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Fig. 1. Geographical location of the studied field
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Fig. 2. Identified microfacies of Arab formation in Salman oil field. a) MF1: bioclast intraclast grainstone, b) MF2:
intraclast grainstone, ¢) MF3: intraclast ooid grainstone, d) MF4: ooid grainstone, ¢) MF5: bioclast packstone-

grainstone, f) MF6: bioclast mudstone, g) MF7: bioclast wackstone, h) MF8: bioclast wackstone-packstone, i) MF9:
fenestral mudstone, j) MF10: stromatolite boundstone, k) MF11: anhydrite.
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Fig. 3. Sedimentary model presented for the Arab Formation. MF1: bioclast intraclast grainstone, MF2: intraclast

grainstone, MF3: intraclast ooid grainstone, MF4: ooid grainstone, MF5: bioclast packstone-grainstone, MF6: bioclast
mudstone, MF7: bioclast wackstone, MF8: bioclast wackstone-packstone, MF9: fenestral mudstone, MF10:

stromatolite boundstone, MF11: anhydrite

Ot 6L dmyed (Lol Lo sdmyed (oS (ylow
o 23 ol 5 o 31, LS 5T 55,5 L 5 oS o1
5 2l Loy o5l b lis cordS sla b &g &
Ve S5l el glailsg JB lalad sass
9 3oe2) 3980 JSaS (Sl slavs ;5 B)505 59>
(e g (duca VAV (s 2 9 Sl VAT (oS g
ol 0 LaSell o lems g5 cpl (Yere
Sha> (9,0 5 g glalaze 4 Glate g S
(dFUSE) 098 0 00y by glaaS 9o Bus
SN ol Gloss 1 yausl lo
S5l g ol cwl Gy Wil
Olojpe 9 Zuwl JUso58 g slanll & jg0a adgl slac o]
S ) Zupasl g9 Gl s se S 6 IS s, L
)| o= A;yla w)é.u‘ ol ool ooy C)""" Lbo)b)ﬁ)

Olosms ()05 o0 JuSiis 335k (b )0 9 (5,105 gm,

slooasay
» g5

J¥se b e

NE L
€9 dw & Gad Gloww S159y% Sllllas Gulul »
O Gloms Zasl 03l ) (il g (Traglgd ¢ SnalS
A Db o0 e CodsS Jals g SRS el el
Wil 53 692 9 Seyetie (2l e (FendS loww Jus

A ) 7 A aS ol ool Lansid e

o2 ladl Glas cwlbuspd sladdls Lo
ooty 45 s J i slaplen bl
Olesee S el SLBI o ¢ lite glacil> slo locs
bz 31 Al I s 5l o o5 b (551 s, L
ol 50 less ool S8t igdigo JoSC85 Lo O
Sl bezme sla Sy 5l 0515 51 B 5 53ko a4
Voo (JSald Vo) (g0 VAP () Canl oLy
o515 1 805 | plase £33 ol (188 2l 5 5
Sl Sy b b S L 4 e
Cnsly (Sgis )5 ojlus, o Culbope glail>
(€ F JSo) 09 o0 caplive (gow lageo 4



.Y

1P olino) g 3wl FF 0ol AT 0590 (g0 )8 ‘:wL».mu}w)

o lus, jo i oy Wile o WSl STy
oS o1 JSCt ks el 45 058 oo onaline  Sgiaty )5
Sl sbul 5 Kaes 4 Syl Husey
)"W‘ﬂ)" (g AY Li.w)w‘ o.).,..:).x_a.o— u.).?:.oﬁé“:dam
Dgdso JRIZT 5 (6 pdydsti el g Dhsw,

WL Sal oo ;5 pd a5t oy, iromunnd 90955
o3Il b gl yoly JuSis a4y jomin a5 Cul Liol38l g5 5
ol (VA9 caly g ST Ve o) (SB) 00,5 0 S5
oS a1 sladass 5 595U slao, b, o Gowe oyl 2
@ ol S b b oojls ool S Lol S
s b adSes atug )0 (pizred 5 ol liwly e
oanlin j5hid ) CondS 4 e8] 5 S (S
CatS o gl )...,L; ald cpl . F JSS) 04 o
S oy Wil (SiPe

CatS (59 (Foliie BT ol (Sheglgs 1oyl (Lumoglgd
saegled adyy b g Gloj ay (S (ol 45 058 0 24l 5
oy il 50 A ueglgd (Ve e A o) ol
o.LJwJ;u 9 k_i)))b ouusS laas> 69) 90 A u‘yso |)
Lo b ol Slegdgs )0 0,5 Gubpendi SO 00
L 5 O g0 die) o 5 LaeSell oo adsl S0
9 oy Jaas 4..J5‘ u_i))JLB ‘515 ciloads o b M}lﬁo
ouiS cu,md Al Jaeeled yo Ll amis BB
4..J5‘ k_i)))l.e 9 W w}‘ﬁo u_iu.o JS su_i)).)LB
o, 5o (g1 F JSE) G asieis b
QM >_~..~A 9.]30 k_i}).}b 0duS Lo LgLﬁmj.ljé L) .Ia..u)A
oy Wil ,0 090 (Sie CoiS alidl Cael Wilgi o
6L“MBJS° L) .Ia..u).o 6‘*‘5"30 L;LQO)LW.})
ool d an b Lo 4 S eansS 50
S5 oaisS baas glacaglgd 4 Cand col o (535500
LgLaao)LM}) 5 S o uL...u 6fu~b e WAy
25U eglgd anld pidu Gad Seglgs b das e
(2 30) Sl ALES S35 o Sy p (Ao 55 g b
Y5 gomnl 5

S5l g -Y
B ooy Sl 4ol S o (S sloJIs s
5 S ol bl j3biseass 5 (Sassbs slaan 3

Jobss eaisSp base 3 Sy clojgh oo
P el Opged 5 lapsien S50 slaib
Senglsd e wils slao lus, U losw cpl (200
sesdss AT 0 s slaalss b Sl
GAFeS g Gab (Jaaglyd Wgy pndi 50 el b
el & S lgies ol elen Syl lorw
PO LS| DSV S TEONS I JLA | W EC S PR SOV W
ol ail S5z ge IS Slidges a5 ol 4o 1 o pal
oS sl gladaslle LB ol a4 wilgs oo a5 w20 0
On oobed maw o Q] Sgu laws (5l jaloids yo ol
ady) oy oedS (glalogs 3l i o] LSt il
095 G5 Qo D30t 1 LSS Geizmam 5 533l
Ul b o] St Sl 4 sl g o SoSiss
oS ol s 5 slad 3,k 5l Lol o bs sk
St L] o 53 1) (52505 (sloal 90 28 > 1S
e ol shls Glao,lus ) 45 weo o lid 0oges
e | glalamlle B8 05 )T US55 Jd oylons
Ly ol ey Jae (195 oo ol ol bl ailoas
S US) S8 ,F L s GesaS e 55ks L 5
SS9y » ulfa.> o.).;.;f)gt w).)..u‘ ARE ‘Q‘)Li‘"“ 9
shals el g il oyt b i Sleogas
sal e Jelse 5l (S i 2hSE wulp
e SabsS 1l (cogs 230 5 aBb oo (Kenl
OYAY () 5 gaxul) o)l

5 B Ul slml el e wisle s sl : Ut
FUSE) el ons @9“"*"“; oo bz, o (glo o
S5 e gl @ il S slaJlgs a5 (60 g0 5o (f
sloasly 5l e b (Soyete Lice b slaol cilons
Lol sogasas bl clapS sl JUsl oz go asly,S
LT)‘ 09..\4:‘54 Lg‘o).a} 9 ‘SJLS J?(.L?u QL?U‘ M.CL 9 X"
P R e I Ll ST VY
Sl o JUssl anlyd (Yoo A yal) 05d 0 sbx) Ol
b Sl 5 8 i S5 Gl el 51
Aok oy wile Sz



‘f’f QM} 9 }-:J“b A’; GJLO.;:# A‘“ 0)50 “Séﬁ)ls wa.wg.:ya)

Saldps ladle law 5 (ab (LSee (S
3By @bye Fiks b &5 s 35k slaanl
ol B Jols 53bo 5l as e cpl losls &, 53548
3o Aol 5 caniidl sy 1) Sl a5 Col
O3 ol g S a8 sboos cowsia
w2 G Slorm 9 rad 9095 (0D (Sraglgs (Ul
oS axes e 5B e s sleanlp las
bow 4 obo SGL b 5l s camolis

5 Pl el a4 azg b rizmen 5 080 )
5 Pk b 69590 (e S Olais
(i Jae Al L Galply el S5 o)l
arsi LY e o) ) ad anles iolul L3 ol 5 4
Slaoly,S a5 we S aie 43S &g Slllls 4
sloanl L ibcos adllas 350 lowe 1o wpe Wil
b g (B (SO 0ke « 2b o lalaxe o 635k
3590l JBa ;o 1e5de slalase ilazd 3 13 Sallll
il glan T8 398 e sonpendl 559k 5 55550

ondS” Lo -d wolomd glanils loww —C (yuds (o150 -b -y ‘;i‘u..’bi - .oy wijlw g a0 53500 Glaasl,d F Sl
s yd ComnndS 43 395151 g (SonlS S 5 und b 61 ART 30 Auwgy s yg09 — (o515 —8 ( JUsl —F ¢ 2 yul (yloww —€ crye

Sl ouliS 5 (i (no g9 K oSl S ko (s (mogl9 — eyl ;S Al 3Sae Jao panesd y90955 i <9y
Fig. 4. Diagenesis processes affecting the Arab Formation. a- bioturbation, b- micritization, c- isopach rim cement, d-
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changing the composition of calcite and aragonite to coarse crystal calcite, i- Neomorphism of converting micrite to
microsparite,j- Fabric preservation dolomitization, k- Fabric-destroying dolomitization
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Abstract

Arab Formation is the most important oil reservoir at Salman Field of Persian Gulf. Arab Formation is
known as the upper part of Late Jurassic-aged Sourmeh Formation. This formation is 12.2 m thick in
the studied well, consisting evaporative and carbonate units. In order to study the microfacies,
sedimentary environment and presenting a sedimentary model, it has been studied 65 thin sections by
polarizing microscope and identified 11 microfacies. On the basis of the analysis of identified
microfacies, it has been proposed the homoclinal ramp sedimentary model in which, Arab Formation
has deposited in the shallow part and above the FWWB surface in the internal ramp, in the pretidal,
lagoon, shoal and restricted marine environments. The pretidal flat has been specified by fenestral
mudstone, stromatolite boundstone and anhydrite microfacies, the lagoon and restricted marine by
bioclast mudstone, bioclast wackstone and bioclast wackstone-packstone, and finally the shoal by
bioclast intraclast grainstone, intraclast grainstone, intraclast ooid grainstone, ooid grainstone and
bioclast packstone-wackstone. The effective diagenetic processes on Arab Formation in the studied well
comprise bioturbation, micritization, cementation, dissolution, compaction, neomorphism and
dolomitization. The cementation is observed as isopach rim cement, equant calcitic cement and
anhydritic cement that is the most important factor of decreasing in the reservoir quality of Arab
Formation and also dissolution and dolomitization are the most important factors of increasing in the
reservoir quality of Arab Formation. Intergranular, intragranular, moldic and vuggy porosities are the
most important type of porosity, and intergranular porosity has a wide spread. The distribution of
porosity-permeability in different sedimentary environments shows that the dominant grain facies of the
shoal environment show higher porosity-permeability values due to the development of grainstones and
have high reservoir quality.

Keywords: Arab formation, Sedimentary environment, Reservoir quality, Porosity, Permeability,
Persian Gulf

Introduction

Arab Formation is one of the most important oil
reservoirs of Persian Gulf and Arabian Plate in
which the major production is extracted from
calcareous successions in many fields. This
formation is very important in oil production of
the countries such as Saudi Arabia, Bahrain,
Qatar, Unites Arab Emirates and Iran. The end
parts of Sourmeh Formation in central and
eastern parts of Persian Gulf, coastal Fars and
southern Persian Gulf countries are known as
Arab Formation. Considering Cake-layer nature
of this formation as a classic carbonate-evaporate
sequence, it is divided to four parts of A, B, C and
D from older to younger in most parts of Persian
Gulf and surrounding areas. The thickness of

Arab Formation at Salman Field (on average,
about 163 m) is more than Reshadat Field (86 m)
and Siberi Field (63 m). The oil potential of Arab
Formation decreases from Salman Field to the
west (Reshadat and Resalat Fields) and to the
Siberi Field has no any hydrocarbon; probably
because of two important factors i.e. the lack of a
proper caprock and to be away from source rock
(Diyab Formation). The reason of decreasing in
the thickness of Arab Formation is an active
subsidence in Upper Jurassic time due to a fast
global transgression from east to the west and
creating of a marine open plain resulted from the
movement of beach plain to the east along the
north-south direction.
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Materials and Method

In order to achieve the intended purposes in this
study, they were used of 183 thin sections
prepared from drilling chips. The prepared thin
sections have been studied by the polarizing
microscope. It was used of the classifications of
Dunham (1962) to name the carbonate facies. It
has been used of standard facies presented by
Flugel (2010) in order to comparison of
carbonate facies. The performed investigations
have lead to identification and determination of
facies, interpretation of sedimentary environment
and diagnosing diagenetic processes along with
their impact on reservoir quality. The porosity
(relative to helium) and permeability (relative to
air) values of 65 well core samples were used to
determine reservoir quality.

Discussion and Results

Arab Formation in the studied well is 12.2 m
thick from depth of 2383.5 m to the depth of
2395.7 m, consisting of following lithological
units from top to the bottom as: 2.2 meters of
dolomitic limestone, 37 centimeters of anhydrite,
30 centimeters of dolomitic limestone, 92
centimeters of anhydrite, 1.15 meters of
dolomitic limestone, 1.28 meters of anhydrite, 92
centimeters of dolomitic limestone, 1.52 meters
of anhydrite, 92 centimeters of dolomitic
limestone, 61 centimeters of anhydrite and 2.41
meters of dolomitic limestone. Arab Formation in
the studied well is equivalent to Upper Jurassic-
aged Upper Arab.

In order to investigation of microfacies and
interpretation of sedimentary environment,
bioclastic and nonbioclastic allochems, cement
and micritic matrix have been studied. Naming
the all types of calcareous textures in this study
were done on the basis of the classifications of
Dunham (1962) and Embery and Klovan (1971),
as well as it was mainly used of Flugel (2010) for
the interpretation of sedimentary environments.
These studies on Arab Formation at the wells
have lead to identification of 12 microfacies. By
comparison of identified microfacies with
standard microfacies  (Flugel, 2010), 4
sedimentary subenvironments were specified.
The constituent microfacies of Arab Formation in
the studied wells from the sea to the land are as
follows:

MF1: bioclast intraclast grainstone, MIF2:
intraclast grainstone, MF3: intraclast ooid
grainstone, MF4: ooid grainstone, MF5: bioclast
packstone-grainstone, MF6: bioclast mudstone,
MF7: bioclast wackstone, MF8: bioclast
wackstone-packstone, MF9: fenestral mudstone,
MF10: stromatolite = boundstone, MF11:
dolomudstone, MF12: anhydrite

Considering gradual variation of facies, low
variety of facies, the lack of reef-forming
components, the absence of segregation and
sliding deposits resulted from sudden change of
slope in sedimentary environment, accumulation
of 0o0id near to shoreline at internal ramp and also
at ponded waters of the middle ramp, high
abundance of shallow facies and the lack of
clastic sediments confirms the existence of an
environment of homoclinal carbonate ramp for
deposition of Arab Formation. The identified
microfacies in the shallow parts of the ramp have
deposited at the internal ramp. Intraclast
grainstone, intraclast ooid grainstone, ooid
grainstone and bioclast packstone-grainstone
belong to ponded water environments; bioclast
mudstone, bioclast wackstone and bioclast
wackstone-packstone are related to lagoon
environments; and  fenestral mudstone,
stromatolite boundstone, dolomudstone and
anhydrite are indicator of pretidal flats. During
microscopic studies, it was specified that the
effective diagenetic processes on Arab Formation
in the studied well comprise bioturbation,
micritization, cementation, dissolution,
compaction, neomorphism and dolomitization
Micritization, cementation and compaction cause
to decrease of the reservoir quality, instead
dolomitization and dissolution lead to increase of
the reservoir quality of Arab Formation. Noticed
on performed studies, it was identified that Arab
Formation carbonates in the studied field have
been affected by diagenetic processes at the
marine, meteoric and burial environments and
during the upwelling. The mentioned
environments are classified to three phases
including  eogenesis, mesogenesis and
telogenesis. The processes such as bioturbation,
micritization, the isopach rim cement and
anhydritization are of diagenetic processes which
have synchronously occurred with sedimentation
during marine diagenesis and eogenesis phase.
This phase of diagenesis comprise processes
which affect the sediments during deposition and
immediately after deposition. Dissolution,
dolomitization, neomorphism and equant
cementation are of significant diagenetic
processes belong to mesogenesis phase that
indicate a variation from a marine phreatic
environment to a fresh water phreatic
environment. Dissolution process in the
limestones which have a major role in developing
hydrocarbon reservoirs, is expanding both in
burial diagenetic environments (Dawson and
Carozzi, 1993) and in meteoric diagenetic
environments. due to ingress of the
undersaturated waters. Compaction, fracturing
and the formation of calcitic and anhydritic veins,
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dolomitization and dissolution (to a lesser extent)
are of processes occurring at the telogenesis
phase. The results show that generally, grain -
dominated grainstone facies show higher
porosity-permeability values compared to
micrite-dominated wackestones and mudstones.
In samples of this formation, the grain-dominant
facies with greenstone texture belonging to the
high-energy shoal environment have a porosity of
14.1 to 30.39 percent (average 23.28 percent) and
permeability of 6.9 to 8§1.62 md (average 48.66
md). This facies have intergranular,
intragranular, and moldic porosities. The
diagenetic processes affecting this facies are
dolomitization, dissolution, compaction,
cementation, micritization, and anhydritization.
Generally, the role of the early texture is effective
in increasing the reservoir quality of grainstones,
and diagenetic processes do not have much effect
on reservoir quality. Mudiston facies include
depositional facies of lagoon environment that
have low porosity and permeability. The porosity
of these facies ranges from 7.9 to 20.30 percent
(average 15.23 percent), and the permeability
ranges from 0.74 to 4.62 md (average 15.42 mD).
Mudstone facies, due to sedimentation in a slow
environment, contain abundant mud and have
very low initial porosity and permeability.
Mudstone facies, due to sedimentation in a slow
environment, have abundant mud and have very
low initial porosity and permeability.
Dolomitization and dissolution have increased
porosity and permeability in these facies. In this
facies, anhydritization has reduced porosity and
permeability. The wackstone and packstone
facies are depositional facies associated with the
lagoonal subenvironment and exhibit varying
values of porosity from 9.3 to 25.4 percent (mean
16.7 percent) and permeability from 1.6 to 9.75
mD (mean 12.04 mD).The varying values of
porosity and permeability in these facies have
been enhanced by diagenetic processes such as
dolomitization and dissolution. The algal
bondstone facies, which is very poorly
distributed and observed in only 4 samples,
shows a porosity of 13.9 to 21% (mean 16.9%)
and a permeability of 0.67 to 1.5 mD (mean
2.19). This facies has also undergone diagenetic
processes of dolomitization, dissolution, and
anhydritization.

Conclusions

The study of thin sections prepared from drill
cores and the porosity and permeability of the
Upper Jurassic Arab Formation in the well
studied yielded the following results:

- Based on microscopic studies, 11 microfacies
have been identified that are deposited in the
restricted marine, shoal, lagoon, and peritidal
zone in the shallow part of the inner ramp and are
of the homoclinal type.

- The deposits of the Arab Formation have
undergone all three diagenetic environments
including marine, meteoric, and burial.
Bioturbation, micritization, cementation,
dissolution, compaction, neomorphism, and
dolomitization have been the dominant
diagenetic processes on the deposits of this
formation.

- The distribution of porosity-permeability in
different sedimentary subenvironments including
peritidal, lagoon, and shoal shows that the shoal
subenvironment facies show higher porosity-
permeability values due to the development of
grainstones.

- Regarding the effect of diagenetic processes on
the pore system and reservoir properties, it is
observed that dissolution and dolomitization
have the greatest effect on the porosity-
permeability distribution. Anhydritization has the
most destructive effect on the reservoir quality of
the Arab Formation.

- Regarding the effect of the pore system in the
various reservoir facies of the Arab Formation, it
is observed that intergranular porosities have
higher reservoir quality compared to moldic and
microporosities. Moldic pores, despite their high
porosity, show low permeability values due to
the Lack of proper communication of the pore
system results in low permeability values.

- The results of reservoir quality assessment show
that the porosity-permeability distribution is
controlled by both sedimentary facies and
diagenetic processes parameters. However, the
contribution of diagenesis to reservoir quality has
been considerable, and even intergranular
porosity has been affected by anhydritization,
dissolution, and compaction. In other words,
although the genesis and nature of the formation
of these porosities were related to the
depositional environment, part of their reservoir
quality is affected by diagenesis.



