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The Naft anticline is located in the NW-SE of the N Lurestan sub-zone and the
Zagros fold and thrust belt. In this sub-zone, the structural geometry of the folded
sequence is significantly influenced by the basemen thrust and strike-slip faults and
detachment levels. In this research, for the geometrical analysis of the Naft anticline,
we utilized the structural profile perpendicular to the anticline in the central region,
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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Fig. 1. a) Map of the structural setting and tectonic subzones of the Zagros fold and thrust belt in the southwest

of Iran, where the location of the study area in the Zagros fold and thrust belt is marked with a black rectangle
(Homke et al., 2004). b) Geological map of the study area in the Lurestan region, the location of the structural

profile is marked with black lines.

2 0] G a5 00l oS 110858 5 Sowaule o 5)le

- s el o a8 F i o gl ol J ddlate

095 Wile (i Bl o il (ygeit; Wike (5

o3l B GailalS 51 s dilats ;5 Gl s a7 ol

VIVY (aadae) (FUSS) wil oo
(2009 ;

Casciello et al.,

bl adlhas 550 dihaie (wlidas Sl

S laassle b oo wsS I B auls S 3 lsl slaas;le
S5 e a olewl iile s Jels ol 4 o
O b S5l a3l pmaghl oo b ST 55l g
olidanz wly (el wile aites gl - gty
Slpss (55 5l (o oS Wb adhie Koo

oot 5 355

Ol aslds gl 4|y Clses



e S by g;'\"b EN ‘Ls‘x‘il‘x? Tob (5,50 oo OhlSer g 40 e
Strata
Formation Thick (m Stratigraphy Litology Structural role
Era System Series
%
355
Pliocene .
& Gachsaran 300 0:0:0 Evaporite Very Weak layers
) et
S K
s i 0%
= Tertiary Miocene RS
6 e %
Oligocene Asmari-Shahbazan 350 Stiff layers
Eocene Kashkan 250 Linicstons
Taleh zang 150
Paleocene Amiran 1400 Fiysch Weak layers
Gurpi 700 Shales . Marls
Cretaceous Ilam - Sarvak 1000 = Limestone Stiff layers
2 =
S Garau 850 T ==t —T==T 3 Limestonc, Shales , Marls
5 == ==
,;3 . Jurassic evaporites 0 Evaporito
= Jurassic
Neyriz-Dashtak 250 Li , Shales , Marls Weak layers
Triassic Kangan 100 Dolomite
e i e e——
Pertosiin Dalan 60 et Limestone Stiff layers
===
Carboniferous - __'.—-" '__“"‘ ___
Devonian LTI ==1 Sandstone
'g : x —— S<_mdslum, Weak layers
8 Lower paleozoic rocks 1300 x S i [-"3‘3510“"
=2 Silurian — == Shales
= Cr ey ==
A o i
Ordovician == == m=
Cambrian
B : . Pan - African basement Very Weak layers
Neoproterozoic

(James and Wynd, 1965; Motiei, 1994) L., atg 55 50 delllas 550 dibate _wlidai> faiw -V IS0
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1994).
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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).
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Fig. 7. Diagrams for determining the geometric parameters of detachment folds (Poblet and McClay, 1996). The

numbers of RL parameter in the graphs are 1, 1.1, 1.25, 1.43, 1.67, 2.50, 3.33, 5 and 10, respectively. The location
of the Naft anticline is shown on the diagram based on its geometrical parameters.
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Fig. 9. The lateral propagation of the subsurface thrust causes the development of folds in the sedimentary cover,
and the different slip rates of these thrusts are effective in the intensity of uplift and folding of the upper anticline

(Burbank and Anderson, 2012).
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Fig. 10. a) The relationship between the main Recent Fault and the Main Zagros Reverse Fault caused by the collision
of the Central Iran and Arabia plates (Yassaghi and Marone, 2019). b) The digital elevation model of the study area

where the right-lateral basement fault has caused the transformation of the deformation to the inner parts of the fold
and thrust belt.
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