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[1] We present five generalized cross sections across
the central Zagros fold-and-thrust belt (Iran). These
sections show that the fold geometry varies
significantly both horizontally and vertically. The
style is closely related to the changes in the
mechanical behavior of the lithostratigraphic
horizons and, in particular, to the presence of
intermediate décollements within the sedimentary
pile. Restoration of the sections shows amounts of
shortening of the same order from one section to the
other. However, it appears to be unequally distributed,
suggesting variations in basal décollement shear
strength. Analogue modeling has been performed to
systematically investigate the effect of an intermediate
décollement level at different depths on the style of
folding. The models demonstrate that the position of
intermediate décollements is an important factor
controlling both structural style and fold wavelength.
Models with shallow intermediate décollement show
regularly and widely spaced anticlines. In these
models, the fold wavelength depends directly on the
thickness of the dominant competent layer and short-
wavelength superficial structures mask broad
anticlines at depth. Models with deep intermediate
décollement are characterized by the rapid propagation
of deformation (with small rate of shortening) along
this décollement influencing localization of
forthcoming anticlines in the upper levels. Such
propagation favors the development of duplexes and
multiwavelength folds. On this basis, fold kinematics
in central Zagros is discussed using the variation of
structural style along different folds as an indicator of
the sequence of deformation. Detachment folding is
the main folding style at least for the initial stages of
deformation and thrust faults developed only at later
stages. Some of these faults, branched on décollement
levels, express the progression of folding, whereas
others are linked to late basement faults cutting
through early structures. In general, the décollement

levels are activated sequentially from deeper horizons
to shallower ones. However, in one case (Gachsaran
décollement) a shallow décollement is activated during
the early stages of folding and then abandoned during
the subsequent evolution.Citation: Sherkati, S., J. Letouzey,

and D. Frizon de Lamotte (2006), Central Zagros fold-thrust belt

(Iran): New insights from seismic data, field observation, and

sandbox modeling, Tectonics, 25, TC4007, doi:10.1029/

2004TC001766.

1. Introduction

[2] The Zagros fold-and-thrust (ZFTB) is currently the
site of intense geological studies, which led to the publica-
tion of generalized balanced cross sections across the whole
chain [Letouzey et al., 2002; Blanc et al., 2003; McQuarrie,
2004; Letouzey and Sherkati, 2004; Sherkati and Letouzey,
2004; Molinaro et al., 2005a]. Following Colman-Sadd
[1978], all these studies agree with a structural style
dominated by detachment folding over a ductile lower
décollement.
[3] Within the folded sedimentary pile, the presence of

multiple secondary décollement levels complicates the fold
geometry and explains the great difficulty to extrapolate a
geometry at depth when subsurface data are lacking. As a
matter of fact, Falcon [1969] mentioned the role of gravity
tectonics in limestones and marls of the ZFTB in creating
structural complexity at surface in places where the under-
lying structure is simple. Conversely, O’Brien [1957],
Edgell [1996], and Sherkati et al. [2005] show through
subsurface data, that simple surface geometries can mask
complexity at depth.
[4] The role of basement faults during the building of the

ZFTB remains a matter of debate. The seismic activity
[Berberian, 1995; Talebian and Jackson, 2004] shows that
the basement is currently involved in the deformation.
However, Molinaro et al. [2005a] and Sherkati et al.
[2005] demonstrate that the basement control on the surface
structures only occurred at a late stage in the tectonic
history. In other words, the current thick skinned style of
Zagros folding succeeded a more general thin-skinned
evolution.
[5] In this general frame, the aims of the present study

can be summarized as follows: (1) to establish a compre-
hensive structural (mechanical) classification of the sedi-
mentary pile in central Zagros; (2) to present new balanced
cross sections across the central Zagros; (3) to describe the
influence of intermediate décollement levels on structural
style (for this purpose, we have obtain new insights from
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some analogue modeling experiments); and (4) to present
kinematic hypotheses for fold development in Zagros.

2. Geologic Setting

[6] The Zagros fold-and-thrust (ZFTB) is a NW-SE
trending orogenic belt, which extends over about 2000 km
from Turkey through southwest Iran down to the strait of
Hormuz. It is bound to the north by the Main Zagros Fault,
interpreted as the suture zone of the Neo-Tethys ocean
[Ricou, 1971] (Figure 1). Mainly on the basis of morphol-
ogy, the ZFTB is divided in two adjacent belts: the High
Zagros Belt (HZB) and the Zagros Simply Folded Belt
(ZSFB) separated by the High Zagros Fault (HZF) (Figure
1) [Stocklin, 1968; Falcon, 1974; Berberian and King,
1981; Alavi, 1991]. On the basis of lateral facies variations,
the Iranian ZSFB is divided into different tectonostrati-
graphic domains that are from SE to NW: The Fars province
or eastern Zagros, the Izeh zone and Dezful Embayment or
central Zagros and finally the Lurestan province or western
Zagros [Motiei, 1994, 1995] (Figure 1).
[7] In the ZFTB, compressive deformation began in the

Late Cretaceous by ophiolite obduction [Ricou, 1971].
Subsequent folding and thrusting are related to the ongoing
collision of the Arabian plate with central Iran, which began
by Oligocene–early Miocene along the Main Zagros Fault
(Figure 1) [Stocklin, 1968; Falcon, 1969; Berberian and
King, 1981]. The deformation front propagated progressively
southwestward [Hessami et al., 2001] and attained its
current position along the shore of the Persian Gulf in
Plio-Pleistocene times. The thick (6 to 12 km) sedimentary
sequence involved in the Zagros folds has recorded the
complex tectonic history of this area. It presents all the
stages of evolution of a basin from a platform or a passive
continental shelf to a rift and various stages of deformation
associated with ophiolite obduction and plate collision.

2.1. Preobduction Sedimentary Sequence

[8] The sedimentary cover is supported by a Panafrican
basement, which is exposed in the western part of the
Arabian shield [Falcon, 1969; Husseini, 1988; Konert et
al., 2001]. There is no exposure of the basement in Iranian
Zagros. Information about its depth and composition are
gained from seismic, gravity and aeromagnetic surveys and
fragments brought to the surface by salt diapirs [Kent,
1970].
[9] It is generally considered that the evaporites of the

Hormuz Formation (latest Proterozoic–Early Cambrian)
were deposited directly on the basement. However, as in
Oman [Peters et al., 2003], seismic evidence from northern
Fars suggests the existence of pre-Hormuz sediments in
some parts of the Iranian Zagros [Letouzey and Sherkati,
2004]. Unfortunately, the nature and precise age of them
remain unknown. The Hormuz Formation is only known
from diapirs and salt plugs in the Fars province and High
Zagros Belt. It was originally deposited in evaporitic basins
related to the north trending rifting, which developed at that
time in the Arabian plate [Edgell, 1996]. It consists of salt,
anhydrite, dolomite, shale and volcanic rocks [Harrison,

1930; Kent, 1970, 1986; Haynes and McQuillan, 1974; Ala,
1974].
[10] Epicontinental deposits of Paleozoic age contain

some sedimentary gaps and show thickness and facies
changes (see review by Berberian and King [1981]) linked
to salt and epeirogenic movements, basement faulting and
eustatic sea level changes. Deposition of Permian clastics
and carbonates on a truncated Silurian to Cambrian surface
underlines a Hercynian unconformity, which is the most
important sedimentary gap in the Zagros belt [Szabo and
Kheradpir, 1978].
[11] Permian and Triassic subsidence and facies patterns

are parallel to the Main Zagros Fault (Figure 1). Crust
thinning along this line is taken as evidence of thermal
arching, rifting and opening of the Neo-Tethys ocean [Koop
and Stoneley, 1982; Stampfli and Borel, 2004]. Throughout
most of the Upper Triassic to Lower Cretaceous, the
Arabian platform remained a broad, stable shallow shelf
dominated by carbonate and some evaporite deposition
(Figure 2). Numerous transgressions and regressions during
the Mesozoic explain the lateral variations in facies of
carbonates from southeastern Zagros to the Lurestan prov-
ince in the northwest of the Zagros belt [Setudehnia, 1978;
Van Buchem et al., 2003; Taati et al., 2003].
[12] Sedimentation on the Arabian and Zagros platform

during the Mesozoic (Figure 2) was also strongly influenced
by the presence of deep-seated basement faults. Murris
[1980] pointed out that the basement faults influenced the
Early Mesozoic sedimentation in the Arabian plate and
central part of the Persian Gulf. These structures had periods
of important activity alternating with intervals of relative
quiescence. In particular, they were most active from the
late Turonian to the early Campanian [Sherkati and
Letouzey, 2004]. These periods correspond to major changes
in basin configuration marking the early stages of regional
compressive activity [Murris, 1980; Koop and Stoneley,
1982; Sherkati and Letouzey, 2004].

2.2. Synobduction and Postobduction Sedimentary
Sequence

[13] The configuration of the NE margin of the Arabian
platform changed abruptly with the early Coniacian–late
Santonian ophiolite obduction [Ricou, 1971; Falcon, 1974;
Berberian and King, 1981; Sherkati and Letouzey, 2004;
Agard et al., 2005]. Field surveys especially in the inner
part of the belt provide information allowing a better
understanding of this long period of convergence. Figure 3
presents the main sedimentary events from late Cretaceous
till Pleistocene time in northwest of central Zagros.
[14] Northeast of the Arabian plate, a flexural basin has

been formed due to the overloading of continental crust by
ophiolite obduction in the late Cretaceous. This basin is
marked by accumulation of Campanian flysch supporting
radiolaritic nappes (Figure 3, events A and B). The nappes
emplacement was followed by an uplift, which provoked
Paleocene erosion in the High Zagros Belt (Figure 3, event
C). The origin of this uplift is uncertain. It could correspond
to a lithospheric response to the Paleogene breakoff of the
Neo-Tethys slab put forward by Agard et al. [2005]. It is
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followed by a relatively calm period during the late Eocene
(deposition of the Jahrom carbonate). During the late
Oligocene–early Miocene, basinal facies (turbidite) devel-
oped in the northeast of the High Zagros area whereas
elsewhere the limestones of the Asmari Formation were
deposited (Figure 3, event D). This reveals the presence of a
second flexural basin associated with the onset of continent-

continent collision during the late Oligocene–lower Mio-
cene (see review by Agard et al. [2005]). Erosion of the
Oligocene and upper Eocene in some parts of the belt
(Figure 3, events E and F) could be related to the develop-
ment of a collision-related lithospheric flexure (bulge ge-
ometry) and linked activation of deep-seated basement
faults.

Figure 1. Topographic map and index map of the central Zagros showing the locations of the five
structural transects A, B, C, D, and E (Figure 4) (white solid lines) and the location of the stratigraphic
correlation chart (Figure 3) (black dashed line). The synthetic stratigraphic columns (a to g) of Figures 2,
16, and 17 are also located.
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[15] The major regional angular unconformity between
the Agha Jari and Bakhtyari formations is generally con-
sidered to have marked the late Pliocene climax of orogeny
in the Zagros fold-and-thrust belt [Haynes and McQuillan,
1974; Kashfi, 1976]. However, growth strata within the
upper part of the Agha Jari formation show earlier move-
ments before this major unconformity as mentioned by
previous workers [Falcon, 1974; Motiei, 1994; Hessami et
al., 2001; Homke et al., 2004; Sherkati et al., 2005]. The
base of the growth strata is dated at 8.1–7.2 Ma by
magnetostratigraphic correlation in northwest Zagros (Lure-
stan) [Homke et al., 2004]. On the other hand, new seismic
data show pinch out in the upper Gachsaran seismic
reflectors along the forelimb of some anticlines, showing
that folding began in middle Miocene time north of the
Dezful Embayment [Sherkati et al., 2005]. On the basis of
these considerations, we acknowledge that the Zagros
folding started in middle Miocene and covered the entire
belt by the early Pliocene. The important uplift and erosion,
which preceded the deposition of the Bakhtyari conglom-
erates (Figure 3, event G) could be related to the slab break
off [Molinaro et al., 2005b] of the ‘‘residual Tethys’’ (the
ocean, which remained after the obduction [see Agard et al.,
2005]). A part of the salt extrusions is coeval with Zagros
folding. Some of them remain active at the moment, but
pinch outs and sedimentary gaps in southeastern Fars and
High Zagros area show that important salt movements
occurred prior to the Zagros orogeny [Kent, 1970; Letouzey
and Sherkati, 2004].

2.3. Mechanical Stratigraphy of the ZFTB

[16] O’Brien’s [1957] mechanical stratigraphy of the
ZFTB is not sufficiently detailed to explain the variations
of structural style all over the Zagros. Figure 2 presents the
mechanical stratigraphy of the sedimentary cover based on
extensive geological study and subsurface data analysis
[Letouzey et al., 2002; Sherkati and Letouzey, 2004;
Sherkati et al., 2005]. It consists of several competent stiff
layers that are separated by evaporitic or shale layers,
involved in deformation as intermediate décollements.
[17] The Hormuz Formation is the basal décollement

level in the Fars, Lurestan and High Zagros area. In the
Izeh zone and Dezful Embayment, there is no surface occur-
rence of Hormuz salt plugs suggesting the absence of salt at
depth, Eo-Cambrian evaporite horizons or Cambrian shale
may be, in this case, the best alternative for basal décollement
[Sherkati and Letouzey, 2004]. Whatever its nature, this basal
décollement has been disrupted and cut by movement along
late basement faults [Sherkati and Letouzey, 2004;Molinaro
et al., 2005a; Sherkati et al., 2005].
[18] The Triassic evaporite (Dashtak Formation) is one of

the major intermediate décollement levels in Coastal and
subcoastal Fars as well as in the southwest Izeh zone. It is
replaced northeastward by dolomite of the Khaneh Kat

Formation, which is no longer a décollement horizon
(Figure 2). Lower and Middle Jurassic evaporite and shales
(Adayah and Sargelu formations), Upper Jurassic evaporites
(Gotnia Formation), Lower and Middle Cretaceous shales
(Garau and Kazhdumi formations), Eocene marls (Pabdeh
Formation) and middle Miocene evaporites (Gachsaran
Formation) are the other intermediate décollement levels
within the sedimentary cover in different regions of the belt
(Figure 2). The upper Miocene Mishan marl constitutes
the main upper décollement in the Bandar Abbas area
[Molinaro et al., 2005a] but does not show the same
mechanical behavior in central Zagros.

3. Presentation of the Regional Transects

[19] In order to study the lateral variation in structural
style and shortening within the northern Fars and central
Zagros, surface data, well information and seismic profiles
were integrated to construct five cross sections from inner
zone to foreland (Figure 4). Three of these cross sections are
new (Figures 4c, 4d, and 4e), whereas two of them are
modified from sections already published by Sherkati and
Letouzey [2004] (Figure 4b) and Letouzey and Sherkati
[2004] (Figure 4a). Surface data were obtained from
1:100,000 and 1:250,000 National Iranian Oil Company
(NIOC) geological maps and also from several field surveys
in the area. Unpublished seismic reflection and well data
provided by NIOC were used to interpret the structures at
depth. Seismic profiles exist in the Dezful Embayment,
south of Izeh zone, all along transect B and along transect A
from Dashtak anticline toward southwest (Figure 4).

3.1. Principles of Construction

[20] The cross sections were balanced, using LOCACE
Software [Moretti and Larrère, 1989] on the basis of bed
length and thickness conservation for stiff layers
[Dahlstrom, 1969; Woodward et al., 1985]. The orientation
of the cross sections, drawn northeastward from the first
NW-SE trending structures, is parallel to the inferred
tectonic transport direction (i.e., perpendicular to the fold
axis) (Figure 1). All sections are composite transects with
several doglegs in order to include the best surface and
subsurface data. As the folds are quite cylindrical at large
scale and as the slip transmitted from one anticline to the
other remains small everywhere, we assume that these
jumps do not have significant consequences on sections
balancing. In addition, none of our sections cross major
strike-slip faults, so we minimize out-of-the-plane transport.
Additionally, the transects are located away from the
Hormuz salt plugs minimizing also lateral salt flow.
[21] In the High Zagros Belt, the stratigraphic thicknesses

of the various Phanerozoic units are determined from
surface outcrops. In the Fars province, outcrops and bore
hole data provide good thickness control on Permian to

Figure 4. Five regional balanced cross sections across the central Zagros from the inner parts of the belt to the
deformation front (see Figure 1 for location map). The thin dashed line close to the top of the basement represents a
suggested bottom for the pre-Hormuz sediments.
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recent horizons. In the Izeh zone, outcrops and bore hole
data provide control on Jurassic to recent units, whereas in
the Dezful Embayment, well information is limited to the
formations younger than Lower Cretaceous. The thick-
nesses of Jurassic and Triassic units were estimated from
seismic data, and thicknesses for the Paleozoic formations
were extrapolated from outcrop data in the High Zagros and
seismic in the northern Fars.
[22] The depth to Hormuz or ‘‘equivalent Hormuz’’

décollement is deduced from an hypothesis of constant
thickness of Paleozoic units except for Coastal Fars area,
where a deep décollement level is visible on seismic lines
allowing us to constrain the thickness of the phanerozoic
sedimentary pile in this area [Letouzey et al., 2002]. Such a
hypothesis, is consistent with the stepwise uplift of the
basement northeastward already discussed in recent papers
[Blanc et al., 2003; Sherkati and Letouzey, 2004; Molinaro
et al., 2005a; Sherkati et al., 2005]. On our sections
(Figure 4), the throw along these basement faults has been
estimated by measuring the step in the elevation of the same
Mesozoic formations at the bottom of the synclines from
one side to the other of the faults. As noticed before in
Coastal Fars [Letouzey and Sherkati, 2004], some pre-
Hormuz Proterozoic basins may exist in different parts of
the Zagros. Basement structures such as Mountain Front
Fault and High Zagros Fault could have been induced by
inversion of such Proterozoic basins, reactivation of Perm-
ian-Triassic normal faults [Letouzey and Sherkati, 2004;
Sepehr and Cosgrove, 2004] related to the Neo-Tethys
rifting or both (Figure 4). On the other hand, presence of
infra-Hormuz Proterozoic basins could also explain some
discrepancy between basement depth map deduced from
gravity and magnetic data [Motiei, 1995].
[23] In the Dezful Embayment, McQuarrie [2004]

restricted the deformation to superficial levels. However,
good seismic lines in this zone demonstrate that Paleozoic
seismic reflectors are involved in folding indicating that a
basal décollement exists and is at least deeper than these
Paleozoic seismic reflectors. In addition, the size and
wavelength of the folds are consistent with a deep
décollement. More generally, the southern segments of
the cross sections cut through the ZSFB, where, accord-
ing to the existence of an efficient basal décollement
level, we assume that the structural style is dominated by
large-scale detachment folding [Davis and Engelder,
1985; Sattarzadeh et al., 2000; Grelaud et al., 2002;
Mitra, 2002; Bonini, 2003; Sherkati et al., 2005]. When
subsidiary décollement levels exist (Dezful Embayment,
Izeh zone) disharmonic folding may develop [O’Brien,
1957; Bonini, 2003; Sherkati et al., 2005]. The late stages
of folding are marked by formation of faults connecting

the different décollement levels. In the High Zagros Belt,
the style is simpler and the anticlines may be interpreted
as faulted detachment folds.

3.2. Description of the Transects

[24] Transects A, D, and E run from Main Zagros Fault
(near the suture zone) to the deformation front, whereas
transects B and C were constructed only from High Zagros
Fault to the deformation front (Figures 1 and 4). The
segments of the sections crossing the HZB are undercon-
strained by comparison to the ones crossing the ZSFB.
Their geometry is only indicative, and the discussion will
focus on the latter.
[25] Transect A (Figure 4) is a composite transect north

of the Fars province and east of the Kazerun fault. It
consists of asymmetric structures verging principally south-
westward. Shortening is well distributed all along the
transect: The shortening is 50 km for the whole section
and 34 km for the ZSFB alone. Anticline wavelength is
variable and shows close relationships with sedimentary
thickness and mechanical stratigraphy (Figure 5). Average
wavelength of the folds in High Zagros area is about 15–
20 km in relation with the absence of décollement level
(Dashtak Formation), which is represented here by carbon-
ate and dolomite of the Khaneh-Kat Formation (Figure 5)
[Szabo and Kheradpir, 1978]. In the ZSFB, the Kuh-e-
Narh, Shahneshin, Kaki, and Mand anticlines also present
the same style but with slightly larger wavelength due to a
thickening of the sedimentary pile. In northern Fars, from
Kuh-e-Banish to Kuh-e-Narh anticlines, 2–3 km wave-
length anticlines in Oligo-Miocene carbonate mask under-
lying larger structures and suggest the implication of Eocene
marl (Pabdeh Formation) as a superficial décollement level
(Figure 5). Multiwavelength anticlines are characteristic
features in the middle part of the northern Fars, where
Triassic evaporite form a secondary décollement level.
Anticline spacing varies from 7 to 15 km in this area.
[26] Transect B (Figure 4) is also a composite transect,

which is drawn west of Kazerun fault [Sherkati and
Letouzey, 2004]. The amount of shortening in ZSFB is
27 km, which is 7 km less than in transect A east of
Kazerun fault. However, variation in structural character-
istics of the anticlines from east to west of Kazerun fault
remains unconnected to such a moderate decrease of the
amount of shortening and seems to be mostly related to
lateral change in sedimentary facies and basal friction value.
Compared to transect A, anticline wavelength decreases
(except Binak and Kilur Karim anticlines, which are larger)
and structures are significantly tighter and more complex.
Shortening seems to be mostly concentrated in the northern
part of the section, where major thrust faults put Lower

Figure 5. Major décollement levels in central Zagros and north Fars province: 1, Late Proterozic–Lower Paleozoic
(Hormuz salt); 2, Lower Paleozoic shales or evaporites; 3, Triassic evaporites (Dashtak Formation); 4, Triassic, Jurassic
Lower Cretaceous soft sediments (Mus, Adaiyah, Alan, Sargelu, Gotnia, and Garau formations); 5, Jurassic to Lower
Cretaceous soft sediments (Mus, Adaiyah, Alan, Sargelu, Gotnia, and Garau formations); 6, Albian shales (Kazhdumi
Formation); 7, Campanian to Eocene marls (Gurpi and Pabdeh formations); 8, middle Miocene salt and evaporite
(Gachsaran Formation).
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Paleozoic over the Middle Cretaceous. Absence of Hormuz
salt west of Kazerun fault [Edgell, 1996] certainly caused
variation in shear strength along the basal decollement
[Letouzey et al., 1995; Cotton and Koyi, 2000] and could
explain the unequal strain distribution.
[27] The other key structural characteristic of transect B is

the complete decoupling between deep and shallow levels.
Shortening for each structure especially in Izeh zone is
higher at shallow levels (for example, at Asmari Formation
level) than in deep horizons (for example at Sarvak or
Fahliyan levels). This difference shows that intermediate
décollements (Pabdeh and Kazhdumi formations) efficiently
transfer deformation from the anticlines to the adjacent
synclines (Figure 5).
[28] Transect C (Figure 4) presents 33 km of shortening

in the ZSFB. As in transect B, shortening is concentrated in
the northern part of the transect, where Paleozoic rocks are
exposed and thrust over Upper Cretaceous formations.
Wavelength and style variation of folds are related to the
active décollement levels. In the north of the section, 10–
12 km wavelength anticlines (except Kular anticline) are
observed. In the middle part of the section (i.e., between
Haftcheshmeh and Dodurou anticlines) fold wavelength
decreases to 3–4 km. Chevron type structures and ‘‘rabbit
ears’’ folds in the Cenomanian carbonates of the Sarvak

Formation are related to the existence of a secondary
décollement level within Albian shale (Kazhdumi Forma-
tion) [Sherkati et al., 2005] (Figure 5). These short-
wavelength structures mask larger anticlines at depth in
pre-Kazhdumi formations. South of Izeh zone, anticline
wavelength increases again to 10–12 km. However, some
shorter and tighter structures are also observed in the area
(Safid anticline).
[29] Triassic evaporite (Dashtak formation) was drilled in

the Bangestan well. More to the south in Dezful Embay-
ment facies changes in the Lower Cretaceous from platform
limestone (Fahliyan Formation) to deep marine shales and
marly limestones (Garau Formation). Facies changes also in
Jurassic from limestones (Surmeh Formation) to alterna-
tions of shales and anhydrite (Gotnia, Sargelu, Alan and
Adayah formations) providing potential décollement levels.
Middle Miocene evaporite (Gachsaran Formation) is a
major décollement level in the Dezful Embayment
[O’Brien, 1957; Colman-Sadd, 1978; Bahroudi and Koyi,
2003; Sherkati et al., 2005]. As it is seen in the transects
(Figure 5), mechanical behavior of Gachsaran formation as
décollement is more efficient northwest of Dezful Embay-
ment (transects C, D, and E) with respect to the southeast.
This is probably related to increase of its thickness from SE
to NW.

Figure 6. Modeling apparatus: (a) Schematic cross sections across the model setup and (b) schematic
plan view of the sandbox. It is divided into three different models (A, B, and C) with different ductile and
brittle material arrangement. The left wall is the pushing wall and the right wall remains stationary. Model
A is for no intermediate décollement, model B is for deep intermediate décollement, and model C is for
shallow intermediate décollement.
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[30] Transects D and E (Figure 4) present an identical
shortening of 33 km in Izeh zone and Dezful Embayment
and 65 km shortening through the entire belt. Along these
transects, anticline wavelengths are about 15–20 km. In the
southern part of the Dezful Embayment, shortening is

considerably less than in the northern part. Structural
complexity increases north of Dezful, as a result of the
implication of intermediate décollement levels. Décollement
levels are identified in Lower Cambrian, Triassic to Lower
Cretaceous ductile units (Dashtak, Adayah, Sargelu, Gotnia

Figure 7. Map and cross sections through the models after 23% of shortening. (a) Cross sections
through models A, B, and C. In model A, the structures are large, simple, and isopachly folded. There is
less complexity at depth and in more shortened structures, thrust faults are seen at the surface with large
displacement. In model B, multiwavelength folds are cored by complex compressional structures. In
model C, upper brittle level contains small structures along the limbs or between the main anticlines,
whereas below the intermediate décollement level, widely spaced ramp-related folds are characteristic
features. The wavelengths of the main anticlines in the sections A and B are very different showing that
the depth of the intermediate décollement level influences the spacing between the anticlines. (b) Plan
view of the sandbox. Geometrical characteristics of the folds change across the box in relation with the
different arrangements of weak and brittle materials. Model A is for no intermediate décollement, model
B is for deep intermediate décollement, and model C is for shallow intermediate décollement.
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and Garau formations) and Miocene evaporite (Gachsaran
Formation) (Figure 5).
[31] It is known that disharmonic features formed in the

middle Miocene (Gachsaran Formation) concurrently with
folding [Sherkati et al., 2005]. Such structures are ob-
served in poorly developed structures like the Shadegan,
Marun, and Kupal anticlines, which are the most external
on section D and the Ahwaz and Ramin anticlines, which
are in the same position on section E (Figure 4). So it

appears that the Gachsaran Formation was activated as a
décollement level in the early stage of folding concurrently
with the basal décollement level [Sherkati et al., 2005].
During further stages of deformation, it seems that the
Gachsaran décollement was no more active and has been
cut out by forelimb thrusts branched on the Dashtak
décollement (see the Haftkel, Asmari, Naft-e-Safid and
Mis anticlines, Figures 4d and 4e). As a consequence, the
post middle Miocene clastics, which were trapped in the

Figure 8. Successive cross sections during deformation of model A with one single basal décollement
level. Anticlines form sequentially with the same spacing, which is controlled by the thickness of the
competent unit. At high shortening rate, back thrusts form at the right side of the model because of the
pinch out of the basal silicon layer. The same observation can be made in models B and C (see Figures 9
and 10).
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synclines, were subject to steepening and overthrusting
between the main anticlines. For instance, between Naft-e-
Safid, Mis, and Gurpi anticlines (transect E) as well as
between Haftkel and Asmari anticlines (transect D), the
development of minor ramp-related folds in the interven-
ing synclines show that a part of shortening has been
transferred out of the anticlines.

4. Role of Intermediate Décollement Levels

During Folding: An Analogue Modeling

Approach

[32] Our sections through the ZFTB give an opportunity
to address the question of the control exercised by the
existence and depth of intermediate décollement levels on

Figure 9. Successive cross sections during deformation of model B with a deep intermediate
décollement level. Deformation of the lower sand layer before folding localizes forthcoming anticlines.
The irregular anticlinal spacing results from the interaction between two factors: (1) the thickness of the
pile and (2) the influence of the deep ductile unit.
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the geometry and kinematics of folding. For this purpose,
we perform sandbox experiment visualized by X-ray
tomography.
[33] Through mechanical analyses [Biot, 1961] and ex-

perimental analyses [Currie et al., 1962], it is known for a
long time that the stronger dominant member within the
lithostratigraphic pile have a determining effect on the size

of the folds. Sandbox modeling shows that viscous layers at
different depth and small overlaps could govern the prop-
agation of deformation front [Koyi et al., 2004]. In addition,
the effects of lithological contrasts on the folding style has
been studied in the field as well as experimentally [Letouzey
et al., 1995; Sans and Vergés, 1995; Bonini, 2003; Couzens-
Schultz et al., 2003; Teixell and Koyi, 2003; Koyi et al.,

Figure 10. Successive cross sections during deformation of model C with shallow intermediate
décollement level. Small structures mask main deep anticlines. Regularly spaced anticlines with
wavelength close to the one observed on model A are seen at depth. Their wavelength is controlled by the
thickness of the lower competent unit. Folds above the intermediate décollement level show high
curvature and short wavelength. It is worth noting the development of some ‘‘rabbit ears’’ structures in
upper competent unit in both flanks of the deep structures.
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2004; Massoli et al., 2006]. In this paper we focus on the
role of intermediate décollement level. In particular, we will
show that the depth to this décollement level influences the
anticlinal spacing and structural style both laterally and
vertically.

4.1. Model Setup

[34] Two kinds of analogue materials were used: dry
granular materials to simulate brittle sedimentary rocks,
which obey a Mohr-Coulomb failure criterion, and viscous
Newtonian material to simulate ductile rocks. Brittle ana-
logues consist of dry sand and corundum with grain size of
100 mm. Their slight density contrast is large enough to be
shown on the X-ray images. The ductile analogue consists
of silicon putty (PDMS, variety SGM 36 of Dow Corning)

with Newtonian behavior at low strain, a viscosity of
10�4 N s/m2 and a density of 970 kg/m3. Computerized
X-ray tomography applied to analogue sandbox model
allows us to analyze the kinematic evolution and the three-
dimensional geometry without interrupting or destroying the
model [Colletta et al., 1991]. Distinct boundary conditions
were used to simulate the distinct tectonic regimes discussed
in this paper. When boundary conditions are perfectly
repeated, the resulting structures obtained in the deformed
models are also repeated, showing that structures are not
developed at random but are strongly controlled by the
rheology and boundary conditions [Colletta et al., 1991].
All the models were deformed by moving the vertical wall at
velocity of about 1.7 cm/h. The thickness of models repre-
sents about 8 km of sedimentary rocks. The box was initially
39 cm wide and 78 cm long. During each experiment, the
box is divided laterally into three distinct models with
dimensions of 26 cm wide and 39 cm long (Figure 6).

4.2. Model Results

[35] The result of analogue modeling shows that evolu-
tion of the model depends on the imposed arrangement of
ductile and brittle layers (Figure 7). As indicated above, we
will distinguish three different models: without intermediate
décollement level (model A), with a deep intermediate
décollement level (model B) and with a shallow décolle-
ment level (model C).
[36] In model A, without intermediate décollement level

(Figures 7 and 8), the structures are large and simple. Fold
wavelength is uniform and controlled by dominant compe-
tent unit. In more shortened structures, thrust faults with
large displacement are seen at the surface. Back thrusts cut
through the back limbs of the anticlines and terminate
against the fore thrusts. Pop-up structures develop at early
stages of deformation and are passively transported during
the subsequent evolution. The development of such struc-
tures depends on the mechanical property of granular
materials used in models. In the Zagros structures back
thrusting is less frequently observed. This could be due to
the rheology of carbonate rocks, which favors diffusive
mass transfer (pressure solution) and folding rather than
fracturing [Gratier and Gamond, 1990].
[37] In model B, with a deep intermediate décollement

(Figures 7 and 9, folds are cored by duplex structures. Back
thrusts are rarely seen on the back limb of the folds in the
upper sand level. Within the deep brittle layer, folds and
duplexes propagate rapidly during early stages of deforma-
tion localizing thrusts and folds in the upper level. Spacing
between surface anticlines is not regular. However, the size
of surface anticlines is controlled by the thickness of upper
brittle layer and is influenced by deep structures. There is no
direct connection between faults in lower and upper brittle
units. However, Figure 9 shows that the lower and upper
structures are related and formed simultaneously. In addi-
tion, we notice that each individual folds develop ‘‘fish tail’’
style similar to the one described by Harrison and Bally
[1988] in Melville Island.
[38] In model C, with a shallow décollement (Figures 7

and 10), the shortening is also accommodated differently on

Figure 11. Plot illustrating the amplitude versus short-
ening in each part of the models. Amplitude is measured by
the uplift of the crest of each anticline compare to the initial
position. In model A (without intermediate décollement
level) the rate of fold amplification decreases abruptly with
the development of a new fold. By contrast, in models B
and C (with an intermediate décollement) some folds (B2–
B3 and C3–C4, respectively; see Figures 9 and 10) develop
simultaneously.
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Figure 12. Typology of the basal décollement in central Zagros. (a) Structural map of the central Zagros
and north Fars area showing the nature and probable extent of the basal décollement levels: Legend: 1,
Late Proterozoic–Early Cambrian Hormuz décollement (proved by salt plugs in the Fars and High
Zagros provinces); 2a, Lower Paleozoic shale or evaporite décollement; 2b, zone where the basal
décollement is not activated. (b) Zoom into the northern half of the transect D (see Figure 4 for complete
section and legend), showing widely spaced anticline cut by large thrust faults. The entire sedimentary
pile is folded isopachly without important disharmonic features. Wavelengths of anticlines are about 10–
15 km. Structural configuration along the northern part of the transect shows similarity with model A of
analogue experiment (Figure 7). (c) Zoom into the northern part of the transect A (see Figure 4 for
complete section). Because of the lack of major weak level within the stratigraphic column, large and
simple structures isopachly folded above the basal décollement level (Hormuz salt).
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both sides of the intermediate décollement level. The upper
level contains small structures along the flank of the main
anticlines with minor displacement along numerous fore
and back thrust faults whereas below the weak level, widely
spaced fault-related folds with major faulting are the rule.
Fold wavelength in lower competent unit is close to the
spacing observed in model A and is proportional to the
thickness of the lower brittle layer. The main faults in lower
brittle unit curve upward into the upper décollement level.
Further shortening is accommodated by triangle zone in
deep section and minor thrusts in upper unit (rabbit ear
folds). Our observations show similarity with results of
analogue modeling, which was carried out by Letouzey et
al. [1995] to illustrate structural style in the Atlas mountains
of Algeria.
[39] As a general trend, we observe an increase of the

amplitude of individual folds related to the shortening
increase (Figure 11). According to Cotton and Koyi
[2000] and in the absence of intermediate décollement,
the rate of amplification of oldest folds decreases as
shortening is transferred to a new imbricate ahead of the
existing folds (Figure 11a). The general sequence of
folds development is from the hinterland to the foreland
(Figures 8, 9, and 10). However, modeling shows that in the
presence of intermediate décollement, some folds develop
synchronously (Figures 11b and 11c).

5. Discussion

[40] It is now possible to compare the model results with
the central Zagros transects. As described above and com-
pared to other areas in Zagros, this region is made up with a
sedimentary pile presenting the highest competency con-
trasts. The different mechanical response of these nonuni-
form strata caused important changes in geometry of folds
and the similarities with our analogue models suggest that
their modes of formation are close to those observed in the

field. We will first compare different subregions with the
models; then we will address some specific problems
dealing with the regional geology.

5.1. Comparison Between Cross Sections and Models

[41] The regions with a single basal décollement, repre-
sented by the Hormuz salt, are the High Zagros Belt and the
northern part of the Fars province (Figure 12). These areas
are characterized by widely spaced anticlines without im-
portant disharmonic features at depth (Figures 12b and 12c).
Wavelength of anticlines are about 15 to 20 km and major
thrust faults with large displacement cut through the folds
and reach the surface in the more advanced stages of
deformation. An example of such a structure is the Ab-
Bagh anticline (Figure 13), the northernmost on transect C
(Figure 4), which is cut out by a major thrust fault (the HZF)
putting Lower Cambrian over the Upper Cretaceous. From a
general point of view, the observed tectonic style shows
strong similarity with the one observed in our model A
(Figure 12).
[42] The regions presenting an additional deep décolle-

ment level are the coastal Fars province and the southeast of
Izeh zone on the one hand and the north Dezful on the other
hand (Figure 14). In the coastal Fars and southeast Izeh, the
Triassic evaporites of the Dashtak Formation acted as a deep
décollement (Figure 3, events F and G, and Figure 14).
Transects A (between Dashtak and Khurmoj anticlines) and
B (between Anneh and Gachsaran anticlines) illustrate that
its influence on fold style remains inconspicuous with only
some secondary faults branched on it (Figure 5). In the
northern Dezful Embayment and northern Izeh zone, facies
of Jurassic and Lower Cretaceous carbonate change to shale
and anhydrite (Figure 3, events A and B) leading to the
development of disharmonic features observed in the field
(Figure 15). These ductile units, in addition to the Triassic
evaporite, form a thick (almost 2000 m) interval acting as a
major décollement level. The presence of this décollement
zone considerably affects the folds style in the area (Figures
5c, 5d, 5e, and 14b). More precisely, it separates symmetric
and tight folds with average wavelength of about 3–4 km
in Cenomanian carbonates and younger sediments, from
widely spaced asymmetric anticlines in Lower Jurassic and
older rocks. Such a geometry with a major decoupling
between upper and lower levels, corresponds to the one
observed in the model B (Figures 9 and 14).
[43] The regions presenting an additional shallow

décollement level are large and variegated. We will discuss
first the role and extent of the Pabdeh-Gurpi (Campanian to
Eocene) and Kazhdumi (Albian) décollements (Figure 16),
and then we will address the particular case of the
Gascharan (middle Miocene) salt (Figure 17).
[44] The extent of Pabdeh-Gurpi and Kazhdumi shallow

intermediate décollement levels in central Zagros and north
Fars area is shown on Figure 16. In the Izeh zone (Figure 4b,
between High Zagros fault and Anneh anticline) and north-
ern Fars (Figure 4a, between Kuh-e-Banish and Kuh-e-
Purdah), the activation of Pabdeh and Gurpi marls led to
the development of short-wavelength anticlines in the
Oligo-Miocene carbonates of the Asmari Formation.

Figure 13. Ab-Bagh anticline along the High Zagros
Fault. The fault cut all the sedimentary pile and put the
Lower Cambrian over Upper Cretaceous sediments.
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Figure 14. Typology of the deep intermediate décollements in central Zagros. (a) Structural map of
central Zagros and north Fars area, showing 1a, extent of Triassic, Jurassic, and Lower Cretaceous
intermediate décollement levels (Dashtak, Adayah, Sargelu, Gotnia, and Garau formations); 1b, zone
where the facies of these formations remains unchanged but where they have not activated as
intermediate décollement levels because of the low amount of deformation; 2a, Triassic evaporite
décollement level (Dashtak formation); 2b, zone where the Triassic lost its mechanical behavior as an
intermediate décollement level. (b) Zoom into the southern half of the transect D (see Figure 4 for
complete section and legend). The Lower Cretaceous, Jurassic, and Triassic sediments (Garau, Gotnia,
Sargelu, Alan, and Adayeh formations) are the main intermediate décollement levels in north Dezful.
Note the irregular wavelength of the folds showing similarity with model B of analogue experiment.
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Because of a change in facies from marls to limestones, this
formation is no longer a décollement in northwestern Izeh
zone (Figures 5e and 16). In southeast Izeh zone and parts
of northeast Dezful Embayment the Albian shales of the
Kazhdumi Formation represent another shallow decolle-
ment level (Figure 16). Its influence on fold style is seen
along transect B (between High Zagros Fault and Eshgar
anticline) and transect C (north of Dezful Embayment and
parts of north Izeh zone) (Figures 16b and 16c). The
Kazhdumi formation does not exist in the Fars province east
of Kazerun fault. In this area, the Albian is represented by
carbonate and loses its role of décollement level (Figure 16).
Concerning the sequence of activation of the two décolle-
ments, it seems that the basal décollement has been activated
first and the shallow one later in order to accommodate the
deformation in the upper levels of the folded sedimentary
pile. Such an evolution is very close to the one observed in
our model C (Figures 7 and 10).
[45] Middle Miocene salt (Gachsaran formation) is a

shallow intermediate décollement level restricted to Dezful
Embayment (Figures 17, 5c, 5d, and 5e). Compared to the
pre-Asmari shallow décollements, the mechanism and tim-
ing of its activation are different from those discussed
above. In particular, it seems that the decoupling along
Gachsaran salt started in primary stage of folding [Sherkati
et al., 2005]. So, complexly folded and thrusted post-
Gachsaran sediments have little relationships with the
underlying structures, which are folded isopachly and
conserved their style through the different stages of defor-
mation (Figures 18 and 19). This particular chronology
could be related to the low friction existing along the
Gachsaran salt compared to the one applied along the basal
décollement where, according to our reconstruction, there is
no Hormuz salt (Figure 12). Then, at a late stage of
deformation, major thrust faults develop and cut through
the whole pile. Such a structural style is not really reproduce

in our models probably because within these models the two
décollement levels were made with the same material
(silicone). From an exploration point of view, it is worth
noting that structural traps in Dezful Embayment are in the
crests of the major anticlines at Asmari and Sarvak levels
and are sealed by Gachsaran or Gurpi formations, respec-
tively. However, some structures can develop in back limb,
forelimb or even in the intervening synclines. Related to the
implication of intermediate décollement levels, some
of these secondary structures have considerable size and
may be considered as potential secondary traps (Figures 18
and 19).

5.2. About the Kazerun Fault Zone

[46] The Zagros belt becomes wider from NW to SE
along the Kazerun Fault Zone (KFZ) as it is seen on
structural map and transects (Figures 1 and 4). In map view
(Figure 1) the KFZ consists of N-S en echelon segments of
steep right-lateral strike-slip faults underlined by some
Hormuz salt diapirs. It is known that the KFZ is trending
parallel to Panafrican Proterozoic basement trend and con-
stituted the western limit of an Hormuz salt rift basin [e.g.,
Edgell, 1996; Sepehr and Cosgrove, 2005]. It also con-
trolled facies variation during the Albian from shales in the
Dezful Embayment to mostly carbonates in the Fars prov-
ince [Sepehr and Cosgrove, 2004; Letouzey and Sherkati,
2004; Sepehr and Cosgrove, 2005]. The KFZ must be
consequently interpreted as an inherited structure. However,
the sedimentary control is not localized along a linear
structure but rather along a 20 km wide strip. During the
Zagros folding, the current localization of Kazerun fault
zone has been probably influenced by preexisting salt
domes distributed along basement structures (Figure 1)
[Letouzey and Sherkati, 2004]. At the moment, the Kazerun
fault zone is an active right-lateral strike-slip system trans-
ferring deformation from the Main Zagros Fault to the

Figure 15. Field evidence of multiple décollements in the Jurassic and Cretaceous levels of the
northwest Dezful embayment (close to transect E, Figure 4). (a) Disharmonic features along the Upper
Jurassic–Lower Cretaceous boundary; (b) disharmonic features and thickening in the Garau Formation
(Lower Cretaceous).
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Figure 16
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active folds and thrusts distributed within the Fars province
[Authemayou et al., 2005; Lacombe et al., 2006].
[47] The restoration of our sections indicate that differ-

ence in amount of shortening (maximum 15 km) cannot
explain the abrupt longitudinal offset observed along the
Zagros Frontal Fault. In fact, east of KFZ, the deformation
is distributed over 312 km, whereas west of it the same
amount of shortening is distributed over 232 km and even
less northwestward. Structural style is also different from
one side of the fault zone to the other. East of KFZ, where
Hormuz salt is the basal décollement level, shortening is
equally distributed across the belt whereas to the west,
where the basal décollement changes to a different
lithology, probably a Lower Paleozoic shale or evaporite,
deformation mostly concentrated in the inner zone. This
variation in nature of basal décollement and the comparison
of shortening and structural style on both sides of the fault
are in good agreement with widely accepted analytical
models of fold-and-thrust belts, which pointed out the
relationships between basal shear strength and propagation
of deformation [Letouzey et al., 1995; Cotton and Koyi,
2000; Bahroudi and Koyi, 2003]. So, according to Blanc et
al. [2003], the large (at least 150 km) cumulative lateral
displacement along this transfer zone proposed by some
authors [Berberian, 1995; Hessami et al., 2001; Bahroudi
and Koyi, 2003] is not reasonable nor supported by field
evidence.

5.3. About the Fold Development in the ZSFB

[48] The amount of shortening decreases considerably
southwestward along the transects (Figure 4), providing
an opportunity to observe different stages of deformation.
Comparison of geometrical characteristics of the folds show
that folds geometry could not be easily characterized by
simple geometric models. Footwall synclines, high-angle
thrust faults and flattening of propagated thrust fault into
upper décollement levels resulted in a quite complex ge-
ometry of folds.
[49] On the basis of our structural analysis, we present a

conceptual model for fold evolution in pre-Asmari forma-
tions (Figure 20). In the first stage of deformation symmet-
ric buckling of sedimentary rocks situated above the basal
décollement is responsible for the first seed of the fold and
ductile flow of salt from the basal décollement toward the
core of the anticlines. Wavelength at this stage is controlled
by the thickness of the sedimentary cover. It could also be
influenced by the presence of a deep intermediate décolle-

ment level in sedimentary pile as it was shown in the
analogue models (Figure 9).
[50] As deformation increased, the structures continue to

buckle by hinge migration and limb rotation, which allowed
fold to grow with transfer of material from synclines toward
the anticlines [Sherkati et al., 2005] (Figures 20b and 20e).
At this stage, thrust faults develop from deeper levels.
Passage from buckle fold to faulted detachment fold [Mitra,
2002] is probably a function of efficiency and thickness of
the basal décollement [Ramberg, 1970]. Without interme-
diate ductile units, growth of the fold can continue to
achieve the maximum anticlinal size seen today in the
Zagros (20 km wavelength anticlines) (Figure 20c). The
path of fold development is different when intermediate
décollements exist (Figure 20g). As a function of compe-
tency contrast between ductile units and competent rocks, at
certain stage of fold growth, activation of shearing in ductile
units triggered new thrust faults along shallow décolle-
ments. The superficial levels accommodate shortening in
different ways with respect to the lower competent rocks by
formation of duplex, ‘‘fishtail’’ and/or ‘‘rabbit ears’’ struc-
tures (Figure 20g).
[51] It is worth noting that our conceptual model does

not take into account the role of basement reverse faults
as the High Zagros Fault or the Mountain Front Fault
(Figures 1 and 4). As discussed by Sherkati and Letouzey
[2004], Molinaro et al. [2005a], and Sherkati et al.
[2005], these faults, which are currently active, developed
at a late stage of the tectonic evolution and cut through
already formed structures. These basement faults were
certainly inherited from the long and complex geody-
namic history of the Zagros. However, as already
explained above, the considerable difference in the level
of exposure of the bottom of synclines from the southern
side of these faults to the northern one (i.e., 3 km for the
Mountain Front Fault, Figure 4) strongly supports that
their main period of activity postdates the development of
detachment folds.

6. Conclusion

[52] Experimental modeling with two décollement levels,
show that the position of intermediate décollements is an
important factor controlling structural style and fold wave-
length. Models with shallow intermediate décollement show
regularly and widely spaced anticlines with major thrust
faults at depth, the fold wavelength depends directly on the

Figure 16. Typology of the shallow intermediate décollements in central Zagros: the Kazhdumi and Gurpi-Papdeh
décollements. (a) Structural map of the central Zagros and north Fars area showing the extent of the Albian shales
(Kazhdumi Formation) and Upper Cretaceous to Eocene marls (Gurpi and Pabdeh formations) for 1a, extent of the Gurpi-
Papdeh décollement level; 1b, zone where this interval is not a décollement level; 2a, extent of the Kazdhumi décollement
level; 2b, zone where this interval is not a décollement level. (b) Zoom into the middle part of the transect C (see Figure 4
for complete section and legend) showing anticlines cored by the Lower Cretaceous carbonates. Superficial folds are almost
symmetric and tight with average wavelength of about 3–4 km. Albian shales (Kazhdumi formation) is the main
intermediate décollement level in this area. Regional transect shows similarity with model C of the analogue experiments.
(c) Zoom into the northern part of transect B (see Figure 4 for complete section and legend), where Gurpi-Pabdeh
formations and Albian and Kazhdumi formations were activated as superficial intermediate décollement levels.

TC4007 SHERKATI ET AL.: CENTRAL ZAGROS FOLD-THRUST BELT

21 of 27

TC4007



Figure 17. Typology of shallow intermediate décollements in central Zagros: the Gachsaran
décollement. (a) Structural map of central Zagros and north Fars area showing the extent of middle
Miocene evaporite (Gachsaran Formation). Note that Gachsaran Formation remains an active
décollement even in the more external Zagros folds southwest of Dezful Embayment. (b) Example
from southern part of transect C (see Figure 4 for complete section and legend), where Gachsaran salt is
intermediate décollement level. Notice that post-Gachsaran sediments are completely decoupled from the
lower levels.
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Figure 18. Seismic example of folded structures in the Dezful Embayment, south of the Mountain Front
Fault (see location on Figure 1). The lower part of the middle Miocene Gachsaran formation is a major
weak zone, which separates two completely different folded domains. Multiple décollement levels
at (1) middle Miocene (Gachsaran Formation), (2) Albian (Kazhdumi Formation), and (3) Campanian to
Eocene levels (Gurpi and Pabdeh formations) increase the complexity of the fold geometry. They favor
development of triangle zones and nonisopach folding.
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Figure 19. Seismic section through the Naft-e-Safid anticline in the Dezful embayment (see location on
Figure 1). The southern flank of the Naft-e-Safid anticline is not imaged by the seismic. However, the
difference in elevation from the crest of this anticline to the adjacent syncline is about 4000 m suggesting
a steep and faulted southern flank. Seismic horizons within upper Gachsaran Formation correspond to
alternation of anhydrite and shale, whereas transparent lower Gachsaran corresponds to mobile salt. Some
horizon pinch outs at the bottom and top of Gachsaran formation suggest early tectonic movements in
this zone (see Sherkati et al. [2005] for a discussion). Small buckling within Asmari Formation likely
results from the activation of the Kazhdumi décollement.
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Figure 20. Conceptual kinematic scenario for folding in central Zagros. (a–c) Model without
intermediate décollement level, a- state before deformation; b- buckling and migration of the basal ductile
unit toward the core of the detachment fold; c- development of the fold with migration of material from
synclines toward the anticline and limb rotation. At this stage a major thrust fault develops in deeper the
horizons. (d–g) Model with intermediate décollement level, a- state before deformation; b- buckling of the
sedimentary pile and slip along the basal décollement level; c- a thrust fault develops in the lower competent
unit and a box-fold forms in the upper stiff layer; d- development of secondary structures such as ‘‘fishtail’’
(d1 and d3) or ‘‘rabbit ears’’ folds (d2). The excess of shortening in the upper levels is transferred to an
adjacent structure (d4 and d5).
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thickness of the dominant competent unit. Short wavelength
superficial structures mask broad underlying anticlines.
Models with deep intermediate décollement show rapid
propagation of deformation (with small rate of shortening)
along this décollement influencing localization of forthcom-
ing anticlines in upper levels. Such a propagation favors the
development of duplexes at depth and multiwavelength
folds, which are controlled by the thickness of the dominant
competent unit.
[53] Analysis of field and subsurface data in the central

Zagros show that response to deformation in the sedimen-
tary cover varies both laterally and vertically in the sedi-
mentary pile as a function of the distribution of décollement
levels and the relative competence of the different forma-
tions. On the basis of our analysis of the structures in study
area (Figure 4), the distribution of these décollement levels
were mapped. Except Gachsaran décollement (see above),
which was activated at early stage of folding the other
décollement seems to be sequentially activated from basal
level upward (Figures 20d–20g). The surface configuration
of some folds does not always reflect subsurface structural
conditions. So modern seismic acquisition and processing
are necessary to image deep structures.
[54] The restoration of the transects in north Fars and

central Zagros shows that shortening is of the same order
across the study area. It changes from 50 km in north Fars
province to 65 km in northwest of central Zagros. However,

the same amount of shortening is unequally distributed from
one side to the other of the Kazerun transfer zone. In the
Fars area, the distribution of deformation is almost homo-
geneous from inner zone to foreland whereas west of the
Kazerun fault zone it is mostly concentrated in inner zones.
The absence of Hormuz salt west of Kazerun fault could
explain the difficulty in the propagation of deformation in
central Zagros as suggested by previous workers [Cotton
and Koyi, 2000; Bahroudi and Koyi, 2003; Sepehr and
Cosgrove, 2004, 2005].
[55] The observed final geometries resulted from impli-

cation of intermediate décollement levels in folding and
thrusting. Activation of these ductile units within the
sedimentary cover during continuous folding triggered
new thrust faults in shallower levels and favored the
development of fishtail and a variety of small-scale struc-
tures, which are not easily characterized by existing geo-
metrical models.
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from Institut Français du Pétrole (IFP) and Université de Cergy-Pontoise
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