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ABSTRACT

This study focuses on evaluating the Lower Jurassic Formations within the Miran Oil
Field, located in Northeastern Iraq. A detailed analysis was conducted using well log
data from the Alan, Mus, and Adaiyah formations encountered in the Miran-2 (MW-2)
Well, with supplementary stratigraphic and lithological information from wells ME-1
and MW-3. The investigation employed both quantitative and qualitative well-log data,
including Gamma Ray, Sonic, Density, Neutron, and Photoelectric Factor logs, rate of
penetration (ROP), and gas chromatographic profiles. Additional datasets, such as
Logging While Drilling (LWD), Measurement While Drilling (MWD), well reports, and
master logs, were also used.

The results indicate that the upper part of the Lower Jurassic interval, comprising the
Alan and Mus formations, is predominantly composed of carbonate rocks interbedded
with shale, with intermittent evaporite bands. The presence and thickness of evaporite
rocks increase downward, eventually dominating the lower part of the section,
represented by the Adaiyah formation.

Due to the prevalence of shale in the upper units and evaporites in the lower units, the
studied section lacks favorable reservoir characteristics. Porosity is generally classified
as poor to negligible, and permeability is similarly low. Based on threshold values of
35% shale content, 0.1 millidarcy permeability, and 0.07 porosity, it was determined
that of the 148-meter total thickness of the Alan, Mus, and Adaiyah formations, 26
meters are shale-dominated and 67.5 meters are evaporite-rich. Of the remaining 54.5
meters of carbonate lithology, only a total of 2.5 meters exhibit porosity and
permeability values that exceed the minimum thresholds required for effective reservoir
rocks.

Consequently, the study concludes that the Lower Jurassic successions in the Miran Oil
Field do not constitute a viable hydrocarbon reservoir. However, due to its lithological
composition, particularly the extensive evaporite and shale layers, it may serve as an
effective seal rock for underlying reservoirs, such as the Butmah and Kurra Chine
formations.

Keywords: Adaiyah formation, Alan formation, Lower Jurassic formations, Miran oil
field, Mus formation, Well log analysis.
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INTRODUCTION

The Jurassic succession plays a crucial role in the formations, leading to the development of closed
petroleum systems of the Arabian Plate, petroleum systems. As a result, Jurassic and
significantly ~ contributing to  hydrocarbon Cretaceous sequences across Saudi Arabia, Iraq,
generation, migration, and entrapment. During the and the broader Arabian Gulf region have emerged
Jurassic Period, the Arabian Plate lay within the as some of the most prolific hydrocarbon-bearing
equatorial zone and experienced relative tectonic units(-),

stability, resulting in the deposition of organic-rich In Iraq, the Jurassic succession is of particular
sediments. These deposits, comprising a sequence significance, as it consists of organic-rich source
of shallow marine carbonates and siliciclastic rocks, carbonate reservoirs with favorable
facies, exhibit high porosity and permeability, petrophysical properties, and evaporitic seals that
making them excellent reservoir units. Subsequent collectively enhance hydrocarbon potential. In
deposition of impermeable evaporites or other non- recent years, numerous studies conducted by Iraqi
permeable sediments created effective seal geologists (24 highlighted the significant role of
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formation sequences, which are most prominent in
the northern and northeastern regions, particularly
within the Zagros Fold-Thrust Belt and the
The

underwent extensive marine transgressions during

Mesopotamian Foreland Basin. region
the Early Jurassic (Toarcian) period, resulting in
the deposition of a variety of facies, from non-
deposition and erosion in Southern Iraq to clastic-
dominated platforms in the West and shallow
marine carbonate platforms in the North and East.
(25, 20 Within this stratigraphic framework, the
Alan, Mus, and Adaiyah

formations were deposited in restricted marine to

Lower Jurassic
lagoonal environments under fluctuating sea levels
and tectonic subsidence. (*> 27,

The Alan Formation, primarily composed of
anhydrite and dolomitic limestones, formed in a
restricted lagoonal to evaporitic environment and
serves as an effective seal, preventing hydrocarbon
migration. *®. The Mus Formation, characterized
by bioclastic limestone and dolostone, serves as a
significant reservoir due to its high porosity and
the Adaiyah
consisting of interbedded shales,

permeability.(>:29,  Meanwhile,
formation,
carbonates, and evaporites, serves a dual function
as a potential source rock and an additional sealing
unit.®>. These Formations are laterally equivalent
to the Sehkaniyan Formation in Northeastern Iraq,
with distinct facies variations corresponding to
different depositional environments. (>%),

The present study focuses on the petrophysical
characterization of the Alan, Mus, and Adaiyah
formations in the Miran Oil Field, Kurdistan
Region, Northeastern Iraq. The research is based
on well log data from MW-2, with supplementary
information from MW-3 and ME-1 wells. The
study aims to (1) analyze the lithology and
mineralogical composition of these formations, (2)
evaluate their reservoir properties, and (3) assess
thickness variations and identify productive
hydrocarbon-bearing zones. These insights are
critical for improving the understanding of the
Jurassic petroleum system in the region and

optimizing hydrocarbon exploration strategies.
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GEOLOGICAL SETTING

The Miran Field, located in Northeastern Iraq, is a
significant natural gas or condensate reserve
discovered in 2011 by Heritage Oil Company. The
Miran Block lies within Iraq's High-Folded Zone
situated between the Surdash and
to the northeast. The
Khaldan syncline, along with the Darbandi Bazian-

and is

Piramagrun anticlines

Hanjira-Sagrma-Qaradagh anticline (as presented
in Fig.1), includes several wells, MW-2, MW-3,
and ME-1, that have significantly contributed to
the
evaluations of the area. The first study, MW-2, was
spudded in November 2009 and reached a total
depth of approximately 4426m, terminating in the

geological understanding and formation

Galikhana Formation. It encountered a drilled
thickness of approximately 670m, with the Lower
Jurassic succession extending between 2480m and
3150m measured depth. 3% 3D, Additionally, MW-
2 helped define the field’s
stratigraphic characteristics within a total area of
1015 km?. The second well, MW-3, served as an
appraisal well targeting the Cretaceous and

structural and

Jurassic formations. It was drilled as a sidetrack to
extend the depth of MW-1, which had failed to
reach its planned target due to drilling
complications. MW-3 was spudded in August 2011
and ultimately reached a total depth of 3528m,
further enhancing the reservoir evaluation and
hydrocarbon potential of the Miran Field.
Structural Framework

The Miran anticlinorium extends approximately 70
km in length and 15 km in width, exhibiting a
northwest-southeast orientation consistent with the
broader structural trend of the Zagros Fold-Thrust
Belt. The anticlinorium comprises two primary
anticlines, Miran East and Miran West, which are
separated by significant NW—SE-oriented thrust
faults (as presented in Fig. 2). Notably. The Miran
West anticline exhibits a steeper southwestern limb
compared to other folds within the High-Folded

Zone.
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Fig. 1: Location map. A. Tectonic subdivision of Iraq depends on?%- B: Location of studied wells.

Miran East and Miran West are interpreted as
uplifted fault-propagation folds associated with
multiple hinterland-divergent listric faults.2). The

structural complexity of Miran West is further

54

accentuated by extensive thrusting within its core,

which has contributed to significant deformation.
(30).
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Fig. 2: The seismic section illustrates the subsurface structure of the Miran Field, extending from the
Northwest (NW) to the Southeast (SE) along the dip ¢

Stratigraphy
The Lower Jurassic succession comprises the
Ubaid, Hussainyat, and Amij formations of West
Iraq's clastic-carbonate inner shelf. Wells in
Central, Northern, and Eastern Iraq provide distinct
definitions of the inner-shelf carbonate-evaporite
formations of Butmah, Adaiyah, Mus, and Alan.
The northern and northeastern High Folded Zone,
with the Balambo-Tanjero Subzone, contains
of the Sarki

formations.3*40Tn lagoonal

isolated lagoonal facies and

Sehkaniyan a
evaporite environment, the Liassic succession was
deposited in a sabkha saline setting, except for the

Imbricated Zone and the Northeast of the High-

35

Folded Thrust Zone, where evaporite is
subordinate. (4.

In the Miran Field, multiple wells have
successfully  encountered a  well-preserved

stratigraphic succession of Jurassic-age formations
extending more than 800 m. This succession
extends from the Chia Gara Formation at the top to
the Butmah Formation at the base, encompassing
the Naokelekan,
Sargelu (as illustrated in Fig. 3), Alan, Mus, and

intervening Barsarin/Gotnia,

Adaiyah formations. The present study focuses
specifically on the Alan, Mus, and Adaiyah

formations.


https://doi.org/10.25130/tjps.v31i3.2003

Tikrit Journal of Pure Science Vol 31 (3) 2026
DOI: https://doi.org/10.25130/tips.v31i3.2003

IRROJI

Academic Scientific Journals

GR (API)

Epoch
Formation

Penod

Lithology

GR (APD)

Formation

Lithology

Epoch

g

20

r 2200

2250

2300

2350

2400

2450

2500

2550

- 2600

2650

Depth(m)

2700

Jurassic

2750

2800

Lower

- 2850

2900

Butmah - Adaiyah - Mus - Alan

[

2950

|
l

3000

3050

3100

FEI0

L3150

2480

2500

t2520

F-2540

I 2580

I I I .. o

Th e e

F2720

2740

t 2760

t-2780

- 2800

Depth(m)
Lower - Jurassic

2820

2840

Butmah — Aduiyah— Mus — Alan

2880
2900
2920
2940
2960
2980
3000
3020
3040
3060

==
| e
==
| =

3080
3100

F3120

wmmwwwww

F3140

Fig. 3: Stratigraphic column of the Jurassic succession; the left panel displays the stratigraphic

column and gamma-ray response of the Jurassic succession, including the Chia Gara, Barsarin,

Naokelekan, Sargelu, Alan, Mus, Adaiyah, and Butmah formations within MW-2 well. In contrast,

the right panel shows stratigraphic successions and gamma-ray responses of the Lower Jurassic

succession in the MW-2 well, including the Alan, Mus, Adaiyah, and Butmah formations.

Alan Formation

Dunnington initially observed the Alan Formation
in 1953 in the borehole Alan-1, northwest of Iraq,
North of Mosul. It is characterized as an 87-meter-
long intercalation of anhydrite and a subordinate
carbonate layer. The conformable formations at the
top and bottom were deposited in a basin-centered
sabkha environment 2, In certain locations, such
as the Ain Zalah area, evaporitic lagoons are
substituted by calcareous lagoonal or neritic
environments D, The lithology of the formation

primarily consists of bedded anhydrite with

56

The
formation gets replaced by the upper Sehkaniyan

subordinate pseudo-oolitic  limestone(*>
Formation in the north and northeast of the High
Folded Zone, an Imbricated Thrust Zone. Given its
stratigraphic position between the Middle Jurassic
Sargelu Formation and the Liassic Mus Formation,
a Liassic age is inferred 1. According to the final
report and mud log formats prepared by Heritage
Oil Company GV, the estimated drilled thickness of
the Alan MW-2

approximately 64 meters. This thickness exhibits a

Formation in well is

significant increase toward the southeast, reaching
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1784 meters in well MW-3 (2 and northeast
177.5m in well ME-1 9 (as illustrated in Fig. 4).
Mus Formation

This formation was first identified by Dunnington
in 1953 in the Butmah-2 Well,
Northwest Iraq within a Low-Folded Thrust Zone.
It is characterized by approximately 50 meters of
that
dolomitization, including poloidal limestone, with

located in

argillaceous limestone has undergone

occasional interbeds of anhydrite and shale.
Normal marine salinity conditions characterized
the of the Mus

Formation. Its upper and lower boundaries are

depositional environment
gradational and conformable with the overlying
Alan Formation and the underlying Adaiyah
Formation, respectively. 41, The Mus Formation
has surface equivalents in western Iraq, represented
by the Amij Formation, and in the Kurdistan
Region, where it corresponds to the middle section
of the
Chronostratigraphically, the Mus Formation is

Sehkaniyan Formation.
assigned to the Late Liassic, likely the Early
Toarcian stage, with Lithiotis fossils indicating an
age range from the Pliensbachian to Toarcian (>,

In the Miran field, the thickness of the Mus
Formation varies significantly across wells, likely
due to structural deformation and changes in
depositional conditions. In MW-2, the formation
attains a thickness of 28 meters, with the upper
of

dolomite,

section composed primarily compacted

dolomitic  limestone, shale, and
anhydrite, while the lower section transitions into
dolomitic limestone interbedded with anhydrite.3!.

In contrast, ME-1 and MW-3 record substantially
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greater thicknesses of 74 and 1094 meters,
respectively (243, (as shown in Fig.4).

Adaiyah Formation

The first indication of the Adaiyah Formation has
been identified in the Adaiyah-1 Well, positioned
north of the Foothill Zone (Low Folded Thrust
Zone), west of Mosul. 44, containing 90 meters of
shale, limestone, and nodular anhydrite ©). The
Adaiyah Formation is absent in Northwest Iraq, in
well Khlesia-1, which is attributed to truncation
beneath the Lower Senonian unconformity.

The exhibits

conformable contacts at both its lower and upper

formation gradational  and
boundaries; it is bordered above by the Mus
Formation and below by the Butmah Formation.
The depositional environment of this formation is a
sabkha, dominated by lagoonal evaporite facies,
located within an inner-shelf basin. (2> 44,

The age-equivalent units are identified as the upper
section of the Hussainyat Formation in Western
Iraq and the lower section of the Sehkaniyan
Formation in the High-Folded, Imbricated Thrust
Zone. 9. The contact between the Adaiyah and
Sehkaniyan formations is believed to be located
along a buried structural uplift associated with the
Dohuk-Chemchemal line (Ditmar and the Iraqi-
Soviet Team, 1971, as referenced in (35,

Based on the final report and mud log data from
Heritage Oil Company GDThe drilled thickness of
the Adaiyah Formation in well MW-2 is estimated
This
substantially, reaching 205.7 meters in well MW-3
and 132 meters in well ME-1.¢4> 43 (as illustrated
Fig.4).

to be 56 meters. thickness increases

in
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Fig. 4: Stratigraphic cross section from southeast to northeast that established MW-3, MW-2, and
ME-1 wells, highlighting vertical and lateral lithological variations of the Butmah, Adaiyah, Mus,

and Alan formations.

METHODOLOGY

The evaluation of these formations in the MW-2
was conducted using a suite of primary well-
logging tools, including gamma-ray, sonic, density
with photoelectric factor, neutron, and caliper logs.
To enhance the accuracy and reliability of the data,
Neural Log and Interactive Petrophysics software
were used for digitization and environmental
corrections. Furthermore, data acquired through
measurement while drilling (MWD), including
master logs, gas chromatograph, and final reports,
were incorporated to calibrate and validate the
results of the well-log analysis, ensuring a
comprehensive and robust interpretation of the
formation characteristics. Additionally, data from
two additional wells, MW-3 and ME-1, were
incorporated to provide a more comprehensive
understanding of the study area.

58

RESULTS AND DISCUSSION

Lithology Identification

Petrophysical ~ techniques are essential in
subsurface exploration, providing data for

lithological identification, particularly when core
or sample material is unavailable. These methods
play a significant role not only in reservoir
characterization but also in lithological mapping
(45.46) emphasizes the importance of petrophysical
analysis in such cases, especially when direct
geological sampling is impractical. In this study,
lithology was determined using key cross-plot
techniques, including neutron porosity versus sonic
transit time (Nd-At), neutron porosity versus bulk
density (N®-pb), and photoelectric factor versus
bulk density (PEF-pb). Furthermore, data from
Heritage Oil Company (31) were used as a
reference to enhance lithological differentiation,
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with the data calibrated against the obtained
results.

Although the studied sections of the Lower
Jurassic division in the Miran Field are subdivided
into the Alan, Mus, and Adaiyah formations
according to the final well reports, the presence of
complex lithofacies, rapid rhythmic repetition, and
gradational vertical changes, particularly in the
upper part of the section, makes it difficult to
distinguish ~ formation  boundaries  clearly.
Therefore, this study treats the entire interval as a
single unit and uses the N®-At, N®-pb, and PEF-
pb standard cross-plot techniques. When applying
these cross-plots for lithological identification, the
studied Jurassic interval shows a diverse range of
types.
classification, the lithologies have been categorized

rock For clarity and systematic

into three primary groups: dolostone (represented
by a green cross), dolomitic limestone interbedded

N¢ - pb cross plot

"

21
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with shale (depicted by a pink star), and anhydrite
(indicated by a blue rhombus). This classification

framework  facilitates a more  structured
interpretation of the subsurface geological
characteristics.

N®- pb cross-plot

Together with porosity values from the neutron
logs, the density log serves as the fundamental
lithology tool. Anhydrite and halite deposits may
be distinguished from carbonate deposits by the
density log, since they have different values
between 1.9 and 3.0 g/cm3. Moreover, anhydrite
can be distinguished from carbonate by the neutron
log, which shows a negative value. In a carbonate
sequence, limestone and dolostone are frequently
distinguished with a combination of neutron and
density log, as proposed by Schlumberger.?), (as
illustrated in Fig. 5).

Legend:
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Fig. 5: Lithology identification from N®-pb, cross plot for Adaiyah, Mus, and Alan formations in
MW-2 Well ¢7),

(PEF-pb) cross-plot

The photoelectric factor (PEF) curve, introduced
with second-generation density tools (litho-tools),
plays a key role in petrophysical analysis. It
with

minimal influence from porosity and pore fluids.

primarily reflects formation lithology,

59

The PEF, when combined with the density log,
aids in lithology identification. (4,

The PEF-bulk density (pb) cross-plot has been
effectively used to determine lithology in Lower
Jurassic formations from well MW-2. The cross-
section reveals that the upper part is predominantly

dolostone and dolomitic limestone, interbedded
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with thin layers of shale and marl. In contrast,

evaporite  deposits  become  apparent  at

approximately 2516 meters in depth and repeat in a

PEF - pb cross plot
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consistent pattern, eventually dominating the lower
part of the the
6).

illustrated in

(Fig.

section, as

accompanying figure

b Dolomite

wth shale

Dolomitic limestone

legend:

Pink hollow star: Dolonutic imestone
Pink filled star: Shale

@ - Achydnte

20

24
5
5
2
a

26

0
Sandstone gl
10
r Limestone
28

o 1 2 3 4 5 6 7
PEF (br/e)

2480 m - 2491 5m

o 2492m - 2492 5m

2493m - 2494 5m

o 2495m - 2495m

2495 5m - 2498 5m

o 2499m - 2499m

2499 5m - 2515 5m

@ 2516m-2516m

2516.5m - 2524.5m

@ 2525m-2525m

2525 5m - 2526m

@ 25265m-25305m

2531m - 2533m

[ﬁj 2533 5m - 2534m

2534.5m - 2538 5m

’ 2539m - 2539m

2539.5m - 2541 .5m

o 2542m-2542m

2542 5m - 2543m

@ 256 5m-2504m

2544.5m - 25485

@ 259m-2551m

51.5m - 2551 5m

o 2552m-2552m

2552.5m - 2553m
4

2554m - 2558.5m
o 2559m - 2559m

2559 5m - 2565 5m
o 2566m - 2566 5m
@ 2567m-25675m
o 2568m-2568 5m

2569m - 2569m

@ 25695m-25715m

2572m - 2572.5m

b 2573m -2573m
2573.5m - 2573.5
@ 2574m-26085m
o 2609m - 2609m
@ 2609 5m-2628m

m - 2553 5m

9 10

Fig.6: Lithology identification from PEF- pb cross plot for Adaiyah, Mus and Alan formations in
MW-2 48) well.

N®- At cross-plot

The Neutron-Sonic (N-S) cross-plot uses well-log
data from the neutron log and the acoustic wave
travel-time log to identify different rock types. An
N-S cross-plot can be used to differentiate between
a single reservoir lithology and shale rock, as well
as to detect evaporite minerals. 49, In this regard,
wireline well logs were used to understand the
lithology types in the studied wells. The analyzed
data in the wells MW-2 showed that the Lower
Jurassic successions consist of repeating dolostone,
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dolomitic limestone, and evaporite (as illustrated in
Fig.7)

Lithology between depths of 2480m and 2516 m
dolomitic limestone intercalated with
with
anhydrite between 2516 m and 2526 m. Calcareous

includes
calcareous shale, some thin layers of
shale was difficult to distinguish from the cross-
plot due to its high calcareous content, which
significantly increases its density compared to
siliceous claystone. The average rate of penetration
1.51m/hr. @D,

was approximately
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Fig.7: Representative lithology identification from N®- At, cross plot for Adaiyah, Mus and Alan

formations in MW-2 well 49,

The 2526.5-2530.5m was
characterized by a thick layer (=4m) of anhydrite
that is observed by an elevated RHOB (pb) value

and a negative neutron porosity value (as presented

interval between

in Fig.5). According to the mud log report, this
interval covers most of the thickness of the Alan
Formation, with an average rate of penetration of
approximately 1.29m/hr. GV,

From 2531m to 2572m (lower part of Alan
Formation and Mus Formation), the lithology
comprises dolomitic limestone intercalated with
calcareous shale, and thin evaporite layers exhibit
rhythmic repetition in this interval. The average
rate of penetration was approximately 1.20m/hr.
3.

Between 2572m and 2628m (Adaiyah Formation),
the lithology was mainly composed of anhydrite
with thin beds of dolostone, observed by elevated
(pb) values, which were mostly greater than 2.9
g/cm?, PEF values exceeding 4 barns/electron, and
a negative neutron porosity response. The average
rate of penetration was approximately 1.34m/hr.
G1).

Shale volume calculation

Gamma-ray logs, which quantify a formation's
overall radioactivity, can be used to identify
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lithologies and correlate zones. They also aid in
determining the amount of shale within reservoirs;
the first step is to identify the index gamma ray
using the equations proposed by Asquith and

Gibson. “9,

GRlog—GR min
GRI = g—.
GR max—GR min

Where:
GRI: Gamma Ray Index
GRlog: Gamma-ray reading from the log

e

GRmin: minimum gamma-ray response from the
log. GRmax: maximum gamma-ray response from
the log.

The Larinove’s (1969) equation is used for older
rocks, which we employed to calculate shale
volume.Vsh = 0.33 x 22XCRL_ 1 (2)

The shale volume was calculated for the Alan,
Mus, and Adaiyah formations in the MW-2 Well.
The that
significantly higher in the Alan Formation. Shale

results indicate shale content is
progressively decreases from the shale and shaly
zones of the Alan and Mus formations to the clean
zone of the Adaiyah Formation between 2480m
and 2572m. The Mus Formation exhibited a high
gamma-ray response, with a maximum value of
approximately 109.2 API at a depth of 2546 m in

MW-2, attributed to the high concentration of
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radioactive minerals. In contrast, the Adaiyah
Formation showed the lowest gamma-ray levels,
reflecting its predominantly clean composition,
primarily anhydrite. A minimum gamma ray value
of 13.03 API was recorded at a depth of 2548.5m
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within the Mus Formation, corresponding to a
minimal shale volume of less than 10%, as noted
by (50). It was a clean zone (as illustrated in Fig.
8).

- o
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Fig. 8: Gamma ray log, shale volume calculation for Adaiyah, Mus, and Alan formations within
MW-2 Well.

Porosity calculation

Porosity is a fundamental property of reservoir
rocks, representing the void spaces within the rock
volume that can store formation fluids, and is
typically expressed as a percentage or fraction. (43,
In petrophysical analysis, porosity is critical for
evaluating reservoir capacity. Carbonate rocks
exhibit more complex porosity systems than
siliciclastic, including both primary porosity
formed during deposition and secondary porosity
resulting from diagenetic processes such as
dissolution, tectonic deformation, and collapse. GV
Key porosity types include primary (inter-
crystalline and inter-granular), secondary, effective
and total

(fluid-conductive), interconnected,

porosity. 42, Total porosity encompasses all pore
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types, including fractures, wvugs, joints, and
channels. 3.

Porosity estimation from well logs using acoustic,
density, and neutron tools requires accurate
identification of both the matrix lithology and the
drilling fluid composition. 9. The sonic log
incorporates lithology and fluid-transit time,
whereas density logs rely on matrix and fluid-
density assessments. Neutron logs typically use
water-saturated  limestone as a calibration
reference. (4547,

Porosity estimation from Sonic log

A sonic log is a measurement of the compressional
sound wave velocity's interval transit time via
formation along the borehole. It is represented as
At or DT in microseconds/foot (us/ft). The interval

transit time depends upon both lithology and
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porosity. Therefore, a formation matrix interval
transit time must be known to derive sonic
porosity. We used the Wyllie time-average
equation in 9,

Atlog—Atmatrix
Qs = — BT (3)
Atfluid—Atmatrix

Where: ®s: Sonic porosity (decimal) At log: Log
reading interval transit time in a formation (us/ft)
At matrix: Formation’s matrix interval transit time
(ns/ft) At fluid: Mud filtrate transit time (fresh
water-based mud: 189 ps/ft, salt water-based mud:
185 ps/ft)

Sonic porosity calculations for the Alan, Mus, and
Adaiyah formations in the studied wells utilized At
matrix values of 45 ps/ft for dolomitic limestone,
as recommended by “YWe utilized At matrix
values of 43.5 us/ft for dolostone and 50 us/ft for
anhydrite, given that all wells were drilled with
fresh-based mud, a At fluid value of 189 ps/ft was
applied.

Porosity estimation from the density log

The density log records the electron density of a
formation, which correlates with its bulk density
(pb) in g/cm’. The matrix density for porosity
calculations was carefully selected based primarily
on the lithology identified through the Nd-At, N®-
pb, and PEF- pb cross plots, matrix density values
of 2.80 g/cm?® for dolostone, as recommended by
(45 2.88 g/cm? and 2.98 g/cm3 were utilized for
dolomitic limestone and anhydrite, and we also
employed fresh mud at 1g/em3 for all studied
wells. The formula can be used to calculate the
density porosity. 4%,

@D = Lmazed iy

Where: ®D: Density porosity (decimal) pma:
Matrix density (g/cm?)

pb: Log reading bulk density (g/cm?)

pfl: Fluid density (1.0 g/cm?) for freshwater-based

mud, 1.1 g/ cm3for saltwater-based mud.

pma—pfl

Porosity estimation from neutron log
the liquid-filled

porosity; the porosity filled with water or oil and

The neutron log quantifies

represents it as a percentage or porosity unit (®N,

PHIN, or NPHI). Neutron logs are porosity logs
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measured directly that quantify the hydrogen index
in the formation.

Correction for porosity from the shale effect
The presence, type, and distribution mode of clay
minerals significantly impact reservoir storage.
Consequently, porosity values were corrected for
shale effects using appropriate equations for each
porosity type. The following formulas were applied
according to the proposed methodologies. *¥: for
all types of porosity.
®Se= PS-VshxDSsh

where:

. (5

®Se = effective (shale-corrected) sonic porosity
@S = sonic porosity

®Ssh = sonic porosity of a nearby shale

Vshale = shale volume.
®De=®D-Vshx®Dsh

where:

.. (6)

@®De =effective (shale-corrected) density porosity
®D = density porosity

®Dsh = density porosity of a nearby shale
Vshale = shale volume.
ONe=ON-VshxDNsh

where:

(7

®Ne = effective (shale-corrected) neutron porosity
ON = neutron porosity

®Nsh = neutron porosity of a nearby shale

Vshale = shale volume.

Porosity logs in MW-2 reveal
variability within the studied
correcting  for content,
reduced. Notable
porosity were evident in the Alan and the upper

significant
section. After

porosity
variations

shale I

significantly in
part of the Mus formations (as presented in Fig.9).
In contrast, the lower part of the Mus and the
Adaiyah formations display relatively uniform and
very low porosity values, due to the predominance
of evaporite lithology.

Total porosity

In general, the proportion of a rock's pore space to
its bulk volume can be used to estimate total

porosity using Schlumberger's equation. ©),

OT = CDNe;-CDDe N (8)
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Where: OT: total

ONe: effective neutron porosity ®De: effective

porosity

density porosity.

Fracture index

Fracture index or secondary porosity results from
geological processes, such as diagenesis and
catagenesis, that occur after sediment deposition.
Vugs and fractures are not accounted for in the

porosity,
underestimation of porosity in carbonate rocks that

calculated  sonic leading to an

contain them. Consequently, the secondary
porosity (vugs or fractures) can be quantified from
neutron and/or density porosity using the following
equation proposed by Asquith and Gibson. 49,

OF = T — PSe ... (9)

Where: @®F: fracture porosity (secondary
porosity), ®T: (total porosity), PSe: effective
Sonic porosity (primary porosity). Overall,

porosity values were predominantly negligible to
poor, in line with the classification. ©%. The
effective porosity values remain well below 0.1 (as

shown in Fig. 9), indicating limited fluid storage
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capacity. The maximum porosity value was 0.14 at
a depth of 2565m within the Mus Formation. The
presence of secondary porosity within a restricted
zone is observed from fracture index (DPT-OS)
shading and is also documented in the Heritage Oil
Company. GV, In addition to that, the interval
between 2560m and 2567m displays an unusual
trend with high-density porosity readings
contrasted by considerably lower neutron porosity
values (®D - N crossover); this difference
indicates a possible presence of gas in this interval.
©7, likely associated with wvugs or fractures.
this

chromatograph recorded a total gas content of

Supporting interpretation,  the  gas
approximately 9.5% during drilling measurement
(MWD) GD- Porosity measurements in the Adaiyah
Formation between 2572m and 2628m are
predominantly negligible, frequently recording
zero or even negative values. This is attributed to
which

effectively reduces porosity within the formation.

the pervasive presence of anhydrite,

Generally, porosity values for the Adaiyah, Mus,
and Alan formations

quality,
reservoirs (as shown in Fig. 9).

indicate poor reservoir

acting mainly as seals rather than
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Fig.9: Curves plot of Sonic, Density, Neutron porosity before and after shale correction along with

secondary porosity; moreover, Neutron-Density curves crossover for Alan, Mus, and Adaiyah
formations between depth ranges 2480 and 2628 m in MW-2.

Permeability calculation

This study employed a multilinear regression
(MLR) method to predict permeability (K) directly
from associated well-log data (as represented in

Fig.10). This predictive model utilizes well-log

parameters, including gamma-ray (GR), bulk
density (pb), neutron porosity (®PN), and
compressional wave transit time (AT). The

mathematical relationship is expressed as follows.
(58).

Log k = —2.488—-0.0073 « GR — 0.619 * pb +
11.128* ®N + 0.050 x At ... (10)
Permeability values were predominantly poor to
fair, as recommended by North. ©9 predominantly
below 0.1mD, which serves as a cut-off value, due
to the high distribution of shale in the upper part
and predominantly consists of Anhydrite and hard
carbonate in the lower part, especially from an
interval from 2572 m to 2628 m, indicating the
rock matrix has limited capacity to allow fluid
flow.

To minimize shale's influence on the evaluated
parameters, we followed Taghavi's methodology.
68, modifying the adjustment factor from -2.488 to
-3.88. This modification was implemented to more
effectively eliminate the shale effect and better
reflect the actual reduction in permeability under
By the
parameter into the calculation, the adjusted factor

real conditions. incorporating new
leads to a noticeable decrease in the measured
permeability values.

K=10"(-3.88-0.0073*GR-

0.619*pb+11.128*DN+0.050*At)
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Fig. 10: Calculated permeability from MLR method for
Adaiyah, Mus, and Alan formations between 2480-2628
m in well MW-2.

Cut-off and reservoir thickness determination

Cut-off calculation is a crucial method for defining
the boundaries of effective reservoir zones. It helps
identify the minimal petrophysical properties
needed for a reservoir to be productive, including
permeability, porosity, shale volume, and water
saturation. The main aim of the cut-off calculation
is to ensure accurate reserve estimation. To

indicate the productive zone from the non-
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productive zone, we used well log data to estimate

cutoff values.

Shale Volume Cutoff

Shale cutoff is a critical parameter in reservoir
characterization, referring to the maximum
allowable shale content that maintains the

reservoir's effectiveness. Excessive shale content in
the reservoir acts as a barrier to fluid flow,
significantly impacts reservoir permeability and
reduces the transmission of hydrocarbon. This
study utilized a shale volume of 0.35 as the cutoff
value based on 9 for the Alan, Mus, and Adaiyah
formations in MW-2 Well. A porosity-permeability
with the primary of

determining the porosity cut-off value. This crucial

cross-plot, objective

step involves utilizing the linear regression
method, as described by ©9, to derive the
relationship between permeability and porosity.

The permeability cut-off values, defined as 1 mD
for oil reservoirs and 0.1 mD for gas reservoirs,
serve as benchmarks for determining the porosity
cut-off. The porosity-permeability relationship is
used to establish a linear regression model, and the

porosity cut-off value of 0.07 is determined using
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the permeability cut-off criterion (as shown in
Figs. 11 and 12).

Reservoir thickness determination
This study utilized lithology to determine the gross
reservoir thickness, while shale volume cut-off,
porosity, and permeability cut-off to estimate the
net reservoir thickness.

However, the total thickness of the Alan, Mus, and
Adaiyah MW-2

approximately 148 m, with 26m consisting of shale

formations in  well is
and 67.5 m comprising anhydrite. The gross
reservoir thickness in well MW-2 is approximately
54.5 m, primarily consisting of carbonate
succession, while the net reservoir thickness,
including some restricted zones, is estimated to be
around 2.5 m (as illustrated in Fig.12). The limited
net reservoir thickness suggests the very restricted
part of the carbonate succession of Mus and Alan
formations exhibits reservoir potential primarily
due to diagenetic modification and facies
variability, in addition, Adaiyah formation mainly
consists of anhydrite from 56 total thickness of the
Formation, 53.5m

including evaporate.


https://doi.org/10.25130/tjps.v31i3.2003

Tikrit Journal of Pure Science Vol 31 (3) 2026
DOI: https.//doi.org/10.25130/tjps.v31i3.2003

Permeability (mD)

10

Porosity - Permeability relationship

IRROJI

Academic Scientific Journals

Legends:

o1 - Dolomite

7 : Dolomitic limestone
with shale

Pink filled star : Shale

Pink hollow star : Dolomitic limestone

0

‘: Anhydrite
005 v 0.1 0.15 0.2 0.25
Porosity cut-off: 0.07 Total porosity (dec)
Legends:

533 2480m - 2491 5m
o 2492m- 2492 5m
T3 2493m-2494.5m
;E: 2495m - 2495m
TT 2495.5m - 2498.5m
i 2495m - 2495m
TT 24995m-25155m
’ 2516m - 2516m
:Cz 2516.5m - 2924.5m
@ 252m-5m

Z:g 2525 5m - 2526m
4 29265m-25305m
LI 293m-253m

:B: 2533.5m - 2534m.
I 2534.5m 2538 5m
¢ 253m-2539m

IT 25395m-25415m
;B: 2542m - 2542m

z:z 25425 - 2543m
@ 2545m-25m

{:g 2544 5m - 2548 5m
@ »4m.251m

L 25515m-25513m
;E: 2552m - 2552m

L3 25525m.2553m
¢ vHm-5%5m
TT 2554m-15385m
;H: 2559%m - 2559m

z:z 2559.5m - 2565.5m
ofh 2566m - 2366 5m

‘ 2567m - 2567.5m
b 2565m - 2368.5m

I 256%m -256%m

‘ 2360 5m - 2571.5m
5T 2572m-25725m

o 257m-257m

TT 15735m-2575m
0 2574m - 2608 5m

cfh 2609 - 2609

@ 26095m-2628m

0.3
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Fig. 12 shows the determination of net reservoir thickness from porosity, shale volume, and
permeability cutoff values between depths 2480m and 2628 m for Adaiyah, Mus, and Alan
formations within MW-2 Well.
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CONCLUSION

1. Stratigraphic and Lithological Observations:
Although the total drilled thickness of the Alan,
Mus, and Adaiyah formations in ell MW-2 is
approximately 148 m (64 m for Alan, 28 m for
Mus, and 56 m for Adaiyah, based on the
geological report), no distinct log-stratigraphic
boundaries were observed Dbetween these
formations. Instead, a continuous vertical facies
transition is evident, beginning with interbedded
carbonate rocks, shale, and argillaceous limestone
at the top, followed by the appearance of evaporite
layers at ~2516 m. The frequency and thickness of
these evaporites increase progressively with depth,
fully dominating the interval from 2572 to 2628 m,
where they are interbedded with anhydrite layers.

2. Porosity Characteristics:

Porosity is predominantly negligible to poor, with

effective porosity values generally below 0.1,

indicating limited fluid storage capacity.
Secondary porosity is minimal and highly
lithology-dependent, occurring in only very

restricted intervals. A maximum porosity of 0.14
was observed at a depth of 2565 m within the Mus
Formation. The interval from 2560 m to 2567 m
exhibits a ®D-ON crossover, indicative of gas in
fractures or vugs, a conclusion supported by gas
chromatograph data.

3. Permeability Evaluation:

Permeability is generally poor to fair, with most
values falling below 0.1 mD, supporting the use of
this threshold as a permeability cut-off. The poor
reservoir quality is attributed to the high shale
content in the upper section and the dominance of
anhydrite and dense carbonate rocks in the lower
section. Some improved permeability is observed
in intervals such as 2572-2628 m, though still
limited in extent.

4. Reservoir Thickness Estimation:

Porosity cut-off values were identified as 0.07%
from gas permeability (0.1 mD), with a shale cut-
off value (0.35%) used to distinguish net reservoir
thickness. Of the total 148 m drilled interval of
Adaiyah, Mus, and Alan formations, 26 m
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comprises shale, and 67.5 m consists of anhydrite.
The gross reservoir thickness is estimated at
approximately 54.5 m, mainly made up of
carbonate sequences, while the net reservoir
thickness is limited to about 2.5 m, along a few
narrow zones.

5. Overall Assessment:

Based on lithological, porosity, shale contents, and
permeability analyses, the studied section lacks
significant reservoir characteristics. However, due
to its thick anhydrite, shale, and compact carbonate
composition, it may function effectively as a local
cap rock for a potential underlying Butmah
reservoir.
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