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1 - Paleocene - Early Eocene Cycle

The Middle Palaeocene-Eocene
Megasequenee AP10 was deposited during a
period of renewed subduction and volcanic arc
activity associated with final closure of the Neo-
Tethys. This led to uplift along the NE margin of
the Arabian Plate with the formation of ridges
and basins, generally of NW-SE trend in N and
Central Iraq and E-W trend in W Iraq. Significant
lateral facies changes occurred across these
tectonic features. Uplift of the E margin of the
Arabian Plate during the Early Palaeocene
explains the absence of the Danian from most
of the High Folded Zone and the Foothill Zone
(Jassim & Goff, 2006).

Ditmar et al. (1971) recognized an important
regional unconformity at the base of the Middle
Eocene. However this unconformity is here
recognized as a sequence boundary: the
megasequence boundary is placed in the Latest
Eocene following Sharland et al. (2001).



The Middle Paleocene-Eocene
Megasequence AP10 is divided into two
sequences:

The Paleocene-Early Eocene and Middle-
Late Eocene sequences.

The thickness of Megasequence AP10
increases from 500 m along the boundary of
the Foothill and Mesopotamian Zones to over
2000 m within the Balambo – Tanjero Zone.
The megasequence is also thick in the Sinjar
Trough.

The megasequence is absent or thin on the
crest or the Hauran anticlinorium, the Jezira
Subzone and the Mosul High.

In the Mesopotamian and Salman Zones,
the thickness of the megasequence increases
to the south across the Sirwan transversal
fault zone from < 100 m to 500 m.

The megasequence thickens progressively
to the SSE to 900 m at the Iraq-Kuwait border.
West of the Rutba Uplift another basin
developed in W Iraq and Jordan.



Mesozoic tectonic movements, ending with the Laramide orogenic movements at the
Maastrichtian Paleocene boundary, gave rise to a new paleogeographic picture for the Tertiary
(Buday, 1980). The general uplift of the whole area was followed by a new cycle of
transgression over newly developed basins separated from one another by uplifted islands or
ridges. Such geography had a great influence on facies changes as in the previous cycle of
deposition. The most effective Tertiary ridge was the successor to the Mardin - Aqra - Nador
Ridge, separating the Miogeosyncline from the former mobile shelf. This had an axis running
from Diyarbaker, Mardin in Turkey, through Amadiya, Rawanduz, Ranya, towards Halabja in
Iraq and further southeast to western Iran through Huleylan, Amiran and Kuh-e-Buzi.

The centre of orogenic activity along the ridge moved from the northern area, where
movemont was strongest in the Late Cretaceous, to the south in Iran where orogenic
movements occurred mostly in the Eocene (Buday, 1980).

The break between the Maastrichtian and Palaeocene (Bellen et al., 1959) was studied by
Kassab (1972 and 1976) Kassab showed that sediments of latest Maastrichtian and Early
Palaeocene (Danian) age are absent In the shelf areas of Iraq. However, the presence of
Danian is now proven in W Iraq (Karim and Jassim, 1986).

The formations of the Palaeocene - Early Eocene sequence comprise: the phosphatic facies
of the Akashat Formation and Swab member of the Ratga Formation, the carbonate - evaporite
facies of the Umm Er Radhumu and Rus formations, the outer shelf facies of the Aaliji, the
molasse of the Kolosh, the carbonate ramp facies of the Sinjar, and the inner shelf lagoonal
carbonates of the Khurmala (Jassim & Goff, 2006).



In addition to this ridge, other uplifted areas remained as non-deposition islands within the
sea to its west. These islands were of two types:

- Remnants of the Arabian Shield, represented by the Khleisia - Der az Zor Uplift, extending
to the Mosul Uplift in the northeast, the Awasil area in the southeast and the Jezira and
probably Palmyra areas to the west and the Ga’ara- Rutbah Uplift. Those continued to be
uplifted and emergent throughout the Late Cretaceous to the Paleocene .

- Group of uplifted islands was those caused by Latest Cretaceous - Tertiary tectonic
movements. Those were aligned with the previously mentioned Tertiary ridge in an arch-shape
parallel to the Arabian Shield in the south and the geosynclinal realm to the north. This arch-
shaped ridge is the eastern part of the geanticline proposed by Klemme (1958) which passed
westwards through North Africa towards the Atlantic and a minor geanticline occupying
southern Turkey, the Balkan, the Southern Alps and north-central Italy, where the deposition of
some reefal carbonates occurred. The islands remained as emergent areas of non-deposition
throughout the Paleocene and Early Eocene, with the exception of some reefal developments
in the Lebanon - Anti Lebanon Mountains. They are represented by the Jabel Aabd el Aaziz
Uplift of Northern Syria, Jabel Ansariyeh and Jabel Zawiyeh Uplifts of western Syria, and the
Lebanon - Anti Lebanon Mountains Uplifts.



Stable Shelf

Due to continuous uplift in northern and
eastern Syria during the Paleocene – Early
Eocene, the transgression of the sea extended
further to the south, where it overstepped the
Upper Cretaceous shore line of the
southwestern part of the shelf, i.e. Jordan and
extreme northwestern Saudi Arabia. In this
region the light–colored, thin bedded, chalky and
cherty limestone and marl deposits of the Hibr
Formation conformably overlie the Aruma
Formation in the eastern area of the outcrop, but
overlie unconformably both the Aruma
Formation and Lower Devonian strata to the
south and west as far as the Jordan border with
Saudi Arabia.

The undivided Paleocene and Eocene rocks of
the Hibr Formation to be at least partially
equivalent to the Umm er Radhuma, Rus and
Dammam Formations of the Paleocene-
Eocene of the eastern and southeastern parts of
the stable shelf. Hibr Formation was a
Mediterranean facies deposited in a seaway not
directly connected with the Arabian Gulf Basin.



Northward, within Jordan, Upper Cretaceous
sedimentations apparently continued into the
Paleocene and Eocene without any significant
major lithological break. The sediments of the
Taqiye Formation were confined to the basinal
and synclinal depressions during the
Paleocene.

The overlying Sara Formation of Early and
Middle Eocene age, was deposited after a
general subsidence of the sea at the beginning
of the Early Eocene, with the progressive
submergence of the still developing basins and
swells.

The contact with the underlying Ghareb
Formation is marked by the total extinction of
typical Cretaceous pelagic and benthonic
Foraminifera. Just above the base of the
Taqiye Marl characteristic Tertiary pelagic
and benthonic Foraminifera appear. There is a
transitional zone between the two faunas
which could correspond to the Danian,
containing only small Globigerinidae and
Gumbelinidae.



At the end of the Paleocene a marine
transgression began which continued until the
end of the Middle Eocene. During this
transgression were deposited the alternating
beds of chalk, phosphatic chalk and flint and the
locally nummulitic facies of the Sara Formation.
This could be regarded as a continuation of the
early Paleocene transgression because there is
no evidence of any considerable regression after
the deposition of the Taqiye Formation. The Sara
Formation were deposited in deep water, in the
upper or middle bathyal zone, under relatively
cooler temperatures than in the Paleocene.

The phosphate bearing sediments of the
Paleocene -Lower Eocene stable shelf extended
into southern and southeastern Syria and
western Iraq. In southern Syria, the Taqiye Marls
and the lower part of the Sara Chalks pass
northwards into the open sea sediments of the
Aaliji Formation. In SE Syria and Western Iraq,
phosphate bearing sediments were deposited,
differing lithologically from the Taqiye Marls and
Sara Chalks of Jordan. They are known as the
Aaliji Formation in the Jabel Tenf borehole, and
the Akashat Formation in the Ga'ara Area.



The lower Eocene deposits were
considered to be a shallower water facies of
the Sara Formation, being composed of
limestone rather than chalk or marl, with
much flint, and occasional phosphate
horizons and yielding Nummulites spp. .

These deposits are referred to as the
Jaddala Formation in Southern Syria and the
Akashat Formation in Western Iraq.

The lower Eocene part of the Akashat
Formation around the Ga’ara Area is
considered to be equivalent to the lower part
of the Dammam Formation due to its
distinctive facies characterized by
Nummulitic Limestone. These Paleocene
sediments are quite similar in lithology
and microfauna to the equivalent Paleocene
sediments of the Jabel Tenf borehole,but
unlike the typical Umm er Radhuma
sediments, which are mainly anhydritic and
dolomitic limestones.



The eastern part of the stable shelf was
dominated by sedimentation of anhydritic,
dolomitic limestone deposited under neritic
/ littoral conditions during the Paleocene –
Early Eocene (Umm er Radhuma Formation).
This was followed during the earliest Early
Eocene by the development of a local off-
shore basin, where lagoonal evaporitic
sediments of the Rus Formation were
deposited. These lagoonal sediments change
in facies towards the shore line and pass into
nummulitic sublittoral limestone of the
Dammam Formation.

The rather distinctive facies zone of the
lower part of the Lower Eocene sediments
indicated that a regressive phase prevailed
during the Early-Eocene, and the sea became
progressively shallower during the earliest
Early Eocene in southern and southwestern
Iraq, where it composed of anhydritic and
dolomitic limestone, mostly dull white or buff,
microcrystalline and porous and chert occurs
in the higher parts.



The faunal assemblages of the Akashat
Formation are much like the faunal
assemblages of the Taqiye Marl Formation
of Jordan, presumably with some
intermixing with the planktonic
Foraminifora of the Aaliji Formation. They
are however most unlike the typical Umm er
Radhuma faunal assemblages, which
consists mainly of larger Foraminifera (i.e.
Alveolina spp. and Operculina sp.).

The Akashat Formation was deposited
under marine sublittoral conditions, with
some communication with the Paleocene
World Ocean. Lagoonal influences are also
apparent and the phosphatic facies was
deposited in a warm tropical unsettled sea
bottom in shallow near--shore waters.

Jassim and Goff (2006) assigned the M. –
U. Paleocene part of the Akashat Formation
to be deposited within a phosphatic inner
shelf.

The Lower Eocene sediments of this area
(Jabel Tenf and Ga’ara) were deposited, in a
fore reef sublittoral neritic environment .



Umm er Radhuma Formation increases

greatly in thickness eastwards, where it

passes laterally into the Aaliji (Pabdeh)

Formation.

The Lower Eocene lagoonal sediments

of the Rus Formation in southern Iraq

and Kuwait are composed predominantly

of massively bedded white and blue

tinted crystalline anhydrite with

alternations of thin non-fossiliferous

limestone, blue shale, and marl. Both

Umm er Radhuma and Rus Formations

were considered by Jassim and Goff

(2006) to be deposited within a carbonate

– evaporite inner shelf. Rus Formation

passes westward into the Lower Eocene

units of the Dammam Formation.



Mobile Shelf

The mobile shelf of the Paleocene –
Early Eocene differed from that of the
Late Cretaceous, consisting of two
basins separated by an arch-shaped
ridge. The northern basin was narrower,
deeper, and more mobile; the southern
basin was an open sea offshore basin
passing laterally into the stable shelf.

The offshore basin was dominated
by the deposition of marls, shale, and
marly limestone of the Aaliji Formation.

The Aaliji Formation was also affected by
the uplifted islands lying within the basin
of deposition. It was deposited in two
subsiding basins separated by the
Khleisia - Der ez Zor Uplift and its
extensions



In the western basin, which covered
almost the whole of Syria, the Aaliji
Formation is composed of olive green, dark
grey and dark blue marls and shale with thin
bands of limestone. In the Palmyra
mountain range (Central Syria), it consists of
white to grayish–yellow chalky marls at the
top, and highly glauconitic marls with some
small pebbles at the base.

The southeastern basin in Iraq and
Western Iran was more mobile than the
western basin, and the Aaliji Formation here
is composed of grey and light brown
argillaceous marls, marly limestone and
shale with occasional microscopic
fragments of short and rare scattered
glauconite.

Further to the southeast, in Iran, the
sediments consist of pelagic marls and
shale intercalated with subordinate
argillaceous limestone, known as the
Pabdeh Formation.



The presence of the Khleisia – Der ez Zor Uplift

and its extensions was an important bioprovincial

boundary of the Paleocene – Eocene open sea

sediments, separating the western basin which was

a part of the Mediterranean bioprovince from the

southeastern basin which was of eastern,

Indopacific character.

The Aaliji offshore open sea basin was separated

by an arch–shaped uplifted ridge from a relatively

narrow and strongly mobile trough or basin,

referred to as the fore-deep area of the mobile shelf

by Buday (1980). He considered the fore-deep area

to be a Lower Paleocene near–geosynclinal fore-

deep trough, which developed as a result of the

Laramide Orogeny. It was filled by the Paleocene –

Lower Eocene mollase sediments of the Kolosh

Formation (this is known as the Upper Germav

Formation (Paleocene) and the Gercus Formation

(Lower Eocene) in Turkey; and the Amiran

Formation (Paleocene) and Kashkan Formation

(Lower Eocene) in Iran.



Kolosh Clastics represent the near-shore facies

of the Paleocene - Lower Eocene transgressive

cycle, and the clastics to be erosional products

from rising areas (Cretaceous - Jurassic Rocks).

These rising areas were toward the east in

the case of the Iraqi - Iranian clastics and

toward the north in the case of the Turkish

clastics.

The rapid vertical variation in lithology

(shale to sandstone) and fauna, attributed to the

rapid oscillation in sea level during the late

Middle Paleocene to Late Paleocene.

In the Upper Paleocene the presence of

miliolid and larger foraminiferal limestone

indicates shallowing.



During the Late Paleocene - Early Eocene

the fore-deep trough subsided less, with

lagoonal environments prevailing, in which

the Khurmala Formation was deposited.

“The Khurmala Lagoon was, however,

mobile mainly to the SE of the Mosul Uplift

(NE part of the Khleisia - Der ez Zor Uplift),

whereas to the NW the lagoon did not occur

and that area was either above the sea level,

or was covered with a thin veneer of neritic

limestone or open sea marls”.

The fore-deep trough of the Kolosh
Formation was separated from the offshore
basin of the Aaliji Formation by an arch–
shaped uplifted ridge or zone, where reef
and offshore shoal sedimentation occurred
during the Late Paleocene and Early Eocene.
Those reefal and shoal deposits are known
as the Sinan Formation (Paleocene) and the
Becirman Formation (Lower Eocene) in
Turkey; Sinjar Formation (Upper Paleocene –
Eocene) in Iraq; and the Taleh Zang
Formation (Upper Paleocene –Eocene) in
Iran.



The Sinjar Formation in its type section in
Jabel Sinjar is composed of limestone,
showing elements of algal reef facies, a
lagoonal miliolid facies and shoal
nummulitic facies. It is usually
recrystallized and yellowish in color, and is
of Paleocene – Early Eocene age. Towards
the southeast (i.e. the Kirkuk and
Chemchemal areas) the lithological
picture becomes more complicated, with
frequent interfingering and intermixing of
the Kolosh clastics, Aaliji marly limestone,
Khurmala lagoonal carbonates and the
Sinjar shoal limestone.

These complicated relationships are
difficult to explain if the Sinjar reefal
limestone is regarded as a reef wall
separating the open sea in the west from
lagoonal areas in the east. This is because
the barrier between the two areas was
incomplete and the Sinjar reefal limestone
regarded as a row of islands and shoals, or
as a bank reef. Those islands, shoals, and
reef knolls continually changed position.



As a result, Buddy (1980) proposed a
transitional zone lying roughly in the
Chemchemal area, where a mixed Aaliji –
Kolosh facies dominates, which he called the
Aaliji - Kolosh Formation.

Jassim and Goff (2006) considered Aaliji
and Kolosh Formations as outer shelf –
Basinal, the Sinjar Formation as a carbonate
ramp and the Khurmala Formation as
carbonate inner shelf.

North of the Jabel Sinjar area (northeast
Syria), the Sinjar Formation seams to be
similar to its development in the Chemchemal
area interdigitating at the base with the
Germav Formation, passing up into a largely
dolomitic sequence (Khurmala Formation)
with interfingering clastics of the Gercus
Formation from SE Turkey.

In western and northwestern Syria, similar
Bank-reefs developed during the Early Middle
Eocene were also named the Sinjar
Formation.



2 - Late Early - Late Eocene Cycle
A general uplift of the area during the earliest Early Eocene resulted in a regression of the sea,

notably in Syria, Turkey and Iraq. In these countries an unconformity separates the lower part of
the Lower Eocene from the upper part of the Lower Eocene deposits. No unconformity has been
recorded in Jordan and southeastern Iran, although a lithological and faunal break is present at
the Paleocene /Eocene boundary in Jordan. A marine transgression took place in the later Early
Eocene, submerging most of the islands present in previous periods, although the extent of the
transgression was less than that of the Paleocene — earliest Early Eocene. The overall
paleogeography was similar to that of the Late Cretaceous and Paleocene.

Jassim & Goff (2006) stated that the Mid-late Eocene sequence was deposited to the SW of
an emergent uplift during the final phase of subduction and closure of the remnant Neo-Tethys
ocean. Red beds were deposited in the basin to the NE of the uplifted area. Red beds clastics
were also deposited in a narrow intermountain basin, between the uplifted area in the NE and a
ridge located along the NE side of the Balambo-Taniero Zone, running from Amadiya in the NW
through Ranya, Sulaimaniya and Halabja in the SE. A strongly subsiding trough, in which the
molasses of the Gercus Red Beds was deposited, formed southwest of the Balambo-Tanjero
Zone ridge. At the end of the Mid Eocene, the clastic sediment supply from the uplifted area to
the NE ceased and the basin was filled with lagoonal carbonates of the Pila Spi Formation. The
foredeep basin of the Mid and partly Late Eocene was separated from the basin to the SW by a
belt of nummulitic shoals (Avanah Formation). The foredeep basin was located in the present
day Butmah - Chemchemal Subzone of the Foothill Zone and extended into Syria and SE
Turkey in the NW (Ponikarov et al., 1967) and into SW Iran in the SE.



Stable Shelf

At the end of the lower Eocene a local
regression of the Sara and Hibr Sea began,
with local deposition of nummulitic limestone in
many places and at different horizons, ranging
from the uppermost part of the lower Eocene to
the Middle Eocene. This is called the Ma’an
Formation. Earlier in the Late Eocene a general
regression of the Sara and Hibr Sea occurred,
with only local deposition in the depression of
the Dhahkiye taking place, referred to as the
Dhahkiye Formation.

Towards the northeast, in the SE part of
Syria and the north and northeast of the
Ga’ara area in Western Iraq, a shallow water
facies can be recognized:

The Syrian part of the facies belongs to
the Jaddala Formation of Interior Syria, due
to the presence of the Arak Flint member
within the phosphatic, nummulitic limestone
deposits of this shallow water facies.



The Iraqi part was considered to belong
to the Dammam Formation of SW Iraq and
Saudi Arabia. It lacks the flint member and
is composed mainly of nummulitic limestone,
with a sudden local facies change towards the
Akashat area, where a phosphatic bed followed
by marls and chalky limestone containing new
planktonic and benthonic foraminiferal
assemblages occurs. This fauna differs from the
typical Dammam fauna and indicates a direct
connection with the open sea of the Jaddala
Formation.

This facies of sediments is somewhat
different to the east and west of both the Rutbah
Uplift and the Central Arabian arch. The eastern
sector is covered by typical Dammam sediments.
While to the west, clastic admixture, flint and
chert layers and nodules, some phosphatic
admixture, and some frequent marly beds also
occur.

The western facies belongs to the
Mediterranean bioprovince, and the eastern
facies to the Indo -Pacific bioprovince.



It is in fact more plausible to consider the
shallow water facies of the Jabel Tenf Ga’ara
Area as a transitional facies separating both
Mediterranean, and Indo-Pacific bioprovinces.
This transitional facies is composed of a mixture
of the nummulitic limestone of the Dammam
Formation, some of the open sea Jaddala
Formation faunal assemblages, as well as some
of the flint and phosphatic lithofacies of the Sara
Formation.

Southward in the eastern part of the stable
shelf, the Dammam Formation was deposited
under neritic/ littoral conditions.

The sea began to regress by the close of the
Middle Eocene, as in the western side of the
stable shelf ). Shallow, littoral and lagoonal
conditions prevailed over most of the eastern
side of the stable shelf, including the eastern
part of the transitional facies, where it is
dominated by open, littoral deposits, yielding
Miliolids. Towards the latest Eocene the sea
had completely withdrawn from the south,
whereas the shallow sea of the transitional
facies in the north became progressively
deeper, where open sea sublittoral, nummulitic
and planktonic marly limestone were deposited.



Mobile Shelf

The end of the Van phase movements during the
Early Eocene saw a similar paleogeographic picture
to that of the Paleocene.

The mobile shelf consisted of two main basins of
deposition, both trending E - W in their western
parts and NW - SE in their eastern parts:

The southern basin was large and open sea,
separated from the northern basin by a shallow
marine shoal zone. The northern basin was a
strongly subsiding Foredeep Trough. The latter was
separated from the Miogeosynclinal area by a
pronounced uplifted ridge running from Amadiya –
Ranya to Sulaimaniya in a NW - SE direction.

The large open sea basin was infilled by the
Jaddala Formation in Syria and Iraq and by its
equivalent, the Pabdeh Formation, in Iran.

To the west in Syria, the Jaddala Formation covers
almost the entire country, apart from the northeast
of the Euphrates River where part of the former
Jabel Aabd el Aaziz Uplift still existed, so no
deposits of the Jaddala Formation have been
recorded.

Eastwards in eastern Syria and Iraq the Jaddala
Formation (outer shelf – basinal ) was deposited
under deeper open sea conditions, with globigerinal
marly and chalky limestone and marls prevailing.



The former stable Khleisia - Der ez Zor Uplift was
no longer in existence, sediments of the post-
Paleocene Tertiary. The Jaddala basin was the
first Tertiary basin to become incorporated in the
later uplift, although, the basin was not uniform
because the Jaddala Formation is of reduced
thickness over parts of the former Khleisia - Der ez
Zor and Mosul Uplifts.

An increase in the thickness of the Jaddala
Formation can be observed to the south of the
Jabel Sinjar area, along the Makhul area and over
the former Anah Trough.

Farther southeastwards in Iran, the open sea
basin became more mobile, with the marls and
shales intercalated with subordinate argillaceous
limestone of the Pabdeh Formation being
deposited.

Farther southeastwards it passes into the
carbonates of the Jahrum Formation, through a
mixed facies of the Pabdeh and Jahrum
Formations.

North and northeastwards, the Jaddala and
Pabdeh Formations interfinger with their inshore
equivalent, known as the Avanah Formation and its
equivalents in Turkey and Iran.



The Avanah Formation is composed of
nummulitic limestone, generally dolomitize and
recrystallized, of shoal facies, and with occasional
intercalation of lagoonal dolomitize limestone which
are regarded as tongues of the Pila Spi Formation.
The sedimentation of this formation was controlled
by a belt of shoals and islands, forming an effective
barrier separating the foredeep trough of the Gercus
Formation from the offshore open sea basin of the
Jaddala Formation.

The Formations Dammam, Avanah and Pila Spi are
considered by Jassim and Goff (2006) to be
deposited within carbonate inner shelf lagoons and
shoals.

In northeast Syria and southeast Turkey, the
Midyat Formation is the equivalent to both the
Avanah Formation and the lagoonal Pilaspi
Formation.

Southwards in northeast Syria the Midyat
Formation becomes more dolomitic than in
southeast Turkey, and fossils have been mostly
destroyed by recrystallization

In Iran, the equivalents of the Avanah Formation
are the upper part of the Taleh Zang Formation and
the Shahbazan Formation.



In general, the controlling belt of shoals and
islands, and the foredeep trough behind it, moved
slightly eastwards relative to the former belt and
foredeep of the Paleocene –Early Eocene.

Evidence for this shoreward shifting of facies
belts is the further northeastwards extension of the
Pilaspi Formation relative to the former (Paleocene
– Lower Eocene) Khurmala Formation, and the
presence of the offshore Jaddala Formation in the
position of the former (Paleocene – Lower Eocene)
shoal facies of the Sinjar Formation around the
Jabel Sinjar Area.

The Foredeep basin progressively developed
during the late Early Eocene with subsidence
becoming greater and the basin more mobile in the
northwest. This area was most affected by the Van
phase folding. Towards the southeast the basin was
less mobile, with thinner sediments.

The deposits which filled the foredeep trough
are known as the Gercus Formation, which is
apparently diachronous throughout its area of
distribution.



Gercus Formation was deposited under fluvial
and fluviomarine conditions (Jassim and Goff,
2006).

The age changes along the axis of the foredeep
trough from the northwest to the southeast, being
Late Paleocene - Early Eocene in southeast Turkey
and Early Eocene - early Late Eocene in northeast
Iraq.

The equivalent to the Gercus Formation in Iran,
known as the Kashkan Formation, is of Paleocene?
Middle Eocene age. The foredeep trough showed
less subsidence by the end of Middle Eocene, due
to the stillstand situation of the Van phase
movements. Partly lagoonal conditions prevailed
over the basin, where the Pilaspi Formation was
deposited.

The Pilaspi Formation passes laterally
southwestwards into the Avanah Formation,
interfingering with it in the transitional zone.

In some places the Pilaspi Formation interfingers
with the Gercus Formation, otherwise the Pilaspi
Formation is younger than the Gercus Formation
and the boundary is often marked by
conglomerates.



3 - LATE UPPER EOCENE? – OLIGOCENE CYCLE

Signs of the Pyrenean Orogeny appeared
during the late Eocene, associated with
slowing down or ceasing of the subsidence of
the geocynclinal and foredeep areas.

An increase in uplift and folding followed
during the Oligocene, associated with an
almost general regression of the sea in the
Middle East, apart from some restricted
basins in the northwestern to southeastern
parts of Iraq, central and extreme
northwestern northern Jordan and southeast
Turkey.

Jassim & Goff (2006) stated that the present
day configuration of the NE margin of the
Arabian Plate is a result of continental
collision. At the end of the Eocene the Neo –
Tethys Ocean closed.



At the end of the Eocene the main intraplate
basin became narrower due to the tilting of W
Arabia on one side and uplift of the High Folded
Zone on the other. The western shoreline receded
towards the area of the present day Euphrates
River. The eastern shoreline receded to the SW
boundary of the Butmah-Chemchemal Subzone of
the Foothill Zone. The closed Neo-Tethys was a
narrow seaway in which clastics and carbonates
were deposited. The remnant Cretaceous thrust
belt contained a narrow intermountain molasse
basin and was filled with the sediments derived
from the Cretaceous thrust zone in the NE and
the uplifted High Folded Zone in the SW.

The Oligocene basin was located in the
Mesopotamian Zone, in the Makhul-Hemrin
Subzone of the Foothill Zone, in the Jezira
Subzone and on the N margin of the Rutba
Subzone. The Salman Zone and the Euphrates and
Zubair subzones of the Mesopotamian Zone were
uplifted in Oligocene time. The basin was relatively
narrow; thick fringing reefs developed along the
western and eastern shorelines of the basin. Thin
marls were deposited in the centre of the basin
which was starved of sediment supply.



Megasequenee AP11 is subdivided by Jassim

& Goff (2006) into three sequences of latest

Eocene-Oligocene, Early-Middle Miocene, and

the Late Miocene-Recent age.

The sedimentation continued without

Interruption in the Naopurdan trough and in the

miogeosyncline. In the foredeep area of the

Unstable Shelf the sedimentation continued in its

southeastern parts in southwestern Iran, where

the sedimentation of the Jarum and Pabdeh

Formations continued into the Oligocene.

In Iraq the Oligocene is characterized in

general by very restricted sedimentary basins

and by generally very slight subsidence.



There were three areas of sedimentation only.

- In the eugeosynclinal area, in the Naopurdan
trough, mostly clastic sediments were
deposited and continuing towards the
southeast into Iran. This trough bordered
towards the northeast on the already uplifted
portions of the eugeosyncline, where (probably
already from the Upper Eocene upwards) back-
deeps developed and a strong volcanic activity
of subsequent character took place.

- In the southeast, the Naopurdan trough was
boarded by another trough that of the
miogeosyncline, where the Suwais IV units
clastics and limestone were deposited. The
ridge separating the trough was, most probably
submerged. Both troughs were emerging
towards the north and northwest, where
Oligocene geosynclinal sediments are absent.
Towards the southeast, on the contrary, the
trough became deeper and was filled in by the
Oligocene – Miocene flysch of Sadi – Shiraz.



- The third Oligocene basin is situated on the
area of the Unstable and Stable Shelves,
between the former Khleisia Uplift in the
northwest and the northeastern shores of the
Arabian Gulf. It was a relatively narrow, slightly
subsiding basin filled in mainly with neritic reef
and fore-reef complexes. It was separated from
the miogeosyncline by a land stripe comprising
mainly the High Folded Zone.

The Oligocene sediments in Iraq have a
relatively restricted area of distribution, and are
reduced in thickness too. The formations of the
Oligocene are separated by a break and
unconformity from both the underlying and
overlying units. A characteristic feature of the
Oligocene is the absence of the molasse
sediments in the foredeep and the relatively
narrow stripe of their distribution. On the other
hand, the Oligocene together with the upper
parts of the Eocene mark the formation of a
new basin, occupying till that time, mostly
emerged, Khleisia Uplift and the area of the
Stable Shelf to the north of the Euphrates river.



There are now some problems concerning the stratigraphy of the Oligocene and
consequently the boundaries of the cycle too.

Bellen (1956) introduced a tripartite vertical and horizontal division, claiming the
presence of Lower, Middle, and Upper Oligocene, each of them is in three facies i.e.
reef, backreef and forereef. The age of many of the formations of Bellen was
determined more on the basis of their position in the sections than on paleontological
proofs.



According to Ditmar et al. (1971), the Palani Formation as a whole and parts of the

Tarjil and Sheikh Alas Formations are of Upper Eocene age. The Anah and Azkand

Formations on the one side and the Bajawan and Baba on the other, are of the same

age (Upper Oligocene). The former two represent the facies more common in the

southwest, the later in the north. The Shurau and Sheikh Alas Formations represent

the older part of the Oligocene reef facies in both areas. The off–shore facies is

represented by parts of the Ibrahim and Tarjil (with Lepidocyclina) Formations.

Ditmar et al. (1971) introduced several changes in Bellen's division. The reasoning of

Ditmar had been based mainly on:

a- Lithological and well log correlations;

b- The practice introduced by Ponikarov
et al. (1967) in Syria, claiming, that
sediments containing Nummulites
intermedius and N. incrassatus, but
without Lepidocyclina, are of Upper
Eocene age;

c- The insufficient paleontological
and lithological description of the

original type sections.



Buday (1980) partly respects Ditmar et al. (1971, 1972) ideas , mainly as far as the
Eocene ranging of the nummulitic formations without Lepidocyclina are concerned. It is
highly probable, that the equivalence of the Anah- Azkand and Bajawan–Baba might be
accepted too. Because of the lack of sufficient paleontological proofs. however, and
because Ditmar et al., did not elaborate on their ideas sufficiently (they described
all the formations, with the Oligocene and did not introduce any new formations
or hyphenated formation designation).

Jassim and Goff (2006) followed the
recommendations of Ditmar et al. (1971)

in dividing the Oligocene into a lower and
upper sequence; the lower sequence
comprises the reef – fore reef Sheikh Alas
and reefal Shurau Formations and the
basinal Palani and Tarjil Formations. While
the upper sequence comprises the reef
complex of Baba, Azkand (reef – fore reef),
Bajawan (reef – back reef) and Anah (reef)
Formations and the basinal Ibrahim and
Tarjil Formations; these formations pass
both vertically and laterally into each
other.



Buday (1980) forced to follow the old practice and recognize all the formations introduced

and described by Bellen in 1956. As far as the Ghar Formation is concerned, this formation

was excluded from the Iraqi Oligocene sequence, and do not accept the correlation of the

Ghar Formation with the other recognized Oligocene formations neither in the Buzurghan–

Abu Ghirab nor in southern areas of Iraq. The Ghar belongs, as a transgressive formation, to

a new post Oligocene sedimentary cycle.

The lower boundary of the cycle cannot

be clearly and finally established. It is quite

possible, that the Oligocene Cycle begins

conspicuous paleogeographic changes, by

the general uplift, caused by the orogenic

movements in the geosyncline, and by a

widespread break. The latter is indicated

throughout Iraq by the terrigenous lateritic

horizons separating the Oligocene from the

overlying Miocene beds, and by the strong

influx of terrigenous elastics in southern

Iraq.



Buday (1980) include into the Oligocene (or perhaps Late Upper Eocene - Oligocene)

Cycle the formations described by Bellen in 1956, as the Kirkuk Group with the

exception of the Palani Formation, the age of which seems to be most probably Upper

Eocene. The age of the formations will be preliminarily quoted according to the original

age determinations. in the western desert of Iraq, limestone breccias containing

fragments of Oligocene limestone were discovered. The breccias were found far beyond

the actual boundary of the Oligocene of

the Euphrates valley. Simultaneously, in

limestones believed to he parts of the

Dammam Formation, Oligocene

Nummulites were found along the Wadi

Horan.

Another probable Oligocene formation

might exist in the Amadya area. There, in

red and green marlstones and siltstones

some Oligocene fossils.




