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Fig. 1. Above: The general location of the studied area located in the northwest of the Persian Gulf. Bottom: A-
Cretaceous and Cenozoic stratigraphy in different parts of the Persian Gulf (Al-Husseini, 2007). B- The Kazhdumi
Formation, its stratigraphic equivalents and sub-divisions in the northwest of the Persian Gulf (Mehrabi et. al., 2019).
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Fig. 2. Microscopic images of the sedimentary facies of the Kazhdumi Formation in the study area. MF-1: Bioclastic
limestone containing Orbitolina. PF-1: Shale /silty shale. PF-2: Oolitic-sandy ironstone. PF-3: Bioturbated siltstone to
fine-grained sand. PF-4: Poorly-sorted, cross-bedded sand. PF-5: Moderately-sorted fine-grained sand. PF-6: Poorly-
sorted sand with organic matters. PF-7: Rootled sandy/silty shale.
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Table 1. A summary of facies characteristics of the Burgan Formation in the studied field.
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Fig. 3. Sedimentological log of the Kazhdumi Formation in the studied field in the NW Persian Gulf.
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Table 2. The range of logarithmic FZI values in different HFUs and their reservoir quality
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Fig. 4. (A) Cumulative normal probability plot of Log FZI values; (B) Plot of porosity versus permeability by hydraulic
flow units and (C) normalized porosity versus reservoir quality index by hydraulic flow units determined in the

Kazhdumi Formation in the studied well.
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Fig. 5. Porosity-permeability plot of the Kazhdumi Formation on the standard diagram in order to determine the

Winland rock types.
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Table 3. The range of logarithmic R35 values in Winland rock-types and their correlation with hydraulic flow units and
sedimentary facies of the Kazhdumi Formation in the studied well.
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in the studied well.
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Fig. 7. Top: Schematic sedimentary model (adapted from Heldrich et al., 2017), Middle: Schematic cross section
(adapted from Mehrabi et al.,, 2019) and Bottom: Schematic microscopic images of the sedimentary facies of the
Kazhdumi Formation. (a) organic-rich silt to very fine sand, (b) well-sorted medium sand, (c) Fe-rich (sideritic) ooid

facies, (d) sandy orbitolinid limestone.
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Fig. 8. Correspondence of the sequence stratigraphy of the Kazhdumi Formation in the NW Persian Gulf (this study)
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Fig. 9. Porosity versus permeability plot for all facies (except for PF-7) in the Kazhdumi Formation

9 2bo)y Clbl LilKe Ky Sl 4 axg
005 Wil @l aess )3 1) aman sile e
P UL LS g oig i GES 5 s 2 Belate oS
T-R Jow ;0 U 510 o8 )0 a5 o= | Joo
5 e cgltale gloo s, w3l ) Lol (il
S Ws Gaee 5 a5l sloidn jo oad atigs (o)
9 e (35 iS5 ek 4 g Cowl 00
Nye Wil il i 4 Comd (5 50mb U5 50
oS Olyss 5l oladss, il (Ve JSE) el
>y addllas 050 Glace )5 (033 Wil jo (G
23 (T o5 5 Bl el 00 G35 3 yslone
Sleaxd S 5o OB wile 5l 03wl (2L
Ol [y wisle cnl (il 25u 50 &l lavle 5o
S OB Wile sy 5 S sl e
b s (glasle sl 53] g5« pmimas lagy] los S
S askslons; laggiala olen 4 1) Cundos
a8 wilod )57 ()55 G s wiile (Ul g (Sl sl
Ngysn el ay aile cnl jo pgs Az (3l lsin
il Sie Sleogas (Y010) Ko g dinyin
3550 oo Bl e el 55 (3,8 lae o 1, O s
slos S o3l doyl anlllas bl ailesls 15 b,
e oo La (B 5 Wil slaosie (alsl 5 5 Jobss
VXYY U /8 gao, 0 YEIN LY o 2lsl 5 g Joddsw a5

0 %0 @|3|)4 9 J.‘z.l:u )J.)LQA | Joese] wﬂg&,‘,

Syge ol 5o (0035 Wil Gie CudS pelr gt
E)Lu ¢y g LJ‘" L Ll 0l 4:)‘)‘ ) J.i.u L axlllas
Fogd $3R09) 9 S Sbyxr slasly (o
@).‘xn g.)L..o9.a> 3 ).,.».7.) «wL.u‘ LJ"‘ » U d,.a.b
on Sl S 5 gt 5 e ilw Gz ke
PSRN B PRV S e TSP L I H ¥ PESR Y
(5 ae)) S ile w8l 5 g3 (Tl joz b lawssie
e sy Drrets ol Sy corge azgs LB
Jled 5o &8ly cole jo (00055 Wile (Sl sae )
64...19 L) @)za Lglb.b‘g LJ‘" ol 00 u,o)LS(‘}.J.> g_))&
HFU-4,) UL coas b (Sdgyae Gz slaasls
SelFol5 Sl wliyg ‘;m slasss (HFU-5
bbb UL polis 0929 9 (WRT-4, WRT-5) il jo
i b oS axil e aie by Cubb g 0,
Jb il (LST) Gl 515 S8 5 s 0 g e
odgpn &S 5 s g S| Jke )3 (00335 W5l
Ciglla s 0dig ey — odigyi Wilw Joe (TST)
2ol 50 Ly s 515 lale gloogS (pl S o0
$4>b 50 @ly jglme ole b g anlllas 590 (o
S et IS S o )bl (o pfled
2l ] S8 s slelid lSel lab g

L g 00, yuo sloj)) slrosls (59) 2 5 e oliie



|

\f.f uL’i-mgl: 9 )‘QA AR G)Ln..f: AY 099 “Séﬁ)ls G..:L’....‘;g,.w)

Olye 4 g 00 Gml (2l g SRS (slls g
20l (r dumlile Wgdi oo gume (SyFenl Jolgd
$Bbsla el g ails ojluil 5 0jhe gl - Jdss
sy SGewaoplis (B STt slaanle
sl )] So 92 g baasls ojlasl g 55 CodsS oy

5 O3 b SRy o @ dhal) &5 sasee L
Sezs OBoe Wil (g, slee,ls,
G Logio b 3, gloals L JUS (glacSiuanls
Jed sladiges a5 Jl> )0 caites (3500 Sl (n e
sl b IS slodame 0 shiie K5

25l

Ln

2

wir1

Hro war
‘ At

WRTS.

Hydraulic Flow Units

Winland method

Lorenz Zonation

RQl FzI
ilo s 10 o 20

Formation

o
=
T

o

R35

= PhiH%
[-3
2 0 20 40

100

Burgan(A)

.\ l-lllllllll

o 1 1 4

Zone - A: Baffle Zone

R L
e T sl
2T " e

I

AlDbian

IR
o

™ N )

1L
X

AR A A e

o,

(LKL
i e

IF MR E T

| ™ i vy ol e e

Zone- B
Baffle-Reservoir Zone

Zone-C

Reservoir Zone

Zone-D
Reservoir Zone

TT

1

i

TT

e 4 - hr e

Zone -E
Reservoir Zone

Zone -F
Reservoir Zone

o lEals e Sl )0 adly axdllae 3550 Gl 53 (20335 Wile (Ji5e CanitnS gl (g N S5
Fig. 10. Reservoir quality log of Kazhdumi Formation in the studied field in the NW Persian Gulf.



\ld

VP f lewoli g 5lee YO o5losls VY 0,90 (60 j135 ol g,

i 5Bz ik e S SIS odig
@bl yo Slbal gl olasel BB ozl S (95T
05 Wil cJae onl 5o 05l aszg s Lo gl 1) Ban
(HST s TST (LST _sins) olS o9, Jlg5 s 5 Ll
0 aS gl b s (LST) b 515 o les ) atus S5
R 99390 Wile (g3gmo g odigrda slao,lus,
OLis (S35 CoieS (bl Canl oad LSS 058 o0
e CuisS s PE-3 5 PE2 (glao L, a5 ol
it 6o PE-6 g PE-5 PF-4 slao,lus g Lawgie

g8 oyl Q|95L5o Wolps s e S Coals
5 5 dnbs Cond (ol a5 0,5 (S s
JyaS (Sadyer oyen 4 asle gladils ol
(29l 9 Jo5s 2599) (350 2ls5 (59, 2 stz F B
398 (S e §odigT s 5l ol o
PSS A yaie Gl ey ,0LES b, 5l eolazl b
lolid 4y e il (B9 9 (Sdgyau by axl
P el Gy 5l eolaiwl b pisren ol ailyy wllS O
3 ga ol )0 (0058 Wil ;o slal g (gow (S ()
P @L’P 6“’»‘5 O.’.‘ u»).wf W @L»L..., aJlas
Sl milSw Sz ilex 0 255 S5 S ladiss

obee 2k, BB o5,

References

Ahr, W. M (2008) Geology of Carbonate Reservoir.
John Wiley and Sons Inc., Hoboken, 277 p.
doi.org/10.1002/9780470370650.

Aladwani, N. S., Alenezi, A., and Diab, A (2023)
Investigation of the Cretaceous total petroleum
system using wireline logs, core, and
geochemical data in Bahrah Field, Northern
Basin, Kuwait. J Petrol Explor Prod Technol,
13: 381- 406 doi.org/10.1007/s13202-022-
01556-4.

Al-Helal, A., AlRefai, Y., AlKandari, A., and
Abdullah, M (2023) Subsurface Stratigraphy of
Kuwait (pp. 27-50). doi.org/10.1007/978-3-
031-16727-0_2.

Al-Husseini, M. I (2007) Iran’s crude oil reserves
and production, GeoArabia, 12 (2): 69-94.
doi.org/10.2113/geoarabial 20269.

Alizadeh, B., Rahimi, M., and Seyedali, S. M
(2024) Total organic carbon (TOC) estimation
using ensemble and artificial neural network
methods; a case study from Kazhdumi
Formation, NW Persian Gulf. Earth Science
Informatics, doi.org/10.1007/s12145-024-
01337-z.

Alsharhan, A. S (1994) Albian CLAstics in the
western Persian Gulf region: A

Jds 5 (T ) oLSen 5 olawal dalllas ol
3 B s s ab ol s ) 5l 2 5 cesle
alog; lgizme (O g0 wjle (UL (5w sla Sowanle
sl 1o (nl (S CksS p emlel 58 ()
30wl ojlail cglanle Cdle wls slao sy o el
2 kS ks Sless Sl e Sl (21915 Sln
O S Coeal 080 Wil o (e b
23lie (n 3UL g (sl g JolSS laosls (Ko
sanlive ijad Sinwdaske ool 45 el )l ol
sleosls 5l sasliawods sloojre olgl 5 polie .ailoads
ke 10 Sl i BY e sga> (o 00 Julow
Jodss polae ((ow)lo o OVY . 50L) col yuiie
B0 Sgam o 35 oS b gloo,les) sl o

Sy dmii P
O S9) R (S libime) g (ewlidoge) (2b))
oo 31 JalS ooy acgeze I oolinl b w03
L olyon (555, So 55U ol 5 a5l cons 5 i
CehS byl sl @l —JRs slaesls (o n
Gl 5 lolus, ol oud abxl e
G Ranz Sz )ly ) asllhe 3 )50 ()5 (5 IS g,
slaolie b Culed)s 5 28,5 J13 s 9550 (il
A0 awglie allee,gls dihie o o] cwlidais
15 a5 ol 5l oS30 ablie 5 03he 3,T5,m lilllas
£ cuip s w05 Wile asdllas 590 ddhais
JNR FEE S J IR TINE SUSIC TN S S
GoepS wlo S pyiily 4 (5)lyl (ko (LS e
s Xwank I IS Wil cpl aib e oo
5 SoT slo e Sy chasgroails b 5y jails L&
S kS Grpie vy Gl spame sl
Lhuge U pydl gleaule an Glase 0055 wle
b (PF3) sl )lacs, aF coul JUIS gons arigs
coigs Jols 4 bao,les ) ol wigd oo el |, (PF-6)
Fike ol gy 4 o plmsgy Szl 5
Lolul byl S35 Dluogas . ailos ;SO Joss | gl
lauilin cul Glojlus; 9 (Bl gla Sy &b
— odgydn g GgmST Je 93 50 (00338 Wil (o9,




Y

VP f lewoli g 5lee YO o5losls VY 0,90 (60 j135 ol g,

Omega (Pt 1): 373-380.

Haq, B. U. and Al-Qahtani, A. M (2005)
Phanerozoic cycles of sea-level change on the
Arabian platform. GeoArabia, 10 (2): 127-160
doi.org/10.2113/geoarabial 002127.

Heldreich, G., Redfern, J., Legler, B., Gerdes, K.,
Williams, B. P. J (2017) Challenges in
characterizing subsurface paralic reservoir
geometries: a detailed case study of the
Mungaroo Formation, North West Shelf,
Australia. Geological Society, London, Special
Publications, 444 (1): 59-108
doi.org/10.1144/SP444.13.

Honarmand, J (2016) Factors Controlling Reservoir
Quality of the Burgan Formation in Foroozan
Oil Field, Persian Gulf. Journal of Petroleum
Research, 25 (85-1): 86-99.

Kolodzie, S (1980) Analysis Of pore throat size and
use of the Waxman-Smits equation to determine
OOIP in Spindle Field, Colorado. Society of
Petroleum Engineers of AIME, (Paper) SPE
[Preprint] doi.org/10.2523/9382-ms.

Mehrabi, H (2019) Reservoir characterization of the
Burgan Formation in northwestern Persian Gulf.
Journal of Petroleum Science and Engineering,
174: 328-350.

Mehrabi, H., and Bagherpour, B (2022) Scale,
origin, and predictability of reservoir
heterogeneities in shallow-marine carbonate
sequences: A case from Cretaceous of Zagros,
Iran. Journal of Petroleum Science and
Engineering, 214: 110571.

Mehrabi, H., Hajikazemi, E., Zamanzadeh, S. M.,
Farhadi, V (2023) Reservoir characterization of
the Oligocene-Miocene siliciclastic sequences
(Ghar Member of the Asmari Formation) in the
northwestern Persian Gulf. Petroleum Science
and Technology, 1-26.
doi.org/10.1080/10916466.2023.2216229.

Pettijohn, F. J (1975) Sedimentary Rocks. 2nd
Edition, Harper and Row Publishers, New York,
628 p.

Posamentier, H. W. and Vail, P. R (1988) Eustatic
controls on clastic deposition II<>9d\sequence
and systems tract models. Sea-level changes: an
integrated approach, 125-154.
doi.org/10.2110/pec.88.01.0125.

Sharland, P. R (2004) Arabian plate sequence
stratigraphy - Revisions to SP2. GeoArabia, 9
(1): 199-214.

Strohmenger, C. J (2006) Sequence stratigraphy
and reservoir architecture of the burgan and
mauddud formations (Lower Cretaceous),
Kuwait. AAPG Memoir, 213-245.

Van Buchem, F. S. P (2010) Barremian - Lower
Albian sequence-stratigraphy of southwest Iran
(Gadvan , Dariyan and Kazhdumi formations)
and its comparison with Oman , Qatar and the
United Arab Emirates. GeoArabia Special
Publication 4, 2(December): 503-548.

SEdimentological and petroleum-geological
interpretation. Journal of Petroleum Geology,
17(3):  279-300.  doi.org/10.1111/j.1747-
5457.1994.tb00135.x.

Alsharhan, A. S (2014) Petroleum systems in the
Middle East. In: Rollinson, H. R., Searle, M. P.,
Abbasi, A. 1., Al-Lazki, A. 1. and Al Kindi, M.
H., Eds., Tectonic Evolution of the Oman
Mountains, 392, Geological Society, London:
361-408. doi.org/10.1144/SP392.19.

Amaefule, J. O (1993) Enhanced reservoir
description: using core and log data to identify
hydraulic (flow) units and predict permeability
in uncored intervals/ wells. Proceedings - SPE
Annual Technical Conference and Exhibition,
205-220. doi.org/10.2523/26436-ms.

Beydoun, Z. R (1991) Arabian Plate Hydrocarbon
Geology and Potential - A Plate Tectonic
Approach. AAPG Studies in Geology,
doi.org/10.1306/St33533.

Bromhead, A. D., van Buchem, F. S. P., Simmons,
M. D., and Davies, R. B (2022) Sequence
stratigraphy, palacogeography and petroleum
plays of the Cenomanian—Turonian succession
of the Arabian Plate: an updated synthesis.
Journal of Petroleum Geology, 45(2): 119-161.
doi.org/10.1111/jpg.12810.

Christian, L (1997) Cretaceous Subsurface Geology
of the Middle East Region. GeoArabia, 2(3):
239-256. doi.org/10.2113/geoarabia0203239.

Davies, R. B., Payne, D., Taylor, K (1997)
Reservoir Geology of the Burgan Formation in
Raudhatain and Sabiriyah Fields, North Kuwait.
Unpublished Badley Ashton report 97001 for
Kuwait Oil Company.

Dunham, R. J (1962) Classification of Carbonate
Rocks According to Depositional Texture. In:
Ham, W.E., Ed., Classification of Carbonate
Rocks, AAPG, Tulsa, 108-121.

Ebrahimi, D (2017) Inspecting the Reservoir
Characteristics of the Burgan Formation of
Soroosh Oil Field Applying Rock Typing
Methods in the Context of Geological Studies.
Open Journal of Geology, 7(4): 488-504.
doi.org/10.4236/0jg.2017.74034.

Embry, A. F (1993) Transgressive-regressive (T-R)
sequence analysis of the Jurassic succession of
the Sverdrup Basin, Canadian Arctic
Archipelago. Canadian Journal of Earth
Sciences, 30 2): 301-320.
doi.org/10.1139/e93-024

Gomes, J. S., Riberio, M. T., Strohmenger, C. J.,
Negahban, S. Kalam, M. Z (2008) Carbonate
reservoir rock typing the link between geology
and SCAL. SPE Paper No. 118284.
doi.org/10.2118/118284-MS.

Gunter, G. W (1997) Early determination of
reservoir flow units using an integrated
petrophysical method. Proceedings - SPE
Annual Technical Conference and Exhibition,



A \f.¥ uL».m;b 9 53l YO o)kl AY 0,90 ‘déﬁ)ls ‘:.nb.mug.w)

Paleoenvironmental reconstruction, sequence stratigraphy and reservoir quality
of Lower Cretaceous sequences (Kazhdumi Formation) in the northwest of the
Persian Gulf

S. A. M. Shahidi', H. Mehrabi** and S. M. Zamanzadeh?®

1- M. Sc., student. School of Geology, College of Science, University of Tehran, Tehran, Iran
2- Assist. Prof., School of Geology, College of Science, University of Tehran, Tehran, Iran
3- Assoc. Prof., School of Geology, College of Science, University of Tehran, Tehran, Iran

* mehrabi.hamze @ ut.ac.ir

Recieved: 2024.7.21  Accepted: 2024.10.8

Abstract

This study aims to investigate the control of facies characteristics and depositional environments on the
distribution of reservoir parameters (porosity and permeability) in the Kazhdumi (Burgan) reservoir
formation in one of the fields in the northwest of the Persian Gulf. This formation is composed of fine-
to medium-grained sandstones, mudstone, calcareous shales, and limited carbonate sequences, and
consists of eight sedimentary facies. Based on the integration of sedimentological and reservoir
properties, the Kazhdumi Formation is divided into two sections: the lower and upper parts. The lower
section, composed of a thick sequence of high-quality sandstones, constitutes the most significant
reservoir horizon. The sandstones in the upper part of this formation also have notable reservoir
significance. In this study, a comprehensive dataset including core samples, plugs, and thin-section
petrographic analyses, along with porosity-permeability data, were utilized to evaluate the reservoir
quality of the Kazhdumi Formation. Based on the described facies, the depositional environment of the
Kazhdumi Formation is interpreted as a deltaic to open marine setting in the northwest of the Persian
Gulf. Sequence stratigraphy analysis was conducted using the transgressive-regressive method and the
Exxon sequence stratigraphy model. To assess reservoir quality, methods such as reservoir quality index
determination, Winland rock type classification, and modified Lorenz plot were employed. It was
ultimately determined that the medium- to coarse-grained, well-sorted, matrix-free sandstone facies in
the lower part of the Kazhdumi Formation created the best reservoir horizons. These facies, due to early
oil migration and high sedimentation rates, underwent minimal diagenesis and remain loosely
consolidated to semi-consolidated, correlating with the lowstand systems tract in the sedimentary
sequence of the Kazhdumi Formation.

Keywords: Kazhdumi (Burgan) Formation, Persian Gulf, Lower Cretaceous, Paleoenvironment,
Sequence stratigraphy, Reservoir quality

important siliciclastic reservoir in the Middle
East, in the northwest Persian Gulf.

Introduction
The Lower Cretaceous clastic sedimentary

sequences (Kazhdumi and Burgan formations)
are among the most significant hydrocarbon
reservoirs in the Persian Gulf and its adjacent
regions. The study of facies characteristics,
reconstruction of paleoenvironments, and their
impact on the distribution of reservoir
parameters is one of the most crucial studies
that can  significantly = enhance  the
understanding, modeling, and production of
reservoirs. To date, there have been limited
studies on the various geological and reservoir
aspects of the Lower Cretaceous reservoir
sequences (Kazhdumi Formation), which is an

Therefore, further study of these reservoirs to
achieve a comprehensive and accurate
understanding, identify the factors controlling
reservoir  quality, and determine the
distribution of reservoir horizons and their
relationship with sequence stratigraphy is
essential. This study aims to address these
aspects using integrated geological and
reservoir data. the entire sequence of the
Kazhdumi Formation has been cored,
providing an exceptional opportunity to study
its facies, diagenesis, sequence stratigraphy,
and reservoir quality. This study intends to
integrate  geological  (petrography) and
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petrophysical studies to evaluate the control of
facies  characteristics and  depositional
environment on the reservoir quality of the
Kazhdumi Formation in one of the oil fields in
the northwest Persian Gulf.

Data and Methods

In this study, the sedimentological and
reservoir  geological evaluation of the
Kazhdumi Formation was conducted using a
comprehensive dataset consisting of drilled
cores, plugs, thin sections, and petrophysical
logs, along with laboratory data analysis of
porosity-permeability to assess reservoir
quality. In total, 420 meters of core from three
wells, 920 microscopic thin sections, 570 plugs
for porosity-permeability measurements, and
XRD analysis results on 47 samples from this
formation were used to investigate its various
geological features. The sampling interval for
preparing thin sections was approximately 0.3
meters. Plug sampling from hardened cores
with sandstone and limestone lithology was
performed using standard methods. For
sampling from unconsolidated cores (including
loose to semi-consolidated sands or silts), a
specialized sampling tool (Ergotech sediment
immersion cutting device) was utilized.

Facies analysis was performed using standard
models, and facies descriptions were based on
the Dunham (1962) method for carbonate units
and the Pettijohn (1975) method for
sandstones. Additionally, neutron, density, and
gamma ray petrophysical logs were used in
conjunction  with  porosity-permeability
measurements to evaluate the reservoir quality
of the Burgan Formation. To determine the
reservoir rock types, hydraulic flow units, and
reservoir zoning, the following methods were
employed:

Hydraulic flow units’ determination using the
flow zone indicators (FZI), Winland’s pore
size classification, and stratigraphic modified
Lorenz plot (SMLP).

Results and Discussion

1. Microfacies analysis

Facies studies on drilled cores and microscopic
thin sections led to the identification of eight
main sedimentary facies in the Kazhdumi
Formation, coded as PF1 to PFS.

Facies 1 (bioclastic limestone containing
Orbitolina) is characterized by its fossil content
(Orbitolina and echinoderms) and
sedimentological features, indicating

deposition in an open marine environment.
Facies 2 (laminated shale/silty shale),
characterized by the presence of small
foraminifera and echinoderms along with its
shaly lithology and lamination, developed in
the prodelta area, along with Facies 3 (sandy
oolitic ironstone). Facies 4 (bioturbated
siltstone to fine-grained sandstone) shows
extensive bioturbation, suggesting deposition
in the lower delta channels or delta front. The
delta front facies include poorly to moderately
sorted fine-grained sandstones with cross-
lamination to massive bedding containing
oxidized and fragmented particles (Facies 5
and 6). Delta plain facies, identified by
evidence such as plant debris, coal streaks, and
oxidized grains, are represented by Facies 7
and 8. Based on described facies and their
interpretations, and considering previous
studies, the sedimentary environment of the
Kazhdumi Formation is regarded as an
intermediate  deltaic to open  marine
environment in the northwestern Persian Gulf.
The sedimentary model of the formation
comprises four main facies belts: delta plain
(sub-environment), delta slope (delta front),
prodelta, and open marine (inner carbonate
platform). Previous studies also indicate that
this formation was deposited in a deltaic and
estuarine system within the Persian Gulf basin.
2. Sequence stratigraphy

In this study, sequence stratigraphic analysis of
the Kazhdumi Formation was conducted using
transgressive-regressive  (T-R)  methods
(Embry, 1993) and the sequence stratigraphy
scheme of Posamentier and Vail (1988),
known as the Exxon model. In the
transgressive-regressive  sequence method,
each sequence is divided into two facies
assemblages (systems tracts): a transgressive
systems tract (TST), bounded below by a
sequence boundary and above by a maximum
flooding surface (MFS), and a regressive
systems tract (RST), bounded below by the
maximum flooding surface (MFS) and above
by a sequence boundary. In the Kazhdumi
Formation, the transgressive systems tract is
characterized by the accumulation of delta
front and prodelta facies, while the regressive
systems tract includes delta plain sands.

In the Exxon model, a complete depositional
sequence for siliciclastic sequences includes
lowstand systems tract (LST) facies
assemblages, transgressive systems tract (TST)
facies assemblages, and highstand systems
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tract (HST) facies assemblages. In the study
area, the Kazhdumi Formation consists of two
transgressive-regressive sequences and one
complete Exxon sequence.

A sequence stratigraphic correlation for the
Kazhdumi Formation has been presented in
fields located in the northwestern part of the
Persian Gulf and adjacent areas in southeastern
and northern Kuwait, and the Burgan Field. As
demonstrated, the Posamentier sequence
stratigraphy scheme provides a reliable
framework for correlation in the studied
regions. In this model, the Kazhdumi
Formation primarily consists of a complete
depositional sequence (including LST, TST,
and HST systems tract) and a lowstand (LST)
unit in its uppermost part, where it transitions
into the overlying mudstone facies of the
Mauddud Formation. Therefore, the
sedimentological  transition  from  the
Kazhdumi (Burgan) Formation to the
Mauddud Formation indicates a large-scale
progradational sequence. Member B of the
Kazhdumi Formation was predominantly
deposited in non-marine (deltaic) conditions,
whereas Member A was deposited in lacustrine
to littoral environments and exhibits a
complete structure of alternating (repetitive)
facies and channelized sedimentary units.

3. Reservoir quality

Based on the studies and calculations
conducted, and with the aid of the normal
probability plot (cumulative) of FZI values,
five distinct inflection points indicate the
presence of six hydraulic flow units in the
Kazhdumi  reservoir. The  cumulative
probability plot and the cross-plots of porosity
versus permeability and RQI (Reservoir
Quality Index) versus PhiZ (normalized
porosity) are used to distinguish the hydraulic
flow units, as shown in Figure 4. The
minimum, maximum, and average porosity-
permeability values within the hydraulic flow
units are presented in Table 2. Accordingly, we
define six types of HFUs or rock types for the
Burgan Formation in this study. Table 2 shows
the range of logarithmic FZI values within
different HFUs along with a descriptive
classification of the reservoir quality of the
evaluated samples.

In the Winland method, R35 values (radius of
pore-throat-radius at 35% mercury saturation)
are calculated based on the core porosity and
permeability data. Subsequently, these data
points are plotted on the Winland standard plot.

Based on the iso-pore-throat lines, five rock
types are identified. Table 3 illustrates the
range of R35 values across different rock types
and evaluate their reservoir qualities.

Based on the calculated values of storage
capacity (PhiH) and flow capacity (KH) for the
Kazhdumi Formation, these values are plotted
on a normal probability plot. Based on the
inflection points observed in the plot, six
Lorenz zones have been identified. Table 4
provides the range of PhiH and KH values
along with the zoning of the Kazhdumi
Formation based on these parameters.

A comprehensive reservoir quality log for the
Kazhdumi Formation in the studied well is
presented in Figure 10. In this log, results from
sedimentological studies including reservoir
lithologies, hydraulic flow units, and Lorenz
zonation have been integrated. Accordingly,
changes in reservoir characteristics within the
framework of sequences and systems tracts can
be examined. As mentioned earlier, a thick
accumulation (approximately 80 meters) of
medium- to coarse-grained sandstones with
good sorting and significant absence of matrix
has formed the most significant reservoir zones
in the lower half of the Kazhdumi Formation in
fields located in the northwestern Persian Gulf.
These reservoir units are dominated by high-
quality hydraulic flow units (HFU-4, HFU-5),
Winland rock types indicative of large pore-
throats (WRT-4, WRT-5), and exhibit high
storage and flow capacities. They correlate
with the lowstand system tract (LST) of the
Kazhdumi Formation in Exxon's model and the
transgressive system tract (TST) of the T-R
model. These lowstand sand bodies are
pervasive across the studied field and adjacent
fields in the northwestern Persian Gulf region.
Such extensive distribution facilitates their
identification and delineation at field scale and
enables their tracking and three-dimensional
modeling based on their sequence stratigraphic
positions. The upper half of the Kazhdumi
Formation, corresponding to the RST of
transgressive-regressive (T-R) model, and the
highstand systems tract in Exxon's model,
consists primarily of interbedded sequences of
sandstone, siltstone, and shale deposited in the
frontal and deeper parts of the delta.
Consequently, it exhibits variable reservoir
quality and generally lower quality compared
to the lower part of the formation.
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Conclusion

Sedimentological and reservoir geological
evaluations of the Kazhdumi Formation have
been conducted using a comprehensive dataset
of drilled cores, logs, thin sections, and
petrophysical logs, along with porosity-
permeability analyses to assess reservoir
quality. Reservoir facies and depositional
environments of the studied reservoir were
interpreted within the framework of sequence
stratigraphy and ultimately compared with
stratigraphic equivalents in the Middle East
region. Petrographic studies of cores and thin
sections indicate that the Kazhdumi Formation
in our study area comprises eight facies types,
all indicative of a transitional environment
from siliciclastic deltaic to shallow carbonate
platform. The formation consists
predominantly of fine to medium-grained
sandstones, siltstones, calcareous shales, and
limited carbonate sequences. The best
reservoir quality within the Kazhdumi
Formation belongs to channelized, medium- to
coarse-grained sandstones facies (PF-4) to (PF-
7). These facies, due to rapid deposition and
early oil migration, have undergone minimal
diagenesis. Consequently, their reservoir
characteristics primarily depend on their
textural and facies characteristics.

The sedimentary sequences of the Kazhdumi
Formation were delineated into two models:
Exxon's sequence stratigraphy model and the
T-R model. The Exxon sequence stratigraphy
scheme provided a reliable framework for
correlation in our target areas. In this model,
the Kazhdumi Formation is primarily
composed of a complete depositional sequence
(i.e., LST, TST, and HST) and a lowstand
(LST) systems tract at the top, where it
transitions into the overlying carbonate facies
of the Mauddud Formation.

Reservoir quality assessment showed that
facies PF-3 and PF-4 exhibit moderate
reservoir quality, whereas facies PF-5, PF-6,
and PF-7 display the best reservoir quality.
Consequently, it can be concluded that
sedimentology, sand-to-shale ratio, and sand
grain size significantly control reservoir
properties (permeability distribution) in these
facies. Identification of reservoir rock types
was also achieved using flow zone indicator
(FZI) and Winland methods, resulting in the
recognition of 6 hydraulic flow units and 5
Winland classes, respectively. Additionally,
Lorenz zonation identified 6 reservoir zones
within the Kazhdumi Formation at the studied
well. The extension of these flow units and
reservoir rock types can be effectively tracked
within the sequence stratigraphic framework.



