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ABSTRACT

Stratigraphic studies of Maastrichtian Tanjero and Agra formations and compression of
microtectonic faults in Khewata — Dolbeshk valley constrains new geological setting of the
Mawat area northeast Iraq. During Middle — Late Maastrichtian a carbonate-siliciclastic
succession deposited in front of the subducted ophiolite and accretionary prism. These
successions are well developed in the area. This study concentrates on the overthrust sequence
and identifies the geometry of the thrust fault. The reefal limestone/ shallow clays succession
are thrusted over reefal limestone/ marl-sandstone succession. This thrust fault illustrates (1)
these two successions were initially deposited laterally beside each other during the
Maastrichtian and (2) the limestone/ clay sequences belong to the Tanjero/ Aqra formations
and not to the Red bed Suwais. The fault initiated during the last stages of collision, formed
duplexes-imbricated thrusting fault and it brought the shallow facies over the deeper one. The
thrusting can also be identified on Google Earth image manifested by vertical repetition of
Agra Formation and it changes to reverse fault when it laterally meet the thicker and massive
limestone of Agra Formation. The displacement of the thrust fault is accommodated by a
fault-propagation folds in its southeastern tip. In addition to the studied thrust fault, the valley
contains many well developed relatively smaller compression faults which might form in a
relation to the main thrust fault.
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INTRODUCTION

The area is located in the northeastern part of the Arabian plate in the Zagros Fold and
Thrust belt-lraq (Fig.1A). The area is locate 4 Km to the southeast of Mawat town on both
sides of the valley of Little Zab River upstream (Fig.1). The studied structures are expressed
on the surface and can be observed in many locations along the ridge scarps such as northeast
of Dolbeshk, Mokaba, Konamassi and Kareza Villages.
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Fig.1: A) location of Iraq within the Middle East, B) Map of tectonic subdivisions of northern
Iraq (Jassim and Goff, 2006) on which the studied area is indicated, C) Geological
map of Mawat area (modified from Sissakian, 2000), on which the location of
the studied area and three thrusts are indicated
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The northern part of the area is occupied by the ophiolite nappe (Al-Mehaidi, 1975) and
Eocene Naoperdan Series (Jassim and Goff, 2006). The northeastern part is covered by the
Early Cretaceous sequence of Qulqula Radiolarian Formation (Karim, 2009) (Fig.1).
Tectonically, the studied area represents the northeastern margin of the Arabian Plate, where
the previous Early Cretaceous platform has transformed to a Foreland basin during the Late
Cretaceous (Karim, 2004). The studied area is located in the Imbricated Zone (Buday, 1980)
and is also recognized as Balambo — Tanjero Zone (Jassim and Goff, 2006). The studied area
is very close to the boundary between Imbricated and Thrust Zones. Two main thrusts exist in
the nappe area (Fig.1C). First thrust is located between ophiolite and Walash Naoperdan
series while the second is located between Walash Naoperdan and Red Bed Suwais. The
rocks of the area are subjected to intense deformations which can be seen from intense
fracturing and thrusting due to stresses that are imposed by the collision of Eurasian and
Arabian plates (Karim and Sulaiman, 2012).

The major structure of the area is the Main Zagros Thrust Fault (MZTF) which is located
about 4 Km to the north of the studied area. The MZTF extends nearly along Iraq — Iran
border. In Iraq, the thrust or frontal thrust (frontal ramp) is well documented by Jassim and
Goff (2006), and others. These authors have described the frontal thrust under the name of
“Main Zagros suture Zone”, “Main Zagros thrust” and “main Zagros reverse Fault”.

= General Geological Setting

The main area is covered by two types of sequences. One is the nappe sequence that is
overthrusted to the area due to the Arabian — Eurasian collision; they are Qulqula group,
Walash Naopurdan and Mawat Ophiolite. The Walash Naopurdan Series is thought to be
transported to its present location from the northeast. For this reason, the Walash Naopurdan
Series is completely crushed and show intense fracturing and faulting. This series consists of
two main units, the first consists of alternating thin beds of sandstone, shale and marl which is
about 100 m thick (Jassim and Goff, 2006). However, there might be repetition by faulting
and thrusting that lead to thicker succession. The second unit consists of limestone (about 50
m thick) at the northwestern part near Mawat Town (Fig.1C). The Mawat ophiolite complex
consists of many igneous rocks such as Peridolite, Dunite, Serpentinite, Gabbro and Basalt.
The Gabbro is relatively thick and its thickness is more than 400 m and most of the Gimo
Mountain iscomposed of this type of rock. This rock is completely brecciated and crashed due
to tectonic stress generated from the Arabian and Iranian plate collusion (Fig.3). Due to the
shearing and crushing, the rock is being disintegrated into more friable rock that can be easily
weathered. Its color shows bluish gray soil around Mirawa and Kuradawe villages. According
to Karim (2005) this ophiolite is the most southwest limited of the thrusted sheet in northern
Iraq; it is attributed to the presence of large graben in Chwarta — Mawat area.

The Walash Naopurdan Series is thought to be transported to its present location from the
northeast. For this reason, the Walash Naopurdan Series is completely crushed and show
intense fracturing and faulting. This series consist of two main units; the first one consists of
alternating thin beds of sandstone, shale and marl, about 100 m thick (Buday, 1980; and
Jassim and Goff, 2006). However, there might be repetition by faulting and thrusting that lead
to thicker succession. The second unit consists of limestone (about 50 m thick) at the
northwestern part near Mawat town (Fig.1C).

The second sequence type of the Cretaceous and Paleocene — Eocene sequences
deposited in the area are Shiranish, Tanjero, Agra and Red Bed Suwais formations. The
sequence overlying the Maastrichtian formations in the area is the Red bed Suwais (Fig.1C).
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This formation belongs to the Paleocene — Eocene (Jassim and Guff, 2006) and is about 2000
m thick consisting of red claystones, sandstones and conglomerates. The conglomerate
consists of consolidated and cemented gravels and sands which contain a mixture of different
types of clasts (pebbles) of limestone (5%), Gabbro (35%) and both cherts (60%). It contains
rare dunite and basalt clasts too. The chert clasts are of different colors such as gray, brown
and red green, black while the limestone clasts are fine grained and have milky color. Most of
Gabbro particles are weathered while chert and limestone look fresh. At the base of the series,
alternation of claystone and sandstone occur above Aqgra Formation and about 200 m thick.
The thick conglomerate is characterized by the high internal friction angle in addition to the
stiffness and massiveness which resist deformation such as faulting and fracturing. Therefore,
the faulting may be related to the conglomerate by transferring the tectonic stress from north
to south across the area.

The hinge of the thrust fault is in the Agra and Tanjero formations. The Agra Formation
consists mainly of coarse grained detrital and biogenic limestones, which in many places
contains terrigenous clastics. Its thickness rapidly varies from 20 to 150 m and has a prismatic
depositional form. It is characterized by abundant rudists, benthic foraminifers, gastropods
and non-rudist bivalves, the echinoderms and solitary corals occur too (Karim, 2004).

The Agra Formation crops out as a narrow L-shaped strip and have the length of about
35 Km which extends along both sides of Mokaba — Mawat stream from south of Chwarta to
south of Mawat (northwest of the study area). The thick successions of the coherent and stiff
limestone of this formation is from the ridge of Dolbesk — Mokaba ridge (Qishlagh — Dere)
ridge. This formation is exposed in three different stratigraphic positions which may be
attributed to faulting.

The first outcrop of the Agra Formation contains red clastics and is located to the north
near the Main Thrust Zone between Tanjero Formation (Maastrichtian) at its base, and the
Red Bed Suwais at its top (Karim and Khanaqga, 2014) (Fig.2). The second outcrop consists
mainly of well bedded reworked bioclast limestones and marl which is located inside Tanjero
Formation at the southern side of the Mokaba — Mawat stream while the third unit is located
at the middle of the studied area and consists of reefal and shoal limestone about 150 m thick
in some places and its thickness changes rapidly (Fig.2). The Tanjero Formation consists
mainly of thick successions of gravely conglomerate with a thickness of 20 — 500 m in the
northern and eastern part of the studied area (in the proximal part of the Cretaceous Foreland
basin), whereas it consists of calcareous shale and channelized sandstone and pebbly
sandstone.

66



Iragi Bulletin of Geology and Mining Vol.13, No.1, 2017 p 63 =77

Age Lithology b

UoHEeULC
SSBUNDIL L

Overthrusted Nappe (Walash and Nawpurdan

E. Eocene.
e Group) above the Red Bed Saries

Dligocena

_ | Red claystone-sandsions sequence of the Red Bad Sarias

addey pue
pag pay

Paleocene

Alternation of several bars (3-10m thick) of resfal
in the upper part of the Tanjero Formation

H By 0}
Juajesnbg

veyoUsEE-usuedwes) [sow saddn

% | Auternation of gray marts and beds of sandslones with
" | occasionally occurrence of conglomerate

asalugg

Fig.2: A) Outcrop of Agra Formation 3 Km to the south of Kele village consisting of
150 m of massive rudist bearing limestone. B) Stratigraphic column of the
study area shows the Agra Formation stratigraphically overlain by
Red Bed Series (Ahmed, 2013)

FIELDWORK AND MAIN TOOLS USED

The thrust fault in the Dolbeshk Valley is not easily recognized because the fault thrusts
the same lithiofacies over each other. In founding the geometry of this thrust fault three main
approaches are used:
= Brittle tectonic analysis

One part of this study deals with the compression brittle tectonic analysis in order to
reconstruct the paleostress and orientation of thrusting. We studied 6 sites. Analyses of brittle
deformations were performed in the area close to the hinge of the thrust fault (Fig.8). We
selected the sites for measure men according the following principle: 1) the bedding plane
must be clear, 2) the fault planes are not weathered (i.e. slickenside lineations are preserved),
3) the site must have enough fault planes to measure a reasonably consistent fault population
(fault population must contain at least 4 measurements for paleostress reconstruction). The
purpose of these methods is to rebuild systems from paleostress analysis in the field
populations of faults streaks. The Anderson models (1942), based on the results of rock
mechanics, allow in the case of newly formed combined position of 61, 62 and o3 axes, and
define a dihedral angle faults. Other simple models proposed by of Wallace (1951) and Bott
(1959), allowed to examine the case of non-conjugate faults and their compatibility with the
combined systems. The Carey and Brunier (1974) proposed one method for calculating the
average stress tensor using computer resources. Their idea is based on the inversion of
reasoning Wallace (1951) and Bott (1959). With the evolution of computer technology, the
idea of solving the inverse problem has given rise to many numerical methods (Angelier,
1975; Carey, 1976; Armijo and Cisternas, 1978; Etchecopar et al., 1981; Angelier et al.,
1982; Angelier, 1983; Angelier 1984; Michael; 1984; Reches, 1987 and Angelier, 1990). For
the determination of the stress tensor we use the Direct Inversion method, named INVD
(Angelier, 1990). It was made for analysis and computation of the stress axes. The inversion
is based on the slip-shear angle (o) between the real strata (S) and the calculated relative shear
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stress (t) (Angelier, 2002). The method and the software that we used for stress tensor
computation were developed under the Angelier (1975, 1977, 1979, 1982, 1984, 1989 and
1990).

= Stratigraphy and Dating (biostratigraphy)

Extensive field investigation to identify the lithofacies of the Maastrichtian flysch and
reefal lithofacies (Tanjero and Agra formations), as well as the reputation of the sequences.
For biostratigraphy, amphasis is made on the existing rudist fossils in the reefal beds of area
formation.

= Satellite mapping
The Google earth maps used to understand the changing thickness of the Maastrichtian
sequence in the study area.

RESULT

In the upper part of the Tanjero Formation thick-bedded reefal limestones exist as
intercalated bars. These reefal limestone beds are intercalated inside the Upper part of the
Tanjero Formation are 3 — 5 m thick. We observed the repetition of 10 or 15 bars. The
thickness and repetition of the reefal limestone lenses inside the Tanjero Formation increase
northwest of Qalachwalan Town (before Kunamasi village). In the east of the area, in Kato
Mountain, the Upper part of the Tanjero Formation lithologically changes with the occurrence
of clastics represented mainly by a thick sequence of conglomerate without any inter-bedded
reefal carbonates.

Two Maastrichtian lithofacies are identified in the Qalachwalan — Mawat area:

1- Sandy Marlstone/ reefal limestone lithofacies: This sequence is widely distributed in the
study area. The thickness is variable, ranging between 50 to 100 m thick. In the bottom, the
each marl/limestone bundle is thick where the marl bed thickness exceeds 3 m (Fig.3A).
However, toward the top of this lithofacies the thickness of marl decreases (1 — 0.2 m),
therefore the repetition of marl/limestone increase (Fig.3B).

2- Claystone/ reefal limestone lithofacies: this lithofacies has a restricted distribution as
compared to the first lithofacies. The total thickness exceeds 100 m thick. Each claystone/
limestone bundle is thick where the terrigenous claystone bed thickness ranges between
7 —20 m (Fig.3C and D). Therefore the repetition of claystone/ limestone is less compared
to the marl/ limestone lithofacies. All the limestone beds in this succession are of shallow
reefal type containing Maastrichtian rudist species (Fig.4). These Maastrichtian
Macrofossils insure this lithofacies to belong to the Agra Formation and not to the Red Bed
Formation.

The red conglomerate beds stratigraphically overly the marl/ limestone lithofacies in
different localities such that close to the Banale village. However the same red conglomerate
stratigraphically overlies the clay/ limestone lithofacies in other localities such as that close to
the Suragalat Village. According to Budy (1980) it is identified that the conglomerate parts
with shales above the Agra Formation in Mawat area belong to the Paleogene Red Bed
Suwais. That means that the marl/ limestone facies in the study area structurally overlain by
the claystone/ limestone beds or stratigraphically overlain by the Red Bed Suwais.
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...Sandy Marlstone

| limestone

Fig.3: A) Lower part of the Marl/ Limestone lithofacies show thick marl and thin limestone,
B) repetition of the Marl/ Thick reefal limestone bundles (Upper part of Marl/ Limestone
lithofacies), C and D) show part of the Shallow Claystone/ Reefal Limestone lithofacies

Fig.4: Macro fossil species of Maastrichtian Coral (lapeirousia jouanneti and hippurites
cornucopiae species) in the Agra Formation

69



Thrust Fault in the Maastrichtian Sequences of Mawat Area Kamal H. Karim et al.

To identify the orientation and hinge of the thrust fault we try to find several

compressional microtectonic fault sites. For that reason, we select 6 sites (Fig.5 and Table 1)
in the study area. All the sites contain compressional reverse fault formed during the same
event and with stress (cl) of the main thrust fault. Descriptions and result of these
microtectonic fault sites are:

1.

Site-1: This site is located on the Suragalat — Kunamasi main road (Fig.8). The faults are in
the limestone of Agra Formation. The compressional regime of the Site-1 is reconstructed
from a post-tilting reverse faults. The orientation of the o1 axis is ENE — WSW (240°)
(Fig.5 and Table 1).

Site-2: Is located on the Qalachualan — Kareza main road (Fig.8). The microtectonic fault
population is post-tilting conjugate regimes of reverse faults system. The orientation of the
ol axis is ENE — WSW (249°) (Fig.5 and Table 1).

Site-3: Is located on the Qalachualan — Kareza main road near the river (Fig.8). It contains
two compressional populations and is in the upper part of Tanjero Formation. The first
fault population is post-tilting one set of reverse fault system. Unfortunately, the conjugate
fault sets could not be found. The orientation of the ¢1 axis is EN — SW (239°) (Fig.5 and
Table 1). The second population is oblique post-tilting conjugate strike-slip fault
population. The o1 orientation is ENE — WSW (256°) (Fig.6 and Table 1).

Site-4: Occurs on the reefal bar of Agra Formation. The site contains faults of two
populations of reverse and right lateral strike-slip faults (Fig.5 and Table 1). Both
populations show compression in NE — SW direction.

Site-5: Is the site in front of the major thrust fault. The striation of the compression fault
well appears in the limestone beds (Fig.5). The fault population constrains conjugate
reverse fault system. The o1 orientation is toward NNE — SSW (Fig.5 and Table 1).

Site-6: Is located on the main road to Kunamasi Village (close to the Kunamasi village)
(Fig.9). The fault populations are in the Tanjero Formation. The fault constrains
compression conjugate reverse fault system and the analysis shows that the o1 is oriented
to NE — SW (Fig.6 and Table 1).

In the study area, several lateral thrusts can be identified that exist in the fossiliferous

limestone of Agra Formation (Karim and Sulaiman, 2012). These lateral thrust faults are
related to the main thrust fault. According to their attitudes, they consist of two types. The
first is dipping northwest and the other is dipping southeast (Fig.7).

Table 1: Microtectonic fault sites and their stress attitudes in the study area

. ol 02 o3

Site No. Lat. Long. strike dip strike dip strike  dip
1 35:46:31.0 45:26:40.1 240 10 024 6 098 81

2 35:45:49.0 45:27:07.9 249 11 157 06 040 78
235 08 143 08 006 78

3 35:45:49  45:27:07.9 256 23 037 6 159 16

4 35:46:08.9 45:26:42.1 237 11 328 04 076 79

5 35:47:00.8 45:26:19.2 015 11 107 8 230 76

6 35:47:14.3 45:25:45.1 236 07 327 07 102 80
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Fig.5: Site-1) Post-tilting reverse and right-lateral faults in the limestone of Agra Formation;
Site-2) Post-tilting conjugate reverse fault system in the thick limestone (Agra Formation);
Site-3) compression right and left lateral faults and compression reverse faults in the upper
part of Tanjero Formation; Site-4) two set of post-tilting reverse and right lateral strike-slip

faults constrain NE — SW 1 orientation; Site-5) post-tilting conjugate
reverse fault systems in thick limestone of Agra Formation
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Fig.6: Site-6) post-tilting conjugate reverse fault systems in
Upper part of Tanjero Formation

Alternation of teristirial
| clystone and reefal
| limestone

Alternation of marl
and reefal limestone

Fig.7: Geological cross section shows the limestone/ claystone Agra Formation overthrusted
over the limestone/ marl of Aqra — Tanjero Formation. The thrust fault is parallel to the
bedding plane (bedding thrust). Existence of large rudist in the limestone indicates that this
sequence belong to the Agra Formation and not to the Red Bed Suwais Formation. The figure
in the left up also shows the claystone is a detached layer from the thrusting
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model shows the duplex thrust fault
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DISCUSSION AND ANALYSIS OF THE THRUST FAULT

The main result of this study is the identification of a large thrust fault. This fault has
affected the beds of Agra Formation in such a way that clay/ limestone succession has
overlapped Marl/ limestone succession. The trace of the thrust fault disappeares in the south
of Kele village suddenly, but the thrust is most possibly continuous toward Mawat town.

From the analysis of the field data three main points can be discussed:

1- The two lithofacies that we identify (clay/ limestone and marl/ limestone lithofacies) in the
Upper part of Tanjero and Aqra formations deposited during same period (Upper
Maastrichtian) because both facies contain fossils of the Late Maastrichtian. Both facies
were deposited in the shallow part of the trench. The clay/ limestone lithofacies deposited
in the shallower part of the Foreland basin very close to the shoreline, while the marl/
limestone lithofacies deposited in the deeper part as compared to the first facies. The
shallower facies due to the thrust fault exists above the marl/ limestone lithofacies at
present (Fig.7).

2- Both marl/ limestone and clay/ limestone lithofacies are overlain, by the Red Bed Suwais.
This is explained by the two facies being deposited in the same basin and same period.

3- All the microtectonic fault sites show the movement trend of the main thrust (Fig.8).
Furthermore, the compression fault is post-tilting indicating that the thrust fault is formed
during the last stage of the collision. The reconstruction of 61 orientation from the results
of the compression faults indicates that the displacement of the thrust fault is toward SW

(Fig.8).

The studied area structurally is highly complex since it contain large graben (Karim and
Surdashy, 2006), lateral thrusts (Karim and Sulaiman, 2012) and Main Thrust Zone (MTZ)
(Jassim and Goff, 2006). This complexity is due to rapid facies change of Agra Formation in
all directions (Sadiq, 2010).

The interfingering of fossiliferous limestone with red clastic was a problem for geologists
since it was not known if the red clastic belongs the Cretaceous or the Paleocene. Recently
Karim and Khanaga (2014) suggested that the red clastics belong to Maastrichtian on the
basis of the content of in situ rudists. The red clastics are deposited more to the north as a
coastal facies during the Upper Maastrichtian. This complexity is further extended to the
south to Surdash and Azmir anticlines (Al-Hakari, 2011; Omer, 2011 and Omer et al., 2016).

The thrust fault is mainly composed of two continuous large scale faults and generally
strikes NW — SE, with SW dipping feature with a dip angle of less than 15° and is parallel to
sub-parallel to the foliation and bedding (Fig.8). Structurally, this thrust originated as a thrust
duplex system that passed the ductile-brittle transition. This period of crustal shortening and
forming the thrust fault formed during the extensive collision and after folding.

The propagation and movement of the thrust faults is not in a straight line, but is slightly
irregularly changing direction (Fig.8). The reverse fault formed after folding (post-tilting)
indicates the fault was formed during main thrust of Zagros. From analysis of these reverse
faults NE — SW orientation of the o1 is obtained (Fig.8B). This orientation shows the same
orientation of the Arabian-Eurasian collision direction.

The thrust has generally the same trend of the faults fold, and thrust belt of the region,
which is characterized by NW — SE-trending and SW-verging fault related folds (De Vera
et al., 2009). These types of thrust faults are most possibly, at least in part, controlled by
basement faults. Same observations are observed in the Zagros fold and thrust belt in Iran
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(Berberian, 1995; Sepher and Cosgrove, 2004, Sepher and Cosgrove, 2004; and Alavi, 2007).
Outstanding problems in Kurdistan include the deep structure and the nature of the basal
detachment layer. The Zagros fold and thrust belt in contiguous Iran is widely interpreted as
being detached on the Cambrian Hormuz Salt (Sepher and Cosgrove, 2004; and Alavi, 2004
and 2007).

CONCLUSIONS

This research concludes that a large Foreland-vergent thrust fault is recognized in the
Mawat area. This fault overthrust the terrestrial clay/ reefal limestone lithofacies over the
marl/ reefal limestone lithofacies of Maastrichtian Aqgra Formation. Many post-tilting
compression faults recorded inside the Maastrichtian beds of Aqra and Tanjero Formation
accompany the main thrust fault. These compressions, give the result of 1 orientation toward
NE — SW which ensure the main compression direction of Eurasian-Arabian collision.

REFERENCES

Ahmed, S.H., 2013. Tectonostratigraphic evolution of the northeastern Arabian Plate in Kurdistan since the
Jurassic, Unpublished PhD Thesis, L’'UNIVERSITE PIERRE ET MARIE CURIE Spécialité Géosciences
et Ressources Naturelles. France — Paris.

Alavi, M., 2004, Regional stratigraphy of the Zagros Fold-Thrust Belt of Iran and its pro-foreland evolution:
American Journal of Science, Vol.304, p. 1 - 20.

Alavi, M., 2007, Structures of the Zagros fold-thrust belt in Iran: American Journal of Science, Vol.307,
p. 1064 — 1095.

Al-Kubaysi, K. N., 2008. Biostratigraphy of Agra, Tanjero and Shiranishs Formation in Chwarta Area,
Sulaimanyah Governorate, NE-Iraqg. Iragi Bulletin of Geology and Mining, Vol.4, No.5.

Al-Mehaidi, H.M., 1975. Tertiary Nappe in Mawat Range, NE Iraq. Jour. Geol. Soc. Irag, VVol.8, p. 31 — 44.

Anderson, E.M., 1942. The Dynamics of Faulting, 2nd edn, Oliver and Boyd, Edinburgh, 206pp.

Angelier, J., 1975. Sur I’analyse de mesures recueillies dans des sites faillés: I’utilité d’une confrontation entre
les méthodes dynamiques et cinématiques. Comptes Rendus de I’Académie des Sciences, Paris, Vol.281,
p. 1805 — 1808.

Angelier, J., and Bergerat, F., 1983. Systémes de contrainte et extension intra-continentale. Colloque "Rifts et
Fossés Anciens", Marseille. Bulletin du Centre de Recherches Exploration-Production ELF-Aquitaine,
Vol.7, p. 137 - 147.

Angelier, J. and Mechler, P., 1977. Sur une m’ethode graphique de recherché des contraintes principales
“egalement utilisable en tectonique et en s"eismologie: la m“ethode des di‘edres droits, Bull. Soc. g“eol.
France, 7, X1X, Vol.6, p. 1309 — 1318.

Angelier, J., 1979. Determination of the mean principal directions of stresses for a given fault population.
Tectonophysics, Vol.56, p. T17 — T26.

Angelier, J., 1984. Tectonic analyses of fault slip data sets. Journal of Geophysical Research, Vol.89,
p. 5835 — 5848.

Angelier, J., 1989. From orientation to magnitudes in paleostress determinations using fault slip data. Journal of
Structural Geology, Vol.11, p. 37 - 50.

Angelier, J., 1990. Inversion of field data in fault tectonics to obtain the regional stress, I1l, A new rapid direct
inversion method by analytical means. Geophysical Journal International, Vol.103, p. 363 — 376.

Angelier, J., 2002. Inversion of earthquake focal mechanisms to obtain the seismotectonic stress: a new method
free of choice among nodal planes. Geophysical Journal International, VVol.150, p. 588 — 609.

Angelier, J., Tarantola, A., Valette, B. and Manoussis, S., 1982. Inversion of field data in fault tectonics to abtain
the regional stress, I, Single phase fault populations: a new method of computing the stress tensor,
Geophysical Journal of the Royal Astronomical Society, Vol.69, p. 607 — 621.

Armijo, R., and Cisternas, A., 1978. Un probléme inverse en microtectonique cassante, C.R. Acad. Sci. Paris,
Terre, Vol.287, p. 595 — 598.

Berberian, M., 1995, Master ‘blind’ thrust faults hidden under the Zagros folds: active basement tectonics and
surface morphotextonics: Tectonophysics, Vol.241, 193224pp.

Bott, M.H.P., 1959. The mechanisms of oblique slip faulting, Geol. Mag., VVol.96, p. 109 — 117.

Buday, T., 1980. Regional Geology of Iraq: VVol.1, Stratigraphy: I.I.M Kassab and S.Z. Jassim (Eds) D.G. Geol.
Surv. Min. Invest. Publ., 445pp.

75



Thrust Fault in the Maastrichtian Sequences of Mawat Area Kamal H. Karim et al.

Buday, T. and Jassim, S.Z., 1987. “The Regional geology of Irag, Tectonism Magmatism, and Metamorphism”.
I.l., Kassab and M.J., Abbas, (Eds.), Baghdad.

Carey, E. and Brunier, B., 1974. Analyse th eorique et num’erique d’un mod’ele m’ecanique “el’ementaire
appliqu’e “a I”’etude d’une population de failles, C.R. Acad. Sci. Paris, D, Vol.279, p. 891 — 894,

De Vera, J., Gines, J., Oehlers, M., Mc Clay, K. and Doski, J., 2009. Structure of the Zagros fold and thrust belt
in the Kurdistan Region, northern Iraq: Trabajos de Geologia, Universidad de Oviedo, Vol.29,
p. 213 - 217.

Etchecopar, A., Vasseur, G. and Daignieres, M., 1981. An inverse problem in microtectonics for the
determination of stress tensors from fault striation analysis, J. struct. Geol., Vol.3, p. 51 — 65.

Jassim, S.Z. and Goff, J.C., 2006. Geology of Iraq. Dolin, Prague Museun, Berno. 341pp.

Karim K.H., Habib R.H., Raza M.S., 2006. Lithology of the Lower part of Qulqula Radiolarian Formation (Early
Cretaceous), Kurdistan Region, NE IRAQ, Published in: Iragi Bulletin of Geology and Mining, Vol.5,
No.1, 2009, p. 9 - 23.

Karim, K.H., 2005. Some sedimentary and structural evidence of possible graben in Chwarta — Mawat area,
Sulaimaniya area, NE Iraq. Iragi Journal of Earth Science Vol.5, p. 9 — 18.

Karim, K.H. and Sulaiman, S.H., 2012. Origin of lateral thrust in Mawat Area, Kurdistan, NE Irag. First
International Conference on Petroleum and Mineral Resources, Koyia University, Koyia Town, WIT
Press, p. 183 — 195.

Karim, K.H. and Khanaga, P.A., 2014. Association of rudists and red clastic facies in the upper part of Agra
Formation, Mawat area, Kurdistan Region, NE Irag. Arabian Journal of Geosciences. Vol.8, Issue 5,
p. 2751 — 2759.

Karim, K.H., 2004. Basin analysis of Tanjero Formation in Sulaimanyia area, NE Irag, Ph.D. thesis, University
of Sulaimaniyai, 135pp.

Karim, K.H., Surdashy, A.M., 2006. Sequence Stratigraphy of Upper Cretaceous Tanjero Formation in
Sulaimaniya area, NE Iraq, Kurdistan Academician Journal, Vol.4, p. 10 — 28.

Mac Quarie, 2004. Crustal scale geometry of the Zagros fold-thrust belt, Iran. Journal of Structural Geology
Vol.26, p. 519 — 535.

Michael, A., 1984. Determination of stress from slip data: fault and folds. J. geophys. Res., B, Vol.89,
p. 11517 - 11 526.

Reches, Z., 1987. Determination of the tectonic stress tensor from slip along faults that obey the Coulomb yield
criterion, Tectonics, Vol.6, p. 849 — 861.

Sacit, O. and Karim, K.H. and Sadiq, D.M., 2013. First determination of rudists (bivalvia) from NE Iraq:
Systematic palaeontology and palaeobiogeography. Bulletin of MTA, Vol.147, p. 31 — 55. Bulletin of the
Mineral Research and Exploration of Turkey.

Sadig, D.M., 2010. Facies analysis of Agra Formation in Chwarta-Mawat Area from Kurdistan Region, NE Iraqg.
Unpublished MSc thesis, College of Science, University of Sulaimani, 105pp.

Sepher, M. and Cosgrove, J. W., 2004, Structural framework of the Zagros fold-thrust belt, Iran. Mar. Petrol.
Geol., Vol.21, p. 829 — 843.

Sissakian, V.K., 2000. Geological map of the Irag. Scalel: 1000 000, 3rd edition, GEOSURV. Baghdad, Iraq.

Stocklin, J., 1968. Structural history and tectonics of Iran: a review. American Association of Petroleum
Geologists Bulletin Vol.52, p. 1229 — 1258.

Wallace, R.E., 1951. Geometry of shearing stress and relation to faulting, J. Geol., Vol.59, p. 118 — 130.

Zebari, B.G., 2010. Sedimentology of Agra Formation (Upper Cretaceous) in Selected Sections in Kurdistan
Region-Irag. Unpublished M.Sc. University of Salahaddin, 134pp.

76


http://link.springer.com/journal/12517
http://link.springer.com/journal/12517/8/5/page/1

Iragi Bulletin of Geology and Mining Vol.13, No.1, 2017 p 63 =77

About the authors

Dr. Kamal Haji Karim is a Sedimentologist, and currently work as
Professor in the Geology Department, college of Science, University of
Sulaimaniyah. He was awarded a BSc in Geology 1982, an MSc in 1988,
and a PhD in 2004 from Sulaimaniyah University.

e-mail: karimgeology@yahoo.com

Dr. Sirwan Hama Ahmed Recently a Lecture in University of
Sulaimaniyah/ Department of Geology; obtained PhD degree in Tectono-
Stratigraphy (IsTeP, UPMC, Paris — France), and Master degree in
Stratigraphy and Sedimentology. Field of intrest is Middle East basin
evolution.

e-mail: Sirwan.ahmed@univsul.edu.iq

Mr. Hawar Fazil Esmael an Assestant Lecture in University of Charmo [
University; obtained Msc degree in Petroleum geoscience (Royal Holloway
University of London). Field of interest is Structural geology, Petroleum, |
seismic and basin analysis.

7



