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Fig. 1. The location of Kish gas field (yellow) compared to a number of oil and gas fields adjacent to it
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Fig. 2. Microfacies (polarized, 4x magnification): A, B: Open sea bioclastic wackestone, (Kish 1 well, depths of 3436 and
3550 m). C: Peloidy wackestone with fossil fragments, (Kish 2 well, depth 3666 m). D: argillaceous limestone mudstone,
(Kish well 2, depth 3444 m). E: Ooied greenstone with molded porosity, (Kish 2 well, depth 3614 m).
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Fig. 3. Microfacies (polarized light, 4x magnification): A: Peloidy pakstone with bioclasts, (Kish well 2, depth 3526 m).
B: Peloidy greenstone, (Kish well 2, depth, 3616 m). C: Greenstone with intraclasts and bioclasts with intergranular

porosity, (Kish 2 well, depth, 3698 m). D: Packstone with benthic foraminifera and green algae, (Kish well 2, depth,
3512 m). E: Peloidy wackestone with bioclasts, (Kish 2 well, depth, 3434 m).
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Fig. 4. Microfacies (polarized light, 4x magnification): A, B: peloidpackstone, (Kish 1 well, depths of 3538 and 3640 m).
C: Dolomitic mudstone with evaporite molds, (Kish 1 well, depth 3684 m). E, D: Packstone - intraclastic greenstone

with peloidy, (Kish B2 well, depth, 3540 m).
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Fig. 5. Sedimentary model of Dalan Formation in the study area
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Fig. 6. Types of calcite cements in the Dalan Formation: A. Fibrous/lamellar spar cement in an ooid grainstone (arrow), the
space between allochemes is occupied by anhydrite, and physical compression has caused contact and curvature of grain
boundaries. B: Fibrous/lamellar spar cement in an ooid grainstone. The black space is in the form of intergranular and
intragranular pores. C. The space between the completely dolomitized and degraded (selective dolomitization) ooid is occupied
by poikilotopic spar cement (red color). White poikilotopic cement is anhydrite cement. D. Blocky spar cement (drusy)
occupying the space between the ooid. In this figure, an inversion of porosity can be seen and mold porosity has been created
(cream color). Micrite coating is also clearly present around the grains. E. Spar cement fills more than half of the mold porosity
created in an alga. F. Spar cement filling mold porosity of ooides in an ooid grainstone (white color). G. Mosaic spar cement

(homogeneous) filling the space between the ooides. H. Fracture-filling sparry calcite and ooid molds together in an ooid
grainstone.
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1- Very fine crystalline, nonplanar, xenotopic-a
(Rd1);

2- Fine to medium crystalline, planar-e dolomite
rhombs, idiotopic-e (Rd2);

3- Medium crystalline, planar-s, subhedral to
euhedral mosaic dolomites, idiotopic-s (Rd3);

4- Medium to coarse crystalline, planar-e, euhedral
to subhedral dolomite cements, idiotopic-c
(Cd1);

5- Coarse crystalline, non-planar, saddle dolomite
cements (Cd2).
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Fig. 7. Types of dolomite in Dalan formations. A, B. Dolomite Rd1. In Dalan formation, this type of dolomite can be seen in the
context of an ooide grainstone. Cd1 dolomite cement has also filled a part of the space inside the ooides. As can be seen, Rd1 is
becoming Rd2. Rd2 in Figure B has a calcite core (black arrow). C, D. Type 2 (Rd2) dolomites. One of the characteristics of
this type is having a cloudy core and clear rim of dolomite, which can be seen well. E, F. Semi-amorphous to amorphous crystals
of type 3 dolomites (Rd3). This type of dolomite is usually destructive of fabric and porosity. In figure C, part of the space of a
cavity is occupied by Cdl. G, H saddle dolomites with a curvilinear structure and with wave extinction that filled a fracture
and an ooid.
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Fig. 8. Types of primary porosity, the influence of rock fabric: A, B. Intergranular porosity in the mentioned figures, the
porosity between ooid allochemes has occurred in an ooid grainstone. Arrow in Figure B indicates secondary intragranular
porosity. C, D. Intragranular porosity: of primary type (white arrows), in an ooid grainstone C, and of post-deposition and

dissolution type in an ooid grainstone D. E, F. Refuge porosity: in the Dalan Formation, this type of porosity (white arrow) due
to the space created under a shell fragment E, F This porosity is created by the presence of a bivalve shell.



N

‘f"“ oLo-m-!b 9 )Led ‘YY' Q)LD.A:) “Y 0)3\5 “séﬁ)lf @&L}.MJQ,.«J)

..\......JL'GA 6..\.0.: u.‘il) =L| ;_95)&0 9 009..' Lg‘om 9 uu).b
)ﬁ‘ o slal 9 QSCJ“’)}' W ‘§)Lé> le.:bo)’.;.o 5o
J)‘o..\.a—‘ \59?5 Le LDJ?QB) U"‘ ‘;Wﬁ.u ["'ef 9 (;.))...MS
e 30 Bl aiz U e e wiz 5l b Jgogs kot
adias (Yoo V) Lowg caiil oo 5,06 5w U duis g 0090
e Slheogas 59,0 o) 6 Jgog 2l el

o)l
ol asls bgas el ol glal cole —o
30 g (Yoo ohlg VeV dlwgl) o0gr (guiilS aigy
00y o ygtwaleglad 1o 4eSde Clu (S (6515 ol
Lo oo Glol sl ol obnl el el cpl 0gd oo
90 soal cel g oal 35 by jowe jo 15T
Yo Uy O )55.’).4; sbal culbrs .l sus O
a5 5,5 o )Ll aisS pl gy b asdl el s e sl
JeSas adgl ks (bl 5 Jsog cle 5o ye
o B s o s E L S5y s

O PRVt s

ool gl -Y

b Lo e ool slocdl 5l ol 4y Ceand ol o
2398 e 0,L31 555 ie glacSLy

s yobs Jobo o2l g3 (ol yo 1 S8 J3gm bl — A
laysk (A B 4 JS8) el i b ol e
Syslaglys araj o 5 03y 2 3l lizme Ugess
b sjlse Usone bryjsm ol (B & JS23) wilonsST,
Bl cnl QU wle jo w0085 L (sjlgedars
b oS e b plas ol o (BA JSE) 04 g0 00y
ool 00l oS85 (guitS Lz ) adgl 53bo

9k 2ye @ Jsb S S8l Gl o nyghiie cdl -
St g ojlil shls g 0og o Soox LoyE
3 (o il (l (G, D Ve JS&) ardloe (oot
2z el odal 392y Brs I (G025 4y 5o 5 4l

co aS 635ks kil g e o 0l ol Olise

2,5 salice il ew josl wllew a8
905 Sl (99,0 fday L8l g5 (el Bl g
g9 ) (B F Ve USK5) 0gd oo 00 (B & L
5 S ;0 39290 Dl slas Jls jo les o ]y 8L
odslive 1ycg ol allew J,uS cov slalaows plos
055 UsS Ll (b S8l (nl oS 655 e o 08

Al S Sl il cd a5 o b Sl Y
plos 5o Usams (SrSs (St Jolss - il
olyor JUsl b boes g apd o0 &) (Prbaw ) slawsle
Wyl bopias eS0e Jodsw Ul aisle jo el
4 Ol5 e yeS Slgl3 b g Wloads oS 5 Zoaglyo
b 208 o)lal 5 )l g Coinde o 2l SIS
4 Ol o 5l 58 S ((VAAY) Ly (gaises,
539 b FaSs padiy L1EST g 039 (TV) Juaie o
oo 8IS 15 dnolS IS Ll ) s b e
Olsl 2 ols wijle ps &35 g4 cnl 1 JULS Jarlss-o
baoygiwole o yiden wile cnl 5o HsS0e JSl30 s
L by ] 51 oS Slows 4l .ol 00l & boy52nS's 5
ilodds s Copaglyd b g S gyl b ilo 5 o
&8 JHS Lol pon Job3S g8 (nl islo s> Jalii-
6ly)S Slgw, labaes 5 5l glyl JUol b i
VY Gnlal) 0gi o Sl (B s g lapSolT)
o3 (5 ok b STuw ;5 i ;5% Jb3S oo il
D9 s

S b il o ol Ko 45 by Jalii-f
Sl b bl S

s 4o | sl sl Joulss— Gl
Gos bl 5l Jols sla i a4 muly jo JUsl
Codghoal slassl jo ol .(VAVA (ulily) asils oo
S e Jo 1y Jlodl B sl S 5 008 28 >
Eoiie o IS g ojlasl jo s go5 cpl U w55l
Lol o8l &

oS gl dly pab by 1y JRE -0
9 s ladly (b, Jlow Cwl (See by S
U5l g5 0l T sgzgr JUsel 51 o Sal glacKin
Sow bl el Jg s gl 3 L HUls wile jo
(VAAY) Lewgd (gaison, 4l p sl 00l o STL 3500
ol (TV) Jain oo 4 Sl e £45 5l 550 Jodss

QU w5k Gy (0 you!

oyl sbes e -)

aiiyle Ul assle joeads il oo jaul Lale g4i 90
5

bosladsss Sl capus!l g9 onl i dgog wolu -l
9> Gl lyls a5 oul JoSas alide (g55l98 )50



\Al4

\f’\“ OMU 9 )LQJ. SY“ O)Lo.a:) ‘\T 0)30 sdéﬁ)ls GAJL‘A.MJ&:J’.«H)

P 4 Job S 8Ll 5o IS ped L o
Pt sk (28 (el (Gigm £85I S2eS oyl
3l Ugasrs ba b il ol 45 (C,D Vv ISL5) cadl
baggimslaglys aree; 1o Lojoh 0, K0050 (lpe 4o U
b gauiS digy ;o puien j95de Cdb as ousSly,

ool oaal 2525 adsl 555k (b 5 e

(Ogoleglyd) Brw 5| alize slalases ;o 5 53350
Lol 0l JSi5 (ol gilinS) Job b aiy B
3395 Sl 5950 lages il ool il <l -
Sl S8 Sigm 8L anl s (A B Y+ JSK8) 00l 00y
warie @hiwzr @b bgjee o5 oslas cnl b

(S5 i) (ygimiglgd S 30 Canoglgd (1259l o 0018 5 (g 0k Jodksi A, B 1w S pld ol ' ey il Joksd glgil A sl

oo JUidl g yul awgi aijle 90 58 30 (B Gl Jolss 3 5y ausll JUsil bawgi suds slow| (B Jolsi .C, D (S5 olow)
Fig. 9. Types of secondary porosity, influenced by rock fabric: A, B. Intercrystalline porosity occurring between
dolomite crystals in a dolostone (white) (black). C, D. Mold porosity created by dissolution of ooides. Some mold pore

in both formations are occupied by anhydrite.
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Fig. 10. Anhydrite textures: A. needle-shaped texture. As can be seen, the needle-shaped crystals are scattered parallel

to each other in the field of a dolomite column. B. Anhydrite needles. C, D. Crystalline texture In this form, this texture
is formed in dolomadstone and coarser crystalline dolomites. Usually these crystals are monochromatic and several

different colors are not seen in one crystal. E, F. Radial texture.
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Fig. 11. Paragenetic sequence of digenetic processes of Dalan Formation
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Table 1. Average values of saturation (Swi), permeability (K) and porosity (PHI, P) in reservoir rocks of the upper

Dalan

Rock Swi
Type (%)

P
(85%)

P P P
(60%) | (35%) | (16%)

K
(MD)

PHI
(%)

Dominant fabric and pore types

1 8.8

1.2

3.8 153 221.7

261.7

13

Grainstone with brecciate porosity and
dolomite with well-preserved
intercrystaline porosity.

2 154

2.9

8.2 26.1 205.7

60.6

13.6

Dolo-grainstone with intercrystaline and
channel porosity and Cd1 type and
grainstone with interparticle and moldic
porosities

3 17.4

24

6 25.7 260.8

11.9

8.2

Dolo-grainstone with vuggy and
interparticle porosities and dolomite with
Rd3 type and over-dolomitization

4 35.6

4.4

85.3 346 >800

3.2

9.8

Grainstone with 0o-moldic and bio-
moldic porosities, more of it occupied
with dolomite, calcite and anhydrite.
Grainstones with various porosity that all
of it occupied by pore-filling anhydrite
and calcite.
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Diagram 1. The rate of outflow of saturated water inside the porosity of type 1 reservoir rocks versus the value of
capillary pressure, A and B. As can be seen in these graphs, with the increase of capillary pressure, up to 95% of the

saturated water in the porosity of the reservoir rock is removed. This shows the high permeability of type 1 reservoir
rocks and will lead to the ease of hydrocarbon flow.
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Fig. 12. Rock-type 1. Skeletal fragments and pseudo-relics of ooids are formed along with shear porosity (A, B). Poikilotopic

texture of anhydrite is also seen (A) (black color). A little poikilotopic anhydrite can be seen in the upper part of the photo, on
the left side (C, D). Dolostone with well-preserved intercrystalline porosity (gray and black) that created the sugar grain

texture. Most of the existing dolomite crystals are of Rd2 type.
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Diagram 2. The rate of outflow of saturated water inside the porosity of type 2 reservoir rocks versus the value of

capillary pressure (A,B). As can be seen in these graphs, with the increase of capillary pressure, up to 90% of the
saturated water inside the porosity of the reservoir rock is removed. This shows the high permeability of type 2 reservoir

rocks and will lead to the ease of hydrocarbon flow.
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Fig. 13. Rock-type 2. A, B. Dolograinstone with intergranular and channel porosities (arrow). Ooid traces (moulds) are

occupied by Cd1 dolomite. C, D. Dolograinstone with intergranular, intragranular, and mold porosity (arrow). Some
of the pores are filled with anhydrite cement.
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Diagram 3. The rate of outflow of saturated water inside the porosity of type 3 reservoir rocks versus the value of capillary
pressure (A, B). As can be seen in these graphs, with the increase of capillary pressure, up to 85% of the saturated water in the
porosity of the reservoir rock is removed. In these reservoir rocks, after about 30% of the saturated water is removed, the
capillary pressure should be increased so that more water can be removed from the porosity of the rock. The gentle slope of
the graph also confirms this issue. Therefore, the reservoir rock does not have a suitable permeability for hydrocarbon
extraction.
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Fig. 14. Rock-type 3. Dolograinstone with hollow and intergranular porosity. Number of pores are occupied by

anhydrite (A, B). Dolostone with a little intercrystalline porosity. This rock has been super-dolomitized and most of
the intercrystalline porosity has disappeared. Dolomites are Rd3 (C, D).



0dsd W ylogai ol 4o a5 jolailod .o Al aim g0 HLLS Hlado Jilio jo F cud (S35 o ol g0 ouls gluidl yT Ty Ol ¥ Hlog08
Yo 090 31 i (55350 S (] 50 g o0 Z 1 ¢ 3 S ST 9,50 oun g Ll ST 1 o 50 ¥ D900 b ai go 5 Lid 1331 b g 0
S (51510 S 021 2yl D90 518 ws SRS (5930 ST (6 iy y20Lo B 01 i 1591 ylmmn [y Aoy g0 HLd s oy £ Lol T @93 o0

il g S35
Diagram 4. The rate of outflow of saturated water inside the porosity of type 4 reservoir rocks versus the value of capillary
pressure. (A, B). As can be seen in these graphs, with the increase of capillary pressure, up to 35% of the saturated water in
the porosity of the reservoir rock is removed. In these reservoir rocks, after about 30% of the saturated water exits, the

capillary pressure should be greatly increased so that more water in the porosity of the rock is removed, so this rock does not
have reservoir quality.
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Fig. 15. Rock-type 4. A. Grainstone with poorly arranged ooides, and bivalve shells with mold porosity and a little intergranular
porosity. The rock has endured mechanical compression and some of the rocks have been reshaped and expanded. B.
Grainstone with intergranular, intragranular, and mold pore, all pores are filled with anhydrite. The aides have weak fusion
and are compressed. C. Grainstone with weak melting of ooides and small fossils. Most of the rock pores, including
intergranular and intragranular pores, are occupied by calcite cement. D. Grainstone with mold and intergranular porosity.
Most of the pores are filled with Cd1 and Rd1 dolomites, and a little with anhydrite.
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Fig. 16. Rock stratigraphic column of Dalan Formation (unofficial member of upper Dalan) in two Kish 1 and 2 wells in Kish
gas field. In Kish 1 well, in addition to the stone stratigraphic column, Dunham classification columns and reservoir rock types

are also included. In Kish 2 well, in addition to the rock stratigraphy column, the productivity test column is also included.
Numbers 1-4 show the conditions of production zones between two Wells.
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Abstract

The Dalan Formation is a carbonate sequence of Upper Permian age, which was widely deposited in
Persian regions. Dalan Formation has been studied in the underground section of Kish 2, 1 and B2 wells
of Kish Island gas field. Petrographic studies and facies analysis led to the identification of 12
microfacies deposited in a single-slope carbonate ramp and in 4 sedimentary sub-environments,
including intertidal, lagoon, bariier and open sea areas. The important diagenesis processes that have
affected the carbonate rocks of the Dalan Formation include micritization, cementation, anhydritization,
compression, dolomitization and dissolution. Diagenesis minerals obtained in these deposits include
three types of dolomite with replacement texture, two types of dolomite with cement texture, two types
of anhydrite and two groups of calcite cement. Replacement type dolomite generally improves the
reservoir quality and anhydrite reduces the reservoir quality by creating a layer by creating an obstacle
in the path of hydrocarbon movement. Intercrystalline, interparticle and sheared porosity is the best type
of porosity in the whole rock. The reservoir rocks were divided into 4 categories (RRTs-1 to RRTs-4)
based on the analysis of the drilling core (SCAL data) and the description of thin sections. The first
category is the best reservoir rock for storing and producing hydrocarbons, and the quality reservoir
decreases towards the fourth category. According to the available data, the sedimentary environment
cannot completely create the necessary conditions for the formation of reservoir-quality rocks, but
mainly the final diagenesis along with diapirism determines the reservoir or non-reservoir formation.

Keywords: Dalan Formation, Carbonate ramp, Rock type, Reservoir rock, Kish Island

Introduction

Iran is a land of hydrocarbon resources and has
a special place in the world, so identifying and
achieving these resources and reserves is
crucial economically and strategy. The Zagros
gas fields can be divided into two large units,
Dehram Group and younger than Dehram. The
Dehrom group includes Faraghon, Dalan and
Kangan makers. The gas fields of Dehram are
more than the massive and massive fields in
which the Dalan (Perepermian and Later) and
Kangan (Pre -Triassic) have always been
considered for gas harvesting in the Persian
Gulf. These permanent gas tanks are mainly
located in the Persian Gulf and the Persian
offshore, though some of them are also found
in the Lorestan and Bandar Abbas area.
Dehram reservoir have continued outside of
Iran's borders and in neighboring Arab
countries (Qatar, Saudi Arabia, UAE, and

Bahrain) is known as the Lithostratigraphy
equivalent of the Dehram Group (Khuff). Kish
gas field, located in the waters of the Persian
Gulf and studied by this study, is of the type of
Dehram group and the purpose of its drilling is
to exploit gas from corridor and Kangan. The
main purpose of this study is to study
microfacies and diagensis and the effect of
diagonal processes on the quality of the
corridor by using thin -sections data from
drilling and drilling core of wells 1, 2 and B in
Kish Island in southern Iran.

Methods & Materials

The research method is based on the review
and evaluation of previous studies and field
studies, including the information obtained
from the drilling cores of wells No. 1, 2, and B
and the study of 412 thin sections prepared
from the drilling debris related to the upper
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Dalan formation by polarizing microscope.
Which has led to the identification of
microfacies and diagenesis processes and their
impact on the quality of Kish gas reservoir. The
facies of Dalan Formation in the studied field
and the facies belts are named by Flugel (2010)
and Wilson (1975) classification. Alizarin red
solution has been used to distinguish dolomite
from calcite. In this study, the different
diagenetic processes of the sediments of the
upper Dalan Formation are identified and the
types of porosity are named using the
classification of Choquette and Perry (1970)
and finally their paragenetic sequence is
presented. After determining the diagentic
environment, based on the petrographic studies
and also determining the relative precedence
and delay of the diagenesis processes relative
to each other, the paragenesis of the diagentic
events of the Dalan formation in the studied
wells was determined. Finally, based on the
obtained data, the impact of these processes on
the quality of the reservoir has been evaluated.

Discussion of Results

Microfacies and sedimentary environment:
Petrographic studies and facies analysis of
Dalan Formation in Kish gas field using thin
section data prepared from drill cuttings and
drill cores of wells 1, 2 and B led to the
identification of 4 facies sets and 12
microfacies. These microfacies are deposited
in 4 facies sets related to 4 sedimentary
environments. These facies sets include facies
set A with open sea facies including bioclastic
wackestone, ploidy wackestone with fossil
fragments and  argillaceous  limestone
mudstone, facies set B with barrier facies
include ooid-bearing greenstone with mold
porosity, peloidal packston with bioclasts,
peloidal greenstone and intraclast and bioclast
greenstone, facies complex C with wetland
facies including packston with benthic
foraminifers and green algae, peloidal
wackestone with bioclasts and paxton Peloid
and facies complex D with tidal facies include
dolomitic mudstone with evaporitic forms and
intraclastic packston-greenstone with peloid.
These microfacies were deposited in a single-
slope carbonate ramp from the shore, including
coastal areas, wetlands, barrier, and the open
marine.

Diagenesis: The carbonate sequence of Dalan
Formation in the underground section of Kish
1, 2 and B wells of Kish Island gas field has a

wide range of different diagenetic processes.
The processes related to the marine diagenesis
environment mainly include micritization,
homogenous calcite  cement, physical
compression, nodular and  poikilotopic
anhydrite, and replacement dolomites in the
eugenesis stage. At this stage, in the
environment of meteoric diagenesis of calcite
cements of mosaic, another part of physical
compression, dissolution and various types of
porosity, replacement dolomites and part of
cement dolomites have been formed. During
the mesogenesis stage and in the burial
diagenesis environment, another part of mosaic
calcite cements, poikilotopic calcite cements,
types of physical and chemical compression,
cement dolomites and a part of unselected
dissolution and porosity were created by the
fabric. Finally, in the telogenesis stage, as a
result of the force resulting from the uplift of
the Hormuz series and the formation of the
Kish reservoir structure, all kinds of fractures
and porosities not selected by the fabric as well
as calcitic and anhydrite fracture filling
cements have been created.

Evaluation of rock types of Dalan
Formation: In Kish 1 and 2 wells, the
available information is only gamma and sonic
logs and lithology, which has been provided to
this research in the form of a rock stratigraphic
column. Of course, the well performance test
results are also available. If we assign a number
to each tested area in Kish 1 and 2 wells (green)
and match that area with Kish B2 well, the
following results can be followed:

Zone 1: After the productivity test, it was found
that this zone has gas, gas condensate and a
little water. By comparing this area with the
Kish B2 well, it is clear that rock types 1 and 2
(the best reservoir rocks) are also present in the
mentioned well, so almost the diagenesis
conditions governing this area are the same in
both wells, and it can be predicted that in the
Kish well B2 is also this part of the formation,
the reservoir of gas and gas condensate.

Zone 2: This zone also contains gas, gas
condensate and a little water and can be
matched by following it towards the Kish B2
well, but the thickness of the rock types
suitable for the reservoir in this well (yellow
and green colors) is very low, but it can contain
be a hydrocarbon. In fact, in this region, the
diagenesis prevailing in the Kish B2 well has
caused more damage to the reservoir rocks and
reduced their quality and quantity. Zone 3 and
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4: These zones can be traced and matched in
both wells, just like zone 1 and 2.

Conclusion

The study of thin sections of Dalan Formation
with Upper Permian age in the underground
section of wells 2, 1 and B2 of Kish Island gas
field led to the identification of 12 microfacies
that were deposited in four environments: open
sea, barrier, lagoon and tidal flats. The most
extensive microfacies are related to dam and
wetland environments. Dalan Formation has
been affected by important diagenesis
processes such as micriteization, cementation,
compaction, dissolution, anhydritization and
dolomitization. The main porosity in the Dalan

formation is related to fabric and includes
intergranular porosity. The reservoir rocks of
Dalan formations are divided into 4 categories
(RRTs-1 to RRTs-4) in terms of reservoir
quality evaluation. Reservoir quality is divided
from category 1 to higher categories into four
categories: excellent, good, poor and non-
reservoir, as well as the degree of irreducible
water saturation and higher capillary pressure,
so that in the Dalan formation, category one is
the best type of reservoir rock for storing and
extracting hydrocarbons. Category 4 is non-
reservoir. Mainly, the final diagenesis (along
with salt diapirism) determines the reservoir or
non-reservoir of this formation.



