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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. 
 

  #

O� �����#5 [5� �
R35  �
 )	 MV �
���� z
0�)

z
.�	 ����35 �
	
 �
�.�  - (���N �*�
 78�8" �
;

/.�
4� �#	5	 " 5�
	
 �^m� 5 ��� �	
�?� �5�  - 
;

D�� " ����#5 
�	��
%�	 ��
���� D; l�2( �
�.� - 5 ���

 
	�0"5  
��  %�	�
< )	 ��T" �
�.�  - ����#5 ���� /���

R35  7��) ���� �#
�
��5 ,5�N .(3  #

O� �
5�4� �

R35 /��� �
�H �:8� K�M�� 5 Y�%8� ���� �
; 
;

�� �
��/��� L-
2" .�;
 ��
'(� 
- ����#5 ���� �
;

 ,5�N �
 ���15���; ��
# N �
;�V	5 5 �-��� �
;3 

/����
?; .K�	 ��� /p	�	  )
W
."�	 �K�	 _8�� /�

8  

  



���������  
��
���� ����13 ����� 
25 ������� � ���� 
1404    

 

 

� 5 _8��I/��� ��- ��	

�0 
- ����#5 ���� �
;

��
'(�; ��
- N �
;�V	5 5 �-��� �
;I 
�N5 ���15���

%!- � ]�� �#	 �	 .
�	
I/��� �#  7�
�) ����#5 ���� �
;

WRT-4  5WRT-5 K�M�� 
- ��
# N �
;�V	5 
- w�B	 (

) 
1
-HFU-4  5HFU-5��
'(� 5 (/�
� �
; 
" �	

� 
- ���%'%���I" �
1
-  #

OI��- 78�8/�	
�) �	 7�


PF-3, PF-4, PF-5�	 ?; (��	.  

 

  

  
 K-�5. K*7*� 
%��F! e��
�- #� �%'�'
�+���� ��'4(���' d'
I�%� ��� 
� �!�3� 4("�� "' �4!U #(�I 0��O� i4/�7�%� �.�� ��/.4 

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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Fig. 6. Cumulative graph of PhiH (storage capacity) versus KH (flow capacity) of the Kazhdumi Formation 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) 
with the Burgan Field (Datta et al., 2012) and northern Kuwait (Strohmenger et al., 2006). 
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Fig. 9. Porosity versus permeability plot for all facies (except for PF-7) in the Kazhdumi Formation 
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Fig. 10. Reservoir quality log of Kazhdumi Formation in the studied field in the NW Persian Gulf.  
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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 

 
 

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 

important siliciclastic reservoir in the Middle 

East, in the northwest Persian Gulf. 

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 PF8.  

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. 
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