighter red luminescence; (c and b) Recrystallization of D1 to D2. Relicts of D1 (1) shows the homogenous red color

and recrystallized D2 (2) show brighter red luminescence.
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Fig. 10. (a and b) Anhedral to subhedral, fabric-destructive medium to coarse-crystalline dolomite (D3) with the cloudy center
and clear rim formed by late diagenetic dolomitization (ppl); (c) Early diagenetic dolomite crystals (D1) replaced mud matrix
and late diagenetic dolomite crystals (D3) scattered within larger anhydrite cement (PPL); (d) Rhombohedral, euhedral
sucrosic dolomites (D3) within a fracture as a very late diagenetic dolomite rhombs, which show zoning (ppl); (h and w) CL

image of Fabric-destructive dolomite (D3). The majority of crystals show zonation. D3 exhibits none/dull red luminescence in
the crystal center, generally with a bright orange-red thin rim where the crystal faces the pore space (arrow).
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2 Sweeping extinction ! coarse-crystalline
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Fig. 11. (a) SEM image of D3 dolomite crystals; (b) Figure a with high magnification; (c) SEM images showing dolomite
cement (D3) in dolomitic sandstone. Fabric destructive, planar-E, dolomite cement has filled between the quartz grains.

9ol 0y 598 33 (1) 9 (9 H((Fgomn 199) (Froglgd Sowauslo ey 33 (owslins) (Snglgd lows 331 Slaysls (1) Y Yt

el (e (195 4 DA Caroglys Hob (290
Fig. 12. (a) Large crystals of replacive saddle dolomite (D4) within a dolomitic sandstone matrix (ppl); (b) Figure a
under xpl. The undulose extinction of D4 dolomite crystal is well visible.
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Abstract

The Oligocene — Miocene Asmari reservoir with 400 meters thickness in the Shadegan Oil Field consists
of limestones and porous dolostones associated with sandstones, and shales. Dolomitization, as the most
important diagenetic process, affected the Asmari reservoir and thus played a major role in the formation
of the pore spaces structure, final flow capacity and heterogeneity of the Asmari reservoir. Dolomite
types based on geochemical and textural characteristics, especially crystal size and shape includes: (i)
very finely-crystalline, fabric-retentive dolomite (D1), (ii) fine to medium-crystalline, fabric-retentive
dolomite (D2); (iii) medium to coarse-crystalline, fabric-destructive dolomite (D3); and (iv) very
coarsely-crystalline, non-planar saddle dolomite (D4).Two types of fabric named fabric selective
dolomitization and pervasive dolomitization were identified in dolomite crystals. Based on textural
classification, 6 different textures including idiotopic, hypidiotopic or (idiotopic-S), xenotopic or non-
planar-A (anhedral), idiotopic-C or planar-C (cement), porphyrotopic and poikilotpoic texture for
dolomite crystals is identified. The mean concentration of strontium in dolomite samples is 483 ppm
and the mean concentration of sodium is 1618 ppm which indicates the enriched amounts of strontium
and sodium in these samples. The mean values of iron in dolomite samples are 3111 ppm and the mean

concentration of manganese is 111 ppm. Dolomites (D1) with low Fe and Mn content may have formed
during the early stages of diagenesis in an oxidizing environment. High amounts of iron and manganese
in D3 and D4 dolomites indicate deposition in a reducing environment during shallow to relatively deep
burial.

Keywords: Petrographic studies, Fabric-retentive dolomite, Fabric-destructive dolomite, Oligocene-
Miocene, Zagros sedimentary basin

Introduction identifying dolomitization fabrics in dolomite
Dolomitization is one of the most important reservoirs plays an important role in assessing
diagenetic features in the Asmari Formation, reservoir quality. Selective dolomitization can
which has greatly affected reservoir properties. improve reservoir quality, whereas pervasive
Dolomite is a carbonate mineral whose dolomitization, especially with destructive
formation mechanism is still a subject of fabric, can block all pores and destruct
debate among most scientists. Based on the reservoir quality. In the present research, using
textural characteristics, size, shape, and the results of petrographic and geochemical
boundaries of dolomite crystals, as well as studies of dolomitic samples from the Asmari
sedimentary features and geochemical data, Formation, an attempt has been made to
various classifications for dolomites have been examine and identify various types of
proposed. dolomites based on texture, crystal size, crystal
Considering the mentioned features, a lot of boundaries, and other textural and fabric
information can be obtained about the features. The results of this study can be used
conditions of dolomite formation, the to assess the reservoir quality of the Asmari
temperature and salinity of dolomitizing fluids, Formation in the Shadegan oil field.

and ultimately the differentiation of primary The Shadegan Oil Field is located in the Zagros

from secondary dolomites. Additionally, sedimentary basin in SW Iran. The thickness of
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this formation in the studied well (SG-11) is
about 400 meters, with the core sampling of
this well being done completely, covering the
entire thickness of the Asmari Formation. The
Asmari reservoir in this field mainly consists
of alternating cream to brown limestones and
porous dolostones, interbedded with shales and
sandstones. The Asmari Formation is
conformably overlain by the evaporitic
deposits of the Gachsaran Formation, and its
lower boundary with the marly and shaly
deposits of the Pabdeh Formation is also
conformable.

Materials and Methods

This study is based on the results of
petrographic examinations of 524 thin sections
prepared from the core samples of SG-11 well
in the Shadegan Oil Field. All microscopic thin
sections were stained using a solution of
Alizarin Red-S and potassium ferricyanide
according to Dickon's (1965) method to
distinguish the mineral calcite from dolomite.
For classification of the dolomites, the textural
classification of dolomite provided by Sibley
and Gregg (1987), Mazzullo (1992), Chen et al.
(2004), and Adabi (2009) has been used. For
more precise textural investigations, to
examine the potential presence of growth zones
in dolomite crystals during progressive
diagenetic stages, and to distinguish primary
dolomites from those formed during burial
stages, 10 uncovered samples were analyzed
using cathodoluminescence microscopy in the
central laboratory of Ferdowsi University of
Mashhad.

Ten gold-coated samples were analyzed using
a scanning electron microscope to evaluate the
types of dolomites, crystal sizes, micro
textures, and pore spaces. After a thorough and
detailed study of the thin sections, 32 dolomitic
samples were selected and tested to determine
major and trace elements using an atomic
absorption spectrometer in the laboratory of the
Faculty of Science at Ferdowsi University of
Mashhad. The measurement accuracy for
determining major and trace elements is
approximately +5 ppm for manganese, iron,
strontium, and sodium, and +0.5% for
magnesium

Discussion and Results
Two types of fabrics occur in dolomite crystals
in the Asmari Formation. In the first case, only

specific allochems or micrite in the rock
undergo selective dolomitization, while the
remaining rock components are unaffected by
dolomitization. In the second case, pervasive
dolomitization affects the entire rock without
exception, dolomitizing all skeletal, non-
skeletal grains, and the fine-grained matrix of
the rock. Based on the textural classification
provided by Sibley and Gregg (1987), 6
different textures for dolomite crystals in the
Asmari Formation were identified and
described as follow: Idiotopic, Hypidiotopic or
Idiotopic-S, Xenotopic or non-planar-A,
Idiotopic-C or planar-C, Porphyrotopic and
Poikilotopic.

Based on textural characteristics (Sibley and
Gregg, 1987; Mazzullo, 1992; Chen et al.,
2004), four types of dolomites (D1 to D4) were
identified and described in the sedimentary
sequence studied from the Asmari Formation:

D1: very fine to fine-crystalline

D2: fine to medium-crystalline and fabric-
retentive

D3: medium to coarse-crystalline and fabric-
destructive

D4: coarse-crystalline.

Conclusions

The Asmari Formation, with an Oligocene-
Miocene age and 400 meters thick in the
Shadegan Oil Field, consists of limestone with
interbedded dolostone, sandstone, shale, and
evaporites. Based on geochemical and textural
characteristics, four types of dolomites (D1 to
D4) were identified in the Asmari Formation.
Dolomite D1 is very fine-crystalline to fine-
crystalline and has a textural type of non-
planar-A and anhedral. This type of dolomite
has lower amounts of iron and manganese
compared to other types of dolomites.
Dolomite D2 is fine to medium-crystalline and
acts as a fabric-retentive dolomite, with a
texture consisting of subhedral to euhedral
crystals with a homogeneous extinction
pattern. This type of dolomite is quite abundant
in the upper sections of the Asmari Formation.
Geochemically, dolomite D2 has lower
amounts of iron and manganese compared to
dolomite D3.

Dolomite D3 is medium to coarse-crystalline
and acts as a fabric-destructive type, consisting
of anhedral to subhedral crystals with sub-
planar to non-planar fabrics and curved,
lenticular, and serrated crystal boundaries. This
type of dolomite is scattered throughout the
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entire sedimentary sequence of the Asmari
Formation. These dolomites have relatively
high concentrations of iron and manganese
compared to other types of dolomites.
Dolomite D4 is coarse-crystalline,
predominantly occurring as cement with a
creamy, white, or reddish color, and has non-
planar crystals. It has filled the existing cavities
and fractures in the Asmari Formation either
completely or partially, though it is present in
very small quantities.

The average concentration of strontium in
dolomitic samples is 483 ppm, and the average
concentration of sodium is 1618 ppm. The
enriched amounts of strontium and sodium
could indicate that these dolomites formed as a

result of replacement of initially aragonitic
carbonate minerals, precipitation of dolomite
from saline dolomitizing fluids, high salinity of
the depositional environment, or higher
temperatures. The average iron concentration
in the dolomitic samples is 3111 ppm, and the
average manganese concentration is 111 ppm.
Very fine to fine-crystalline dolomites (D1)
with low iron and manganese content may have
formed during the early diagenesis in an
oxidizing environment or through minimal
diagenetic alteration by meteoric fluids. The
high amounts of iron and manganese in coarse-
crystalline dolomites (D3 and D4) suggest
deposition in a reducing environment during
shallow to moderately deep burial stages.



