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Introduction

Due to the increasing need of the industry to use oil
resources, the discovery of new oil reservoirs and the
increase in productivity of oil fields are inevitable.
To achieve this goal, it is necessary to identify
the source, reservoir and cap rocks, as well as the
effect of subsequent processes such as diagenetic
process, in reducing or increasing their quality [1].
The Berriasian—Hauterivian Fahliyan Formation is
a carbonate succession and is considered one of the
important reservoir rocks known in the many fields
of the Zagros sub-basins such as Dezful Embayment,
Abadan Plain and the Persian Gulf in the southwestern
part of Iran. The studied field in this research is located
in Abadan Plain (Fig. 1).

The Fahliyan Formation, in the studied well, has a
thickness of 538 meters, which is divided into two
lithostratigraphic units: Upper and Lower Fahliyan.
The Upper Fahliyan is composed of cream and
gray limestones, sometimes argillaceous and with
diagenetic pyrite, marls and gray to dark gray silty
and sandy claystone [2]. The lower Fahliyan consists
of cream, yellowish and brown limestones with
diagenetic pyrite, sometimes argillaceous, with thin
interlayers of dolomites and brown to light gray
dolomitic limestones. Oil and bitumen traces in
the porosity and fractures of these reservoir rocks
have been observed. This research aims to know the
diagenesis processes affecting the Fahliyan Formation
in the studied oil field, to know the flow units and to
evaluate its reservoir quality. In addition, elemental
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and isotopic geochemical studies have been carried
out to determine the diagenesis process and to identify
the factors affecting the increase and decrease in the
reservoir quality.

Materials and Methods

To investigate the petrography character of this
reservoir rocks, a total of 786 microscopic thin sections
prepared from cores and drill cutting, were studied
by a polarizing light microscope. For naming and
classifying facies, Dunham [3] and Embry and Klovan
[4] schemes were used. The description of microfacies
and the determination of the sedimentary environment
were done using Fliigel’s standard microfacies [5].
Fifty-three thin-sections were impregnated with blue-
died epoxy to better identify the porosity types. In
order to examine the different generations of carbonate
cements a cathodoluminescence microscope (CL
model CTL Mk5-1) was used. In addition, a few rock
samples were analyzed with an electron microscope
(SEM) VEGAWTESCAN-XMU model to identify
microporosity, diagenesis processes and clay minerals
structures in the reservoir rocks.

For the geochemical analysis, 20 rock powder samples
were selected and analyzed for major and minor
elemental composition by inductively coupled plasma
spectroscopy (ICP-OES). For the stable oxygen
(8'%0) and carbon (8'*C) isotopes analysis, the same
rock powder samples were analyzed in the isotope
laboratory of the Faculty of Natural Sciences of the
University of Erlangen (FAU), Germany.
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Fig. 1 Location map of the studied field in the Abadan Plain, southern Iran, and the Cretaceous stratigraphic column of the
Abadan Plain and the Mesopotamian Basin of southeastern Iraq (modified after [11, 12]).

In order to evaluate the reservoir properties, the
porosity and permeability values of 396 core plugs
have been measured [6]. Based on the core porosity
and permeability data, the methods of determining
the hydraulic flow units using the flow zone indicator
(FZI) method, and calculating the pores throat radius
using the Winland equation and Lucia's petrophysical
classes have been used [7-10].

Results and Discussion

Petrographic studies in the Fahliyan Formation in
the studied well have led to the recognition of nine
carbonate microfacies and two petrofacies in the
siliciclastics parts deposited on a shallow carbonate
and mixed carbonate-siliciclastic ramp.

Based on the macroscopic and microscopic studies
(petrography and SEM), the major diagenesis processes
of the Fahliyan Formation in the studied well include
bioturbation, compaction, cementation, dissolution,
fracture, calcification, micritization, geopetal fabric,
dolomitization, de-dolomitization, pyritization and
silicification. The identified diagenesis processes and
also the analysis of the porosity and permeability of
rock samples showed that the changes in porosity and
permeability in the reservoir part of the succession are
strongly dependent on diagenesis processes. Calcite
cementation, compaction and extensive dolomitization
are the main factors that have controlled the decrease
of porosity and permeability, while dissolution (in the

form of voids and molds) and fracturing have increased
the reservoir quality of the studied succession.

The dominant grain-supported facies of the shoal
facies belt have a very good reservoir quality in the
studied succession. On the other hand, the reservoir
quality of some facies of the lagoon sub-environment
has been significantly improved due to the extensive
influence of secondary diagenesis processes and has
placed these facies at the level of desirable reservoir
facies.

The core porosity and permeability data in the
reservoir part of the Fahliyan Formation range from
0.01 to 27.5% and from less than 0.01 to more than
630 mD. In order to check the reservoir quality of
the facies and to establish a relationship between the
facies with the petrophysical rock classes of Lucia
and to determine the rock types, the porosity and
permeability data related to the samples of the lower
part (reservoir) of the Fahliyan Formation have been
plotted on the Lucia diagram (Fig. 2). According to
this diagram, the porosity and permeability data of
microfacies MF1, and microfacies MF5, MF6, MF7,
and MF8 are plotted in class 1, and microfacies MF2
and MF3 and MFS5 are plotted in class 2. Moreover,
many samples of microfacies MF4 and MF9, which
are related to the lagoon facies belt, due to very low
porosity and permeability are outside the range of
Lucia petrophysical classes.



Petroleum Research, 2024(December-January), Vol. 34, No. 138

w00 [a]

1000

Class 1

Core Permeability (mD)
- g
- S &

e

0.01

Interparticle Porosity (%)

OMFl  AMF2  @OMF3  AMF4  ®MFS MFG  ®MF7 OMF8 ®MF9

Class 4

Core Porosity (%)

OMFL AMF2 OMF3 4AMFA  ®MFS MF6  ®MF7 @OMFS ®MF9

1000

R =0/8013 — 0/
.
'-.5..'-.
" gt 0w

. Lol

L4
¥ =

A

00

S Flow Cnit 1(Log K71 <0)

Permeability(mD)

©Flow Unit 2 (Log FZ1 0-
0.4)

0.8)
Flow Unit 4 (Log ¥Z1
>0.8)

® Non Rescrvoir (K<0.1
md and/or PHI<1 %)

® Flow Unit 3 (Log FZ1 0.4.|

0/01 +
0 5 10 20 25 30

15
Porosity(%)

2, [d
s ] I e
o %
2

° et [FTFUITog FZT<0)
@ TIFU-2 (Log FZ10-
© HFU-3 (Log Z1 0.4
HFUA(Log 21 03)

©Non Reservoir

0/01 01 1 10 100 1000
Permeability(mD)

0/5

Porosity(fr)

*
*
D )

AHFU-1(Log FZ1 <0)
| [emFU-2 (Log FZ10-
0.4
STIFU-3 (Log F71 0.4
0.8)
©HFU-4(Log FZI
>0.8)

®Non Reservoir

02 0/3

Fig. 2 a: The distribution of porosity versus permeability in the microfacies of the Fahlyian Formation on the Lucia petrophysi-
cal diagram [7]. b: The distribution of porosity versus permeability on the modified Lucia’s petrophysical diagram [7]. c: Flow
units separated by the FZI method. d: RQI versus permeability. e: RQI versus porosity.

By comparing the studied facies with the petrophysical
classes of Lucia, four different rock types (RT1 to
RT4) associated with the Fahliyan Formation reservoir
were identified and classified (Fig. 2). These groups
are distinguished from each other based on the type
of facies, the intensity of the impact of diagenesis
processes.

Based on the FZI method, four flow units along with
one non-reservoir unit have been identified in the
investigated well (Fig. 2). According to the values
of porosity-permeability and abundance of samples,
units 3, 2 and 1 can be considered as the best flow
units, respectively. The flow unit 4, despite its high
permeability, ranks fourth in terms of reservoir quality
due to low porosity and low abundance of samples.

It can be concluded that microfacies MF1 (only
includes one flow unit), and microfacies MF6
(including all four flow units as well as non-reservoir
units) show the most uniform (homogeneous) and the
most non-uniform (heterogeneous) microfacies form
the reservoir part of Fahliyan Formation in the studied

well, respectively.

R35 values calculated for the samples of the Fahliyan
Formation can be divided into four rock types and one
non-reservoir unit (Fig. 3). It can be concluded that
microfacies MF1 and MF2 related to the shoal facies
belt and microfacies MF9, MF5 and MF6 related to
the lagoon facies belt have the best reservoir quality.
Microfacies MF3 and MF4, respectively, related to the
facies belt of the shoal and the lagoon near the shoal,
have the weakest reservoir quality. The positive or
negative trends of minor elements including Mn, Fe, Sr
and Na, and oxygen (3'30) and carbon (6'°C) isotope
values along the stratigraphic column indicate the
influence of meteoric diagenesis on the Lower Fahliyan
Formation (Fig. 4). Evidence of meteoric dissolution
(at 4313-meter depth) in the cores and the significant
increase in the values of porosity and permeability of
the core, confirm the effect of meteoric diagenesis.

It can be concluded that meteoric diagenesis has had a
major impact on improving the reservoir quality of the
underlying strata of this surface.
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Fig. 3 a: Rock types separated by the porosity throat radius method (R35) in the reservoir part of the Fahlyian Formation. b: In-
determinate relationship between the porosity throat radius and porosity values. c: The direct relationship between the increase
in the radius of the porosity throat and the permeability values. d: The influence of diagenesis processes on the distribution of
porosity and core permeability in the reservoir part of the Fahlyian Formation considering the microfacies types. e: Distribution
of porosity and permeability in two microfacies MF3 and MF4 and comparing it with other microfacies. f: Distribution of core
porosity and permeability considering facies textures.
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Fig. 4 Lithostratigraphic profile of the Lower Fahliyan Formation in the studied well, illustrating lithology, geochemistry data,
porosity, permeability and flow units based on FZI and Winland methods.

The geochemical data (Sr, Na, Fe, "0 and 8'*C) from
4338-meter depth upward of the secession, show a
decreasing trend, and only the amount of Mn shows an
increasing trend, which indicates the decrease in the
water depth of the sedimentary basin of the Fahliyan
Formation and the effect of meteoric diagenesis (Fig.
4). At the depth of 4338-meter depth, the oxygen
isotope has the heaviest, and Sr as well as Na elements
have their highest values in the analyzed samples.
Moreover, very low values of Mn can be a sign of
greater water depth.

Conclusions

Macroscopic studies of the core and microscopic
studies of thin sections have led to the identification
of diagenesis processes affecting the reservoir quality
of the studied reservoir succession in the Fahliyan
Formation in one oil field of the Abadan Plain, SW Iran.
Microporosity is more abundant in the Upper Fahliyan
compared to the Lower Fahliyan lithostratigraphic
unit. On the other hand, the significant development
of vuggy, moldic and interparticle porosities in the
Lower Fahliyan unit plays a major role in storing and

transporting hydrocarbons.

The trace elements (such as Mn, Fe, Sr, Na) and stable
carbon and oxygen isotope data in the studied samples
from the reservoir part of the formation indicate
the effect of meteoric diagenesis on the Fahliyan
Formation. The decreasing trend of *O8 and '*C§
isotopes, Sr and Na and slightly Fe, and the increasing
trend of Mn element indicate the decrease of the
sedimentary basin water depth during deposition of
Fahliyan Formation and the later effect of the meteoric
diagenesis on improving the reservoir quality of the
Strata.

The petrophysical classification of Lucia for the studied
samples led to the separation of four different rock
types, among which floatstone/boundstone-grainstone
has a higher reservoir quality. The distribution of
the pore system in this method shows the major
influence of diagenesis processes in the creation
and development of vuggy porosity. In other words,
the pore system in the reservoir part of the Fahliyan
Formation was mainly formed under the influence of
diagenesis processes.

Based on the flow zone indicator method, one non-



reservoir unit and four flow units were identified. Flow
units 3, 2 and | have better quality, and flow unit 4
has higher permeability due to relatively low porosity
and very low frequency of samples placed in a lower
rank. Based on the pores throat radius method using
the Winland equation, four reservoir rock types and
one non-reservoir rock type were identified according
to the pore size. Ultimatly, the results showed that the
FZI and the porosity throat radius mainly reveal the
inhomogeneities of the carbonate reservoirs on a small
scale.
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