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ABSTRACT

The interaction of strike-slip faults in their 
restraining junctions allowed for the coeval 
formation of the Tabas and Abdoughi Ba-
sins and led to their inversion during the late 
Cenozoic. The intracontinental basins filled 
with Neogene and Quaternary deposits were 
controlled by large-scale dextral transpres-
sion along major faults that bounded the 
Tabas block, which is a part of the Central 
Iranian block. The anastomosing strike-slip 
fault pattern facilitated the development of 
both basins in opposite corners of the Tabas 
block. The subsided areas were formed as a 
result of interaction between the restraining 
junctions of strike-slip faults and thrusts. 
Flexural loading caused by the uplifted series 
of thrust sheets resulted in the depression of 
the opposite fault slabs, which permitted de-
position of Neogene sediments. Deformation 
according to the “bookshelf” mechanism can 
be considered as a consequence of accom-
modation of the shortening of the area north 
of the Main Zagros thrust and externally 
imposed shearing along the Great Kavir 
(Doruneh) fault during the collision of the 
Arabian and Eurasian plates. Related pro-
cesses of transpression and counterclockwise 
rotation of the tectonic blocks included in the 
Central Iranian block favored the interaction 
of strike-slip faults. The change of far-field 
stress and continuous transpression caused 
inversion of the basins and formation of Neo-
gene folds in the northern and southern cor-
ners of the Tabas block. The geomorphic fea-
tures observed along these strike-slip faults 

and on the thrust surfaces bounding the folds 
display their recent activity, consistent with 
present-day seismicity and geodetic measure-
ments within the Central Iranian block.

INTRODUCTION

In this paper, we present examples of internal 
deformations within vertical-axis-rotated tec-
tonic blocks bounded by major strike-slip faults 
observed in a region of continental collision. We 
discuss the coeval development and inversion of 
two intracontinental basins in the opposite cor-
ners of a tectonic block as a result of transpres-
sional tectonics.

Many strike-slip zones have both strain com-
ponents, either contraction or extension, across 
the fault planes, resulting in the formation of 
areas of subsidence or uplift. Basin formation 
along major intracontinental strike-slip faults 
is mostly related to deflection, discontinuity in 
their traces, and fault junctions. Basins along 
transtensional zones can form at releasing bends 
or in the overstepping segments of parallel 
faults, in which depressions commonly develop 
as pull-apart basins. Formation of the basins 
depends on the sense of overstep with respect to 
the overall shear sense. For example, opposite 
shear sense can generate a zone of transpression 
in a zone in which transtension had dominated 
previously. Moreover, the basins can form at 
restraining bends, in which loading of one slab 
tends to depress the opposite slab, resulting in 
the development of a fault-angle depression, 
termed a fault-margin sag.

In addition, basin formation can be controlled 
by an extensional fan or an anastomosing fault 

pattern (e.g., Crowell, 1974; Reading, 1980; 
Christie-Blick and Biddle, 1985; Sylvester, 1988; 
Woodcock and Schubert, 1994). In an anasto-
mosing fault pattern, the interaction of faults in 
their junctions is possible between strike-slip 
faults and faults with both strike-slip and dip-slip 
components on their planes. Different patterns of 
subsidence and uplift are possible at fault junc-
tions with releasing, restraining, and with both 
releasing and restraining characteristics (Crow-
ell, 1974; Christie-Blick and Biddle, 1985).

In this paper, we present evidence that, during 
the Neogene, large-scale transpressional fault-
ing along margins of tectonic blocks occurring 
in central Iran, such as, e.g., the Yazd, Tabas, and 
Lut blocks, played a significant role in the inter-
nal deformation of the crustal blocks. Transpres-
sion was active on a regional scale as a result 
of shortening of the central part of the Iranian 
Plateau during the Arabia-Eurasia collision. The 
shortening was accommodated by strike-slip 
faulting resulting in vertical-axis rotation of the 
crustal blocks within the Central Iranian block 
(Freund, 1970; Jackson et al., 1995; Walker and 
Jackson, 2004; Allen et al., 2011; Mattei et al., 
2012; Walpersdorf et al., 2014).

We consider transpressional faulting and 
vertical-axis rotation of the blocks to be related 
processes. The processes favored the interaction 
of the strike-slip faults, allowing for the forma-
tion and later inversion of two intracontinental 
basins: the Tabas and Abdoughi Basins within 
the Tabas block, in their restraining junctions. 
We also describe evidence that subsidence 
and uplift were controlled by the dominating 
regional contraction and switch in regional 
stress directions.
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GEOLOGICAL SETTING

Central Iranian Block

The Tabas and Abdoughi Basins are included 
in the Central Iranian block, which is also known 
as the Central-East-Iran microplate or Central 
Iranian microplate (e.g., Takin, 1972; Davoudza-
deh and Schmidt, 1984; Soffel et al., 1996). The 
basement of the Central Iranian block is com-
posed of a mosaic of fault-bounded tectonic 
blocks, i.e., the Lut, Tabas, Yazd, and Anarak-
Jandaq blocks (e.g., Stöcklin et al., 1965; Ruttner 
et al., 1968; Takin, 1972; Berberian, 1977; Wen-
sink, 1979; Berberian and King, 1981; Alavi, 

1991; Soffel et al., 1996; Walker and Jackson, 
2002, 2004; Nadimi, 2007; Bagheri and Stamp-
fli, 2008; Allen et al., 2011). These crustal blocks 
were rifted away from Gondwana during the 
Paleozoic and accreted to southern Eurasia in 
the Mesozoic (e.g., Stöcklin, 1974; Berberian 
and King, 1981; Stampfli, 2000; Allen et al., 
2011). The Central Iranian block is bordered by 
faults that are several hundred kilometers long, 
marked, e.g., on the 1:1,000,000 geological map 
sheets (Huber, 1977a, 1977b, 1977c, 1977d). 
The Central Iranian block is bounded on the 
north by the Great Kavir (Doruneh) fault, on the 
east by the Sistan fault system, termed also the 
East Iranian Ranges fault system, and the Neh 

fault system, on the west by the Nain-Dehshir 
and Shahr-e-Babak faults, and on the south by 
the Makran fold-and-thrust belt (Fig. 1; e.g., 
Wellman, 1966; Nowroozi, 1971; Berberian, 
1977; Berberian and King, 1981; Tirrul et al., 
1983; Berberian and Yeats, 1999; Walker and 
Jackson, 2002, 2004; Allen et al., 2011).

The present-day kinematics of the Central 
Iranian block, estimated by global positioning 
system (GPS) measurements and geological 
observations, show that collision of the Arabian 
and Eurasian plates was accommodated differ-
ently along each of the still-active fault zones 
as a result of roughly north-to-south shortening 
(Vernant et al., 2004a).

Figure 1. Simplified tectonic map of Iran with the main fault systems marked on a shaded-relief Shuttle Radar To-
pography Mission (SRTM) image (after Stöcklin and Nabavi, 1969; Berberian and King, 1981; Berberian, 1983; 
Aghanabati and Haghipour, 1975; Aghanabati et al., 1994a, 1994b; Allen et al., 2003, 2011; Morley et al., 2009; 
Aghanabati, 2013). UDMA—Urumieh Dokthar Magmatic Arc.
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Tabas Block

The Tabas block, located in the central part of 
the Central Iranian block, is bounded by several 
major fault zones (e.g., Stöcklin and Nabavi, 
1969; Nowroozi, 1971; Berberian, 1976; Huber, 
1977a, 1977b, 1977c, 1977d; Berberian, 1977; 
Berberian and King, 1981; Aghanabati and 
Haghipour, 1975; Walker and Jackson, 2004). 
The border between the Tabas and Lut blocks 
forms the nearly 650-km-long dextral strike-slip 
Nayband fault (Stöcklin et al., 1965), which con-
tinues to the south as the Gowk fault (e.g., Ber-
berian, 1976; Walker and Jackson, 2002, 2004; 
Hessami et al., 2003; Walker et al., 2010). A 
period of significant dextral strike-slip faulting 
is marked along the eastern borders of the Tabas 
and Lut blocks from the Late Cretaceous until 
present day (e.g., Stöcklin et al., 1965, 1972; 
Berberian, 1977; Tirrul et al., 1983; Walker and 
Jackson, 2002, 2004; Allen et al., 2004, 2011).

Definition of the western and southern bor-
ders of the Tabas block is more problematic. 
Ramezani and Tucker (2003) proposed that 
the Tabas and Yazd blocks are separated by 
the nearly 600-km-long and 50-100-km-wide 
Kashmar-Kerman tectonic zone. The zone cor-
responds to the unit termed also the Saghand 
terrane (Bagheri and Stampfli, 2008), which 
consists of strongly deformed supracrustal 
rocks, among which prevail upper Neopro-
terozoic to lower Paleozoic rocks, representing 
deeper sections of the Central Iranian block 
(Ramezani and Tucker, 2003). The eastern bor-
der of the tectonic zone is along the Kalmard 
and Kuh Banan faults (e.g., Ramezani and 
Tucker, 2003; Nadimi, 2007), and the western 
border is along the Posht-e-Badam and Dari-
van faults (Fig. 1; e.g., Hessami et al., 2003; 
Nozaem et al., 2013). The southern border of 
the Tabas block is formed by the Kuh Banan 
fault, which links in its southeastern part with 
the Gowk fault (Fig. 1; e.g., Berberian, 1976; 
Ramezani and Tucker, 2003).

In the basement of the Tabas block, there 
are series of folds comprising Precambrian 
(e.g., Kluyver et al., 1981a, 1981b) to Meso-
zoic rocks (e.g., Stöcklin et al., 1965; Stöcklin 
and Nabavi, 1969; Aghanabati and Haghipour, 
1975; Saidi et al., 1991; Karimi-Bavandpur et 
al., 2002; Aghanabati, 2013). The folds in the 
Tabas block are generally N-S oriented, except 
the zone south of the Cheshmeh Rostam fault, in 
which the fold trends change to W-E (Fig. 2; see 
previously cited references). The N-S–oriented 
folds along the western margin of the Tabas 
Basin continue to the south of the Tabas block 
toward the Gowk fault as NNW-SSE–oriented 
folds (Kluyver et al., 1981a, 1981b).

Stress reconstructions to the southwest and 
northwest of the Tabas block from the Zagros 
orogen and from the Central Basin, respectively, 
suggest that the orientation of the far-field 
maximum horizontal compressional stress S

Hmax
 

changed from NE-SW to approximately N-S-
NNE-SSW–oriented S

Hmax
 between the Oligo-

cene and post-Pliocene times (e.g., Lacombe 
et al., 2006; Navabpour et al., 2007; Morley et 
al., 2009). The approximately N-S-NNE-SSW 
direction of S

Hmax
 is consistent with the modern 

stress field recognized in the Iranian Plateau 
(Heidbach et al., 2007) and with the present-
day surface displacements calculated from 
geodetic measurements (e.g., Vernant et al., 
2004a, 2004b).

TABAS BASIN

The intracontinental Tabas Basin, which is 
over 100 km long and several tens of kilome-
ters wide, is located along the northeastern mar-
gin of the Tabas block (Figs. 1, 2, and 3). The 
Tabas Basin, with a present-day triangle-like 
shape, is bordered by several faults (Fig. 2). The 
basin is bounded by the E-W–oriented Chesh-
meh Rostam fault on the south (Aghanabati and 
Haghipour, 1975) and by the N-S–oriented West 
Tabas thrust on the west (Berberian, 1979a). We 
interpret the Cheshmeh Rostam fault as a thrust 
because the I-borehole drilled in the southern 
limb of the Cheshmeh anticline, located in the 
southern margin of the basin, has shown that 
the Cheshmeh Rostam fault is a south-dipping 
thrust with a fault slip of ~700 m along the plane 
(Fig. 4A). South of the thrust, series of W-E–
oriented thrusts—Cheshmeh Rostam, Qurichai, 
Anaraki, Qadir, North Nayband, Nayband, 
and South Nayband—form a 70-km-wide and 
80-km-long zone of contractional imbricated 
thrust sheets overthrusted onto the Tabas Basin 
along the Cheshmeh Rostam thrust (Figs. 2, 4, 
and 5). The Cheshmeh Rostam thrust is covered 
by Quaternary terraces and sand dunes (Fig. 4D; 
e.g., Stöcklin and Nabavi, 1969; Kluyver et 
al., 1981a).

The West Tabas thrust forms the frontal thrust 
of a fold belt termed herein as the Kalmard fold 
belt (Figs. 2 and 3). The fold belt consists of 
series of N-S–oriented map-scale folds formed 
during the Late Cretaceous–Paleocene, which 
were also deformed during the Oligocene and 
Pliocene (Fig. 2; Aghanabati et al., 1994a; 
Aghanabati, 2014, personal commun.).

The basement of the Tabas Basin can be 
observed in the northern part of the Tabas Basin, 
in the Shirgesht area, to the northwest of the 
Baharestan thrust, where N-S–trending fold 
axes composed of Mesozoic rocks plunge to 
the south under the Neogene and Quaternary 

deposits filling the Tabas Basin (Fig. 2; Aghana-
bati and Haghipour, 1975; Karimi-Bavandpur 
et al., 2002). To the east, Paleozoic–Mesozoic 
rocks crop out, forming a series of imbricated 
thrust sheets verging to the west and termed 
the Shirgesht zone, bordered on the west by 
the main Baharestan thrust (Fig. 2; Aghanabati 
and Haghipour, 1975; Karimi-Bavandpur et 
al., 2002).

Other evidence for the structure of the basin 
basement can be found in the southwestern and 
eastern parts of the basin, in which Jurassic 
and Triassic rocks crop out in the hinge zones 
of Neogene folds (Stöcklin and Nabavi, 1969; 
Aghanabati and Haghipour, 1975). Moreover, 
shallow boreholes Nos. 1 and 2 drilled within 
the basin, to the west of the margin of the Sho-
tori deformation belt, confirm the presence of 
Triassic rocks in the basin basement (Fig. 6).

The present-day eastern border is the NNW-
SSE–oriented Kamar-Machekuh thrust, con-
tinuing northward as the NNW-SSE–oriented 
Kuh-e-Jamal thrust and the NW-SE–oriented 
Baharestan thrust. They form the main frontal 
segmented thrust of the Shotori deformation 
belt (Figs. 2 and 3; Stöcklin et al., 1965; Stöck-
lin and Nabavi, 1969; Aghanabati et al., 1994a).

Stratigraphy of the Tabas Basin

The basement of the Tabas Basin is composed 
of Mesozoic limestones, dolomites, shales, 
marly shales, and sandstones (e.g., Stöcklin et 
al., 1965; Stöcklin and Nabavi, 1969; Aghana-
bati and Haghipour, 1975; Karimi-Bavandpur 
et al., 2002). Cretaceous rocks pass upward into 
a complex of coarse-grained conglomerates of 
undetermined age, termed the Kerman conglom-
erates (Kfm; Stöcklin et al., 1965). The con-
glomerates, consisting of limestones and sand-
stones, crop out east of the Kamar-Machekuh 
thrust in the Shotori deformation belt. The com-
ponents are rounded and up to 50 cm diameter. 
The cement is sandy and mostly reddish color. 
The deposits in this area unconformably overlie 
Mesozoic rocks and underlie a Paleogene vol-
canic complex, consisting of basalts, andesites, 
and dacites (Fig. 6). In many places, the volca-
nic rocks overlie, commonly with an unconfor-
mity, Mesozoic and older rocks with or without 
Kerman-type conglomerates (Stöcklin et al., 
1965). The volcanic rocks, recognized north of 
the Urumieh-Dokthar magmatic arc, are consid-
ered to middle and late Eocene in age (Stöcklin 
et al., 1965) and correspond to back-arc volca-
nism (e.g., Vincent et al., 2005).

The volcanic complex is unconformably 
overlain by a Neogene to Quaternary, ~1-km-
thick succession of continental deposits filling 
the Tabas Basin (Fig. 6A; Stöcklin et al., 1965; 
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Figure 4. Folds in the hanging wall of the Cheshmeh Rostam thrust. (A) Geological cross section across the Cheshmeh Rostam thrust zone. 
I and II are boreholes made in the Parvadeh Mine area. (B) Parvadeh anticline, Cheshmeh anticline, and Cheshmeh syncline with boreholes 
marked on a Google Earth image. (C) Fault scarp of the Cheshmeh Rostam thrust. (D) Parvadeh anticline and Cheshmeh Rostam thrust 
marked on a Google Earth image. (E) Borehole from the southern margin of the Tabas Basin, Parvadeh Mine. Qt2—Quaternary deposits 
forming younger  terraces.
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Berberian et al., 1979). The deposits are very 
poorly dated. Deposition in the Tabas Basin 
commenced with red and yellow mudstones and 
siltstones containing a few intercalations of gyp-
sum and salt, termed the “Neogene Red Beds” 
(Fig. 6A, Ngr; Stöcklin et al., 1965). The lithol-
ogy of the red beds likely corresponds to the 

Upper Red Formation (early Miocene to Plio-
cene?), which is well-recognized in the Central 
Basin to the west of the Tabas Basin (Huber, 
1951, 1960; Gansser, 1955; Morley et al., 2009).

The thickness of the deposits in the Tabas 
Basin reaches ~500 m and increases toward the 
central part of the basin. The deposits are lim-

ited to the Tabas Basin and pass upward into 
poorly sorted and poorly consolidated “Neo-
gene conglomerates” (Fig. 6A, Ngc). The sub-
rounded components include Permian, Triassic, 
and Upper Jurassic limestones and dolomites. 
Volcanic pebbles are rare. In some places, 
within the Neogene folds occurring along the 

Figure 5. (A) Cheshmeh Rostam thrust and Parvadeh anticline marked on a Google Earth image. (B) North Nayband thrust and Kuh-e-
Nayband anticline marked on a Google Earth image.

Figure 6. (A) Simplified lithostratigraphy of the Tabas Basin (after Stöcklin et al., 1965; Stöcklin and Nabavi, 1969; Aghanabati and Haghi-
pour, 1975; Kluyver et al., 1981a, 1981b; Saidi et al., 1991; Aghanabati et al., 1994a, 1994b). (B) Shallow boreholes made by the Tabas 
Regional Water Board in the eastern part of the Tabas Basin.
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Shotori deformation belt, the conglomerates 
overlie the Neogene Red Beds with a small 
unconformity and replace them toward the east 
(Huber, 1951, 1960; Gansser, 1955; Morley et 
al., 2009). Similar to the case of the red beds, 
the thickness of the conglomerates reaches 
~500 m. Conglomerates in the Tabas Basin cor-
respond to the thick clastic deposits covering 
the Upper Red Formation in the Central Basin 
(Stöcklin et al., 1965; Huber, 1960; Emami, 
1991). Stöcklin et al. (1965) suggested that the 
Tabas and Central Basins were connected by a 
channel in the Shirgesht area (Figs. 1 and 2). In 
the Central Basin, the deposits were assigned 
to the Hezardarreh and Kahrizak Formations, 
which are Miocene–Pliocene and Pliocene– 
Pleistocene in age (e.g., Huber, 1960; Haghi-
pour et al., 1986).

The succeeding Quaternary deposits in the 
Tabas Basin include mainly conglomerates, 
clays, gravels, and sandstones, typically depos-
ited as alluvial fans, river terraces, and playa 
lakes (e.g., Stöcklin et al., 1965; Stöcklin and 
Nabavi, 1969; Aghanabati and Haghipour, 
1975). The main NW-SE–trending playa lake of 
the Tabas Basin, which is 93 km long and up to 
17 km wide, covers the area west of the Neogene 
folds. The depression is filled with subrecent 
deposits such as salt clays and salts (Fig. 2; e.g., 
Stöcklin et al., 1965; Stöcklin and Nabavi, 1969; 

Aghanabati and Haghipour, 1975). Quaternary 
deposits forming the older (Qt

1
) and younger 

(Qt
2
) terraces, and gravel fans and sand dunes 

unconformably overlie the Neogene deposits 
and older rocks (e.g., Stöcklin et al., 1965). The 
Quaternary deposits also unconformably over-
lie older rocks in the Kalmard fold belt and the 
Shotori deformation belt (Fig. 2; e.g., Stöcklin 
et al., 1965; Stöcklin and Nabavi, 1969; Aghan-
abati and Haghipour, 1975).

Neogene Folds and Strike-Slip Faults in  
the Tabas Basin

Series of map-scale Neogene folds in the 
eastern part of the Tabas Basin form an 83-km-
long and 6-15-km-wide fold belt, termed as the 
Tabas fold belt, along the Shotori deformation 
belt, west of the Nayband fault (Fig. 2). The 
fold belt is composed of folds built of Neogene 
gypsiferous red beds (Ngr) and conglomerates 
(Ngc; Stöcklin et al., 1965). The wavelengths of 
the folds range from 3.7 to 5.4 km. The folded 
strata are with a distinct unconformity overlain 
by gravel fans and young terraces of Quaternary 
age (Qt

2
; Fig. 7). The depth of the basement of 

Neogene folds, estimated from the analysis of 
normalized full gradient gravity anomalies, is 
likely ~1 km (Moradzadeh et al., 2005; Agha-
jani et al., 2011). The limbs and hinge zones of 

the investigated folds, such as, e.g., the W Faha-
lanj fold, display contractional faults striking 
parallel to the fold axes (Fig. 8, diagrams 17, 19, 
20, 22, 23, 26, 27, 32).

The Tabas fold belt is divided into at least five 
smaller block domains (Fig. 2, domains I-V). 
Block domains I, II, and V comprise single anti-
clines: Posha, Sardar, and Neyestan anticlines, 
respectively (Fig. 2). Block domain III consists 
of four folds: the Khosrowabad, E-1 Khosrow-
abad, and E-2 Khosrowabad anticlines and the 
Khosrowabad syncline, while block domain 
IV consists of eight folds: the W Fahalanj, E 
Fahalanj, Abbas Abad, and Kamar-Machekuh 
anticlines, and the W Fahalanj, E Fahalanj, 
Abbas Abad, and Kamar-Machekuh synclines. 
Fold axes trend at 19° and 36°−41° to the Nay-
band fault in domains I−II and domains III-V, 
respectively. The folds are arranged in an en 
echelon pattern obliquely to the Shotori defor-
mation belt and the dextral strike-slip Nayband 
fault (Fig. 2). Similar folds that are equivalents 
to the folds from the Tabas Basin occur south 
of Ab-e-Garm-va-Sard on the opposite side of 
the Nayband fault, where a single structure of 
poorly consolidated sandstones crops out, corre-
sponding to rocks of the Upper Red Formation 
(Fig. 2; Kluyver et al., 1981a).

In the Tabas fold belt, trends of the Neo-
gene fold axes in the central parts of the block 

Figure 7. Examples of folds from the Tabas fold belt. (A) Southwestern limb of the Posha anticline from the Tabas fold belt. Quaternary 
deposits forming younger (Qt2) terraces and gravel fans unconformably overlie Neogene rocks. (B) Posha anticline from the Tabas fold belt. 
Quaternary deposits forming younger (Qt2) terraces and gravel fans unconformably overlie Neogene rocks.
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Figure 8. Fault pattern in the northern part of the Tabas block, earthquake distribution, and Harvard Centroid Moment 
Tensor (CMT) focal mechanisms draped over a shaded-relief Shuttle Radar Topography Mission (SRTM) image. Distribu-
tion of earthquake epicenters is from the Iranian Seismological Centre of the Tehran University and International Institute 
of Earthquake Engineering and Seismology; focal mechanisms are from the Harvard CMT database. Diagrams display se-
lected dip-slip and strike-slip fault planes in the study area. MF—main fault, R and R′—slickensides of first-order faults and 
second-order minor faults consistent with Riedel shears as R and R′.
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domains range within 130°–170° and change 
to 90°–125° at their ends (Figs. 2, 9, and 10). 
Distinct changes between the central parts and 
the ends of the folds cause the folds to display 
a characteristic helicoidal axial surface geom-
etry. This change and the slickensides observed 
in the outcrops point to the fact that individual 
tectonic block domains I-V are separated by 
WNW-ESE–oriented sinistral strike-slip faults, 
documented herein for the first time, i.e., the 
Fayzabad, Posha, Dash-e-Qarran, Abbas Abad, 
Baghamza, and Neysan faults (Figs. 2 and 8). 
Analysis of lineations on the slickensides of the 
main Posha fault displays the occurrence of a 
sinistral strike-slip component along the fault 
(Figs. 8, diagrams 34 and 35; Fig. 10B). Along 
these WNW-ESE–oriented sinistral strike-slip 

faults dissecting the folds, we also noted slick-
ensides of second-order minor faults consistent 
with Riedel shears as R and R′ (Fig. 8, dia-
grams 28 and 29). Slickensides of the first-order 
WSW-ENE–oriented sinistral faults dissecting 
the folds and second-order minor faults consis-
tent with Riedel shears as R and R′ were noted 
within individual tectonic block domains I-V 
(Fig. 8, diagrams 21, 24, 25, 30, 31, 39, 40).

Examples of Geomorphic Features of  
the Offsets

Geomorphic features display evidence of 
fault activity along the major strike-slip faults in 
the Tabas Basin. For example, along the NNE-
SSW–oriented dextral strike-slip fault that cuts 
the Neogene Neyestan anticline, Quaternary 

alluvial-fan deposits are displaced. The fault dis-
places the courses of streams and hills (Fig. 9). 
The measured offsets of the features are up to 
several meters; concurrently, the total strike sep-
aration of the Neogene beds points to a dextral 
displacement of more than 1.5 km. The strike-
slip component is also observed along a WNW-
SSE–oriented fault, in the northern part of the 
Tabas Basin, in which streams were displaced 
sinistrally by about several meters (Fig. 11). 
Moreover, Holocene activity was recognized 
across the Tabas thrust (II) bordering the W 
Fahalanj anticline from the west (Fig. 9F). The 
thrust dissects Quaternary alluvial-fan depos-
its. Similar recent activity was recognized near 
the Posha and Sardar anticlines (Walker et al., 
2003, 2015).

Figure 9. Examples of geomorphic features displaying active deformation in the Tabas fold belt marked on a Google Earth image.  
(A) Location of the Neyestan anticline and Tabas thrust bordering the W Fahalanj anticline. (B) Neyestan anticline cut by strike-slip faults.  
(C) Quaternary deposits of an alluvial fan displaced along a dextral strike-slip fault. (D) Courses of streams displaced along a dextral strike-
slip fault. (E) Hills displaced along a dextral strike-slip fault. (F) Tabas thrust bordering the W Fahalanj anticline dissecting Quaternary 
alluvial-fan deposits.
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Figure 10. (A) Trace of the Posha fault marked on a Google Earth image. Focal mechanism is from the Harvard Centroid Moment 
Tensor (CMT) database; No. 34—number of site. (B) Sinistral strike-slip fault plane of the Posha fault; No. 34—number of site.

Figure 11. (A–B) Active WNW-SSE–oriented sinistral strike-slip fault recognized in the northern part of the Tabas Basin.  
(C) Streams displaced by about several meters by sinistral offset.
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Analysis of the Fault Pattern on  
the Margins of the Tabas Basin

Kalmard Fold Belt
The western margin of the Tabas Basin is cut 

by a fault network consisting of oblique faults, 
and longitudinal and sublongitudinal faults 
(Aghanabati and Haghipour, 1975; Saidi et al., 
1991; Karimi-Bavandpur et al., 2002; Aghana-
bati, 2013). Most of the longitudinal and sub-
longitudinal faults in the Kalmard fold belt are 
interpreted as reverse faults and thrusts. Analy-
sis of lineations on the slickensides of oblique 
faults displays dextral strike-slip components 
on the planes of the ENE-WSW– oriented 
faults and sinistral strike-slip components on 
the planes of the WNW-ESE–oriented faults 
(Figs. 2 and 8). Slickensides of the first-order 
faults and second-order minor faults corre-
sponding to Riedel shears as R and R′ were 
noted along the dextral and sinistral strike-slip 
fault zones (Fig. 8, diagrams 1–5, 7–13, 15, 16). 
The strike-slip components are consistent with 
the offsets of the rock units and deflection of the 
fold axes. For example, significantly deflected 
fold axes were identified near the ENE-

WSW–oriented dextral strike-slip Nakhlak 
fault (Figs. 2 and 12A). The geometry of the 
folds resulted from dragging by the parallel, 
ENE-WSW–oriented dextral strike-slip faults. 
Similar dragging of beds was identified in the 
western part of the Kalmard fold belt near the 
Howz Mir and Chah Deraz faults (Figs. 12B–
12D). Occurrence of a sinistral strike-slip com-
ponent along the faults is confirmed based on 
the analysis of lineations on the slickensides. 
A thrust component was also recognized in the 
contractional sectors of the sinistral strike-slip 
Chah-e-Reegi fault (Fig. 8, diagram 6). The 
strike-slip components along the ENE-WSW–
oriented dextral and WNW-ESE–oriented sinis-
tral faults suggest that the fault sets in this part 
of the Kalmard fold belt form a conjugate fault 
system developed as a result of W-E–oriented 
horizontal compressional stress. The limbs 
of the investigated folds commonly display 
 centimeter-displacement contractional faults 
that dissect only a few layers. These faults 
strike generally parallel to the fold axes (Fig. 8, 
diagram 14), reminiscent of those described by 
Hancock and Atiya as typical fold-accommoda-
tion faults (Hancock and Atiya, 1979, h0l faults 

group, their figs. 5f, g) and Hancock (1985, his 
figs. 17k and l).

In the western part of the Kalmard fold 
belt, geomorphic features display numerous 
evidences of fault activity along the major 
strike-slip faults (Fig. 13). The strike-slip 
components are consistent with the offsets of 
rock units, including strike separations and 
offsets of streams. Displacement of two syn-
clines observed in the western part of the Kal-
mard fold belt indicates the occurrence of both 
strike-slip and dip-slip components (Fig. 13C). 
Recent activity of the faults is confirmed by the 
drainage offset of up to several tens of meters. 
For example, along the NNE-SSW–oriented 
strike-slip faults, which cut the Holocene 
deposits of the alluvial fans in the central part of 
the Kalmard fold belt, the streams are displaced 
by ~64 m of dextral offset (Fig. 13D). Likewise, 
sinistral strike-slip faults display recent activ-
ity because they dissect Quaternary salt flats. 
The measured offsets of streams are up to 48 m 
(Fig. 13E). The ENE-SSW–oriented dextral 
strike-slip faults form a conjugate fault system 
together with the WNW-ESE–oriented sinistral 
strike-slip faults.

Figure 12. (A) Series of ENE-WSW–oriented dextral strike-slip faults and folds near the main Nakhlak fault on a Google Earth image. 
(B) Sinistral strike-slip fault plane of the Chah Deraz fault; No. 9—number of site. (C) Dragging of beds identified in the western part of 
the Kalmard fold belt near the Howz Mir and Chah Deraz faults on a Google Earth image. (D) Detailed view of the fault zone of the Chah 
Deraz fault; No. 9—number of site.
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Figure 13. Examples of geomorphic features displaying active deformation in the Kalmard fold belt marked on a Google Earth image.  
(A) Location of figures. (B) Location of active strike-slip faults. (C) Displacement of syncline axes along conjugate dextral and sinistral 
active strike-slip faults. (D) Courses of streams displaced along a dextral strike-slip fault. (E) ENE-SSW–oriented dextral strike-slip faults 
and WNW-ESE–oriented sinistral strike-slip faults cutting Quaternary salt flats. (F) ENE-SSW–oriented dextral strike-slip faults cutting 
Quaternary salt flats and offsetting the syncline axis.
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Shotori Deformation Belt
The eastern margin of the Tabas Basin is cut 

by a fault network consisting of longitudinal 
and sublongitudinal faults, and oblique faults 
(Stöcklin et al., 1965; Stöcklin and Nabavi, 
1969; Eftekhar-Nezhad et al., 1977; Aghanabati 
et al., 1994b; Walker and Jackson, 2002, 2004). 
The longitudinal and sublongitudinal faults 
in the Shotori deformation belt are interpreted 
as thrusts and strike-slip faults (Fig. 3). The 
oblique faults display normal, thrust, and strike-
slip components on the planes. Most of the faults 
are considered as younger than the longitudinal 
thrusts or as older faults reactivated after thrust 
movements (Stöcklin et al., 1965). The western 
border of the Shotori deformation belt is marked 
by the Kamar-Machekuh, Kuh-e-Jamal, and the 
NW-SE–oriented Baharestan thrusts (Stöck-
lin et al., 1965; Stöcklin and Nabavi, 1969; 
Aghanabati and Haghipour, 1975). The thrusts 

are east dipping, whereas the thrusts along the 
southeastern margin of the Shotori deformation 
belt are oppositely dipping, to the west (Stöcklin 
and Nabavi, 1969).

Within the northern part of the Shotori 
deformation belt, north of the Shirgesht area, 
there are two groups of fault-bounded tectonic 
blocks: east and northeast of the village of Man-
suriyeh, respectively (Figs. 2 and 14; Eftekhar-
Nezhad et al., 1977; Aghanabati et al., 1994b). 
East of Mansuriyeh, the Shotori deformation 
belt is subdivided into at least five smaller 
blocks composed of Paleozoic and Mesozoic 
rocks. The 1-3-km-wide blocks are bounded 
by the NNE-SSW–striking Kuh-e-Abkhorak 
fault and NNW-SSE–striking oblique faults 
(Fig. 14C). The oblique faults do not cut the 
Quaternary deposits. Strike separations along 
the secondary faults range from 0.4 to 1.3 km. 
Strikes of Permian (Jamal Formation) and 

Jurassic rocks change from N-S south of the 
blocks and west of the town of Boshruyeh, to 
NE-SW within the blocks (Fig. 14C; Eftekhar-
Nezhad et al., 1977). Near the secondary faults, 
the strikes of the beds are parallel to the fault 
surfaces. This observation suggests that the 
position of the beds might have undergone 
modifications as a result of fault-associated 
dragging, in the co-occurrence of a sinistral 
strike-slip component along the faults. The 
change of strikes of the beds within the blocks 
suggests the possibility of vertical-axis, clock-
wise rotation of individual blocks between the 
NNE-oriented major Kuh-e-Abkhorak fault 
and the Nayband fault.

Northeast of Mansuriyeh, the Shotori defor-
mation belt is subdivided into at least 10 smaller 
blocks composed of Mesozoic and Paleogene 
rocks (Fig. 14D; Eftekhar-Nezhad et al., 1977). 
The ~0.5-km-wide blocks are bounded by the 

Figure 14. Examples of clockwise (CW) rotated tectonic blocks in the northern part of the Shotori deformation belt and Harvard Centroid 
Moment Tensor (CMT) focal mechanisms marked on a shaded-relief Shuttle Radar Topography Mission (SRTM) image (A) and structural 
map (B). (C) Rotated tectonic blocks east of Mansuriyeh village. (D) Rotated tectonic blocks northeast of Mansuriyeh village.
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NNE-SSW–striking Kuh-e-Abkhorak fault and 
NNW-SSE–striking oblique faults. The oblique 
faults cut conglomerates of the Paleogene Ker-
man Formation. The strike separations along the 
secondary faults range from 80 to 100 m. Simi-
lar to the blocks to the east of Mansuriyeh, the 
change of strike of the beds within the blocks 
points to the possibility of vertical-axis, clock-
wise rotation of individual blocks.

The blocks occurring to the east and northeast 
of Mansuriyeh were likely rotated around ver-
tical axes in a domino-like orientation, accord-
ing to the “bookshelf” mechanism (Mandl, 
1987; Peacock et al., 1998; Kim et al., 2004; 
Konon, 2007). The observed displacement of 
rocks belonging to the Paleogene Kerman For-
mation along the NNW-SSE–oriented oblique 
faults bounding the tectonic blocks northeast 
of Mansuriyeh, and the lack of offset of Qua-
ternary deposits along the NNW-SSE–oriented 
faults bounding the tectonic blocks east of Man-
suriyeh suggest the occurrence of a period of 
strike-slip faulting along the northern part of the 
Nayband fault. The observations also suggest 
that the Shotori deformation belt formed as a 
Cenozoic dextral strike-slip zone, which is con-
sistent with the opinion of Stöcklin et al. (1965), 
who described the deformation belt as a mobile 
zone (Fig. 3).

Seismicity in the Tabas Basin Area

The presented geomorphic features, such as 
strike-slip offset of drainage, deposits of Qua-
ternary alluvial fans dissected by thrusts, or salt 
flats dissected by strike-slip faults, display com-
mon evidence of recent fault activity. The pos-
sibility of recent fault activity is also confirmed 
by the present-day low- and high-magnitude 
seismicity in the Tabas Basin and its margins 
(Fig. 8). Low-magnitude seismicity <M

w
 5 

generally prevails in the western and southern 
margins of the basin, in the Kalmard fold belt 
and in the vicinity of the Cheshmeh Rostam 
thrust, respectively (Fig. 8). Small concentra-
tions of low-magnitude earthquake epicen-
ters may be observed, for example, in the area 
located to the north of the Shirgesht fault. To 
the south of the fault, in the Kalmard fold belt 
and in the southern margin of the Tabas Basin, 
earthquake epicenters are rather scattered. Con-
siderable concentrations of low-magnitude 
earthquake epicenters and five high-magnitude 
earthquake epicenters have been observed in the 
Shotori deformation belt and in the Tabas fold 
belt within the Tabas Basin (Fig. 8). The high-
est concentration of low-magnitude earthquake 
epicenters has been observed in the northwest-
ern part of the W Fahalanj anticline, W Fahalanj 
syncline, E Fahalanj anticline, E Fahalanj syn-

cline, and in the area to the west of the Tabas 
thrust (II; Figs. 2 and 8).

Three earthquakes with an estimated magni-
tude of >5 have been noted in the Tabas Basin. 
One of them occurred in 1980 (12 January), 
and the two others occurred in 1990 (25 March 
and 15 October; Figs. 8 and 10A). We interpret 
the sinistral component displayed by the focal 
mechanisms for the 25 March 1990 event as the 
result of sinistral strike-slip displacement along 
the WNW-ESE–striking Posha fault, which is 
confirmed by slickensides observed along the 
fault (Figs. 8 and 10). Focal mechanisms for 
the 12 January 1980 and the 15 October 1990 
events show a dominating thrust component 
across the faults that is consistent with the 
sinistral strike-slip component along the WNW-
ESE–striking faults dissecting the Tabas fold 
belt (Figs. 2 and 8).

Two focal mechanisms for the 16 August 1978 
and the 13 February 1979 events are observed 
in the Shotori deformation belt. Both of them 
show the domination of thrust components 
across the faults. The first is known as the great 
Tabas-e-Golshan earthquake of 16 September 
1978 (e.g., Berberian, 1979a, 1979b; Berberian 
et al., 1979; Walker et al., 2003, 2015). The cata-
strophic earthquake formed an 85-km-long sur-
face expression along the 10-20-m-wide Tabas 
thrust zone (Berberian, 1979a). Late Quaternary 
evidences of the main thrust component with a 
minor dextral component were observed along 
the thrust fault dissecting the Neogene beds 
(Berberian, 1979a). Average stress determined 
from the focal mechanisms of the earthquakes 
recorded in the Tabas Basin region displays a 
NE-SW direction of maximum compressive 
stress (Zamani and Zamani, 2010), which is 
consistent with the shortening direction calcu-
lated for the Pliocene–Pleistocene interval (Ber-
berian, 1979a).

ABDOUGHI BASIN

The over 150-km-long and several-dozen-
kilometers-wide, intracontinental Abdoughi 
Basin is located along the southeastern margin 
of the Tabas block (Figs. 1 and 15). The basin is 
bordered by the Lakar Kuh and Nayband faults 
from the west and east, respectively. Similar to 
the Tabas Basin, the Abdoughi Basin is filled 
with Miocene–Pliocene and Quaternary depos-
its (Kluyver et al., 1981c; Sahandi and Rahimza-
deh, 1992). The Miocene–Pliocene succession 
consists of siltstones, sandstones, marls, mud-
stones, gypsiferous beds, and conglomerates. 
The Quaternary deposits forming the older 
(Qt

1
) and younger (Qt

2
) terraces, and gravel 

fans unconformably overlie Neogene deposits 
and older rocks (Kluyver et al., 1981c; Sahandi 

and Rahimzadeh, 1992). The basement of the 
Abdoughi Basin can be observed in its northern 
and southern parts, in which N-S– and NNW-
SSE–trending fold axes consisting of Precam-
brian, Paleozoic, and Mesozoic rocks plunge 
under the Neogene and Quaternary deposits fill-
ing the basin. The Lakar Kuh fault is recognized 
as a subvertical thrust with a dextral component 
along the fault (Kluyver et al., 1981c; Sahandi 
and Rahimzadeh, 1992). Recent activity of the 
dextral strike-slip Nayband fault is confirmed 
by the offset of streams at up to several dozen 
meters (Fig. 15B). Recent activity of the fault 
was also recognized by, e.g., Berberian (1976), 
Walker and Jackson (2002, 2004), and Walker et 
al. (2009, 2010).

In the southern corner of the Tabas block, 
southwest of the Abdoughi Basin, near the 
fault junctions of the Kuh Banan fault with the 
Dehu fault, and the Kuh Banan fault with the 
Behabad fault, there also occur other areas of 
Neogene sediment accumulation (Kluyver et al., 
1981c; Sahandi and Rahimzadeh, 1992; Vahdati 
Daneshmand et al., 1995; Azizan-Shahraki et 
al., 1999). The Kuh Banan, Behabad, and Dehu 
faults are recognized as dextral strike-slip faults 
with a dominating thrust component across the 
faults at their southern terminations (Fig. 15A; 
Vahdati Daneshmand et al., 1995; Azizan-
Shahraki et al., 1999; Talebian et al., 2006). 
The faults are still active, which is confirmed by 
focal mechanisms (Talebian et al., 2006; Allen 
et al., 2011) observed in their vicinity and by the 
offset of streams at up to several hundred meters 
along, e.g., the Kuh Banan fault (Fig. 15C). 
Neogene strata are folded both in the Abdoughi 
Basin, in the vicinity of the Lakar Kuh fault, and 
southwest of the basin along the Dehu fault and 
south of the Dehran thrust (Fig. 15A; Kluyver 
et al., 1981c; Sahandi and Rahimzadeh, 1992; 
Vahdati Daneshmand et al., 1995; Azizan-
Shahraki et al., 1999; Sahandi and Haj Molla 
Ali, 2003).

DISCUSSION: TECTONIC MODEL FOR 
TERRESTRIAL BASIN DEVELOPMENT 
DUE TO STRIKE-SLIP FAULTING

The significant amount of shortening of 
the central Iranian Plateau resulting from the 
 Arabia-Eurasia collision was accommodated by 
large-scale strike-slip faulting (e.g., Berberian, 
1976; Hessami et al., 2003; Walker and Jackson, 
2002, 2004; Allen et al., 2004, 2011; Meyer et 
al., 2006; Meyer and Le Dortz, 2007; Morley et 
al., 2009; Nadimi and Konon, 2012a, 2012b). 
During the Cenozoic, this strike-slip displace-
ment resulted in vertical-axis rotation of crustal 
blocks within the Central Iranian block (Freund, 
1970; Jackson et al., 1995; Walker and Jackson, 
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Figure 15. (A) Distribution of Neogene (Ng) folded deposits in the southern part of the Tabas block and location of geomorphic features 
displaced along the Nayband fault (B) and along the Kuh Banan fault (C). (B) Offset of streams up to several dozen meters along the 
dextral strike-slip Nayband fault. (C) Offset of streams up to several hundred meters along the dextral strike-slip Kuh Banan fault.
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2004; Allen et al., 2011; Mattei et al., 2012; 
Walpersdorf et al., 2014). In the central part of 
the Iranian Plateau, transpression along the mar-
gins of the Yazd, Tabas, Lut, and Anarak-Jandaq 
tectonic blocks permitted significant internal 
deformation of these blocks. We interpret herein 
that this process induced the formation of the 
intracontinental Tabas and Abdoughi Basins as 
a result of late Cenozoic subsidence of the base-
ment Tabas block (Figs. 1, 2, and 16–18).

Geological and Geophysical Evidences 
versus Geomechanical Modeling

For a better understanding of the deforma-
tion stages of the Tabas block resulting in the 
formation of the Tabas and Abdoughi Basins, 
we compared field geological observations and 
geophysical data with a prepared geomechani-
cal model (Figs. 16B–16D).

Geomechanical Modeling
Numerical modeling of the regional fault net-

work employed herein was designed in order 
to simulate the slip distribution and displace-
ment field that can be applied to the structural 
development of the Tabas and Abdoughi Basins 
(Figs. 1, 2, and 16B–16D). In particular, we 
used the boundary element method (BEM) of 
modeling to investigate the variation in deflec-
tion and uplift in the Tabas block and how the 
fault geometry and the fault-slip distribution 
may have affected topographic displacement. 
The modeling approach used herein utilized 
the BEM technique implemented in Poly3D 
software (Thomas, 1993). Poly3D is based on 
displacement discontinuity and linear elastic-
ity methods (Becker, 1992). In the model, the 
faults are composed of triangular elements with 
prescribed displacement (or traction) bound-
ary conditions, associated with remote stress 
or strain. The slip along the faults occurs due 
to stresses applied at the model boundary. The 
stress, strain, and displacement fields caused by 
slip on the faults can be calculated in the sur-
rounding rock volume. The rock mass is sim-
plified to a homogeneous, isotropic, and linear-
elastic material cut by fault discontinuities that 
represent a field-mapped fault network. Poly3D 
(BEM) has been used to investigate the slip per-
turbation of overlapping faults (e.g., Willemse et 
al., 1996; Willemse and Pollard, 1998), interac-
tion and slip distribution on intersecting faults 
(e.g., Maerten et al., 1999; Maerten, 2000), 
faults orientation predictions (e.g., Maerten 
et al., 2006), stress perturbation around faults 
(e.g., Kaven and Martel, 2007; Tamagawa and 
Pollard, 2008), and crustal deformation associ-
ated with complex fault systems (e.g., Muller et 
al., 2003; Griffith and Cooke, 2004, 2005; Olson 

and Cooke, 2005; Cooke and Marshall, 2006; 
Marshall et al., 2008).

Model characteristics. In order to establish 
the boundary conditions for the Tabas block 
model, the kinematics and geometry of the 
main tectonic structures of Central Iran were 
taken into account (Fig. 16B). A simple three-
dimensional (3-D) model represents the first-
order basement faults bounding the Lut, Tabas, 
Yazd, and Anarak-Jandaq blocks of the Central 
Iranian block: Sistan fault system, Great Kavir 
(Doruneh) fault, Nain-Dehshir fault, Shahr-e-
Babak fault, Nayband, Kalmard–Kuh Banan 
fault system, and the Anar and Rafsanjan faults 
dissecting the Yazd block (Figs. 1 and 16B). In 
order to obtain a more realistic loading behavior 
from the Arabian plate into the Central Iranian 
block, the model was extended by adding the 
Main Recent fault–Main Zagros thrust in the 
south, as well as the Torbat-e-Jam fault in the 
north (Figs. 1 and 16B). Traces of the basement 
faults are consistent with the linear zones sepa-
rating the strongly contrasting areas of occur-
rence of weakly and strongly magnetic rocks 
and with the zones of concentrations of high-
magnitude earthquake epicenters (Fig. 16A; 
e.g., Berberian, 1976; Walker and Jackson, 
2002, 2004; Hessami et al., 2003; Allen et al., 
2004, 2006, 2011; Jackson, 2006; Meyer et al., 
2006; Meyer and Le Dortz, 2007; Morley et al., 
2009; Nadimi and Konon, 2012a).

The fault model geometry is the main driver 
that influences the calculated induced stress and 
displacement distribution (Maerten et al., 2002); 
for that purpose, the fault geometries were cre-
ated in accordance with field measurements, 
published maps, and the studies described 
herein. The replicated fault geometry of the 
connected or intersecting fault system permits 
an accurate simulation of the fault displacement 
transfer between the faults and allows vertical-
axis block rotation across the model (Figs. 16B–
16D). A strike-slip motion resulting from N-S 
shortening as a consequence of the collision of 
the Arabian and Eurasian plates prevails along 
most of them. The senses of movement along 
the faults are consistent with real faults, such 
as the: Nain-Dehshir, Shahr-e-Babak, and Anar 
faults, and the Rafsanjan and Nayband faults, 
both forming the Kalmard–Kuh Banan and Sis-
tan fault systems, where dextral strike-slip com-
ponents are recognized (e.g., Berberian, 1976; 
Tirrul et al., 1983; Berberian and Yeats, 1999, 
2001; Berberian et al., 1999; Walker and Jack-
son, 2002, 2004; Hessami et al., 2003; Allen et 
al., 2004, 2006, 2011; Meyer et al., 2006; Meyer 
and Le Dortz, 2007; Le Dortz et al., 2009, 2011; 
Nadimi and Konon, 2012a, 2012b). A sinis-
tral strike-slip component dominates along the 
central part of the Great Kavir (Doruneh) fault, 

and both strike-slip and dip-slip components 
on its plane prevail along the western segment, 
and the reverse component is suggested near 
Torbat-e-Heydarieh across the eastern segment 
of the fault (e.g., Berberian, 1976; Walker and 
Jackson, 2004; Fattahi et al., 2007; Farbod et 
al., 2011). Moreover, the vertical-axis rotation 
of the blocks belonging to the Central Iranian 
block is consistent with observations display-
ing the counterclockwise (CCW) rotation of the 
Lut, Tabas, and Yazd blocks (Walker and Jack-
son, 2004; Allen et al., 2004, 2011; Mattei et al., 
2012; Walpersdorf et al., 2014), and the clock-
wise (CW) rotation of the Anarak-Jandaq block 
(Mattei et al., 2012; Walpersdorf et al., 2014).

All faults have a prescribed zero- displacement 
discontinuity in a normal direction to ensure 
that the faults do not open and are shear-traction 
free, allowing the faults to slip freely in response 
to the applied far-field stress and to remain in 
contact during the slip. All faults in the model 
are assumed to be vertical and have an identi-
cal depth dimension of 5 km. Faults are buried 
deep enough to be unaffected by the free sur-
face of Earth. Uniform, uniaxial compressive 
stress was applied to simulate the push from the 
Arabian plate. Lithostatic load was not taken 
into account.

We considered two different tectonic stress 
boundary conditions, which simulate regional 
stress (far-field S

Hmax
) rotation during the late 

Cenozoic from 30° (stage 1) to 10° (stage 2). The 
displacement field was calculated for a single 
slip event (stage) at an observation plane placed 
at a depth of 4 km and representing depositional 
topography. To show the progress of formation 
of internal deformation in the tectonic block, we 
modeled the first step of deformation caused by 
motion along the strike-slip fault that bounds the 
Tabas block. The computed stress field trajecto-
ries represent local stresses (S

1
) resulting from 

fault displacement. Therefore, internal struc-
tures observed in the Tabas block may be related 
to local stress direction and field displacement. 
We assumed uniform elastic material properties 
of the rock masses characterized by Poisson’s 
ratio of 0.24 and Young’s modulus of 22 GPa, 
which are representative of many rocks. The 
model results show vertical surface displace-
ments and perturbations of maximum stress tra-
jectories (S

1
; Figs. 16C and 16D).

Vertical displacements. The model results 
display vertical surface displacements resulting 
from slip along the strike-slip faults bounding 
the Tabas block (Figs. 16C and 16D). Absolute 
values cannot be directly compared with the 
Tabas block topography; therefore, the vertical 
surface displacement (Dv) was normalized to 
the maximum value. Despite a simplified fault 
model geometry, deformation conditions, and 
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Figure 16. (A) Aeromagnetic map of the Central Iranian microplate with the main fault systems (after Stöcklin and Nabavi, 
1969; Berberian and King, 1981; Berberian, 1983; Aghanabati and Haghipour, 1975; Aghanabati et al., 1994a, 1994b; Allen et 
al., 2003, 2011; Morley et al., 2009; Aghanabati, 2013). Aeromagnetic surveys made by the Geophysics Institute of the Univer-
sity of Tehran. (B) Three-dimensional (3-D) model representing the first-order basement faults of Central Iran displaying the 
modeled vertical-displacement field. Changes in topography of the Tabas block associated with the formation of a depression 
are characterized by negative values (marked by a minus), while relative uplift is characterized by positive values (marked by 
a plus). (C) Map of modeled vertical-displacement field and orientations of S1 trajectories for stage 1. SHmax oriented at 30°. (D) 
Map of modeled vertical-displacement field and orientations of S1 for stage 2. SHmax oriented at 10°.
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lack of internal structures, the vertical displace-
ments calculated within the model predict the 
major topographic features of the Tabas block.

Stress field perturbations. The model results 
show great perturbations of maximum stress 
trajectories within the Tabas block (Figs. 16C 
and 16D). These results exclude far-field stress 
(S

Hmax
) in order to reveal the particular contribu-

tion of the local stress perturbations. In general, 
the modeled local maximum stress S

1
 trajecto-

ries in the central part of the Tabas block illus-
trate a prominent change in the direction relative 
to the applied remote stress.

Stage 1 (Far-Field S
Hmax

 = ~30°)
We interpret that during stage 1, significant 

dextral strike-slip movement dominated along 
the margins of the Tabas block: along the entire 

Nayband fault (Fig. 16C, fault segment 1–1′), 
and along most of the Kalmard–Kuh Banan 
fault system (Fig. 16C, fault segment 2–2′). 
Results of the geomechanical model show that 
both faults produced wide dextral shear zones, 
marked by S

1
 trajectories oriented approxi-

mately 45° to the fault planes (Fig. 16C).
Formation of basins. During stage 1, two 

main subsided areas formed in the proximity of 
the opposite corners of the Tabas block, which 
is consistent with the location of the Tabas 
and Abdoughi Basins (Figs. 1, 16, 18A, 18B, 
and 18D).

Abdoughi Basin. In the southern corner of 
the Tabas block, to the east of the Kuh Banan 
fault, trends of S

1
 axes change orientation 

from NE-SE to NNW-SSE (Fig. 16C, area c). 
Directly to the south of Tabas block, within the 

Yazd block, the S
1
 trajectories are oriented N-S 

(Fig. 16C, area D). The orientation of S
1
 in the 

southern part of the block is consistent with 
compression directions recognized from, e.g., 
the Deh Zanan, Dehu, Chat Rud, and Dehran 
thrusts (Fig. 15A).

Analysis of numerical modeling suggests that 
the broad area of subsidence in the southern 
part of the Tabas block formed due to dextral 
transpressional movements along two principal 
displacement zones: the Nayband fault and the 
Kalmard–Kuh Banan fault system (Figs. 1, 16, 
and 18). We interpret that the area of subsidence 
formed as a result of interaction of two restrain-
ing junctions of the strike-slip faults. The 
southwestern restraining fault junction formed 
between the Kuh Banan fault and the Behabad 
fault, as well as the Dehu fault (Figs. 15A, 18A, 

Figure 17. (A–C) Evolution of the Tabas and Abdoughi Basins during the Cenozoic. See text for details.
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Figure 18. Proposed model of the development of the intracontinental Tabas and Abdoughi Basins in the Tabas block. (A) Simpli-
fied present-day fault pattern in the Tabas block and Harvard Centroid Moment Tensor (CMT) focal mechanisms draped over 
a shaded-relief Shuttle Radar Topography Mission (SRTM) image. (B) Stage 1—Formation of the Tabas and Abdoughi Basins.  
(C) Stage 2—Inversion of the Tabas and Abdoughi Basins. (D) Three-dimensional (3-D) model of development of intracontinen-
tal basins during stage 1. (E–G) Development of intracontinental basins in the different restraining junctions of strike-slip faults 
and thrusts. See text for details. CCW—counterclockwise.
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18B, 18D, and 18G). A contraction component 
dominated at the southern terminations of the 
dextral strike-slip faults across the fault planes. 
Flexural loading of the southern slabs of both 
Behabad and Dehu faults allowed depression of 
their northern slabs and resulted in the forma-
tion of an area of subsidence (Figs. 15A, 16C, 
18B, 18D, and 18G). To the south of the Kuh 
Banan fault, a narrow area of subsidence also 
formed as a result of the flexural loading of the 
northern slab of the fault, which tends to depress 
its southern slab, located within the Yazd block 
(Figs. 15A, 16C, and 18B). Formation of the 
uplifted zone along the southern corner of the 
Tabas block, bounded by oppositely dipping 
thrusts, could be related to the accommodation 
of the CCW rotation of the Yazd block. The 
stress pattern suggests the possibility of north-
ward pushing of the corner of the Tabas block 
by the indentation of the Yazd block (Fig. 16C, 
area D; Fig. 18B).

The second restraining junction was formed 
between the Nayband fault and the Lakar Kuh 
fault (Figs. 18A, 18B, 18D, and 18F). The 
development of the area of subsidence in this 
transpressional zone was mainly controlled by 
flexural loading of the western slab of the Lakar 
Kuh fault, which tends to depress the eastern 
slab (Figs. 15A, 18D, and 18F).

Tabas Basin. The area of subsidence in the 
northeastern corner of the Tabas block is also 
related to the transpressional movement along 
the Nayband fault. We interpret that the strike-
slip component along the Nayband fault was 
accommodated by a series of W-E–oriented 
imbricated thrust sheets, change of the fold 
trends from N-S to W-E along the major fault, 
and by oblique-slip and dip-slip faulting (Figs. 2, 
3, 4, 5, 8, 17, 18B, 18D, and 18E; Stöcklin and 
Nabavi, 1969; Aghanabati and Haghipour, 
1975; Kluyver et al., 1981a, 1981b, 1981c). The 
growth of the thrust faults probably initiated 
south of the Cheshmeh Rostam thrust and pro-
gressively propagated from the South Nayband 
thrust to the north (Fig. 17A). A small amount of 
the strike-slip component occurs along thrusts 
forming the thrust fault system, which is con-
sistent with the geomechanical model and field 
observations (Figs. 5A and 16C; Saidi, 2004). 
The local trends of S

1
 calculated from the mod-

eled fault displacement and inferred from the 
thrusts and fold axes directions are very similar, 
suggesting that these deformations are directly 
related. Further to the west, trends of S

1
 axes 

change orientation from NNE-SSE to E-W near 
the Kalmard fold belt (Fig. 16C, area B).

The contractional structures formed in the 
northwestern contractional zone of the Nayband 
fault, when local compressional stress S

1
 was 

oriented approximately N-S (Fig. 16C, area A), 

which is consistent with the common interpreta-
tions of structural geometries along strike-slip 
faults (e.g., Ramsay and Huber, 1987; Wood-
cock and Schubert, 1994).

We interpret that the area of subsidence north 
of the Cheshmeh Rostam thrust is consistent 
with the Tabas Basin and that the basin formed 
as a result of formation of a restraining junction 
between the Nayband fault, considered as the 
principal displacement zone, and the Chesh-
meh Rostam–South Nayband thrust fault sys-
tem (Fig. 18E). Shortening of the imbricated 
thrust sheets resulted in the uplift of the zone 
and allowed depression of the northern slab of 
the Cheshmeh Rostam thrust. The transpres-
sion along the Nayband fault and flexural load-
ing by the series of thrust sheets permitted here 
the deposition of the Upper Red Formation. 
Formation of the Tabas Basin due to dominat-
ing contraction is consistent with the suggestion 
of Berberian (1979a, 1979b) and Berberian et 
al. (1979), who described the Tabas Basin as a 
“compressional graben.”

The development of broad areas of subsidence 
in the southern and northern parts of the Tabas 
block is consistent with the mode of basin for-
mation produced by an anastomosing strike-slip 
pattern (Figs. 18B and 18D–18F; e.g., Crowell, 
1974; Reading, 1980; Christie-Blick and Bid-
dle, 1985; Woodcock and Schubert, 1994). The 
early occurrence of significant dextral move-
ment dominating along the entire Nayband fault 
is suggested by the CW rotation of the blocks in 
the northern part of the fault (Fig. 14). The data 
are consistent with the observations of Cifelli et 
al. (2013), suggesting transpression along the 
fault at sometime between the Early Cretaceous 
and the Paleocene. Based on our observations, 
we interpret that the significant strike-slip fault-
ing event along the northern part of the Nayband 
fault continued after the Paleogene and ceased 
before the Quaternary.

The earlier-mentioned CCW rotations of the 
crustal blocks included in the Central Iranian 
block allow for the “bookshelf” mechanism to 
be considered as a model of accommodation 
of shortening and externally imposed shearing 
(e.g., Mandl, 1987). The “bookshelf” analogy 
suggest that the Nain-Dehshir, Shahr-e-Babak, 
Anar, Rafsanjan, and Nayband dextral strike-
slip faults, and both dextral strike-slip faults 
forming the Kalmard–Kuh Banan and Sistan 
fault systems can be considered as antithetic 
faults. The sense of movement along the faults 
bounding the tectonic blocks is opposite to the 
externally imposed overall shear displacement 
along the segments of the Great Kavir (Doruneh) 
fault where the sinistral strike-slip component 
dominates (Fig. 16B). The rotational movement 
of the tectonic blocks is caused by the push from 

the Arabian plate resulting in NE-SW to N-S 
shortening of the area between the Main Zagros 
thrust and Great Kavir (Doruneh) fault (Figs. 1 
and 16B).

The strike-slip fault event in the Central Ira-
nian block was related to the widespread defor-
mation in the collision zone of the Arabian and 
Eurasia plates by ca. 13 Ma (Dilek et al., 2010). 
The continental collision resulted in, e.g., strike-
slip faulting in the Zagros orogen (e.g., Moha-
jjel and Fergusson, 2000; Talebian and Jackson, 
2002; Mohajjel et al., 2003; Allen et al., 2011; 
Nadimi and Konon, 2012a, 2012b) and wide-
spread folding in the Central Basin, north of the 
Urumieh-Dokthar magmatic arc (Morley et al., 
2009; Bouzari et al., 2013). From 5 Ma until 
present, the strike-slip faulting slowed down 
or ceased, probably due to the collision of the 
Afghan blocks with the western margin of the 
Indian plate (Allen et al., 2011).

Alternative migrating step-over model for 
the development of the basins. In this research, 
we propose that the interaction of strike-slip 
faults in their restraining junctions allowed the 
formation of the Tabas and Abdoughi Basins, 
but we should also consider an alternative 
migrating step-over model for the development 
of the basins.

The alternative model is consistent with 
the model proposed by Wakabayashi et al. 
(2004) and Wakabayashi (2007) for migrat-
ing step-overs from the San Andreas fault sys-
tem. In such a migrating step-over model, the 
Abdoughi Basin could have formed as a right/
releasing step-over and then changed into a left/ 
restraining step-over due to the abandonment 
of part of the segment of the strike-slip faults 
and progressive development of new strike-
slip faults. The same mechanism could affect 
the Tabas region during the northward migra-
tion of the fault system. Based on our observa-
tions, we interpret that the lack of faults in the 
central part of the Tabas block (south of the 
Cheshmeh Rostam thrust), which could transfer 
the slip along the western margin of the large-
scale shear zone, parallel to the Nayband fault, 
restricts the possibility of formation of the Tabas 
and Abdoughi Basins as migrating step-overs 
(Figs. 5, 18A, and 18B). Another constraint is 
related to the lack of evidence for back thrust-
ing along the southern border of contractional 
imbricated thrust sheets south of the Cheshmeh 
Rostam thrust and the absence of normal faults 
bounding the Tabas Basin from the north and 
south, and the Abdoughi Basin from the north 
(Figs. 1, 2, 18A, and 18B). The large-scale shear 
zone along the eastern margin of the Tabas block 
consists of numerous fault segments of various 
lengths. The migration of the step-overs in such 
zones would require appropriate parameters, 
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such as step-length or step-width, compared 
with the maximum fault offsets (de Joussineau 
and Aydin, 2009). The estimated present-day 
length of the Tabas Basin is ~107 km, and width 
is ~71 km, while the length of the Abdoughi 
Basin is ~150 km, and the width is from 38 
to 57 km. The length and width of the basins 
should be equal to the theoretical step-length 
and step-width, respectively. According to de 
Joussineau and Aydin (2009), such estimated 
theoretical geometrical attributes of the strike-
slip fault system require maximum fault offsets 
of over several hundred kilometers, which is not 
supported by geological evidence recognized 
along the major strike-slip faults bounding the 
Tabas and Lut blocks (Tirrul et al., 1983; Walker 
and Jackson, 2002, 2004).

Stage 2 (Continuous Change of Far-Field 
Stress from S

Hmax
 = ~30° to S

Hmax
 = ~10°)

The geomechanical model suggests that dur-
ing stage 2, dextral transpressional movements 
also dominated along the margins of the Tabas 
block: along the central and southern segment 
of the Nayband fault (Fig. 16D, fault segment 
1–1′), and along the central and southern seg-
ments of Kalmard–Kuh Banan fault system 
(Fig. 16D, fault segment 2–2′). The strike-slip 
faulting limited to both segments of the faults 
is still active (Figs. 15B and 15C; Walker and 
Jackson, 2002, 2004; Walker et al., 2009, 2010).

Inversion of the basins. During this stage, 
the Neogene deposits filling the Tabas and the 
Abdoughi Basins began to experience deforma-
tion. The model also suggests that the config-
ured subsidence depocenters were located in a 
position consistent with the present-day basin 
locations (Figs. 1, 2, 16D, 18A, and 18C). The 
Abdoughi Basin gradually moved to the east 
adjacent to the southern intersection of the Nay-
band fault with the Kuh Banan fault, finally form-
ing a triangular-shape depression between the 
Nayband and Lakar Kuh faults (Figs. 16D, 18A, 
18C, and 18F). The movement was probably 
related to the change of the orientation of local 
S

1
 in the southern part of the Tabas block, west of 

the Lakar Kuh fault, where NW-SE–oriented S
1
  

axes prevailed during stage 1 (Fig. 16C, area C) 
and then changed to NNW-SSE and W-E ori-
ented during stage 2 (Fig. 16D, area C).

We interpret that during the inversion, in 
both corners of the Tabas block, transpressional 
movements along the Nayband and Kuh Banan 
faults resulted in the development of folds com-
posed of Miocene-Pliocene deposits (Figs. 15A 
and 18C). In the southern part of the Tabas 
block, the folds were overthrusted by the, e.g., 
Dehu fault, Dehran thrust, and Lakar Kuh fault 
(Fig. 15A). Southeast of the Tabas block, the cal-
culated orientation of S

1
 trajectories in the geo-

mechanical model is consistent with the com-
pression directions inferred from the Shahdad 
thrust sheets composed of Miocene- Pliocene 
deposits overthrusted to the NE (Figs. 1, 16D, 
and 18C).

In the Tabas Basin, along the Shotori deforma-
tion belt and on the opposite side of the Nayband 
fault on the Lut block, folds formed composed 
of Miocene-Pliocene deposits (Figs. 2, 17B, and 
18C). The formation of the right-stepping folds 
is consistent with the model proposed by, e.g., 
Moody and Hill (1956), Sylvester (1988), and 
Jamison (1991), considered as one of the most 
reliable fingerprints of strike-slip deformation in 
map view (Figs. 17B and 18C; Woodcock and 
Rickards, 2003). Field data and modeling sug-
gest that the Neogene folds started to form when 
the far-field S

Hmax
 direction was oriented at 10° 

but the local S
1
 was oriented at 45°−90°, which 

is consistent with the average N62°E trend of S
1
 

calculated by Zamani and Zamani (2010).
We interpret that the inversion deformation in 

the Tabas Basin is limited to the development 
of the Tabas fold belt and that the growth of the 
W-E–oriented imbricated Cheshmeh Rostam–
South Nayband thrust sheets ceased between 
the late Pliocene and the Quaternary (Fig. 17B). 
The constraint on timing of the formation of the 
uplifted thrust sheets is related to the observa-
tion on the southern margin of the Tabas Basin, 
consistent with the Cheshmeh Rostam thrust, in 
which the fault does not cut Quaternary terraces 
and sand dunes (Fig. 4D).

The main differences in the stress orientation 
pattern occurred in the regions where the faults 
terminate or link with each other. At the northern 
tip of the Nayband fault, adjacent to the Shotori 
deformation belt, and at the southern junction 
of the Kalmard–Kuh Banan and the Nayband 
faults, S

1
 trajectories tend to be perpendicular 

to the Nayband fault surface (Fig. 16D, areas A 
and B). In the central uplifted part, similar to the 
stage 1 configuration, local trends of S

1
 change 

their direction from N-S to almost W-E across 
the Kalmard fold belt and Shotori deformation 
belt, which is confirmed by field observations 
(Figs. 2, 8, 16D, and 17C). Similar local com-
pressional stress S

1
 induced both from strike-

slip and reverse faulting affecting the Cenozoic 
and Holocene deposits is observed in the north-
ern part of the Yazd block (Kargaranbafghi et 
al., 2011). In the Kalmard fold belt, the geomor-
phic features observed along strike-slip faults 
such as the offset of drainage and alluvial fans, 
and dissection of salt flats display recent activity 
on the faults (Fig. 13).

We interpret herein that the CCW rotation 
of the Lut, Tabas, and Yazd blocks allowed the 
initial geometry of the Tabas Basin to change 
and that the curvature of the Shotori deforma-

tion belt in map view likely resulted from the 
rotation of the belt by the indentation of the 
Lut block during the late Cenozoic. The stress 
pattern displays a possibility of rotation of the 
Lut block and then the westward pushing of 
the Shotori deformation belt, allowing for the 
exposure of Paleozoic−Mesozoic rocks in the 
uplifted Shirgesht zone (Figs. 2 and 18C).

During stage 2, the trends of Neogene fold 
axes in the Tabas Basin started to change signifi-
cantly. The change of the trends in the fold tips 
in comparison with their central parts probably 
resulted from dragging with a sinistral strike-
slip component (Figs. 2, 8, 9B, and 10). The 
right-stepping segments of the major faults and 
a helicoidal axial surface geometry of the Neo-
gene folds suggest that the folds were deformed 
in sinistral restraining step-over zones (Figs. 2 
and 17C). The formation of the folds in the 
overlap of sinistral strike-slip faults is consistent 
with the model of Sylvester (1988) and is com-
monly recognized, e.g., in the left-stepping zone 
between the two major NW-oriented Indes and 
Qom faults (e.g., Morley et al., 2009; Babaah-
madi et al., 2010) along a significant and active 
strike-slip fault zone extending from Turkey to 
the tectonic blocks of eastern Iran (Allen et al., 
2011) and the central part of the Sanandaj-Sirjan 
zone (Fig. 1; Nadimi and Konon, 2012a, 2012b).

The folds are cut also by a system of second-
order strike-slip faults. The analysis of the offset 
of drainage, alluvial fans, hills, and seismicity 
displays the recent activity of the strike-slip 
faults. Evidence of fault activity was also noted 
on the thrust surfaces bounding the Tabas fold 
belt (Fig. 9F). The subrecent formation of the 
NW-SE–oriented playa lake was likely con-
trolled by the flexural loading of the Tabas fold 
belt, which tends to depress the western slab of 
the Tabas thrust (Fig. 2).

CONCLUSIONS

The interaction of strike-slip faults in their 
restraining junctions allows the formation of 
many intracontinental basins and then their 
inversion. As examples of such basins, the Tabas 
and Abdoughi Basins, filled with Neogene and 
Quaternary deposits, were controlled by a large-
scale dextral transpression along the major faults 
bounding the Tabas block included in the Central 
Iranian block. The anastomosing strike-slip fault 
pattern facilitated the formation of the restrain-
ing fault junctions during the late Miocene– 
Pliocene in the opposite corners of the Tabas 
block and significant internal deformation of the 
block. In the southern part of the block, a broad 
area of subsidence formed as a result of the inter-
action of two restraining junctions of strike-slip 
faults: Nayband (principal displacement zone) 
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and Lakar Kuh, as well as the Kuh Banan fault 
(principal displacement zone) linked with the 
Behabad and Dehu faults. In the northern part 
of the Tabas block, the subsidence formed in a 
restraining fault junction between the Nayband 
fault (principal displacement zone) and the 
Cheshmeh Rostam–South Nayband thrust fault 
system. In both corners of the Tabas block, flex-
ural loading by the uplifted series of thrust sheets 
resulted in depression of the opposite fault slabs, 
permitting the deposition of Neogene deposits.

The push from the Arabian plate resulted 
in significant shortening of the area between 
the Main Zagros thrust and the Great Kavir 
(Doruneh) fault. The vertical-axis rotation of the 
tectonic blocks included in the Central Iranian 
block can be considered according to the “book-
shelf” mechanism as a way of accommodating 
the shortening of the area and an externally 
imposed shearing along the central and western 
segments of the Great Kavir (Doruneh) fault. 
The process also resulted in the indentation of 
the blocks into adjacent blocks and facilitated 
the development of part of the thrust sheets in 
both corners of the Tabas block.

The continuous change of far-field stress 
from S

Hmax
 = ~30° to S

Hmax
 = ~10° caused 

the inversion of basins during the late Plio-
cene(?)–Quaternary and the formation of 
Neogene folds in both corners of the Tabas 
block in a transpressional regime. The geo-
morphic features observed along these strike-
slip faults observed in the Tabas Basin and 
in the Kalmard fold belt display their recent 
activity. Evidence of fault activity is also 
noted on the thrust surfaces bounding the 
Tabas fold belt and along the Nayband and the 
Kuh Banan faults. The tectonic activity of the 
faults is consistent with the present-day seis-
micity and geodetic measurements within the 
Central Iranian block.
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