American Journal of Physics and Applications Sci PC
2026, Vol. 14, No. 3, pp. 40-49 cience

https://doi.org/10.11648/j.ajpa.20261403.12 Science Publishing Group

Research Article

Lithofacies Analysis and Petrophysical Relationships of
Zubair Formation in X, XX and XXX Oil Fields, Southern
Iraq

Haider Ahmed Falih Al-Tarim” @, Zainab Ali Shakir Al-Khalidi

Ministry of Qil, Iraqi Oil Exploration Company, Baghdad, Iraq

Abstract

The current study is including the lithofacies analysis and petrophysical evaluation related to depositional development for Zubair
Formation in X, XX and XXX oil fields (X-1, XX-5 and XXX-2). Zubair Formations was deposited in the Mesopotamian Zone
during the Barremain age which belong to the Early Cretaceous epoch. Depositional settings and related facies that were
interpreted using the supplied parameters and distribution of the observable lithofacies, there are three main associations of
deltaic facies in studies succession: - Delta Front Association Facies, Back Shore Association Facies, Delta Plain Association
Facie. The succession under study is separated into three main units utilizing well logging technologies (GR, SP, and DT). The
upper part is primarily made up of sand layers with thin shale beds, the middle member is made up of thin layers of sandstone
with a predominance of shale, and the lower member is primarily built of shale with less sandstone: - Lower unit shale dominated,
Middle unit sandstone dominated and upper unit sand/shale dominated. The lower petrophysical zone of Zubair succession is
represented by the shale dominated rock units, with low to non-pores rock unit (type I11). Active porosity type (1) is present in
low to moderate levels within the shale bands lithofacies across all examined wells. The middle zone in the studied succession
is split into two subzones. The upper subzone exhibits high to moderate levels of active porosity (type I), whereas the lower
subzone shows moderate levels of active porosity (type 1) and a low to non-porous rock unit (type Il1) due to a significant
amount of shale content. This zone represents the middle section of the Zubair succession within the shale-dominated layers.
The upper zone consists of high to medium-sized active porosity rocks (Type 1) due to well-graded coarse granitic sandstones.
These features correspond to shale-dominated rocks and low to medium shale grades.
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1. Introduction

Zubair Formation was deposited during the Early Creta- south of Iraq in the Mesopotamian zone. The XXX oil field
ceous epoch at the Barremain age within the Mesopotamian covers an area of 340 km? and is located 65 km south of Basra
basin. This study is including lithofacies analysis of the Zubair in southern Irag. X oil field is located 15 km to the northeast
succession in four wells XXX-1, X-1 and XX-5 within XXX, of Amara City in Misan Governorate. The field is representing
X and XX oil fields. The area under study is located in the =~ a NW-SE trending anticline, and is about 20 km long and 6.5
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km wide. While XX oil field is located in the South of Irag in XX
oilfield. XX oil field is located in Southern Iraq approximately 60

Km. Northwestern of Basra city, close to the Iranian border and
extending North to Missan province (Figure 1).
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Figure 1. Shows a map of studied boreholes with the tectonic setting of Iraq [1].

The Zubair Formation represents a Barremain sequence
which belong to the Late Tithonian-Early Turonian Me-
gasequence. This succession was deposited within a large in-
tra shelf basin during a new tectonic phase of sea-floor spread-
ing in the southern part of Neo Tethys. Differential tectonic
subduction and the resulting changes in thickness that occur
along transverse faults. The axis of this sediment basin has
been moved to the east of the Mesopotamian zone towards the
Tigris basin from its previous location in the Salman and
Western Mesopotamian zones [6].

Al-Zaidy A. A. [4] studied stratigraphic evolution of the
Zubair sequence of XX and XXXX oil fields through lithofas-
cic analysis. It proposed that the succession would be stored
during the three deposition phases of the Transboundary Sea
Level Stakes (TST), which ended with the appearance of a
shale dominated unit in a well-ordered quartz-bearing litho-
fascia to indicate the maximum inundation area (mfs) of the
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XXXX oil field. Whereas in the XX oil field, the Zubair se-
quence is distinguished by three deposition cycles, repre-
sented by the sequence of the delta plain and the delta front,
which are associated with shale-dominated units. In addition,
it has been studied in the lithofascia and stratigraphy of the
Zubair succession at the Kifl oil field [3].

Ali, R. H. and Al-Zaidy A. A. H. [2] studied the petrogra-
phy, lithofacies analysis and depositional development for the
Zubair Formation in XXX-1 in the XXX oil field.

Zubair and Ratawi successions are represented a clastic
shelf which covered by the shallow marine carbonate of
Shuaiba Formation following by prograding of the Zubair and
Ratawi succession (Figure 2). [6] were suggested that the
Zubair basin depocenter was situated in the east of the Salman
Zone [5], and the maximum values of thickness is appeared to
the north of studied area.
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Figure 2. Chronostratigraphic cross section shows Early Cretaceous succession [5].

The purpose of this study is to establish of depositional en-
vironment and the relationship of the lithofacies changings
with the petrophysical characteristic of Zubair succession in
the XXX, XX and X oil field in Southern of Iraqg.

2. Methodology

The present study has been completed in three phases:

1) The field work which including collect the core and cut-
ting samples and their description (Table 1).

2) Laboratory work, samples were selected and thin sec-
tions prepared. Petrographic study and lithofascology
analysis based on study of thin sections of cuttings and
core from selected wells from the studied oil fields.

3) At this stage, the study and treatment of the available
well logs were used to calculate the shale volume and
porosity.

3. Facies Analysis of Zubair Formation

The interplay of tectonic development, sea level fluctua-
tions, the rate of sediment supplementation, the physical and
biological activity processes of sediment transportation and
sedimentation, and climatic effects and changes determines
the sedimentology and reservoir characteristics of clastic sed-
imentary rocks. The stratigraphic framework of the basin is
the result of these processes interacting at the basin scale to
produce the geometric distribution and arrangement of various
depositional environments or stratigraphic tracts over time [6].

Thus, for three boreholes, the Zubair succession contains
four lithofacies (Figures 3, 4, and 5), which were explained
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using these parameters.

1) Sandstone Lithofacies | (Lf. S): - which characterized by
fine-grained, well-sorted sandstone with a mode of
subangular to subrounded grains (PIt. 1A) are lithofacies.
This lithofacies' sandstone is classified as quartz arenite
sandstone because it contains more than 90% quartz.
This manifests as extremely low gamma ray values and
negative SP values with box-shaped mode in the middle
of XX-5 and X-1 and throughout XXX-1. of log re-
sponse (GR and SP).

2) Silty Sandstone Lithofacies Il (Lf. SS): - this lithofacies
is characterized by a wide range of sand grain size from
medium to coarse sand size (poorly sorted), and well-
rounded to subrounded grain shape mode (PIt.1B). Ap-
proximately 90% of the sandstone in lithofacies silty
sandstone is quartz, which is classified as quartz arenite
and was found in the upper unit of the Zubair Formation.
This lithofacies, which show upward finning with a bell-
shaped gamma ray log mode and negative SP log values,
are found throughout the entire Zubair succession in the
wells under study.

3) Lithofacies of Siltstone (Lf. SL): These lithofacies, which
are characterized by a high volume of shale with a fun-
nel-shaped mode, appeared in the sandstone members as
shale lenses. This facies' primary constituents are mud-
dominated rocks with quartz minerals, which have angu-
lar grain shapes (Plt. 1C).

4) Clayey Lithfacies (Lf.C): - This lithofascism occurs in all
parts of the Zubair-family. which consist of clay-domi-
nated rocks (Pt.1D), with high gamma-ray values in the
bell-shaped form.
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Figure 3. Column (X-1) shows the distribution of lithofacies and the main depositional environment.

A. Sandstone Lithofacies, XX-1 depth 3277.37-78.37m
B. Silty sandstone Lithofacies, XXX-2 depth 3238m
C. Siltstone Lithofacies, XXX-2 depth 3232m

D. Clayey Lithofacies, X-1 depth 4410m
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Figure 4. The distribution of lithofacies and the main depositional environments are displayed in the columnar section (XX-5).
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Figure 5. The distribution of lithofacies and the main depositional environments are displayed in the columnar section (XXX-2).
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4. Zubair Rock Units

The X succession thickness values in the studied area are
varying from 310m to 358m (Table 1).

The succession under study is divided into three main units
using well logging tools (GR, SP, and DT) (Figure 6). The
upper member is primarily made up of sand layers with thin
shale beds, the middle member is made up of thin layers of
sandstone with a predominance of shale, and the lower mem-
ber is primarily made up of shale with less sandstone.

4.1. Lower Unit

In every well under study, the lower unit of this succession
is characterized by a shale-dominated unit with high gamma
ray log values and numerous cycles that flow upward (bell-
shaped). In the area under study, the lower unit is separated
into five shale/sandstone cycles, with the sandstone beds be-
ing thinned upward. The thickness of this unit is ranging from
100 m in X-1 to 135 m in XXX-2 with dominance of delta
Plaine association in XXX-2 and XX-5, while in X-1 was the
back shore association.

4.2. Middle Unit

This unit is the smallest in the succession under study. It is
dominated by sandstone, with thicknesses ranging from 25 m
in X-1t0 90 m in XX-5 and 120 m in XXX-2. Two patterns
of variation emerged in the lateral distribution of this unit. The
first pattern is found in the northern portion of the studied area
(X-1), where one cycle of sandstone appears as an aggrading
box car pattern (cylinder shape). The second pattern, which is
characterized by fining upward of sandstone-dominated suc-
cession with a funnel-shaped log response, was identified in
the southern portion of the studied area (XX-5 and XXX-2).
In XX-5 and XXX-2, this unit was deposited within a sequen-
tial delta front and back shore association facies; in No-1, it
was deposited within a thinner delta front.

4.3. Upper Unit

The upper unit shows high shale values, indicating a suc-
cession dominated by shale, and the overall gamma ray log
trend is nearly identical to bell and box car patterns, indicating
a comparatively declining upward trend in gamma ray values
in all examined wells with the exception of the X-1 is showing
the most clay content with three cycle of shale dominated suc-
cession as funnel shape, with thickness ranging from 80 m in
X-1 and XX-5to 100 m in XXX-2. This unit was deposited in
deposition cycle with delta plain and back shore association
facies in the northern part of the studied area (X-1), while to
the south was the deposition in the sequential of delta front
and delta plain.
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5. Petrophysical Property Model

The petrographic observations which described above are
in terms of the fabric if rock units and petrophysical zones.
The petrophysical parameters and horizons of these unit rocks
can be converted into reservoir property models most effec-
tively We have an interpretation and description of the log's
porosity and porosity assessment based on the three units (up-
per unit, middle unit, and lower unit) into which the Zubair
succession can be divided based on the gamma ray values and
the volume of shale. The porosity log such as acoustic log in
the studied boreholes showing an approximately matching
with these unit in this succession.

Instead of using logs that read the depth formation, the in-
teractive petrophysical software plots the porosity to depth re-
lationship for each borehole under study. In order to identify
the zones of void space as primary and initial porosity that are
connected and therefore capable of transmitting fluids through
the rock unit (effective porosity), the initial porosity from the
sonic well log is examined.

Based on total and active porosity, these petrophysical
zones can be classified into three different types of rock units
as high to moderate values of active porosity rocks (type 1),
rocks with moderate levels of active porosity (type I1), and low
to non-porous rock unit (type I11).

5.1. Lower Zone

The lower zone of Zubair succession is represented by the
shale — dominated rocks, with low to non-pores rock unit (type
I11). There are limit presences of the high to moderate values
of active porosity type (1) of the rock unit within the shale
bands lithofacies which appears in studied wells.

5.2. Middle Zone

This zone is represented by two subzones in studied succes-
sion. Because of the high shale content, the lower subzone of
this zone is characterized by low to non-pores rock unit (type
111) and moderate values of active porosity (type 1), whereas
the upper subzone is characterized by high to moderate values
of active porosity (type I). This zone is represented the middle
part of the Zubair succession within the shale dominated
members.

5.3. Upper Zone

Due to the well-sorted coarse grain sandstone, this zone is
represented by high to moderate values of active porosity
petrophysics zone (type ). These characteristics are consistent
with low to moderate shale values and shale-dominated rock
units.
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6. Computer Processing Interpretation

6.1. Computer Processing Interpretation of Well X-1

Scale : 1:1200 x'1
08: (1) DEPTH (4330.05M - 4539 M) DO 1929
1 | 2| GammoRay | Rorosty input Salnty Matri 7 3 logc|  Setwaton Rorosty Lthobgy
CEPTH £ | GR(GAR) NPH (dec) RwApp (CHAM) |  RHOMA (gmice) M) Pem(md)  |om=]  SWTU(Dec) PHIT (Dec) VWL (Dec)
M) | & Jo——150{08-————-~0f001—————--1 |25 alos 15001 1000 | SE91 0fos ofo 1
g RHOB (G/C3) | RefApp (OHMM) |  DTMA (uSectt) NO wanl,  SWiDe) FHE (Dec) FHE (Dec)
H 17 27f001 1430 80 o3 08 Hyd M,y 0fos 0t 0
OT (USF) RHOHY (gmice) | SXOTUMDe:) | BVWSXO(Dec) |  VSLT(Dec)
w T "o Por Gily 0fos ofo 1
- BVW(Dec) VOOAL (Dec)
Sand B> 05 oo 1
— KiFlag ()
T B
Den P :
e
SaN
e
PiSw
en
FhVe
s
Swill
ey
] > | I
, - -~
- - .. — “ -
4150 [ Tmp— [ _J!—_‘ "
b ) =il = ol s Y +
: e Bl | T
0575 b s é:m—-
A == S==E
=4 Lk =i 4.;
a e e e
4400 -
P 4 i [ — —<=n ™ o e
.‘:' T — I | \:’S.
4 { < i\ :"' il
4425 ﬁ 1 o =
3 Rel S0 et
bet V" 3
i BE! = -
w0 | == - 1
475 :
,5‘ o 2 & =
T Y -l
=8 = = g
4500 Jil—— —
. 3
« - ' S'
= 4 - '
V:"’,.‘ *‘ ‘.
4525 -t =
.f 2
1 i s 1

Figure 6. Computer Processing Interpretation (CPI) of the Zubair Formation at well X-1.

The well's results indicated that there is only one primary  and a low gamma ray value. High effective porosity and a high
reservoir unit. This unit starts in the middle zone at a depth of ~ potential for hydrocarbon saturation are characteristics of this
4400-4450 m and is distinguished by a high resistivity value unit (Figure 6).

46


http://www.sciencepg.com/journal/ajpa

American Journal of Physics and Applications

http://www.sciencepg.com/journal/ajpa

6.2. Computer Processing Interpretation of
Well XX-5

Two primary reservoir units comprise the Zubair Formation
in Well XX-5. High resistivity and low gamma-ray values de-
fine the first unit. High hydrocarbon saturation is followed by

high effective porosity. This unit is located in the middle zone
at a depth of 35630-4600 meters. Low gamma-ray values and
high to moderate resistivity values define the second unit.
There was a moderate level of hydrocarbon saturation and po-
rosity. This unit's depth in the upper zone is between 3465 and
3485 meters (Figure 7).
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Figure 7. Computer Processing Interpretation (CPI) of the Zubair Formation at well XX-5.

6.3. Computer Processing Interpretation of
Well XXX-2

There are two main reservoir units in the XXX-2. The first
reservoir unit has low Gamma-ray values and moderate resis-
tivity. With a moderate hydrocarbon saturation, the effective
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porosity values are moderate. This unit is between 3180 and
3280 meters deep. The second reservoir unit, on the other hand,
has high to moderate effective porosity, high to moderate hy-
drocarbon saturation, and high to moderate resistivity values
with low gamma-ray values. The depth of 3075-3100 meters
(Figure 8).
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Figure 8. Computer Processing Interpretation (CPI) of the Zubair Formation at well XXX-1.

7. Conclusions

Associated facies and depositional settings. Delta Front As-
sociation Facies, Back Shore Association Facies, and Delta
Plain Association Facies are the three primary associations of
deltaic facies in succession studies, which are interpreted
based on the available parameters and distribution of the ob-
servable lithofacies. Three major units are characterized the
studied succession which divided by using well logging tools
(GR, SP and DT). The lower member consists mainly of shale
with less sandstone; the middle member is consisting of thin
layers of sandstone with dominance of shale, and sand layers
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with thin shale beds make up the majority of the upper mem-
ber: - Lower unit shale dominated, Middle unit sandstone
dominated and upper unit sand/shale dominated.

There are three different kinds of petrophysics property fea-
tures in the Zubair succession based on the relationship be-
tween resistivity, porosity, and gamma rays.

1) High values of gamma ray- Low resistivity values

2) High gamma ray values - High resistivity values

3) Low values of gamma ray- High resistivity values

4) Low gamma ray values - Low resistivity values

At the XXX oil field, the upper unit rock of the Zubair suc-
cession is divided into two zones. The upper portion of this
unit is represented by the first zone, which displays high resis-
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tivity and gamma rays, while the lower zone displays low re-
sistivity and gamma rays. Within the upper zone, there are nu-
merous subhorizons as bands with low gamma rays and high
resistivity. The XXX oil field was divided into three zones.
High resistivity and high gamma ray values are displayed in
the first, high resistivity and low gamma ray values are dis-
played in the second, and a combination of high resistivity and
high gamma ray values with low resistivity and low gamma
ray values characterizes the final unit. Two excellent reservoir
zones with low water saturation and high oil saturation exist.

Abbreviations

GR Gamma-Ray Log

SP Spontaneous Potential Log

DT Sonic Log

TST  Transgressive Systems Tract

MFS  Maximum Flooding Surface

Pt Plate

CPI Computer Processing Interpretation
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