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suture and foreland vergency within the high folds considered as
indication to the high tectonic development conformable with the
location of these folds in the Iraqi Zagros Fold Belt, while the appearance
of the suture and foreland vergency in the western part of the low folded
zone attributed to the more tectonic development of this part in
comparison with the eastern part of the zone that there folds appeared
foreland vergencies only, or to the influence of the evaporite beds for
Fatha formation in this part.

Introduction

Most of folds that located within the fold — thrust fold vergency, therefore these folds called folds

belts and that they resulted from the collision between related faults [1].

the tectonic plates represent distinctive deformation Generally, folds related faults are formed by bending

for the sedimentary cover. This deformation involves and buckling mechanism and classified in three types

faults (fractures) that effect on the folds shape and the [2]; detachment folds, faults propagation folds and
fault bend folds (Fig. 1).
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Fig.1: Shows the three types of folds related faults mechanism in the cross section [3].

Mostly, folds of northern Iragq (high and low folds)
attributed to the fault — propagation fold [4], where
this a special geometric relation between ductile
(folds) and brittle (faults) behavior of rocks that
formed together during the same deformation events
[5], and can be summarized as the following: when
the beds of a sedimentary rocks are submitted to the
horizontal tectonic stress, the beds move parallel to
the fault surface and form fold above the tip point,
and therefore the fault surface that propagate the fold
is parallel to the back limb (Fig. 2). Generally, the
fold described as asymmetrical fold where the angle
of the back limb is less than the dip angle of the
forelimb [5] and [2].
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)
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Fig. 2: Cross section shows fold growth by fault
propagation fold mechanism [5].

The asymmetrical folds considered vergenced folds,
where the direction of the fold vergncy is determined
by the location of the forelimb fold [6]. According to
this idea, there are two types of the folds vergency in
northern Irag, suture and foreland vergency. The
suture folds vergency have dip angles of NE or W
limbs more than the dip angles of their SW or S
limbs, contrary with the foreland folds vergency that
have dip angles of NE or W limbs less than the dip
angles of their SW or S limbs [4].

Location, Nature and Aims of the Study

Some researchers (such as [7], [8] and [9]) give fold
— thrust belts nomination to the mountains that results
from the collision between the convergent plates,
these folds belts represent thrusts related folds.
Zagros Fold — Thrust Belt is considered good
example to these belts, where the belt resulted from
the collision between the Arabian an Eurasian plates
in Early Tertiary [10].

Tectonically, Zagros Fold — Thrust Belt is partitioned
into three segments, east Zagros, West Zagros, and
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the central Zagros [8]. [9] considered the northern
part of Iraq (folded part) as integral part for the
Western Zagros Fold — Thrust Belt, and he divided it
into four zones, Suture Zone, Imbricated Zone, high
folded zone and low folded zone (Fig. 3).

Western Zagros
Fold - Thrust Belt

1) Lowk
2) High Folded Zone
3) Imbricate Z

4) Suture Zome

Fig. 3: The tectonic divisions of the Iraqi Western
Zagros Fold — Thrust Belt [9].

Depending on the back limb is parallel to the fault
surface that propagated the fold and the type of the
fold vergency is determined by the forelimb direction
idea, this research aims to determination of the folds
vergency within the Iraq Zagros Fold — Thrust Belt,
and interpretation of the changing in the fold
vergency in the belt.

Relationship of Listric Faults with Folds

Some structural studies considered the faults that
effected on the folds within fold — thrust belts as
listric faults, but the other studies considered them as
thrust faults. Generally, faults whose dip decreases
progressively with depth have been given the special
name listric faults. where the surfaces of these faults
have concave or spoon shape [11]. The listric faults
form during the divergent phase as listric normal
faults within the passive plate margin, the dip
direction of the some faults is conformable with the
slope direction of the passive plate margin, but are
not. The conformable faults are called synthetic while
the other are called antithetic faults (Fig. 4).
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Fig. 4: Synthetic and antithetic faults with the plate
margin [12].

The listric normal (synthetic and antithetic) faults
change to reverse (thrust) faults during the
compressive (convergent) phase that occur in
subsequent time, leading to the collision between the
plates, and growth of the folds finally [12].

The faults that propagated the high and low folds in
northern Iraq are inherited from the listric normal
faults. That is logical interpretation to the more
development of the high folds in comparison with the
low folds in northern Iraq [13] and [4].

There are seven suggested models show the
relationship  between the listric faults and
asymmetrical folds shape in northern Iraq [13], (Fig.
5). From these models, can be understand that the
folds of northern Iraq have suture and foreland
vergency.

Fig. 5: Suggested models show the relationship between
the listric faults and folds shape [13].

The Origin and History of the Listric Faults in
northern Irag

TJPS

During the Triassic, the Turkey and Iranian plates
separated from the Afro-Arabian plate [10], the
separation lead to the appearance of New — Tethys
ocean and listric normal faults associated with the
extensional phase (Fig 6). The separation between
plates continued until the Late Tithonian —
Cenomanian (late Cretaceous), where the Late
Cretaceous showed tectonic inversion from the
extensional phase to the compressional phase. The
tectonic inversion caused subduction of New -
Tethys oceanic crust beneath the Turkey and Iranian
plates (Iranian and Turkey plates). As a results, the
normal slips hampered on that listric faults. The
continental collision between the Arabian plate
(passive margin) and Eurasian plate (active margin)
started in the Early Tertiary and continued to the
Recent. The paroxysmal phase of alpine folding
started in the Pliocene, where the reactivation of
reverse movement on the listric faults effective role
on configuration of the folds shape and vergency [10]
and [14].

sw Neo-Tethys Ocean E%

Vi, Suspended Basins Listric Oceanic
R S Crust

Arabian Plate Extension

Triassic

Fig. 6: Regional cross section in the NE margin of
Arabian Plate shows listric [13].

The faulted basement rocks of northern and
northeastern lrag were covered by about 8 km of
sedimentary units in the high folded zone and more
than thickness in the low folded zone. This
sedimentary cover involves carbonate competent
units (as Qamchuga, Bakhme and Pila Spi
formations) and clastic incompetent units (as Kolosh,
Gercus formations), as well as the two ductile
evaporite units (Hormuz unit and evaporite of Fatha
formation) [15].

Hormuz evaporites (Cambrian) and evaporite beds of
Fatha formation (Middle Miocene) considered as
lower and upper detachment surfaces in the
sedimentary cover of the high and low folded zones
[16], where the evaporites caused thrusting in beds
and effected on the fold shape in northern Iraq

(Fig.7).
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Fig. 7: Geological cross section in Hemrin anticline shows thrusting of northeastern limb on the
southwestern limb because the evaporite beds of Fatha formation [15].
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The Relationship Between Faults and Folds
Vergency

When the fault propagates fold, the surface of fault is
parallel to the back limb (gentle limb) of the fold that
related it (Fig. 2). The fold vergency is determined by
the forelimb situation, and the foreland vergency is
common in folded belts (foreland area) in comparison
with the suture vergency [1].

The listric faults that effected on the folds shape in
foreland area (northern and northeastern Irag) have
two types of vergence, foreland-vergent listric faults
and suture-vergent listric faults. The dip direction of
the foreland faults vergency is north and north — east,
while the dip direction of the suture faults vergency is

TJPS

south and south — west. The foreland faults vergency
nomination conformable with the synthetic faults that
formed during the extensional phase in northern Iraq
(northeast margin of Arabian plate), and the suture
faults vergency nomination conformable with the
antithetic faults [4].

General Description of Folds in Northern Iraq
Foreland of Iraq includes large number of folds, these
folds are distributed within the high and low folded
zones. Generally, the folds that located within
northeastern part of lrag have NW-SE trending of
fold axes while the folds that located within northern
part of lraq is E — W trending (Fig. 8, and 9).
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Fig. 8: Structural map of the Iraqi Zagros Fold — Thrust Belt shows locations and names of anticlines,
modified from [16].

The high and low folded zones separated by high
topographic boundary. Mostly, the folds of the high
folded zone show high anticlinal mountains separated
by deep and narrow synclines, with exposing of the
Triassic-Cretaceous rocks that form the carapace of
their cores in mostly [9].

Folds of the low folded zone show low anticlinal
mountains separated by shallow and wide synclines.
However, the exposed rocks in cores of these
anticlines is attributed to Miocene, Eocene rocks were
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exposed in same cores of anticlines for the western
part [15].
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Fig. 9: 3 dimension model related fig. 8, shows the
relationship between faults and folds distribution
of the east and west parts for high and low folded
zones that located within Iraqgi Zagros Fold —

Thrust Belt.

Field Description of the High Folds

N-Bazian, S-Bazian, Beramagroon, Sordash, Kosrat,
Khalakan, Bani Bawi, Safeen, Makook, Korek, Harir,
Permam, Bradost, Perat, Piris, Shaikhan, Prefka,
Duhok, Bekhiar, Chia Gara and Qara Serd anticlines
are located within the high folded zone and mostly
they have NW-SE fold axes trending (Fig. 8). [17]
described  N-Bazian and  Beramagroon as
asymmetrical anticlines have dip amount of NE limbs
more than dip amount of their SW limbs, and
subsequently [18], [19], [20], [21], [22], [23] and [24]
described Permam, Bani Bawi, Bekhair, Brefka,
Makook, Kosrat , and korek with Bradost as
asymmetrical anticlines have dip amount of NE limbs
less than the dip amount of their SW limbs
respectively, while [25], [19], [26], [27], [22], [24],
[28] and [29] described Perat, Shakrook and Safeen,
Dohuk, Shaikhan, Piris, Harir, Khalakan, and Qara
Serd as asymmetrical anticlines have dip amount of
NE limbs more than the dip amount of their SW
limbs respectively.

Field Description of the Low Folds

The eastern part of the low folded zone includes
Makhul, Hamrin, Kirkuk, Chamchamal, Derband-
Bazian, Taq Tagq and Qara Chuq anticlines that have
NW — SE fold axes trending only (Fig. 8). [17]
described Chamchamal, Kirkuk, Derband-Bazian,
Taq Tag and Qara Chuq as asymmetrical anticlines
have dip amount of NE limbs less than dip amount of
their SW limbs respectively, and subsequently [30],
[31] and [32] described Qara Chug, Makhul, and
Hamrin as asymmetrical anticlines have dip amount
of NE limbs less than dip amount of their SW limbs
respectively.

The west part of the low folded zone involves Sijar,
Sasan, Zmbar, Shaikh lbrahem, Magloob, Bashiqga,
Al-Fadhlya, Qand, W-Butma, E-Butma, En Zala,
Ashkft, Mashura, Dhgan, and Zeniat anticlines that
have E — W fold axes trending as well as the NW —
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SE fold axes trending (Fig. 8). Mashura, En Zala and
Zeniat were described as asymmetrical anticlines
have dip amount of NE limbs more than dip amount
of their SW limbs by [33], Sinjar, Sasan, Magloob,
and Ashkft were described as asymmetrical anticlines
have dip amount of NE limbs more than dip amount
of their SW limbs by [34], [35], [36] and [37]
respectively while Dhgan and Qand, E- Butma, and
W- Butma, Zmbar and Shaikh Ibrahem, Bashiga and
Al-Fadhlya described as asymmetrical anticlines have
dip amount of NE limbs less than dip amount of their
SW limbs by [17], [18], [35] and [38] respectively.
Results and discussion

Generally, folds of northern Iraq (high and low folds)
have two types of vergency, Foreland and suture. The
suture folds vergency have dip amount of NE or N
limbs more than dip amount of their SW or W limbs,
while the foreland folds vergency have dip amount of
NE or N limbs less than dip amount of their SW or W
limbs [4]. That means the fold vergency for the folds
in northern Irag can be determined by the forelimb
(steep) location.

The eastern part of the low folded zone involves
Hamrin, Makhul, Chamchamal, Kirkuk, Qara Chug,
Taq Taq, and Derband-Bazian anticlines that show
foreland vergency, where these anticlines have dip
amount of NE limbs less than the dip amount of SW
limbs. In addition to foreland vergency, the average
distance between these anticline is about 15 km and
the age of the exposed rocks in the core of these folds
is not exceed the Miocene.

The western part of the low folded zone involves
Mashura, En Zala, Zeniat, Sinjar, Sasan, Magloob
and Ashkft anticlines that show suture vergency and
Tertiary exposed rocks in cores, as well as Dhgan,
Qand, E- Butma, W- Butma, Zmbar, Shaikh Ibrahem,
Bashiga and Fadhlya anticlines that show foreland
vergency and Tertiary exposed rocks in cores.

N- Bazian, Beramagroon, Perat, Shakrook, Safeen,
Dohuk, Shaikhan, Piris, Harir folds that are located
within the high folded zone and considered as suture
anticlines vergency, where these anticlines have dip
amount of NE limbs (forelimbs) more than the SW
limbs (back limb). In addition to the suture anticlines
vergency, the high folded zone involves foreland
anticlines vergency (as S- Bazian, Surdash, Chia
Gara, Permam, Bani Bawi, Bekhiar, Brefka, Makook,
Korek and Bradost) that have dip amount of SW
limbs (forelimbs) more than the NE limbs (back
limb).

The development for the anticlines increasing from
north to south progressively [4] and antithetic (suture)
listric faults can be formed as result for increasing in
the tectonic deformation [13], therefore the suture
vergency for the anticlines in the high folded zone
can be attributed to the increasing in the tectonic
deformation while the suture vergency for the
anticlines in the western part of the low folded zone
may by attributed to the influence of the evaporate
beds for Fatha formation that considered as
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detachment surface can be effect on the fold shape
and give it vergent not conformable with the listric
vergent that formed.

Conclusions

1- The presence of the suture and foreland vergency
in the anticlines of the high folded zone and exposing
of the Triassic-Cretaceous rocks in their cores can be
considered as indication for the presence of antithetic
faults associated with high tectonic development.

2- The presence of the foreland vergency only in the
eastern part of the low folded zone and the exposing
for the Miocene rocks can be considered as indication
to the absence of the antithetic (suture) listric faults in
References

[1] Sommaruga, A. (1997). Geology of the central
Jura and the molasse basin: new insight into an
evaporite- based foreland fold and thrust belt, Mem.
Soc. Neuchatel. Nat., XI1, 1-176.

[2] Ramsay, J. G and Huber, M. 1. (1987). The
techniques of modern structural geology. V.2, folds
and fractures. academic press: London: 700 pp.

[3] Jamison, W. R. (1987). Geometric analysis of fold
development in over thrust terrines: Journal of
Structural Geology, 9: 207-220.

[4] Al-Azzawi, N. K. (2003). The structural
development of folds shape in the foreland belt of
Irag, and its tectonic implications. Ph.D. Thesis,
Mosul University, Mosul, Iraqg: 208 pp.

[5] Van der Pluijm, B. A. and Marshak, S. (2004).
Earth structure: An introduction to structural geology
and tectonics. 2™ eds., WCB/McGraw-Hill: USA: 656
pp.

[6] Bastida, F.; Aller, J.; Puchkov,V.N.; Juhlin, Ch.
and Oslianski, A. (1997). A cross-section through the
Zilair Nappe (southern Urals). Tectonophysic,. I: 1-
276.

[7] Suppe, J. (1985). Principles of structural geology.
Prentice-Hall, Inc., New Jersey: 537 pp.

[8] Berberian, M. (1995). Master blind thrust faults
hidden under the Zagros folds: active basement
tectonics and surface morphotectonics.
Tectonophysics, 241 (3): 193-224.

[9] Fouad, S, F,A. (2014). Western Zagros fold-thrust
belt, part TT: The high folded zone. Iraqi bulletin of
geology and mining, 6 (special issue): 53 — 71.

[10] Numan, N. M. S. (1997). A plate tectonic
scenario for the Phanerozoic succession in Iraq, Geol.
Soc. Irag. Jour., 30 (2): 85-110.

[11] Fossen, H. 2010. Structural Geology, united
states of America, Cambridge University Press, New
York: 463 pp.

[12] Sommaruga, A. (1999). Decollement tectonics in
the Jura foreland fold-and- thrust belt, marine and
petroleum geology, 16: 111-134.

[13] Numan, N. M. S. and Al-Azzawi, N. K. B.
(1993). Structural and teotectonic interpretation of
vergence directions of the anticlines in the foreland
folds of Irag, Abhath Al-Yarmouk (pure science and
engineering), Yarmok University, Jordan, 2 (2): 57-
73.

69

TJPS

this part or probably their influence vanished in the
depth.

3- The presence of the suture vergency (as well as
the foreland vergency) within the western part of the
low folded zone may be indicate to the more tectonic
development of this part in comparison with the
eastern part of the zone, or may be indicate to the
influence for evaporite bed of Fatha formation that
considered detachment surface.

Recommendations

1- Structural development study for anticlines in the
low folded zone and its relationship with the inherited
faults by using seismic sections.

[14] Numan, N. M. S. (2000). Major Cretaceous
Tectonic Events in Iraq, Rafidain Journal for
Sciences, .3: 32-52.

[15] Jassim S.Z. and Goff J.C. (2006). Geology of
Irag. Dolin, Prague and Moravian Museum Brno,
Czech Republic: 352 pp.

[16] De Vera, Gines J.; Oehlers, M.; Mc Clay M. and
Doski, J. (2009). Structure of the Zagros fold and
thrust belt in the Kurdistan Region, northern Irag.
University of Oviedo, Spain. international meeting of
young researchers in structural and tectonics. 29:
213-217.

[17] Ameen M. S. (1979). Regional investigation of
geo-flexures and tectonic analysis in the simple
folded zone of Irag, M.Sc. thesis, Mosul University,
Mosul, Irag: 192 pp.

[18] Al- Naib, M. A. (1982). Structural study for
selected sections in Western Butma and Permam
anticlines. M.Sc. thesis, Mosul University, Mosul,
Iraq: 171 pp.

[19] Omar, A. A. (2005). An integrated structural and
tectonic study of the Bina Bawi-Safin-Bradost region
in Iragi Kurdistan. Ph. D. thesis, Salahaddin
University, Irbil, Irag: 314 pp.

[20] Al-Hubiti, S. T. (2008). Tectonic style changes
along Bekheir anticline axis — northern lIrag. M.Sc.
thesis, Mosul University, Mosul, Irag. 120 pp.

[21] Al-Somaidaie, M. Ab. (2010). Structural and
tectonic study of Brefka anticline, northern lIrag.
M.Sc. thesis, Mosul University, Mosul, Irag: 159 pp.
[22] Zebari, M. (2013). Geometry and evolution of
fold structures within the high folded zone: Zagros
Fold-Thrust Belt, Kurdistan Region-lrag. M.Sc.
thesis. Nebraska University, Lincoln: 91 pp.

[23] Barno, J, M, G. (2014). Structural analysis of
Kosrat anticline and its tectonic implications,
northeastern Iraq. Ph. D. thesis, Baghdad University,
Baghdad, Iraq: 199 pp.

[24] Thihab, A, T. (2015). Structural analysis using
remote sensing and GIS techniques in the high folded
zone between Harir and Bradost anticlines,
northeastern Irag. M.Sc. thesis, Baghdad University,
Baghdad, Iraq: 174 pp.

[25] Al-Hamdani, R. K. (1991). Stratigraphy and
structure of the NE Part from Perat anticline, Bekhme



Tikrit Journal of Pure Science Vol. 25 (2) 2020 [ JP S

area, NE Irag. M.Sc. thesis, Mosul University, Mosul, [32] Ward, A. H. (2012). Structural analysis and its
Irag: 197 pp. tectonic indications for Al-Fdhol dom in the Northern
[26] Al-Kadum, N. Ab. (2010). Structure of Dohuk Mamrin anticline. M.Sc. thesis, Tikrit University,
anticline- northern Iraq and its tectonic implications. Tikrit, Iraq: 125 pp.
M.Sc. thesis, Mosul University, Mosul, Iraq: 142 pp. [33] Taufig J. M. and Domas, J. (1977). Report on the
[27] Al-Khatony S. E. (2009). The Structural analysis regional geological mapping of Duhok — Ain Zalah
and tectonic interpretation of Shaikhan anticline- area. (SOM) report, 837, (SOM) library, Baghdad.
northern Irag. M.Sc. thesis, Mosul University, Mosul, [34] Al-Azzawi, N. K. (1982). Comparison study in
Irag: 171 pp. the tectonic style of folds for three areas from the
[28] Ward, A. H. (2018). Geometry and structural simple folds zone, in Iraq. M.Sc. thesis, Mosul
history of Khalakan anticline north eastern Irag.. Ph. University, Mosul, Irag: 191 pp.
D. thesis, Baghdad University, Baghdad, Iraq: 150 [35] Al-Abidi, A. K. (1986). Tectonic study for
pp. Sasan, Zmbar and east Sinjar structures. M.Sc. thesis,
[29] Al — Khatony, S. E. Al- Azzawi N. K. and Lawa Baghdad University, Baghdad, Irag:119 pp.
F., A. (2019). Structural and tectonic study of Qara [36] Al - Ani, M. F. (1990). Structural study for
Serd anticline and Choplagh syncline, from Magloob  mountain. M.Sc. thesis, Baghdad
Sulaimaniya area, Kurdistan Region, Northeastern University, Baghdad, Iraq: 183 pp.
Irag. Iragi National Journal of Science. 19 (1): 39-58. [37] Al-Daghastani, H. S. (1996). Morphotectonic of
[30] Fouad, S. F. (1983). Geological and structural Sasan, Ishkaft, and Gusair structures, northwestern
study for Qara Chug anticlines. Ph. D. thesis, Iragq using remote sensing data. Rafidain Journal for
Baghdad University, Baghdad. Iraq: 186 pp. Sciences. 7 (1): 99-113.
[31] Haifi, N. N., (1985). Structural study for Makhul [38] Al-Azzawi, A. G. (2010). The structural and
mountain. M.Sc. thesis, Baghdad University, tectonic analysis of Bashiga and Al-Fadhlya
Baghdad. Iraq:152 pp. anticlines- northern Irag. M.Sc. thesis, Mosul
University, Mosul, Irag: 141 pp.

4 g) AT slaag A8lal) Gug Sl b alia (8 duasal) cillal) 6\ a3
JLala e slica . g sgha U SO Cmea sle
Gl S S dnals o slel] TS Ldulail] )Y asle auid!
bl ok, o deals , liadl L3 LIS, Ldlpinl) aoid
Gl eSS Aol Aullastl) Luidl] deslad) i) speel)’

oeidlall

gora o e AaY Ao oS GLbll oVia et Adhal)l Apall (s SNy g aai = Gl aliad D "eja Bl Jlad (8 CLLl e
Bl (S V) Zlall) Al Zlad) dae of Gas bl Al g gaall Gug bl el cpy A Canall 13 sl 3 )50 Ayl
il el IS L (S 23V #lall) aleV] Zlal) adsar santy Bl ol o)y Al il (53 Canlill g aall mland Lilse s$
(e i = o) sy (Frd el = Jlad) (g))0 oSl Akl wlibal) @Glas e (ol ehadl ey lladl lidal) Gl
Gl b ldall o ysdlly (g5 all SN jela ol Ll s olS) Al bl GUat (e Al ghal) cilde el Lawy
& sl (oA LSV e o Laty WAl Al s SH Gl abs e LgBse e 8 (P5S skl JaS Alled) UL
G Gl e Al ghall bl e Aall Gl 38 8 YD sl elall I Askll) @bkl GUas e ooal giall il
cepad) 13 8 Aasdl) oSl chanal) jeaia il e i) el | ekl

70



