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Abstract: The carbonate platform is the environment of Khasib, Tanuma and Sa’di formations which were deposited within
open shelf settings at the Majnoon oil field in eight microfacies. The deposition, based on the analysis of microfacies,
took place within shallow open marine, shoal environment, deep marine and basin environments. Five third order cycles
of succession consist in MJ-12 oil well and three third order cycles in the MJ-15 oil well. They represent successive
episodes of sea level rise and standstills. The succession in the study area was formed in a high subsidence environment,
reflecting the high subsidence as the main controlling factor in the sequence creation. Because of a significant transgression,
the Khasib, Tanuma, and Sa’di formations were deposited on an extremely subsidential carbonate base, where sea level

succession involved episodes of rise and standstills.
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INTRODUCTION

This research focuses on the stratigraphy and
paleoenvironment aspects of the Khasib, Tanuma, and
Sa’di formations in the Majnoon oil field, south Iraq. Two
boreholes are included in the present study viz. MJ-12 and
MJ-15 oil wells.

The Majnoon oil field is a north-south anticline in
southern Iraq located about 60 km north-west of Basrah.
Overall, the extension is about 36.4 km in length and 11
km in width, covering an area of about 400 km?. The
Majnoon oil field area is situated within the Zubair sub-zone
of Mesopotamia (Buday, 1980 in Jassim & Goff, 2006)
(Figure 1). Basrah territory sits on the stable shelf of the
Mesopotamian basin. It is characterized by the occurrence of
gently elongated anticlines and dome-like structures (Aqrawi
et al., 2010). The Majnoon system is located on the eastern
edge of the district of Basrah, not far from the western
border of the orogeny belt of Zagros (Aqrawi et al., 2010).

In Iraq, the Late Turonian-Danian Megasequence
(Megasequence AP9) is most common. It is present
throughout the region with the exception of the Zagros
belt interior and on parts of the ENE-WSW-guided Hauran
Uplift in western Iraq. It was deposited after the ophiolite
interception that emerged in the southern part of New Tethys
(Jassim & Goff, 2006). Because of such a reversal, broad
north-south directional systems have been developed in
southeastern Iraq. On the stable shelf, new basins have arised
and developed, extending from northwest to southeast and
others from east to west directions. The earliest Turonian
deposits are limited to the Mesopotamian region and the sub-
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Figure 1: Location Map of the studied area (Majnoon oil field),
modified from Al-Khafaji et al. (2021).

island region, although before the intra-Senonian erosion,
they may have been broadly dispersed. The lower part of this
megasequence is identified by the Khasib, Tanuma, Sa’di,
and Komitan formations. The Hartha, Digma, Tayarat, Aqra,
Bekhme, Shiranish, and Tanjero formations reflect the peak
of the mega-hierarchy (Jassim & Goff, 2006).
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The Mesopotamian Zone is tectonically divided into
three subzones, viz. Tigris Subzones, Euphrates Subzones,
and Zubair Subzones. The Zubair Subzone includes the
study area around the Basrah city (Jassim & Goff, 2006).
The Megasequence (AP9) is divided into Late Turonian-
Early sequence (which includes Khasib, Tanuma, and Sa’di
formations) and Late Campanian-Maastrichtian sequence
(which includes Hartha, Tayarat, and Shiranish formations).

A full sedimentary phase of the Khasib, Tanuma, and
Sa’di formations represents the succession of the Turonian-
Lower Campanian in the Mesopotamian Basin. In some
oil fields, the carbonate series include several variations
of shale and marl, alternating with some units of porous
and broken carbonate (Aqrawi et al., 2010) (Figure 2). The
Khasib Formation is the most proximal member of the Late
Turonian-Early Campanian Series (Chatton & Hart, 1961).
The Khasib Formation has been identified by Owen & Nasr
(1958) from the Zubair Well 3 in the Mesopotamian Basin
region. The thickness of it reaches to 100 m in SE Iraq
(Agrawi et al., 2010).

The upper part (with thickness reaching to 30 m)
consists of fine gray, argillaceous calcareous grains (van
Bellen et al., 1959). The typically thickest of Khasib
Formation is located in the Mesopotamian Zone within
Tigris Subzone. The Khasib type section contains relatively
rare fossils. While, many other wells contain relatively
more rich assemblages (Darmoian, 1975), for example, the
Oligostegina sp. assemblages that is plentiful. van Bellen
et al. (1959) propose that the Late Campanian could be the
established age for the formation. Chatton & Hart (1961)
rule that the formation is Turonian-Early Campanian. A
Turonian age corresponds to the appearance of the genus
Globotruncana lapparenti in the planktonic foraminifera.
The formation, according to Darmoian (1975), is from the
Late Turonian to Coniacian period. The Oligostegina fauna
and the dwarfed appearance of the fossils indicate that
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Figure 2: Stratigraphic correlation of southern Iraq modified from
Sharland et al. (2001).
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the deposition of the Khasib Formation lies in a restricted
basin. It also offers free Globotruncana marine assemblages
(Jassim & Goff, 2006).

In southern Iraq, Owen & Nasr (1958) describe
the Tanuma Formation at Zubair-3 well. It consists of
(30 m) fissile black (locally pyritic) shale with green,
microcrystalline, argillaceous, and detrital (sometimes
glauconitic) calcareous layers, with an oolitic calcareous
layer at the top (Macleod, 1961; Safar, 1961; Kasim, 1962;
Ditmar & the Soviet-Iraq Team, 1972). The thickness of
the Tanuma Formation of southeastern Iraq exceeds 60 m
but wedges out in all directions.

Darmoian (1975) determines the age of Tanuma and
Khasib formations as a Coniacian, where the Tanuma
Formation typically conformably overlies the Khasib
Formation. The Sa’di Formation is the most prevalent,
thickest, and youngest formation. Owen & Nasr (1958)
have carried out the description of the typical section of
the Zubair-3 well. Chatton & Hart (1961) and Ditmar & the
Iraqi-Soviet (1972) have changed the formation concept and
age. It contains parts of the Hartha (Pilsner) Formation in
the Sa’di Formation. The Sa’di Formation consists of 300
m of gray, chalky, argillaceous and globigerinal calcareous
with a 60 m thick marl bed at the edges. The upper part
of the formation also includes calcareous organodetritals
outside the type area (van Bellen et al., 1959). The thickest
Sa’di Formation along the Mesopotamian and Salman zones
borders reaches to more than 450 m (same as the Hartha
Formation). Owen & Nasr (1958) attribute the formation
to a Late Senonian age. van Bellen et al. (1959) propose
that it could be of Late Campanian age.

The aim of the present study is to investigate the
Khasib, Tanuma, and Sa’di formations in the oil field of
Majnoon so as to perform facies analysis and, to interpret
the depositional environment and the stratigraphic sequence
responsible for the formation of basins.

METHODOLOGY

The studied area is the Majnoon oil field, which is
situated in the southern Iraq approximately 60 km northwest
of Basra city near the Iraqi-Iranian frontier, where it extends
north to the governorate of Missan. Two boreholes have been
studied viz. MJ-12 (E 47°35'51", N 31°2'3") and MJ-15 (E
47°38'43", N31°0'3") (Figure 1).

The petrographic research and analysis of the
microfacies focused on the examination of 120 thin sections
prepared from rock cuttings from the selected wells (MJ-12,
and MJ-15). The thin section study by using a microscope
focused on determining the species of fossils that are
present in each formation. The thin sections have been
configured in the mineralogy laboratory of the Department
of Applied Geology, University of Babylon. The rock
samples of Khasib, Tanuma and Sa’di formations as well
as the sequence stratigraphic subdivision and correlation
studies were borrowed from the Basra Oil Company (BOC).
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RESULTS AND DISCUSSION

Microfacies

Within a comprehensive petrographic analysis, the
texture of depositional carbonate grains and their forms
are treated. Expanded classification of Dunham (1962) has
been used to define the classification of the carbonate rocks.

A comprehensive petrographic analysis of the sediment
texture and particles forms of carbonate takes into
consideration sediment microfacies types (Flugel, 2004;
Wilson, 1979). Organic or inorganic limestone particles
greater than the groundmass include grains, objects,
materials, and assignments indicating grains that were
physically deposited and, in most instances, have been
transported. It is necessary to divide carbonate granules
into skeletal granules and non-skeletal granules.

Segmented or full skeletons of animals, sized from
0.05 mm to several centimeters, are skeletal granules. The

Figure 3: Microfacies of the studied formations :

structural granules of organisms may consist of calcite,
calcite magnesia, aragonite, or silica (Flugel, 2004). Non-
structural granules are those not specifically derived from
microorganisms structural materials. Only hi-energy granules
are prevalent and are represented by ooids and peloids.
Within the sections studied, four carbonate microfacies
have been identified:

Planktonic mudstone (PM)

The main skeletal components, planktonic foraminifera
such as Heterohelix sp., Globigerina sp., Hedbergella sp.,
at MJ-12 and MJ-15 oil well are normal in the middle part
of Khasib (Figure 3A). Neomorphism, cementation and
dolomitization including fractures filled with cement and
geopetal structures are the typical diagenetic characteristics
in this microfacies. It also has low intraparticles porosity.
This relates to the standard microfacies (SMF3) in (FZ1)

A- Planktonic of mudstone (Khasib Formation MJ-12) at depth 2509 m.

B- Planktonic of wackestone (Khasib Formation MJ-15) at depth 2513 m.

C- Planktonic bioclastic wackestone (Sa’di Formation MJ-15) at depth 2411 m.

D- Planktonic bioclastic mudstone (Sa’di Formation MJ-12) at depth 2350 m.

E- Planktonic bioclastic packstone (Sa’di Formation MJ-12) at depth 2400 m.

F- Foraminifera bioclastic wackestone (Tanuma Formation MJ-12) at depth 2457 m.
G- Foraminiferal bioclastic packstone (Sa’di Formation MJ-15) at depth 2390 m.

H- Peloids grainstone (Tanuma Formation MJ-12) at depth 2470 m.

(All photos are crossed nicols).
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of Wilson (1975), and according to him, it reflects a basinal
setting as compared to the standard types of microfacies.

Planktonic fossiliferous wackestone (PW)

The primary constituents of this microfacies are
Heterohelix sp., Globigerina sp. and Hedbergella sp. (Figure
3B). There are also a few benthos and rare radiolarians.
Cementation, compaction, dissolution, and dolomitization
are the main diagenetic processes affecting such microfacies.
The microfacies of planktonic wackestone are identified as
typical microfacies (SMF2) of (FZ-1) according to Wilson
(1975), who described the basinal environment.

Planktonic bioclastic wackestone (BPW)

The components of the microfacies are small and some
intervals have low diversity through the parts. Characterized
by planktonic foraminifera, such as Heterohelix sp.,
Globigerina sp. and bioclasts, this microfacies is typical
(Figure 3C). This may reflect a condition of low energy
underneath the wave base (Flugel, 2004). The successful
diagenetic characteristics include compaction (plane
shell deformation), cementation (filling, fractures), and
micritization. Authentic minerals (pyrite and glauconite)
were found including the microfacies, which represent
deposition of deep shelf (FZ.2 SMF-8 (Wilson, 1975)).

Four primary habitats have been identified as being
shallow open marine environment, shoal environment,
deep sea environment and basin environment (Figures
4 and 5).

Planktonic bioclastic mudstone (BPM)

Planktonic foraminifera such as Heterohelix sp.,
Globigerina sp. and Hedbergella sp. distinguish such
microfacies (Figure 3D). Compaction and cementation
are the diagenetic features in this microfacies, including
glauconite and pyrite covered skeletal grains. This
microfacies is identical with the regular microfacies (SMF-
2) and (FZ-2) that characterize the deep shelf environment
(Wilson, 1975).

Planktonic bioclastic packstone (BPP)

Planktonic foraminifera such as Heterohelix sp.,
Globigerina sp., and the bioclasts characterize this
microfacies. The process of diagenetic affecting this
microfacies is mainly neomorphism, dolomitization which
occurs as floating subhedral to euhedral medium to coarse
size scattered rhombs, cementation, and compaction where
dissolution is also common (Figure 3E).

Foraminiferal bioclastic wackestone (FbW)

Foraminiferal bioclastic wackestone is characterized
by benthonic foraminifera, shell fragments and echinoderm
fragments assemblages. Neomorphism, dolomitization,
dissolution and cementation are the diagenetic processes
that affect this microfacies (Figure 3F).

166

Foraminiferal bioclastic packstone (FbP)

This microfacies is less common and has been
recognized in small intervals. Benthonic foraminifera, small
bioclasts and fragments of echinoderm characterize it (Figure
3A and G). Neomorphism, dolomitization, dissolution and
cementation are the diagenetic processes that affect this
microfacies.

Peloidal grainstone (OG)

This microfacies is made up of medium to coarse grain
peloids and ooids and culminates in most cases with the
upward coarsening series (Figure 3H).

DEPOSITIONAL ENVIRONMENT
The paleoenvironment of the Khasib, Tanuma, and Sa’di
formations is primarily based on the microfacies type. Grain
forms (skeletal and non-skeletal) and depositional texture
determine the recognized microfacies. Facies associations
have been contrasted with Flugel’s (2010) proposed model
of standard.

Shallow open marine environment

The shallow open marine environment has been defined
only in the Sa'di Formation (Figures 4, 5). This consists
mainly of foraminiferous bioclastic, wackestone and
packstone. Foraminiferal bioclastic wackestone microfacies,
which are at various intervals is the most prominent in the
Sa’di Formation.

They are distinguished by an abundance of benthonic
foraminiferous fragments, shell fragments and Echinoderm
fragments. Foraminiferous bioclastic packstone microfacies
is less common and is recognized in small intervals.
Benthonic foraminifera, minor bioclasts and echinoderm
fragments characterize it.

The shoal facies grow under intertidal conditions in
a high energy environment and in most cases it is the
culmination of the upward coarsening sequence (Burchette,
1993).

The shoal facies within the Tanuma Formation is the
most important environment. This facies is composed of
medium to large grained peloids and ooids. It is mostly
represented by ooidal grainstone microfacies, consisting
of ooids and peloids. Neomorphism and dissolution are the
diagenetic processes influencing this microfacies.

Deep marine environment

The deep marine environment is generally recognized
within the Khasib and Sa’di formations. This condition is
defined by bioclastic planktonic wackestone microfacies
which is typical and characterize most parts of the Sa’di
Formation, and very small intervals are common in Khasib
and Tanuma formations with planktonic foraminifera such as
Heterohelix sp., Globigerina sp. and characterized bioclasts.

Bioclastic planktonic mudstone microfacies is common
and characterize the Khasib Formation, with small intervals
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Figure 4: Sequence stratigraphy subdivision at MJ-12 oil well.

in Sa’di Formation. The planktonic foraminifera, such as
Heterohelix sp., Globigerina sp. in addition to Hedbergella
sp., characterize such microfacies where bioclasts also exist.

The process of diagenetic affecting this microfacies is
mainly neomorphism, dolomitization which occurs as floating
subhedral to euhedral medium to coarse size scattered rhombs,
cementation, compaction, and dissolution.

Basinal environment

The basin environment is known to be literally the
end of the aquatic environmental continuum, which starts
from the coast area and ends in the deepest part of this
sedimentary basin. Basinal surroundings are generally
preserved against the action of waves, surface waves in
addition to ordinary tidal effects, even at a few hundred
meters deep. Basinal facies are most common in the Sa’di
and Khasib formations; and represented by planktonic
foraminifera mudstone, planktonic foraminifera and
planktonic wackestone microfacies.
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Figure 5: Sequence stratigraphy subdivision at MJ-15 oil well.

This microfacies is characterized by planktonic
mudstone microfacies, such as Heterohelix sp., Globigerina
sp. and Hedbergella sp., and is typical in Khasib Formation. It
is also characterized by planktonic foraminifera species such
as, Hetrohelix, Globigerina, and Hedbergella, planktonic
wackestone microfacies, which is common within Khasib
Formation. Neomorphism is the diagenetic processes
affecting this microfacies.

SEQUENCE DEVELOPMENT

Sequence stratigraphy, depending on Van Wagoner
et al. (1988) identification, is the analysis of facies
associations genetically linked with periodic strata within
a time span. By using and integrating numerous types of
data, including seismic data, well data, and outcrop data,
and by taking into account various geological disciplines,
it has become a real instrument or technique in petroleum
discovery and reservoir characterization. In siliciclastic
structures (eg, Van Wagoner et al., 1988; Wilgus et al.,
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1988) as well as shallow water carbonate, this technique
has been commonly applied (e.g., Loucks & Sarg, 1993;
Kerans & Tinker, 1997).

In the work of Wheeler (1959) and Sloss (1962),
principles of modern stratification can be traced back to 1962
and 1963. The significance and usefulness of connecting
coordinated surfaces through geological divisions have
been recognized by them. Their use of chronostratigraphy
for stratification has provided the route to seismic strata
development.

The succession studied represents five cycles of third
order in well MJ-12, and three cycles of the third order (A,
B, and C) in well MJ-15, and are represented in Figure 4
and Figure 5, respectively.

These are the intervals asymmetric. Every cycle
starts with a transgressive system tract (TST), represented
by microfacies of bioclastic planktonic packstone and
bioclastic planktonic wackestone, or microfacies of
planktonic mudstone and planktonic wackestone deposited
in deep marine and basinal environments as retrograde
parasequences.

The upper border is distinguished by maximum flooding
(MF) followed by the high-stand system tract (HST),
deposited as programmatic parasequences deposited within
the shallow open marine environments (Figures 4 and 5).
The cyclicity asymmetry is a result of the varying magnitude
and symmetry of the relative fluctuation of sea level. The
varying magnitudes reflect the successive intervals of the
rise in sea level and its stands. The high-rate subsidence
in this region has formed the succession in the study area,
which indicates that it is the key factor that controlled the
development of sequences.

CONCLUSIONS

The extensive petrographic study and microfacies
analysis that has been accomplished from the Khasib,
Tanuma and Sa’di formations in addition to information
from MJ-12 and MJ-15 wells, representing the Majnoon
oil field that is located about 60 km at northwest Basrah
in southern Iraq, has provided detailed information on the
various aspects of petrography, depositional environment
and sequence growth.

The facies analysis shows the deposition environment
of Khasib, Tanuma, and Sa'di formations has been shallow
open marine, shoal environment, deep marine environment,
and basin environment. Eight microfacies are identified:
planktonic mudstone, planktonic wackestone, bioclastic
planktonic wackestone, bioclastic planktonic mudstone,
bioclastic planktonic packstone, foraminiferal bioclastic
packstone and ooidal grainstone.

Five third order cycles (A, B, C, D and E) in MJ-12
well, and three as third order (A, B, and C) in MJ-15 well,
which are asymmetrical; the cyclicity asymmetry is due to the
varying frequency and symmetry of the relative fluctuation
of sea level. They represent successive episodes of sea
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level rise and still-stand. The succession in the study area
was formed in a high subsidence environment, reflecting
the high subsidence as the main controlling factor in the
sequence creation. Because of a significant transgression,
the Khasib, Tanuma, and Sa’di formations were deposited
on an extremely subsidential carbonate base, where sea level
succession involved episodes of rise and standstills.
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