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Abstract

The Mesopotamian Plain is a part of the Mesopotamia Foredeep of the Zagros
Foreland Basin and is a part of the Zagros Fold — Thrust Belt. The plain covers the
central part of Iraq and extends south eastwards. It is a large continuously subsiding
basin since the Upper Miocene (11.62 Ma). The plain is covered by thick
Quaternary sediments of the Tigris and Euphrates rivers with their tributaries and
distributaries. Therefore, the plain shows no structural features on the surface,
except a main fault escarpment that extends from south of Al-Najaf city to south of
Nasiriya city representing part of Abu Jir Active Fault Zone. However, the rolling
topography, in the northern parts of the plain indicates subsurface anticlines that are
still growing up, such as Balad, Samarra, Tikrit and Baiji anticlines. Moreover,
many buried subsurface anticlines are present in different parts of the plain. All are
growing anticlines and have caused continuous shift to the Tigris and Euphrates
River and their distributaries indicating Neotectonic activities. The minimum and
maximum subsidence amounts in the plain are zero and — 2500 m, respectively.
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1. Introduction

Mesopotamia is a historical region in West Asia situated within the Tigris—
Euphrates river system. In modern days, roughly corresponding to most of Iraq,
Kuwait, parts of Northern Saudi Arabia, the eastern parts of Syria, Southeastern
Turkey, and regions along the Turkish—Syrian and Iran — Iraq borders (Collon, 2011)
(Figure 1).

Mesopotamia, in modern times, has been more generally applied to all the lands
between the Euphrates and the Tigris, thereby incorporating not only parts of Syria
but also almost all of Irag and southeastern Turkey (Foster and Polinger Foster,
2009). The neighboring steppes to the west of the Euphrates and the western part of
the Zagros Mountains are also often included under the wider term Mesopotamia
(Canard, 2011, Wilkinson, 2000 and Mathews, 2000). A further distinction is
usually made between Upper or Northern Mesopotamia and Lower or Southern
Mesopotamia (Miquel et al., 2011). Upper Mesopotamia, also known as the Jazira
(Al-Jazira Plain), is the area between the Euphrates and the Tigris from their sources
down to Baghdad (Canard, 2011). Lower Mesopotamia is the area from Baghdad to
the Persian Gulf (Miquel, 2011). In modern scientific usage, the term Mesopotamia
often also has a chronological connotation. In modern Western historiography of
the region, the term "Mesopotamia" is usually used to designate the area from the
beginning of time, until the Muslim conquest in the 630s, with the Arabic names
Irag and Jazira being used to describe the region after that event (Foster and Polinger
Foster, 2009 and Bahrani, 1998).
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Figure 1: Geographical extension of Mesopotamia showing the Mesopotamian
Plain (Approximate limits shown by dashed red line) (Internet data, 2013).



Tectonics and Neotectonics of the Mesopotamian Plain: A Critical Review 59

The Mesopotamian Plain; however, is different geographically, geologically and
historically from the Mesopotamia. The Mesopotamian Plain represents part of
Mesopotamia, and nowadays it represents the existing plain between the Tigris and
Euphrates rivers, which is limited south of Al-Fatha gorge in the north. The alluvial
plains along the Iragi — Iranian borders in the east. From the west (northern part), it
is limited by wadi Al-Tharthar and (southern part) the eastern limits of the Western
Desert; then extending with the northern limits of the Southern Desert (almost
parallel to the Euphrates River); forming the southern limits of the plain. From the
southeast, it is limited by the upper reaches of the Arabian Gulf (Figure 1).
Tectonically, the Mesopotamian Plain extends farther northwest wards from that
shown in Figure (1) to cover the whole Jazira Plain and even extends more in Syria.
Towards southeast, it includes the whole Arabian Gulf until the strait of Hormuz
(Fouad, 2012). However, in the current study, only the plain which is covered by
the fluvial sediments of the Tigris and Euphrates rivers (Figure 1) is considered.

2. Tectonics, Structural Geology and Neotectonics

2.1  Tectonics and Structural Geology

The Mesopotamian Plain is a part of the Mesopotamia Foredeep of the Zagros
Foreland Basin. The plain is a large continuously subsiding basin since the Upper
Miocene (11.62 Ma), it is covered by thick Quaternary sediments of the Tigris and
Euphrates rivers with their tributaries and distributaries (Sissakian and Fouad, 2012).
Therefore, the plain shows no structural features on the surface, except a main fault
escarpment that extends from south of Al-Najaf city to south of Nasiriya city (Al-
Mubarak and Amin, 1983; Sissakian and Deikran, 1998; Sissakian, 2000 and
Sissakian and Fouad, 2012). However, the rolling topography, in the northern parts
of the plain indicates subsurface anticlines that are still rising up, such as Balad,
Samarra, Tikrit and Baiji anticlines (Al-Kadhimi et al., 1996). The plain is of
epicontinental type basin formed above an earlier platformal and marginal basin.
The Mesopotamian Plain forms the central and the southern parts of Iraq (Figure 1).
Many researchers like Henson (1951); Dunnington (1958); Ditmar (1971); Iragi —
Soviet Team (1979), and Buday (1980) have considered the plain as a part of the
Unstable Shelf of the Arabian Platform. Buday and Jassim (1984 and 1987) referred
to this area as the Mesopotamian Zone considering it as a separate structural unit
within the Unstable Shelf (Figure 1 A). Al-Kadhimi et al. (1996) followed almost
Buday and Jassim (1987) in their tectonic divisions of Iraq (Figure 2 B). Jassim and
Goff (2006) considered the Mesopotamian Zone as a part of the Stable Shelf of the
Arabian Platform (Figure 2 C). However, Fouad (2012) considered the
Mesopotamian Plain within the Outer Platform (Unstable Shelf) of the Arabian
Plate (Figure 2 D). It is worth to mention that in all mentioned tectonic divisions of
Irag the Mesopotamian Plain is considered to represent the entire Mesopotamia
Basin (or Foredeep) (Figure 2). We adopted the opinion of Fouad (2012) in
considering of the Mesopotamian Plain (Figure 2 D) as a portion of the major
Mesopotamia Foredeep (Figure 1).



60 Varoujan K. Sissakian et al.

The Mesopotamian Plain is a part of the Zagros Fold — Thrust Belt (Fouad, 2010),
which is the product of the structural deformation of the Zagros Foreland Basin,
whose present day remnant is the continental Mesopotamia and the Marine Arabian
Gulf Basins (Berberian, 1995; Alsharhan and Nairn, 1997; Hessami et al., 2001 and
Fouad, 2010 and 2012). The Mesopotamia Foredeep is a continental basin which
lies between the Zagros deformational front from the northeast and the stable
interior part of the Arabian Platform (Fouad, 2010). The Mesopotamia Plain
occupies the central and the southern parts of the Mesopotamia Foredeep within the
Iraqi territory. It is a depo-center due to subsidence in the Neogene, and a significant
basin of alluvial sediment accumulation in the Quaternary, being very mobile basin
with maximum estimated subsidence from the Upper Miocene onwards to be about
2500 m (Sissakian and Deikran, 1998).

Three genetic types of folds occur in the Mesopotamia Plain (Fouad, 2010), these
are: 1) Faultrelated folds, which have developed above an initial fault bounded
structural troughs (grabens or half grabens) because of structural inversion
phenomenon. Good examples are Tikrit and Samarra growing anticlines, 2) Simple
buckle folds, which have formed due to the compressional exerted forces by
Arabian — Eurasian (Iranian) plates collision. The developed folds are NW — SE
trending following the regional trend by the Zagros Fold — Thrust Belt, and 3) North
— South trending folds, which are developed in the extreme southern part of
Mesopotamia Plain. These folds are following the old inherited fractures of N — S
Arabian trend. They are long, broad and with low amplitudes; such as Zubair and
Rumaila structures. However, according to Colman-Saad (1978), the folds are
related to the movement of salt substratum. It is worth to mention that almost no
indication exists on surface to indicate the mentioned folds because they are
subsurface folds.
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Figure 2: Main tectonic division zones of Iraqg, A) after Buday and Jassim (1984
and 1987, B) after Al-Kadimi et al. (1997), C) after Jassim and Goff (2006), and
D) modified from Fouad (2012) (Modified from Sissakian et al., 2017).
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No surface indication exists to indicate faults in the Mesopotamia Plain. However,
a network of NW — SE trending faults have been developed in south Baghdad. These
faults are of normal type and forming a complex set of grabens, half grabens and
solitary faults. Some of the grabens have been partially inverted, forming anticlinal
folds or structural noses (Fouad and Sissakian, 2011). It is worth to mention that
Fouad (2012) has mentioned that “almost all of the mentioned tectonic divisions of
Irag, had considered the present day "Mesopotamia Plain” as the entire
Mesopotamian Basin (or zone). This consideration has caused a lot of confusion
and uncertainties to the true structural nature of the basin. Actually, the
Mesopotamia Foredeep (Basin) is much larger and aerially extensive, than that of
the Mesopotamian Zone or Mesopotamian Plain, which forms only a part of the
plain. The present day Mesopotamia Foredeep (Basin) extends from northeast Syria
to the Strait of Hormuz. It consists of two domains, the first is terrestrial one that
covers parts of northeast Syria, Irag, and parts of Kuwait and the coastal plains of
Iran, and the second is marine, represented by the Arabian/ Persian Gulf Basin
(Berberian, 1995; Alshrhan and Nairn, 1997; Brew, 2001; Sharland et al., 2001;
Alavi, 2004 and Fouad and Nasir, 2009)”. The present authors would like to clarify
the statement of Fouad (2012) by referring to Figure 1 as the Mesopotamia Foredeep
and the Mesopotamian Plain.

2.2 Neotectonics

Generally, in Irag the concept of Obruchev (1948); Pavlides (1989), and Koster
(2005) is considered in defining the Neotectonic movements. Sissakian and Deikran
(1998) adopted the opinion of Obruchev (1948) during construction of the
Neotectonic Map of Irag. The constructed map shows that the Mesopotamian Plain
is a subsiding basin; as all the concerned studies have showed. The basin has NW
— SE trend with oval shape. The maximum subsidence in the basin is 2500 m as
measured on the top of the Fatha Formation (Middle Miocene). The subsiding basin
forms an elongated oval shape, and extends from east of Al-Khalis twon, for about
30 km, to west of Badra town, for about 10 km (Figure 3). The basin is asymmetrical
with very steep eastern rim. This asymmetry is a typical of foreland basins formed
due to the plate collision manifesting the shape of the subsiding foreland basin
formed due to the collision of Arabian and Eurasian Plates in front of the rising
Zagros Mountain. Such asymmetry also indicates tectonic tilting of the basin (Philip
and Virdi, 2007). The length of the basin, in Iraq is about 540 km, whereas the width
is variable; it is 80 km, in the extreme northern part, 200 Km between Hilla city and
Badra town, 230 Km between Samawa city and Ali Al-Gharbi town, and 40 km
near Basra city (only the included part in Iraq) (Figure 3).

There are many uplifted areas within this huge continuously subsiding
Mesopotamian Basin which are still active indicating Neotectonic movements.
However, these areas are not shown in Figure 3 due to the scale limitations. These
areas are evidenced by many Quaternary landforms, like topographic indications,
abandoned river channels, shifting of river courses, active and inactive alluvial fans.
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Such features are evidences for Neotectonic activities (Al-Sakini, 1993; Markovic
et al., 1996; Mello et al., 1999; Kumanan, 2001; Bhattacharya et al., 2005; Jones
and Arzani, 2005; Philip and Virdi, 2007 and Woldai and Dorjsuren, 2008). The
majority of the uplifted areas, within the Mesopotamia Plain represent nowadays oil
fields. Their trends differ in the plain, in the southern part they have N — S trend,
whereas in the central and northern parts the trend changes to NW — SE. Another
fact is that the distal parts of the majority of the alluvial fans, both active and
inactive, which are developed in the eastern margin of plain, are parallel to those
uplifted areas (Fouad and Sissakian, 2011).
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Figure 3: Neotectonic map of the Mesopotamian Plane and two cross sections
(Modified from Sissakian and Deikran, 1998).
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2.2.1 Rate of the Neotectonic Movements in the Mesopotamian Plane

Sissakian and Deikran (1998) have calculated the rate of the subsidence and uplift
During the Neotectonic period (11.62 Ma) in the whole Iraqi territory depending on
the constructed Neotectonic Map of Iraq. The rate of subsidence in the
Mesopotamian Plain was calculated by dividing the amount of the subsidence by
the values of the maximum and minimum contour values by 11.65 Ma (The age of
the Upper Miocene, 1.C.S., 2012). In order to calculate the rate of the subsidence in
the Mesopotamian Plain (Figure 3), we have divided the plain into five parts:

1) The Eastern Edge which extends along the Iraqgi- Iranian borders until the latitude
N 31°.

2) The Northern Edge which extends few kilometers north of the latitude N 34°

3) The Western Edge which extends almost along the Euphrates River until the
latitude N 31°

4) The Southern Edge which extends south of the latitude N 31°, and

5) Central part which covers the area between the Tigris and Euphrates rivers. From
the constructed contour maps of the Neotectonic map (Figure 3), the minimum and
maximum subsidence amounts are recorder in the five parts of the Mesopotamian
Plain (Table 1). The minimum and maximum rates of the subsidence during the
Neotectonic period are calculated by dividing the subsidence amounts by 11.62 Ma
which is the duration of the Upper Miocene until present day (I.C.S., 2012). The
minimum and maximum rates of the subsidence during the Pleistocene and
Holocene periods are also calculated by dividing the subsidence amounts by the
2.588 Ma and 0.0117 Ma which are the durations of Pleistocene and Holocene,
respectively (1.C.S., 2012) (Table 1). It is worth to mention that the Zero line which
represents the Middle Miocene level runs almost along the Western Edge of the
plain (Figure 3).
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Table 1: Amounts and rates of subsidence in the Mesopotamian Plain.

Subsidence amounts and rates during
Neotectonics Pleistocene Holocene
(11.62 Ma) (2.588 Ma) (0.0117 Ma)
Subsidence (- m) Subsidence (- m) Subsidence (— m)
Min Max Amount Amount
Rate (m/ 100 years) X | Min Max Min Max
10— 4
1 750 2500 167.04 | 555.36 1.14 2.52
63.5 315.0
2 0 2000 0 445 44 0 15.2
0 161.2
3 0 250 0 55.68 0 1.90
0 215
4 0 250 0 55.68 0 1.90
0 215
5 0 1000 0 222.72 0 7.60
0 80.6

1= Eastern Edge, 2 = Northern Edge, 3 = Western Edge, 4 = Sothern Edge,
5 = Central part, (The used data is from Sissakian and Deikran, 1998)

2.2.2 Neotectonic Indications

Many indications occur in the Mesopotamia Plain which indicate Neotectonic
activities. These are mentioned hereinafter.

Topographic Indications: Samarra subsurface anticline (Figure 4) is the most
obvious topographic indication in the Mesopotamian Plain for the presence of a
growing subsurface anticline. Although the area is covered by Quaternary
sediments (Sissakian and Fouad, 2012), but the presence of the subsurface anticline
is proved by geophysical studies (C.E.S.A., 1992 and Al-Kadhimi et al., 1996).
Moreover, the morphology of the area indicates clearly a double plunging anticline
(Figure 4). Such Quaternary landform is clear indication for a neotectonic activity
(Markovic et al., 1996).
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Figure 4: Satellite image showing Samarra subsurface growing anticline.
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Abandoned River Channels: Different abandoned channels of the Tigris and
Euphrates Rivers can be seen in different places within the Mesopotamian Plain.
The reason for abandoning the rivers their channels is a matter of debate. In
Neotectonic view, the reason is the growing of subsurface anticlines. However, this
is not in all cases, some are related to huge floods which back to tens of centuries
when the course (channel) of the river was changed, especially in meandering areas.
Another case is construction of irrigation canals during ancient civilizations.
Among the main abandoned channels, is the channel between the Tigris and Al-
Ghar'raf rivers (Figure 5). This abandoned channel is either the old course of the
Tigris River or that of Al-Ghar'raf River. The authors believe that the growing of
the subsurface Ahdab anticline in the area was the main reason for abandoning of
the channel. Many authors (Al-Sakini, 1993; Mello et al., 1999; Bhattacharya et al.,
2005 and Philip and Virdi, 2007) recorded such cases as Neotectonic activity.

The Euphrates River also had abandoned its course in different places and more
than once (Al-Sakini, 1993). He claimed two abandoned courses. The first one is
west and south of the current course, whereas the second one runs east of the present
course. For the former course, only small part is clear, which runs south of Samawa
city to Nasiriya city (Figure 6). The authors found many indications for this course
(Figure 6, A and B), apart from the locations of Eridu and Ur archeological sites
(Figure 6) which are supposed that they were located along the Euphrates River.
However, no clear indication can be seen from the satellite images for the latter
course, because the supposed course has been either obliterated by cultivation or
covered by the active sand dune fields, between Diwaniya and Nasiriya cities.

45°54°E 45°56'E

45°50'E 45°55'E 46°0'E 46°5'E 45°52°E

— 7y
45°50'E 45°55'E 46°0'E 5" 7 45'52E 45°54'E 45°56'E

Figure 5: Left) Satellite image showing abandoned courses of Al-Ghar’raf
River (in blue color) and Ox-bow lake (in white color), Right) The enlarged
red caption.
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It is worth mentioning that Elison (1978, p. 21 — 22) mentioned that “In the Warka
are, it seems that two branches of the Euphrates served the region, the Purattu which
flowed from Nippur to Warka and then on to Ur, and the Iturungal which flowed
from Adab (Bismaya) to Umma, Bad Tabira and Larsa, joining the Purattu at about
Larsa. The joint river then flowed on into the Ur area”. This idea gives sound
explanation for the water source in Ur and even may be to Eridu”.
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Figure 6: Satellite image of the Euphrates River between Samawa and
Nasiriya cities. Note the abandoned river courses in two captions (A and B),
and the locations of, Eridu and Ur towns.
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2.3  Changing of the River Courses

The two main rivers Tigris and Euphrates and their distributaries have changed their
courses within the Mesopotamian Plain; the most significant changes were during
the Holocene (0.0117 Ma). This is attributed to the fact that the indications for the
changes of the courses during Pleistocene (2.558 Ma) have almost vanished due to
weathering and erosional process, and human activities. Many authors (mentioned
above) have assumed different changes in river courses; each of them has postulated
his opinion in reconstructing of ancient courses. Some of them even have presented
the ancient courses. However, Al-Sakini (1993) presented excellent maps for the
ancient courses of the Tigris and Euphrates Rivers. He assumed that all changes in
the river courses are attributed to the growing of subsurface anticlines in the
Mesopotamian Plain, which are shown in Figure 7.
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We have selected many examples from the ancient courses of the Tigris and
Euphrates rivers, besides many others of the distributaries of the latter within the
Mesopotamian Plain (Figure 8). However, some of the abandoned river courses may
represent artificial irrigation canals constructed during ancient civilizations (Ellison,
1978, p.21 — 22). Figure 9 represents abandoned ancient courses of the Tigris River
and its distributaries. We believe the change in the course is due to the growth of
the subsurface Al-Dujail and Kumait anticlines (Figure 7). Figure 10 represents
abandoned ancient courses. It is very difficult to decide whether it belongs to the
Tigris River or the Euphrates River, because it is almost in half distance between
the nowadays river courses. We believe; however, it most probably belongs to the
Tigris River. The change in the course is due to the growth of the subsurface Ahdab,
Rafidian, Gharraf and Al-Nasiriya anticlines (Figure 7). Another possibility is old

course of Al-Gharraf River.
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Figure 8: Satellite image showing the location of the presented images
(Figures 8 — 15).
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Figure 9: Satellite image showing: Rivers: 1 = Tigris, 2 = Al-Majar,
3 = Al-Kahla’a, AR = Abandoned river courses.

46°10'E 46°20'E 46°30'E 46°40'E 46°50'E 47°0'E 47°10'E

46*10'E 46°20'E 46°30'E 46°40'E 46°S0'E 47°0'E

Figure 10: Satellite image showing abandoned river course (AR), most
probably of the Tigris River or Al-Ghar’raf River.
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Figure 11 represents abandoned ancient courses of the Tigris and Euphrates Rivers.
Those which are east of the Longitude 45° 18' belong to the Tigris River, whereas
those to the west belong to the Euphrates River. The change in the course of the
Euphrates River is due to the growth of Al-Samawa subsurface anticline (Figure 7)
and active Abu Jir Fault Zone. That of the Tigris River is most probably not related
to tectonic activities, since no subsurface anticline is recorded in the area (Figure 7).
It may be an ancient irrigation canal; part of it is covered by active sand dunes field.
Figure 12 represents abandoned ancient courses of Shat Al-Arab (the conflict of the
Tigris and Euphrates rivers). Two main abandoned courses can be seen indicating
that Shat Al-Arab is moving eastwards. We believe it is due to the growth of the
Siba subsurface anticline Figure 7. Sissakian et al. (2018) also confirmed
Neotectonic activity from the concerned area as related to the upper reaches of the
Arabian Gulf.

Figure 13 represents abandoned ancient course of the Euphrates River. We believe
it is due to the growth of Al-Batin alluvial fan. Yacoub (2011) mentioned that the
fan consists of four stages which were continuously growing northeast wards
(Sissakian et al., 2014). They also confirmed the Neotectonic activity of the
concerned area.

Figure 14 represents abandoned ancient course of the Euphrates River. We believe
it is due to the growth of the subsurface Al-Samawa anticline Figure 7 and the effect
of active Abu Jir Fault Zone (Fouad, 2012). We also believe that Al-Slaiabt
Depression is a remnant of an old marsh through which the Euphrates River was
passing.

45°0'E 45°20'E

32°0'N

31°20'N

31°0'N

44°20°E 44°40'E 45°0'E 45°20°E 45°40'E

Figure 11: Satellite image showing abandoned river course (AR)
of the Tigris and Euphrates Rivers and large sand dunes field (SD).
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48°5'E 48°10'E 48°15'E 48°20°E 48°25'E

48°0'E 48°5'E 48°10'E 48°15'E 48°20'E 48°25'E

Figure 12: Satellite image showing abandoned river courses (AR)
of Shat Al-Arab due to the growth of Siba subsurface anticline.

47°10°E 47°15'E 47°20°E 47°25'E

30°40'N

30°40'N

30°35'N

30°35'N

47°10°E 47°15'E 47°25°E

Figure 13: Satellite image showing abandoned river course (AR) of the
Euphrates River due to the growth of Al-Batin alluvial fan, note the ancient
cliff of the river (Cl)
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Figure 14: Satellite image showing abandoned river course (AR) of the
Euphrates River. Note Al-Slaiabt Depression (SD) which was most probably
an old marsh.

Figure 15 represents abandoned ancient course of the Euphrates River. We believe
it is an ancient irrigation channel and/ or the river changed its course to flow in
irrigation channel which was constructed during ancient civilizations. This
assumption is attributed due to absence of any subsurface anticline in the area
(Figure 7).

Figure 16 represents abandoned ancient course of the Tigris River. We believe it is
an ancient irrigation channel which was constructed during ancient civilizations.
This assumption is attributed due to absence of any subsurface anticline in the area
(see Figure 7) besides its regular shape which resembles irrigation channel rather
than a course of a river.
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Figure 15: Satellite image showing abandoned river course (AR) of the Euphr

ates River.
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Figure 16: Satellite image showing abandoned river course (AR) of the Tigris

River. Note Hor Al-Dalmaj (HD) where possibly the river was passing

through
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It is worth to mention that there are tens of abandoned river courses and/ or ancient
irrigation canals within the Mesopotamian Plain. All of them belong to the Tigris
River and its distributaries, and the Euphrates River, and very rarely to Shat Al-
Arab (Figure 17). Some of them are almost vanished due to human activities
(cultivation) others are hindered by sand dunes, and others are very old; therefore,
their traces are very difficultly visible on satellite images.

—~———
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Figure 17: Left, aerial photograph (General Directorate of Survey, 1962); Rig
ht, satellite image, 2006 showing the tidal channels system of Khor Al-Zubair.
Note the differences due to Neotectonic activity.

2.4 Umm Al-Binni Lake

The Southern Mesopotamia is characterized by vast marshlands of shallow-water
lakes and vegetated mashes mostly by reeds (locally called Ahwar) (Agrawi, 1993;
Agrawi and Evans, 1994). Among those Ahwar, tens of open lakes of different sizes
and shapes are developed and scattered across the southern parts of the
Mesopotamian Plain. One of these lakes is called the Umm Al-Binni Lake (Figure
18). It is located about 40 km south of the Amara city and about 45 km north of the
present confluence of the Tigris and Euphrates rivers at Qurna Town. The centre of
this lake is defined by 31°14°29” N and 47°06'21" E coordinates. The Umm Al-
Binni Lake is, however, almost dry nowadays. The previous studies of the Umm
Al-Binni Lake mentioned that it is an impact meteorite crater (e.g. Master, 2001 and
2002) suggested that this 3.4 km diameter, dry lake may be a meteorite impact crater
due its nearly circular and slightly polygonal rimmed shape that contrasts with the
shape of other surrounded lakes in the region. Master (2001) and Master and Woldai
(2004 and 2006) proposed that the alleged Umm Al-Binni impact had been
responsible for the sudden climate change and catastrophic events around 2200 BCE;
including the collapse of the Sumerian civilization. Sissakian and Al-Bahadily
(2018) investigated the origin of the Umm AlBinni Lake using geophysical data and
remote sensing techniques. The results of magnetic and gravity analyses showed
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that the Ahwar area of southern Mesopotamia, including the Umm AIBinni Lake,
was subjected to the differential subsidence of the basement faulted blocks, as the
distribution of the lakes is mostly controlled by such basement tectonic zones of
weakness. The straight northeastern and southwestern rims indicate that the lake is
tectonically controlled, and since the lake is developed in the fluvial sediments of
the Mesopotamian Plain of Quaternary age; therefore, it is considered as a
Neotectonic activity.
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Figure 18: Top) Location map of Umm Al-Binni Lake,
Bottom) Google Earth image of Umm Al-Binni Lake.
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3. Discussion

Only three main aspects are discussed: 1) Changing of river courses, 2) Tectonic
activity of the Mesopotamian Plain, and 3) Neotectonic activities. Other aspects
such as structural units are well discussed in many published works (e.g. Henson,
1951; Dunnington, 1958; Ditmar, 1971; Iragi — Soviet Team, 1979; Buday, 1980;
Buday and Jassim, 1984 and 1987; Al-Kadhimi et al., 1996; Buday and Jassim,
1987; Jassim and Goff, 2006; Fouad, 2012 and Sissakian, 2013).

1) Changing River Courses: A significant issue which needs discussion is the
changing of the river courses during the Pleistocene and Holocene. There is a big
difference in the considered reasons between the archeological and geological
studies. The archeological studies assume that all the changes in the river courses
are related to major floods and/ or constructed irrigation canals (e.g. Ellison, 1978,
p.68 - 69). Whereas the geological studies assume that the main reason for changing
of the river courses is the Neotectonic activities mainly related to the growth of the
subsurface anticlines (Figure 7) (Al-Sakiny, 1993, Fouad and Sissakian, 2012,
Sissakian, 2013, Sissakian et al., 2017 and 2018). Moreover, the activity of the Abu
Jir — Euphrates Active Fault Zone also has played role in shifting the course of the
Euphrates River (Figure 14) and is still shifting the river course more towards
northeast. Some large alluvial fans also have shifted the river courses during their
growth, especially during Late Pleistocene and Holocene. A good example is Al-
Batin alluvial fan (Figure 13), which has shifted the course of the Euphrates River
towards northeast (Sissakian et al., 2014). However, the influence of major floods
and the mechanism of river’s hydraulic, especially during large floods are also
considered in majority of geological studies. Moreover, the presence of main
irrigation canals which were constructed during early civilizations are considered
too in geological studies as a main factor which had contributed in shifting of the
river courses (Williams, 2001, Ortega et al., 2014). The humid conditions associated
with very heavy rain showers during wet stages of the Pleistocene and even early
Holocene also had contributed in changing the river courses. This is attributed to
the erosional forces and the weight of the carried sediments in entrenching the
courses of the rivers into more straight courses, especially when acute meanders
existed in the river courses, and especially where the irrigation canals were
constructed perpendicularly on large meanders. This is called rapidly varied flow
(Kindsvater, 1958).

We have added the ancient courses of the Tigris and Euphrates rivers (Figure 19)
with their names, ancient (historical) towns as well as the recent courses of the two
rivers for comparison purposes.
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2) Tectonic activity of the Mesopotamian Plain: The only authors who suggested
that the Mesopotamian Zone belongs to the Stable Shelf are Jassim and Goff (2006).
However, it is worth to mention that Buday and Jassim (1984 and 1987) have
considered the Mesopotamian Zone as a part of the Unstable Shelf as all other
workers have considered. The current study also has considered the Mesopotamia
Plain to be within the Unstable Shelf or the Outer Platform. This is attributed to: i)
The presence of tens of subsurface anticlines (Figure 7) in different parts of plain,
i) The recorded Neotectonic activities in different parts of the plain, iii) The
subsidence amounts and rates within the Mesopotamian Plain confirm its instability,
and iv) The continuous changes in the river courses.
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Figure 18: Historical reconstruction maps of the Euphrates River,
Left) Before 3000 B.C. (After Adam and Nissen, 1975),
Right) About 1000 B.C. (After Gibson, 1972). Approximate scale, coordinates
and main cities are added by the current authors.
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3) Neotectonic activities: The continuous subsidence of the Mesopotamian Plain is
confirmed by the constructed Neotectonic maps (Figure 7). The constructed two
cross sections within the Neotectonic map (Figure 7) show that the eastern part is
very steep as compared to the central and western parts. This asymmetry is a typical
of foreland basins formed due to the plate collision manifesting the shape of the
subsiding foreland basin formed due to the collision of Arabian and Eurasian plates
in front of the rising Zagros Mountain. Such asymmetry also indicates tectonic
tilting of the basin (Philip and Virdi, 2007).

4. Conclusions

In conclusion from the current study, we will not deal with the conventional
conclusions about normal tectonic aspects; simply because they are well known as
the tectonic activity of the Mesopotamian Plain is concerned. Our main conclusions
deal with the Neotectonic activities of the Mesopotamian Plain which are indicated
everywhere in the plain. The maximum and minimum subsidence amounts in the
plain are (< 3000 and 2500 >) m below sea level and (< 250 and Zero >) m below
sea level, respectively. The maximum and minimum rates of subsidence during the
Neotectonic period are (315.0 and 63.5 m/ 100 years X 10— 4), respectively. The
second main conclusion deals with the changes of the river courses. We do believe
that the majority of the rivers have changed their courses due to the growth of
subsurface anticlines in different parts of the Mesopotamian Plain, and the growth
is still ongoing. However, the role of the major floods and the constructed irrigation
channels have played a big role in changing the river courses as they contributed
with the Neotectonic forces represented by the growth of the subsurface anticlines.
The third and last conclusion is that the plain is still active tectonically and will
continue in subsidence within the main Mesopotamian Foredeep in front of the
rising Zagros Mountains and being part of the Zagros Foreland Basin.

Acknowledgment: The authors express their sincere thanks to Mohammed Al-
Azzawi (Iraq Geological Survey, Baghdad) for supplying the satellite images.



82 Varoujan K. Sissakian et al.

References

[1] Adams, M. R. and Nissen, H. (1975). The Uruk Countryside. The Natural
setting of Urban Societies, pp. 35— 39, Figure 17. University of Chicago Press.

[2] Alavi, M. (2004). Regional stratigraphy of the Zagros Fold — Thrust Belt of
Iran and its proforeland evolution. Amer. Jour. Sci., Vol. 304, pp. 1 — 20.

[3] Al-Mubarak, M.A. and Amin, R.M. (1983). The regional geological mapping
of the western part of the Southern Desert and the eastern part of the Western
Desert. Irag Geological Survey Library Report No. 1380.

[4] Al-Sakini, J.A. (1993). New look on the history of old Tigris and Euphrates
Rivers, in the light of Geological Evidences, Recent Archeological Discoveries
and Historical Sources. Oil Exploration Co. Baghdad, Irag, pp. 93 (in Arabic).

[5] Alsharhan, A.S. and Nairn, A.E.M. (1997). Sedimentary Basins and Petroleum
Geology of the Middle East. Elsevier, Amsterdam, p. 811.

[6] Bahrani, Z. (1998). Conjuring Mesopotamia: Imaginative Geography a World
Past. In: Meskell, L., Archaeology under Fire: Nationalism, Politics and
Heritage in the Eastern Mediterranean and Middle East, London: Routledge,
pp. 159-174, ISBN 978-0-41519655-0.

[7] Berberian, M. (1995). Master "blind" thrust faults hidden under the Zagros
folds: active basement tectonics and surface morphotectonic. Tectonophysics,
241, pp. 193 — 224.

[8] Bhattacharya, S., Virdi, N.S. and Philip, G. (2005). Neotectonic activity in the
outer Himalaya of Himacgal Pradesh and around Paonta Sahib: A
morphotectonic approach. Wadia Institute of Himalayan Geology, Dehra Dun
— 248 001, India. Brew, G., 2001. Tectonic evolution of Syria interpreted from
integrated geological and geophysical analysis. Ph.D. Dissertation, Cornell

University.
[9] Buday, T. (1980). The Regional Geology of Iraq. Vol.1: Stratigraphy and
Paleogeography. In: LI, Kassab and S.Z., Jassim (Eds.). lraq Geological

Survey Publications, Baghdad, Iraq, p. 445.

[10] Buday, T. and Jassim, S.Z. (1984). Tectonic Map of Iraq, scale 1: 1,000,000.
Iraq Geological Survey Publications, Baghdad Irag.

[11] Buday, T. and Jassim, S.Z. (1987). The Regional Geology of Irag. Vol. 2.
Tectonism, Magmatism and Metamorphism. In: M.J., Abbas and I.1., Kassab
(Eds.). Irag Geological Survey Publications, Baghdad, p. 352.

[12] Canard, M. (2011). Al-DJazira, Djazirat Akir or Iklim Akdr. In: Bearman, P.,
Bianquis, Th., Bosworth, C.E., van Donzel, E. and Heinrichs, W.P.
Encyclopedia of Islam, 2nd edition. Leiden: Brill Online, OCLC 624382576.

[13] C.E.S.A. (1992). Final report on site selection for a nuclear power plant.
GEOSURV, int. rep. no. 2027.

[14] Collon, D. (2011). Mesopotamia. BBC, Ancient History in Depth.
http://www.bbc.co.uk/history/ancient/cultures/mesopotamia_gallery.shtml.

[15] Colman — Saad, S.P. (1978). Fold development in Zagros simply folded belt,
southwest Iran. AAPG Bulletin, Vol. 62, pp. 984 — 1003.



http://www.bbc.co.uk/history/ancient/cultures/mesopotamia_gallery.shtml

Tectonics and Neotectonics of the Mesopotamian Plain: A Critical Review 83

[16] Ditmar, V. (1971). Geological conditions and hydrocarbon prospect of the
Republic of Iraq (Northern and Central parts). Technoexport report, OEC
Library, Baghdad, Iraq.

[17] Dunnington, H.V. (1958). Generation, migration, accumulation and
dissipation of oil in Northern Irag. In: G.L. Weeks (Ed.), Habitat of Oil, a
Symposium. AAPG, Tulsa.

[18] Ellison, E. R. (1978). A Study of Diet in Mesopotamia (0.3000 — 600 B.C.)
and Associated Agricultural Techniques and Methods of Food Preparation.
Ph.D. Thesis; University of London in the Faculty of Arts
(http://discovery.ucl.ac.uk/1349279/1/454702_voll.pdf, and
http://discovery.ucl.ac.uk/1349279/2/454702_vol2.pdf).

[19] Fouad, S.F. (2010). Tectonic evolution of the Mesopotamia Foredeep in Iraq.
Iragi Bulletin of Geology and Mining, Vol. 6, No. 2.

[20] Fouad, S.F. (2012). Tectonic Map of Iraq, scale 1:1.000.000, 3rd edition. Iraq
Geological Survey Publications, Baghdad, Iraq.

[21] Fouad, S.F.A. and Nasir, W.A.A. (2009). Tectonic and structural evolution of
Al-Jazira area. In: Geology of Al-Jazira Area, Iragi Bull. Geol. Min., Special
Issue No. 3, pp. 33 —48.

[22] Fouad, S.F. and Sissakian, V.K. (2011). Tectonic and Structural Evolution of
the Mesopotamia Plain. Iragi Bulletin of Geology and Mining, Special Issue
No. 4, p. 33 — 46. Foster, B. R. and Polinger.

[23] Foster, K. (2009). Civilizations of Ancient Irag, Princeton: Princeton
University Press. ISBN 978-0-691-13722-3.

[24] G.D.S. (General Directorate of Survey) (1962). Aerial Photographs, scale
1:60,000, Baghdad, Iraq.

[25] Gibson, McG (1972). The city and area of Kish. Field Research Projects
Coconut Grove, Miami Florida, 33133.

[26] Hessami, K., Koyi, H.A., Talbot, G.J., Tabasi, H. and Shalanian, E. (2001).
Progressive unconformities within an evoluting foreland fold — thrust belt,
Zagros Mountains. Jour. Geol. Soc., 158, pp. 969 — 981.

[27] I.C.S. (International Commission on Stratigraphy) (2012). International
Chronological Chart. Brisbane, Australia, IGC 34.

[28] Internet Data (2013). Mesopotamia Research Project/ WebQuest
http://cybermesowebquest.blogspot.com /2013/10/ mesopotamia-
researchprojectwebquest.html.

[29] Iragi-Soviet Team (1979). Geological conditions and hydrocarbon prospects
of the Republic of Irag. INOC Library, Baghdad, Irag.

[30] Jassim, S.Z. and Goff, J. (2006). Geology of Irag. Dolin, Prague and Moravian
Museum, Brno. p. 341.

[31] Jones, S.J. and Arzani, A. (2005). Alluvial fan response times to tectonic and
climatic driven processes: Example from the Khrud mountain belt.
Geophysical Research Abstracts, VVol. 7. European Geosciences Union.

[32] Judicial Watch (2002). Maps and charts of Iraqi Oil Fields.
www.judicialwatch.org/maps-andcharts-of-iraqgi.



http://discovery.ucl.ac.uk/1349279/1/454702_vol1.pdf
http://www.judicialwatch.org/maps-andcharts-of-iraqi

84 Varoujan K. Sissakian et al.

[33] Kindsvater, C.E. (1958). River Hydraulics. Geological Survey Water-Supply
Paper 1369-A. United States Government Printing Office, Washington.

[34] Koster, E.A. (2005). The Physical Geology of Western Europe, Chapter 2:
Neotectonics. Oxford University Press, p. 472.

[35] Kumanan, C.J. (2001). Remote sensing revealed morphotectonic anomalies as
a tool to neotectonic mapping, experience from south India. Centre for Remote
Imaging, Sensing and Processing, Singapore.

[36] Master, S. (2001). A Possible Holocene Impact Structure in the Al-Amarah
Marshes, Near the Tigris — Euphrates Confluence, Southern Irag. Meteoritics
& Planetary Science 36 supplement: A124.

[37] Master, S. (2002). Umm Al-Binni Lake, a possible Holocene impact structure
in the marshes of southern Irag: Geological evidence for its age, and
implications for Bronze-age Mesopotamia. In: Leroy, S. and Stewart, 1.S.
(Eds.), Environmental Catastrophes and Recovery in the Holocene. Abstracts
Volume, Department of Geography, Brunel University, Uxbridge, West
London, UK, pp.56-57.

[38] Master, S. and Woldai, T. (2004). The Umm AIl-Binni structure in the
Mesopotamian marshlands of southern Irag, as a postulated late Holocene
meteorite impact crater. Economic Geology Research Institute Information
Circular, October 2004, University of Witwatersrand, Johannesburg, South
Africa, p. 89 — 103.

[39] Master, S. and Woldai, T. (2006). Umm Al-Binni structure, southern Irag, as a
postulated late Holocene meteorite impact crater: new satellite imagery and
proposals for future research. In: Bobrowsky, P. and Rickmann, H. (Eds.),
Comet/Asteroid Impacts and Human Society, Springer-Verlag, Heidelberg,
141 pp.

[40] Markovic, M., Pavlovic, R., Cupkovic, T. and Zivkovic, P. (1996). Structural
Pattern and Neotectonic activity in the wider Majdanpek area, NE Serbia,
Yugoslavia. Acta Montanistica Slovaca, Rocnik 1 (1996), p. 151 — 158.

[41] Matthews, R. (2003). The Archaeology of Mesopotamia. Theories and
Approaches, Approaching the past, Milton Square: Routledge, ISBN 0-415-
25317-9.

[42] Mello, C.L., Metelo, C.M.S., Suguio, K. and Kohler, C.H. (1999). Quaternary
sedimentation, neotectonics and evolution of the Doce river middle valley lake
system (SE Brazil). Revista do Instituto Geologico, IG Sao Paulo, Vol. 20, No.
1/2, p. 29 - 36.

[43] Miquel, A., Brice, W.C., Sourdel, D., Aubin, J., Holt, P.M., Kelidar, A., Blanc,
H., MacKenzie, D.N. and Pellat, Ch. (2011). "‘Irak". In: Bearman, P., Bianquis,
Th., Bosworth, C.E., van Donzel, E., Heinrichs, W.P., Encyclopedia of Islam,
2nd edit. Leiden: Brill Online, OCLC 624382576

[44] Obruchev, V.A. (1948). Neotectonics. In: R.W., Fairbridge (Ed.), 1968.
Encyclopedia of Geomorphology, Dowden, Hutchinson and Ross Inc.,
Pennsylvania



Tectonics and Neotectonics of the Mesopotamian Plain: A Critical Review 85

[45] Ortega, J.A., Razola, L. and Garzon, G. (2014). Recent human impacts and
change in dynamics and morphology of ephemeral rivers. National Hazards
Earth Syst, Vol.14, Issue 3, p. 713 — 730. https://doi.org/10.5194/nhess-14-
713-2014, 2014,

[46] Philip, G. and Virdi, N.S. (2007). Active faults and neotectonic activity in the
Pinjaur Dun, NW Frontal Himalaya. Wadia Institute of Himalayan Geology,
33, Gen., Dehra Dun — 248 001, India.

[47] Sissakian, V.K. (2000). Geological Map of Irag, scale 1:1,000,000, 3rd edition.
Iraq Geological Survey Publications, Baghdad, Iraqg.

[48] Sissakian, V.K. (2013). Geological evolution of the Iragi Mesopotamia
Foredeep and Inner Platform, and near surrounding areas of the Arabian Plate.
Journal of Asian Earth Sciences, Vol. 72, pp. 152-163, Elsevier Publication.

[49] Sissakian, V.K. and Deikran, D.B. (1998). Neotectonic Map of Irag, scale
1:1,000,000. Irag Geological Survey Publications, Baghdad, Irag.

[50] Sissakian, V.K. and Fouad, S.F. (2012). Geological Map of Iraqg, scale
1:1,000,000, 4thedition. Iraq Geological Survey Publications, Baghdad, Iraq.
www.iasj.net/iasj? func= fulltext&ald= 99666.

[51] Sissakian, V.K. and Al-Bahadily, H. (2018). The Geological Origin of Umm
Al-Binni lake within the Ahwar of Southern Mesopotamia, Iraq. Arabian
Journal of Geosciences. Vol.21, No.11, p.1-11.
https://doi.org/10.1007/s12517-018-4004-6.

[52] Sissakian, V.K. Shihab, A.T., Al-Ansari, N. and Knutsson, S. (2014). Al-Batin
Alluvial Fan, Southern Irag. Engineering, 2014, VVol. 6, p. 699 — 711. Published
online, October, 28, 2014 in SciRes. http://www.scirp.org/journal/ eng.
http://dx.doi.org/10.4236/3ng.2014.61 1069. DOI:
10.4236/eng.2014.611069.

[53] Sissakian, V.K., Shehab, A.T., Al-Ansari, N. and Knutson, S. (2017). New
Tectonic Findings and its Implication on Locating Oil Fields in Parts of Gulf
Region. Journal of Earth Sciences and Geotechnical Engineering, VVol. 7, No.
3, 2017, pp. 51 — 75. ISSN: 1792-9040 (print version), 1792-9660 (online),
Scienpress Ltd, 2017

[54] Sissakian, V.K., Abdul Ahadb, A.D., Al-Ansari, N. and Knutsson, S. (2018).
Neotectonic Activity from the Upper Reaches of the Arabian Gulf and
Possibilities of New Oil Fields. Geotectonics, VVol. 52, No. 2, pp. 240 —250.

[55] Sharland, P.R., Archer, R., Casey, D.M., Davis, R.B., Hall, S., Heward, A.,
Horbury, A. and Simmons, M.D. (2001). Arabian Plate Sequence Stratigraphy.
GeoArabia, Special Publication, No.2. Gulf Pertolink, Bahrain, p. 389.

[56] Wilkinson, Tony J. (2000). Regional Approaches to Mesopotamian
Archaeology: The Contribution of Archaeological Surveys. Journal of
Archaeological Research, 8 (3): 219- 267, doi:10.1023/A:1009487620969,
ISSN 1573-7756.



https://doi.org/10.1007/s12517-018-4004-6

86 Varoujan K. Sissakian et al.

[57] Woldai, T. and Dorjsuren, J. (2008). Application of remotely sensed data for
neotectonic study in Western Mongolia. Commission VI, Working Group V.
Conference: ISPRS 2004: Proceedings of the XXth ISPRS Congress: Geo-
imagery bridging continents, Volume: Comm. VI WG VI/V. p. 1192-1196.

[58] Williams, P.B. (2001). River Engineering Versus River Restoration. ASCE
Wetlands Engineering and River Restoration Conference 2001, Reno, Nevada.

[59] Yacoub, S.Y. (2011). Stratigraphy of the Mesopotamia Plain. Iragi Bulletin of
Geology and Mining, Special Issue No. 4, pp. 47 — 82.



