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ABSTRACT

The previous studies documented the tectonics set
petrology, and geochemistry of the Penjween area (with Sh
Valley) before 70 years and considered it as an area of igr
rocks, and tectonically composed of three thrust she
According to thes studies, the area includes two main igne
rock units: The Penjween Ophiolite Complex comprised
gabbro, peridotite, and granitoid intrusions at the south.
second unit is Kata Rash Volcanic rocks (Kata R
conglomerate of the present study) whete located in the
north and northeast and comprised of mafic, intermediate
felsic volcanic rocks. The present study disagrees with
previous documentation of these rocks and changed the cle
Kata Rash Volcanic Rocks and Penjween Ophiolite
metamorphosed conglomerates and coarse sandstones
proximal facies that belong to metamorphosed sediment
Walash Formation (or Group) that was deposited in a [
Paleocene Foreland Basin. The Walash Group and Kc
Formation (as unmetamorphosedarse and fine sandstones
greywackes) were deposited as deep basin distal facies i
basin while Kata Rash Conglomerate belongs to coastal fe
All the above five units are deposited by turbidity curre
during Paleocen&ocene and they corretat, in the presen
study, stratigraphically along the basin paleodip from

present location of the Shalair valley to the south
Sulaymaniyah City. The Naopurdan Formation is recognize!
the first time in the Penjween area and its facies and foifenar
are documented and correlated with Sinjar Formation.

above siliciclastic sediments were derived from volcanic sol
areas inside Iran and depending on the field, lab, and evaluz
of the previous studies, the present study drew sedime|
stratigraphic columns and cressctions for the Penjween ar
Sulaimanyiah areas and correlated their units along 10C
across the latter two areas. The correlation linked the Ka
Formation with stratigraphic units of the Penjween area for
first-time supposing deposition during Paleocdtfwene anc
sharing the same foreland basin which is aided by the first re
of the occurrence of the Kolosh Formation in Chwarta
nannofossils and petrography.

122


https://doi.org/10.25130/tjps.v28i6.1598
http://tjps.tu.edu.iq/index.php/j
http://creativecommons.org/licenses/by/4.0/

Tikrit Journal of Pure Science (2023) 28 (6): 122-145 I J I : ;

Doi: https://doi.org/10.25130/tjps.v28i6.1598
GYSdz xDZ hull ¢ " DZh1#%¥DZ1° . T *xDZF~NIiF
Gafaa-1 uF1 (FelHeHabufzH By F DPz . iEfAATTaIEW

& ~ 0.4a9B¥k WHT GCWFe uF-
Ua-GA de i - WiZE- 114455, all &0 shyfsDF W

[
O Fruwsinre -, Ié

.. ¥- 14
es@amﬁnﬁ(‘/aﬁu (oy4a._ | ppFm N. ) eTHT33 wudlrae _ FYrywbHY
¢ W g P HORA Sty ol T HEErgl b AE BpEaMIQTM. W TERGY R HEB biXes pickiyiHEdy UDREDHD D
grv ABCB) wy XF BPOJ3IKF €Fp FbFb pHP_ _  _ _ b Cck uypkpyTHF WG ®H!

XYsh b .wyl_,_ BPHOF m wy__  LIBfj OF ™ wWwT CKFUYIKET @Q¥BF PBp B
wyfdgYm wWOH] 3B YfrY ABCB nNHOw c¢3IT7TbHYTMF eTHT33 CU/IBM Wy
4> HObh c AHpH K& dBbmwW YO b Fem T H blg O wWlOHj 9B 4. BFMp ws3c P cr

YeTpFBP AHI 9FM wr K xMmF wEHritasmay, _ MObt 98 ¢y O, Ty A KO§

WpHbMmr IOF Er PIOF 9YFCcHIOF WNyrt . 2cf.. FOF wUbmdp ®T (cE€F|

NACMK He cTRBN wWPRYAPER TertkElisGycyhmE c3y_ . PHY IOF J1OF O_._ Rh/JNOF bbid W
eTHtT33 wudrsse c¢cT WOB bmMuy AFpPpOIMFX eTHblb MAKOFPDPHRLELIOKFG b
€ CXF bBO? pC. e eB wyvYysg. Pevy_ FyA FOF Y4y 3H_. BOKF umMi
/[ v7bHA ndAK FnbFCcwm Ul 3Jpm Wy XFryda [FOF M eTHT33F pwyUIAFrsia
eTHTRIrI0 W U3THOF YFCcHIOFM €HKHD eTHblh ey3 wUBTKOF Ul 3p
e T Hblbh dyt_ F3OF HK OF 333_ HhxB yF by IOE RAQFH OfF BhJIMOF. b3IG X
PHPHIOF wWyKHX ™M WTHXF3KWF OyTfFcuyukF

1. Introduction
The Penjween area, including Shalaally, is a part of northeast Iraq in the Kurdistan Region and it has a
shape of a crocodile head that elongates toward the northeast inside Iran for about 40 km (Fig.1). Tectonically, it
is the outer part of the Sanadijrjan Zone (SSZ) and it was undetense geological studies since the fifties of
the past century. The earlier studies such as Mc Carthy (195@n[$ite Investigations Co. TD., 1960[2], are
concerned with Iron ore exploration in the area. These two studies found small lenticulareisyutheast of
Penjween town inside tl@aimedPenjween Ophiolite Complex.

The previous studies focused on the tectonic, geochemistry, and petrology of the ophiolite and volcanic rocks.
Thus, Owesis (1984) [3] drew the first tectonic model of the Penjween area consisting of three thrust sheets
(Fig.2a). While AlQayim et al. (R12) [4], specified the four thrust sheets, namely ophiolite, serpentinite, Walash,
and Qulqula sheets (Fig.2b). Later Ali et al. (2014) [5], added AvreBemuton sheets to the area (Fig.2c).

According to the aforementioned authors, the Main Zagros Thiaudt is passing directly at the southwestern
boundary of the Penjween area on which the ophiolite and radiolarite are obducted on the northeastern Passive
Margin of the Arabian Plate. They added that the area is a part of the Zagros Suture Zone aloogiiniental

parts of the Iranian and Arabian plates collided in addition to thrusting, deformation, metamorphism, and igneous
intrusion. The timing of the colliding is controversial since it occurred during Late Cretaceous (Berberian and
King, 1981[6],Mohajjel, and Fergusson, 2000) [7], Eocene (Numan, 1997[8], and 2001) [9], late Eocene (Lawa
et al.,2013) [10], Oligocene (Koop and Stoneley, 1982) [11], and Early Miocene (Sherkati, and Letouzey, 2004)
[12], middle Miocene (Ali et al., 2017[13] and 201@¥]. The same controversy is true for the obduction of
ophiolite and radiolarite on
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Figurel:a) A location map shows the northern Iraqg tectonic zones (Jassim and Goff, 200®) [@&hlogical
map of the Penjween area (modified from Ma, ala, 2008fid, Karo, 2015) [19], on which the previous igneous
rocks are changed to sedimentary ones.

Arabian Platform Margin. It occurred in Aptia@enomanian (Numan, 2001) [9], Coniaci@ampanian (Al

Qayim et al., 2012, p.151[4]), Campanian and Maastrichtisssifdaand Goff, 2006) [15], Maastrichtian (Ali et

al. (2013, p.122) [16], Turonian (Lawa et al., 2013, p.73[10], and Ali et al., 2019) [14], in Oligocene (Zadeh et al.,
2017) [17]. The aim of the present study is a reconsideration of the previous corsclsibio introduce an
updated revision of thgeology of thePenjween area in terms of petrography, stratigraphy, and tectonics aspects
to simplify the previously suggested complex geology of the area.

2. Materials and Methods

We achieved sedimentgcal observations, measurements and later interpretations in tens of locations on the
outcrops of the both claimed Kata Rash Volcanic Rocks and the Penjween Ophiolite Complex. At each location,
our study recorded clast shape, possible mineralogies,aai#der, sorting, bedmminae thickness, erosional and
depositional structures, bed shape, beds attitudes, and lateral beds extent. When uncertainty arises in a certain bed
or succession, the boundary condition is inspected for hundreds of metttefar changes and fand more

features. We took suitable samples for thin section studies in the Penjwegn ophiolite, Naopurdan, Walash, and
Kolosh Formations. The XRD is used for mineralogical correlation between the two latter formations with each
othe and with claimed ophioliteocks The entire previous studies are reviewed and their field features and
evidence are revisited to see whether contradict the results of our study or not. The nannofossil study is applied
for proving the occurrence of theolosh Formation in the Chwartdawat areas. The geochemical analyses are

not performed due to two factors; the first is the availability of tens of this type of study on ophiolite and volcanic
rocks of Iraq and Iran. The second is the belief of the presghors who think, according to field evidences,

that the rock constituents of the Penjween area consist of metamorphosed mafic or felsic sedimentary rocks. This
belief is based on the commonness of sedimentary structures and textures in which¢last®kolcanic lithic

clasts andrystalloclastsjvere transported from remote source areas inside Iran to the present locations. Therefore,
the geochemistry and zircon agirgyealthe attitudes of the source areas, not the properties of the roclks in th
Penjween area and their depositional time.

The present study principally depended on fieldwork during which achieved the boundary condition and
sedimentary structures inspection of the rocks on the scale of millimeters to several hundreds of kilometers.
Frankly, the present study followed the reseemodeling for developing the stratigraphy and origin of the rocks
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of the Penjween area by which new models and tectonic settings are established depending on our collected data
without considering previous outputs. However, ghesentstudy benefited &m published documents of the
previous studies for analyzing the claimed Ophiolite and volcanic rocks of Northern Iraq.

3. Results and discussion

3.1. Kata Rash Volcanic Rock Group

According to available data, Buday (1980) [20], and Jassim et al. (198B)][, applied the name
Vol canic Rock Group” to volcanic rocks in the Shalair
(1987[]22]) applied the “Shalair Valley volcanicity”
consists prevalently of volcanic rocks such as andesite, dacites, rhyodacites, rhyolite, and basaltoid rocks in
addition to pyroclastics. They further added that more basic varieties are prevalent at the bottom of the group,
whereas in the middle and aettop more acidic varieties are frequent.
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Figure 2: Previous tectonic settings, considered the Penjween area as several thrust sheets (allochthonous sheets)
of different rocks of Igneous, metamorphic and sediment@rpwesis (1984) [3]b) Al-Qayim et al. (2012) [4],
andc) Ali et al. (2014) [5].

These claimed volcanic rocks are located on the mountains that surround the Shalair valley on its northern and
southern sides. Thagferredto the intrusion of some granodiorites, granites, and guhotite dykes into the

group. The group is named after the Kata Rash Mountain on the northern side of the Valley (Fig.1). Numan (1997)
[8], (Fig.3a), Jasim and Goff (2006[15]), and Abdulzahra et al. (2018) [23] (Fig.3b) attributed these rocks to
volcanic arc developed on the SSZ continental block while Ali et al. (2019) [14], interpreted theRidala
volcanic rocks as an intiteceanic Cretaceous (108 Ma) arc fragment in the Nethys Ocean. Abduzahra et al.,

(2018) [23] found mafic (relatively) graveized enclaves inside the granitoid bodies inside Kata Rash volcanic
rocks, and they are called microgranules enclaves (Fig.4a and b). In Iranian SSZ, a few kilometers to the east of
the Shalair valley, Azizi and Stern (2019[24], their fig. 2) found simaleclaves and attributed them to magma
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mixing. In the southeast part of the latter area, Mahmoudi et al. (2011) [25] found the same type of mafic enclaves,
which they called “angular mafic xenoliths?”.

In contrast to the above ideas, the present studyalifind any indications of volcanic and plutonic igneous rocks

in the valley and on its mountainsides. The claimed mafic and felsic igneous rocks are metamorphosed mafic and
felsic congbmerates and coarse sandstone which include gravels and granglesnepate in addition to badly

sorted pebbly sandstones that are derived from a remote volcanic arc and not related to their present locations.
Although the micregranules in the conglomerate are several centimeters in diameter (thesigadetlasts) hte

previous studies suggested them as miganule enclaves. These gravels have sharp boundaries and are bounded
by sands, and sillize matrix. Whereas any signals of assimilation, magma mixing, or altered boundaries are not
observable around them. THagts are different in lithologies and their long axes are arranged parallel to the layer
boundaries (bedding plane) which indicated deposition by water currents.

Our fieldwork did noftfind volcanic rocks in all areas of the claimed Kata Rash, this ésfanuvolcanic flow,

cones, vent (root), edifices, and caldera. Karim and Abioui (2021) [26] found a similar conglomerate in several
places on Avroman Mountain between Qulqula and Avroman Formations and directly on the conglomerate of the
Tanjero FormationKarim and Ghafur (2021) [27] recorded the same type of conglomerate inside the Walash
Formation (group) 100 m above the Shiranish Formation in the Mawat area (1 km south of the Gabra village).
Many claimed felsic dykes (granitoid or dioritic dykes) azearded by Ali et al. (2017) [28], Abdulzahra and

Hadi (2017) [29], and Abdulzahra, et al. (2019) [23] in and around the Kata Rash group (present conglomerate)
but when inspected in the present study; their presence as a dyke is not proved since thynguamd not
associated with mineralization, contact metamorphism, and digitation into country rocks. Both the claimed
volcanic rocks and dykes occur as lenticular bodies, meters to tens of meters thick which represent channelized
conglomerate and badborted pebbly sandstone that resemble more or less the volcanic cones.

The previous works supposed the occurrence of these claimed volcanic rocks and their felsic dykes as intrusions
and extrusion on the phyllite rocks. However, quartz grains revealedd#uementary origin by manifesting the

clastic (detrital) appearance in the form of roundness and wearing of boundaries and edges during transportation
(Fig.4). Moreover, the occurrences of phyllite grasigkd clasts (enclaves) are not observableampthsent study

or in the previous ones. Therefore, there are no signals for attribution of thesesipadallasts to magma mixing

or xenoliths (enclaves) (Fig.5).

Turonian-Paleocene| Siallasa . —NE @
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Figure 3: Previous tectonic model of Iran and Iraq dutirejate Cretaceous in wtih the Kata Rash and Walash
Groups were assumed as an island ara)dyuman (1997) [8] ant) Abdulzahra et al. (2018) [23] (see Mishao
granite)
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Figure 4: Detrital quartz grain in quartz feldspar, hornblende arenite (or microconglomerate) previous diorite in
Shalair valley (2km southeast of Mishao village)

N RS0

{ ; g gt
Figure 5: Metamorphosed conglomerates (derived from the volcanic arc) as proximal facies obtte Wal
Formation which is considered by Abdulzahra et al. (2018) [23], as mixing of magma with enclaves (a and b),
the conglomerate of the same formation near Darokhan viliagedd) of the present study.

3.2. Penjween Ophiolite Complex
This complex occupies a small part of the Penjween iaréa southern sector and extends from the south of

Penj ween town to its west. Buday (1980) [ 20] -called
Hassan (1977) [30], Buday and Jassim8{@)922] and AMQayi m et al . (2012) [4] named
Complex”. According to these authors, it is compri sed
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Inside this complex, Abdulla (2015) [31], Ismail et al. (2020) [32], Motiammad et al. (2020) [33] studied many
granitoid dykes, which belong to the Late Cretaceous age.

Our extensive field and laboratory studies do not prove the occurrence of the above rocks and suggest reconsidering
the presence of ophiolite in the Penjwesra. We concluded the aforementioned rocks are different types of
metamorphosed volcaniclastic sandstones (greywackes and arenites) such as pyroxene, plagioclase, amphibole,
olivine, and hornblende arenites or wackes. The claimed granitoid dykes anelgteahor bedded deposits of
plagioclase and quartz arenites with subsidiary hornblende and other minerals. These arenites and wackes are
originally turbidite sediments (volcaniclastic or greywackes) that were deposited by turbidity currents and then
metanorphosed during burial in high tectonic stress due to the tectonic loading and metamorphism are very
common in all orogenic belts.

When sedimentologist enters the complex and walks on the hills, mountain peaks, and valleys will identify pretty
quickly the deposition of these rocks by sedimentation in the marine basin. Although all the sediments regionally
metamorphosed, they persevered most of their sedimentary structures and textures such as millions of laminations
and thousands of beds in addition talespread graded bedding, erosional surface, and granular textures (Fig.6).
The most important property of these rocks is planner bedding surface which is undisputable evidence of their
sedimentary origin since the gabbro or peridotite are impossible ¢ddealding surface (Fig.6). However, tectonic
brecciation and pulverization obliterated these structures and textures in several small areas. In rare cases, the
mafic volcanoclastic sandstones (greywackes) are so intensely pulverized and sheared tbahdchmsfo

massive and amalgamated bodies which are previously called serpentinite in which serpentinization and shearing
are observable even on a millimetric scale, especially on the southwestern boundary of the Penjween Ophiolite
Complex (present metanmmirosed greywackes) on the Milakawa Mountain at 1km north of Kani Manga village.

As concerned to the other ophiolites and volcanic rocks outside the Penjween area in northern Iraq, Karim and Al
Bidry (2020) [34], Karim et al. (2020) [35], Karim and Abio@i0g1) [26], and Karim and Ghafur (2021) [27]

studied many of them objectively and amended them to sedimentary successions. In these successions, the latter
studies found ten of evidence confirming their new sedimentary origin. The sedimentary and sagtatscthat
concluded in the latter four studies are applicable to rocks of the Penjween areas too.

Not only the sedimentary structures and textures manifest the depositional nature of the rocks of the claimed
ophiolite but the directions of their compante aid it. In this context, the long directions of most of the claimed
dykes in the Penjween are directed generally toward the south or southwest. This direction is clear for 7 dykes on
the published map of the Penjween area by Ismail et al. (2020XH8&2is true for 3 iron ore bodies on a map of

the latter area by (Karim et al., 2016) [36]. Outside the area, the same direction of the dykes is observable on the
maps of Ismail et al., (2017, p.1075) [37] who studied the Pushtashan Ophiolite at 5¢hkenmésthwest of the
Penjween area. The southwatidected claimed dykes deserve rethinking about their origins, especially Karim

and Abioui (2021) [26], and Karim and Ghafur (2021) [27] proved that the dykes in Avroman and Mawat area are
channelized sediemtary rock. This direction (as southward paleocurrent direction) agrees with a decrease in grain
size caliber from gravel, sarsilt, and t to southwest (Figs.4 and 6).

—

: X B, AR ) ; & o B WIS SR

Figure 6: The whole Penjweddphiolite comprised of bedded sedimentary succession, a) at the 1 km east of
Penjween town at 383715.97' N and 45° 55' 57.11" E, b) at the central part of ophiolite on the Kani Shawkat
Mountain at 35° 35' 04.26" N and 45° 57' 35.10" E. High viscosagmma cannot deposit these layers of sharp
boundaries and high contrast mineralogies in addition of presence of planer bedding surfaces which are direct
evidence of sedimentary rocks.
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3.3 Naopurdan (Shaly) and Walash (Volcanic) Groups (Series)

Bolton, (1%8) [38], defined these two groups in the Thrust Zone of Iraq in the Suture Zone between Arabian and
Iranian Plates and each group has more than 1000m of thickness. Buday (1980) [20], and Jassim and Goff (2006)
[15] discussed in detail the problems of comersy in their distribution, age, lithology, stratigraphy, and their
mutual relations. According to these authors, the Naopurdan Group consists of fossiliferous limestone, clastic
sedimentary rocks (shale, greywackes, and conglomerate) with a minopgkialeanic rocks. On the contrary,

the Walash Group is mainly composed of basic and intermediate volcanic rock (both volcanic flow and
pyroclastics) with interbedded flysdike sediments (shale, red mudstones, cherty siltstones, sandstones, and
conglomeates). Ali, et al. (2013) [16] and Aswad et al. (2014) [39] accepted the two groups erdackl arc

rocks that developed inside the new Tethys Ocean far from their present location and their plagioclase aging
indicated Eocen®ligocene age for the twgroups. Jones et al. (2020) [40] referred to the two groups as the
WalashNaopurdan volcanic arc that occurred between the deposition of the Tanjero Formation and the upper Red
Beds during the closure of the N&ethys Ocean in the Miocene.

The field worls of the present study for more than 20 years in entire northern Irag have concluded two facts; the
first is the two groups are originally one sedimentary succession of two formations not two groups which were
deposited in one basin and nearly during Hreesage. The previous separation into two groups was due to intense
tectonic deformations in the suture Zone between the Iranian and Arabian plates by which the succession locally
fragmented into several parts that separated and dislocated from eachlodlserprocesses have repeated some
intervals several times by which the true thickness is highly exaggerated and their stratigraphy distorted. The low
grade metamorphism of the succession with the aid of the later erosion of some of their parts exdcerktatdy

of its origin in the past. In the Mawat and Bulfat areas, Karim (2021) [22], Karim aB@lAl (2020) [23], Karim

and Ghafur, (2021) [24] changed the two groups to two formations in their cross sections, stratigraphic columns
and geologic mapsf the above two areas.

The second is the absence of volcanic rocks in the two groups either as pyroclastic rocks or as volcanic flow. What
is called volcanic rocks, belong to two types of sedimentary rocks, the first one is badly sorted mafic vdicaniclas
sandstone of wackes types (greywackes) or arenite, while the second type is conglomerates and pebbly sandstone
whose clasts (gravels) and matrixes are derived from remote volcanic arc source area that located inside Iran.
Neither the present study nihie previous ones published photos of channelized or sheeted volcanic flows, cones,
vents, volcanic bombs, and pillows. The previous studies depended on the geochemical and petrological study for
indication of the origin of the rocks in the area. howetlese two methods can not indicate if the rocks are
crystallized in situ or transported from other places as weathering and erosion products especially when
metamorphosed. The previous studies considered the badly sorted and angular mafic gravelseinside t
metamorphosed conglomerates as pyroclastic debris while in the metamorphosed equivalent rocks as enclaves. In
other connection, the badly sorted sandstones with large sizes of crystalloclasts and volcanic lithoclasts (detritus)
may look like the porpyritic texture of the volcanic rocks. When calcite or albite replaces the granules of pebbly
sandstones, they may look like amygdaloidal volcanic rocks. The inspection of the boundary conditions of the
rocks of two groups on the scale of millimeters (unéroscopes) and hundreds of kilometers, clearly reveals
their sedimentary origins.

Moreover, the restoration of the tectonic deformation shows agreement of the deposition of the succession with
the sedimentary model of the turbidite deposition that iscoow in the Gulf of Bengal and the Arabian Sea in

the Makran area. Therefore, the present study changed the two groups into two formations, the first is the
Naoperdan Formation, which is comprised of reef and fore reef fossiliferous limestone of fhdiHdke

Eocene. The second is the Walash Formation, which consists mainly of basic and acidic volcaniclastic sandstones,
shale, and conglomerate of the Paleoedtaly Eocene. It is possible that the two formations may interfinger
locally, therefore thénterbeds of the lithologies of the two formations can be observable in some places.

3.4. Walash and Naopurdan Groups in Penjween area

Buday (1980) [20] mentioned the occurrence of the two groups in the Penjween area and Oweiss (1984) [3]
followed the dea of the latter author and described Walash and Naopurdan Groups and put them at the top of the
thrust sheets of the Penjween area (Fig.2a). Jassim et al. (1983) [21] mentioned the identical aspects of the
volcanesedimentary rocks (Walasttaoperdan Graqus) in the Penjween area and the same rocks in Bulfat and
Mawat areas concerning their lithofacies, geological history, and their stratigraphic position. The same idea is
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configured by the tectonic models of the Penjween area by Ali et al. (2013) [16]aFand that of the Bulfat
area by Aswad et al. (2016) [41] (Fig.7b) and that of Qalander and Hasanbage by Ali et al. (2017) [13] (Fig.7c).
The similarity of the tectonic setting of the Waladtaoperdan Groups (presents Walash and Naoperdan
Formations) ee observable in the three above areas. Although W&lasperdan was previously mentioned in
the Penjween area but it is not defined lithologically, or stratigraphically and did not plot on a map and the previous
studies found only their claimed volcamacks.
Besides the literature approval of the groups, there are three indications for their occurrence in the Penjween area.
The first is the occurrence of two outcrops of Middle Eocene limestone above Walash Formation, the first one is
located directly athe southwestern boundary of the metamorphosed Walash Formation (previous Penjween
Ophiolite Complex), 1.5 km north of Kani Manga village on the soutktern side of the Mila Kawa Mountain
(Figs. 1 and 8). This outcrop consists of fgrain limestone tht belongs to wackestone microfacies and contains
different species of nummulite and alveolina foraminiferas. These fossils are observable on outcrop surfaces and
under microscopes photographed (Figs.9 and 10). The second outcrop is located on the Mitaokiatain on
the paved road between the latter village and Penjween town. This outcrop consists of coarse grain detrital
limestone (packstone microfacies) and it contains, in addition to the nummulite and alveolina, species of
lepidocyclina (Figs.11,12 an13). The limestone of this outcrop is tiiedded and highly deformed and
fragmented inside the greywacke and shale of the Walash Formation. Directly to the northeast of this outcrop, the
greywacke of the latter formation is pulverized and serpentiriiteh was previously ascribed to Ophiolite rocks.
This outcrop is considered Middle Miocene Govanda Formation by Karim et al. (2018) [42] but they admitted that
it contained reworked Eocene nummulites.

The second indication is an outcrop ofmetamophosed volcaniclastic sandstone (greywackes) located 500
m south of the Kani Manga village (Fig. 14). The sandstone is laminated and has different colors, weathering light
brown while fresh color is light green or dark grey. The sandstone consists wiabdgdly sorted plagioclase,
hornblende crystalloclasts, and rare olivine ones while toward the top some limestone and chert grains appear.
This outcrop belongs to Walash Formation but was separated from its metamorphosed northern part (previous
Penjween @hiolite Complex) by a reverse fault that uplifted the complex after its metamorphism.
The third indication is the occurrence of the thick regionally metamorphosed limestone (marble) on the top of the
metamorphosed Penjween volcaniclastic sandstonesdpsa®enjween ophiolite) (Fig. 15). This metamorphosed
limestone (marble) with its underlying metamorphosed greywackes is very analogous to the Naopurdan and
Walash Formations in the Bulfat and Mawat Core Complexes concluded by Karim and Abioui (20263 [26]
Karim and Ghafur (2021) [27]. This type of stratigraphic setting of carbailatielastic pairs with fossitich
limestone that overlies the siliciclastic or volcaniclastic sandstones is common in northern Iraq. These couple
lithologies are such asgkaTanjero, SinjatKolosh, Pila SpiGercus Formations. Therefore, the present study
considers the two formations as a pure sedimentary succession of clastic and carbonate facies deposited in the
Paleocend=ocene foreland basin. Previously, Ali et al. (2@t and 2017) [17] and Aswad et al. (2016) [41] and
(2011, p.815) [43] (put the deposition of the two formations (groups) in thedva@nd Island arc settinffSig.7).
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Figure 7: tectonic models of Penjweea) &nd Bulfat p) andHasanbagQalander area) by Ali et al. (2013)
[16] and Aswad et al. (2016) [41] and Ali et al. (2017) [13] respectively. The similarity of the tectonic setting of
the WalaskNaoperdan Groups (presents Walash and Naoperdan Formations) are obserhalileréetareas.

Figure8: An oUtcrop of 'the Naoperdan Formaﬁon at 15 km north> of the Kani manga village, directly at the
southwestern boundary of the previous Penjween Ophiolite Complex (present Penjween Metamorphic Core
Complex) at 3md 485%° 5B 7@4. N3'a E.
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manga village, directly at the southwestern boundary of the previous Penjween Ophiolite Complex (present
Penjween Metamorphic Core Compl ex) aht)phdtbgtaphgddbonthéd 4. 72"
outcrop that is shown in fig.8d, eandf) a nummulite and alveolinas photographed under a stereomicroscope on
broken surfaces.
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v

FigurelO: Microphotographs of Naoperdan Formation on the Mila Kawa Moun&ilarly-Middle Eocene

Nummulites beaumotl AlveolinaovulunandNummulitegylobulus c)Alveolina frumentiformiandd) Alveolina

elliptica
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Figurell: a) alternation of thin beds of nummulitic limestone and greywacke on the peak of the Mila Kawa
Mountain on the paved road between Kani Manga village and Penjween town at the contact of the Penjween
Ophiolite complex (present Penjween Metramorphic corepbexi.b) an example of Middle Eocene Nummulites

and alveolinas in the thin beds of the Naoperdan Forn

Figurel2: Thin section of different species ofbenthonic foraminiferas (NummautitediscocyclingEarly-Middle
Eocene) of Naoperdan Formation in Penjween area, in Milakawa section under a polarized miapassjiea
granulosa b) Discocyclinadispansa;)Lepidocyclinap.d)Sphaerogypsinae) Smalinasp
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Figure 13: Microphotographs of Naopendgormation on the Mila Kawa Mountain, directly at the southwestern
boundary of the previous Penjween Ophiolite Complex (present Penjween Metamorphic Core Complex) at 35°
36" 12. 48" N anaandbpFarly Svdddle Eb@&Enehdmmulite ,and lepegalina, c) Volcanic

lithic clast surrounded by deformed nummulites, d) deformed and folded shale clast surrounded other limestone
and chert clasts.

ok . y
R Y .

s

Figure 14: There is one locality where the WalBshmation is not metamorphosed in the Penjween area, this
locality is located 500 m south of the Kani Manga village on the right side on the road to the Penjwéen, at 35

34640.80' N and 4555 10.89' E.
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Figurel5:the contact between metamorphosed Walash and Naoperdan Formation in the western boundary of the
Penj ween Town at 35° 37’ 10.92" N and 45° 56’ 07.95"
is sharp, all metamorphosed regionally to the lovegsehist facies
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3.5Relation of the Kolosh Formation with the rocks of the Penjween area

The KoloshFormation is a Paleocene turbidite stratigraphic unit exposed about 50 km southwest of the Penjween
area and has more than 400 m thickness which is comprised mainly of dark grey sandstone and calcareous shale
(Jassim and Goff, 2006) [15]. The Formatiofaimous for its deep marine environment and deposition by turbidity
currents in which Mashaikie and Mohammed (2018) [44] found olivine/ pyrerehesandstone beds in the

Dohuk area. Ali et al. (2019) [45] studied the geochemistry of the shales insiferrtiation and concluded
sourcing from an island arc.

Our field study revealed consisting of the formation in many places of igneous rock detritus such as different types
of crystalloclasts of plagioclase, amphiboles, pyroxenes, olivine, and volcaniddigt® These clasts mainly

occur in the Sirwan Valley, Dokan, and Zarayeen areas in addition to the southwest of Sulaimani city where the
formation consists mainly of plagioclase and hornblende with subsidiary olivine, pyroxene, and iron oxides. The
XRD diffractograms and thin sections of the Kolosh and Walash Formations in addition to ophiolite rocks show
close relation in mineralogical similarity (Fig.16). Not the thin section and XRD results signify close relation but
their grain sizes and thicknessagree with all siliciclastic sedimentological models of the foreland basins and
continental margins. This study found a link between Kolosh (inside High Folded Zone) and Walash Formations
(inside the Thrust Zone). This link is located in the Imbricate Zws Tagaran village at 4km south of Chwarta

town and consists of a dark grey succession of sandstone, pebbly sandstone, and conglomerate with interbed of
shales and these lithologies can be called greywackes. The nannofossils study of shales in taea€avar
indicated the Paleocene age of deposition and proved its relation to the Kolosh Formation lithologically and
paleontologically (Figs.17, 18, and 19). When the distance and depth of the basin are considered, the mineralogical
constituents of the Kokh Formation in the Chawrta and Sulaimanyiah areas are nearly similar to those of the
Kata Rash Conglomerate, greywackes of the Penjween area (both its metamorphose and unmetamorphosed
greywackes). This similarity and linking, enable us to correlate dbk and stratigraphy of the Kata Rash
conglomerate, claimed ophiolite, Walash formation, and Kolosh Formations in a single basin (Figs. 19, 20,21and
22).
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Figure 16: Diffractograms of the minerals (or their secondary derivative) of the Kolosh Formatiensouth of
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Sulaymaniyah city show its igneous source area.
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Figure 17: Several Paleocene nannofossils in the Kolosh Formation (as greywackes) in Chwarta area
a)Ericsonia robustas.no. K1, birasciculithus thomasijs.no. K7,¢) Fsciculithuss.no. K20,d) Sphenolithus,
s.no. K20g)Cyclicargolithus s.n. k20, f)Coccolithuss.n.K20.

Figure 18:a) Kolosh Formation at 6 km south of Chwarta Town about 200 m southwest of Tagaran village, it
consists of about 120 m of sandstone (greywackes), conglomerate and shales of volcersicbdrithe
conglomerate of the formation consists of gravels of volcanic detritus.
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Samples of Kolosh Greywakes (volcanic Greywackes of the Penjween Different samples of the Kata Rash
Formation at the detritus) of Walash Core Complex (Previous Conglomerate (Previous Kata
south of Sulaimani Formation (or group) Penjween Ophiolite Complex Rash volcanics) in Shalair Valley
city -

Unmetamorphosed Meta riosod
Fine grain greywackes carse grain greywackes eamor I°s° -
of the basin of the of shelf and slope ‘;‘;as"::"g':n::;:m‘: es
Zagros Foreland basin of the foreland basin ik Rk el Metamorphosed Cong

of the foreland basin coastal area

Figure 19: Comparison of the rocks of the Paleocene along its pafeotii® km distance from the head of
Shalair valley to the south of Sulaimani city. There is a close correlation between these rocks from mineralogical
and sedimentological aspects.

Figure 20:a) Digital elevation map of the Penjween and Sulaimani area shows the outcrops of Kata Rash
Conglomeratel{ andc), Penjween Greywackes (previous ophioliw), Valash Formation, Kolosh formation in

Chwarta and Sulaimani areasafdf), the white line AB) represents the extent of the basin modeled in the figure
(21).

A Penjween area Chwarta area South of Sulaimani B

.. Outer shelf Kolosh Formation
Source area . Sy ialash Formation " (Gravous pperpart "% P lslors, seniene
(Uplifted old of Tanjero Fm) greywackes)
volcanic detritus 4
inside Iran)
in floor

[ High density turbidites

conglomerate ' "N Debris flow deposits
fise! fall 1 rise | (Previous Volcanic rocks) ' ~To% = s
In Shalair Valley ey

Figure 21: A crossection of PenjweerSouth of Sulamani city during the Paleocene shows the location of Kata
Rash Conglomerate (as coastal facies), metamorphosed Walash Formatiofa¢stspekolosh Formation (deep
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turbidite facies in a foreland basin) in Penjween, Chwarta, and Sulaimani areas respectively (see the line AB and

X1Xzin the figs. 21 and 22a).
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Figure 22: Correlation of Kata Rash Volcanic Rocks (present Kata Rash Conglomerate), Walash and Kolosh

Formations in addition to their relations to the CampaMaastrichtian unconformity. a)

traverse of the

correlation along the linesxX4 on the tectonic mapf Jassim and Goff (2006, b, c, d) are correlated sections
of the Darokhan, Kani Shawqat mountain, Tagaran, and south Sulaimani city sections.

3.6. The first arrival of volcanic detrital and crystalloclasts to northern Iraq

The extensive exposes of the rocks of the CampaniBaleocene basin depocenter are available in the High
Folded Zone in the Sulaymaniyah, Erbil, and Duhok Governorates (Fig.1a). In this depocenter, stratigraphic units
such as Shiranish (Campanian), Tanjero (Maastrichtian) Kalosh (Paleocene) Formations were deposited and
are now well exposed. Jassim and Goff (2006) [15], Karim and Sur{280%) [46] concluded the development
of the foreland basin after the uplift of ophiolite and radiolarites during Campanian. Accir ttegatter articles,
the radiolarites were first uplifted then followed by ophiolitéis uplift generated the first terrestrial land as a
nucleus of the present Zagros collisional belt and its erosion resulted in the deposition of tiedatfermations
in the foreland basin. In Northern Iraq, the siliciclastic depocenter of the Zagros Foreland Basin encloses much
information concerning the tectonic and lithology of source areas during the Late Cretaceous and Tertiary. In the
succession fothe depocenter, there is a record of the first main influx of volcanic detritus (previous ophiolite
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derived sediments) in the early Paleocene. The volcanic clasts include fine and coarse sands and conglomerates
which are exposed at several localitieshsas near the Dokan Dam site, Sirwan valley, and Chwarta areas at 35°
56 09.80" N and 44° 56’ 18.26" E, 35° 07’ 26.67" N =&
E respectively (Figs.21 and 22). The detritus and crystalloclasts, eittsandstones or conglomerates were
transported, from source areas to the deeper part of the foreland basin and mixed with hemipelagicHossils
sediments by debris flow during catastrophic events such as tsunamis, hurricanes, and large earthquakes. The
hemipelagic sediments allow a thorough investigation of the age of the associated volcanic clastic detritus by
fossils such as nannofossils and planktonic foraminiferas. Therefore, the stratigraphic horizon of the first arrival
of the volcanic detritus isged Paleocene by planktonic foraminifera and nannofossils biozonation inside
hemipelagic sediments that host volcanic detritus by Sharbazheri et al. (2011) [47], Al Nuaimy et al. (2020) [48]
and Kharajiany et al. (2020a [49] and b [50]). However, theMiastrichtian age is not excluded since there are

some greywackes inside the upper part of AgrhéiMawat and Chwarta areas. Previously Homke et al. (2009)

[51] recorded this influx inside the Amiran Formation (Iragi Kolosh Formation) of northeast@rand called it
Ophiolitic turbidite. In Iraq, this influx is not only related to High Folded Zone but to the imbricate and Thrust
Zone which coincide with the slope and shelf (Bulfat, Chwarta, and Mawat areas) of the Maastrichtian and
Paleocene Forelargasin. In these latter areas, the metamorphosed volcanic detritus (greywackes) was previously
considered ophiolites and volcanic rocks. The previous studies aged the fresh or metamorphosed greywackes
(previous ophiolite) by the zircon method and obtaidiéérent ages of the Late Cretaceous. Karim and Abioui,
(2020) [26]; Karim and ABidry (2020) [34]; Karim and Ghafur (2021) [27] studied the internal and external
(boundary conditions) properties of the claimed ophiolites and volcanic rocks of ndriteamd concluded that

they are metamorphosed greywackes. They argued the zircon aging of these rocks and inferred that all the
previously studied zircons are detrital crystalloclasts of sediments. They considered these zircons as the product
of long-distance transportation and reworked them several times, so they yield older age of crystallization not the
age of the sedimentary depositions. Therefore, the age, mineralogy and basin of Kata Rash conglomerate (previous
volcanic rock), greywacke (ophiolité)yalash formation and Kolosh are all the same.

3.7. Changing the geological map of the Penjween area

The Penjween area has the most complex setting and deformed rocks in the whole of Irag due to its occurrence
inside the Sananddirjan Zone (Crushed Zenof Wells, 1969) [52]. It elongates about 35 km inside this zone

and inside Iranian territory. Therefore, unlocking the origin of its metamorphosed rocks is a difficult task,
especially within a few meters several types of rocks are observable as ratiatteof layers of different colors

and mineralogies. Albeit of the metamorphism, in most places, the sedimentary layers, structures, and textures are
preserved. However, in some localities, the layers are so intensely deformed and pulverized thabthey be
massive and homogenous, therefore, their origins are obscure when they are studied without attention to boundary
condition consideration. Yet, when their study is connected to boundary conditions their origins are disclosed. This
disclosure is due tdhe lateral gradation of pulverized bodies to undeformed layered succession and the
sedeformations are observable at the boundary of the Penjween Core Complex (previous ophiolite Complex) where
the greywacke sheared and hydrated to the different mindrésroblende, serpentine, chlorites. Therefore,
drawing a map to satisfy all observed petrologies and mineralogies in the field is impossible. Therefore, the present
study is modified the map published pr.8heipreserg sty by Ma’
changed all the previous igneous rocks to metamorphosed sedimentary rocks of either greywaehkefielsic
arenites, or conglomerates (Fig.1b). These rocks are associated with interbed shales and marls which are
metamorphosed into shred slate or phyllite and in some places, the metamorphosed marls resemble volcanic ash.
Naoperdan Formation, as a fossiliferous limestone succession, is recorded and plotted on the map for the first time.
In addition to the geological map, a geologioss section (Fig. 23), and a depositional model (Fig.24) are drawn

for the Penjween area to stress the sedimentary origin of the rocks of the Penjween area without.exception
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Conglomerate & location on the crossection.

._Old greywacke source area(Volcanic detritus, previoualy deposited and then
o uplifted during Paleocene)

Limestone and radiolarite
Source area Early Zagros Foreland Basin

Kata Rash Coglomerate (Previous Kata Rash
Volcanic Rocks)

Naopedan FM Walash Fm

Iraq

Tanje ro p

Campanian- TUrb
Maastrchtian iol; » .
unconformity d’tes) Shiranish Fm

Kometan Fm (Pelagite) (Hemipelagite)

Figure 24: paleogeographic and tectonic model during Palec&amly Eocene shows the deposition of the Kata
Rash conglomerate, Walash, and Kolosh Formations.
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Conclusions

The study discussed the stratigraphy of the Penjwesm (including Shalair valley) and gives new consideration

to its volcanic, ophiolite, and metamorphic rocks. The results proved, with tens of evidence, that the claimed
igneous and marble are sedimentary succession belonging to Walash and Naoperai@nfand deposited

during Paleocene by turbidity currents. These two formations and Kata Rash Conglomerate are correlated with the
Kolosh and Sinjar Formation in High Folded Zone which was deposited in a single Foreland basin during
PaleoceneEocene. Th Kolosh Formation is found for the first time in the Chwarta area and extensive field and
lab work failed to find direct evidence of the previously claimed igneous rocks, they are sedimentary rocks derived
from uplifted volcaniclastic sediments (previoudeposited) inside Iran during the Jurassic and Cretaceous. Later
reworked and deposited in the Penjween, Mawat, and Bulfat areas during PalEocene.
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