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1. Seaward Shoal

2. Intraclast Grainstone

3. Bioclast-Ooid Grainstone

4. Bioclast-Ooid Packstone to Grainstone
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1. Compaction
2. Mechanical Compaction
3. Chemical Compaction
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2 Dolomitization
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1. Dolosparite- type3

2. Saddle Dolomite- type4
3. Dolomite Cement- type5
4. Cementation
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1. Anhydrite Cement

2. Fractures

3. Types of Porosity

4. Interparticle Porosity

5. Intragranular Porosity
6. Moldic Porosity

7. Fenestral Porosity

8. Intercrystalline Porosity
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1. Fracture porosity
2. Vuggy porosity
3. Channel porosity
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Introduction

Kangan formation to the Early Triassic age has the
largest gas reserves in the Middle East and the world
[1,2]. Kangan Formation along with its underlying
formation (Dalan) is located in Dahram Group.
Salman and Lavan fields are important gas fields of
Iran in the Persian Gulf region. The reservoir rock
of these fields includes the Kangan Formation and
consists of carbonate-evaporite sequences which with
the boundary of its underlying formation (Dalan), It is
discontinuous and erosion. (Fig. 1)

The upper boundary of the Kangan formation has a
discontinuity with the shales of the Aghar member of
the Dashtak Formation. Various diagenetic processes
have also affected the reservoir quality of Kangan
Formation over time [3]. The purpose of this study
is to know the facies and sedimentary environment,
sequence stratigraphy and its relationship with
diagenesis processes and its effect on the reservoir
quality of Kangan formation in the studied wells of
Salman and Lavan fields.

Accepted: May/28/2023

Materials and Methods
Study of Microfacies and Sedimentary Environment

In the study of Kangan Formation, two wells in Salman
field (2SK-1), (2SKD-1) and one well in Lavan
field (LN-3) have been investigated and compared.
Identified lithology includes limestone, dolomite,
anhydrite. To analyze the facies, several parameters
including skeletal and non-skeletal components,
sedimentary texture, micrite content, mineralogy or
lithology and sedimentary characteristics have been
investigated on a microscopic scale, which led to
the identification of 15 microfacies in the mentioned
wells, related to shoal, lagoon, tidal flat and Sabkha
environments (Fig. 2).

According to Facies and facies belts have been
identified, the sedimentation environment of the
Kangan formation can be introduced as a carbonate
ramp.
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Fig. 1 Stratigraphic column of Kangan Formation in wells 2SK-1, 2SKD-1, and LN-3.

Fig. 2 Sedimentary environment model with microfacies.
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Identified Diagenetic Processes

Diagenestic processes perform Fundamental role
in reducing or increasing porosity and its impact on
reservoir quality.

According to the microscopic studies on Kangan
Formation in 2SK-1, 2SKD-1 and LN-3 wells,
diagenetic processes, include types of -calcites,
dolomite, anhydrite, dissolution, compaction and
fracture cements.

All diagenetic processes identified in (Table 1) show
that the studied sequence includes three diagenetic
environments: marine, meteoric and burial. A variety
of calcite, dolomite and anhydrite cements in different
parts of the Kangan Formation in the mentioned areas
is observed. Known diagenetic processes include:
compaction, dissolution, dolomitization, Cementation

and Fractures. and porosity types include: Interparticle
porosity, Intragranular, Moldic, Fenestral, Vuggy,
Channel.

Sequence Stratigraphy and Relationship with
Facies and Diagenesis

Kangan Formation in wells 2SK-1, 2SKD-1 and LN-3
has 3 sedimentary sequences of the third orders and 5
sedimentary sequences of the fourth orders.

The first sedimentary sequence:

located on the first type discontinuity (SB1) between
the border of Dalan and Kangan formations [2]. This
sequence includes the facies of the Sabkha to shoal
with the boundstone facies in the boundary of SB2.
The lithology of this section includes limestone,
dolomite with anhydrite layer.

Table 1 Types of diagenesis processes.

Type

Diagenetic Events

Early

Middle

Compaction

Chemical compaction

Calcite cementation

Isopachous fibrous cement

Dog tooth cementation

Bladed calcite cementation

Equant calcite cement

Drusy calcite cement

Blocky calcite cement

Microspar

Fibrous cement

Syntaxial cement

Poikilotopic cement

Dolomitization

Dolomicrite

Late

Fabric retentive dolomitization

Fabric destructive dolomitization

Fabric selective dolomitization

Mixing dolomitization

Stylolite related dolomitization

Dolomite recrystallization

Saddle dolomite

Anhydrite cementation

Gypsum cementation

Intergrain anhydrite cement

Intercrystalline anhydrite cement

Pore- filling anhydrite cement

Poikilotopic anhydrite cement

Fabric filling cement

Sparse and isolated cement




The second sedimentary sequence:

It is located between two discontinuities of the first and
second type in the reservoir unit K1. This sequence
mainly consists of the facies of the end areas and most
of the middle areas of the carbonate platform (Tidalflat
to shoal) and includes wackestone to grainstone,
and boundstone facies with Limestone lithology and
anhydrite layers. The third sedimentary sequence:

It is located between two discontinuities of the second
grade (SB2) in the reservoir unit K1. The facies of
this section include Mudstone to shoal sediments with
Boundstone facies, on the border of K1 reservoir unit,
and related to tidal flat to shoal. The lithology of this
section includes dolomite, limestone, anhydrite with
shale layers (at the border of the K1 reservoir unit to
the top of the Kangan Formation).

In Salman field, In the reservoir unit K1, cements,
porosity and stylolite are increasing, and at the border
of the reservoir unit K1, the variety of calcite cements
has decreased. Dolomites are mostly of medium to
coarse type and destroy the fabric. In the Lavan field,
the Kangan Formation in the K2 reservoir unit contains
a variety of calcite cements compared to dolomite and
anhydrite cements. In the reservoir unit K1, the variety
of dolomite cement has decreased. Dolomites in this
part are destructive type, replacement with medium
to coarse crystals along with stylolite veins. In both
fields, the most dissolutions are Intergranular, Moldic,
Vuggy, Intercrystaline and fracture, which have an
impact on reservoir quality (Fig. 3).

Results and Discussion

Reservoir Quality and Relationship with the Sequence
Kangan Formation includes two reservoir zones K1 and
K2, which are separated by a limestone layer lacking
reservoir quality and porosity. These two reservoir zones,
in the first to third sequences, include facies related to
shoal environment. Despite the cements, porosity and
permeability, we see average to good reservoir quality
in K1 and K2 reservoir units. (Fig. 4).

The first sedimentary sequence in reservoir unitK2:
in Salman field, despite the presence of cements and
porosity in the facies of the shoal to lagoon, it has

| Well (25K-1)
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a good reservoir quality. But in Lavan field, it has a
lower reservoir quality due to the lack of porosity in
the wackestone to grainstone facies.

The second sedimentary sequence in reservoir unitK1:
It includes the highlevel tract system (first sequence)
and the second and third sedimentary sequences.
The first sedimentary sequence in this unit in Salman
field, has lower reservoir quality, but towards well
LN-3, the reservoir quality has increased. The second
sedimentary sequence in Salman field includes all
kinds of calcite cements and the reservoir quality has
decreased. But towards well 3, despite the presence
of cements in shoal to lagoon facies, it has a good
reservoir quality.

The third sequence in both fields has medium to good
reservoir quality. But at the border of Kangan Formation,
it lacks reservoir quality due to Aghar shale (Table 2).

Classification of Lucia

According to Lucia’s classification, three petrophysical
classes in the Kangan formation have been investigated
based on the porosity and permeability in the Persian
Gulf basin in relation to the grain size and size of
dolomite crystals.

Study of grainstone and peckstone related to the shoal
environment in the Lucia diagram indicates the presence
of this facies in Lucia class 1 and 2. Such facies have
low cement and higher porosity and permeability. The
most porosities are related to the grainstone facies in
this area and related to the central part of the Persian
Gulf, which shows a better reservoir quality in this part.
Dolomitization can also have a different effect on
porosity and permeability. Dolomitization in the
dominant grain facies along with medium to coarse
crystal size and absence of anhydrite cement represents
the petrophysical class 1 and 2 of Lucia.

According to the studies in Lucia’s chart, the most
porosities in the Kangan Formation in the studied
fields are related to Intragranular, Vuggy, moldic, and
fracture prositys, in grainstone and dolograinstone
facies in Class 2, and it indicates the highest porosity
and permeability (Fig. 5).
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Table 2 Porosity and permeability in the reservoir units and
sequence of the third and fourth order of the Kangan Forma-
tion in the studied wells.

Well Zone PHIE
Kangan 0/1001
2SK-1 K1 0/1082
? K2 0/0920
S Kangan 0/1380
‘B[ 2SKD-1  [Kl 0/1450
5 K2 0/1310
[}
~ Kangan 0/1448
LN-3 K1 0/1214
K2 0/1682
=l
£
g _ | Sequence Stratigraphy PHIE
o
2| B
KS-1 0/0971
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S Jo|Ks2 0/11905
g 17!
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M Z
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g = | Sequence Stratigraphy PHIE K
5| =
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KS-7 0/0577 | O
KS-6 0/0775 | 27.0552
KS-4 0/1262 | 21.2436
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Q 1
§ % KS-2 0/0135 | 13.9780
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n
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E (ks Joowrs [2saes |
3
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- | KS-3 0/0922 | 127.154
% KS-2 0/0451 | 53.8728
N KS-1 0/1083 | 128.9247
KS-7 0/0333 | 0.7072
KS-6 0/0302 | 2.2171
KS-4 0/0160 | 7.5016
g KS-3 0/0995 | 197.706
%ﬁ KS-2 0/0983 | 98.0914
M
KS-1 0/0749 | 1.2317
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Conclusions

1- The Kangan Formation with Triassic age, including
a sequence of limestone, dolomite and anhydrite.
Because of the fault and placing the well at the top and
crest of building, the thickness of sedimentary units
varies in different wells and in different formations.

2- The Kangan Formation in these fields includes 15
microfacies related to sabkha to shoal environments
and indicated a shallow carbonate ramp.

3- In Salman field, the Reservoir zone K1, calcite
cement is low, in Lavan field, the Reservoir zone
K2, calcite cement has increased. In both fields,
the most dissolutions are related to Vuggy, Moldic,
intergranular porosity and fracture, which have an
impact on reservoir quality.

4- The vertical changes of the facies indicate three
third-order depositional sequences and five fourth-
order depositional sequences in Salman and Lavan
fields.

5- The known reservoir units in the Kangan Formation
in the studied fields include two reservoir zones K1
and K2, which are separated by a limestone layer
lacking reservoir quality and porosity.

6- Study of porosity and permeability, in Classification
of Lucia, Contains Intragranular, Moldic, Vuggy and
fracture are in Lucia class 2. The presence of coarse-
grained facies along with large dolomite crystals and
the absence of anhydrite cement in Lucia Class 1
indicates high porosity and permeability and indicates
a good reservoir quality in the Kangan Formation
reservoir units.

References

1. Aali, J., Rahimpour-Bonab, H., & Kamali, M. R.
(2006). Geochemistry and origin of the world’s
largest gas field from Persian Gulf, Iran. Journal
of Petroleum Science and Engineering, 50(3-4),



Petroleum Research, 2023(October-November), Vol. 33, No. 131 m

161-175, doi.org/10.1016/j.petrol.2005.12.004.

Insalaco, E., Virgone, A., Courme, B., Gaillot, J.,
Kamali, M., Moallemi, A., & Monibi, S. (20006).
Upper Dalan Member and Kangan Formation
between the Zagros Mountains and offshore Fars,
Iran: depositional system, biostratigraphy and

stratigraphic architecture, GeoArabia, 11(2), 75-
176, doi.org/10.2113/geoarabial 10275.

Martin, A. Z. (2001). Late Permian to Holocene
paleofacies evolution of the Arabian Plate and its
hydrocarbon occurrences. GeoArabia, 6(3), 445-
504, doi.org/10.2113/geoarabia0603445.



