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44 -- LOWERLOWER –– MIDDLE MIOCENE CYCLEMIDDLE MIOCENE CYCLE

The accretionary prism in the suture zone of
the Neo-Tethys remained near sea level at this
time: Shallow water carbonate deposition
occurred on broad platform extending from the
NE part of the Arabian Plate (Euphrates and
Jeribe Formations of Iraq, and Asmari Formation
of SW Iran), across the suture zone into Central
Iran (Qum Formation). Subsidence rates in
Oligocene to Early Miocene time were relatively
low. The Mesopotamian Basin became narrower
and shallower as the western part of Arabia was
thermally uplifted; by the beginning of the Middle
Miocene it was a very shallow lagoon in which
the Jeribe Formation was deposited. The
Oligocene-Early Miocene "Savian" movement
which affected the Zagros Suture was marked by
the uplift of the Balambo -Tanjero Trough
(Jassim & Goff, 2006).

The palaeogeographic evolution of the shelf
during the Early and Middle Miocene is marked
by the development of a broad but relatively
shallow basin.



The development of the shelf area, including the
foredeep, and that of the geosyncline were
essentially different during the Lower-Middle
Miocene Cycle too. The cycle as a whole is
characterized by the folding and uplift of the
eugeosynclinal area and by the continuation of the
sedimentation in the miogeosynclinal trough and
on the shelf area. The sediments of the
miogeosynclinal area were of terrigenous-clastic
character, whereas those of the shelf area are
mostly calcareous-evaporitic. The cycle as a whole
is marked by a relatively slight subsidence, mainly
in its earlier development stage.

The Savian Orogeny, which affected the whole
area of the eugeosyncline, was marked by the
uplift of the miogeosynclinal trough too. The uplift
of the miogeosynclinal trough lasted most probably
until the end of the Lower Miocene. It is possible,
however, that some more internal parts of the
miogeosyncline, covered now by the thrust up
sheets, might be invaded by a shallow molasse
sea during the Lower Miocene too.

The paleogeographic evolution of the shelf
during the Lower and Middle Miocene in marked
by the development of a broad but relatively
shallow basin, marked by a relatively slight
subsidence, mainly in its earlier development
stage. This Basin was filled in with sediments in
two subcycles.



AA -- LATE LOWER MIOCENE SUBCYCLELATE LOWER MIOCENE SUBCYCLE

This subcycle is characterized by a very slight
subsidence and with prevalently calcareous
sedimentation. It ended by a lagoons episode
during which evaporites were laid down. This
subcycle is most probably absent in the
miogeosyncline (or its sediments are included
into the uppermost parts of the Suwais IV unit).

During this subcycle, which is embracing
mainly the Lower Miocene, the basin on the
shelf had been bordered by a relatively broad,
but apparently not too high ridge, occupying the
area of the present day Imbricated, High
Folded, and the northeastern parts of the
Foothill Zones. The basin's deepest parts are
situated on the folded parts of the Foothill Zone,
on the Jezira (i.e. on the still submerged
Khleisia Uplift of the Stable Shelf), and on the
Mesopotamain Zone. The Stable Shelf to the
south of the Euphrates was submerged and
folded too, but it was till a very shallow and
relatively stable littoral area.



The sediments were on the broad and shallow
littoral areas at the beginning clastic then
calcareous. In the deeper parts of the basin
calcareous and marly sediments were laid down,
which passed, towards the end of the cycle, into
lagoonal evaporites of the Dhiban Formation.

The lagoonal evaporitic sedimentation had
been in connection with some revival of the
movements in the orogenic belt, caused block
movements in the Shelf areas too. These, in turn,
caused the formation of local, basins separated
from the open sea. Such mobile blocks were
oriented mostly in north - south direction.

On Iraqi territory the Abu Jir block was acting
as a ridge separating the saline Kirkuk - Hamrin
– Naft Khaneh Basin from the saline Jezira Basin.

The transgression of the Lower Miocene
subcycle did not reach the former
miogeosynclinal area. The saline basin
continued on the area of the Jezira in Syria too,
but the prevalent parts of the Syrian shelf were
uplifted. On the contrary, the southeastern
continuation of the basin towards Iran had been
extensive, where the subsiding basin was filled in
by the evaporitic Gachsaran facies and its
equivalents.



The Euphrates Group, comprising the Ghar,
Euphrates, Serikagni and Dhiban Formations are
deposited within this subcycle. The group is clearly
transgressive at its base and ends with a salinitic
evaporitic phase. The overlying Middle Miocene
Subcycle is transgressive. The sediments of the
subcycle are most probably absent in the geosynclinal
realm.

The littoral sediments are now widespread along
the southwestern shore only. They were, most
probably, originally deposited but removed during the
later uplift and erosion, along the northeastern
shoreline too.

The Ghar Formation at its type area consists of
sands and gravels with rare anhydrite, clay, and sandy
limestone interbeds. More silty beds and an increasing
number of limestone and marl interbeds occur
towards the northeast. In the western desert area the
Ghar Formation is represented by quartz sandstones
and sands, containing, in the off–shore areas,
interbeds of sandy aphanitic limestone. Generally, the
formation is passing basinwards into a facies with fine
clastics and limestones.

The Ghar Formation is littoral and in the type area
most probably partly deltaic. It passes gradationally
into the Euphrates Formation or its equivalents i.e. into
the Asmari in Iran and the Iraqi frontier area.

Jassim and Goff (2006) considered the Ghar
Formation as clastic inner shelf of early Miocene age.



The Euphrates Formation is the most typical and
most widespread representative of the Euphrates
Group. It belongs to the superficially most
widespread formations in Iraq. It is one of the
oldest described and introduced formations in
Iraq. The formation is composed, at the type
locality (Wadi Fuhaimi in the Anah Trough on the
Stable Shelf) of shelly, chalky, well bedded
recrystallized limestone.

The lithological variability led to the presence of
roughly five - six lithological units, occurring in the
area lying approximately between the Syrian
border in the west, the Euphrates between Haditha
and Hussayba in the north, and the Dammam
outcrop line in the south:
a) Basal member.
b) Chalky limestone member.
c) The bedded, siliceous limestone member.
d) White chalky and recrystallized grey limestone

member.
e) Uppermost member lithologically very complex.

(limestone, marls, sometimes clays. The
limestones are of different kind, such as chalky
limestone, recrystallized limestone, cross
bedded coquinas, sandy limestones (in the
upper part), massive coralline limestones,
limestones breccias, etc).
The Euphrates Formation was deposited under

shallow marine, reef and lagoonal conditions
(carbonate inner shelf ).



The upper boundary of the Euphrates Group as a
whole is marked by an emergent phase, at least in
the near shore areas and on the crests of the
already rising anticlinal structures of the time, it is
then overlain by the transgressive Jeribe and
Fat’ha Formations.

The Euphrates Formation has a relatively very
large surface extension on the Stable Shelf, to the
south and southwest of the Euphrates River.

Its subsurface outcrops are bound on two
stripes, each of them lying along the southwestern
and northwestern shore areas of the sea
respectively.

The two areas are separated by the basinal parts
of the late Lower Miocene - early Middle Miocene
Sea, which was filled in by the basinal Serikagni
and higher by the evaporitic Dhiban Formations.
The Serikagni Formation comprises the basinal,

non evaporitic, sediments of the Euphrates Group.
The formation has a relatively restricted areal
distribution in comparison with the Euphrates
limestone.

The Serikagni Formation consists in the type
locality of globigerinal, chalky limestone with a
few more calcareous bands, which is typical
basinal and off-shore sediments, deposited in the
central parts of the late Lower Miocene basin,
mainly at the beginning of the subcycle.



Later on, after closing of the communications

with the open sea, the globigerinal open sea

sedimentation was in the basinal area replaced by

the evaporitic - lagoonal sedimentation of the

Dhiban Formation. The formation is distributed in

the basinal areas of the late Lower Miocene Sea.

Dhiban Formation represents the final

evaporitic sediments of the late Lower Miocene

Subcycle.

This formation is distributed in two local basins,

separated by the narrow ridge area of the

deposition of the chemical limestone.

- The western basin occupies the northwestern

parts of the former Khleisia Uplift, on the Stable

Shelf, including the northwestern parts of the

Foothill Zone.

- The second basin roughly coincides with the

Makhul Subzone of the Foothills, to the southeast

of the Tigris River.



BB -- MIDDLE MIOCENE SUBCYCLEMIDDLE MIOCENE SUBCYCLE
The Middle Miocene Subcycle represents a new

transgression covering an area considerably
overlapping the former basin in the northeast, but
less extensive in the southwest. This subcycle is
characterized by a more expressive subsidence.
Contrary to the lower subcycle, the upper is surely
represented in the miogeosynclinal area too.

On the shelf (foredeep) area, the subcycle is
represented by lagoonal evaporitic sediments of
the Fat’ha Formation with the transgressive and
almost purely calcareous Jeribe Formation at its
base. In the miogeosynclinal area the subcycle is
represented by calcareous-clastic sediments of
the Govanda Formation.

The development of the basin on the shelf was
similar as it had been during the first, Lower
Miocene Subcycle. At the beginning calcareous,
shallow water reef limestone were deposited.
Shortly after, however, the block movements were
renewed and the separation of the basins into
individual lagoons reappeared. The first
(calcareous) stage lasted relatively shortly and
was a time of slight subsidence only. The second
(lagoonal) stage was marked by a transgression at
the beginning and lasted longer.



The lagoonal evaporitic basin was more mobile

than of the first subcycle, as it is evidenced by

the conspicuous thickness of its formations,

(Fat’ha Formation). At the end of the subcycle a

progressively increasing terrigenous clastic supply

occurred. This was caused by the progressive uplift

of the northeastern folded areas, and signalized the

beginning of the typical late geosynclinal stage of

the territory's development.

The evaporitic lagoons were roughly on the

same places as it was during the first subcycle.

The first was lying on the Jezira area i.e. over the

still submerged former Khleisia Uplift; the second

occupied the southwestern margins of the

Foothill Zone.



Jeribi Formation represents the basal,

Transgressive, limestone dominated part of the

Middle Miocene Subcycle. Buday (1980) excludes

the Jeribe Formation from the Euphrates Group

and include it into the Middle Miocene on the basis

of:

a) The discovery of Ditmar et al. (1971), that the

Jeribe is equivalent to the basal limestone-

dominated parts of the Fat’ha Formation.

b) The discovery of the Orbulina datum near the

lower boundary of the Jeribe Formation.

c) On the faunal changes appearing between the

Euphrates and Jeribe Formations.

d) The transgressive, basal conglomerates-

marked, character of the Jeribe Formation.

The formation has a very similar area

distribution as that of the Euphrates Formation,

with two main exceptions:

The formation in the southwest has in general a

lesser area extent, and the formation overlaps in

the northeastern areas the extension of the

Euphrates Group, mainly southeast of Kirkuk.



Fat’ha Formation was originally described from

Iran as Lower Fars Formation.

The formation represents the deposits of a

relatively strongly sinking basin, which had been

often separated from the open sea by rising ridges,

considered as an evaporite lagoon facies.

The age of the formation is Middle Miocene and

the unit, belongs to the Tortonian (higher Middle

Miocene) stage.

The distribution of the formation in Iraq is wide.

Its sediments cover the marginal areas of the

Stable Shelf and almost the whole Unstable Shelf.

The Govanda Formation represents the deposits

of the Middle Miocene Cycle in the miogeosyncline.

The formation, as an independent stratigraphical

unit, was deposited in shallow marine reef-forereef

environment, strongly affected by the supply from

the nearby rising land, as testified by the presence

of clastics not only at the bottom, like in the type

locality, but sometimes intercalating with the

limestones too.

The distribution of the formation is patchy, but

extending over a long strip, in front of the Northern

and Zagros Thrust Zones.



55 -- UPPER MIOCENEUPPER MIOCENE –– PLIOCENE CYCLEPLIOCENE CYCLE

In latest Late Miocene time further strong

compression occurred, which propagated into the

Mid Miocene foreland basin resulting in the growth

of the large Zagros anticlines. A rapidly sinking

foredeep basin formed in N and NE Iraq flanked by

a thrust belt. An intermountain basin developed

within the suture zone in which red beds were

deposited. During the Late Miocene and especially

the Pliocene, the High Folded Zone was uplifted

with increasing intensity. The products of erosion

were deposited in the nearby molasse basin

characterized by the conglomerates of the Bai

Hassan (Upper Bakhtiari) Formation. In the SW the

uplifted Stable Shelf was the source of the

terrigenous clastics deposited to the NE of the

Euphrates Boundary Fault (Dibdibba Formation)

(Jassim & Goff, 2006).

In Pliocene time further compression led to

the progradation of huge alluvial fans into the

Mesopotamian foreland basin. Quaternary

sediments were deposited on a major regional

unconformity surface following intense

deformation along the collision zone between

the Arabian and Iranian Plates



The Upper Miocene - Pliocene time coincides with
the paroxysmal phases of the thrust movements,
with the general orogenic uplift of the Thrust,
Imbricated, and High Folded Zone, with the
compensating progressive subsidence of the
Foothill and Mesopotamian Zones (i.e. of the late
Tertiary foredeepes), and with the renewed uplift on
the whole Stable Shelf area.

The paleogeographic development is directly
influenced by these movements, and is marked by
the deposition of thick terrigenous clastic syn - and
postorogenic molasses in the still subsiding and
mobile foredeep areas.

At the beginning of the Upper Miocene, or
possible already at the end of the Middle Miocene,
the rising thrust mountains were bordered by a
narrow intramountain basin in which, at the
beginning, fine grained and progressively more
and more coarse molasse like sediments were
deposited.

This basin ceased to exist relatively soon, most
probably during the early Upper Miocene.



The intramountain basin was separated by a
relatively flat but progressively rising ridge from
the main basin on the shelf, in which, at the
beginning, relatively fine products of the erosion of
that low ridge were deposited.

The southwestern parts of the main basin were
filled in by clastics supplied from the
simultaneously rising platform area too. The
southwestern borders of the late Miocene -Pliocene
main basin is situated along the edges of the
Stable Shelf. The area of the Khleisia Uplift had
been uplifted during the late Miocene and Pliocene,
where a new pertinent to the Stable Shelf had been
re-established.

The cycle is characterized by the progressive
change from the marine sedimentation into the
lacustrine and fluviatile one. This change was
simultaneously accompanied by the gradational
coarsening of the clastics laid down during the
cycle.

The main source area of the clastics was the
rising mountains in the northeast. Only a restricted
supply took place from the west and southwest.
The differing source areas of the clastics are partly
used for the differentiation of the formations too.



The Injana (Upper Fars), Muqdadiya (Lower

Bakhtiari), Bai- Hassan (Upper Bakhtiari), Dibdibba

and the Zahra (?) Formations and the Merga (Upper)

Red Beds were originally included into this cycle.

In general, all the formations of the cycle are

dominated by terrigenous clastics, the quantity and

grain size of which increase from the oldest towards

the youngest. The share of continental sediments,

progressively replacing the marine ones is

increasing in the same direction too. The uppermost

units of the cycle are of purely continental origin.

The formations of the cycle have markedly

diachronous boundaries. This is due to the

dependence of their lithology on the tectonic events

and is simultaneously a consequence of the

distance of the depositional area from the rising

mountains.

A common feature of all the formations is the

relatively rare content of age determining index

fossils. Therefore, the precise age of the formations

is mostly unknown and is guessed on the basis of

their position in the sequence, or on regional

considerations.



The Zahra Formation (fluvio – laucstrine and karst

fill facies) is very local unit, the stratigraphic

position of which is rather uncertain. The lithology

of the unit in the type area, west of Busaya, in the

southern desert of Iraq) and in other outcrop areas

is relatively uniform.

The age of the Zahra formation is according to

Buday (1980) more probably of Upper Miocene, or

younger, because the beds overlie in some places

marine Miocene Fat’ha marls, and therefore, at

least an emergence if not a break between the two

units should be postulated.

The Dibdibba Formation represents the near

platform facies of the Upper Miocene-Pliocene

Cycle, as its main representative in southern Iraq.

The formation is composed mainly of sand and

gravel of igneous rocks, and white quartz pebbles.

The coarse clastic nature of the formation remains

unchanged throughout the area of its development.

The coarse clastic nature of the formation remains

unchanged throughout the area of its development.

The age of the formation basing on its position

ranges between the Upper Miocene at bottom and

Pliocene and even Early Pleistocene at top.



The Dibdibba Formation ( alluvial fans of the stable
shelf ) is relatively widely distributed in southern
Iraq on the Shbicha Subzone of the Stable Shelf and
on the southern parts of the Mesopotamian Zone. It
passes laterally towards the east-northeast into the
Injana and Muqdadiya Formations.

The Injana Formation represents the lower, fine
grained, molasses sediments deposited at the
beginning in marine and progressively in fluvio-
lacustrine environment. The formation represents
the transition from the marine Fat’ha to the purely
continental coarse grained molasses of the
Muqdadiya Formation. Limestone and shale occur
in the lower parts of the formation. Presence of
gypsum is reported from many places, but never
forms thicker beds. The first conglomeratic bed
should mark the bottom of the overlying Muqdadia
Formation.

The environmental conditions during the
deposition of the Injana Formation were variable.
At the beginning, lagoonal conditions prevailed.
These were variable, progressively changed into
lacustrine and finally to fluvio-lacustrine
conditions. The basin was relatively strongly
subsiding and in the central parts the lagoonal and
lacustrine conditions prevailed almost till the end
of the sedimentation of the formation. In the
marginal areas, however, lacustrine and fluvio-
lacustrine sedimentation started earlier and was
then prevalent.



The age of the Injana formation is usually

accepted as Upper Miocene. The lower contact

of the formation is mostly gradational. In the

north  eastern marginal areas, the formation

might be transgressively overlying pre - Miocene

units too.

The lower boundary is usually marked by a

thick anhydrite layer, called as the A0 marker.

The upper boundary presents a problem: All

investigators claim, that this boundary is widely

diachronous. The upper boundary is usually

indicated by or equated with the first pebbly bed.

The areal distribution of the Injana formation

in the west is somewhat reduced in comparison

with the Fat’ha Formation. The Jezira desert is

covered, therefore, by a thin veneer of Injana

sediments only.

The main basin of the Injana Formation lie on

the Foothill Zone, southeast of Mosul and on the

Mesopotamian Zone to the north - northeast of

the line connecting Mussaiyib and Amara. The

areas west and north of Mosul were the sites of a

less subsiding basin. To the southwest of the

Mussaiyib - Amara line the Injana Formation is

replaced by the Dibdibba Formation.



There is no evidence on the presence of the
Injana in the northeastern parts of the High
Folded Zone to the east of the Greater Zab River.
It might be supposed, that the High Folded Zone
was not covered by a continuous sea or lake and
was a slightly elevated and eroded area.

During the Late Upper Miocene and mainly
during the Pliocene the High Folded Zone was
progressively involved into the orogenic uplift,
the intensity of which progressively increased.
Simultaneously, the foredeep basin subsided
and was filled in with coarser molasse sediments
of the Bakhtiari (Muqdadiya and Bai - Hassan)
Formation. In the southwest, the slightly uplifted
Stable Shelf another area of the terrigenous
supply, influencing the composition of the clastic
sediments and resulting in the deposition of the
Dibdibba Formation.

The Muqdadiya Formation is composed almost
purely of terrigenous clastics from silt size to
pebble conglomerates, while the Bai- Hassan
Formation is composed of boulder conglomerates.
In general, the grain size of the clastics increases
upward. The prevalence of the conglomerates in
the Bai- Hassan Formation had been the main
reason for considering it as an independent
formation.



The age of the formations is mostly Pliocene.

There are, indeed, no proofs here if the Muqdadiya

Formations does not include parts of the

uppermost Miocene at the bottom or of the early

Pleistocene at the top of the Bai- Hassan

Formation.

The lower contact of the Muqdadiya Formation

is gradational and is usually put at the base of the

first pebbly or conglomeratic bed.

The conglomerates might, however, mark some

local transgression and unconformities too.

Regionally, the formation is connected with

transitions and gradual change of the character of

the sedimentation with the Injana Formation.

The upper boundary of the Bai- Hassan

Formation is erosional. The formation is overlain

by terrace gravels and/or alluvial deposits

showing angular unconformities in most areas.

The main area of distribution of the formations

are the Foothill and Mestpotamian Zones. The

southwestern and western boundary of its main

distribution follow the northern limbs of Jabel

Sinjar, from there it run roughly eastwards,

towards Mosul, and from there southward to

Falluja, turning then to the southeast, and running

roughly towards Amara.



QUATERNARYQUATERNARY
At the end of the Pliocene, the uplift

movements reached the former foredeep area.
The sedimentation of the molasse came to an
end, and the filling of the basin underwent a
slight block folding.

The Quaternary era is characterized then by
the development of the river systems and by the
modeling of the country's relief by simultaneous
erosion.

The Quaternary deposits characterized by
continental deposits in central and northern Iraq,
becoming laucstrian, deltaic and marine
deposits to the south.

The lithology changing from sand, silt to clay
(sometimes rich with organic materials when
deposited on swamps), in addition to eolian
deposits around the western edge.



The depositional basin during Quaternary is
much like that of the Upper Miocene, where
both were affected by the thrusting earth
movements.

Hammar Formation represents the last
marine transgression during the last
glaciations of the Middle Holocene. Its
lithology consists of sand and silt in lower
part, changing to clay in its upper part.

This Formation is distributed around Basrah
area and extending north to Amara area, and
northwest to Nasiriya area.



The non marine deposits (brackish and fresh

water) called the Maymouna Formation by Al-

Sheikhly (2001), which is intertounging with the

Hammar Formation to the south, and extending north

within the southern Mesopotamian basin, reaching

Diwaniya and Samawa Cities in the west , Kut area

in the east and extending to Baghdad and Babylon

areas in the northwest.

It comprises a fresh water facies, where the silt is

dominant over sand and clay, reflecting fluvial and

/or back swamp environments, and the brackish

water facies which is divided into a mesohaline

subfacies; composed mainly of sand, while silt and

clay are less dominant, reflecting swamps, back

swamps and /or deltaic environments. This subfacies

is considered of relatively low energy level and low

rate of sedimentation. And a polyhaline subfacies;

proportions reflecting deltaic environment. This

subfacies considered of a relatively higher energy

level than the mesohaline subfacies.




