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Abstract

Lithostratigraphic analysis of the Gercus Formati@veals four associations based on lithofacieegyp
petrography and sedimentary structures. The idedtifithotypes are shale/claystone, sandstone,ooatb,
conglomerate and debrite. Lithofacies associatimeals four types arranged from bottom to top; pfdximal
turbidite (sand dominated), FA2 distal turbidittagcdominated), FA3 slop-apron turbidite (sand doated) and
FA4 distal deep turbidite (clay dominated). Lithaiéss and associated sedimentary structures suggest
sedimentation in marine turbidite regime followée tleep marine turbidites of Tanjero and Koloshr&ions

in Tethyian foreland basin. The Middle-Late EoceBercus Flysch sediments composed of predominant
litharenitic sandstones and interbedded mudstafessirbiditic origin and mostly derived from a NEragbian
Plate margins. The sediments are well exposedeiiNth side of Haibat Sultan Mountain, and provideedient
examples of fan sandsssociated with turbidites and related facies. &kamined section indicates that the
sandstones were deposited in larger channel coeglexhich fed a mud-dominated slope. The more prali
facies have proportion of pebble conglomeratedestiast conglomerates and thick-bedded structssgbebbly
sandstones, deposited by high-density turbidityenis, debris flows and slump. Other facies, eithere distal
or with a more uniform sand-rich are dominatedHigk-bedded and amalgamated structureless sandstbhe
massive sands are thought to originate from thduglaaggradations of sediment beneath or nearysfeams.

In this paper, new sedimentological and lithofa@e&lences prove for the first time that the Geréasmation
was deposited in gravity-flow regime in marine eomiment. The identified sedimentary structures ldisp
alternative graded and fining upward cycles, load #lute casts, submarine channels, sand and eliy &nd
pillow structures, convolute and slump beddingstusbidity origin, which is supported by index gtauite
mineral in some sandstone horizons.

Keywords. Turbidites, Sedimentary structures, Gravity flésysch, Gercus, Eocene, NE Iraqg.

1. Introduction

The Gercus Formation was firstly described by Maixot936 in the Gercus region of SE Turkey (Beltral
1959). A supplementary type section for Iraq wascdbed by Wetzel from Duhok area of N Iraq (orain
referred to as Duhok Red Beds). It comprises 85 red and purple shales, mudstones, sandy artyg grérls,
pebbly sandstones and conglomerates. It consistyavfin clastics and limestones in the Demir Dagéaar
(Ditmar and the Iragi-Soviet Team 1971). The folibratis cropping out in the High Folded zones of the
Unstable Shelf. In N Iraq, the formation is oveufiralong the N Thrust Zone; the original deposaidimit lay
further to the north (Figure 1) (Jassim & Goff 2D06he thickness of the formation decreases towtrelSE;
near the Iranian border along the Sirwan (Diyal@jeR it is usually less than 100 m thick. The Grrc
Formation is present in Taq Taq (66 m thick) andndeDagh wells (117 m thick) (Jassim & Goff 2008).
consists of more than 200 m thick of red claystasith subordinate sandstone horizons. These sedavarst
believed to represent a fluvio-deltaic facies of tiddle-Late Eocene cycle of NE Iraq (Al-Rawi 1984-
Qayimet al 1994; Ameen 1998). The formation was depositeal lielatively broad trough (foredeep) along the
NE margin of the Middle Eocene basin, representatimolasse sequence derived from uplifted aretseimN
and NE (Jassim & Goff 2006). The formation wasedads Middle Eocene age after Belktnal (1959) and
Ditmar and the Iragi-Soviet Team (1971), in whiokdils are very rare and probably mostly reworkKedgim &
Goff 2006; Agrawiet al. 2010). Al-Ameriet al (2004) was dated the Gercus Formation as Lateet @ocene
using palynological data. The lower contact is v@8thjar Formation (in Derbandikhan area), and Witlurmala
Formation (in Dohuk area) was unconformable (Jasgial 1975). While Belleret al. (1959) was recognized
an unconformity between the Kolosh and Gercus Fooma In the subsurface of NE Iraq. It is confobiya
overlain by Miocene Pila Spi Formation, which i®ypusly marked by unconformity (Jassim & Goff 2D06
This paper aims to make a new lithostratigraphipeats based on detailed field study of lithofaciesl
sedimentary structures support with petrograptgetine a new stratigraphic concepts and depositimoael.
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2. Field wor ks and methodology

For lithostratigraphic study, clear out croppedtisecin Chenarook area lies at NE limb of JaballddiaSultan
locality was chosen . The section, lying alongrten trough axis of the Paleogene Tethyian forelaasin, are
exposed in Erbil district in NE Irag. Examinationgre carried out for the study on lithology, petagghy,
lithofacies, the stratigraphic sequences and assutsedimentary structures. Photographic docuniemtaias
enforced for the whole stratigraphic section, ftrdlogies, sedimentary structures and the diffefiémofacies
types. Thirty three (33) rock samples were colieédtem the studied section and 33 thin-sectionsvpeepared
according to the procedure explained in Tucker 8980 define the specific mineralogy and lithology
microphotographs were picking up for different madegical constituents.

3. Stratigraphy and sedimentology of the studied section

The studied section lies above Chenarook villageNE side of Haibat Sultan Mountain of the Gercus
Formation were sampled and discussed, which iatsitu5 km NE of Koisanjak town, Erbil district (kig 1).
The lower and upper boundaries were identified raslaiional with underlying Kolosh and overlying&@Bpi
formations, which reject the previous idea. Thedowoundary is separated by well marked 20 m ssbees
pebbly sandstones and marls, which grades upwarditstone and shale beds, in fining upwards cyahgth
gradual color change from olive green beds belanwgrey, yellowish grades to brownish beds aboves Th
criteria was observed by Bellenal (1959), who referred to gradational contact betw#he Kolosh and Gercus
Formations. No basal conglomerate was observed.upper boundary was reported at the base of Pila Sp
Formation and marked by slump deformed carbonabeisiiow bed, composed of various sizes of carb®na
pieces support with marly materials, which is laligrgrades to marl rich in mud clasts of undenybeds, and
later to marl. It is grading upwards to Pila Spidistones. The previous workers referred to conglatmén the
upper contact, which was not found in Chenarootkhis study. The thickness of the Gercus Formatiothe
studied section was determined to reaches abouti2@gure 2).
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Figure. 1 General geological map of Iraq and the geological map of the studied area in Haibat Sultan
Mountain, NE of Koisanjak city, NE Iraq. Arrows refer to the studied section (after Sissakian

2000).
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3.1 Lithology and cyclothems

The stratigraphic log of the Gercus Formation isvahin (Figure 2, 3). It is composed basically afstic rock
units of sandstone, siltstone, shale and claystywothems, arranged in fining upwards cycles. Lékes
conglomerate beds were identified in the base pfesturbidity cycles. The clastic cyclothems areiibedded
with subordinate thick and thin carbonate beds gftane and marl) in a mixed siliciclastic-carbonate
successions. Cyclothems of Gercus Formation dsnefsabout 60% shales, claystones and siltsta2@%
sandstones, 10% limestone, 5% marl, and 5% ddbrisand conglomerate beds. The shales are grajati,b
claystones and siltstones are of grey and reddisdr.cThe beds range in thickness form 0.2 to 15Tmio
distinctive irregular black shale beds were idémdifin the upper part of the formation, and attdirg&to 0.5 m
thick. The idea of turbidites in Gercus Formatiansupporting with associated sedimentary structoifes
turbidity origin. The very fine-argillaceous rockissplay sand and clay balls and pillows and sluredding
structures, load and flute casts, as well as catealleformation. The sandstone beds are 1 to hegs2 m
thick, reddish to gray in color, and reveals spetifrbidity sedimentary structures e.g. slumpiefodmed beds,
ball and pillows, slump channel levees, submarinanoels...etc. The marl is of yellowish white, ranges
thickness form 0.5 to 2 m, and identified in thevéo most and upper most parts of the formation. lirhestone
beds are white to dark grey and attains 0.1 to Adhl@ss more in thickness. The debris flow and mngrate
beds attains thicknesses of 1 to 2 m. The conglat®meés lens like, wedging out laterally and recagdiin a
sub-aquatic channel like structure. Four altermatgroups of gray and red rock units were identjfied
representing mixed siliciclastic-carbonate sucoess(Figure 3).

3.2 Sedimentary structures

Varieties of sedimentary structures of characteristrbidity and gravity flow regime origin wereadtified in
the Gercus Formation, these are; graded beddingss stratifications, slump-convolute deformed ahanp-
disturb beds, load and flute casts, clay and saiid &nd pillows, subaquatic channels, longitudigble marks
and burrows. These structures were classified asdribed according to Selley (1976), Reineck & BifP80)
Collinson & Thompson (1982), Stow (2012) and WallkerJames (1998). Graded beddings are the most
common structure represents characteristic straaifithe turbidity Bouma cycle (Figure 4a). All siiNdsions

of the turbidity cycle (Ta, Th, Tc, Td, Te) wereepent in part of the sequence, and in the othdrspane of
these subdivisions (Tc, Td and Te) were identifiedbris flow and conglomerates are recognized énldlver
subdivision of the graded cycles. while the pelddyndstone grades upwards to fine-argillaceougasiksand
thick fissile shale and claystone beds. Plannercaosis stratifications were identified in the swiglon (Tc) of
the cycles, generally associated with normal abdléa cross stratifications (Figure 4b), Slump defed bed
and/or group of beds with slide implying internafarmation of coherently beds to totally disturbsicata
(Walker & James 1998). Thicknesses range from®2 m. The distinct slump facies may have enviramie
significance (Figure 4c,d). Ball and pillow struets of various sizes of sand and clay lithologiesendentified

in random disturbed manner (Figure 4e). The straecivas recognized in the sandstone and in findlacgbus
claystone and shale beds. Submarine channels dengified in the successive sandstone beds corifigh
energy gravity flow and turbidity currents and ralgesubmarine outwash fans (Figure 4f). Small angel size
channels were recognized in the lower and middiesyd the formation, and are commonly associatid the
graded beddings, debris flows, ball and pillowgleshnd slump disturbed structures. Load and gudsts, the
erosional characteristic structures of the turliditrrent (Figure 4g\ere identified at the upper surface of the
fine-argillaceous shale and claystone beds. Flatesheel-shaped hollows, scoured into mud bottdripple
marks were identified in the upper surface of lwedstone horizons and mostly of longitudinal tyipigre 4h).
The wavy type is of small scale. Biogenic strucsuege varieties of burrows and animals activitythe
sandstones horizons and identified in the surfam#act with fine-argillaceous sediment e.g., st and
shales.

3.3 Petrography

According to the classification of Mcbride (1963)daPettijohn (1975) the sandy lithofacies of therdBe
Formation is classified as lithic arenites withatochert fragments of (5-20%) and carbonate lifrdgments
(50-65%). The main cementing material is carbonateish subordinate ferruginous cement (Figure 5).
Noticeable glauconite content was identified imsoof sandstone horizons (Figure 5 b, ¢). The glaie is
less than 1% and was reported here for the firee.tiThe size of the sandy particles can be gegerall
characterized as fine sands. Other lithic fragmdikes metamorphic are rare abundance as well astfjua
feldspars and argillaceous fragments. The mainecorif the heavy mineral fractions are opaque (retign
hematite, illmenite and chromite), zircon, tourmali hornblende and garnet. The limestone beds anelym
composed of micrite, micro-sparite, fossiliferousl@r dolomite (Figure 5d, e). The limestone wikrigenous
elementscontain carbonate bioclasts as shells and foraemifihgments supported with carbonate mud (Figure
5f) (Tucker 1991; Scholl & Scholl 2003). The temius grains do not exceed 10 %, and composedeof ra
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Carbonate debrite bed lies below the contact with Pila Spi Fm. composed of
different size pieces of limestone support with marly materials and grades
laterally to thick marl bed. It overlies with Interbedded marl and fissile

Aala adn

5 m turbidity cycle of dark gray sandstones
and fissile shales each of 0.2-0.3 m thick. Slump
and deformed structures and sand and clay
balls and pillows are the main characteristic
structureswith load and flute casts.

1.5 m massive and gray limestone bed.

2 m massive, gay fine-grained sandstone bed.
0.3 m black, fissile shale bed rich in organic
matter.

5 m turbidity cycles of gray sandstone and
fissile shale bedsrich in sand and clay ball and
pillow structures. Load and flute casts are
present.

0.3 m black fissile shale.

7 m disturbed slumped sandstone bed includes
lots of sand and clay ball and pillow with
convolute structures

5 m successive | nterbedded 0.5 m gray massive
limestone and 0.5 m dark gray fissile shale
beds

0.5 m Dark gray fissile shale bed.
2 m Red sandstone, represents slumped and
collapse channel levee structure.
0.5 m Dark gray fissile shale bed.
2 m Red sandstone, represents slumped and
collapse channel levee structure.
0.5m Dark gray fissile shale bed.

7 m Red silty claystone bed deformed and rich in clay and sand balls
and pillow structures.
s 0.3 m Brownish x-bedded sandstone.

x 0.3 m Brownish pebbly sandstone.

1 m conglomer ate, filled channel structure and displays lens shape.

0.3 m Planner sandstone bed

2.5m Carbonate debris flow bed, whitish gray, massive and hard.
20 m Interbedded distal and proximal turbidity cycle composed of thick sandstone
(1m), pebbly sandstone (2m), marls (2m)and fissile shale (1-2m) beds arranged in

Figure. 2 The stratigraphic log of the Gercus Fm. shows the characteristic lithotypes and the
identified sedimentary structures.
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Pila Spi Formation, composed of bedded limestone rocks.

10 m (Transitional beds) Interbedded thick yellowish marl (1-1.5m thick) and dark gray fissile shale (1-
.15m thick) beds overlie with thick debrite composed of large and small carbonate boulders support with
marly materials. These successon represents the trandtional beds between the Gercus and Pila Spi
Formations (Yellowish & gray color)

FA-4, Distal (deep-shelf) turbidites (clay dominated)(Red color)

55 m Fining upwards and graded turbidity cycles, each cycle composed of 1 m of massive and sometimes
pebbly sandstone, brownish to red color, grades to planner stratified and x-bedded sandstones. The
sandstones grades to thick, red siltstone and claystones bed (5-7 m thick). The successive cycles display
specific turbidity sedimentary structures e.g. sand and clay balls and pillow structures, dumping defor med
beds, flute and load casts.

FA-3, Degp-marine turbidites (sand/shale successions)(Gray to black color)

35 m Fining upwards, graded turbidity cycles, each cycle composed of 0.2-0.3 m of massive gray
sandstone, , grades to 0.2-0.3 m dark gray to black fissile shale beds. The successive cycles display specific
turbidity sedimentary structures represents by sand and clay balls and pillow, sumping deformed beds,
fluteand load casts.

FA-2, Distal turbidites (clay dominated)(Red color)

30 m Fining upwards, graded turbidity cycles; each cycle composed of 1 m of massive and sometimes
pebbly sandstone, brownish to red color, grades to planner stratified and x-bedded sandstones. The
sandstones grades upwar ds to thick, red siltstone and claystones bed (5-10 m thick). The successive cycles
display specific turbidity sedimentary structures e.g. sand and clay balls and pillow, Ssumping defor med
beds, flute and load casts, burrowsand slumped /collapse channel levee structure.

FA-1, Proximal turbidites (sand dominated)(Red and gray color)

65 m Fining upwards, graded turbidity cycles; each one composed of 1 m of massive and sometimes pebbly
sandstone, brownish to red color, grades to planner stratified and x-bedded sandstones. The sandstones
grades upwards to thick, red siltstone and claystones bed (5-7 m thick). The claystone beds are
Interbedded with very thin limestone horizons of 0.1 m thick. The successive cycles display specific
turbidity sedimentary structures e.g. sand and clay balls and pillow, slumping deformed beds, flute and
load casts, and burrows. The sequence reveals successive submarine channel structures filled with
conglomer ates and/or pebbly sandstones.

2.5 m carbonate-debrite limestone bed, drab and thick, composed of different size pieces of limestone
support with carbonate materials.

23 m (Transtional beds) fining upwar ds graded turbidity cycles composed of thick (1m), massive and fine-
grained red sandstone with thick (1m), dark gray fissile shales, Interbedded with yellowish, thick (1-2m)
mar| beds. The sequence reveals specific turbidite structures represented by, sumping deformed beds,
convolute deformed beds, flute and load casts and sand and clay ballsand pillow structures.

Kolosh Formation, turbidites successions of green sand and dark gray shale beds.

Figure 3. The stratigraphic log of the Gercus Fm. showsthe lithostratigraphic unitsin the Gercus Fm.
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Figure 4. the identified varieties of sedimentaiuctures in the Gercus Formation; (a) graded diibi
cycles of 5 to 7 m thick cycle, (b) normal and talbucross-bedded sandstone in 1 m thick
sandstone, (c) slump and slide deformed (convolbegys in 1 m thick beds, (d) disturbed
deformed sliding bed in about 2 m thick bed, (e)dsand clay, ball and pillow structures in
sandstone and shale beds, (f) large submarine ehatrncture in the sandstone beds filled with
disturbed and ball sandstones, (g) load and flaigtscin the upper surface of gray shale, (h)
longitudinal ripple marks in the upper surfaceeddish sandstone bed (pencil=10cm).
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Figure 5. Photomicrographs explain the type of sogkd mineralogical composition of the Gercus nawits, (a)
general composition of the sandstone lithotypeschvbomposed basically of carbonate and chertlithi
fragments supported with carbonate and terrigencerment (CNx40X), (b) glauconite pellet in
sandstone in the lower part (CNx100X), (c) glautegirain in sandstone of the upper part (CNx40X),
(d) dolomitic limestone from the lower part (CNx40X(e) oolitic limestone from the middle part
(CNx40X), (f) fossiliferous limestone from the upgart of the formation (CNx40X).

quartz, metamorphic “green clasts” with sedimentéhpoclasts of carbonates and chert fragments. mae

beds consisting of carbonate, clays and suborditeat@genous fragments e.g. chert, lithic carbomateon
oxides and rare detrital quartz.
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4. Lithostratigraphy

Lithologically, the Gercus Formation consists adiygryellowish brown, pinkish and red, massive, s#osdded,
medium to fine-grained sandstone, sometimes pebbihich is interbedded with thick, fissile and sfiad
siltstone/shale beds and claystone of gray to mdr dFigure 2, 3, 4). Field observations have adee the
presence of five lithofacies types, which are digtished and classified based on the differencesedhin
sediment characteristics such as grain size, cadalimentary structures and changes in lithologioalposition
if any. The boundaries between lithofacies types defined based on such characteristics, howeesr dne
generally transitional. The classification of ther@us sediments, as indicated here, follows thaitefs of
Walker (1984), Reading (1986), Einsele (1992), Wal& Johns (1998), Posamentier & Walker (200)e
identified lithologies and lithofacies types arepeated through the stratigraphic section, these are
shale/claystone, sandstone, carbonate, conglomaratedebris flow. Each of these lithotypes casidedivided
into several characteristic lithofacies types.

4.1 Shale/claystone lithofacies

The shaly lithofacies composed the main constitoétite Gercus Formation, which characterized ligkthand
thin bedding, 0.5 up to several meters in thickri&gure 4a, c, e, f). Concerning grain size, iimixture of
predominant clay with subordinate silt fraction.eTpresent sedimentary structures are horizontahktians,
resulting from the presence of silty lamina. Thergetries are strata like and the upper boundareestarp and
flat and the lower are gradational. Sand and claly structures were reported in this lithofaciedjich are
repeated along the stratigraphic section. Loadflaitel casts were identified in the upper surfacéhefbeds. The
shaly lithofacies was identified as upper subdonsiTe) of turbidity cycle. Several lithofacies &pvere
recognized and discussed below;

4. 1.1 Massive claystone, comprise very thick and massive claystone bedss ted in color and ranges in
thickness from less than 1 meter to more than 10Massive claystone lithofacies represents the (Te)
subdivision of the turbidity cycle€lay and sand ball and pillow structures are tlustncharacteristic feature
with load and flute casts. No fossils was obseiugtis lithofacies.

4.1.2 Interbedded claystone and siltstone, composed of thin and very thick, massive red ctaystbed,
interbedded with thin siltstone horizons. Thickystone beds attain thicknesses ranges between 3Canal
while the siltstone beds range in thickness fromo 80 cm and almost inter mixing with the claystnéhis
lithofacies represents the subdivision (Te) ofttiidity cycle.

4.2 Sandstone lithofacies

The sandy lithofacies mainly include sand and stpnd. The thickness of the sandy beds is usuaiy2L.m.
Frequently, graded beddings in fining upwards tlithicycles were encountered, but subordinatelyssive
beds could be observed, as well as planner and-taosnated beds. The lower boundaries of indiVidheals
are mainly sharp and flat, irregular, with scousile the upper limit is grading into the shalyhbifacies.
Several lithofacies types were recognized in timelgdithofacies;

4.2.1 Fine-grained sandstone, represents (Tc) subdivision of Bouma cycle. Thedstone grains are angular to
subrounded, fine-grained, supported by carbonatefemuginous cement, which classified as lithaeenit is
massive, sometimes stratified, hard and rangehkigkrtess from 0.5 to less than 2 m. These sandstoaee
fining upward grain sizes. In some beds, normal tatdlar cross-stratification, sand and clay, baldl pillow
structures and disturbed slump beds as well asgtate grains were identified. Variations in col®mnoticeable
from light-brown, red and pink to grey color. Naifea was distinguished except some marks of biotiartband
burrows.

4.2.2 Massive sandstone, is almost medium to fine-grained (grains subangttarounded) and supported
mainly by carbonate cement. This lithofacies cosg®i(Tb) subdivision of the turbidity cycle. Feinays
cement shows variable occurrences, in which it eotvated in some beds and decreases in others. The
sandstone is classified as lithic arenite. The seg@ displays irregular shape, almost massive,jrigcany
structures and attains thickness of 2 m or lesenbis yellowish brown, red and grey to greercator and
hardly cemented. No faunal content can be observed.

4.2.3 Pebbly coarse-grained sandstone, represents the basal subdivision (Ta) of the timbidycles and
classified as lithic arenite. It is composed of reeato medium-grained (angular to subrounded), hvisc
supported by carbonate and subordinate ferrugimament. The pebbles are fine, angular to subroynded
composed of carbonate and chert lithologies. Thestdoundaries of the sandstones are sharp, laregnd
displays scours and load casts . It is pale-gragiré&d in color and ranges in thickness from 0.81m The
pebbly sandstones are grading upward to plannercessb-stratified sandstones respectively. Distlirbed
deformational structures can be observed. It ikimgc any faunal content, either some trace fossise
identified in the upper and lower surfaces of thd.b

4.3 Conglomer ate lithofacies

Based on sedimentological criteria, the conglonesré composed of pebbles and cobbles, supportsaitdy
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argillaceous matrix. It is usually 1 to 2 m thickdareveals lens like geometry. Frequently, gradeddings in
fining upwards turbidity cycles were encounterexdd subordinately, massive habit was observed. dherl
boundary of the individual bed is mainly sharp #latl less irregular, while the upper limit is ghagl to pebbly
and/or planner laminated sandstone lithofacies..

4.4 Carbonate lithofacies

Based on sedimentological and petrographical @itéwo carbonate lithofacies were separated;ir(ipstone,
and (i) marl. The limestones display thicknessasge from 0.3 to 1 m of white to dark gray in col®he
internal structures are faint parallel laminationgssive and thin beddings and sometimes revesierigdid
deformation. The limestones with terrigenous mateaire visible in less than 1 m thick beds. Thelmas
identified in the lower and upper most parts of fitrenation, whitish to yellowish in color and attai2 to 2.5 m
thick. Inner structures are massive, sand and lzddlg and pillows but primary faint parallel lamiiwans were
preserved. Several carbonate lithofacies type wiemified in the Gercus Formation, these are;

4.4.1 Massive limestone, is thick, drab, grey to dark grey color. It is stureless and of 0.5 to 1 m thick. Three
types of Microfacies were identified in thin-sectiopetrography of this lithofacies these are; giponate mud-
micrite, (ii) bio-spary-micrite, and (iii) dolomitimicro-sparite (Folk 1974; Tucker 1991; Scholl &8Il 2003).
Sometimes, the micritic groundmass includes forémrirand fossils shells. Patches of carbonate mad w
recrystallized to sparite and micro spary calcltee dolomite Microfacies composed of dolomite rhenaimd
micro-sparite. The massive limestones are interbeddith dark grey to green shales in mixed cartenat
siliciclastic succession.

4.4.2 Thin-bedded limestone, is drab to dark grey, and each bed attains 0.12ar0thick, grouped in a bed not
exceeds 1 m thick. It is almost structureless amdesimes show ripples and faint laminations. interbedded
with thin to thick shale horizons in a mixed carbtmsiliciclastic succession. This lithofacies @gehree types
of microfacies, these are; (i) carbonate mud-macifii) sandy micrite, and (iii) bio-spary- micrif€olk 1974;
Tucker 1992). The sandy micrite composed of tendges clastic grains e.g. lithic carbonate, cheot) oxides
grains, embedded in micrite groundmass. The bioyspécrite composed of predominant foraminifer wiglss
spicules and shell fossils in micritic groundmé&asme of micrite was recrystallized to spary calcite

4.4.3 Marl, is yellowish white to drab in color, and attain®ab2 m thick bed. It was identified in the loweda
upper most parts of the Gercus Formation. In theetopart of the formation, marl was interbeddedhwit
turbidity cycles. While in the upper part, marlybdis flow bed grades laterally to marl, overlieshwgreen
shale, which interbedded with whitish gray limestcand marl beds in the transitional zone to the Bibi
Formation.

4.5 Debrisflow lithofacies

The sedimentological criteria of the debris flondbeeveals accumulation of different size piecesasbonate
lithology (boulders to pebbles), supported with imaarbonate materials. The thickness of debrig fieed is 2
m and was identified in the upper most part offtrenation. It is gradually changed (laterally areftically) to
marls rich in mud clasts and later to marl wereeobesd. The lower boundary are sharp and irregueoraling
to the gravity flow and slumping effect.

5. Lithostratigraphic classification

Lithofacies analysis of the Gercus Formation shoagor effect of turbidity currents on the sedimenmilbjch are
classified according to lithotypes, sedimentarydures and the stratigraphic arrangement of the-linits in
the formation. The identified lithofacies types dangrouped into facies associations, each of wbichprises
certain depositional system and environment. Thessification of lithofacies associations was depend
Reading (1986), Einsele (1992), Mutti (1992) and Ik&ia & James (1998). The lithofaciesssociations
discussed form bottom to top;

5.1 FA-1, Proximal turbidites (sand dominated)

Description

This association reveals group of lithofacies typasinged in fining upward turbidity cycles andtloickness
reaches up to 65 m (Figure 6a). This associatieplalys gray, red, drab and yellowish color. Thesdes are
deposited in proximal margin, which is evident from

(i) Thickness of sandstone and claystone horizbhe sandstone horizons of FA-1 are thick, masdaiat

laminated and sometimes cross laminated. The thgknof the sandstones is about 1 m or more leskg thie

claystone beds range in thickness form 1 to 1.§ijiThe graded bedding cycles are small in thidehand not
exceed 2-3 m. It is composed of thick beds of sammgsand claystone. The thickness of the sandstanabout
1 m, while the claystones are 1-1.5 m in a cydlg, fedimentary structures in FA-1 reveals specifipes of
turbidite origin, these are; subaquatic channeladed beddings, load casts, slump deformationattstres,
balls and pillows...etc. The succession of sandstotk claystone beds are interbedded with thin te tleisk

limestone beds. Limestones are whitish yellow taygrolor and attains 0.1 to less than 1 m thickiclwlare
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interbedded with the graded cycles.

5.2 FA-2, Digtal turbidites (clay dominated)

Description

This association reveals group of lithofacies typeanged in a fining upward turbidity cycles. Ttheckness of
FA-2 reaches up to 30 m (Figure 6b) and of redrcalbile the carbonate horizons are of whitish grady color.
These cycles are deposited in distal margin, wisi@vident from;

(i) Thickness of sandstone and claystone horizéhs. sandstone horizons of the FA-2 are thick, masand
sometimes cross laminated and are less than 1ckn thihile the claystone beds range in thicknessf8rto 10
m. The lower surface of the sandstone horizonregular and erosive. While the upper surface islaanal
and fining upward to siltstone and silty claystditi@logies.

(i) The graded bedding cycles display large thedsiand exceed 4 to 11 m. Each cycle is compostabof
thick bed of sandstone (less than 1 m) and veckttliaystones horizon (more than 3 to 10 m).

(i) Sedimentary structures of FA-2 confirms gredeirbidity cycles associated with types of seditagy
structures of turbidity origin, these are; gradedding, planner and cross stratification, gradedtbeys, load
casts, slump deformational structures...etc. Burr@fisanimals were identified in the boundaries of the
sandstones horizons. Sometimes, the very thiclstdag beds are interbedded with very thin limestmess (5-
10 cm thick). The sandstone and claystone bedsitmedded with thin to less thick limestone befigellow
to gray color and attains 0.1 to less than 1 nkthic

5.3 FA-3, Slope-apron turbidite (sand dominated)

Description

Slope-turbidite facies association is characterizgd lot of slumping and deformed beds. It is sathoiminated
lithofacies characterized by thin bedded slump stnmé successions. The successive beds are maigigen
and gray color with subordinate black shales. Tdrdstones are thick, massive, fine-grained, angreén to
gray in color, which attains about 2 m in thicknés#hile the shale beds are thin, fissile of greeblack color,
and attains 0.2 to 0.5 m thickness. The thicknéssAe3 is about 35 m The beds of lithofacies types are
arranged in fining upward turbidity cycles (Figude, d). The successions reveals turbidity typesedimentary
structures e.g., graded bedding, slump structutead casts, slide deformed beds, disturbed beds. Téke
carbonate horizons are absent.

5.4 FA-4, Digtal (deep) turbidite (clay dominated)

Description

This lithofacies association attains thickness leacup to 55 m (Figure 6e, f). It was started whiftk
disturbed, white carbonate horizon of 1 m in thiesm Only this carbonate horizon was identifiecthis
association. FA-4 composed mainly of deep marinidity cycles, in which the sandstones are veiy (0.1
to 0.5 m thick), while the claystone beds are \higk (5 to 7 m). The whole successions are ofa@dr. The
claystone beds are interbedded with very thin lomszof siltstone and limestone, each of 10 cm iickttess.
FA-4 reveals sedimentary structures of turbidityreat origin e.g. graded bedding, load casts, flasts,
deformed slump beds, disturbed beds...etc.
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Figure 6. Field photographs show lithological featu and lithostratigraphic associations in the Gerc
Formation in Jabal Haibat Sultan Mountain; (a) FAs&nd dominated, proximal turbidites (thickness
about 25 m), (b) FA-2, clay dominated, distal tditas, (thickness about 50 m) (c) FA-3, sand
dominated, slope-prone turbidites, (thickness aB6un) (d) thin-bedded slump and sliding beds in FA
3, which displays successive sandstone beds, fthéskabout 10 m) (e) FA-4, clay dominated, distal-
deep turbidites, (thickness about 45 m) (f) carb®ndebrites in successive marl-shale-debrites
alternatives in F-4 (thickness of succession is about 5

6. Interpretation

The arrangement of Bouma turbidites representetbiyy like pebbly sandstones, fine-grained sandstane
fissile shale/claystone lithofacies in fining upaarcycles, are associated with deformed slump badsother
sedimentary structures of turbidity origin as repdrin all of lithofacies association units in stadied section.
Proximal marine turbidite sediments are preservesvéen the underlying gradational retrogressivéasarof
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the upper Kolosh Formation and the overlying regjsessurface of marine turbidites of the lower FAwiit.
The latter surface is on lapped by proximal tutyigiycles, which were deposited in marine condgionhis
displays subaqueous streams of gravity flows, wiidhe proposed origin for the conglomerates aedoebbly
sandstones lithofacies, and is locally preservedthenoriginal bounding surface or in submarine cleds
(Demarset & Kraft 1987; Nummedal & Swift 1987; Deyx et al 1991; Einsele 1992; Walker & James 1998;
Posamentier, & Walker 2006; Octavenunuo 2006). 3hleaqueous streams originate from annual turbidity
currents according to the most probable tectonenev This interpretation is based on the preseheceugh
cross-stratifications, pebble imbrications, peldflape and the limited lateral extent of the congi@te beds. It
could be interpreted as submarine gravity flowgjiodted by the active turbidity currents (Kurtz &derson
1979; Walker 1984; McCabet al 1984; Reading 1986; Deynoex al 1991; Einsele 1992; Walker & James
1998). Moreover, the Gercus Basin (Paleogene seiniie Tethys Sea) comprises a trough forelanchbaes

in active subduction zone (Jassim & Goff 2006; Aqgrat al 2010). The units FA-1, FA-2, FA-3 and FA-4
successions display analogies with the Bouma titytsgquences as evidenced by:

(i) Repetition of fining upward successions, (iipward succession of pebbly sandstone and massvalled
laminated, rippled sandstones grades to thick shalaystone, (iii) Good lateral extension, (iv)eBence of
sedimentary structures types of turbidity origig.eslump and slide beds, disturbed deformed bedsl and
flute cats, graded beddings, sand and clay batipdlows...etc.

The occurrence of sedimentary gravity flows congri®ntinuation from the underlying Kolosh Formation
might appear quite surprising at first glance. Metbhms by which sedimentary gravity flows are sedbwn
have been discussed and applied to deep sea fagignina great deal of literature (e.g., Bouma 1Bima &
Brouwer 1964; Carter 1975; Middleton & Hampton 19K&irtz & Anderson 1979; Nardiet al 1979; Lowe
1982; McCabeet al 1984; Reading 1986; Einsele 1992; Mutti 1992;Ik&a& James 1998; Posamentier &
Walker 2006). Turbidity cycles have also been rigggbin shallow marine environments (Thompson 1St
1975; Homewood 1983). Mud flows and high to low slgncurrents have been extensively describeddane
papers, either in ancient or modern sequences, wgnsonet al 1977; Rust 1977; Hicockt al 1981;
Gazdzicket al 1982; Domack 1982; Visser 1983a-b; McCabal 1984, Eylest al 1985).

All these resedimentation processes take place vedmarine marginal fans, deltas, and other bulsl-u
become unstable from over steepening and/or sldpesto either rapid sedimentation, increased ovddsu
pressure or load, storm wave agitation or actieetgc. If the mechanisms which caused the coar$a¢ sand
sized sediments of FA-1, FA-2, FA-3 and FA-4 segesnare related to sediment gravity flows, theofeihg
high density current process could be envisagedrdiom to the terminology of Lowe (1982). The setges
range from coarse to gravelly fully turbulent figpebbly sandstone/ division Ta & Th in BOUMA cydle®
more dilute and laminar sandy flow (fine graineddstone and silty argillaceous sandstone/divisior&TTd)
with traction suspension deposition shown by flhinations and occasional rippled cross laminatidie
upper capped shale or claystone bed (division €pjesents the final suspension load of turbiditgrents
(Einsele 1992; Walker & James 1998; Posamentier &Kéf 2006). The crude lamination, which appears in
some gravelly basal horizons may reflect an inéngashear rate and under steadiness of the flowthad
development of depressives pressures (Aalto 1976yelL1982), which remained active in the overlying
laminated sandstones of (Tc/division).

However, as emphasized by Eylet al (1985), realistic interpretations of conglomerggnesis must be
preliminary based on lithofacies relationships aeduence context. The intercalation of a metekttabular
body of conglomerate within undeformed turbidityjsences is representative for a debris flow in Wwitlee
clasts were supported by strength and buoyancsgraf-slay water fluid.

Several authors described shallow water graded-lsadd with a vertical succession of structures tbs¢mble
those of deep water turbidites as related to stdfetts (Kelling & Mullin 1975; Brenchlegt al 1979; Hamblin

& Walker 1979; Walkeret al 1983; Walker 1984). Two phases overlapping inetiare recorded in storm
deposits: (a) An initial phase of transport andad#on which emplaces the sand on the shelf, S@zond phase
during which the sand is reworked by storm wave®iiBhley 1985). Among others (wind-forced curreartd
storm-surge ebb currents), turbidity currents hdeen postulated to be responsible for the initlahge
(Hamblin & Walker 1979; Walkeet al 1983; Walker 1984).

In FA-1, FA-2, FA-3 and FA-3 units, no typical HG8 wave related ripple marks have been found, lbeit t
following characteristics may suggest rejectiontttd storm sequences as defined by Walker et a83(16r
Brenchley (1985):

(i) The presence of the erosional base of appareniknted gutter-casts or even flute and loads¢ds) The
massive and graded aspect of the basal pebblytsaredsnd massive sandstone beds, (iii) The nonoun-
undulatory aspect of the lamination in Tc¢ horizand (iv) The absence of the complex polygonal eppWwhich
may represent small scale HCS as described bydshélu (1983), Brenchley et al. (1986) or Guill@ahé&
Hoffert (1988).
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Otherwise, these are probably mainly generated fayity flow processes as supported by the following
arguments:

(1) The laterally continuous aspect of the sequen¢®) The consistent development of internal divis
conforming more or less to the Bouma sequencesli{8)absence of angular cross-beddings, (4) Thetitiep
aspect of the sequences without fair weather depmercalations.

The facies association units sediment gravity flomsy represent the fore slope deposition of subaéan
fed by turbidity currents streams. The repetitieguences reflect the episodic pulses of dense sediladen
turbidity currents swept down the fan and most phlbprepresent “turbidites”.

The later surface between FA-1 and FA-2 units isapped by thick conglomerate bed of FA-2 unit, athare
interpreted as the start of another main submafame deposits. The size of these conglomerates appea
exceptionally thick in size (1 t0 2 m) when comphte modern (Swifet al 1978; Kurtz & Anderson 1979;
Swift & Field 1981; Stubblefielét al 1984) or ancient models (Boyles & Scott 1982;eRi®84; Shurr 1984).
They have neither been studied and nor reportati@rKoisanjak/Chenarook area. but the proposednoisg
based on:

(i) Their geometry and relationship, (ii) The webrted nature of the sediments, (iii) The lackinéfgrained
deposits (argillaceous silt or clay), (iv) The matwf sedimentary structures associate with théidity
sequences include this bed (planar laminationst faimmocky cross stratification), which are chsegstics of

a shallow water high energy environment.

7. Discussion

The sedimentological and lithostratigraphic analyafi the Gercus sediments and successions (in Haiblsan

location )suggest new stratigraphic aspects, whiemot reported previously, these are;

- The study documents (for the first time) marineimment for the Gercus Formation, which was presip
suggests fluvial environment, probably mixed witbltdic prone in the upper most part. One of most
important evidence is the identifiable glauconitaigs in some sandstone beds (Scholl 1979; Kerb;198
Tucker 1992; Chaftez & Reid 2000; Scholl & SchdlD3; Chaftez 2007; Rekt al 2012).

- The identified limestone (contains marine fauna) amarl beds, which are interbedded with the tutpidi
cycles in the whole successions, refer to marivr@mment and default the fluvial idea.

- The study presents that the Gercus Formation coeapessentially of cyclic repetitions of turbiditp®ma
cycles, identified in all the lithostratigraphicits) e.g. FA-1, FA-2, FA-3 and FA-4. These turbjditycles
considered as strong evidence of marine environment

- The Gercus Formation shows conformable contact thighlower Kolosh (flysch-turbidites) and upperaPil
Spi (carbonate) Formations. This is evident frore tiradation and transition in lithology and color.
Moreover, the cycles of turbidites still continuofrem the underlying Kolosh Formation and in all
stratigraphic units of the Gercus Formation. Thevfmus workers suggest that carbonate debritegnugiper
most part of the Gercus Formation comprises a besafjlomerate between the Gercus and Pila Spi
Formations.

- The successions of the Gercus Formation displagsties of sedimentary structures, interpreted fasref
turbidity and gravity flow origin. It includes, sdrand clay balls and pillows, load and flute cagtsded
beddings, laminar stratifications, slump and sheeds, disturbed deformed beds.

- The carbonate horizons is belonging to the Geraum&tion and not a tongue of the Khurmala Formadisn
reported previously. The carbonate beds composednad, fossiliferous and dolomitic limestones.
Moreover, these limestones are of little thicknassl ranges between 0.1 to less than 1 m. While the
Khurmala tongue was reported as about 15-20 m ihitke adjacent area. Furthermore, the limestaus b
were identified in all lithostratigraphic units tine formation.

- The presence of submarine channels associateddelihite-turbidite beds refer to the deposition hie t
mouth of the channels in submarine fans.

- Farther, north toward to the Turkey-lraqi frontierthe area of Hakkarie, the Eocene develops &rikis of
2000 m or more in sediments interpreted as mafipsch".

- The study was subdivided the Gercus Formation fotar lithostratigraphic units, according to their
lithologies, facies context, color of the rockgliseentary structures and stratigraphic sequences.

The stratigraphic successions and sedimentologitaiacters of the Gercus Formation suggests arestieg

marine environmental indications in the stratigiapbolumn of N Irag. The Cretaceous-Paleocene-E®cen

sequences of Tethys Sea in northern Iraq represmtinuous sedimentation in deep marine to deepelf s

environment under the effect of strong turbidityreats.

In NE lIraq, the proximal (NE) part of the Late Geous foredeep basin was started uplift in Patence

Oligocene time. A NW-SE trending basin, was corgihtio the SW in which up to 2000 m of sediments was

deposited. Continuous uplift of the thrust sheletd had been emplaced in NE Iraq led to progradatfaclastic
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wedges in a foreland basin, where the old Uppeta€esus thrust belt was uplifted and shed clasfi¢éolosh

and Gercus Formations were deposited. As the Néoy3 @rogressively closed, the molasse basin mengtkd
the accretionary prism of the Paleogene subductioie (Jassim & Goff 2006).

This paper suggest two new stratigraphic aspeaissagssed above;

Firstly, the study suggest that the Gercus Formatias deposited in marine environment. This sugtpadtthe
foreland basin was still continuous and closure easied out in a later stage after the depositibiine Gercus,
Pila Spi and most probably Lower Fars Formations.

The second suggest that the Gercus Formation mqeesontinuous sedimentation of the Kolosh Foronaitn

deeper margins but in an oxic/anoxic environmentictv are evident from the presence of alternateck and
dark gray groups of rocks in the formation. Thiggestion needs more detailed studies to definetigin of

the red color in turbidites successions as welthespresence of two black shale horizons in thé daay

successions.

8. Conclusion

The Gercus Formation is cropping out in a narrol dfethe high folded belts, which is distributeiin NE to
NW margins and encountered in several oil welldlilvaq. It is composed of litharenitic sandstoneexf beds,
green, gray and yellow with few black horizons. Thercus successions show cyclic repetitions otuhadity
Bouma cycles and gravity flow sediment. The tutlyidiycles composed of graded pebbly sandstonesngta
and cross stratified sandstones, siltstones arsilefishales/claystone beds. These cycles revedtiear of
sedimentary structures of turbidity current origing. sand and clay balls and pillows, convolutddirgys, flute
and load casts, planner and cross stratificatislnsnp and slide beds, deformed disturbed bedssabdharine
channels.

The relationship between turbidity cycles, sediragntstructures and the Gercus successions confien t
suggestion of marine environment, which supporth tie presence of glauconite mineral grains.

Ten lithofacies types were recognized in the Gefwngnation: Massive claystone, interbedded claystand
siltstone, fine-grained sandstone, massive sanest@ebbly sandstone, massive limestone, thin-bedded
limestone, marl, conglomerate, debrite. These fitties types can be grouped in four distinctive
lithostratigraphic association, from bottom to top;

FA-1, Proximal turbidites (sand dominateBA-2, Distal-shelf turbidites (clay dominated), BASlope-marine
turbidite (sand dominated) and FA-4, Distal (detepidite (clay dominated).

The lower FA-1 represents the proximal turbiditesracterized by thick pebbly sandstone beds filiddt of
submarine channels. This represents the sedimemtafithe gravity flows and turbidity currents inbsnarine
fans, which display graded beddings, ball and w#lo slump, slide and disturbed beds. FA-1, reptssen
continuation of the turbidity cyclic repetitions tife Kolosh and Gercus Formations with gradual damin
between. The above FA-2 represents distal turlsiditelimentation in the basin plane. It is compaxfetthick
beds of fine-grained sandstone and claystone athig fining upwards cycles, which reveals chanastie
structures of turbidity origin e.g. slump disturbeelds, graded beddings, ball and pillow structureg¢c. The
overlying FA-3 represents sedimentation of sand idated rocks of gravity flows in slope prone. It is
characterized by sets of slump beds associatedtyyiths of turbidity structures e.g. ball and pilkwdisturbed
deformed, graded beds...etc.

The last FA-4 confirms sedimentation in deeper mmargvith clay dominated beds. The sequence compoked
fining upwards of thin sandstones and thick claystbeds, which are alternative in repeated tusbicljcles.
The claystones of the upper most cycle is graduaibnged to marly debrite and marl. The marl isrlgirey
with limestone beds of Pila Spi Formation.

The interbedded thin and thick limestone horizorith siliciclastic turbidites in the whole log oféhGercus
Formation is most probably carried out after thd ef each turbidity pulses and confirm mixed sdiastic-
carbonate sediment. This needs more studies td ileta

The previous studies were reported the carborede I the lower part of the Gercus Formation tmgue of
Khurmala Formation of lagoon origin. This idea neatbre specific studies to prove. Thick of 1.5 mdstone
bed is directly overlies disturbed slump and thstlccessive beds rich in sand and clay balls. Thiroi
scientifically convince with the deep marine tuitjidsandstone successions.
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