1. Turkiye Jeoloji Hurultags Bildiri Ozteri

Paleostress Analysis Of Sinjar Anticline, NW Iraq

Salem A. FANOOSH, Mustafa R. AL- UBAIDY

Soil & Water Sciences / Agriculture & Forestry College / Mosul University, Iraq
dr_fanoosh@yahoo.com

ABSTRACT
This study reports the results of a Paleostress analysis from fault data measured in Shiranish, Sinjar, and
Serikagni formations exposed in the north-west of Iraq. Tectonically, the study area lies within a fold zone,
Bolton (1958) or in foothill zone of Buday and Jassim (1987). Stratigrafically, in the Sinjar anticline
Shiranish, Sinjar, Jaddala, Serikagni, Dhiban, Jeribe and Fatha formations crop out.

Research aims to identify the stress state of Sinjar anticline during tectonic stages by determination
eigenvalues and eigenvectors of the strain ellipsoid in the (Shiranish, Sinjar and Serikagni) formations. Thus
the role of lithology is necessary in stress analysis, Shiranish formation (Cretaceous era) consists of marly
limestone with a thickness of about (560) meters. Sinjar formation (Upper Paleocene- Lower Eocene)
contains dolomitic limestone with a thickness of about (200) meters. Serikagni formation (Lower Miocene) is
composed of marly limestone with thin layers of limestone and reaches a thickness of about (365) meters.

During fieldwork the attitude of the beds and fault planes were measured, pitch-angle, as well as type of
faults (normal, reverse, and strike-slip) were also recorded. During the office work, Romsa program for
(Lisle, 1988; it which depends on type of movement along the fault plane) and P and T dihedra method of
Anglier et al. (1977) were employed to find the stress ratio of each group of faults. The studied faults
included fall into 16 groups; eight groups in Serikagni formation, three in Sinjar formation and five in
Shiranish formation. These faults also belong to (hko, hol, okl, hkl) fracture system.

The results of the Paleostress analysis showed that Sinjar anticline has been experienced more than one state
of stress during its geological history. The analyses document that the stress axes responsible for the initial
fracturing are incompatible with that caused movement along these fractures. The results showed also the
dominant horizontal stress is almost perpendicular or oblique to the Sinjar anticline axis, where the
orientation of o, axis varies between 017 ‘and 322°. The mean stress ratio (R.mean) of reverse faults in one
formation is greater than normal types and fall in the constriction field of Lisle graphical diagram, while
strike-slip faults occur in flattening field of the same diagram. It is also noticed that (R.mean) values of the
faults in Sinjar formation are greater than that of the Shiranish and Serikagni formations.

The results show that: (1) the role of the horizontal stresses was greater than the vertical stresses in Sinjar
anticline formation; (2) shear stresses were low and this might be due to secondary and local stresses
derived from the regional stresses; (3) the horizontal stresses that produced the reverse faults were greater
than the vertical stresses responsible for normal faulting and (4) stress ratio in competent rocks of the Sinjar
formation was greater than incompetent rocks of the Serikagni formation. This difference might be due to the
plasticity factor variation among these rocks.

Keywords: Sinjar anticline, Paleostress analysis, strain, NW Iraq
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ABSTRACT
The present research involves geoelectrical study of the Southern Allan’s plain, which lies between
Allan and Atshan anticlines, in the North of Iraq. The field measurements were carried out in sixty three
sounding stations, using collinear & symmetrical Schlumberger array, distributed on four traverses (NE-SW
direction) across the axes of anticlines surrounding the study area. The maximum interval spacing between
both current and potential electrodes has reached 843 and 90 meters consequently.

The final interpretation results were represented with four geoelectrical sections (as shown in the
Jfigure below). Continuous correlation with composite stratigraphic columns of surrounding anticlines was
made and five electrical zones were distinguished reflecting the Soil, Quaternary deposits, upper & lower
members of AlFatha Formation as well as Euphrates Formation.

This study has specified two strike slip faults affected by the Alpine orogeny. One transversal fault
with NE-SW direction is located and clearly affects the true resistivity data and the anticlinal structures
plunges in the east of the currently studying area. In addition a rotational strike slip fault has been specified,
extending E-W parallel to the axes of the anticlines surrounding the area. The second fault is considered as
an important tectonic element in the regional geology of the north of Iraq, this element divides between the
Northern and the Southern blocks of Mosul, which is characterized by the existence of Taurus and Zagros
trends consequently.

Keywords. geophysics, geotechnique, structure and geotectonic.
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Bir bindirme ve kivrim kusagmna bitisik havza i¢in genel anlamda foreland havza terimi
kullanilmaktadir (Dickinson,1974). Bu havzalar, daha sonraki evrimlerini kontrol eden bir ¢ok jeolojik ve
Jeodinamik olaylar olsa bile, esas olarak bitisik dag kusagmin agirhiginin etkisiyle litosferin asagiya dogru
biikiilmesinin bir sonucu olarak olusmuslardir. Bu ¢aligmanin amaci, platform karbonatlar ve ilizerleyen
foreland havza tortular arasindaki yapisal iliskileri belirlemek, stratigrafik, sedimantolojik ve tektonik
verileri arastirilmak ve Ge¢ Kretase siiresince Torid Karbonat Platformu (Parlak and Robertson, 2004)
igerisinde gelismis Bolkar foreland havzasinin evrimini ortaya koymaktir.

Bolkar Daglar glineyinde dort ana tektono-stratigrafik birim ytizeylenmektedir. Bunlar; (1) platform
karbonatlarindan olusan Liyas-Erken Senoniyen yash Cehennemdere Formasyonu, (2) Kampaniyen yash
Kavakhpiar Kiregtagt ve Ust Kampaniyen-Maastrichtiyen yasli Yavca Formasyonu’ndan olusan foreland
havza tortulari, (3) Ge¢ Senomaniyen yash tektonik melanj ve Maastrichtiyen-Paleosen (?) yash
olistostromal melanjdan olusan Findikpinan Karisig, (4) Geg Kretase’de yerlesmis Mersin Ofiyoliti’dir.

Caligma alaninda Liyas-Erken Senoniyen yash Cehennemdere Formasyonu ve Kampaniyen yash
Kavaklipmar Kiregtagt arasindaki dokanagi tortulagsmayla es yashh  bir normal faylanma yiizeyi
olusturmaktadir. Bu faylar Ge¢ Kretase doneminde ofiyolitik kayaglarin Mesozoyik yash platform
karbonatlar1 tizerine itilmeleri sirasinda platformun fleksiirel biikiilmesi ve faylanarak ¢okmesiyle
olusmusglardir. Bu faylar, Ge¢ Kampaniyen kiregtaglan tarafindan ortiilmiislerdir. Caligma alaninda bindirme
dilimlerinin yerlesimi sirasinda gelismis yirtilma faylarnn bulunmaktadir. Ayrica platform karbonatlar
icerisinde ekseni DKD-BGB dogrultusunda uzanan asimetrik bir antiklinal bulunmaktadir. Bu antiklinalin
on timsek olarak adlandirilan havzanin kenarmi smirlayan bir yikselti olduguna inanilmaktadir. Bu
yiikseltinin 6n kenarindaki normal faylar havza tabanmin ¢okmesine neden olmustur. Ust Kretase
birimlerinin Kampaniyen’de ofiyolitik naplarin bindirme ve yerlesimine bagli olarak Mesozoyik platform
karbonatlarinin fleksiirel biikiilmesi ve ¢okmesiyle geligsen bir foreland havzay: temsil ettigi diistiintilmektedir.
Giineye dogru gelisen bindirmeler kuzeyde Nigde-Kirsehir masifi ve giineyde Torid karbonat platformu
arasinda yeralan kii¢iik bir okyanusal havzanin (Ig Torid okyanusu, Goriir ve dig., 1984) kapanimi sonucu
olugmuslardir (Ozer ve dig., 2004). Bu bindirmelerin bazilar1 temel faylarin yeniden aktif hale gegmesinin bir
sonucu olabilirler (i¢ Torid okyanusunun riftlesmis kenarindaki gomiilii normal faylar). Riftlesmis bir kitasal
kenarin kitasal yamaci {izerine ofiyolitik naplarin bindirmesi, kitaoniiniin fleksiirel ¢okmesine ve diisiik
roliyefli bir kenar tiimsegi yiikseltisine neden olur. Kenar tiimseginin okyanusa bakan tarafi fleksiirel
biikiilme etkisiyle diklesmis ve ekstansiyonel faylanma, slump ve kiitle kaymalariyla duraysiz hale gelmistir.
Bu havza igerisinde ilk gelisen ¢okeller platform karbonatlarinin ¢okmesiyle olugsmus normal fayl yiizey
tzerinde gelisen Kampaniyen yash slump yapili pelajik kiregtaglaridir (Kavaklipinar Limestone). Pelajik
kiregtaslar1 Uzerine havza tabaninin fleksiirel ¢okmesine bagli olarak Ge¢ Kampaniyen-Maastrictiyen
doneminde karbonat platformu ve yiikselen ofiyolit naplarindan taginan bresik kiregtaslar, tirbiditik
silisiklastik tortular, kalsitiirbiditler, yamag dokiintiileri ve olistolitler (Yavca Formation) gelmektedir. Bu
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Geg Kretase ¢okelleri pasif bir kitasal kenar {izerine bindirme ve ofiyolit yerlesimiyle iligkili foreland havza
¢okellerini olusturmaktadir.

Ge¢ Kretase doneminde Torid Karbonat Platformunun kuzey kenarinda bir ekay yelpazesi
olusturdugu diistiniilen ofiyolitik bindirmelerin (hinterlanda egimli duplex, Boyer and Elliott, 1982), Erken
Tersiyer boyunca sikigsmalarin devam etmesiyle tabaninda yeralan ofiyolitik melanjla birlikte platformun
lizerinden giineye dogru suriiklenerek forelanda egimli duplex (Boyer and Elliott, 1982) olusturduguna
inanilmaktadir.

Anahtar kelimeler: Bolkar foreland havzasi, tektonik evrim, Torid karbonat platformu.

ABSTRACT

We use the term foreland basin in its general sense as the basin adjacent to a fold-and-thrust belt
(Dickinson,1974). They are formed primarily as a result of the downward flexing of the lithosphere in
response to the weight of the adjacent mountain belt, though many geological and geodynamic processes
combine to control their subsequent evolution. The aim of this research is review the stratigraphical,
sedimentological and tectonic data to establish the structural relationships between the platform carbonates
and the overlying foredeep sediments and to document the evolution of the Bolkar foreland basin which
developed within the Tauride Carbonate Platform (Parlak and Robertson, 2004) during the Late Cretaceous.

In the south of Bolkar Mountains, four main tectono-stratigraphic units are exposed in general
upward structural order, as follows. (1) Platform carbonates (Liassic-Lower Senonian), (2) foreland basin
sediments, Kavaklipinar Limestone (Campanian) and Yavca Formation (Upper Campanian- Maastrichtian),
(3) Findikpinari Mélange (Maastrichtian- Paleocene ?), Late Cenomanian tectonic mélange and
Maastrichtian-Palaeocene (?) olistostromal mélange, (4) Mersin Ophiolite (Late Cretaceous).

In the research area, the contact situated between Liassic- Early Senonian Cehennemdere
Formation and the Campanian Kavaklipinar Limestone is mostly caused by syn-sedimentary normal fault.
These faults were formed by the drowning and flexural bending of the platform in the Late Cretaceous when
ophiolitic rocks emplaced on Mesozoic platform carbonates. These faults are covered by Late Campanian
limestones. In the research area, tear faults that appeared during the emplacement of thrust slices. There
also has been an asymmetric anticline lying on the ENE-WSW axis in the platform carbonates. This
anticlinical is believed to be a height limiting the edge of basin called forebulge. In the front lines of this
height, normal faults the basin floor to collapse. The Upper Cretaceous units are interpreted as representing
a foreland basin created by flexural loading and subsidence of the Mesozoic platform in the Campanian,
prior to final overthrusting and emplacement of the ophiolitic nappes. The southward overthrusts formed by
closure of a small oceanic basin located between the Tauride Carbonate Platform to the south and the
Nigde-Kirsehir Massif to the north (the Inner Tauride Ocean of Goriir et al., 1984). Some of these thrusts
may be a result of basement fault reactivation (buried normal faults of the rifted margin of the Inner Tauride
Ocean. Loading by accreted terranes (ophiolitic nappes) on the continental slope of a rified continental
margin causes the flexural depression of the foreland and the uplift of a lowrelief peripheral bulge. The
slope of the margin protuberance facing the ocean has steepened with the effect of the flexural bending and a
intensitive for extensional faulting, slump and mass sliding. The first sediments evolved in this basin are the
slump  formed Campanian pelagic limestones which have been formed by the carbonate platform
sedimentation and evolved on the normal faulted surface. Late Campanian-Maastrichtian siliciclastic
sediments, calciturbidites, slope screes, olistoliths, carbonate platform in the Late Campanian-Maastrichtian
and the brecciated limestones carried from the elevated ophiolitic slices overlain the pelagic limestones as a
result of the flexural subsidence of the basin basement. These Late Cretaceous sediments form the foreland
basin sediments related to the thrusting and ophiolite emplacement onto a passive continental margin.

Ophiolite nappes creating a thrust fan (hinterland dipping duplex, Boyer and Elliott, 1982) in the
north margin of the Tauride carbonate platform at the Late Cretaceous, are interpreted to have formed

Joreland dipping duplex by passing over the platform southward with the effect of the compressions
throughout the Early Tertiary.
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Savcili fay zonu (SFZ) literatiirde Savcil bindirme fayr olarak tanimlanmistr (6rn. Oktay 1981;
Seymen 1984; Yiiriir ve Geng 2006). Zon, birbirine paralel, yari-paralel veya birbirlerine gore belirgin verev
uzamiml ¢ok sayida faydan olusur. Zonu, genel olarak kristalen kayalarin (metamorfitler, granitoyidler)
Tersiyer yasgl sedimanter birimler lizerine itilmesi olusturur. Zon igerisinde bazi alanlarda fay diizlemi ve
onunla iliskili gevrek makaslama zonu korunmustur. Faylarin kinematigi pek ¢ok ¢aligmada ortaya
konulmustur (6rn. Petit 1987; Hancock ve Barka 1987; Doblas 1998; Dirik 2005; Onal vd. 2006). Bu ¢alisma
Savcili fay zonu igerisinde, fay diizleminin iyi gorildigi kesimde (Yesilli-Kulpak) gelisen kinematik
ozelliklerin ortaya konulmasina yoneliktir,

[nceleme alani tipik fay sarpligi goriiniimiinde olup mermerler bolgedeki Alt Paleojen yash kirintili
sedimanter birim tizerine itilmigtir. Iki birim arasindaki fay diizlemi K50°-85°B ve 30°~50°GB durumlu olup
yersel diiz, yersel kavislenmeli geometri sunar. Diizlem tizerinde korunmus kayma ¢izgiselliklerinin durumu
degiskenlik gosterir. Buna gore kayma ¢izgisellikleri K05°B gidisli olanlar 35°-50° GD dalimli iken bir
kismi K-G gidigli ve 20°-40° ile G’ye dahmlidir. Bolgede gozlenen yapisal veriler bugiinkii konumlarina
gore olasi o, 0; ve o3 ana stres yonlerini 10°/K06°B, 10°/K86°B ve 76°/G41°D olarak vermektedir. Fay
diizlemi ve iligkili makaslama zonu Doblas (1998)’1n kinematik gostergeler simiflamasina gore basamaklar,
kiriklar, egimlenmis diizlemsel yapi dizileri, asimetrik ¢ukurlar seklinde gruplandinlmistir. Mezoskobik
boyuttaki bu yapilar, geometrik iligkileri ile tavan blogun (mermer) taban bloga (kirntih sedimanter kaya)
gore yaklasik kuzeye dogru hareket ettigini gostermektedir. Bu ¢alisma Veysel Isik (Ankara Universitesi)
damigsmanlhiginda gergeklestirilmistir.

Anahtar Kelimeler: kinematik gostergeler, fay diizlemi, bindirme fayi, Kirsehir, Orta Anadolu

ABSTRACT

The Savcili fault zone (SFZ) in literature was described as a Savcili thrust fault (e.g. Oktay 1981;
Seymen 1984, Yiirir and Geng 2006). The zone includes a number of fault surfaces that are parallel, sub-
parallel or oblique to each other. The Savcili fault zone is characterized by the emplacement of crystalline
rocks (metamorphites, granitoids) over Tertiary sedimentary rocks. In some areas, fault surface and related
brittle shear zones in the SFZ have been preserved. Kinemetic indicators have been widely documented in
many studies (e.g. Petit 1987, Hancock and Barka 1987, Doblas 1998, Dirik 2005, Onal et al. 2006). Aim of
this study is to describe the kinematic features of fault surfaces exposed in Yesilli-Kulpak area.

Study area is typically fault scarp along which marbles have been moved over Lower Paleogene
detritic sedimentary units. The fault surface, form geological contact between these diverse rocks, display
both smooth and undulation with N50°-85 W trending and 30%50° dipping towards SW. Slickenlines
preserved on the slickenside include slightly variety, while some of slickenlines has NO5 W trend and 35 >
50° SE plunge, the others trend N—S and plunge to S with 20°-40° Paleostress analyses display that the
orientation of main stresses, o, o;and a3 are 10 /NO6 W, 10 IN86 W and 76 /S41 °E, respectively. Based on
the classification of slickenside kinematic indicators of Doblas (1998), fault plane and related shear zone
include structures as steps, fractures, trains of inclined planar structures and asymmetric cavities. The
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kinematics of these mesoscopic structures suggest that hanging wall block has moved up approximately
northwards with respect to footwall rocks. This study has been carried out under supervision of Veysel Isik
(Ankara University).

Keywords: kinematic indicators, fault plane, thrust fault, Kirsehir, Central Anatolia
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