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Abstract
The basin of (LJpper Cretaceous) 1-anjero Formation is comtrined (iectonically) rvith that of the

underlying Shiranish Formation and name<l Upper Cretaceous Zagros Early l'oreland Basin instead of
previous miogeosyncline and trench. In this basin Tanjero F'ormarion is deposite<i in the near shore area
in front of southwest advancing positive land of Iranian plate. This near shore area is called Upper
Cretaceous Depocenter, whereas, the underlying Shiranish Formation a summed to be deposited in the
deeper central part of the basin, rvhich is cailed Upper Cretaceous Basin Center, The advancing of the
hinterland (Iranian plate front) is very clear {!om southlvest position changing of the shelf fo-r about
20km. The shelf of lower sequence was near the iranian border during Upper Campanian while it
migrated to the area around Chuarta and Marvat Tou,ns during middle tlaasirictrtian. It was inferred that
most paft of the formation is deposited by forced regression during collision of iranian and Arabian
plate. During this regressioir both flysch and molasses facies are deposited.

Keywords: - Tanjero Formation, Geologic history, Cretaceous tectonic, foreland
basin, zagras. Kurdistan geology, sulaimaniya area, shiranish Formation.

Introduction
Tanjero Formation is an Upper

Cretaceous (Campanian-Maastrichtian)
unit, which crops out within the
Imbricated and High Folded Zones in
Northeastern Iraq Buday (1980) [t] and
Buday and Jassim (1987)[2]. It stretches
as narrow northr,vest-southeast belt near
and parallel to the Iranian border (Fig. l).
The formation mainly consists of
alternation of sandstone, marl and
calcareous shale with occurrence of very
thick conglomerate and biogenie
limestones (Bellen et al. lg1g)[3].

On the basis of main lithological
distribution, it is divided the formation
into three parts (lower, middle and upper
parts Karim (2004X41). These parts are
correlated across eight different sections

(Fig. 2). The correlation is based on
lithology and stratigraphic position of
distinctive conglomerate and its derivative
sandstones, which are discussed in detail n
different geographical localities. The
lou,er part (lower regressive pad) is
mainly composed, on the lower slope and
basin, of thick succession of sandstone
( 100-400m), whereas on the shelf it is
dominated by 500m thick succession of
conglomerate (in this study, called Kato
conglornerate). The middle part is
composed of 100-300m of bluish white
marland marly limestone on the slope and
basin whereas it changes to calcareous
shaie on the shelf and to 20-50m thick
of red claystone inside incised valleys.
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The upper regressive part consists
chiefly of 50-200m thick mixed
carbonate-siliciclastic successions (in this
study, named Kato Mixed Carbonate-
Siliciclastic Successions).The constituents
of this succession are alternation of
biogenic limestone and calcareous shale

with miner amount of sandstone and
conglomerate. He also found both flysch
and molasse facies in the lower part of the
formation in the distal and proximal area

of the basin respectively.

Tectonic history
It can be inferred from the facies

distribution maps given by Buday, (1980)

[1] that the basins paleoslope direction
(depositional dip) was toward northeast
during Lower Cretaceous till Middle
Turonian. During later ages (Coniacian
and Santonian) the general basin
paleoslope direction was reversed 180

degree toward southwest during Upper
Cretaceous. This reversal case is

associated with colliding of continental
parts of Arabian and Iranian Plate after
deposition of Qamchuqa and Balambo
Formation in the studied area. This
colliding occurred after the oceanic
crust is exhausted and then the two related

continents are oollided, Before this, the

studied area was passive continentai
margin (carbonate platform) and bordered
from the north by subduction trench
(active continental margin). The collision
finally changed the area of subduction to
positive land and studied area to
foreiand basin (Fig 58 and 7). Aecording
to Karim (2003a)[5] , during this process,

the previously deposited Qulqula
Formation compressed, as accretionary
prism, between two plates and uplifted
forming positive land and source area,

According to Buday (1980, p.a0\ [1] the
miogeosyncline was separated from
unstable shelf by a ridge. He mentioned
that the continuation of this ridge is not
clear enough in the area southeast of
Ranyia Town (part of the studied area).

In the present study, the absence of
this ridge is proved in the Sulaimaniya
Governorate. It is observed that the
present position of Azmir, Goizha,
Piramagroon, Sara, Qarasard and Kosrat
anticlines (Fig. I and 3) was part of the
siope of the Tanjero basin, while the
present position of Haibat Sultan, Tasluja
and Baranan homocline most possibly
comprised part of the basin plain of the

formation. The deposition, bypassing and

erosion of sediment occurred extensively
during deposition of Tanjero Formation
on the position of former anticlines
(Azmir, Goizha, Sara and Kosrat). So

there were not any major irregularities
(submerged paleohigh or geoflexture) in
the basin of Tanjero Formation, in the
studied area, during deposition.
The possible tectonic activities are

observed as following:
At the beginning of the deposition of the

lower sequence (proved to include
Kometan, Shiranish and part of Tanjero

Formation, the studied area suffered from
clear deepening. This is proved from field
work which is demonstrated by deposition
of deep pelagic Kometan Formation over

shallow marine reefal Qamchuqa
Formation. This transgression may be

reflection of prominent subsidence due to
tectonic loading of the existed platform.
The over loading is happened by colliding
of iranian and Arabian plate by which the

fonner plate thrusted over the latter and

advanced torvard position of Tanjero

basin.
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The thrust has uplifted the area that
located to the north and noftheast of the
studied area. This is probabiy stafted
from Campanian and continues till the
beginning of Tertiary and forming active
continental marsin. Uplifting created a
southwest advancing positive tectonic
front (frontal part of Iranian piate). The
continuous erosion of this front shed iarge
quantity of clastic sediment into the
Tanjero basin. It is possible that later in
the earl,v Tertiary, the position of the slope
was asted as geoflexture for the existing
present anticlines. The sequence
stratigraphy proved that the facies of rhe
Tanjero Formation have migrated to south
and southw'est in such way that rhe
position of the shelf, slope and basin plain
changed during lower and upper
sequences, mostly by forced regression.
This regression is due to eustatic sea level
change rvith the aid of rectonic uplift of
source area and possibly part ofthe basin.

The high thickness and coarseness
of the Kato conglomerate is evidence for
above*mentioned fucts. The high tectonic
and elevated source area is opposed in
the basin by slight subsidence and general
gradual shallorving, which is in some
time, demonstrated b3, incised valleys
(see Karim 2004) [4]. In some cases, they
have scoured the sheif dorvn into the
Shiranish Formation such as the iran and

Qandil sections (Fig.2) At lranian
sectionfig(ljassim and Hussain ,1977) 167
the thickness of formation consists only of
Kato conglomerate and typical lithology
of Tanjero Formation is absent.

Preyious ideas about teetonics of
the basin

Previous workers have published the
foilowing ideas on tectonic and
depositional history of Tanjero Formation:

49



UZS)lournut of Zankoy Sulaimani, Dce. 2005, 8(1) Patt A

t.. N

"' 

tt;', 
{ ,\- t^ .---.''.2'

' &trMffi, . /

it'. i '
"no, l

"ur, L
I

Locsllon ol the studled 4 . ../
secliotr€ / r.r''

, iJrw --

Flg.i 2 )Loc.atiqrrnd "ollrmil? 
th* studiod sectian, t ) lran:5Egt1on, 2J ,Oashen sestipn, 3, Kato s€ction, 4i Sirw'an

i :::::1'."'":
s6ction!6lMalt<andi seclioil,71 S6kan36ction,8)ttanr$isnelllsge$ecll$n{QandllMduntlists} j

i
,.1

Miogeosyncline idea
According to these ideas, the formation is

deposited in miogeosltrciine realms (deep

marine trough) in which flysch sediments

are deposited by turbidity currents

(Buday, 1980[1]; Buday and Jassim

198712), Kettaneh and Sadik, i989[7] and

Lawa et al., 1998) [8]. But in the present

study, both Tanjero and Shiranish

Formations are considered as lateral and

vertical facies change of each other and

the differences between the two
formations are only attributed to nearness

to the shore and source rocks not to
tectonism. Now these types of facies can

be clearly explained by relative sea level

change in sequence stratigraphy' In the

present study both Shiranish (and

Shiranish-like lithology) and Tanjero
Formation are combined in single
depostionai sequence and even in single

system tract (when distal and proximal
lithologies of HST and TST is

considered). In all ancient and recent

basins, it is normal to see the near shore

(proximal area) affected by more uplifting
and sedimentological activities than the

central part of the basin. This fact is

interpreted previously, as regarded to

Tanjero Formation, as abnormal tectonic

activity.

Tanjero Formation:
Transgressive sediment

Previously Tanjero Formation was

considered as transgressive sediments

Buday (1980. p.4A\ [1] and Minas (1997)

igl. Other authors mentioned intense

subsidence of the Upper Cretaceous basin

(Marouf, 1999) [10].
But in the present study it is proved that

nearly all the typical lithology of the

formation is deposited during major
forced regression (LST), which is

discussed in detail trelow'
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Present ideas laterally interfingering Bellen et al.
The follcwing ideas of the present study (1959) [3i and Buday, 1980) p].
are based Lln fieldwork, recent new This was aiso observed in the freld by the
sedimentological and stratigraphic present author. Tlte same above authors
principles which are applied on the mentioned that Shiranish basin extends
studied area. to unstable shelf (to near eentral lraq)

(Fig.6 andT';.

Same temonic setting of Shiranish and
Tanjern Formations:

While the tectonic of Tanjero
Formation is exaggerated in the above-
published ideas, ncthing is mentioned
about tectonic of Shiranish Formation. in
the present study, Tanjero Forrnatiorr is
neither sedimentologically nor
tectonically separated fron: basin of
Shiranish Formation, Also the unstable
shelf and nrevious rniogeosyncline is
united in single basin named Upper
Cretaceous Early Forelanrl Basin, all
these are deduced tiorn the foilowing:

The contact behveen the two
formations is gradational and they

Therefore, according to traditional and
sequence stratigraphy, both for:mations
one makeup sequenee, one depositional
basin, and afTected by one cycle of sea

level changes. So both formations must be
put in one single basin of same tectonic
sefiing.

Fied study shorved that, in all areas of
distribution of both formations, the extent
of Shiranish Fornration is more than
Tanjero Formation, Therefore ihe
forrner tbrunation acts as a carpet for the
latter one" We cailed this relation between
the t-rvo formations "a sleeping (nan on fl
carpet" which means that Tanjero is the
man and Shiranish Formation is the"
carpet".
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The paleocurrent direction (see
Karim 200a)[4]and Karim and Surdashy
(2005a) [10a] indicates the general
direction of south and southwest, which
shows no any separation of the region
called "miogeosyncline" and "unstable
shelf ' from each other during Upper
Cretaceous. Previously these two zones
were assigned for sedin'lentation of
Tanjero and Shiranish Fttrmations
respectively. In the present study the
miogeosltncline basin (previously
assigned as basin for Tanjero Formation)
is changed to wpper Cretaceous
depocenler and unstable shelf to Upper
Cretaceous basin center (Fig.7). Both
basin center and depo-centers combined to
firrm a broad southwest sloping Zagros
initisl Jbreland basin. This basin was
bordered, from norlheast, by recently
uplifted (or over-thrusted) positive land,
which r'vas migrating continually, Karim
(2004)[4] found bcth land piant and 500m
of boulder conglomerate which are direct
evidence for positive land (mor"rntain

belt). This terrestrial land drained by
initial drainage pattern which most
possibly of parallel type. T'his pattem is
formed at the front of the thrust sheet (or
reverse fault) formed a scarp. This
paffern included rnany deep valieys
through which tvater and sediments of
many srnall watersheds (possibly less
than 400km2 for each drainage basin) were
dolivered (drained) to the basin (Fig. 7).
During relative sea level fall (LST) these
valleys, more and more advanced towards
the basin by scoring of the delta plain and
shelf sediments of previous HST. During
this sea level fall, the coarse sediments are
deposited as alluvial fans in the coastai
area of the basin and part of these fans
were built in to the main body of the sea
fonning fan delta (Fig.7). The valleys
mentioned above are called incised

valleys; three of these vaileys are
ascefiained and mapped in the field. These
valleys are filled with Kato conglomerate
on the shelf and with both alternation of
sandstone and conglomerate on the Upper
slope and sandstone and shale at lower
slope and basin plain. In North America
Bhattacharya and Willis (2001) [ 1]

described, in detail, a lowstand system
tract in foreland basin during
Cenomanian. The content of the lowstand
is much similar to that of lower part of
Tanjero Formation in the view of
lithology, trace fossil (cruziana and
skolithos) and sedimentary structures
(HCS, Cross bedding)(see Karim 2004)

I4l. Although Kolosh Formation has
nearly same lithology as the Tanjero
Formation, it is tectonicaily separated
from miogeosyncline and regarded as a
unit ofunstable shelfby above authors. In
the present study, the three formations
(Shiranish, Tanjero and Kolosh) have
given same rank of tectonics (early
foreland basin or syn -collision active
margin). The only difference is the
possible depoeenter migration torvard
southrvest for about 25 km (estimated
only) as regarded to position Tanjero
Formation. Even Aqra-Bekhme Formation
is included in the basin as reefal facies
on local submerged paleohighs.
Recording of abundant plant debris is
good evidence for existing of lands that
surround the basin. For this and other
evidence cited above the basin is called
foreland basin.

Initial (early) foreland basin
Bate ard Jackson (1980) [12] defined

foreland basin as:

A stable area marginalto an orogenic belt.
toward which the rocks of the orogenic
belt lvere thrust c'r over fcrlded. Generally,
the foreland is a continental part of the
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crust and is the edge of craton or platform
area. In this study the 'fanjero basin is
considered to be initial foreland basin so

the above definition can be applied to
this trasin when considerable amount of
aetivit;v is given to the basin because of its
early development. Tire applicability of
the definition is attributed to the

follolving:
The basin of Tanjero formation was

relatively stable as oompared to thrust

sheets and over-folded source area of the

formation rvhieh located in the iran
Territory. Another reason for relative
stabiiity of the basin is the basin shows

no igneous activities. In other side, more

active area is the source area of the

Formation which includes Qulqula
F*rmaticn, Ophiolits Complex and Qandil
Group. All these represent the orogenic
belt cf the alrove definition.

As seen in sequence stratigraphl' sea

level fali and rise of the formation is

nearly coinciding with the 3"1 orcler

eustatic sea level change. This is meaning

that the tectonic was nclt so intense to

obscure the effect of eustatic sea level

change. The final reason for relative

stability of the basin is the t-act that the

basin of Tanjero Formation is

characterized by growth of the thickest

and best reefal lin'lestone. These

lirnestones include both Aqra-Bekhme
Formation and Kata lzlixed Carbonate-

Silieiclastic Succession. The forrnation
anrJ the succession are ccnsisting of thick
ruclist and large foram bearing limestone

which proves the relative stability of the

basin with constant subsidenee as all
other basins. Ali these prove that the

Tanjero basin was not tectonicalll' so

astive such as estimated previousl-v' This

is true also for depth which was shallorter
ihan that assigned before. Einsele (2000,

p.605) [13] called

Khuvjakitrk and
Qillq.lla Radioieiites
fi$d conglomerate
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this type of iniiial foreland basin "remnant
basin" ivhich is more aetive and deeper
than the foreland basin. According ro him
it is largely filled r.virh deep-water flysclr
sediments and ct:trfined rvith, on one side,
by pre-existing passit,e continental margin
(platform) (westen.i desert in case of iraq)
with wedge of older clastics and carbi:nate
sediments, On the other side. an
approaching tlirust belt confines the
farmation.

Qulqula P,adiolarian Formation
(accretionary prisrn) represented the thrust
belt (in case of Tanjero basin) (Fig.5B).
Due to erosion, this prisrn is shedding
relatively large volume of vanious clastics
in the fbrm of turbidites and mass flow
deposits into the basin. The actual position
of Tanjero Forrnation mai, be located in
transition zafie l:etu,een foreiand and
rerxnant basin.
Balambo and Qamchuqa Formaticns

rlere fbrming the platlorm during l,orver
Cretaceous and Tanjero Formation
started deposition on top of these
formations after rapid subsidence. f'his
rapid subsidence led ter the deposition of
Kometan Formation in the str-rdieei area.
Later, when the source area was upiifted
and sea level was lorvered (during rnost
times) Tanjero fbrmation r.vas deposited.

In foreland basins, sedirnent shallows
up from deep water to shallow niarine and
then continental sedimentation (Mai!,
1995) [4]. This ty.pe of shallor.ving is
exactly appiicable fcr Tanjero Formation
anil Red Bed Series, which have gradarion
contact (in some plaee) in ths area of the
study. Irr this connection Tlavle et al,
(2001, p.1 1 1) i15l mentir:ned that the
sediments of foreland basin cleposited in
mostly river and deltair: environment and
consist ofheterogeneous gravel, sands and
rnuds derived from orogenic belt.

Syn -collision idea
In contrary to pre-collision model, the

present study assigned to the setting
(tectonic model) of the 'fanjero basin to
syn-collision cif the Arabian and Iranian
plates (oollision of tleeir continental parts).
The birth of Tanjero Formation started
rvhen Qulqula Formation (as an
accretionary prism) was uplifted after the
collision of the two plates. The relatively
suclden starl of the clastic influx and
gradual increase of grain size to coarse
conglornerate indicated uplift of the

Qulqula Formation by thrusting or block
faulting.

When ai1 oceanic basin completely
closed with the total elimination of
r:ceanic uust by sLrbduction, the two
or:ntinentai margins had Lreen eonverged.
Where two continental plates converge,
subdr.iction does not occur because the
thick, lorv-density continental lithosphere
is too light to be silbducted. In betu,een
these plates Qulqula Radiaiarian
Fonnation, as the softest rocks in the
coliision zone, is deforrned and uplifted
forming orogenic belt. This belt might be
devel,cperJ bi collision af the plates.
lvhich involr,ed a tirickening of the
lithospirere. As the crust thickens it
undergoes defom:ation with occurrence af
meiamorphism in the lcwer part of the
crust (e.g. Shalair Phyllite) and faulting
ivith fblding at sirallower levels in the
mountain beit. Finall), the uplifted land
nia;z thrust and fbrm thrust belt. The
material of belt is moved outwards,
away the center cf the ,:rogenic belt. This
caused the Tanjero and Kolosh Formaticn
to be deposited by disiocation of
depocenter toward southwest as the
gradual moving or uplifting of source
area (Fig.6 and 7).
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at the base of Kato conglomerate and the

coarsest existed lithology consists of
package of 30 m thick medium grain

sandstone, This package represents

sediment of LST. Sirnilar package of
the upper sequence is outcropped at south

of Sulairnaniya Clty, The distance to the

Kato lr4ountain and this latter locality is a
bout 25km when the folding shortening is

considered. The identification of this
sequence is very difficult in the distal

area. This is because it either changes to
Shiranish Formation or it is interfingering,
as tine sand, with marl of Shiranish

Formation forming transitional zone

between the tw'o formations. The age of
the two sequences

Migration of depocenter
During fieldwork at the studied area,

two depocenter of Tanjero deposits were

tbund. These depocenters belong to trvo
different successive depostional
sequences. lfhe distance of migration is

about 25krn, which measures the distance

betu,een two identical lithologies in the

two sequences. These two sequences are

as follows:

Campanian-Lower Maastrichtian
Sequence

This sequence can be identified easily
in ihe Chuarta area. This sequence is
partially eroded by overlying (SB1).
These situations are very clear at Kato
Mountain where this sequence is located
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Th+ loeation ofTanjero Formaiion it valid only for upper sequance.
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is based on age of the formation at llokan
area, which is indicatecl h1,' Abdul-
Kareem (1986b)[161.

Nliddle *Upper &{aastrichtian
Sequenee

This is the main sequence comprising
more than 90% cf previously knorryn
lithoiogl'of the formation. This seqr"rence

is discr.rssed in detail in the paragraph on
sequence stratigraphy.in Karim(2004X41

The 25 km migration of the depocenter
is attributed to sea level change and basin
fiil ri'hich are both weil enhanceci by
progressive southeast advancement of
thrust sheet of Iranian plate.

Sedirnents: As an apparent
indication of high tectonic

As mentioneel before both lanjero anci

Shiranish Formations rvere sharing same
basin and exchanging position laterally
and verticall)' (Fig.6 and 7) The Taniero
Formatirrn basin rvas aetive and relatively
high tectonic but when compared to
Shiranish Formation, its teetonic is higirly
exaggerated this is due to the high
thickness and alternation of coarse and
fine sediments. This gives. appar"ent( not
real, high tectonics cluring deposition" But
when one studies the nafure arrd }ithology
of the source area, onc realizes why the
formation has high thickness and
compositionally dilferent iithologies 

"

In this strid--v, the above two characteristics
are attributed, partly, to 1.he following:

The soiirce area (Quiqula Formation) is
ccrmposed of 3A% variegated marl,
calcareous shale; 40% thin beddeel chert
and 2A% of limestones. These sediments
are easily r,veathered ancl eroded ciuring
Upper Cretaceous stoniry climate.

The source area, hinterland and
foreland^ was steep sioping and highiy
deformed during ths collision of the

Arabian and Ir*nian plates (continental -
continentai colhding phase). it is likeiy
that a-[ that time the brittle bedded chert
and so1l marls ane so intonsely jointed and
fractured that helped rapid rveathering. the
erosion and creation ofdeep valleys,

The beddecl cherts, although brittle,
they shaped into hard and sharp edged
boulder ancl gravel (rvith some blocks) by
jointing. During transport in streams,
these act as rnillstone for grinding and

breaking up the ciasts ancl the underlying
rock tr:o. All these helped enormous
anrount of rnaterial to be available for
transporting and depositiorr in the basin of
T'anjero Formation, It is i,vorthy to
mentir--n that villagers" in the nortireastern
iraq villages, use Kato oonglornerate as

a n.rillstone aiter shaping into large
circular disk then used for grinding the
wheat into flour by rvater-powered
nr ills.

The uplift cf the source area is partly
due ic preseflce of the sol1 rocks
mentioneil above . T'hese rocks
sandlviched between the two plates as

accretionary prism and uplifted by
imbrications or fbrcetully emplaced
upward by flowage, like salt domes or
tooth past (see Costa and Venderville,
2001 for principle of diapirism in
corrvergent sefting" p.123-151) U7)
. 'fhe softness of these rocks also led the
ophiolite to rest in the core clr boundary of
the prisrn and lafer outcropped during
erosion of the source area. This is can be
ascefiained b5,the fact fhat the iower part
(e.g., Kato conglomerate) of the Tanjero
Formation iloes not contain any type of
igneous boulders and gravels while the
upper parl contains these rocks"

The high thickness may be partly
refirrned to clineate of Upper Cretaceous,
which was stormy and rvet. In this
connection F{aq (i9q1 p. 34) 118l
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rnentioned that inereased albedo during

lolvstand favors extreme clinnate, and this,

in turn lead to enhanced thermal contrast

of land and sea, between surface and

boffom of seawater. He also added that

the extrerie climate increase weathering

and erosion on land.

Types of regressions
The main succession of the Tanjero

Formation is sandwiched between a

forced regression and normal regression

from the base and the top respectiveiy as

follows:

Forced !"egression in Tanjero
Forrnation

Posamentier et al. (1992) [19], has

defined forced regression as basinrvard

movement of the shoreline, caused by

relative sea-level fall and inCependent on

sediment suppl,v. While Ainworth and

Crowley (1994) [20] defined it as

Fls-l&a r , tr.DF& ro* f,arr'?l l,rt .,dlla th'e?!{
- 

"rro 
.Efl-nc a5st^(.cuvG B';'o'^l

urrir re qo4sae.* .r! rlrlr . bd, rvr
hrrd*rbrr.t rrrsd&r r/r!t DrlE.u.'r.!'

Qstqua, xdear.Sfi

progradation of the shoreline in response

to relative sea-level fall in which the rate

of sediment supply exceeds the rate

accommodation space added.

The most imPortant evidence of the

forced regression is rapid coarsening

upward, i.e. the resting of coarse

sediments on fine ones with erosional

contact between the trvo (Einsele, 2000)

t13]. In T'anjero this arrangement of
sediment is very clear in Kato Mountain
(Plate 5.1.2 and 5.2) where coarse

conglomerate (coastal sediments) rests on

shale of shelf of the lower sequence,

Moreovor in iranian section and

Kometan section (Fig.2), Kato
conglomerate rest on the pelagic marl of
Shiranish Formation.
As a result of the forced regression, the

thick pile of lowstand system tract is

<leposited, This forced regression is

affected
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by eustatic sea level change and most
possibly enhanced by' tectonic uplift of
the source area. The uplift is also
accompanied by progressive horizontal
advancing (closingi ofthe source area.

The lithology of the Tanjero Formation
revealed that the source area (hintedantl)
was mainly comprised of accretionary
prism of Qulquia Formation and minor
amount crf ophiolite (exposed onl,v during
depositicn of upper part), which was
pushed sorithwestlvard toward early
forelanci basin (Shiranish and Tanjero
basins t. The grain size and roundness
t tine grain size and rounded clasts) of the
igneous pebbles showing tliat the outcrops
of the ophiolite are located more remote
distance ihan the chert ones.

Norrnal l{.egression
In contrast to iorced regression at

lcrver part of the formation, the upper pat
suffered from normal regression, lvhich
happer:ed during the end of highstand
s),stem tract, According to Eiuseie (2000)

[13] this q,pe of regression also occurs
during stable sea level and occurs as a
result of sedirnent trll of the basin and not
as a result of relative sea level fall. Tlie
arrangement of'sediments is coarsening
uprvard which shorvs no omission of any
member of gradation t-acies succession.

In Tanjero Formation. this type of
regression is occurred during deposition
cf the upper part in which the sediment
supply exceeded the available accommo-
dation space so that shallow bioclast and
biogenic limestone" as a paft of upper part,
is deposited. These limestcines contain
abundant lai"ge tbrams and pepecypod
bioclast, In some places, the high stand
Kato mixed carbonate-siiiciclastic
succession is overlain by Tagaran
conglomerate. which may be the depcsit
ofshelf margin system tract (S82).

Low' suhsidence arcl high sea
level fall

AII authors previoirsly studied Tanjero
Formation, agreed that it is characterized
by rapidly subsiding basin. But the present
study proved the opposite (in the studied
area), as &rllows:

As previously mentioned in this study,
the typicai lithology of the formation is
deposited above an unconformity (SBl)
during sea level fall (LST). This sea level
fall occured Lry forceC regression. This
means that the sea level falls were more
than subsidence" It is most probabie that
the eustatic sea level fall is enhanced by
tectonic uplift. 'Ihis tectonic uplift is
associated rvith source area and prrr[sfuiy
pad of the basin (the shelf i:f lower
sequence). The evidence of the tectonic
enhanced eustatic sea level fall is the high
thickness of incised valle,vs sediment
fi11s. In discussion of the foreland basin,
Einsele (2000, p"8) [13] mentioned that
ciastic material influx flrom the rising
mountain belt often keeps pace with or
exceeds subsidenee and oause basin
filling. But during deposition of middle
part the basin suffured frcm rapid clear
subsidence demonstrated by deposition of
Shiranish- like lithology (Pelagite and
Fleniipelagite facies).

Atlantic fype continental margin
Atlantic and Pacific type continentai

nrargin (Dickinson 1971) l2ll, as two
ciiffererrt depostionai basins betrveen
continental and oceanie floor, can be used
for comparing with that of Tanjero
Formation. When the comparison is made
in all aspects, Tanjero basin is more
sirnilar tc Atlantic type oontinental margin
than Pacific one: while the previous
studies such as Jaza (1991) t22) and
Numan (1977) [23] put the formation in a
basin more similar to Pacific type
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continental margin, This is because the
latter margin has subduction trench and an

under-thrusting oceanic plate while
Atlantic type margin has no such features,
According to Hyndman (1970, p.7) pal
continental margin of the pacific type may
revert to Atlantic type with dying out of
under-thrusting of the oceanic plate under
the continent, cessation of seismic
activity, filling and uplift of the trench
sediments, and welding of the continental
to the oceanic plate. This was what
happens to the basin r.vhere Tanjero
formation is deposited. This is because the

basin (or northern part (coastai area) of
the basin) was most probably Pacific type
during Lower Cretaceous (Qulqula and
Balambo Formations) but changed to
pacific type during collision of lranian
continent i,vith Arabian one after dying out
of oceanic plate and uplift of Qulqula
formation, which according to Karim
(2003a) [5] was forming sediments of
trench before colliding.

References
[1]-Buday, T. In: Regional Geology of Iraq Stratigraphy, LLM Kassab and S.Z.

Jassim (Eds) D. G. Geol. Surv. Min, Invest. Pub1.1980, l, 445p.

[2]-Buday, T. and Jassim, S.Z. The Regional geology of Iraq: Tectonism Magmatism,
and Metamorphism, I.L Kassab and M.J. Abbas (Eds), 1987 

' 
Baghdad, 445 p.

[3]-Bellen, R. C. Van, Dunnington, H. V., Wetzel, R. and Morton, D. Lexique
Stratigraphique, Interntional. Asie, Iraq,.1959, 3c. 10a, 333 p.

[4]-Karim, K.H. Basin analysis of Tanjero Forrnation in Sulaimaniya area, NE-Iraq.
Unpublished Ph.D. thesis, University of Sulaimani, 2004, 135p.

[4a] Karim , H. K.and Surdashy,A.M..Pleocurrent analysis of Upper Cretaceous Zagros
Foreland basin:A case Study for Tanjero Formation in Sulaimaniya area , NE.
Iraq.Iraqi Journal of Earth Science. 2005, 5(l), 3A-44

[S]Karim, K.H.. A conglomerate bed as a possible lower boundary of Qulqula
Formation, from Chusrta-Said Sadiq area, NE-Iraq. Kurdistan Academician
Journal (KAJ), University of Sulaimani ,2003a,2(l) Part A..

[6]-Jassim, S. Z. and Al-Hassan Petrography and Origin of the Mowat and Peniuin
Igneows Complexes. Jour. Geol. Soc. Iraq. Special Issue on 4th Iraqi Geol. Conf.,
Baghdad,1977.

[7]- Kettaneh, Y. A. and Sadik, A. t. Mineralogy and geochernistry of Shiranish
Formation, Northlraq, Iournal of Geological Society, 1989, 22(1),.

Conclnsions
l-The previously the basin of Tanjero
Formation is considered as trench or
miogeosyncline but in this study
changed to early foreland basin.
2-In contrary to previous studies, all parts
of the formation have given same degree
of tectonics. Moreover, the basin of
formation combined tectonically with that
of underlying Shiranish Formation in a

single basin, which is called initial Zagros
Foreland Basin.
3-In this basin Tanjero Formation is
deposited in near shore area, r,vhile

Shiranish Formation is deposited in the
central part ofthe basin,
4. Most parts of the formation is deposited
by forced regression (sea level fall
enhanced by tectonic uplift.
5. The whole basin was deposited in front
sorithwest advancing of Iranian plate

causing continuous migration of
depocenter,

60



(JZS)Joumal atZankrty Sulaimani, ilce. 2$AS, B(i) parr A

:
[8]- Lawa, F.A., Al-Karadakhi, A. I, and lsmaii, K. M. An interfirryering af the Upper

Cretaceaus rocks in Clatarta-Mat4)ct Rsgion (NE-Iraq). Iraqi Geolo. .Iour.,1998
3 1(2),.

[9]-i\,{inas, H. A. A. Sequence stratigraphic anal,l,sis of the Upper Cretaceous succession
of central and Norhern iraq. unpubl. Ph. D. Thesis, univ" Baghdad. 188p. 19g7

[10]-Marouf, Z.M. D1'natnic Er.olution of the sedimentary Basins in ttie Northern Iraq
and Hydrocarbon Formation, Migration ancl entrapment. Ph. D. Thesis, Llniversity
of Baghdad .213p, 7999.

[10a]-Karim, K, H. and Surciashy, A. M. Paleocurrent analysis of Upper Cretaceous
Zagros Foreland Basin: A case study for Tanjero Formation in Sulaimanyia
area. NE- Iraq ., Iraqi Journal of Earth Science, 2805a,5(l),pp.30-44.

Ii 1]-Bhattachary-a, J. P. anci Willis, B.J, Lo,,vstand fielta in the ];rontier Formation,
Pov'cJer River Basin, lfiorning; Impiications for sequence stratigraphic Models"
.{{PG Bulletin,2001 ,185 (2). Pp.2il-294,.

Ii2]-Bates. R. L., and Jackson. J.A, (ed.). Glossary of Ceology, 2ed, American
Geological Institute,lgS 0, 7 49 p..

[13]rEinsele, G. Sedimeiliary Basin: Evolutic,n, Facies and Sediment Budget.2"d ed,
Springer,Verlage tserlin 7 92p, 20A0.

Ii4]-Mial, A.D" Collisicn related foreland basin in: Tectonics of Sedimentary Basin
(Eds. R.V. Ingersol and C. J. Busl.y) pp 393-424. Black Science, Oxford, 1995.

[l5]-Doyie, P., Bennett, x4.R. and Baxter. A.N. The Key io the Earlh Hisrory: An
introductiotr to Stratigraphy, 2nd edition, John Wiley and Sons. I'lew York. 293p.
2001.

[16]-Abdel-Kireem, M. R. Planktonic l-orumin{fera and snarigraphl, af the Torljero
Formction (L'{aastrichtiun), l{E- {raq. Micropaleontology, 1986b, 32 {3}, pp.2l5-
231..

[17]-Costa, E., and Yenderville, B. Diaperism in convergent settings triggered by
hinterland inch-out of viscons development: A hypothesis from Modeling.In: Koy
and iVlanckteloi,v (editors).Tectonic Modeling . A volume in honor of Hans
Ramberg, AAPG Memoir i93, 276p. 2001.

[18]- Haq, B. U, Sequefice str*tig{aphy, seo level change rtrrd signiJicancefar deep sea.
Special. Publs. int. Ass. Sedimenr, 1991, ]2. pp.l2-j9.

[19]-Posamentier, H.\1.,'., Allen, G.F., James, D, P. and Tesson, M. Forced regr.ession in
sequence strZfigrapkic fratnev,ork; concept,s, examples, antl exploratiott
sigrciJicance. AAPG Bulletin, 1992,79 (l) pp" 168'/-17A9.

[20]-Ainsworth, R, B. and Crolviey, S.F. t\ave-domin*ted near slrare sedimentatian
and "forced" regression: post ctbandoned Jacie,r, Great Limestone cyclothem,
Stainmore, UK. Jour" of Geological Society, London, 1994 ,tSI (5), pp.68l-695..

[21]-Dickinson, W.R.Plate Tectonic Model of (ieos,vnclines. Earth Science Letters,
1971, vol. 2A, pp.165-174..

{ZZf-iaza, l, LI. Sedimentary facies analysis of the Tanjero Clastic Formation in
Sulaimaniya clistrict, northeast lraq. Linpubl. MSc thesis, salahaddin
Universitv, 1 21p. 1992.

[23]-Nunran, N. M. S. I plate feclonic scenario far ihe Phanerozoic succession in
iraq.Iraqi Geologicai Journal, 1997, 30(2), pp.85-110,.

61


