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Abstract

The Paleocene-Early Eocene sequence is represented by Aliji and Umm Er

Radhuma formations, while the Middle-Late Eocene sequence is represented by
Jaddala and Dammam formations. The Rus Formation has been described and its
basin was analyzed separately because it was deposited during the regression period
(Middle Eocene), which is a transitional period between these two cycles.
This study includes analysis of the geohistory of this succession, interpretation of
the changes of the accumulation, and calculation of subsidence rates. The results
were compared with the space available to explain the basin development. The study
site included the boreholes of Garraf-84 and 92, Halfaya-1, Nasirya-13 and 40, and
Noor-5 at the Mesopotamian Block, in addition to the Ratawi-8, Tuba-15, Rumaila-
217, Zubair-45, and West Qurna-60 at the Basra Block.

The Aliji basin was characterized by the decrease in accommodation values to
the northeast direction and the increase in all the other parts of the study area. A
comparison of the setting of this basin with the Umm Er Radhuma basin gives a
clear evidence of the tectonic impact coming from the northeast. During the Middle
Eocene stage, we notice that the basin was affected by comprehensive uplifting
processes. This led to the generation of a very shallow basin (Rus basin) with the
exposure of the northern part of the basin during the regression stage.

The Middle-Late Eocene basin is represented by a transgression stage with high

subsidence, where the sea level had been raised and covered the northeastern and
eastern parts of the studied area by deep sea deposits (Jaddala Formation). While the
other parts of the study area were characterized by shallow sediments of Dammam
Formation. This period ended with a clear tectonic uplift occurring in the
northeastern parts and decreasing towards the southwest. This confirms the
reactivation of the tectonic action from the northeast, represented by the continental
collision.
All these sources of evidence indicate that the study area is divided into a northern
part and a southern part. Both of these parts are separated by a major tectonic
lineament extending from the West Qurna oil field to the Nasiriya oil field, which
confirms the presence of the tectonic boundary between the Mesopotamian block
and the Basra block. In addition, there exists a secondary tectonic boundary that
divides the Mesopotamian block into two parts, the first is to the east and the other is
to the west. The results showed that the eastern side was most affected by the
collision of the Iranian Plate with the Arabian Plate, which led to its uplift, while the
western side was less affected by this tectonics evidence.

Keywords: - Basin Reconstruction, Tectonic Development, Paleocene-Eocene,
Geohistory analysis, Southern Iraq

*Email: aiadgeo@yahoo.com
1213



Menshed and Al-Zaidy Iragi Journal of Science, 2021, Vol. 62, No. 4, pp: 1213-1225

Eolil) Julat JSA (e Cneusdy) — Ceaglls gl gl ghailly geud) Gagall ol Bale)
Al i ¢ aglgadl

Zx o0 3 Cmn o i Tadia o gaga
Ghad) 8 (53 ¢ 5B (65 Anala cashal) B ¢ Rulaill (V) ale aud!
Ghall calans ok Aaals caslall 30S ¢V e and

dadal)

Laig¥) sy @oling ¢ i) aly oale linsSi Sl 1= Ciuslll) yemal alin Jiay
& a4l deabie J<o duagn Jilady o)l (sSE Chag - aleally Allas g€y Juay 631 el
Ol Gle o Al 858 o Al Jawes¥) sl DS (gaal) aalil) 558 IS dwse

Cuesl) CVare d sl auiy lalil sdgl aglpall bl dilas duhall o3 Cries
1 Llidsy 92 5 84 Gaball i (8 ¢ Gassll ol et Z Ul sl Sass Leilaey palailly
5217 )l 515 Lsh 58 (gl Lot w)g_d\uyua‘)umg5 09 540 513 Lyl
<8yl ‘U:S‘?ﬁ 60 Ll ey 45 il
DY) mas G Baly (Brall Jledl olad) b #ball sl Saa il GRliail aulall Gags as
S8 e als Sl daal of Gmss e pasall 138 gise A3jlae aad Al diaie (s (53]
S8 pamsall o Laadl ¢ gVl sl yemal) dlsye DAL BA) Jledll e oldll gl
el gall GLESH e (sl Glasa) 13 daa (s 03585 ) @l (ol LALLal )l e
(ol gLl Asje Pla Gasall (e
G @) Cus ¢ o padas ae @as oo Aaje ABR () L) gl yemad) (mss e
Dladl Gleel canlgy Ay dugpaal) Aehaiall (e A8 ally 4dyall LA ha¥) ety jadl mlaw
5al) oda cagl Laledll (oSl Alaa Canlg Al dilaie (e (a1 elial Cjaa Laty L (Allas 0659)
Bale] a5 138 L oall gl olatly (aidily A8,al) Al elall b Gua maaly S90S gl
W plalaYL Afies ¢ 380 Jladl) e LugSl Aal) Lais
bay Gdseaie Gl S L oaging i aud ) decde Al il of ) pdn ASY) b3 S
O &gl agaall dgag 35 Laa ¢ Apealil) bas Jin ) A e i i (e S ) (S
el on Lo Db ALS s (i (95 aa agag ) ALEYL L Bpeadl ALy Guedl) Gn Le Dl AS
oe Db Y OIS Bal) calad) o il cpelsly L conll a1y Bal ) ak ) ¢ cand )
lagr 3B Ji ad) el OIS L ¢ Lgady ) (ol Lan Banpal) Aaiall e &Y dagiall plabacal
- Sl Jadl

1. Introduction

The Middle Palaeocene-Eocene represents the Arabian Plate Megasequence 10 (AP10) which
deposited during a period of renewed subduction and volcanic arc island activity associated with final
closure of the Neo-Tethys Ocean. This led to uplift along the northeast margin of the Arabian Plate
with the formation of ridges and basins, generally of NW-SE trend in Northern and Central Iraq and
East-West trend in Western Iraq [1].

The Paleocene-Eocene succession in the southern part of Iraq has been an unconformity overlaid with
Cretaceous succession. While the upper contact of this succession was an unconformity in the Latest
Eocene [2].

The Middle Palaeocene-Eocene Megasequence (AP10) was divided into two sequences by regional
unconformity presence during the Middle Eocene. These sequences are the Palacocene-Early Eocene
sequence and Middle-Late Eocene sequence [2, 1]. The Palaeocene-Early Eocene sequence in the
studied area consists of three formations, which are Aliji, Umm Er Radhuma, and Rus formations. The

Middle-Late Eocene sequence consists of two formations, namely Jaddala and Dammam formations.
The area of study is located within the southern part of the Mesopotamian Zone in the south of Iraq
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(Figure-1). The studied boreholes are distributed upon the tectonic division as follows: the boreholes
of Garraf-84 and 92, Halfaya-1, Nasirya-13 and 40, and Noor-5 at the Mesopotamian Block, in
addition to Ratawi-8, Tuba-15, Rumaila-217, Zubair-45, and West Qurna-60 at the Basra Block.
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Figure -1 Location map of the studied area showing the tectonic subdivisions, according to [3].

The aim of this study is to interpret the Paleocene - Eocene basin development through a geohistory
analysis. The initial thickness and subsidence analysis were used to find the changes in
accommodation and, consequently, their effects on sequence development.

A sedimentary basin consists of strata of different lithologies deposited in different time intervals.

The main data in the burial history are, therefore, the thickness and the lithology of each layer and the
time of the horizons separating the layers. A horizon is taken to be a surface in the basin of a particular
time, and the precise term is, therefore, chronohorizon. There is an extensive nomenclature for
stratigraphic classification, but here we will not need more terms than those of horizon and formation.
A formation is here simply the layer between two consecutive horizons [4].
A burial history usually has breaks or gaps in the stratigraphical record, either because of lack of
deposition or because of erosion. Such a gap in a sequence of sedimentary rocks is a hiatus, and an
erosion process can partly or completely remove several layers. It is often difficult to reconstruct what
has been eroded; especially, regional erosion processes make it difficult to find places where thickness
information is preserved [4].

The purpose of geohistory analysis (restoration of the initial thickness) is to calculate and remove
the effects of load compaction, sediment loading, changes in paleobathymetry, and sea level changes.
When backstripping is combined with the search for information on the development of the
depositional system, the term geohistory analysis (or burial history) is commonly used [5].

2. Materials and requirements of geohistory analysis

Several types of stratigraphic and tectonic data are needed to conduct geohistory and definition of
subsidence analyses. These data include stratigraphic units showing the present-day thickness for the
studied succession, extracted from the geological final reports and previous studies of the studied oil
fields. Information about the types of lithologies, ages of units, and estimated paleo-water depths were
collected from the geological studies for the stratigraphic sequence of Irag. In addition, there are
several assumptions and uncertainties that are built into this analysis. Most of these problems can be
overcome if thick stratigraphic sections of relatively shallow-water deposits are used and only long-
term, larg-scale changes are studied [6]. The flow diagram (Figure-2) shows the steps of the
geohistory analysis. For further discussion see, e.g., [7- 16].
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Tq is decompacted thickness (m), Tn is initial thickness (m),
Wj is paleodepth water (m), ASI is changes in sea level (m),

pm is mantle density (2.8 g.cm™), pw is water density (1.04 g.cm™), p- is
corrected sediments density,
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Figure -2 Procedure diagram showing the steps and equations of the geohistory and subsidence
analyses [17]

According to Sharland [2], in the Paleocene - Eocene succession, the lower boundary represented
the end Cretaceous collusion, that is the ophiolite obduction and tectonics on the northern Arabian
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plate margin. The upper boundary is synchronous with the Red Sea rifting and collusion of the
Arabian continent and Eurasia [18]. The uplift in the Zagros Mountains caused a shifting in the
southwest facies belts and a closure of the Neo-Tethys [19,20,21].

In the Early Paleocene, basinal facies, which were established by marine flooding over the foreland
wide area-in the late Paleocene to early Eocene carbonate - evaporite sequence (Dammam, Jaddala,
Rus, Umm Er Radhuma, and Aailiji formations) (Figure-3), were deposited in shallow and fore deep
environment, during events of rapid erosion, lowering , and subsidency of the ophiolite sedimentary
structures along the eastern margin of the Arabian Plate .

During subduction, volcanic arc activity associated with closure Neo- Tethes in the middle Plaesocen —
Eocene were deposited, represented by Aaliji and Jaddala formations and a major transgression caused
basinal deep. Dammam, Um Er Radhuma and Rus formations represent shallow open marine
environment, reflecting a fluctuating and flooding surface (mfs). These are determined by marls rich
with planktonic foraminifera of late Paleocene age and bounded by deep or basin facies of TST [2].
High frequency regression with high eustatic sea level occurred during the early Paleocene to late
Eocene [22]. In the late Eocene, the sea regressed with unconformity, causing the absence of deposits
over the area.
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Figure 3-Chronostratigraphic section of Paleocene — Eocene succession in Iraq, Modified after Bellen
et al. 1956 and 1958 by [23]

The Aliji Formation is widespread in the Foothill and Mesopotamian zones in Iraq (Figure- 3). It
was introduced by Bellen in 1950 [24] from the type locality in northwestern Syria. The
supplementary type section for Irag was introduced in well Kirkuk-109 of the Foothill Zone [24],
which comprises grey and light brown argillaceous marl, argillaceous limestone, and shale with
occasional microscopic fragments of chert and rare scattered glauconite. Silty and sandy beds occur
towards the north and northeast, where the formation gradually passes into the clastic Kolosh
Formation. Towards the southeast and west, the formation is composed predominantly of limy
globigerinal mudstone. Chalky and argillaceous limestone beds occur where the formation passes
laterally into the Umm Er Radhuma Formation.

The Umm Er Radhuma Formation was described by Steineke and Bramkamp in 1952 [24] from the

type locality at the Umm Er Radhuma wells in Saudi Arabia. A supplementary type section for Iraq
was introduced by Owen and Nasr [25] in well Zubair 3 southern Irag, which comprises anhydrite and
white to buff dolomitic microcrystalline porous limestone; chert occurs in the upper part.
The Rus Formation was first defined by Bramkamp in 1964 [24] from the type section on the SE flank
of the Dammam dome in Eastern Saudi Arabia. A supplementary type section was introduced by
Owen and Nasr [25] in well Zubair-3 in the Mesopotamian Zone of Southern Irag, where the
formation consists predominantly of anhydrite with some unfossiliferous limestone, blue shale, and
marl.

The Rus Formation represents the oldest recognized formation in the borehole. It is dominated by
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dolomite, marl, and gypsum with 14.1 m thick (drilling depth 115.9 — 130 m). This formation is not
exposed on the surface, but it is encountered in most subsurface wells of south and southwest Iraq
[26]. While in the central part of Irag, it consists mainly of evaporites and subordinate carbonates. The
evaporites are characterized by nodular structure (compound wispy, wispy, structureless, and mosaic
structures) with some laminated structures [27].

The Jaddala Formation (Late Lower Eocene to Upper Eocene) is unconformably underlying the
Oligocene succession and unconformably overlying the cretaceous succession. This formation was
described first by Henson in 1940 [24] as consisting of marly and microporous (chalky) limestone and
marl with occasional thin intercalations of oolitic, peloidal grainstone. This Formation does not belong
to the Oligocene succession, but it is important to understand the depositional and tectonic settings for
the Palani basin.

The Eocene sediments were deposited during the final phase of subduction and the closure of the
remnant Neo-Tethys Ocean [1]. The Dammam Formation was first described by Bramkamp in 1941
from the Dammam dome in East Saudi Arabia [24] where it comprises limestones (chalky,
organodetrital or dolomitic), dolomites, marls and shales; it was divided into five informal members.
The total thickness of this formation is 150 m in Najaf area and decreases to the south of Iraq.
Owen and Nasr, 1958, described the supplementary type section in well Zubair-3 of the Mesopotamian
Zone. The Dammam Formation consists mainly of neritic shoal limestones often recrystallised and/or
dolomitised, nummulitic in the lower part and milliolids-bearing in the upper part [1].

Figure-4 shows the studied succession distribution and thickness in two lithologic sections.
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Figure 4-The distribution and thickness of Paleocene - Eocene succession in two lithologic sections

3. Basin Reconstruction and Analysis

After the application of the geohistory procedure, the decompacted thickness values were
reconstructed as a real thickness distribution and the hiatus time (eroded units) was recalculated for the
Rupelian (Early Oligocene) succession (Table-1, Figure-5).
Table -1 Backstripping and decompacted (restored) present thickness of the studied succession in well
Nasiriya-40.
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Figure -5 Geohistory curve showing the time — thickness relationship before and after the
decompacted processing of the studied succession.

3.1 Paleocene — Early Eocene basin

The basin of the Paleocene — Early Eocene succession (Aliji and Umm Er Radhuma formations) is
characterized by two main depocenters; the first is near Gharaf oil field to the north west of study area
with decompacted thickness of about 930m, while the second is to the south east near West Qurna oil
field with decompacted thickness of about 900m (Figure-6).
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Figure -6 Decompacted isopach map for the Paleocene — Early Eocene succession showing the basin
depocenters.
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To determine the paleogeographic features for the Paleocene — Early Eocene basin, we must rebuild
the Late Cretaceous basin by calculating the total subsidence with the rate of deposition and then the
available space of deposition.

The total subsidence map for this succession shows that the northern and northeastern parts consist
of an uplift area (Figure-7) near Noor and Halfaya oil fields. The high subsidence area appeared to the
northwestern region in Gharaf oil field and near Tuba and Rumaila oil fields, in addition to West
Qurna oil field. While the minimum values of subsidence are located in other regions. Therefore, the
paleogeography for the Aliji and Umm Er Radhuma basin is represented by the ecologic
accommodation.

The Aliji basin was characterized by the decrease in accommodation values to the northeast
direction and their increase in all the other parts of the study area (Figure-8A). A comparison of the
setting of this basin with the Umm Er Radhuma basin gives clear evidence of the tectonic impact
coming from the northeast. Figure-(8B) shows the occurrence of a clear uplifting in the northern part
of the study area in the Umm Er Radhuma Basin in general, and the uplifting of the northeastern part
in particular.
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Figure 7-Total subsidence map for the Aliji and Umm Er Radhuma basin showing the high
subsidence area (Purple) and the uplifted area (Red)
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Figure 8- 3D paleogeography diagram (real accommodation) for the Aliji basin (A) and Umm Er
Radhuma basin (B).

3.2 Early Eocene
The Late Ypresian Stage showed the beginning of the Rus deposition [24]. In the Early Eocene
time, a local NW-SE trending basin was developed within the Umm Er Radhuma belt, extending from
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Kifl in the NW to the Dammam structure in eastern Saudi Arabia in the South. This basin was filled by
lagoonal evaporitic sediments of the Rus Formation [1].
Rus basin

The decompacted thickness of the Rus Formation demonstrated that its depositional basin is
characterized by one huge depocenter that extends from Nasiriya oil field to southern lIrag. It is
characterized by an initial thickness of about 120m in Nasiriya and the surrounding area, which
increases to the south and southeast to 260m in Ratawi oil field (Figure-9), whereas it is missing to the
northern part of the study area.
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Figure -9 Decompacted isopach map for the studied area showing the Rus Formation thickness and
depocenters.

The total tectonic subsidence map for Rus basin shows high subsidence values in Tuba and
Rumaila oil fields, while moderate values are found in Ratawi, Zubair, West Qurna, and Nasiriya oil
fields. The uplifted area appeared in the northern part of the studied area near Gharaf, Noor, and
Halfaya oil field (Figure-10).

During this stage, we noticed that the basin was affected by a comprehensive uplifting processes
(Figure-11) that led to the generation of a very shallow basin (Rus basin) with the exposure of the
northern part of the basin during the regression stage.
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Figure 10-Total subsidence map for the Rus basin showing the high subsidence area (Purple) and the
uplifted area (Red).
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Figure 11-3D paleogeography diagram (real accommaodation) for the Rus basin.

3.3 Middle-Late Eocene

The Lutetian — Priabonian stage represents the interval time for the deposition of the Jaddala and
Umm Er Radhuma formations [1, 24].

The decompacted thickness map of this succession shows three main depocenters; the first
depocenter is to the northeast near Halfaya oil field, the second is in the west of the study area near
Nasiriya oil field, and the third is to the southeast near Tuba oil field (Figure-12).
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Figure -12 Decompacted isopach map for the studied area showing the Dammam and Jaddala
thickness and depocenters.

The total tectonic subsidence distribution in the study area for this stage shows high subsidence
values in Halfaya and Noor oil fields to the northeast and Tuba to the southeast. While moderate
values appeared in the other studied oil fields, except West Qurna oil field which represents an
uplifted area (Figure-13)

The first stage of this period is represented by a transgression stage with high subsidence, where the
sea level has been raised and covered the northeastern and eastern parts of the study area by deep sea
deposits (Jaddala Formation)(Figure-14A). While the other parts of the study area were characterized
by shallow sediments of Dammam Formation (Figure-14B).
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This period ended with a clear tectonic uplift occurring in the northeastern parts and decreasing
towards the southwest. This confirms the reactivation of the tectonic action from the northeast,
represented by the continental collision.
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Figure -13 Total subsidence map for the Jaddala and Dammam basin showing the high subsidence
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Figure -14 3D paleogeography diagram (real accommodation) for the Jaddala basin (A) and Dammam
basin (B).

Conclusions
The Middle Paleocene-Eocene succession was divided into two sequences by the presence of

regional unconformity during the Middle Eocene. These sequences are the Palaeocene-Early Eocene
sequence, which represents Aliji and Umm Er Radhuma formations, and the Middle-Late Eocene
sequence, which represents Jaddala and Dammam formations. The Rus Formation was described and
its basin was analyzed separately because it was deposited during a regression period (Middle
Eocene), which is a transitional period between these two cycles.

The basin of Aliji and Umm Er Radhuma succession during the Paleocene — Early Eocene is
characterized by two main depocenters; the first is near Gharaf oil field to the north west of the study
area and the second is to the south east near West Qurna oil field. The total values of subsidence for
this basin demonstrated that the northern and northeastern parts of the study area, near Noor and
Halfaya oil fields, were uplifted. Also, the high subsidence area appeared to the northwestern region in
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Gharaf oil field and near Tuba and Rumaila oil fields, in addition to West Qurna oil field. While the
minimum values of subsidence were found in the other regions.

The Rus basin is characterized by one huge depocenter that extends from Nasiriya oil field to southern
Irag. The total tectonic subsidence for Rus basin shows high subsidence values in Tuba and Rumaila
oil fields, while moderate values are shown in Ratawi, Zubair, West Qurna, and Nasiriya oil fields.
The uplifted area appeared in the northern part of the study area near Gharaf, Noor, and Halfaya oil
field. During the Middle Eocene stage, we noticed that the basin was affected by comprehensive
uplifting processes, that led to the generation of a very shallow basin (Rus basin) with the exposure of
the northern part of the basin during the regression stage.

The Middle-Late Eocene basin is characterized by three main depocenters; the first is to the northeast
near Halfaya oil field, the second is in the west of the study area near Nasiriya oil field, and the third is
to the southeastern near Tuba oil field. The total tectonic subsidence distribution in the study area for
this stage shows high subsidence values in Halfaya and Noor oil fields to the northeast and Tuba to the
southeast. While moderate values appeared in the other studied oil fields, except West Qurna oil field
which represents an uplifted area.

The first stage of this period is represented by a transgression stage with high subsidence, where the
sea level has been raised and covered the northeastern and eastern parts of the study area by deep sea
deposits (Jaddala Formation). While the other parts of the study area were characterized by shallow
sediments for Dammam Formation. This period ended with a clear tectonic uplift occurring in the
northeastern parts and decreasing towards the southwest. This confirms the reactivation of the tectonic
action from the northeast, represented by the continental collision.

All these sources of evidence indicate that the study area is divided into two tectonic parts; the first is
a northern part and the second is a southern part. Both of these parts are separated by a major tectonic
lineament extending from the West Qurna oil field to the Nasiriya oil field, which confirms the
presence of the tectonic boundary between the Mesopotamian block and the Basra block. We also
recorded the presence of a secondary tectonic boundary that divides the Mesopotamian block into two
parts, the first is to the east and the second is to the west. The results showed that the eastern side was
most affected by the collision of the Iranian Plate with Arabian Plate, which led to its uplifting, while
the western side was less affected by this tectonics evidence.
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