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Abstract 
The Khushab anticline is located in the Zagros fold-thrust belt in the Lurestan. 

This anticline is affected by the Balarud fault zone, which is a part of Mountain 
Front Fault between the Lurestan and Dezful Embayment zones. Based on the 
measurement of the elements of fold style, this anticline is analyzed. According to 
these measurements, this anticline is a noncylindrical, asymmetrical and 
disharmonic fold. The anticline is a z-fold and verges slightly to the southwest. 
The tightness and bluntness of folding suggests that fold is gentle to close and 
subangular respectively. Broad to wide is suggested as disccriptive term of the 
aspect ratio. Based on Ramsay's classification the fold is subclass 1B to 1C. The 
field observations, seismic profiles, cross-sections, analyses of the geometric 
parameters and comparison of the anticline with the fault-related fold models 
suggest the anticline as a detachment fold that is probably sheared by this zone. 
The sinistral shear of this zone, due to a system of shear fractures is discussed. 
These fractures (C, D, E, F, and G sets) which occur obliquely with respect to fold 
axis are shear fractures. Another fracture system including A and B sets are 
parallel and perpendicular to fold axis respectively. These fractures formed in 
association with folding. It seems that two phases are responsible for forming of 
these fractures. A and B sets were formed in first phase and associated with 
formation of anticline. The shear fracture system was formed in second phase and 
is under effect of this zone. 
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Introduction 

The structural geologists, who have worked in fold-
thrust belts, have recognized relationships between folds 

and thrusts (e.g. [12,13,17,23,18,73,37,50,56,80,20,83]). 
Based on these relationships and field observation or 
seismic profiles, they have categorized the folded struc-
tures in these belts, and have defined different fold types. 



Vol. 22  No. 1  Winter 2011  Hajialibeigi et al. J. Sci. I. R. Iran  

34 

Detachment (or decollement) folds are one of these 
folded structures have been discussed by 
[40,37,49,18,38,29,34,60,51. These folds form by 
displacement and differential shortening of the 
hangingwall above a bedding-parallel fault, or 
detachment horizon [18], which may occur either at a 
fault tip or within a thrust sheet [29,37,49] or faulted 
detachment folds [51]. In this type of folding, 
differential shortening is independent of the propagation 
in decollement, which can be accommodated above a 
fault [39]. Due to the wide range of possible detachment 
fold geometries, no simple geometric or kinematics 
model for detachment folding exists [34]. These folds 
are generally more symmetric than other fold form in 
fold-thrust belts [52]. 

The concentric folds of the Zagros fold-thrust belt 
have been interpreted as detachment folds by [1,2,16]. 
Also [45] have suggested that many of the folds within 
the Zagros fold-thrust belt (especially in Lurestan zone) 
are detachment folds. The different aspects of 
detachment folding in Zagros fold-thrust belt have 
discussed by [69]. They have presented different 
arguments showing that the most of folds in this fold-
thrust belt are in agreement with models of detachment 
folding proposed by former authors: [18,59,52]. 

The main propose of this paper is the indication of 
the geometric effects of the Balarud deep seated fault 
zone [61], and the mechanism folding of the Khushab 
anticline. Due to approach this proposes, based on the 
field observations and seismic profiles the geometry of 
the Khushab anticline (Fig. 1) has been discussed. 
Several sets of fold-related and fault-related fractures, 
which collected during field observations has been 
analyzed. These fractures, which were constituted the 
two systems, one including two fractures sets (A and B 
sets) are orthogonal. And the second fracture system, 
including five fractures sets (C, D, E, F, and G sets) are 
oblique with respect to anticline axis. Further, the 
effects of the Balarud fault zone, or the mechanism(s) 
responsible for formation of the Khushab anticline has 
been evaluated. Finally, it has been determined that 
Khushab anticline is a detachment fold. 

Geological Background and Tectonics Setting 

Outcrop of the Khushab anticline, is about 30 Km 
long and up to 12 Km wide and lies in Zagros fold-
thrust belt, about 80 Km Northeast of Andimeshk. The 
anticline has NW-SE trend and locating between Rit (in 
Northeast) and Chenareh (in Southwest) anticlines 
(Figs. 1, 2 & 3). These structures are affected by the 
Balarud fault zone [59]. This zone has sinistral 
movement [61], is a part of the Mountain Front Fault in 

Zagros fold-thrust belt [21,22,11] (Fig. 1). Due to the 
movement of this zone, the ends of major Lurestan 
anticlines have been deflected [61]. 

The E-W trending Balarud fault zone is the boundary 
between the Lurestan (in North) and the Dezful 
Embayment zone (in South) (Fig. 1). This fault zone is a 
basement-involved and active fault zone [11], and is 
considered as oblique lateral ramp that is responsible for  
 

 

 

Figure 1. Simplified map of the western Zagros orogenic 
system (Modified after [58]). Inset map of Khushab  

anticline and adjacent anticlines that are affected  
by the Balarud blind thrust fault zone. 

 
 

 

Figure 2. DEM (Digital Elevation Modeling) of Khushab 
anticline and other adjacent anticlines it. Inset Landsat  

TM image of Rit, Khushab, Chenareh, Marab,  
Kabir Kuh anticlines. 



Signatures of the Balarud Deep Seated Fault Zone in Khushab Anticline, SW Iran… 

35 

Table 1. Simplified stratigraphic column of the area between the Lurestan and Dezful Embayment zones (modified from 
[54,3,39,72,22,16,48,59]). Positions of the main detachment horizons in the Khushab anticline are marked with arrow 

Stratigraphy Thick (m) Symbols System/Series 
 

Alluvium  - Q2 

Plio-Pliostocene Recent Conglomerate ��  Q1 

Lahbari Member (Limestone and Sandstone) 500-3000 ��������������Lbm 
 

A j  

Agha Jari Formation [Sanstone and Silstone]  
Miocene 

 Gachsaran Formation[Gypsum,Salt and Silstone]         (��� � )    
 

200-750 Gs 

Asmari-Shahbazan Formation [Limestone and Dolomite] 200-450  
As 

 

Oligocene 

Kashkan Formation  [Fleysh Clastic,Siltstone Sanstone and Conglomerate, ]   
 

250-900 

 
Tz 

 

K n 

 
 

Palocene- 
Eocene Taleh Zang Formation [Limestone]  Am 

Amiran Formation [Siltstone and Sandstone]   (��� � ) 
Pabdeh Formation [Marl Limestone,Shale and Marl](��� � ) 

����������������Pb������
�� 
 

Gurpi Formation [Carbonate Shales]   (��� � ) 150-500 
 

Gu Cretaceous 

Bangestan Group [Thick and Thin bedded Limestone and shale] 900-1200 Bgp 

Garau Formation [Limstone Shale ]  (��� � ) 900 Gu 

Kazerun Group &Neyriz Formation[Shale, Marl,Dolomit e and Evaporate 
Deposits] 

- K gp &  Nz Triassic- Jurassic  

Dashtak Formation [Shale,Dolomite and Evaporate]  (��� � ) 40-900 Dk 

Deh ram Group [Dhale,Marl, Limestone Dolomite, Sandstone and 
Evaporate Deposits] 

��  Dgp Permian  

 
 

the variation in facieses and thickness [68], on both 
sides of the fault zone. Based on field observations, 
satellite image and geological maps the trend of the 
Balarud fault zone can be characterized as En echelon 
series of anticlines [61]. Among these structures, the 
Khushab anticline associated with adjacent anticlines 
(due to their trends [61]) which mainly affected by 
above mentioned fault zone (Figs. 1 & 2). 

Tectonosedimentary evolution of the Khushab 
anticline is similar to the Lurestan zone which has been 
affected by the Balarud fault zone [61]. 

The stratigraphic column of the area between the 
Lurestan and Dezful Embayment zones from Deh Ram 
Group through recent strata is represented in Table 1. A 
main part of this table mainly consists of the competent 
units. Also there are several incompetents units, e.g. 
Pabdeh Formation, Gurpi Formation, Amiran 
Formation, Dashtak Formation (evaporate depositions) 

and Garau Formation (limestone shale). These 
incompetent units are considered as detachment 
horizons [59,62,16,48]. These horizons play important 
roles for the structural style of the Khushab and other 
adjacent anticlines in the region. 

Materials and Methods 

The following interpretation of the structural 
evolution of the Balarud fault zone is based on detailed 
knowledge of the correlation of deformation between 
basement and overburden units in the Khushab 
anticline. 

Detailed field work (especially on fractures) and 
geometrical analysis enabled us to distinguish the 
different deformational effects in the subsurface to 
determine the different behavior of the Balarud fault 
zone on overburden units during these deformational 
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Figure 3. Geological map of Khushab anticline and adjacent anticlines (modified after [43]). Thick straight lines show positions of 
structural cross-sections that are used in this study. The thick straight line labeled BB' shows position of  

cross-section of Fig. 12. Dashed lined show position of the seismic profiles. 
 

 

Figure 4. The views of the Khushab anticline and the stereographic projections of it (After [27]). A: The forelimb of Khushab 
anticline in station No. 9. See location on Fig. 3. B: The forelimb of Khushab anticline and its Rabbit Ear structure in station No. 7. 

This structure shows involvement of the younger stratigraphic horizons as a minor detachment level. See location on Fig. 3. C and D: 
Stereographic projection of the Pi (� ) and Beta (� ) diagrams showing construction of the axis and axial plane for Khushab anticline. 
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events. Finally, by comparing this anticline with 
alternative models of the anticline evolution and the 
theoretical fault-related folding, the mechanism(s) 
responsible for causing on the Khushab anticline has 
been evaluated and has been determined the type of the 
fault-related fold. 

The stereographic projection, interpreted seismic 
profiles, cross-sections and field observations are the 
databases of this research. In the following sections we 
describe them: 

Stereographic Projection 

The strike of the hinge surface of the Khushab 
anticline is measured from geological map (Fig. 3) to be 
N55°W. Therefore, the attitude of anticline axis and the 
axial plane is measured for this anticline 05°/133° and 
N33°W, 15°NE respectively. In the southwest flank of 
this anticline (the forelimb) dips of the beddings varies 
between 5° and 25°. The northeast flank (backlimb) is 
relatively gently dipping (up to maximum 8°). Khushab 
anticline plunges 5° toward SE (Figs. 4-B, C, D). 

Interpreted Seismic Profiles 

Interpretation of the Khushab anticline and adjacent 
anticlines is constrained by five, 2D time-migrated 
seismic profiles. The observations on the two lines 3, 4 
(Figs. 7, 8) of Khushab structure can be considered as 
early steps in the development of the fold. A more 
deformed stage can be observed on two lines 2, 5 (Figs. 
6, 9) crossing the Khushab anticline situated further 
northwest, and further southeast respectively. The 
interpretation of the seismic profiles 1, 3, 4 through the 
Khushab anticline suggests the gently backlimb, a 
slightly shallower dip at the crest, an indistinct forelimb, 
and a detachment horizon (probably Dashtak Formation 
?) (Figs. 5, 7, 8). 

The seismic profiles 2, 5 through the Khushab and 
Chenareh anticlines suggest a shortening on these 
profiles and the ramp structures in both profiles that the 
fault exhibits them. Also the interpretation of these 
seismic profiles suggests that the fault displacement 
decrease to southwest and dies out in Gachsaran 
Formation. The simplicity of the Balarud fault zone is 
better defined in line profile 2 compared with line 5. 
Based on these lines the geological cross-sections has 
been constructed (FF', HH', Figs. 10, 11). 

Cross-Sections 

[43] constructed a cross-section through the Rit, 
Khushab and Chenareh anticlines (Fig. 12). In their 

interpretation, they constructed the regional cross-
section for this area has been assumed to be near-perfect  
 

 

 

Figure 5. Line 1: Non-interpreted (A) and interpreted (B) 
versions of seismic profiles cutting as approximately parallel 
to Khushab anticline axis (After [27]). See location on Fig. 3. 

This interpreted seismic line across the Khushab  
anticline, demonstrating the segmentation problem of the 

Balarud fault zone. See text for more explanation. 
 
 

 

Figure 6. Line 2: Non-interpreted (A) and interpreted (B) 
versions of seismic profiles cutting as approximately 

perpendicular to Khushab anticline axis (After [27]). See 
location on Fig.3. This interpreted seismic line across the 

Khushab anticline, indicate the Balarud fault zone.  
See text for more explanation. 
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concentric folds, without the inclusion of subsurface 
structures. So, their interpretation was based on surface 
and filed observations data, and did not consider the 3-D 
geometries of the structures. 

The present study offers an alternative interpretation 
for the structures in the area, based on consideration of 
the following factors: (1) the Balarud fault zone 
behavior based on interpreted seismic profiles (Figs. 5, 
6, 7, 8, 9) and surface data (maps and field 
observations), (2) the locations of the detachment 
horizons based on the mechanical stratigraphy, and 
known stratigraphic positions of minor and main 
detachments in adjacent areas, (3) the projection of 
surface structures to depth in a series of interpretive 
cross-sections, using structural styles which are 
compatible with the mechanical stratigraphy, (4) the use 
of structural balancing and restoration to test the 
admissibility and to selection of alternate solutions. 

Based on the above factors were integrated to 
constructed two cross-sections (HH', FF', Figs. 10, 11). 
These cross-sections, with 22 Km length nearly run 
perpendicular to the general strike of the bed or folds 
axes (approximately N40°E trending). Both of the cross-
sections were pined at local pin lines in the syncline to 
southwest of the Khushab anticline and were restored to  
 

 

 

Figure 7. Line 3. Non-interpreted (A) and interpreted (B) 
versions of seismic profiles cutting as approximately 

perpendicular to Khushab anticline axis (After [27]). See 
location on Fig.3. This interpreted seismic line across the 

Khushab anticline, demonstrating a gap of the segmentation of 
the Balarud fault zone. See text for more explanation. 

their undeformed state (Figs. 10, 11). These cross-
sections are used in order to study the lateral variations 
in structural geometry and predication of structural 
geometry of deep levels and the shortening taken place. 
On HH' and FF' cross-sections, the fault exhibits a ramp 
geometry in the middle part of both sections and there is 
no basement fault in northeast (Figs. 10, 11). This 
geometry resulted in a fold in hanging wall of ramp in  
 
 

 
Figure 8. Line 4. Non-interpreted (A) and interpreted (B) 

versions of seismic profiles cutting as approximately 
perpendicular to Khushab anticline axis (After [27]). See 
location on Fig.3. This interpreted seismic line across the 

Khushab anticline, demonstrating the segmentation problem of 
the Balarud fault zone. See text for more explanation. 

 
 

 

Figure 9. Line 5: Non-interpreted (A) and interpreted (B) the 
seismic profiles cutting as approximately perpendicular to the 

Khushab anticline axis (After [27]). See location on Fig.3. 
This interpreted seismic line across the Khushab anticline, 

indicate the Balarud fault zone. See text for more explanation. 
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southwest (Chenareh anticline) and one in northeast 
(Khushab anticline). 

The forelimb dips of Chenareh anticline are slightly 
greater than those on the backlimb, defining a weak 
asymmetry with two branches of the Balarud fault zone 
in HH' cross-section. Also the shortening of the 
Chenareh anticline is relatively more than the Khushab 
anticline in both the cross-sections (Figs. 10, 11). 

Based on the measurement of different elements of 
fold [81] and geometric analysis (Fig. 13; Table 2), that 
is done on these cross-sections [27], it can be stated the 
anticline is noncylindrical fold. Because of the fold in 
cross-sections have no mirror plane of symmetry, and 
the limbs are of unequal length, therefore anticline is 
called asymmetric fold. In the cross-sections fold dies 
out within a couple of half-wave lengths or less, so, 
anticline is disharmonic fold. The anticline is Z-fold, 
because the short limb has rotated clockwise with 
respect to the long limbs and the short limb with its two 
adjacent long limbs. The anticline vergence is slightly 
toward the southwest. The aspect ratio of fold in FF' and 
HH' cross-sections are defined as wide and broad 
respectively. The interlimb angle (�) of the fold 
decreasing from 129° (in FF' section) to 70° (in HH' 
section) toward southeast. The tightness of folding, 
based on the interlimb (�) and folding (� ) angles 
suggests that fold in FF' and HH' cross-sections is gentle 
and close respectively. The bluntness is also measured 
in FF' and HH' cross-sections. Based on this, the relative 
curvature of the fold at its closure, which is defined by 
rc �  ro and 0.1 �  b < 0.2, is subangular. For the 
determination of the class of the anticline based on the 
Ramsay's classification [65] of the folded layers, the 
calculations and drawings are done on Asmari 
Formation (Fig. 13). Since, in FF' cross-section, the 
convergence of dip isogons are toward the inner side of 
the fold, the curvature of the inner surface is greater 
than that of the outer surface, and t�  is constant from 
hinge to limb in all around the fold, therefore this 
anticline is characterized as subclass 1B. But based on 
HH' cross-section this anticline is characterized as 
subclass 1C folds (Table 2). 

Field Observations 

In the field, several structural elements are observed 
and have been recorded [27]. These elements are: 
fractures, stylolites, Rabbit Ear, boudins structures 
(Figs. 4, 14, 15). 

Fractures are collected from 23 stations in the well 
extension exposure Asmari Formation (Fig. 3). The 
fractures collected based on procedure that is 
represented by [19]. Fracture orientation, length, 

spacing, and mode of deformation (opening or shearing) 
were recorded as their relationships, evidence for  
 

 

 

Figure 10. Interpreted structural cross-sections from seismic 
profiles, surface data (maps and field observation) (After 

[27]). See location on Fig. 3. Abbreivation: Dehram Group 
(Dgp), Kazerun Group (Kgp), Neyriz Formation (Nz), 

Dashtak Formation (Dk), Bangestan Group (Bgp), Kashkan 
Formation (Kn), Asmari Formation (As), Amiran Formation 

(Am), Talezang Formation (Tz), Asmari-Shahbazan 
Formations (As-Sb), Gachsaran Formation (Gs), Recent 

Conglomerate (Q1). 
 

 

 

Figure 11. Interpreted structural cross-sections from seismic 
profiles, surface data (maps and field observation) (After 

[27]). See location on Fig. 3. Abbreviations: Dehram Group 
(Dgp), Kazerun Group (Kgp), Neyriz Formation (Nz), 

Dashtak Formation (Dk), Bangestan Group (Bgp), Kashkan 
Formation (Kn), Asmari Formation (As), Amiran Formation 

(Am), Talezang Formation (Tz), Asmari-Shahbazan 
Formations (As-Sb), Gachsaran Formation (Gs), Recent 

Conglomerate (Q1). 
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fracture reactivation and evidence for fracture infilling. 
Spacing measurements are parallel to the bedding and 
are not normalized to bed thickness. The Khushab 
anticline fractures can be divided in to systematic and 
nonsystematic. 

The nonsystematic fractures, which are locally 
developed in the anticline but in forelimb with respect 
to backlimb these fractures, are very well developed. In 
this research these fractures have taken not into account. 
The systematic fractures as the fractures pattern are 
interpreted to identify seven main fractures sets (from A 
to G sets) (Fig. 14). Two fractures sets (A and B sets) 
are orthogonal (Figs. 14-A, D). The first (A set) 
fractures are parallel and father one (B set) 
perpendicular to anticline axis. 

Another fractures sets (C, D, E, F, G sets) (Figs. 14-
C, E, F, R) are oblique with respect to anticline axis. A 
and B sets of fractures are consist of two orthogonal 
fractures with NW-SE trending and parallel to anticline 
axis (A set) and others with NE-SW trending and 
perpendicular to anticline axis (B set). These fractures 
have developed in all stations expect for stations 3, 4, 9 
(in forelimb) and 19, 24 (in backlimb). Only one of two 
sets (A or B sets) has been observed in these stations. So 
that fractures with NW-SE trending (parallel to anticline 
axis) have developed in stations No. 19 and 24 and with 
NE-SW trending (perpendicular to anticline axis) have 
developed in stations No. 3 and 9. 

In nose zone only one of these sets (A or B sets) has 
developed, with the exception of stations No. 13 and 10. 
A and B sets are longer than other sets. Their lengths are 
16 and 20 meters respectively. The fractures traces are 
linear and their spacing varies from 75 centimeters to 2 
meters. The oblique fractures sets are: set C (with 090° 
average strike); set D (with 075° average strike); set E 
(with 015° average strike); set F (with 345° average 
strike); set G (with 285° average strike). These fractures 
sets have mainly developed in forelimb and nose with 
exception of station No. 16. Set C fractures are linear 
and with 20 meters long and their spacing varies from 
50 centimeters to 2 meters. These fractures are the 
longest fractures of the oblique set. Set D fractures are 
4.5 meters long. Their spacing is similar to set C. set F 
and E fractures are not very long and are 2-4.5 meters. 
The spacing of these sets varies from 50 centimeters to 
2 meters. Set F and E fractures are less frequency with 
respect to another set of oblique fractures. 

In adition to the above mentioned fractures, several 
structures have been studied during the field study. In 
the forelimb, sigmoidal gash fractures (Figs. 14-I, J) and 
stylolites (Figs. 14-G, H) structures are observed in the 
Asmari Formation. A Rabbit Ear structure (Fig. 4-B) as 
a minor anticline, is observed in the forelimb of 

anticline, in Southwest of the Barikab village (Fig. 3). 
Also in the forelimb, several boudins structures (Figs.  
 

 

 

Figure 12. A part of the cross-section BB' across the Rit, 
Khushab, Chenareh anticlines (After [43]). See location on 

Fig. 3. Note the cross-section is based on the principle of the 
concentric folds without attention to the subsurface behavior 

of the Balarud fault zone. See text for more explanation. 

 

 

Figure 13. The diagrams have been constructed for to Asmari 
Formation based on FF' cross-section (A) and HH' cross-
section (B) as the style of a folded surface (After [27]). 
Figures are not to scale. See text for more explanation. 

Abbreviations: � : dip isogone, �: interlimb angle, � : folding 
angle, ro: reference radius, rc : closure radius. 
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Table 2. Geometric analysis for Khushab anticline based on the different parameters (After [27]). See text for more explanation 

      Cross-sections 
                                                 Geometrical 
                                            Characteristics 

Section FF' Section HH' 

Interlimb Angle ( �)(Degree) 129 70 

Folding Angle (� )(Degree) 51 110 

Cylindricity Noncylindrical Fold Noncylindrical Fold 

Symmetry Asymmetrical Fold Asymmetrical Fold 

Inclination Angle (� ) 120 100 

Z-fold or S-fold Z-fold Z-fold 

Vergence SW SW 

Tightness (T) Gentle Close 

Harmony Disharmonic fold Disharmonic fold 

  
A

spect 
R

atio 

P=A/M 1.169 0.46 

LogP -0.77 0.33 

Descriptive Term Wide Broad 

  B
luntness 

r c 1.3 0.6 

ro 5.7 1.8 

r c/ro = b 0.23 0.33 

Descriptive Term Subangular Subangular 

  
R

am
say's C

lassification 

�  24 35 

T �  0.7 0.7 

To 0.6 0.6 

t �  0.65 0.5 

to 0.6 0.6 

T �
�  = T�  /To 1.16 1 

t �
�  = t�  /to 0.6 0.83 

t �  , to t�  >to t�  < to 

T �
�  , Sec �  T��

�  < Sec �  T��
�  < Sec �  

t �
�  t�� �  1 t��  < 1 

Class 1B 1C 

 
 

14-K, L, M), in the margin of river are observed in the 
Gurpi Formation, and the Gerdab syncline (Fig. 15), in 
the Southeast of the Gerdab village (Fig. 3) is observed. 

Results and Discussion 

The structures formed during deformation process 
reflect control exerted by the reactivation of fault in the 
underlying basement [24]. Somewhat analogous 
basement-fault control on the generation of structures in 
the overlying cover previously has been described 
[31,32,33,15,79,24,7,57,84,70,8,9,71]. We believe that 

the Khushab anticline is affected by renewed activity of 
basement along of the Balarud fault zone. 

We analyzed the fractures in this anticline [27]. 
According to our analyses, A and B sets are orthogonal 
fractures that have a geometrical relation to the fold 
elements (e.g. fold axis). These fractures are 
distinguished including NW-SE trending fractures that 
are parallel to the fold axis (set A) and the NE-SW 
trending fractures that are perpendicular to fold axis (set 
B). Set A fractures are cross fractures type and are open 
with or without mineral fillings. Set B fractures are 
longitudinal fracture type and have commonly no 
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Figure 14. Interpreted field photographs (After [27]). See location on Fig. 3. A: A and B fractures set in Asmari Formation in 
forelimb of Khushab anticline. Station No. 1. B: Relationship between B, C and E fractures set in Asmari Formation in forelimb of 

Khushab anticline. Station No. 8. C: F, C and G fractures set in Asmari Formation in forelimb of Khushab anticline. Station  
No. 12. D: A and B fractures set in Asmari Formation in backlimb of Khushab anticline. Station No. 15. A: Relationship  

between B, C and F fractures set in Asmari Formation in backlimb of Khushab anticline. Station No. 16. F: C and  
F fractures set in Asmari Formation in forelimb of Khushab anticline. Station No. 8. G, H: Two examples of  

observed stylolites in Asmari Formation in forelimb of Khushab anticline. Stations No. 1 and 5. 
 
 

opening. [82] during the study of the Bangestan 
anticline fractures have reported parallel and 
perpendicular fractures to anticline axis. They have 
considered that these fractures formed during the 
folding process. 

C, D, E, F, G sets are oblique fractures with respect 
to anticline axis. These fractures which have a 
geometrical and systematic angular relation to the fault 

zone, may be interpreted as R', R, P, D shear fractures. 
These fractures sets confirm with Tchalenco's model in 
the sinisteral shear zones [78]. According to this model, 
E-W trending fractures (set C) are D shear fractures. Set 
C fractures are more abundant with respect to other sets 
that are oblique fractures. Set C fractures are more 
developed in forelimb and backlimb with respect to 
nose. [47] discussed these fractures during the study of 



Signatures of the Balarud Deep Seated Fault Zone in Khushab Anticline, SW Iran… 

43 

 

Figure 14. Continued. I, J: Two close up of sigmoidal gash fractures in Asmari Formation in Khushab anticline. Station No. 2. K, L 
and M: examples of observed boudins in Pabdeh-Gurpi Formation in Khushab anticline. Station No. 5. N: A showing of  

the contact between Gachsaran and Asmari Formation in forelimb of Khushab anticline. Station No. 7. 
 
 

the Asmari and Khaviz anticlines and believed that 
these fractures formed by effect of paleoreleif 
structures. Also [28] have reported these fractures in the 
Zagros anticlines. [6] have reported these fractures in 
Asmari-Jahrum Formations, in Dashtak and Sarbalesh 
anticlines. The formation of these fractures are 
attributed to dextral shear zone that affected by the 
movement of the Kazerun fault zone. Fractures with 
075° trending (set D) and fractures with 285° trending 
(set G) are coincided with trend of R and P shear 
fractures respectively. Because of R' shear fractures are 
sampled in a few stations, therefore the less numerous 
of them is interpreted that neither it is possible they 
have not been developed, nor the formation of them 
may be influence by the Balarud fault zone. Therefore 
due to the treatments of the fault zone prevent the 
formation of R' shear fractures. The Rit thrust (N60°W) 
(Fig. 3), which has a sense of shear similar to P shear 
fractures, is a synthetic fracture as the shear zone. The 

angle between these shears fractures and the axis of 
maximum principal stress is 30° [63]. Also, [46] have 
considered a second-order shear fracture in a shear 
system. The directions of these oblique fractures which 
trend 075° and 345°are coincided with the second-order 
shear fracture with the shear zone in the wrench fault 
tectonics that is presented by [53]. From these two 
orientations, only one of them (namely set F with 345° 
trending) has well developed in present anticline, and 
another orientation is rare developed. It seems, the 
development of these fractures is affected by the 
Balarud fault zone. 

The distribution geometry and intensity of fractures 
in forelimb and backlimb of Khushab anticline indicate 
that this anticline was formed by fixed-hinge kinematics 
in the competent unit(s), and was later affected by the 
Balarud fault zone. Similarity of these fractures systems 
is confined by [34]’s model, which considers 
kinematically as variable detachment depth and fixed-
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Figure 14. Continued. O, P: A wide (O) and a close up for showing nonsystematic fractures set in Asmari Formation in forelimb of 
Khushab anticline. Station No. 18. Q: A showing of the relationship between B and C fractures set in Asmari Formation in backlimb 
of Khushab anticline. Station No. 18. R: An example of D and E fractures set in Asmari Formation in backlimb of Khushab anticline. 

Station No. 22. S: A showing of A and F fractures set in Asmari Formation in backlimb of Khushab anticline. Station No. 20. T: 
Relationship between D, E and F fractures set in Asmari Formation in forelimb of Khushab anticline. Station No. 17. 

 
 

hinge buckle folds in each thin-skinned folded-thrust 
belts. Also [71] have reported in Kuh-e Pahn and Kuh-e 
Mish, a basement rooted fault intersects these folds. It 
will strongly affect both the length and orientation of 
fractures, due to reactivation. They believed which the 
north-south and east-west basement trends are best 
developed and reactivation of secondary shears 
associated with these trends is common [71]. 

The ongoing contractional processes involved in the 
collision between the Iran and the Arabian Plates 
[10,4,77], which started during the Miocene-Pliocene 
[10], accounts for folding and faulting of the Zagros 
Mountains. These processes caused the forming of the 
orthogonal fractures (A and B sets). The oblique 
fractures (C, D, E, F, G sets), which are shear fractures 
in sinistral shear zone, have been created and affected 
by the Balarud fault zone. These fractures were formed 
during the late Alpine phases, possibly Plio-Pliostocene 

(?). Based on previous works [8,9,36], it may be 
possible to consider two phase for forming of our seven 
sets fractures that are represented in Fig. 16. A and B 
sets were formed in first phase (Figs. 16-a, c) and in 
secondly phase the C, D, E, F and G sets fractures 
which were oblique with respect to fold axis, were 
formed (Figs. 16-b, d). The presence of sigmoidal gash 
fractures in Asmari Formation (Figs. 16-I, J), 
demonstrated the governing of a deformation with 
sinistral movement influence by movements of the 
Balarud fault zone. These fractures which form as the 
result of shear, correspond well with [64], ([64], Figs. 3, 
4-b, page 87). It can be possible formed during the 
lately Alpian phases, possibly Plio-Pliostocene (?). The 
effects of the subperpendicular faulted structures in 
Zagros is now well known and constraint (see [30,85]). 

The structure of Khushab anticline in seismic 
profiles lines 1, 3 and 4 is a simple structure. The upper 
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Figure 15. Gerdab syncline in station No. 4 (After [27]). See location on Figure 3. 
 
 

sedimentary units at the crest remain approximately 
broad within these seismic profiles (Figs. 5, 7, 8). These 
seismic profiles are suggested the gently forelimb, in 
which it has a shallower dip at the crest, and an 
indistinct backlimb. So it illustrated that the backlimb is 
very broad and undergoes a slightly bending and the 
fold geometry at a very early stage of development. The 
Khushab anticline in HH' cross-section is broader that 
the FF' cross-section. It can be interpreted that the fault 
zone do not cut through sedimentary units and these 
units flattens in two ends of the cross-sections. So this 
fold does not match the geometry of any fault-bend 
[73,74,50] or fault-propagation [37,66,76,75] folds 
models. Previously the folds in the Zagros fold-thrust 
belt have generally been interpreted as detachment folds 
above the lower Cambrian Hormoz Salt (e.g. [1,2,16, 
44]).The first early researchers (e.g. [72]), and several 
of lately of them [51,69], have developed the models 
with characteristic features detachment and faulted 
detachment folds for this belt. However, the large 
interlimb angles observed in which anticline (Figs. 10, 
11, 13, Table 2) cannot be seen in fault-propagation 
folding. The anticline may be either a detachment fold 
with A/h<1 [37], or a transported fault-propagation fold 
[5,37,42,45]. Interpretation of seismic profiles 3 and 4 
(Figs. 7, 8) suggests that the present-day geometry is si-
milar to a detachment fold or a faulted detachment fold. 

The Khushab anticline with low amplitude and 
relatively large wavelength is very similar to 
Burgerwaldkette anticline [14,40], which is reported as 
a detachment fold. For all of detachment folds within 
the Zagros fold-thrust belt, the amplitudes of the folds 
with respect to the offsets of the faults imply that most 
folds are affected by faulting [35,67,83]. The backlimb 
of the Khushab anticline transferred above a bedding-
parallel (namely the Balarud fault zone) or on 
detachment horizon which is possibly Dashtak 
Formation (?) (Table 1). This transfer is resulted in the 
growing of the Khushab anticline. During of the 
growing, the area above a stratigraphically detachment 
horizon (namely Dashtak Formation ?) should be 
remain to balance and the amounts of shortening must 
be simultaneously at all levels within the structure are 
constant. So displacement goes toward southwest into 
Chenareh anticline. The Chenareh anticline, which is a 
fault-propagation fold [26], primarily accommodates by 
this displacement (Fig. 10). This displacement which is 
previously calculated [26], produces a deformed 
footwall in subsurface and a forelimb syncline (namely 
Gerdab syncline, Fig. 15) at surface. So the kinematic 
model of Khushab anticline has applicability to thin-
skinned fold-thrust belts and possibly indicates that the 
anticline treats resemble other growing anticlines in the 
fold-thrust belt. In field the beds (Asmari Formation) of 



Vol. 22  No. 1  Winter 2011  Hajialibeigi et al. J. Sci. I. R. Iran  

46 

the forelimb syncline are continuously rotated and are 
undergone thickness changes. Until they are cut by the 
propagating fault (Fig. 15). 

The Balarud fault zone is not a continually structure 
in the area between of the Lurestan and Dezful 
Embayment zones. Interpreted seismic profiles (Figs. 5, 
6, 7, 8, 9) do not indicate the fault zone not only a 
continuously structure but also this structure can be as a 
segmented fault zone (e.g. in seismic profiles lines 2, 5; 
Figs. 6, 9). The presence or absence of the Balarud fault 
zone possibility considers that the fault zone can be as a 
segmented fault zone on underlying lateral oblique 
ramps. The measured offset of the Balarud fault zone is 
about 50 Km based on two seismic profiles lines (Figs. 
6, 9) from the crest of anticline. 

The stretching of the stiff and thinner carbonate 
bedding (Gurpi Formation) is achieved by boudinage 
but the stiff and very much more thickness below these 
structures is achieved by extensional fractures which are 
perpendicular to bedding surface. These structures 
correspond well with previously commonly bodinage 
structures (e.g. [41]). 

In the forelimb of Khushab anticline, a Rabbit Ear 
structure as a minor anticline, is observed in southwest 
of the Barikab village (Fig. 3). Formation of this minor 
structure is related to exciting of the detachment 
horizons in the younger stratigraphic horizons [69]. 

The stylolites are observed in Asmari Formation 
(Figs. 14-G, H), which corresponds with sharp-peak 
type of classification of stylolites [25]. These structures 
formed during the shortening time and before end of the 
folding process and influences of pressure solution [41]. 

The style of folding in foreland of the many fold-
thrust belts becomes subclass 1C to 1B [55], the 
similarity fold style of study anticline (Table 2), 
approximately indicates the same subclass. 

In the Zagros fold-thrust belt, the reaction of 
basement to a new stress field will be controlled by the 
previously existing basement-involved fault zones. The 
Balarud fault zone, which is one of the active fault 
zones of these structures, controlled the deformational 
process in the Lurestan and Dezful Embayment border 
zones. The Khushab anticline is mainly affected by the 
Balarud fault zone. 

Detailed study of the geometry and kinematics of 
deformation in Khushab anticline provides the 
following constraints on the structural evolution of the 
Balarud fault zone: 

(1) The deformation of the sediment sequence of 
Khushab anticline is largely controlled by, and reflects, 
activity on the Balarud fault zone, which is a basement-
involved [10] and is an oblique lateral ramp [68]. 

(2) The geometric analysis indicates that this 

anticline is noncylindrical, asymmetrical and 
disharmonic fold. The descriptive term of Aspect Ratio 
for Khushab anticline is from wide to broad. The 
descriptive term of Bluntness for this anticline is 
subangular. The class of folding for Khushab anticline 
is from subclass 1B to 1C. 

(3) The geometry of the surface structures (Fractures, 
Boudins, and Stylolites) was governed by a strong 
deformation related to thrusting of the Balarud fault 
zone. 

The fracture analyses represented that they are 
orthogonal (A, B sets) and oblique (C, D, E, F and G 
sets) fractures with respect to anticline axis. A and B 
sets fractures which formed in associated with folding, 
are parallel and perpendicular to fold axis respectively. 
C, D, E, F and G sets fractures which may be interpreted 
as shear fractures coincided with the characteristics of 
fractures in the sinisteral shear zones. It seems two 
phases are responsible for forming of those fractures 
systems. A and B sets were formed in first phase and 
associated with formation of anticline. The other 
system, C, D, E, F and G fractures sets were formed in 
second phase and are under effect of the Balarud fault 
zone. 

(4) The occurrence of Khushab anticline, with its 
specific geometries in the Dashtak Formation (?), which 
is a detachment horizon, and deformed under the 
convergence conditions, suggests that this anticline 
represents early stages in the evolution of detachment 
folds or faulted detachment folds. Whereas, Chenareh 
and Barikab [27] anticlines, which are adjacent 
anticlines in southwest of Khushab anticline, represents 
 

 

 

Figure 16. The schematic sketch of two phases that may be 
considered for forming of seven sets of fractures in Khushab 

anticline. a, b: block diagram and c, d: map of Khushab 
anticline. See text for more explanation  

(B.F = Balarud Fault Zone). 
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fault-propagation fold. 
(5) The changes in the fault geometry, namely the 

presence or absence of the Balarud fault zone in 
interpreted seismic profiles, indicate that this fault zone 
can be as a segmented fault zone on underlying lateral 
oblique ramps. 
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