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Introduction

The Kope Dagh structural sedimentary zone is located in
the northeast of Iran and includes parts of Turkmenistan
and northern Afghanistan [1]. Shurijeh Formation
is of Early Cretaceous (Neocomian-Barremian) age
and consists of predominantly red-colored clastic and
carbonate facies, which deposited in the Kopet Dagh
basin. Sandstone successions of this formation; in Iran,
constitute the reservoir zone of gas fields in the Sarakhs
area (Khangiran and Gonbadli). The formation is
equivalent to Karabil, A’Murad, and Shatlik Formations,
essential gas reservoir rocks in Turkmenistan (especially
in Dolatabad and Bayramli fields) [2]. The Shurijeh
Formation was firstly introduced by Afshar-Harb and
Ansari in Shurijeh village in the east of Mashhad.
However; regional studies revealed that this section is not
an appropriate section of the thickness and lithology of
the Shurijeh Formation (about 100 meters). Therefore;
the Darreh Khor section with a thickness of 980 meters
on the Mashhad-Kalat-e Naderi road introduced as a new
type section. From a regional geological point of view,
Khangiran Field located in the Kopet Dagh Basin, and
its adjacent fields include Gonbadli Field in the southeast
of this field (in Iran) and Dolatabad Field in the east in
Turkmenistan. Khangiran and Gonbadli fields were
discovered in 1968 and 1969, respectively. Khangiran
field is located 25 km northwest of Sarakhs and 180 km
northeast of Mashhad, in Khorasan Razavi province [3].

The purpose of this study is to identify the facies,
sedimentary environment, sedimentary model and the
most important diagenetic processes that were effective
on the reservoir quality of Shourije Formation in the
studied wells. Accurate knowledge of these parameters
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allows experts to have enough information to accurately
check the production stages in a field, and by knowing
them, they will have more ability to develop petroleum
fields.

Materials and Methods

To determine the sedimentary facies in Shurijeh
Formation, about 480 thin sections were prepared
and studied from cuttings and cores in five wells of
Khangiran gas field. Thin sections are mainly (more
than 80%) of cuttings, and sampling intervals vary from
1 foot to 5 feet. Siliciclastic facies are nomenclatures
according to Folk (1974), and PettiJohn et al. (1987)
classifications, and their environmental conditions
are interpreted according to Miall's (2006) type. Also;
various diagenetic processes in Shurijeh Formation
have been identified, and their effect on reservoir quality
has been discussed. Geolog software has been used for
petrophysical evaluation and image logs for correlation
with the results obtained from thin sections.

Facies Analysis of the Shurijeh Formation

Analysis of facies in Shurijeh Formation based on
microscopic studies carried out through the study
of thin sections of cores and cuttings in the studied
wells. Accordingly; nine main facies, including
sandy conglomerate, quartz arenite, sub-litharenite,
sub-arkose, quartz wacke, claystone/ shale,
nodular anhydrite, sandy dolomudstone, and sandy
dolograinstone, been recognized.

Depositional Model of the Shurijeh Formation
Petrographic studies and facies analyses of the
Shurijeh Formation in the studied wells indicate that
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most parts of the Shurijeh Formation in zones B and
D in the studied wells in Khangiran field, especially
in the eastern and southeastern regions, are composed
of sandstones and micro conglomerates to fining-
upward sandy gravel, which associated with braided
and sometimes meandering fluvial systems. The
distribution of these petrofacies appears to be related
to the lateral migration of channels. In addition, a small
amount of red shaly and silty deposits related to the
floodplain is observed. The middle part of the Shurijeh
Formation (Zone C) also seems to have deposited in
the high-energy parts of the lagoon to tidal islands.
Zones A and E are mainly deposited in the floodplain
to the tidal flat environment. Replacement of anhydrite
nodules in claystone and low sandy shale facies
indicates their deposition in a closed sedimentary basin
(oxbow lake lakes and floodplains) an arid climate.

Diagenetic Processes of the Shurijeh Formation
Petrographic studies of thin sections show that
diagenetic processes have affected the Shurijeh
succession in three diagenetic realms: marine,
meteoric, and burial. Early diagenetic processes
occurred in a marine environment in which there was
a water circulation between marine water and loose
sediments. The main diagenetic processes affecting
the sedimentary facies of the Shurijeh Formation
include marine cementation, bioturbation, ecarly
dolomitization, anhydrite cementation, and formation
of anhydrite nodules.

A Paragenetic Sequence in the Shurijeh Formation
Based on petrographic studies in the Shurijeh Formation,
diagenesis processes have occurred in three stages:
Eodiagenesis, Mesodiagenesis, and Telodiagenesis.
During eodiagenesis, the circulation of meteoric water in
the sandstone sediments has led to an alteration in feldspars
and mica. At this stage, Fe-oxide coatings (hematite) have
been precipitated on the surface of detrital grains such as
quartz due to the oxidative composition of the pore water.
The bioturbation process has also taken place at this stage
due to the presence of oxygen and suitable conditions for
the existence of various organisms. In the parts where the
compaction rate of sandstone sediments is low, calcite
and dolomite cement have formed, and this process has
continued till the stage of mesodiagenesis. On the other
hand, in the parts where the proportion of fine-grained
sediments is high, the compaction rate of the sediments
is higher, so, the formation of calcite cement has been
occluded. However, in this part, anhydrite precipitated as
nodules and sometimes penetrated the lower layers in the
form of cement.

At the stage of mesodiagenesis, the compaction process
has continued, and with increasing depth of the sediments,
pressure dissolution and stylolitization have occurred
at the contact boundary of the grains. The silica from
the pressure dissolution process, along with other silica
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present in the pores, has precipitated as an overgrowth on
the quartz grains. In addition, the pyrite mineral formed
during this stage in the presence of reduced iron oxide.
Finally, at the telodiagenesis stage, some parts of the
Shurijeh Formation have been exposed by tectonic uplift.
These parts have been re-affected by meteoric diagenesis
(such as oxidation and creation of iron oxide cement) and
compaction.

Results and Discussion

Comparison of Petrographic and Petrophysical Studies
The results of the petrophysical evaluation in the
studied wells show that the Shaurije formation is
mainly composed of quartz, calcite, dolomite and
anhydrite. Based on the petrophysical evaluation, the
Shaurijeh Formation in the key well of the studied
field is divided into 11 zones. As shown in Figure 1,
zone B and D are characterized by good reservoir
characteristics, which are compatible with the results
of thin-wall studies (Figure 2).
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Fig. 1 The results of the petrophysical evaluation in the key
well.
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Fig. 2 Distribution of diagenetic processes along the key well sequence of Shurijeh Formation.

Investigation of Diagenesis Processes with Image
Logs

In this study, using image logs by Geolog software,
the diagenesis processes in the key well have been
interpreted to match the results of the thin section
study.

In the interpretation of the image logs, structural
features such as bedding, stylolite, Solution seam,
lamination, fractures and Breakout have been
identified.

This review shows that in most cases there is a
good match between the investigation of diagenesis
processes based on thin section studies and the study
of diagenesis processes based on image log.

Conclusions

e Petrographic studies of Shourije Formation show that
the weather conditions of the region were semi-dry to
humid at the time of deposition of these particles.

e A total of nine major facies has been recognized
in the Shurijeh Formation based on petrographic
studies. These facies include sandy conglomerate,
quartz arenite, sub-lith arenite, sub-arckose, quartz
wacke, claystone/shale, nodular anhydrite, sandy

dolomudstone, and sandy dolograinstone, which have
been deposited in tidal, fluvial, and floodplain sub-
environments.

e The main sequence of the Shurijeh Formation
in zones B and D of the studied wells, especially in
the eastern and southeastern parts, is composed of
sandstone, microconglomerate, and fining-upward
gravelly sandstone that related to braided rivers and
sometimes meandering systems. The middle part of the
Shurijeh Formation (Zone C) appears to be deposited
in the high-energy lagoon to the tidal barrier settings.
Zones A and E were mainly deposited in the floodplain
and tidal flat sub-environments.

e Petrographic studies represent that this formation
was influenced by three diagenetic processes, which
are the early, burial, and telogenetic. The most effec-
tive diagenetic processes in the Shurijeh Formation
include bioturbation, cementation (silica, calcite, do-
lomite, hematite, and anhydrite), and compaction. Cal-
cite and dolomite are the main carbonate cement in the
Shurijeh Formation, which lead to a decrease in the
porosity of the formation

¢ According to the petrographic studies, the porosity in
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the sandstones of Shaurije Formation is primary (inter-
granular) and secondary (dissolving).

e The results of the petrophysical evaluation in the
studied wells show that the Shaurije formation consists
of quartz, calcite, dolomite and anhydrite.

¢ Based on the distribution of diagenesis processes and
facies along the sequence of studied wells in Shaurije
formation, zone B has reservoir characteristics with
the appearance of sandstone and microconglomerate
facies and the positive effect of porosity and fracture.
Zone D also has good reservoir characteristics due to
the presence of sandstone facies and dolomitization.

¢ Based on the petrophysical evaluation and the inte-
gration of these results with the petrographic studies of
zone B and D, it has reservoir quality.

e Density of solution seam and stylolite in the studied
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well is very high, which can reduce the vertical perme-
ability.

e In most cases, there is a good match between stud-
ies obtained from thin sections, petrophysical diagram
and image log.
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