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Introduction

Shurijeh Formation in Kopet-Dagh sedimentary
basin with major clastic lithology (conglomerate,
sandstone and shale) and carbonate formation
(Mozdoran), the lower unit of Shurijeh Formation,
are the most important reservoir zones in this study
area. Reconstruction of the sedimentary environment
of this formation based on sedimentary facies shows
that this formation was deposited in the land areas
during a marine regression phase that prevailed in the
Early Cretaceous (Neocumin-Barmin) [1]. Sequence
of Shurijeh Formation in the eastern and southern
parts of Kopet-Dagh sedimentary basin in the lower
part related to the river environment and in the upper
part mainly in a delta to shallow marine environment
[2-4]. Given the growing importance of hydrocarbon
products, the exploration and evaluation of these
reservoirs are necessary, and the science of sequence
stratigraphy is one of the most important tools to
achieve this goal. Sequence of Chronostratigraphic
unit consisting of partly contiguous and related
sequences in terms of reproduction, characterized as
Unconformity or Correlative Conformity at the top
and bottom [5]. In addition, since they are deposited
in the same conditions in terms of physical, chemical
and biological conditions, as a result, they often
have similar reservoir properties [6]. Various models
(forward-backward, etc.) have been proposed for sea
level changes, but there is no model that can fully
explain all sedimentation and environmental conditions
[7]. Sequence stratigraphy can be investigated based

Accepted: August/26/2021

on various information such as outcrop studies, core
analysis, well Loging, cutting and seismic data can be
examined. Core analysis is the most accurate way to
determine sequence boundaries, but it is economically
limited, also well Log data can be considered
and used as the best and most accessible tool for
studying sequential stratigraphy. Hydraulic flow unit
is a practical method for classifying reservoirs and
determining reservoir quality based on geological and
engineering parameters. These flow units are defined
as units that can be mapped and matched to the volume
of the reservoir [8-9]. So far, various geological and
reservoir studies have been performed on the Shurijeh
Formation [1,4]. These s$tudies have examined
the sequence from the perspective of sedimentary
environment, diagenesis history and reservoir quality.
However, the study of sequence stratigraphy and
determination of flow units of the Shurijeh Formation
and the relationship between them has been less studied.
In this study, hydraulic flow units and Electrofacies
have been performed to connect reservoir horizons
in this sequence based on sequence Sstratigraphy.
The main purpose of this study is to determine the
Hydraulic flow unit and Electrofacies of Shurijeh
Formation in five wells of the studied field, based on
the combination of geological and petrophysical data
in the framework of sedimentary sequence.

Geological Settings
One of the most important sedimentary-structural units
in northeastern Iran is the Kopet-Dagh basin, as seen
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in Figure 1. This basin Due to the deposition basin of
thick sequences of marine and river deposits and the
lack of volcanic activity during this Jurassic-Miocene
period, this basin is one of the most important areas
for hydrocarbon exploration in the country after the
Zagros basin [10]. The two formations of Mozdoran
and Shurijeh in this basin have the most potential
of being a reservoir, as seen in Figure 1. In the Late
Jurassic-Early Cretaceous, and as a result of the Late
Cimmerian orogenic phase, a Land phase affected
a large part of the Kopet-Dagh basin, especially the

eastern part, and Made out of water. At present time, in
alarge part of Kopeh Dagh basin, red clastic -evaporitic
siliceous sediments called Shurijeh Formation have
been left in various sedimentary environments (river,
continental grass, coastal grass, delta, swamp, coastal
plain and sea) [3-4,10]. The sandstone sequences of
the Shurijeh Formation in the study area form a gas
reservoir and its equivalent (Karabil, Almurad and
Shatlyk Formations) in Turkmenistan. The upper
and lower sedimentary units of Shurijeh Formation
in the study area are Tirgan and Mozdoran carbonate
formations, as seen in Figure 2.

Fig 1 Location map of hydrocarbon fields of Kopet-Dagh sedimentary basin in northeastern Iran and Turkmenistan [11].
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Materials and Methods

In this study, to investigate sequence stratigraphic and
its conformity with flow units, a set of information
including 811 meters of core (Three wells), report
of Iranian Central Oil Fields Company on 3181 thin
sections and 1515 porosity and permeability plugs
(Three wells), petrophysical logs (including gamma,
neutron, acoustic, density and resistance logs) have
been used in five wells. Petty John (1987) method
has been used for naming clastic rocks (Petrofacies)
and in order to define the sedimentary facies and
interpret the sedimentation environment from the
perspective of Mial (2006) in the river system. Because
of the deposition of the formation in a marine- rivers
environment, the Exxon method was used to determine
sedimentary sequences. In this method, each sequence
is divided into four systems tract (HST, FRST, LST and
TST) which are limited by two sequence boundaries
(Unconformity surface). To determine the key surfaces
(especially the sequence boundary and maximum
flooding surfaces), a combination of sedimentary
information (facies Stacking pattern determined from
possible petrophysical evaluation in Geolag software),
petrophysical logs such as Cyclolog software have
been used. Using porosity and permeability data, the
hydraulic flow unit of this reservoir was determined
using the concept of Flow zone indicator and in order
to determine the Electrofacies of MRGC, clustering
method was used in Geolag software.

Results and Discussion

Study of the facieses of the Early Cretaceous sequences
ledtotheidentificationoffive microfacieses (petrofacies),
including Micro-Conglomerate, sandstone, Claystone/
Shale, Sandy Dolomudstone, and Sandy Dolomitic
Ooid Grainstone/Hybrid ores in sedimentary sequences.
These facieses belong to the supratidal, intertidal, lagoon,
Braided river (Longitudinal bars) and the meandering
river (Flood plain and Oxbow lake). To determine the
reservoir quality in the sequence of Shurijeh Formation,
hydraulic flow units were performed using Flow zone
indicator models and MRGC clustering method, which
led to the separation of four flow units with different
reservoir characteristics. Then, by drawing the separated
hydraulic flow units with the help of Flow zone indicator
models and Electrofacies along with the results of facies
studies in the framework of Sequence stratigraphic,
the aim was to find their relationship with sequence
units to achieve the goal, a comprehensive reservoir
quality diagram based on information obtained from
hydraulic flow units, electrofacies and petrophysical
logs and sedimentological information of Shurijeh
Formation Figure 3. According to this diagram, there is
a significant relationship between hydraulic flow units
(HFU) and Electrofacies (EF) with each other and with
sequence units. These relationships are explained in the
form of a sequence and a system of sediment tracts
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in each sequence. In Figure 4, the relationship of the
separated flow units based on the electrofacies and the
zone indicator in the five wells of the field to match the
sequence and system of tracts has been matched. Based
on the changes in sedimentation conditions, sedimentary
facies and stacking pattern (resulting from possible
petrophysical evaluation) in the form of stratigraphic
sequence, the zoning of Shurijeh reservoir in the study
area was performed.

Based on this study, seven zones were introduced
according to the system tract of three complete
sequences and one half sequence. The boundary of
these zones corresponds to the key sequence surfaces
(sequence boundary and maximum flooding surfaces).
By conformity it to the changes of INPEFA diagram
obtained from gamma log in Cyclolog software, it has
been generalized to other wells in the field to evaluate
the relationship between hydraulic flow units and
Electrofacies with INPEFA obtained from gamma log
in the form of sequence and system tract. The clear
relationship of different hydraulic flow units with the
sequence and system tract of each zone was determined.

Conclusions

The study of facies characteristics and reservoir
properties of Pre-Cretaceous sequences (five wells) in
the northeastern Iran, with the purpose of investigating
and analyzing the distribution of hydraulic flow units
and electrofacies of Shurijeh Formation and their
relationship with sedimentary sequences led to the
following results:

1- Petrographic study Led to the identification of 5
petrofasice with different textural and compositional
characteristics.

2- Using the porosity and permeability data obtained
from the core analysis, 4 Hydraulic flow unit (HFU)
were identified based on the break points and the
Logarithmic histogram of the Flow zone indicator
(FZI) and its distribution in the study reservoir was
determined. Based on this method, reservoir and non-
reservoir zones of sedimentary sequences of Shurijeh
Formation in the studied wells were determined.

3- Four Electrofacies (EF) based on gamma, neutron,
density, acoustic and effective porosity logs were
obtained from a possible multimine evaluation using
MRGC clustering model in Geolag software. Moreover,
based on frequency mapping and statistical analysis of
the values of the mentioned logs, electrophysics were
classified based on reservoir quality.

4- The relationship between hydraulic flow units
and electrofacies is investigated and shows its high
compliance.

5- Finally, by combining the results of determining the
hydraulic flow units and electrofacies in the sequences’
framework and systems tract, the relationship between
them and the position of the sequence and zoning was
investigated.
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Finally, coarse grain facies (micro conglomerates,
sandstones, and sandy dolomitic ooid grainstone/
hybrid) associated with sedimentary high-energy
Braided river environments and the high-energy
section of the lagoon to Barrier Tidal or shoal, which
is associated with the progressive phase (TST) of
the sedimentary sequence the best reservoir units are
in the sedimentary sequence of zone D, B and the
middle part of zone C (C2). On the other hand, fine-
grained facies (Claystone/shale, dolomadstone sandy)
related to low-energy environments of Braided river
(floodplain), meandering river and superatidal stream
(above tidal), which is associated with the regression
phase (HST) of the sedimentary sequence the Poorest
reservoir unit of these sequences in zone A, E sediment
sequence and up and down zone C (C1 and C3) and
alternately formed in zone D.
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