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Controls of depositional and diagenetic processes on the distribution
of reservoir rock types in carbonate reservoirs; a case from the
Sarvak Formation in the Dezful Embayment

Javad Sobhani Foroshani!, Hamzeh Mehrabi'*, Hossain Rahimpour Bonab?

1. School of Geology, College of Science, University of Tehran, Tehran, Iran

Abstract

The Sarvak Formation was deposited on shallow-marine carbonate platforms under the controls of
tectonic and eustatic changes during the Upper Cretaceous in the Zagros area. It forms on of the most
important reservoir intervals in SW Iran. Complex depositional setting and diagenesis history have
resulted in a heterogeneous carbonate reservoir. This study, integrates the results of petrographic (facies
and diagenesis) studies with petrophysical and reservoir data (core porosity-permeability and wireline
logs) to evaluate the controls of depositional and diagenetic processes on the distribution of reservoir
quality in the Sarvak Formation. Ten hydraulic flow units are determined using the FZI concept. Twelve
reservoir and non-reservoir (baffle and barrier) units are identified using the Lorenz approach. Finally,
dominant depositional facies and diagenetic alterations are evaluated in each HFU and reservoir zone.
Results of this study showed that meteorically-dissolved rudist-dominated facies and high-energy facies
of shoal complexes formed the best reservoir units in the Sarvak Formation. In sequence stratigraphic
point of view, these zones are located in the RSTs of third-order sequences, beneath the disconformity
(paleoexposure) surfaces. In contrast, the compacted and cemented mud-dominated facies concentrated
in the TSTs and around the maximum flooding surfaces (MFS) formed the non-reservoir units of the

Sarvak Formation.
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HFU-5

HFU-6

HFU-7

HFU-8

HFU-9

HFU-10

Log FZI range Frequency
(-1) to (-0/75) 2/26%
(-0/75) to (-0/5) 7174%
(-0/5) to (-0/25) 15/97%
(-0/25) to 0 19/35%
0 to 0/25 16/61%
0/25 to 0/5 18/06%
0/5 to 0/75 11/29%
0/75to 1 5/65%
1to 1/25 2/26%
1/25t0 1/5 0/81%
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Depth (m)
3504.59
3449.72
3484.47
3560.97
3508.24
3482.94
3446.37
3498.18
3445.45
3452.46

Qe
0.12
0.21
0.20
0.10
0.08
0.13
0.16
0.12
0.18
0.21

k RQI ¢z
0.03 0.016 0.139
0.20 0.031 0.267
0.16 0.028 0.244
0.02 0.014 0.114
0.01 0.011 0.086
0.05 0.020 0.148
0.12 0.027 0.192
0.05 0.020 0.140
0.19 0.032 0.221
0.36 0.041 0.269

FZI Log FZI
0.112 -0.951
0.114 -0.942
0.116 -0.934
0.122 -0.912
0.130 -0.885
0.132 -0.879
0.141 -0.850
0.143 -0.845
0.146 -0.837
0.152 -0.818
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HFU1
HFU2
HFU3
HFU4
HFU5
HFU6
HFU7
HFU8
HFU9
HFU10

Min. ¢
0.066
0.048
0.034
0.022
0.018
0.010
0.009
0.007
0.008
0.006

Ave. @ Max. ¢ Min. K Ave. K Max. K Min. RQI Ave. RQI
0.144 0.212 0.01 0.115 0.36 0.011 0.024
0.123 0.196 0.01 0.196 0.8 0.013 0.034
0.106 0.243 0.01 0.592 5.5 0.015 0.051
0.104 0.293 0.01 2.745 38 0.018 0.091
0.115 0.34 0.01 15.916 99 0.022 0.197
0.131 0.27 0.01 56.939 266 0.029 0.395
0.095 0.243 0.01 107.791 565 0.033 0.487
0.086 0.224 0.03 218.122 1439 0.065 0.733
0.033 0.204 0.08 105.471 1447 0.099 0.403
0.019 0.031 0.09 5.878 14 0.122 0.421
10000 -
1000 | eHFU1  R:=0/944
g HFU2  R®=0/920
Z 100 -
> AHFU3  R:=0/949
S 104 xHFU4  R*=0/976
2 1 HFUS  R:=0/988
= SHFU6  R*=0/989
S 01 )
5 £ +HFU7  R:=0/992
0/01 4% -HFUS  R*=0/993
0/001 . : : . =HFU9  R:=0/988
0 0/1 0/2 0/3 04  oHFUI0 R:=0/997
R POROSITY (DECIMAL)
10 -
e HFUI R =0/856
HFU2 R =0/774
;] e HFU3  R:=0/888
* HFU4 R:=0/926
2 HFUS  R®=0/938
" o » HFU6  R*=0/939
01 /
: e HFU7  R:=0/950
’ / of e HFUS R:=0/958
Ve e HFU9 R:=0/997
0/01 b" ¢ HFUI0 R*=0/987
/001 0/01 0/1
< oz

Max. RQI
0.041
0.063
0.156
0.358
0.610
1.003
1.569
2.587
2.645
0.667
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Depth (m) o (%) K (mD) Log R35 R35 WRT
3508.24 7.9 0.01 -1.220 0.060 1
3574.69 6.6 0.01 -1.152 0.070 1
3560.97 10.2 0.02 -1.138 0.073 1
3508.55 6.2 0.01 -1.129 0.074 1
3508.85 5.9 0.01 -1.110 0.078 1
3539.94 5.9 0.01 -1.110 0.078 1
3504.59 12.2 0.03 -1.102 0.079 1
3539.03 4.8 0.01 -1.033 0.093 1
3476.54 9.9 0.03 -1.024 0.095 1
3544.21 4.4 0.01 -1.000 0.100 1
10000 - Pore range (Micron) Frequency
2 1000 WRT-1 <0/2 12/80%
=
= 100 —02 WRT-2 0/2 to 0/5 30/56%
E —0.5
5 10 i WRT-3 0/5to 1 15/36%
<
=
s 1 2 WRT-4 1to2 13/12%
2 0/1 —
B —10 WRT-5 2t05 14/56%
0/01 :
40 WRT-6 5to 10 8/80%
POROSITY (%)
WRT-7 >10 4/80%
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Depth (m) o K h kh kh%  kh (Cum) oh oh%  ¢h (Cum)
3393.33 0.21 16 0.30 4.80 0057 00006 0064 02595  0.003
3393.64 0.29 38 0.31 11.78 0140 00020  0.091 03706  0.006
3393.94 0.22 74 0.30 2220 0264 00046 0067 02717  0.009
3394.25 0.05 15 0.31 4.65 0055 00052 0015 00594  0.010
3394.55 0.20 610 0.30 183 2180 00270 0060  0.2448  0.012
3394.86 0.22 7 0.31 2.17 0026 00272 0067 02732  0.015
3395.16 0.09 62 0.30 1860 0222 00294 0027 01089  0.016
3395.47 0.05 1.2 0.31 0.37 0004 00295 0017 00683  0.017
3395.77 0.23 19 0.30 5.70 0068 00302 0070 02852  0.019
3396.08 0.14 8 0.31 2.48 0029 00305 0042 01733  0.021
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Flow Min. | Ave.  Max. Min. Ave. Max. = Min. Ave. Max. = Min. Ave. Max.
Unit 0] 0] (0] K K K oh%  oh%  oh%  kh% = kh% | kh%

FU-1 | 0.047 0.196 0.293 7.800 30.160 74.00 0.59 0.240 0.371 0.055 0.129 0.264
FU-2 | 0.054 0.188 0.243 1.200 57.567 610.0 0.068 0.234 0.307 0.004 0.206 2.180
FU-3 | 0.160 0.227 0.340 18.00 143.8 535.0 0.202 0.365 2.683 0.064 0.692 5.581
FU-4 | 0.184 0.230 0.271 10.00 1853 1439 0.225 0.286 0.341 0.036 0.675 5.142
FU-5 0.168 0.198 0.235 5400 2195 870.0 0.212 0.246 0.288 0.020 0.793 3.109
FU-6  0.133 0.204 0.262 1.200 228.4 1447 0.163 0.253 0.331  0.004 0.832 5.343
FU-7  0.067 0.170 0.224 0.080 7.139 60.00 0.085 0.215 0.470 0.000 0.026 0.214
FU-8 0.017 0.116 0.810 0.010 1871 22.00 0.022 0.308 10.21 0.000 0.056 30.78
FU-9 0.044 0.155 0.206 0.380 27.95 99.00 0.054 0.193 0.261 0.001 0.102 0.366
FU-10 0.023 0.094 0.184 0.030 0.707 10.00 0.029 0.116 0.225 0.000 0.003 0.036
FU-11 0.016 0.066 0.248 0.010 18.39 157.0 0.020 0.082 0.304 0.000 0.067 0.561

FU-12 | 0.006 0.054 0.201 0.010 0.784 36.00 0.008 0.073 1.306 0.000 0.003 0.133
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Electro- DT (US.F) NPHI (V.V) RHOB (G.C3) SWE (V.V)

facleS  MIN  MEAN MAX MIN MEAN MAX MIN MEAN MAX MIN MEAN MAX
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Introduction

Integration of depositional processes, diagenetic alterations and fracturing control the petrophysical
properties and reservoir heterogeneities of carbonate sequences. Reservoir rock typing is the best tool to
connect the petrophysical properties of reservoir rocks to their geological context (Gomes et al., 2008).
Cenomanian-Turonian sequences in the Zagros area are known as the Sarvak Formation. The formation is
the second important oil reservoir in Iran (Rahimpour-Bonab et al. 2012). The Sarvak Formation is a
strongly heterogeneous reservoir with variable reservoir quality in its different parts (Mehrabi and
Rahimpour-Bonab 2014, Mehrabi et al. 2015, Hajikazemi et al. 2017). Consequently, it is necessary to
define reservoir rock types and their stratigraphic distribution within the Sarvak Formation (Rahimpour-
Bonab et al. 2013, Esrafili-Dizaji et al. 2015, Mehrabi et al., 2020). This study aims to present an integrated
sedimentological, petrophysical and reservoir geological evaluation of the Sarvak Formation in two
hydrocarbon fields from the Dezful Embayment.
Geological Setting

Cenomanian—Turonian was the time od great structural evolution in the NE margin of Arabian Plate
(AP). At this time, extensional tectonic regime and passive margin setting of the AP was replaced by a
compressional regime at the active margin, which is the consequence of the initiation of Neo-Tethys closure
(Sepehr et al. 2002). Such revolution of tectonic regime has resulted in the sever changes in
paleoenvironmental settings of Upper Cretaceous sequence across the Zagros area (Bagherpour et al.,
2021). As a result, two major paleoexposure events are recorded at the Cenomanian—Turonian boundary
(CT) and middle Turonian (mT), within and at the top of Sarvak Formation, respectively (Navidtalab et al.,
2016 and 2019; Malekzadeh et al., 2020). These paleoexposure surfaces had major controls on reservoir

quality of the Sarvak Formation (Rahimpour-Bonab et al. 2012).
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Materials and Methods

This study was based on the data from two wells (A, B) located in the Dezful Embayment in SW Iran.
Data include cores, cuttings, petrophysical logs, and porosity—permeability values along with available
geochemical and biostratigraphic analysis from the Sarvak Formation (Rahimpour-Bonab et al., 2013;
Omidvar et al., 2014). Well A has complete core coverage and Well B has complete log data. Petrographical
studies of 240 thin sections are used for facies analysis and diagenetic study. Depositional sequences are
differentiated based on the all-available data by using the T-R method. Porosity and permeability of 625
plug samples are used for defining the hydraulic flow units (HFUs), Winland classes, and Lorenz zones.
Finally, stratigraphic occurrence and depositional — diagenetic controls on defined rock types are elaborated
and discussed.
Results and Discussion

Facies petrographic studies have resulted in the recognition of 14 microfacies deposited on shallow
(inner) to deep (outer) parts of a ramp-like carbonate platform. Various diagenetic alterations have been
recognized including the cementation (equant, blocky, drusy, syntaxial, isopachous, etc.), mechanical and
chemical compaction (stylolitization), dissolution (karstification), dolomitization, recrystallization,
silicification, and the formation of paleosol layers. They indicate the effects of marine, meteoric and shallow
to deep burial diagenesis within the Sarvak Formation. Intense meteoric diagenesis is recorded below the
paleoexposure surfaces.
Ten HFUs, seven Winland classes, and twelve reservoir zones have been defined in the Sarvak Formation.
Moreover, seven electrofacies are recognized according to the MRGC method. Statistical analysis of all
rock types has been completed and frequency of RTs is defined. Accordingly, the best reservoir units of the
Sarvak Formation correspond to the rudist-dominated facies (floatstone to rudstone in texture) with variable
effects of meteoric dissolution, especially below the CT disconformity.
All rock types are correlated with each other in the sequence stratigraphic framework of the Sarvak
Formation. Results showed that the best productive zones of this formation belong to the RSTs (regressive
systems tracts) of third-order sequences, especially Cenomanian sequence. In contrast, in TSTs,
development of mud-dominated facies with lesser effects of meteoric dissolution and dominance of

compaction and cementation, has resulted in poor to moderate reservoir quality.
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Conclusions

Facie analysis of the Sarvak Formation has resulted in the recognition of 14 microfacies types and a
ramp-like depositional model is proposed for this formation in the Zagros area.

Various types of diagenetic alterations have been defined, with a great effect of meteoric diagenesis
(karstification and paleosols), especially at top of the Sarvak Formation, below the CT and mT
paleoexposure surfaces.

Hydraulic flow units, Winland classes, and reservoir/baffle/barrier units of this reservoir have been
differentiated and used for the evaluation of reservoir quality distribution in the Sarvak reservoir.
Electrofacies of the Sarvak Formation have been defined using the petrophysical logs and the MRGC
method.

Sequence stratigraphic framework of the Sarvak Formation is reconstructed and used as a basis for
correlation of identified reservoir rock types and flow units.

Rudist-dominated facies of reef-talus setting are proposed as the best potential reservoir facies of the
Sarvak Formation. They are commonly concentrated in 10 to 50 meters-thick units in the RSTs
(regressive systems tract) of third-order sequences, especially Cenomanian sequence.

Meteoric dissolution (karstification) was the most important diagenetic process that increased the
reservoir quality of the Sarvak Formation at its upper parts (i.e., below the CT and mT paleoexposure
surfaces).

Away from the paleoexposures (SBs), reservoir quality decreases within the mud-dominated facies of
middle to outer ramp settings, which deposited during the marine transgression (i.e., TST). Mechanical
and chemical compaction along with cementation were the main diagenetic processes that decreased

the reservoir quality of these facies.
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