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Avrticle info Abstract

Article history The Naft anticline is located in the NW-SE of the N Lurestan sub-zone and the
iiﬁgg’tzz igjﬂ',{, ggg Zagros fold and thrust belt. In this sub-zone, the structural geometry of the folded
Keywords: sequence is significantly influenced by the basemen thrust and strike-slip faults and
ﬁ;‘ﬁ;ﬁfé‘l‘l’r’]‘e detachment levels. In this research, for the geometrical analysis of the Naft anticline,
Basement we utilized the structural profile perpendicular to the anticline in the central region,
;g;z‘sa” information from drilling wells in the study area and neighboring anticlines, and the

deformation pattern and structural geometry of the Naft anticline. The anticline has
two upper (Amiran Formation) and Middle (Garau Formation) detachment levels.
The basement thrust faults and detachment levels in the southwestern limb had a
significant impact on the folding geometry and led to the formation of disharmonic
folding. An N-S basement strike-slip fault in the middle part of the anticline has
shifted the anticline axis from N70W in the northwest to N50W in the southeast. In
addition, the minor and shallow thrust faults propagationg from the upper detachment
levels or the independent thrusts in the Gurpi Formation resulted in the development
ofan axis of two kink and curved hinges in the middle part of the Naft anticline in
folded structures. The analysis of the geometrical parameters of the Naft anticline
shows that it is an asymmetrical and noncylindrical fold, categorized as an open half-
angle fold in terms of tightness.
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EXTENDED ABSTRACT

Introduction
The Naft anticline with a NW-SE trend, is

located in the north of the Lurestan sub-zone
and the Zagros fold and thrust belt. In this sub-
zone, detachment level and thrust faults during
different stages of progressive deformation,
have complicated the geometry of folded
structures (McQuarrie et al., 2004; Casciello et
al., 2009). The folded structures and related
thrust faults with a general NW-SE trend are
the major structures of the Zagros fold and
thrust belt (Berberian, 1995). The surface
outcrops in the Naft anticline are the upper
Cretaceous and Cenozoic formations and from
old to the recent are the Gurpi, Amiran, Taleh-
Zng, Kashkan, Asmari and Gachsaran
formations. In this anticline, thrust and
basement strike-slip faults and detachment
levels play an important role in the structural
geometry of the folded sequence. There are
two detachment levels including the Amiran
formation as upper detachment level and the
Garau Formation as middle detachment level
affecting the shallow and deep folding
geometry. Detachment levels and basement
thrust fault in the southwestern limb of the
Naft anticline have affected the folding
geometry. In addition to the thrust fault at the
southern limb, a north-south basement strike-
slip fault in the middle part of this anticline has
shifted the anticline axis. Therefore, the aim of
this research is the effect of thrust faults and
upper and middle detachment levels on the
formation of disharmonic folding. To achieve
this, we analyzed the structural and kinematic
geometry of the anticline by constructing a
cross-section perpendicular to its axis trace
and examining the strike-slip faults with N-S
trends.

Material and methods
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In this research, surface and subsurface
data have been used to study of the surface and
subsurface evidence of north-south strike-slip
faults, basement thrusts, structural style,
folding geometry and detachment levels in the
Naft anticline. The research utilized
geological maps (1/100000 scale), satellite
images, and digital elevation model (DEM)
maps for surface data and data obtained from
drilled wells for subsurface data.For further
analysis of the structures, a cross-sectional
view was created using the Kink method
(Suppe, 1985) in the NE-SW direction. This
cross-section is perpendicular to the Naft
anticline's overall trend.

Results and discussion

The Naft anticline with about 70 km length
and 4 km wide and NW-SE trend, is located in
the north of Lurestan subzone. Deep, shallow
and middle detachment level have influenced
the surface structures and also the style of
folding in the studied area. In this region, due
to the lack of the Hormuz salt outcrops,
Cambrian shale surfaces are introduced as the
basal detachment, the Jurassic evaporates and
shales (such as the Garau formation) are the
middle detachment, and Cretaceous marle and
shales of the Amiran formation also plays the
role of upper detachment level. Basement
thrust faults on the southern limb of the Naft
anticline have cut the formations from the
basement to the middle detachment level
(Garau Formation). Generally, this anticline
constitutes one of the folded structures in the
central and northern sectors of the Lurestan
subzone, comprising two shallow and deep
anticlines.The shallow anticline is formed
above the upper detachment level, while the
deep anticline is formed between the basal and
upper detachment levels. The two main
detachment levels in the study area, including
intermediate  detachment level (Garau
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Formation) and upper detachment level
(Amiran Formations), caused deformation and
disharmonic folding. Thrust faults are the
shallow and deep thrust faults. The upper
shallow thrust is rooted in the Amiran
Formation and propagated to the surface and
the deep thrust is rooted in the Garau
Formation and cuts up-ward section and
usually died out in the Amiran Formation. In
addition to these thrust faults, in the central
part of the Naft anticline a right-lateral strike-
slip fault has propagated to the upper
sedimentary cover and caused change in the
anticline trend from N70W in the northwest to
N50W in the southeast. In general, the right-
lateral strike-slip movement in the Zagros belt
is result of the convergence between the
Arabian-Iranian plates. The important point is
that this right-lateral strike-slip movement
generally propagated on the NW-SE trending
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Main Recent fault, and evidence suggests that
this right-lateral strike-slip movement is not
only on the Main Recent fault and it has also
propagated outside of the collision zone. This
N-S trending strike-slip fault is visible along
the Lurestan sub-zone, in the Naft anticline.
Conclusion

The analysis of geometrical parameters of
the Naft anticline indicates that it is an
asymmetrical, non-cylindrical fold with an
open half-angle round. In the study area, the
thickness of detachment levels has a major
effect on the deformation style, and thrust
faults are rooted in these detachment surfaces.
The results of this study also indicate that
along the anticline axis, where the strike-slip
fault movement caused deformation, the
folding hinge are changed into two round and
kink hinge zones.
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Table 1: Geometric characteristics of the surface and subsurface folds of the Naft anticline and the geometric

parameters necessary to use the corresponding diagrams (Jamison, 1987; Poblet and McClay, 1996).

LS | R, wed | e [ ek | b | eS| e | sk | e ghe | CasBee | aly |l | 4l | lede
S Ju Ju Ju Ju >z | el | oz oz &9 ekt | bl | o | Ok
e T T PT ) 9 o | S
Soges =]
Y7 A4 fo Yo v,V 5 -5 el SYONY | YO Voo Yoo [ WY | s
=2
AY



https://gnf.khu.ac.ir/article-1-2787-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-22 ]

si-“’s‘)"JL***“)BJA"‘)GL“J“S‘W“"GJ‘“s"”))s°w))’ Q‘)S°“’9)% c
(a) b
( ) RI=10
' J I
o w i g/ I 4 /
Y - / / f
& Sl | frA
o 3 2
H &
3 E A AQ AT U—TE 1B 20
é g e .‘V-FVSY
2
‘024:‘5!-3':141;215;0
SHORTENING
SHORTENING
line section @
(d) (e) -
= 160 ~ 80 { S
Y < o
Q120 S &0 \
2 ¢ % A% o
e = VY )L
8 4 T
Y ¥ VL {
0 ’ R ° g Wt
0 2 4 6 8 10 12 14 16 18 20 8 10 12 14 16 18 20
SHORTENING SHORTENING

@ o loges ;o RL el )b slasl (Poblet and McClay, 1996) _ivloz> slaips (cwiie ool )b s sl loges -V IS

3505 695 gt O (ot 6l ol by Ci g8l CoBge aiied Vo g O FITY Y/ MY NFY AND N W s

el 00l ooly yLis
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of the Naft anticline is shown on the diagram based on its geometrical parameters.
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where the right-lateral basement fault has caused the transformation of the deformation to the inner parts of the fold
and thrust belt.

=

Iy bl 09,5 oy 4 Bee b lols anan L g jeglS Ve dga gyl b s puadls
oo Galr gl plyis e e )1 b e dipy Jleb o oyl sl
s Slsie 4 (0l el 455) (sl (slo sl 5 S (35 255l) Sl sl o 20 1,3 i)

qy


https://gnf.khu.ac.ir/article-1-2787-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-22 ]

e S Ay g (Sl gl S (ciolie polan S5u, S o) 0 O g o e

b Gl maw By Y wudl o 03,5 oloml (S5 5 50 (oot 2B (YL Rl
Cel g 00 raly obj o b (ol W55le) St SN SlodeS (2550 & e nl ol
~Jleds i ;o NTOW I g a8l joome g 5o b S Sl sl ol i adl g L o
el sl (6,5l giz (i 5o NOOW a4y (6 220 s Sel g o n (55 Wile) Gl (b whaw
5 Sz sl Sul, oflee s 4 rizen il w55 9095 polial slanaly jo Culis
Yyl 5 Ll GV 9o 5l (5,970 adlate ((elan — Sl Cdled el 00,5 gy Jlgen <l YL
Syl 4 axg bl oad fSas o0 Goe DS Zely (b (pl jo (Swg sl
5028 1 5] a3l l el g8l ) (gt Cwoles Gl omadl Jsb 3 Swg ob;
5 e sboer g5 5 eolal ced )Gl e g (FKwgr Sla Sl e 53 Slige,
B asliaes 0o, ;o ez (S Sl (rioren 69 2l ced Gl pas 5 b 86 SalamS

RPN b 5o S By JuScwl ouls aasjle

&lw

sosls 5l solaul b w315 Lolilez (S aigy 10 ay)lspe Juu (SigiSs obgr Judos” o o gl oz oo« g e
AYA LAY amao (AVAF) VY o)leds V) 0,50 «69,0,5 cmlidiipe (i sloasdl ‘"L_qll;S)_é Jeloes g gzt 90

5 P90 SSLISS Sl ooliiwl b disee LS gy b bas e sla SnSis 5 oo lglas L™ wp 0l ezl Gas ay e e
YO BYAP amio ((VYAA) YV o)l ¢y iils slataghy (ol p! p3b) JLS 3

OB3L 5 lae 50 (g olem] ytte S sl SSs Judos g 0dli IS e it e ool sl o) g e

B B FAY amio (IVAY) Yo,lads VYl ¢ 03,lg5 olSiils pole @y i () i3bosi)
AOYVY) 588 (oilid ey Glajbo e ST (omlitiainz 10l pl (ulidiinme) vo orrdae
Alipoor, R., Zaré, M., and Ghassemi, M. R., "Inception of activity and slip rate on the main recent
fault of Zagros Mountains, Iran”, Geomorphology, 175-176 (2012) 86-97.
Ameen, M.S., "Effect of basement tectonics on hydrocarbon generation migration and accumulation in
northern Iraq”, American Association of Petroleum Geologists Bulletin, 76 (1992) 356-370.
Bachmanov, D., Trifonova, V., Hessami, Kh., Kozhurina, A., Ivanova, T., Rogozhind, E., Hademi, M.,
Jamali, F., "Active faults in the Zagros and central Iran", Tectonophysics 380 (2004) 221-241.
Berberian, M. and King, G.C.P., "Towards the paleogeography and tectonic evolution of Iran",

Canadian Journal of Earth Sciences, 18 (1981) 210-265.

ay


https://gnf.khu.ac.ir/article-1-2787-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-22 ]

e S Ay g (Sl gl S (ciolie polan S5u, S o) 0 O g o e

Berberian, M., "Master Blind thrust faults hidden under the Zagros folds: active basement tectonics
and surface morphotectonics", Tectonophysics, 241 (1995) 193-224.

Burbank, D.W., Anderson, R.S., "Tectonic geomorphology", (2012) Blackwell science.

Casciello, E., Vergés, J., Saura, E., Casini, G., Fernandez, N., Blanc, E., "Fold patterns and multilayer
rheology of the Lurestan Province, Zagros Simply Folded Belt (Iran)". Journal of the Geological
Society of London, 166 (2009) 947-959.

Colman-Sadd, S.P., "Fold development in Zagros simply folded belt, Southwest Iran", American
Association of Petroleum Geologist Bulletin, 62(6) (1978) 984-1003.

Cotton, J. T., Kayi, H. A., "Modeling of thrust fronts above ductile and frictional detachment:
application to structures in the Salt Range and Potwar Plateau, Pakistan", Geological Society of
America Bulletin, 112(3) (2000) 351-363.

Falcon, N.L., "Problems of the Relationship between Surface Structures and Deep Displacements
Illustrated by the Zagros Range. In: P. Kent, G.E. Satterthwaite and A.M. Spencer (Eds.), Time
and Place Orogeny", Geological Society of London, Special publication, 3 (1969) 9-22.

Faver, G., "Structures in the Zagros Orogenic Belt", (1975) OSCO, Report N0.1233 Unpub.

Ghavidel, M., "Acritarch biostratigraphy of the Paleozoic Rock units in the Zagros Basin, Southern
Iran", Acta Universitatis Carolinae Geologica, 40 (1996) 385-411.

Haynes S. J., McQuillan H., "Evolution of the Zagros suture zone, southern Iran", Geological Society
of America Bulletin, 85(5) (1974) 739-744.

Homke, S., J. Vergés, M. Garcés, H. Emami, and R. Karpuz., "Magnetostratigraphy of Miocene—
Pliocene Zagros foreland deposits in the front of the Push-e Kush Arc (Lurestan Province, Iran)",
Earth and Planetary Science Letters, 225 (2004) 397-410.

James, G. A., Wynd, J. G., "Stratigraphic Nomenclature of Iranian Oil Consortium Agreement Area",
Bulletin of the American Association of Petroleum Geologists, 49, (1965) 2182-2245.

Jamison, W.R., "Geometric analysis of fold devolopment in overthrust terranes”, Journal of Structural
Geology, 9 (1987) 207-219.

Kent, P.E., "Review of the Kazerun lineament system. OSCQ", (1977) Technical Note, Unpub.

Q¢


https://gnf.khu.ac.ir/article-1-2787-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-22 ]

e S Ay g (Sl gl S (ciolie polan S5u, S o) 0 O g o e

Koyi. H.A., "Experimental modeling of the role of gravity and lateral shortening in the Zagros
mountain belt", AAPG Bulletin, 74(4) (1990) 515-516.

Motiei, H., "Stratigraphy of Zagros", (1994) Geological Survey of Iran Publications, (In Persian).

Player, R.A., "The Hormuz Salt Plugs of southern Iran", (1969) I00OC, Report No.1146 Unpub.

Poblet, J.A. and McClay, K.R., "Geometry and kinematics of sin-gle layer detachment folds", AAPG
Bulletin, 80 (1996) 1085-1109.

Sprrat, D.A., Dixon, J.M., Beattie, E.T., "Changes in structural style controlled by lithofacies contrast across
transverse carbonate bank margins Canadian Rocky Mountains and scaled physical models. In: McClay,
K.R. (eds) Thrust tectonic and hydrocarbon systems”, AAPG Memoir, 82 (2004) 259-275 .

Suppe, J., "Principles of structural geology", (1985) Prentice Hall, Englewood Cliffs, New Jersey.

Szabo, F., Kheradpir, A., "Permian and Triassic stratigraphy, Zagros basin, south-west Iran", Journal
of Petroleum Geology, 1(2) (1978) 57-82.

Talbot, C. J., Alavi, M., "The past of a future syntaxis across the Zagros, In: Salt tectonics, (Eds. by G.I.
Alsop, D. J. Blundell, 1. Davison)", Special Publications, Geological Society of London, 100 (1996)
89-109.

Talebian, M. and Jackson, J., "Offset on the Main Recent Fault of the NW Iran and implications for
the late Cenozoic tectonics of the Arabia-Eurasia collision zone", Geophysical Journal
International, 150 (2002) 422—-439.

Tavarnelli, E., "Structural evolution of a foreland fold-and-thrust belt: the UmbriaMarche Apennines,
Italy”, Journal of Structural Geology, 19(3-4) (1997) 523-534.

Turrini, C., Ravaglia, A., Perotti, C.R., "Compressional structural in a multilayered mechanical
stratigraphy: insights from sandbox modeling with three dimensional variation in basal geometry
and friction", In: Koyi, H.A., Mancktelow, N.S., (eds) tectonic Modeling: A VVolume in Honour
of Hans Ramberg. Geological Society of American Memoir, 193 (2001) 153-178.

Walker, R. and Jackson, J., "Offset and evolution of the Gowk fault, S.E. Iran: a major intra-

continental strike-slip system", Journal of Structural Geology, 24 (2002) 1677-1698.

q0


https://gnf.khu.ac.ir/article-1-2787-en.html

[ Downloaded from gnf.khu.ac.ir on 2026-06-22 ]

e S Ay g (Sl gl S (ciolie polan S5u, S o) 0 O g o e

Warrak, M., "Origin of the Hafit structure: implications for timing the Tertiary deformation in the
Northern Oman Mountains”, Journal of Structural Geology, 18(6) (1996) 803-818.

Yang Y.H, Hu J.C, Yassaghi A, Tsai MC., Zare M, Chen Q, Wang Z.G, Rajabi A.M, and Kamranzad
F., "Midcrustal Thrusting and Vertical Deformation Partitioning Constraint by 2017 Mw 7.3
Sarpol Zahab Earthquake in Zagros Mountain Belt, Iran", Seismological Research Letters, 89(6)
(2018) 22042213

Yassaghi, A., Marone, C., "The relationship between fault zone structure and frictional heterogeneity,

insight from faults in the High Zagros", Tectonophysics, 762 (2019) 109-120.

Al


https://gnf.khu.ac.ir/article-1-2787-en.html
http://www.tcpdf.org

