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Abstract

Kuwait has proven conventional oil reserves of about 100
billion barrels which makes it one of the major
oil-producing countries worldwide. Most of this reserve
is found in Cretaceous and Jurassic with minor quantities
in the Paleogene sedimentary successions. Most hydro-
carbon production comes from the siliciclastic Burgan
Formation which is the most important reservoir in
Kuwait. The Jurassic and Lower Cretaceous exhibit good
quality source rocks that charged most of the hydrocarbon
reservoirs in Kuwait and entered the oil window in Late
Cretaceous to Eocene. Most of the hydrocarbon is trapped
in very gentle four-way closure structures that are related
to the deep-seated fault system of the Arabian Peninsula
such as Khurais-Burgan Anticline. Hydrocarbon reser-
voirs in Kuwait are sealed and capped mainly by shale
rocks and to a less extent by evaporites. In the last
15 years, Kuwait Oil Company (KOC) displayed interest
in commercially exploiting unconventional hydrocarbon
reserves and started laying significant emphasis on
the exploration and development of unconventional
resources. The aim of this work is to summarize the
different petroleum systems of Kuwait including the
Paleozoic, Mesozoic, and Cenozoic systems.

6.1 Introduction

After several preliminary surface geological reconnaissances
commissioned by the British and Americans early last cen-
tury, the first oil well spudded in Bahrah, north of Kuwait, in
1936. This well was in the vicinity of oil seepage and close
to the center of a gentle anticline that was mapped north of
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Kuwait Bay. However, this well didn’t show huge potential.
Then, another location was chosen to drill a new well
Burgan-1 (BG-001) at the Burgan oil field and it produced
oil from the Cretaceous sedimentary succession. Since the
first major oil discovery in 1938 in the Burgan field, Kuwait
has become one of the main oil-producing countries
worldwide with proven crude oil reserves of about 100 bil-
lion barrels (BP Statistical Review of World Energy 2021).

The State of Kuwait is located in the easternmost upper part
of the Arabian Peninsula. The tectonic, subsidence histories,
and the diagenetic processes that prevailed, on the eastern part
of the Arabian Peninsula, are the main drivers for exceptional
geological conditions that resulted in the prolific hydrocarbon
reserves. These geological conditions are manifested by the
widespread geographic distribution of rich, mature source
rocks, high-quality reservoir rocks, and highly efficient seal
rocks. Along with the formation of large structural traps
during or subsequent to oil and gas generation. These geo-
logical conditions helped in the formation of multiple petro-
leum systems in Kuwait, contributing to its enormous oil and
gas fields (Fig. 6.1) (Alsharhan and Nairn, 1997). Although
multiple petroleum systems of different ages are discovered in
Kuwait, only Jurassic, Cretaceous, and Tertiary petroleum
systems where the majority of the production is coming from,
while deep stratigraphic sections are underexplored yet.

The Paleozoic formations such as Unayzah and Khuff
formations are very important hydrocarbon reservoirs in
many parts of the Arabian Peninsula (e.g., Laboun, 1987a, b;
McGillivray & Husseini, 1992; Al-Jallal, 1995; Alsharhan
and Nairn, 1997; Wender et al., 1998; Konert et al., 2001).
The Lower Silurian organic-rich “hot shale” of Qusaiba
Formation is believed to be the source rock of these Permian
reservoirs (Mahmoud et al., 1992; Abu-Ali et al., 1999;
Parmijit et al., 2010). However in Kuwait, the Paleozoic
section is very deep and remains an exploratory target for
decades due to the hostile drilling environment. This deep
section contains mainly continental clastic deposits with
intercalated shallow shelf carbonates with a maximum
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Fig. 6.1 Major and minor oil
fields (onshore) map of Kuwait
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thickness of 2000 m (6562 ft) (Alsharhan et al., 2014).
Although the primary depositional characteristics of the
Paleozoic clastics such as coarse-grained sandstones, good
sorting, and low matrix content suggest they had potentially
good reservoir quality (e.g., Abdullah et al., 2017; Tanoli
et al., 2008), the reservoir potential of the deep Paleozoic
section is very poor (Strohmenger et al., 2003). Recent
studies are focusing on the evaluation of the Paleozoic
source rock, yet the reservoir quality of that deep section is
still under exploration. Therefore, we are excluding the
Paleozoic reservoirs and seal rocks from this work as more
studies are needed to be conducted on that deep section.

The aim of this work is to summarize the different pet-
roleum systems of Kuwait including the Paleozoic, Meso-
zoic, and Cenozoic (Fig. 6.2). Data is collected from several
published literature.

Here, we will discuss the elements of the Kuwait petro-
leum system from older to younger.

6.2 Source Rocks

6.2.1 Paleozoic Source Rocks
6.2.1.1 Qusaiba Formation
The Lower Silurian organic-rich mudstone of Qusaiba For-
mation of the Qalibah Group is accepted to be the source rock
for most Permian reservoirs in the Arabian Peninsula (Mah-
moud et al., 1992; Abu-Ali et al., 1999; Parmijit et al., 2010),
and it is also considered as one of the effective Paleozoic
source rocks in Kuwait (Al-Khamiss et al., 2012; Alsharhan
et al., 2014). The formation unconformably overlies the
siliciclastic equivalent deposits of Saq Formation and
unconformably overlies the thick siliciclastic sediments of
the Tabuk Formation, with a hiatus of Ludlow age (Fig. 6.2).
The productive hot shale unit of the lower part of Qusaiba
Formation was deposited within intra-shelf anoxic
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Fig. 6.2 Generalized stratigraphic column of Kuwait along with petroleum system elements and tectonic events (Alsharhan et al., 2014)
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Fig. 6.2 (continued)

depressions during early Silurian in response to major
transgression following deglaciation that was observed as
maximum flooding surfaces over most of the Gondwana
passive margin shelf (Sharland et al., 2001; Inan et al.,
2016). Few studies have conducted the burial and thermal
history modeling of the Qusaiba shales for testing different

burial scenarios to estimate present-day gas potentials. These
studies suggest that the formation has reached the
oil-generation window around 170 Ma and the gas matura-
tion window around 53 Ma. It is believed that it has expelled
all of its potential, and it is overmatured in the present
(Al-Khamiss et al., 2012; Alsharhan et al., 2014).
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6.2.1.2 Unaizah Formation

The Carboniferous—lower Permian Unayzah Formation and
its stratigraphically equivalent deposits are widespread over
most of the Greater Arabian Basin (Tanoli et al., 2008). In
northern Kuwait, the Unayzah Formation unconformably
overlies a thick carbonate succession of the Hormuz Group
and is unconformably overlain by a thick carbonate
sequence of the Basal Khuff Clastics (Fig. 6.2) (Tanoli et al.,
2008). The thickness of the formation varies in value, and it
tends to increase westward reaching a maximum depth
of ~6334 m (20,780 ft.) while decreasing gradually toward
the NE and SE and reaching the minimum depth of 5197 m
(17,049 ft.) (Fig. 6.3).

The formation is composed of fine sandstones, siltstones,
and claystone cycles with thin beds of argillaceous limestone
as shown in Fig. 6.4 (Abdullah et al., 2017). The upper part
of the formation has porosity values ranging from 2 to 15%,
with water saturation ranging from 65 to 100% reflecting the
presence of hydrocarbon concentrations (Abdullah et al.,
2017). Based on the neutron and density logs, relatively high
gas saturation is recorded at the lower part of the formation
in the Raudhatain field, north Kuwait (Fig. 6.5) (Abdullah
et al., 2017).

Due to its great hydrocarbon-bearing potential, the for-
mation has great exploration significance in the region
(Wender et al., 1998). A recent organic geochemical study
conducted on the Unayzah Formation in Kuwait shows a
total organic carbon ranging from 0.8 to 3.7 wt. % of a
mixture of algal-marine and terrestrial organic matter with
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Fig. 6.3 Depth contour maps on the top of the Unayzah Formation
(Abdullah et al., 2017)

the highest TOC values being in the north fields (Abdullah
et al., 2021). The thermal maturity data shows that there is a
range from oil to overmature with elevated R, values rang-
ing from 1.85 to 2.57% (Abdullah et al., 2021).

6.2.1.3 Khuff Formation

The Permian—Early Triassic Khuff Formation in Kuwait
occurs at greater depth in comparison to adjoining regions
where it reaches more than 4572 m (15,000 ft.) deep
(Strohmenger et al., 2003), and it is fully penetrated only in
the wells located over the Kuwait Arch (Husain et al., 2011).
The formation depth varies in values, and it tends to increase
westward reaching a maximum depth of ~6271.6 m
(20,576 ft.) while decreasing gradually toward the NE and
SE and reaching the minimum depth of ~4727.8 m (15,511
ft.) as shown in Fig. 6.6. The formation unconformably
overlies Unayzah Formation and underlines the Lower—
Middle Triassic Sudair Formation (Fig. 6.2).

The formation is divided into the Lower Khuff of Middle
Permian and the Upper Khuff of the Late Permian at its base
to Early Triassic at its top, and they are separated by the
Median Anhydrite (Husain et al., 2011). The formation is
composed mainly of dolomite and anhydrite interbeds with
few limestone and shale deposited in evaporitic low-energy
inner to middle ramp setting (Abdullah et al., 2017; Husain
et al., 2011) (Figs. 6.7 and 6.8). The formation has low
porosity of 2% and low permeability that decreases with clay
and anhydrite content and no remarkable hydrocarbon sat-
uration (Abdullah et al., 2017).

A recent organic geochemical study conducted on the
Khuff Formation in Kuwait shows a total organic carbon
ranges from 0.6 to 2.8 wt.% of a mixture of algal-marine and
terrestrial organic matter with the highest TOC values being
in the north fields (Abdullah et al., 2021). The thermal
maturity of Khuff Formations shows similar values of
Unayzah Formation with a range from oil to overmature with
elevated R, values ranging from 1.85 to 2.57% (Abdullah
et al., 2021).

6.2.2 Mesozoic Source Rocks

The petroleum system of Kuwait contains excellent source,
reservoir, and seal rocks of the Mesozoic carbonate and
clastic sequences. Detailed organic geochemical investiga-
tions of crude oil and source rocks and extensive reser-
voir characterization and basin modeling indicated that
hydrocarbons trapped in the Lower Cretaceous sandstone
and carbonate reservoirs were generated from organic
matter-rich Upper Jurassic to Lower Cretaceous carbonate
source rocks (Abdullah, 2001; Abdullah et al., 2005;
Alsharhan et al., 2014).
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Fig. 6.4 Correlation of the well logging interpreted lithologies with the visual core lithology of the Unayzah Formation in Raudhatain field, north

Kuwait (Abdullah et al., 2017)

The type and maturity level of organic matter in the Makhul
(Sulaiy) and Minagish Formations in NW Kuwait indicate
that they are the most probable Cretaceous source rocks and
were probably responsible for generating a proportion of the
oil which has accumulated in Kuwait oil fields. More-
over, the Middle Jurassic Najmah-Sargelu are significant
contributors to Kuwait’s Jurassic and Cretaceous hydrocarbon
accumulations (Abdullah, 2001; Al-Bahar et al., 2019).

6.2.2.1 Triassic Source Rocks

The Triassic section in Kuwait comprises the Upper Khuff,
Sudair, Jilh, and Minjur formations. The section is under-
explored due its depth and poor-quality seismic data.
However, a few exploration wells in west Kuwait produced
small quantities of condensates and gas in two oil fields

(Mutriba and Kra Al-Maru) (Husain et al., 2009). The
hydrocarbon shows were from a layer locally named Kra
Al-Maru found between underlying Sudair and overlying
Jilh formations. The lower clayey carbonate section of Kra
Al-Maru is believed to be the source rock. It has TOC of 3—
4% and Hydrogen Index of 300-500. It reached the oil
window in Middle Cretaceous and the wet gas window
during Late Cretaceous. Andriany and Al-Khamiss (2011)
based on a crude oil assessment concluded that the source
rock is a carbonate of Permo-Triassic age that deposited in
an anoxic marine depositional environment.

6.2.2.2 Jurassic Source Rocks
The Jurassic sequence of Kuwait which constitutes one of
the most important petroleum systems of the Arabian Gulf
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Fig. 6.6 Depth contour maps on 4 1
the top of the Khuff Formation Irag Iran

(Abdullah et al., 2017)
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Region is composed of Lower Jurassic Marrat Formation,
Middle Jurassic Dhruma, Sargelu, and Najmah Formations,
and Upper Jurassic Gotnia and Hith Formations. In the
south and southwest of Kuwait, the thickest Jurassic rocks
are found and gradually thinned toward the north
(Hawie et al., 2021). Organic geochemical analysis of the
Jurassic source rocks Marrat, Dhruma, Sargelu, and Naj-
mah Formations which are mainly limestones and calcareous
shales shows the significant potential for oil generation in
Kuwait (Abdullah, 2001).

Marrat Formation

The Marrat Formation was first defined in the Minagish oil
field in the west of Kuwait at a depth between 13,515 ft
(4120 m) and 15,350 ft (4679 m), with an average of 2000 ft
(610 m). The Marrat Formation has been classified into the
Lower Marrat (lime mudstone and dolomite, interbedded with
anhydrite and shale), Middle Marrat (limestone), and
Upper Marrat (limestone interbedded with shale and dolomite
and calcareous shale) members—mainly—based on the pres-
ence of argillaceous sediments in the Lower and Upper mem-
bers. The Marrat Formation conformably overlies the
Triassic—-Lower Jurassic Minjur Formation in Kuwait (Al
Wazzan, 2021). Total organic carbon (TOC%) content
in Marrat Formation from several fields in Kuwait show a
range of 0.35-5.5%, indicating good source potential. In par-
ticular, the dark-colored, fine-grained sediments contain kero-
gen type II and type III with higher maturity levels as indicated

by the kerogen elemental analysis and vitrinite reflectance (0.8—
0.9 R,) of bitumen (Fig. 6.9) (Alsharhan et al., 2014).

Dhruma Formation

Dhruma Formation, overlying Marrat and underlying Sar-
gelu Formation, is composed of calcareous shale interbedded
with limestone. Analysis of source potential for samples
collected from the Burgan and Minagish fields shows ranges
of TOC from 0.30 to 2.50% wt., with higher concentrations
in laminated shales. The type of kerogen is amorphous
marine kerogen types II to III with the abundance of some
oxidized and biodegraded terrestrial particles (spores and
woody particles) which as a result lowered their level of
maturity (Fig. 6.9). Organic matter maturity level was
interpreted as the very first stage of oil generation as indi-
cated by ranges of 0.4-0.5 Ro of vitrinite reflectance
(Alsharhan et al., 2014).

Sargelu Formation

Sargelu Formation consisting of Lower and Upper carbonate
members with overlying Najmah fractured limestones com-
prises important hydrocarbon sources for the producing
reservoir in the south and east Kuwait oil fields (Al-Enezi,
2019). Organic geochemical results of samples taken from
southern oil fields show fair to good source potential
of Sargelu Formation with TOC ranges from 0.40 to
5.5% wt and averages about 2.0%. The elemental analysis
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Fig. 6.8 Correlation of the well logging interpreted lithologies with the visual core lithology of the Khuff Formation in Burgan field, south Kuwait (Abdullah et al., 2017)
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of kerogen indicates type II or types II-III amor-
phous marine organic matter as well as terrestrial oxi-
dized woody materials that lowered their source potential
(Fig. 6.9). Sargelu carbonates are at the onset of oil gener-
ation in both Minagish and Umm Ghudair fields as indi-
cated by the vitrinite reflectance (0.6 Ro) and the kerogen
dark color. The lowest kerogen maturity is shown by sam-
ples from the Burgan field because Sargelu Formation is
found at the shallowest depths of 3215-3165 m (10,548—

10,384 ft), concluding the early maturity stage of organic
matter (Alsharhan et al., 2014).

Najmah Formation

The contribution of Jurassic Najmah-Sargelu Formations to
the petroleum system in Kuwait and NE of the Arabian Gulf
region has been significantly discussed by many authors
(Agrawi & Badics, 2015; Al-Murakhi, 2019; Grader et al.,
2019). Najmah Formation, composed of organic-rich
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bituminous shales and carbonate, is considered as the pro-
lific major source rock for the main Jurassic Najmah,
Sargelu, and Middle Marrat reservoirs. The excellent source
beds of Najmah with TOC of 7% on average have gener-
ated light oil and condensate from North Kuwait and med-
ium oil from west and south Kuwait (Al-Enezi et al., 2018).
Organic richness is concentrated in the laminated Najmah
carbonates at the Ratqa field in north Kuwait where the level
of maturity is the highest and kerogen is mainly of type II
amorphous sapropelic (Fig. 6.9). In contrast, the level of
maturity and quality of kerogen decrease in the southern oil
field (Minagish and Umm Ghudair) as a result of
biodegradation (Alsharhan et al., 2014).

Cretaceous Source Rocks

The source rock characteristics of the Cretaceous forma-
tions in Kuwait have been investigated by many authors
(Abdullah and Kinghorn, 1996; Abdullah et al., 1997, 2005;
Alsharhan et al., 2014; Al Bahar et al., 2019) who con-
cluded their significance as part of the petroleum system of
Kuwait. The type of kerogen (type III) and its maturity state
indicate that the Cretaceous Formations such as Ratawi,
Mauddud, and Ahmadi may have generated oil and gas at a
very low maturity level. Oil may also originate from deeper
source rocks or may have migrated laterally from other areas
in the Arabian Gulf Basin.

Fig. 6.10 Kerogen elemental
analysis plot of the Lower

SULAIY FORMATION

M. Naqi et al.

Makhul (Sulaiy) Formation

Lower Cretaceous Makhul or Sulaiy Formation is a poten-
tial source rock in the Mesopotamian Foredeep (Iraq and
Kuwait) and in the Zagros Fold Belt Basins (Iran). Source
rock potential of Sulaiy Formation in Kuwait and central
and southern Iraq with its basal Garau equivalent in western
Iran is well documented (Alsharhan et al., 2014; Aqrawi &
Badics, 2015). The formation consists of basinal bituminous
shale intercalated with dark gray argillaceous limestone, in
which TOC values range from 0.40 to 2.70%. Results of
H/C and O/C kerogen elemental analysis of samples from
the Raudhatain field show less maturation at shallower
depths with the presence of type II kerogen and a higher
level of maturation as depth increases where type I amor-
phous, dark-colored organic matter is present and corre-
sponds to the onset of the oil-generation zone (Fig. 6.10).

Minagish Formation

The Makhul (Sulaiy) Formation is overlain by Minag-
ish Formation ~which consists of three members:
Lower Minagish Member Peloidal-bioclastic, occasionally
dolomitic limestone, Middle Minagish Member of medium-
to very coarse-grained oolitic-pelletal grainstone and Upper
Minagish Member of massive, oolitic, fossiliferous lime-
stone. The oolitic units show higher TOC ranges (from 1.30
to 1.95% wt.) than the Lower member that has a TOC range
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of 0.3-0.55% wt, indicating the more organic richness of
the oolitic parts of the Minagish Formation. The quality of
organic matter is better in the oolitic units than in the
biodegraded non-oolitic member as indicated by the pres-
ence of very low dense, algal amorphous kerogen of marine
origin (Fig. 6.10). The level of maturation of the ooil-
itc Minagish Members as indicated by the pyrolysis results
for the hydrogen index (HI) and Tmax with an average of
550 mg HC/g to 355 mg HC/g and 435 °C, respec-
tively, suggests the onset of the oil-generation stage
(Abdullah et al., 1997) (Figs. 6.11 and 6.12).

Ratawi Formation

The Ratawi Formation consists of two members the
Lower Ratawi Member, consisting of limestone thinly bed-
ded with shale and the Upper Ratawi shale Member which
is mainly calcareous shale with intercalated sandstone and
siltstone. Organic geochemical analyses at the Raud-
hatain and Minagish fields show poor to fair TOC with an
average of 0.55% wt. in the Lower Ratawi member and a
range from 0.45 to 3.25% wt in the Upper Ratawi shale.

20
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Fig. 6.11 Type of kerogen of the oolitic and non-oolitic samples in
the Lower Cretaceous Minagish Formation (after Qabazard et al.,
2000)
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The type of organic matter is type II kerogen of marine
origin as indicated by the abundance of foraminifera,
dinoflagellates, and acritarchs. However, biodegradation
and the presence of spores, cuticle and woody tissues, ter-
restrial organic components lowered the quality of this
organic matter to type III kerogen. The overall level of
maturity is immature or just entering the oil-generation
stage as indicated by Tmax (430435 °C), the Production
Index (0.05-0.15), Thermal Alteration Index (TAI) of 2
+ and 3—, and a vitrinite reflectance of 0.70% R, results (
Alsharhan et al., 2014).

Mauddud Formation

The Mauddud Formation is mainly composed of limestone
interbedded with marl and fine, greenish-brown glauconitic
sandstones, and contains abundant microfossils and some
pyrite.

The Mauddud Formation which is considered as one of
the major Cretaceous oil reservoirs varies in thickness
between zero in the south and about 100 m (328 ft) in the
north of Kuwait.

The average Total Organic Carbon (TOC) in the car-
bonate facies is 2.5 wt.% and the highest values (8.0 wt.%)
are in the northern fields. The clastic intervals in the northern
fields show higher total organic matter (1.3 wt.%) relative to
the southern fields (0.6 wt.%). The total Production Index is
higher in the carbonate (0.6) than in the clastic section (0.3).
The kerogen type in the formation is immature types II-III
and III, suggesting that oil accumulated in the reservoir
might be largely related to migrated oil from mature deeply
buried source rocks such as the Early Cretaceous Sulaiy
Formation and the Upper Jurassic Najmah Formation
(Abdullah et al., 2005) (Fig. 6.13).

6.3 Reservoir Rocks

6.3.1 Mesozoic Reservoir Rocks

There are many stratigraphic intervals of good-quality
reservoirs in Kuwait mainly in the Mesozoic Era. The
most famous reservoir is the siliciclastic reservoir of Burgan
Formation which contribute to most of the hydrocarbon
production in the state of Kuwait along with other several
Cretaceous reservoirs which accounts for about 80% of
hydrocarbon production in Kuwait (Alsharhan et al., 2014).
The approximated production contribution of the Jurassic
reservoirs (Marrat, Sargelu, and Najmah Formations)
accounts for about 20% of the recoverable oil and gas
reserves, while only 1% of recoverable oil and gas was
found in the Miocene age (Alsharhan et al., 2014).



130

M. Naqi et al.

Fig. 6.12 Thin

section Photomicrographs
showing the oolitic

Middle Minagish limestones

(a and b) and the organic matter
isolated from the samples (¢ and
d) from the Minagish field.

a Typical oolitic grainstone (ppl,
5 mm), b A close view of
micritized ooids with a nucleus of
foraminifera (xpl, 1 mm),

¢ Amorphous marine organic
matter with sapropelic particles,
macerated from

the oolitic sample (ppl, 1 mm),
and d Marine organic matter
indicated by the foraminiferal test
lining (ppl, 1 mm) (after
Qabazard et al., 2000)

6.3.1.1 Triassic Reservoirs

Reservoirs in the Triassic section are very limited. In western
Kuwait, the Kra Al-Maru unit which is underlain by Sudair
and overlain by Jilh formation presents a potential reservoir
with low conventional reservoir quality. This unit comprises
cyclical packages of dolomudstones, laminated to bedded
anhydrites and dolomitic shales (Husain, et al., 2009). Most
matrix porosity is reduced by anhydrite, and matrix perme-
ability values are less than 0.01 mD. The more brittle
dolomudstone section is characterized by a fracture network
and its related porosity range up to 3.3 mD.

6.3.1.2 Jurassic Reservoirs

Marrat Formation

The Lower Jurassic Marrat Formation is one of the most
important carbonate reservoirs in north, west, and south
Kuwait fields. Production from Marrat in the Greater Bur-
gan field started in 1984 and has free gas production from
the north fields (Raudhatain, Sabiriya, and Bahra) since
2008. The reservoir is classified as tight heterogenous with

natural fractures and an average permeability of about 17
md (Snasiri et al., 2015). Marrat Formation has a thickness
of about 2400 ft and is subdivided into three members,
Lower Marrat, Middle Marrat, and Upper Marrat. The main
oil-producing unit is the Middle Marrat member which

consists of dolomitized oolitic grainstone to packstone fa-
cies, representing high-energy inner-mid ramp shoals. The
Lower Member of Marrat is an inner ramp dolostone and
micritic limestone facies intercalated with anhydrite and the
Upper Marrat Member is a transgressive complex of lime
mudstones/wackestone deposited in a mid-outer ramp set-
ting (Hawie et al., 2021). Typically, the Marrat reservoir
quality was verified in the high-energy shoal packages and
was enhanced by dolomitization (Chakrabarti et al., 2011).

6.3.1.3 Sargelu Formation

The significance of Najmah Sargelu carbonate self-sourced
reservoirs has been widely investigated (Siddiqui et al.,
2008; Nath et al., 2012). The Najmah Sargelu tight car-
bonates are considered as naturally fractured, organic-rich
prolific reservoirs in west Kuwait (Al-Failakawi et al., 2018;
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Fig. 6.13 Type of Kerogen in Mauddud Formation samples from
Ahmadi (AH), Burgan (BG), Magwa (MG) southern fields
and Sabiriya (SA), Raudhatain (RA), and Bahra (BH) northern fields
in Kuwait (after Abdullah et al., 2005)

Al-Murakhi, 2019) as well as the north fields (Siddiqui et al.,
2008; Al-Eidan et al., 2010). The Sargelu Formation over-
lies Dhruma calcareous shale formation which is an excel-
lent cap rock for the Marrat Formation. The Sargelu
Formation can be divided into a lower unit of mudstone and
wackestone facies and an upper unit varying from wacke-
stone to packstone facies with rare grainstone facies
(Fig. 6.14). The shallowing upward sequence with the
dominance of algal, skeletal, and peloidal packstones rep-
resents a typical shallow marine setting. The top
of Sargelu Formation and the overlying Najmah are found
to be similar to some extent in their composition of
dark laminated mudstone to pelagic-pelecypod packstones,
representing deeper facies accumulated in stagnant and
restricted marine (Alsharhan et al., 2014).

Najmah Formation

The Upper Jurassic Najmah Formation is a black, oil-
stained, naturally fractured, highly overpressured argilla-
ceous mudstone and calcareous shale which was subdivided
into two members: Upper Najmah limestone member and
Lower organic-rich shale member (Rabie et al., 2014).
The Najmah organic-rich shale is overlain by impermeable
Salt and Anhydrite of the Gotnia and Hith Formations and
underlain by the Middle Jurassic Sargelu Limestone and
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Fig. 6.14 Composite log of Dhruma, Sargelu, and Najmah Forma-
tions (after Alsharhan et al., 2014)

Dhruma Shale formations (Fig. 6.15). The Najmah Forma-
tion is a complex heterogenous tight carbonate reservoir in
which porosity and permeability are essentially enhanced by
high-density fracture and vuggy porosity (Nath et al., 2012,
Al-Failakawi et al., 2018). The porosity percentage and
distribution in the Najmah Formation are controlled by the
lithofacies types and show good relation to permeability.
The average porosity is about 2 to 10% mainly of fracture
type and the permeability ranges 0.01-10 mD. Conse-
quently, Najmah Formation is considered as a good com-
mercial unconventional resource in Kuwait in spite of its
low matrix porosity and ultra-low permeability (Nath et al.,
2012).
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6.3.1.4 Cretaceous Reservoirs Minagish Member is composed of medium to very coarse -
grained oolitic grainstone with occasional pellets, bioclastic
Minagish Formation leaching, and common development of vugs. The uppermost

The Minagish Formation is divided into 3 members where part of this member is mainly a well cemented, peloidal
the top and bottom are relatively tight lime mudstone and limestone and calcareous and argillaceous limestone.
wackestone separated by the middle bioclastic Oolitic The middle Minagish resembles a good quality reservoir,
grainstone member—Minagish Oolite (Nath et al., 2014). for example in Burgan field, porosity ranges 17-30% and
The latter is the primary reservoir in the Minagish Field and permeability typically ranges 300-1000mD with average
a significant contributor to Umm Gudair, South Um Gudair, ~water saturation (Sy,) of 14% (Nath et al., 2014). In the North
and Greater Burgan field. The formation overlays the of Kuwait, the Oolitic member is absent and commonly
non-reservoir Makhul (Sulaiy) Formation and is underlying consists of fractured limestone with some fractures filled
the Ratawi Limestone. with calcite (Alsharhan et al., 2014). The upper Minagish
The lower Minagish Member is composed of Peloidal- Member is composed of massive, oolitic, fossiliferous
bioclastic, occasionally dolomitic limestone with 22% limestone cemented with varying amounts of microcrys-
porosity and nearly 500 md permeability. The middle talline and sparry calcite (Alsharhan & Nairn, 1997).
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A zone of heavy and dark, tarry oil (known as tar mat) is
present near the oil-water contact in the Minagish field with
thickness variation from 10 to 30 m. The continuity of this
tar mat throughout the reservoir forms a seal isolating the
reservoir from the underlying aquifer. Al-Ajmi et al. (2001)
investigated the occurrence and the genesis of this tar mat
and suggested that the formation of this tar mat is due to
de-asphalting rather than gravity segregation.

Ratawi Formation

Ratawi Formation is considered as a minor reservoir in
Kuwait while it is one of the major reservoirs in the Arabian
Peninsula region. It is subdivided lithologically into Lower
Ratawi and Upper Ratawi Members. The Lower Ratawi
Limestone (Ratawi Oolite or Ratawi Limestone Member)
consists mainly of limestone with thin shale laminations. It
has a uniform thickness of about 90 m (295 ft) throughout
Kuwait (Alsharhan et al., 2014). There are packstone and
grainstone facies present in the Limestone Member with
porosities up to 25% in southern and offshore Kuwait with
good oil quality (28-46° API) (Al-Tendail et al., 2012).

The upper Ratawi member is also known as the Ratawi
Shale member which is mainly composed of marine
shale/claystone, interbedded by siltstone and fine-grained
sandstone, and limestone streaks (Arasu et al., 2012). The
origin of the sandstone is attributed to the uplift and erosion
of the Arabian Shield (Al-Fares et al., 1998; Sharland et al.,
2001). Thick coarser sandstones are encountered in the
south of Kuwait, however, they are discontinuous in the
north.

Major oil discoveries were found in the lower part of the
Ratawi Limestone Member at Wafra and Umm Gudair fields
since the 1950s. However, in the last 10 years, Kuwait Oil
Company has shifted its exploration efforts to the Ratawi
Shale Member where it tested oil in the Umm Gudair Field
in the south, Rugae in the southwest, and Sabriyah, Raud-
hatain, and Abdali fields in north Kuwait (Arasu et al., 2012.
And Al-Tendail et al.,, 2012). In north Kuwait, oil was
produced from the sands and limestone streaks within
Ratawi Shale Member where the hydrocarbon is entrapped
stratigraphically.

A study was carried out in 2007 to evaluate the hydro-
carbon potential of the Ratawi Limestone Member and
consequently identified multiple factors which negatively
affected the hydrocarbon potential of the Ratawi Limestone
Member (Al-Tendail et al., 2012). Its diagenetic history
records up to 11 periods of porosity reduction by calcite and
other cements. Accordingly, it suggested that oil migration
might have occurred during late diagenesis following the
precipitation of the cement.
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Burgan Formation

Burgan Formation (lower to middle Albian) is the most
prolific oil-bearing sandstone reservoir throughout the
Greater Burgan field (Burgan, Magwa, and Ahmadi fields) in
the southeast and Raudhatain and Sabiriyah fields in the
north of Kuwait (Fig. 6.1). It was named after Burgan hills
in south Kuwait. The thickness of Burgan Formation varies
from north to south, where in the north (Raudhatain and
Sabiriyah fields) it is about 900 ft (275 m) and approxi-
mately 1250 ft (380 m) in the south (Greater Burgan field)
(Bou-Rabee, 1996).

The formation is divided into Upper, Middle, and Lower
Burgan. However, Kuwait Oil Company divides the for-
mation into two members: Fourth and Third Sand. Gener-
ally, the formation is more sand prone to the south and
southwest and increases in shale percentage toward the east
and northeast of Kuwait.

It is composed of medium to coarse grained sandstone,
well-sorted, rounded, grading upward into alternating fine -
grained sandstone and siltstone (Al-Eidan et al., 2001).

Burgan Formation reservoir quality is highly related to
the interpreted depositional environments (Strohmenger
et al., 2006). The main reservoirs in Burgan Formation are
fluvial and tidal deposits (Fig. 6.16). The best reservoir
quality is associated with fluvial-dominated sandstones,
where it has an average porosity of 25% and permeability of
1600 mD. The tidal-dominated sandstone displays moder-
ately reservoir quality with average porosity and perme-
ability values of 23% and 270 mD, respectively. The poorest
reservoir quality presents in the marginal-marine deposits
where the average porosity is about 19% and significantly
lower permeability of about 10 mD.

Mauddud Formation

Mauddud Formation forms an important reservoir that
extends over the Arabian Plate. It is characterized by rudist
buildups with an improvement of reservoir quality by
meteoric diagenesis. It was deposited in a broad ramp system
ranging from the distal zone of clastic deltaic settings to the
marine carbonate system to the outer ramp/basinal environ-
ment (Boix et al., 2014).

It is one of the main producing reservoirs in northern
Kuwait with a minimal contribution in the south and
southwest. Mauddud Formation thickness varies from north
to south of Kuwait, where in the north of Kuwait, at Abdali,
Raudhatain, and Sabriyah fields, it is approximately 140
(459 ft) and a few feet at Greater Burgan field (Bou-Rabee,
1996). Mauddud Formation can be divided into a lower part
which is a mixed clastic and carbonate system, and an upper
part which is carbonate-dominated (Fig. 6.17). Porosity
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Fig. 6.16 Regional chronostratigraphic correlation from north to south of Kuwait showing facies distribution of Burgan Formation (after

Strohmenger et al., 2006)

ranges from 15 to 20%, oil saturation (S,,) from 50 to 90%
(Behbehani & Hollis, 2015), and permeability from 1.04 to
22.4 mD (Al-Awadi et al., 2017).

Behbehani and Hollis (2015) investigated the petro-
physical properties of Mauddud Formation in Bahrah
and Sabriyah fields, north of Kuwait. They found that
reservoir quality of Mauddud Formation degrades from
Sabriyah to Bahrah oil field. They alluded to this lower
reservoir quality in Bahrah due to many factors rather
than only facies variability. The reservoir performance
(porosity and permeability) is partly affected by depositional
facies, its diagenetic processes, structural deformation
(tectonism), and timing of oil charge (Behbehani & Hollis,
2015).

Wara Formation

The upper Cretaceous Wara Formation is one of the main
reservoirs in Greater Burgan field where oil production
represents approximately 10% of the Burgan oil field com-
munitive production (Al-Enzi and Hsie, 1999). It is also a
major clastic reservoir in the south of Kuwait at the Wafra

oil field. It is separated vertically from the Burgan reservoirs
by extensive carbonate, and shale interval of Mauddud
Formation and Wara Shales unit, respectively.

In south Kuwait, based on log analysis and well corre-
lation, Wara is divided into three stratigraphic units: Lower,
Middle, and Upper (Masarik et al., 2012). The middle Wara
represents the best quality reservoir unit which is comprised
of interbedded fine to medium-grained sandstone, siltstone,
and shale with average porosity of 26%, net permeabilities
ranging from 500 to 3000 mD, and average water saturation
(Sy) from 18 to 20%, while the Upper and Lower units
compose of shales, coals, shaley sandstone, and glauconitic
sandstones. Wara reservoir forms a sequence of channel
sands (fluvial/tidal) forming stacked channel sandstone,
mouth bars, and tidal bars (Fig. 6.18).

The thickness of Wara Formation in Greater Burgan field
ranges from 40 to 50 m of which up to 60% of the total
thickness comprises sandstones (Alsharhan et al., 2014). In
the cleaner sand sections, porosities can reach up to 30%
with an average of 24% and permeabilities that can reach up
to thousands of millidarcies.
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Fig. 6.17 The Late Albian Mauddud Formation reservoir zones of north Kuwait (after Al-Awadi et al., 2017)

6.3.2 Cenozoic Reservoir Rocks

Cenozoic sedimentary succession in Kuwait is divided into
upper and lower units, Kuwait and Hasa groups, respec-
tively. Kuwait group comprises a major reservoir, the Mio-
cene Lower Fars sandstone formation, and Hasa Group
comprises Paleogene—Eocene Umm Radhuma carbonate
Formation.

6.3.2.1 Umm Er Radhuma Formation

The first discovery of heavy oil took place in 1954 in Umm
Er Radhuma Formation which is informally referred to as the
First, Second, and Third Eocene reservoirs (Fig. 6.19). This

formation range in thickness from 424 to 500 m (Alsharhan
and Nairn, 1997). The Wafra oil field, in the Divided Zone
between Kuwait and Saudi Arabia, is the only field that
produces from this reservoir. The First and Second Eocene
reservoirs are the main reservoirs in the Wafra oil field, and
both are capped by Anhydrite units (Fig. 6.19), Rus For-
mation (First Anhydrite) and Second Anhydrite of Paleocene
age (Saller et al., 2014).

The First Eocene is composed of dolomite with minor,
but locally abundant, gypsum and anhydrite. Diagenesis has
played a major role in modifying depositional pore types.
The First Eocene reservoir is characterized by high porosity
values that range 30-50% which might be related to early
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Fig. 6.18 Depositional model for Wara reservoir in Wafra oil field, south of Kuwait (after Masarik et al., 2012)
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Fig. 6.19 Stratigraphic column for the Wafra Field showing reservoir at the Wafra Field. Contour interval is 20 ft (6 m) location of oil reservoirs

(modified after Saller et al., 2014)

dolomitization, shallow burial, and early heavy oil
emplacement, while permeability is commonly 100-2000md
(Saller et al., 2014). The oil gravity is 19° API, with a 4.43%
sulfur content (Nelson, 1968).

The Second Eocene reservoir is composed of dolomites,
anhydritic dolostone, and anhydrite and generally shows
high porosity values around 30% on density-neutron
porosity logs and 20—45% from core plugs measurements.
Leaching and dissolution processes have enhanced the pre-
dominantly intracrystalline pores forming sometimes mil-
limeter to centimeter size vugs. Vuggy porosity is very
common in the lower Second Eocene reservoir and may
locally contribute to the high porosity values. Permeability is
good to excellent and usually in the 10-100 s of millidarcies
range (Wani and Al-Kabli, 2005). The oil gravity is 20° API,
with a 4.43% sulfur content (Nelson, 1968).

6.3.2.2 Lower Fars Formation
The Miocene sandstone reservoir, Lower Fars Formation, is
a long-established productive reservoir of heavy oil in

northern Kuwait. The formation is under development in the
Ratqa oil field, and it shows great potential in other oil fields
north of Kuwait such as Raudhatain, Sabiriyah, Bahrah, and
Mutriba oil fields (Fig. 6.1). The formation is divided into 2
sandstone layers F1 and F2 separated by a thin layer of shaly
sandstone (Fig. 6.20). The two reservoir units F1 and F2
refer to the first and second Lower Fars reservoir sand,
respectively (Abdul Razak et al., 2018). The upper reservoir
unit F1 is found at shallow depths between 400 and 800ft.
The F1 layer is composed dominantly of fine to coarse,
poorly sorted, thinly laminated fluvial channel sandstone
interbedded with silty shale and very fine to medium sandy
bioturbated shale and minor argillaceous and bioturbated
sandstone. While the F2 layer consists of fine to medium,
subtly fining upward, moderately well-sorted sandstone
(Abdul Razak, et al., 2018).

The Lower Fars reservoir has a uniform gross thickness in
the Ratqa oil field of about 150ft with a total net thickness
that ranges 10-100ft. The average recorded API of F1 units
ranges 12-18° API, while the F2 unit has a lower average
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Fig. 6.20 Type log of Lower
Fars reservoir from north of
Kuwait showing the subdivision
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API of 11-15° API. The average computed porosity ranges
from 25 to 35% which is in close agreement with core
measured porosity. The reservoir is characterized by average
permeability that ranges 1-4 Darcy (Al-Ali et al., 2017).

6.4 Seal Rocks

Most of the hydrocarbon in Kuwait oil fields are sealed and
capped mainly by shale rocks (e.g., Burgan and Minagish
reservoirs) and a few reservoirs by evaporites (e.g., Jurassic
Najmah/Sargelu and Eocene Umm Er Radhuma reservoirs).
The hydrocarbon potential of the Paleozoic section, in
Kuwait, is limited so it will not be discussed. Here, we
discuss the major seal rocks of the main hydrocarbon
reservoirs of Mesozoic and Cenozoic ages.

6.4.1 Maesozoic Seal Rocks

6.4.1.1 Kra Al-Maru and Jilh Formations

The small quantity of hydrocarbon that is found in the Tri-
assic section in Kuwait (Kra Al-Maru reservoir) is sealed
locally by the intraformational halite and anhydrite, while
the salt unit in middle Jilh acts as a regional seal for the
Triassic system (Husain et al., 2009).

6.4.1.2 Dhruma Formation

This formation seals the oil and gas accumulations of the
underlying carbonate reservoirs of the Upper Marrat play. It
is composed of argillaceous limestone and fossiliferous shale
(Husain et al., 2018a).

6.4.1.3 Gotnia and Hith Formations

Both Gotnia and Hith Formations mark the end of the
Jurassic section in Kuwait. The Gotnia Formation (Kim-
meridgian age) deposited in a hypersaline, very shallow and
semi-confined lagoonal basin that extended from southern
Iraq to the Rimthan structure, toward the southwest border
between Kuwait and Saudi Arabia. It consists of 4 cycles of
halite and anhydrite with occasional occurrences of lime-
stone streaks encapsulated between halite and/or anhydrite
(Ali, 1995; Yousif and Nouman 1997). It acts as a regional
seal for Upper Jurassic Najmah and Sargelu reservoirs in
Kuwait.

In the Arabian Peninsula region, Hith Formation caps the
largest conventional carbonate reservoir worldwide, the
Arab Formation. Hith Formation (Tithonian age) was
deposited in an evaporitic pool and composes of massive
anhydrite interbedded and intermixed with argillaceous
limestone with minor shales. In the west of Kuwait, Hith
Formation reaches a thickness more than 1100 ft and thins to
approximately 200 ft toward northeast of Kuwait.
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Al-Hajeri (2017) have discussed the integrity of Gotnia
and Hith Formations, in Kuwait, based on formation water
geochemistry study and suggested that the anomalously
abnormal Na-rich formation water in the Cretaceous rocks
might be attributed to the vertical migration of saline water
from Gotnia and/or pre-Gotnia formations. This might
indicate that both Gotnia and Hith Formations are breached
by reactivated faults by the Late Cretaceous tectonism.

6.4.1.4 Lower Makhul Shale

Makhul Formation overlies the Jurassic Hith formation. The
lower part of Makhul, which consists of heavily bioturbated
organic-rich lime mudstone and shale, provides an effective
regional top seal for the carbonate reservoirs in the Hith

play.

6.4.1.5 Ratawi Formation

Ratawi Formation is divided into 2 members, Lower Ratawi
limestone and Upper Ratawi shale. The upper shale member
seals the sandstone and limestone streak reservoirs within
Ratawi Shale member. It also seals off the major hydrocar-
bon accumulation in the lower Ratawi limestone and the
early Cretaceous Minagish limestone reservoir (Alsharhan
and Nairn, 1997).

6.4.1.6 Zubair Formation

This formation is interpreted as a complex section of deltaic
origin evolving to estuarine settings with tidal influence. It is
dominated by interbedded sand and shale units. The shale
act as a good seal for hydrocarbon in the sand reservoirs.

6.4.1.7 Burgan Formation

Despite being the largest oil reservoirs in Kuwait, the
interbedded shale within Burgan Formation efficiently plays
as a seal for the two major sandstone reservoirs (Third and
Forth sand members) (Alsharhan et al., 2014).

6.4.1.8 Wara Formation

The Lower Wara unit, defined as the “Wara Shales”, consists
of extensive shale interval deposited in marine settings that
provide good sealing capacities. This shaley unit provides a
regional seal for the underlying Mauddud Formation
(Alsharhan et al., 2014).

6.4.1.9 Ahmadi Formation

Ahmadi Formation is the regional seal for the giant hydro-
carbon accumulation in Burgan, Mauddud, and Wara
reservoirs in Kuwait. It comprises brown shale and lime-
stone (Alsharhan et al., 2014). Its thickness varies across
Kuwait, where in the north it reaches 420 feet and about 165
feet in the south. It is divided into Upper member dominated
by shale and Lower member which is carbonate-dominated.

M. Naqi et al.
6.4.2 Cenozoic Seal Rocks

6.4.2.1 Rus Formation

As discussed earlier in the chapter, there are two reservoirs in
the Cenozoic rocks of Kuwait, Umm Er Radhuma (locally
known as first and second Eocene reservoirs) and Lower
Fars. First Eocene reservoir is capped by Rus Formation (also
locally known as first Anhydrite) which consists of anhydrite,
subordinate limestone, shale, and marl (Alsharhan and
Nairan, 1997). This formation considered to be highly
effective in south of Kuwait in the Wafra oil field. The Sec-
ond Eocene reservoir is capped by this layer of Anhydrite.

6.4.2.2 Lower Fars Formation

The two main reservoir intervals of the Lower Fars Forma-
tion contain heavy oil in north Kuwait and are capped by a
thick shale unit, and it seems to act as a regional seal for the
reservoir. This is indicated as no commercial hydrocarbons
are reported above this unit in Kuwait (Abdul Razak et al.,
2018).

6.5 Unconventional Petroleum System
of Kuwait

Conventional and unconventional resources are fundamen-
tally different in that the traditional components of source,
seal, reservoir, and trap must be present for conventional
“discontinuous” hydrocarbons to be accumulated. Timing of
trap formation relative to the generation of hydrocarbon in
the source, migration from source to reservoir, and final
entrapment is critical and must be juxtaposed. On the other
hand, unconventional resources are continuous, organic-rich
mud rocks or carbonates, consisting of self-sourced hydro-
carbons trapped within fine-grained, low permeability. As a
result of the combined effects of high petroleum viscosity
and low matrix permeability, unconventional resources
cannot be produced without stimulation (Ma & Holditch,
2016).

Kuwait Oil Company (KOC) displayed interest in com-
mercially exploiting unconventional hydrocarbon reserves
and started laying significant emphasis on the explo-
ration and development of unconventional
Despite the relatively higher cost of production from
unconventional resources and the availability of enormous
conventional reserves, the rise in global demand for natural
gas and the significant potential of unconventional prospects
in Kuwait derived the plan of exploitation toward uncon-
ventional oil and gas. However, opportunities for commer-
cial development of unconventional resources, such as
fractured carbonates, in Kuwait must be balanced with the
technological, environmental, and economic challenges. In

resources.
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May 2008, Kuwait Oil Company started free gas production
from the Jurassic naturally fractured carbonate reservoir
which produces sour gas and light oil (API = 48). The main
development challenges of the Jurassic gas field are the depth
of the reservoir, its high pressure (10,000 psi) and tempera-
ture (275 °C), and low porosity and permeability, in addi-
tion to the high H,S (5%) and CO, (5%) concentration of the
well fluids (Al Qaoud, 2012). The Middle Jurassic Najmah-
Sargelu Formations and the Lower Cretaceous Makhul
Formation are among the most important unconventional
targets in recent exploration efforts in Kuwait (Al Bahar
et al., 2019; Husain et al., 2018b). The unconventional shale
oil/gas potential within the Najmah Formation was detec-
ted West of Kuwait in Dharif, Abduliyah, Minagish, and
Umm Gudair Fields (Al Murakhi, 2019).

Recently, the unconventional resources in Kuwait have
been classified into 3 categories (Al Baher et al., 2019)
based on organic geochemical properties of source and crude
and reservoir parameters (Fig. 6.21).

Class-I Unconventional Kerogen: Defines organic-rich/
Kerogen prospects that are further subdivided into two
subcategories: Class IA: Self-sourced kerogen/organic-rich
intervals  including Makhul, Najmah, and  Base Gotnia
kerogen; and Class IB: Kerogen and Limestone intercala-
tions of Lower Najmah, developed currently as a fractured
limestone.

Class-II Unconventional Tight: incorporates tight clastic
or carbonate formations with low organic material content,

Fig. 6.21 Classification of
unconventional resources (after
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for example the Marrat tight limestone. Permeability is less
than 0.1 millidarcy (mD).

Class-IIT Unconventional Viscous Oil: it involves both
immobile and mobile oil subdivided into Class IIA:
Mobile: it relates to mobile viscous oil of less than or equal
to 10,000 centipoise viscosity, current development of
Lower Fars under production appraisal; and Class IIIB:
Immobile: it relates to immobile viscous oil exceeding
10,000 centipoise viscosity and it includes tar mat and
bitumen (e.g., Tayarat Formation).

6.6 Hydrocarbon Thermal Maturation,
Generation, Migration, and Entrapment

As discussed earlier, the Jurassic Najmah and Lower Cre-
taceous Sulaiy (Makhul) Formations are believed to be the
main source rocks in Kuwait. Maturity levels of Jurassic
source rocks vary throughout Kuwait due to their depth
variations. Generally, maturity levels in the south of Kuwait
(e.g., Burgan oil field) are lower than in northern oil fields
(e.g., Ratqa oil field) because of the difference in burial
depths (Abdullah, 2001). The shallowest formation in the
north of Kuwait is in the oil-generation phase while in the
south, Jurassic source rocks are at the early stage of oil
generation.

Abdullah et al. (1997) and Abdullah (2001) evaluated the
burial and thermal history of the main Cretaceous and

Unconventiona

Al-Babhar, et al., 2019) Resources
[
| 1 1
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Jurassic source rocks in Kuwait, respectively. The study
concluded that most oil generation occurred during Late
Cretaceous and Early Paleogene, while oil expulsion took
place during Paleogene. Figure 6.22 shows that Sulaiy
source rock reached its peak oil generation around 75 Ma
(Late Cretaceous) at a temperature of 100° and a depth of
around 3,000 m. And it reached its peak expulsion during
Paleocene (62 Ma).

The Jurassic source rocks of Kuwait began oil generation
in Late Cretaceous to Eocene. A study based on samples
from the Burgan oil field showed that deeper Jurassic hori-
zons (Marrat Formation) began to generate oil around
110 Ma (Late Cretaceous), while Najmah Formation (shal-
lowest Jurassic formation) started generating oil around
45 Ma (Eocene) (Fig. 6.23) (Abdullah, 2001). Jurassic
source rocks are capped by thick anhydrite and evaporite
sections of Gotnia and Hith Formations which might have
prevented vertical migration to Cretaceous reservoirs.
However, results from oil analysis of Cretaceous and
Jurassic reservoirs of Kaufman et al. (1998) showed similar
characteristics which might suggest that both were charged
by the same source or from a different source of very similar
compositions. A study by Al-Hajeri (2017) concluded that
Gotnia and Hith Formations might be breached by fracture
systems during Late Cretaceous tectonism which might have

facilitated vertical migration of Jurassic hydrocarbon to
Cretaceous reservoirs.

Since peak oil expulsion took place during Late Creta-
ceous and Early Paleogene (Table 6.1) synchronously with
Zagros Orogeny, these tectonic stresses along with
micro-fracturing of source rock due to intensive oil genera-
tion might have enhanced the migration of hydrocarbon out
of the source rocks (Abdullah & Connan, 2002). The syn-
chronous events of oil expulsion and trap formation
during Late Cretaceous and Early Paleogene could be one of
the main reasons for the huge hydrocarbon reserves in
Kuwait.

6.7 Conclusions

The first commercial oil discovery in the state of Kuwait was
made in 1938 in the Burgan oil field. Since then, several oil
fields were discovered which made Kuwait one of the major
oil-producing countries worldwide with proven crude oil
reserves of about 100 billion barrels (BP Statistical Review
of World Energy 2021).

Several geological factors are responsible for the prolific
hydrocarbon reserves in Kuwait. The tectonics, subsidence
histories, and the diagenetic processes that prevailed, on the
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Fig. 6.23 Burial history diagram for one of Burgan oil field wells. The shaded area represents the Jurassic source rocks (modified after Abdullah,

2001)

Table 6.1 hydrocarbon

Formation Hydrocarbon generation
generation and expulsion of
Najmah/Sargelu and Sulaiy Najmah/Sargelu Around 100 Ma
(Makhul) source rocks in Kuwait (Cenomanian)
(after Alsharhan et al., 2014) Sulaiy Around 60 Ma
(Makhul) (Selandian)

eastern part of the Arabian Peninsula during its geological
history, are the main drivers for the exceptional geological
conditions. These geological conditions are manifested by
the widespread geographic distribution of rich, mature
source rocks, high-quality reservoir rocks, and highly effi-
cient seal rocks. Along with the formation of large structural
traps during or after oil and gas generation, which helped in
the formation of multiple petroleum systems in Kuwait.
There are more than 20 oil fields across the country, how-
ever, most of the hydrocarbon production comes from the
Greater Burgan field. These fields resemble very gentle
four-closure anticlines interpreted as drape structures over
deep-seated faults or as growth structures related to salt
tectonics.

There are many stratigraphic intervals of good-quality
reservoirs in Kuwait mainly from the Mesozoic Era. Most of
the Cretaceous reservoirs are sealed by interbedded and

Hydrocarbon expulsion
Expulsion becomes efficient at 60 Ma to 50 Ma
(Selandian—Lutetian)

Expulsion of oil is expected at 40-30 Ma (Bartonian—
Rupelian)

overlying Cretaceous shales, while the Jurassic reservoirs are
sealed regionally by salt and anhydrite of Gotnia and Hith
Formations. The most famous reservoir is the siliciclastic
reservoir of Burgan Formation which contributes to most of
the hydrocarbon production in the state of Kuwait along with
other several Cretaceous reservoirs which accounts for about
80% of hydrocarbon production in Kuwait.

Although source rocks are well distributed along the
stratigraphic column of Kuwait, from Silurian up to Creta-
ceous, the richest source rocks are dominant in Jurassic and
Lower Cretaceous. Types of kerogens from these source
rocks are types Il and II-III, a mixture of marine and ter-
restrial organic matter with TOC values ranging from
moderate to excellent. Organic geochemical analysis of the
Jurassic and Cretaceous source rocks which are mainly
composed of limestones and calcareous shales shows the
significant potential for oil generation in Kuwait. Oil
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generation of the Jurassic and Cretaceous source rocks
started in Late Cretaceous—Early Tertiary synchronously
with structure trap formation.

Kuwait Oil Company (KOC) displayed interest in com-
mercially exploiting unconventional hydrocarbon reserves.
The Middle Jurassic Najmah-Sargelu Formations and the
Lower Cretaceous Makhul Formation are among the most
important unconventional targets in recent exploration
efforts in Kuwait.
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