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Abstract—The morphotectonic analysis is a significant tool to assess the tectonic activity in the study area.
The Anar fault system with strike-slip mechanism and length of ~200 km associated with numerous minor
faults represents an important tectonic feature in the Yazd block. Despite the lack of data of large earthquakes
(M ≥ 4.5) along the Anar fault system (AFS), there is much notable Quaternary geomorphic evidence which
highlight its recent tectonic activity. In our study we used geomorphic indicators such as drainage basin Asym-
metry Factor (Af), Stream Length-gradient index (SL), the ratio of valley floor width to valley height (Vf), Basin
Shape factor (Bs), and relative index of active tectonics (Iat). Based on results of Iat measures, the tectonic
activity of the Anar fault system is higher in the central part (with Iat class from 1 to 2), in comparison with
the margins of the study area. This clearly shows that the geomorphic characteristics in the region have been
affected by the tectonic activity of the Anar fault system. The morphotectonic analysis carried out to enlighten
possibility of reconstruction tectonic activity evidence in the areas with lack of earthquake data.
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INTRODUCTION
More than half a century of studying the tectonics

of Iran shows that the Iranian plateau is a very active
part of the Alpine‒Himalayan orogenic belt, which is
characterized by sophisticated folding and active
reverse faulting, recent volcanism, and elevated expo-
sures [2, 3]. Long-term active convergence between
the Arabia and Eurasia plates with a velocity rate of
2.1‒2.5 cm/yr is ensured to continuous crustal defor-
mation in the forms of thickening, shortening, and
active faulting in Iran [3, 18, 19].

As a tectonic sub-continent in the form of a triangle
enclosed by large-scale faults, Central Iran has a long
history of responding to these tectonic processes.
During tectonic activities due to orogenic events, it has
played an important role in the formation of current
geomorphic features of Iran [20]. The subsequent tec-
tonic phases resulted in forming or reactivating major
fractures and basement faults such as Anar, Dehshir,
and Chapdoni faults, which have left evidence of geo-
morphic landscapes in this area.

Our knowledge is poor and some issues remain a
challenge about some major structures and their seis-
micity in the Central Iran such as the Anar fault system
due to existing gaps in the historic records of earth-
quakes could either be due to their location in remote,

arid, sparsely populated areas or a long recurrence
period [4].

In this research, it is worth studying tectonics
related to geomorphology using morphotectonic tools.
The study of these geomorphic landscapes using mor-
photectonic indicators introduced a deeper insight
into the importance and impact of tectonics on the
development of the landscape and influencing surface
processes in geomorphology. As tectonic geomorphol-
ogy began to gain significance, there was also a grow-
ing interest in neotectonics and active tectonics. In
terms of active tectonics, morphometric indices, and
geomorphometry have been developed and used many
times by authors [1, 8, 11–16, 26, 28, 30], relative tec-
tonic in the Beijing Mountain area in China [6],
Northwestern Zagros Mountains in Kurdistan Region
of Iraq [35], morphotectonics of Alborz province
(Iran) [28], Shekarab Mountains in Eastern Iran [10],
Central Kopeh-Dagh in Northeastern Iran [9]). We
aim to access the tectonic activity of the fault using
morphometric indices in 36 sub-basins along the
north termination of the Anar fault system.

The purpose of this work is to implement some
morphometric indices in the northern terminal of the
Anar fault system within the Yazd block in order to
524
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Fig. 1. Location of the study area in the Structural map of Iran (after [27, 37], modified). (a) Structural geology map of Iran;
(b) Geological map of Ardekan.
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investigate relative tectonic activity in the segments of
this fault system.

GEOLOGICAL SETTING
The study area belongs to the Yazd block as a struc-

tural unit in the area that forms the central part of Iran
called Central‒East Iranian Microcontinent (CEIM)
[29] (Fig. 1). The Yazd block is located in the south-
western CEIM and is surrounded by the Anar,
Dehshir, and Great Kavir (Doruneh) faults at the east,
west, and north respectively, and implicates accom-
modation of Cenozoic convergence by block rotation
about vertical axes within the Arabia–Eurasia colli-
sion zone [4, 20].

Paleomagnetic studies on the CEIM [23] docu-
mented block rotations of Oligocene–Miocene sedi-
mentary units, suggesting that extensive pure shorten-
ing along the main faults in Paleogene changed to
strike-slip tectonics may have occurred in the Early to
Late Miocene [4, 25].

The Anar fault system with a mainly right-lateral
strike-slip mechanism and general NNW–SSE trend-
ing splays to several minor faults; the northern termi-
nal of the Anar fault cross-cutting Zarin granite in the
Kharanagh mountains range at the east of Yazd city
and its southern part continues along the foothills to
the Anar Salt Plan [24]. This system is a regional-
scaled structure subparallel to the Dehshir fault in the
GEOTECTONICS  Vol. 57  No. 4  2023
west and the Kuhbanan fault in the east with a length
of more than 200 km and geological displacement
reported by a minimum of 30 km over the last 20‒12 Ma
[4, 25, 32].

The current measured slip rate is 2 mm ± 0.7 mm/yr
whereas a short-term Holocene slip rate of 0.5–
0.75 mm/year, with a calculated minimum slip rate of
0.80.1 mm/year [4, 22, 25, 34].

According to Yamani et al. [34] the Anar playa bor-
der in the southern part of the Anar fault shows ~1000
and ~40 m of horizontal and vertical offsets, respec-
tively, while the estimated average offset in the north
of Anar is ~11.5 m that is new evidence of morphotec-
tonic in the Late Holocene. The deflection of the
drainage network along this fault, the cutting of Qua-
ternary sediments in the Anar Desert, the trace of fault
slip on the fault surface, the uplift of the Neogene
molasse deposits, the Quaternary alluvial terraces and
other active geomorphic features in the piedmont
area, all of them indicate the activities of the Anar fault
during the Quaternary period, while there is no accu-
rate seismic data for this fault [32].

The oldest rock unit is equivalent to the Rizo series
with Precambrian age and includes tuff, sandstone,
and shale sequences, which are exposed as tectonic
windows in Trias to Jurassic units. Sandstone and
shale of Shemshak formation is the host rock unit
which later post-Jurassic granites emplaced within
them. Shearing during the latest tectonic phase (Early
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Table 1. The values and classes of Bs index in the study area

Sub-basin no. Value of Bs Class of Bs Sub-basin no. Value of Bs Class of Bs

b1 2.312 3 b19 2.70353 3
b2 1.916 3 b20 3.2709 2
b3 3.4912 2 b21 1.23339 3
b4 1.2881 3 b22 2.0389 3
b5 3.2463 2 b23 3.0125 2
b6 2.46304 3 b24 3.2981 2
b7 2.787 3 b25 3.1962 2
b8 2.0752 3 b26 1.8816 3
b9 2.6478 3 b27 1.7393 3
b10 1.9061 3 b28 1.5503 3
b11 4.16846 1 b29 2.1177 3
b12 2.6045 3 b30 2.3901 3
b13 2.62597 3 b31 4.1526 2
b14 1.6417 3 b32 2.6776 3
b15 1.466 3 b33 4.3646 2
b16 2.2551 3 b34 1.249 3
b17 2.0084 3 b35 1.2655 3
b18 2.1364 3 b36 8.2692 1
to Late Miocene [4, 25]) also caused mylonitization in
the granitic rocks adjacent to the splays of the Anar
fault system (Fig. 2).

MORPHOMETRIC ANALYSIS

In order to investigate the tectonic activities of the
Anar fault system, we selected a part of the Kavir
(Playa in Persian) Rig-E Zarin basin with an area of
1300 km where the Anar fault is bifurcated. For geo-
morphic analysis in this work, we prepared required
layers such as lithological map, geological structures
map, and digital topography models. We performed all
processes using Geographic Information System
(GIS) software package [36]. Hydrological layers were
extracted from projected SRTM with a spatial resolu-
tion 30 m into WGS84 UTM of Iran by some prepro-
cessing and processing using the Arc Hydro extension
in ArcMap v.10.4.1 environment [36]. Geological and
structural maps were digitized based on the detailed
maps at 1 : 100000 scale provided by the Geological
Survey of Iran [37] and field work geological informa-
tion. The study area with 36 sub-basins has been evalu-
ated by basin shape factor (Bs), asymmetry factor (Af),
stream length-gradient index (SL, and curve and val-
ley f loor width-to-height ratio (Vf). According to
El Hamdouni [8], average values of each index for
36 sub-basins have been calculated and then, the rela-
tive tectonic activity index (Iat) was classified.
MORPHOTECTONIC INDICES
Basin Shape Index (Bs)

During landscape development, the shape of the
basin is modified through the interaction between tec-
tonic and erosional processes. A relatively young
watershed tends to extend to the topographic slope
and where tectonic deformation is dominated. With
the considerable dominance of erosion over tectonic
activities, the elongated shape of the basins tends to
evolve circularly.

The Basin shape index (Bs) was developed for the
relative tectonic activity and is expressed by the fol-
lowing formula [8]:

(1)

where Bl is the distance from the source to the mouth
as the target basin length, and Bw is the width of the
basin at its widest part.

Values greater than 4 are concurrent with higher
tectonic activity, 4 < Bs < 3 with moderate relative
activity, and Bs < 3 with low activity. Among the
36 sub-basins, 10 sub-basins have a high value of this
parameter, which can indicate high relative active
deformation, and are classified into classes 1 and 2
(Table 1, Fig. 3).

Asymmetric Factor (Af)
Catchment asymmetry analysis helps to identify

areas affected by active tectonics such as active folds

= l wBs B B ,
GEOTECTONICS  Vol. 57  No. 4  2023
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Fig. 2. Geological map of the north terminal of the Anar fault (after [37], modified).
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Fig. 3. Bs index map of the study area. Based on the BS map, sub-basins 11, 33, 34, and 36 indicate high values of BS index.
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and faults. For this purpose, a quantitative tool called
the asymmetry factor (Af) was identified by Keller and
Pinter [21] and calculated:

(2)= × r tAf 100 (A A ),
where Ar is the area of the basin on the right of the
main stream (towards downstream) and At is the area
of the entire drainage basin. The difference between
the neutral value of 50 and the value obtained from the
formula above is used as Af-50 to qualitatively express
GEOTECTONICS  Vol. 57  No. 4  2023
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Table 2. The values and classes of Af index in the study area

Sub-basin no. Value of Af Class of Af Sub-basin no. Value of Af Class of Af

b1 8 2 b19 13 2
b2 2 3 b20 10 2
b3 32 1 b21 13 2
b4 4 3 b22 19 1
b5 10 2 b23 6 3
b6 10 2 b24 23 1
b7 26 1 b25 3 3
b8 7 3 b26 9 2
b9 16 2 b27 2 3
b10 2 3 b28 13 2
b11 2 3 b29 25 1
b12 2 3 b30 24 1
b13 19 1 b31 8 2
b14 24 1 b32 5 3
b15 12 2 b33 2 3
b16 2 3 b34 17 1
b17 10 2 b35 18 1
b18 7 3 b36 6 3
the results based on relative tectonic activity. High val-
ues of Af-50 are related to tectonic activity or litholog-
ical structures controls [8].

The lithological effect includes weak surfaces and
tendency to slip (bedding or schistosity) in the Af-50
analysis considered in watersheds. Based on Af map of
the study area, sub-basins 3, 7, 9, 13, 14, 22, 24, 29, 30,
34, and 35 indicate high values of Af index and have
asymmetric shapes (Table 2, Fig. 4).

Stream Length‒Gradient Index (SL)

The estimation of the SL index initiates with the
formation of individual stream cross-segments. They
were later on separated into portions, which can be
outwardly approximated by a straight line. In this
parameter, Hack [17] attempted to show the evolution
of the landscapes and find out the role of superim-
posed factors using the stream longitudinal profiles
and it is calculated as follows [30]:

(3)

where Δh/Δl is the local slope of the given channel
length for evaluation, and l is the horizontal distance
on the channel from the initiation point of the channel
to the midpoint of the given segment.

The stream length-gradient index (SL) is widely
used in geomorphological studies in order to detect
knick-zones where the stream gradient shows anoma-
lous values. The knick-zones are broad deviation
along the stream from the typical concave upturned

= Δ ΔSL ,h l
GEOTECTONICS  Vol. 57  No. 4  2023
shape assumed in the longitudinal profile of the
stream at a steady state. The value of the SL index
depends entirely on the lithology and active deforma-
tion, thus the high value of SL (≥500) as anomalous
values usually are related to:

— surface lithology resistance to erosional pro-
cesses;

— active faulting or folding as subsurface processes;
— slope failures where directly shed the stream

channels.
However, the SL value may indicate a decreasing

trend (<300) with f lowing on low rock resistivity or
strike-slip faults [1, 8, 31].

In this work, the range of SL values for the 36 sub-
basins is between 90 (sub-basin 26) to 505 (sub-basin 24)
determined from digital elevation models (DEM) [38]
and geographic information system (GIS) [36] and are
indicated in Table 3 and Fig. 5.

Based on the SL map, sub-basins 15 and 24 indi-
cate high tectonic activity.

Ratio of Valley Floor Width to Valley Height (Vf)
According to Bull and McFadden [5], Vf is

described as a geometric index to estimate the shape of
a valley to understand the rate of incision versus uplift
and is computed by the ratio of the width of the valley
floor to its average height through the following
expression [5, 8]:

(4)= − + −w ld sc rd scVf 2V E E (E) E[( )],
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Fig. 4. Af index map of the study area. Based on the Af map, sub-basins 3, 7, 9, 13, 14, 22, 24, 29, 30, 34, and 35 indicate high
values of Af index.
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where Eld and Erd are the left and right elevations of the
drainage, Vw is the width of valley f loor, and the valley
floor elevation is marked with Esc. This geometric
index by values greater than one represents U-shape
valleys, while narrow (V-shape) valleys are detected
with Vf values less than one [7].
GEOTECTONICS  Vol. 57  No. 4  2023
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Table 3. The values and classes of SL index in the study area

Sub-basin no. Value of SL Class of SL Sub-basin no. Value of SL Class of SL

b1 396.17 2 b19 429 2
b2 310.7 2 b20 347 2
b3 274 3 b21 114 3
b4 232 3 b22 367 2
b5 481 2 b23 396 2
b6 250 3 b24 505 1
b7 317 2 b25 389 2
b8 353 2 b26 90 3
b9 252 3 b27 227 3
b10 375 2 b28 156 3
b11 495 2 b29 356 2
b12 495 2 b30 117 3
b13 286 3 b31 398 2
b14 332 2 b32 145 3
b15 504 1 b33 457 2
b16 326 2 b34 355 2
b17 309 2 b35 226 3
b18 314 2 b36 187 3

Table 4. The values and classes of Vf index in the study area

Sub-basin no. Value of Vf Class of Vf Sub-basin no. Value of Vf Class of Vf

b1 1.4 3 b19 2.8969 3
b2 0.686 2 b20 0.6993 2
b3 1.196 3 b21 0.8011 2
b4 1.08 3 b22 1.147 3
b5 0.404 1 b23 0.9052 2
b6 4.904 3 b24 0.3432 1
b7 0.491 1 b25 66.28 *
b8 12.204 * b26 773.037 *
b9 20.155 * b27 100.62 *
b10 0.19 1 b28 30.903 *
b11 0.92 2 b29 0.4263 1
b12 0.92 2 b30 106.55 *
b13 15.37 * b31 1.174 3
b14 0.29 1 b32 3.119 3
b15 0.3396 1 b33 3.706 3
b16 0.2283 1 b34 24.027 *
b17 0.6817 2 b35 30.64 *
b18 1.2807 3 b36 25.814 *
For calculating this parameter, we used the pro-
jected SRTM to extract areas with a slope of less than
12.5% as a f lat valley f loor around the mainstream for
each sub-basin, then the orthogonal lines to the main
GEOTECTONICS  Vol. 57  No. 4  2023
streams were drowned at intervals of 1000 m along the
streams and finally the required elevation points (Eld,
Erd, and Esc) using of the extraction toolset among the
spatial analyst toolbox in ArcMap v.10.4.1 [36]. The



532 GHOLAMI et al.

Fig. 5. SL index map of the study area. Based on the SL map, sub-basins 15 and 24 indicate high values of SL index.
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values of VF based on the relative active tectonics are
classified into three classes (Table 4, Fig. 6):

— class 1 (high tectonic activity) with values less
than 0.5;
— class 2 (moderately active tectonics) with values
between 0.5 and 1;

— class 3 (low active or inactive) with values greater
than 1.
GEOTECTONICS  Vol. 57  No. 4  2023
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Fig. 6. Vf index map of the study area. Based on the Vf map, sub-basins 5, 10, 14, 15, 16, 24, and 29 indicate high values of
Vf index.
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Relative Index of Active Tectonics (Iat)

This index is evaluated by averaging different
classes of morphometric indices for each drainage
basin (S/n) and is divided into four classes (Table 5).
GEOTECTONICS  Vol. 57  No. 4  2023
Based on the Iat map, Sub-basin 24 shows (in dark
red) very high tectonic activity (class 1). Basins 5, 7,
14, 15, and 29 show high tectonic activity (class 2); and
the rest of the basins are in classes 3 and 4 (Table 6,
Fig. 7).
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Table 5. Classification of S/n (after [8])

S/N Class Description

≥2.5 4 Low tectonic activity
2 ≤ S/N < 2.5 3 Moderately tectonic activity
1.5 ≤ S/N < 2 2 High tectonic activity

S/N < 1.5 1 Very high tectonic activity
DISCUSSION
The Anar fault, with approximately 200 km length,

is one of the active faults in the Central Iran; this fault
has 0.8 mm/year slip movement rate and mechanism
of it has not been well understood and remains a chal-
lenge [24]. Investigation of the geomorphic evidence
along the Anar fault shows that the Anar fault is active;
because there are many evidence of its activity in the
late Holocene time [34].

Although, based on earthquake maps the Dehshir
and Anar faults have not had considerable earthquakes
(Mb ≥ 4.5) but there is much notable evidence of neo-
tectonic movements the in the Quaternary landforms
around it [22, 25, 34].

Furthermore, lack of historical seismic records
does not indicate absence of seismic activity along
these faults. The Central Iran landforms are strongly
influenced by the movements of the recent fault (par-
ticularly strike-slip faults).

Despite the lack of seismicity in the vicinity of the
Anar fault, there is clear morphological evidence that
Table 6. The values and classes of S/n index in the study area

Sub-basin no. Value of S/n Class

b1 2.2 3
b2 2.4 3
b3 2.2 3
b4 2.8 4
b5 1.8 2
b6 2.8 4
b7 1.6 2
b8 2.5 4
b9 2.5 4
b10 2 3
b11 2 3
b12 2.4 3
b13 2 3
b14 1.6 2
b15 1.8 2
b16 2.2 3
b17 2.4 3
b18 2.8 4
the Anar fault is active [22, 25]. Existing of springs
along the Dehshir and Anar faults demonstrates that
these faults were active since they stretched as a linear
form of shape [34].

The Anar fault displaced the border of the Anar
playa ~1000 m and caused a sharp scarp analogous a
wall-like feature with ~40 m high. In the northern part
of the Anar fault 11.5 m offset is estimated and it shows
new evidence of morphotectonic movements in the
Late Holocene [34]; the field view of the Anar fault is
shown in Fig. 8. In order to estimate the tectonic activ-
ity of the Anar fault we used morphotectonic analysis.

Firstly, we determined 36 sub-basins in the study
area, and morphometric indices were calculated for
these sub-basins which are located along the northern
terminal of the Anar fault system within the Yazd
block. Measured indices including Af, Vf, Bs, SL, and
S/n shows that the north terminal of the Anar fault is
currently active. Based on the calculation of relative
index of active tectonics (Iat) (Fig. 7):

— the sub-basin 24 have a very high tectonic activ-
ity (class 1);

— the sub-basins 5, 7, 14, 15, and 29 show high tec-
tonic activity (class 2);

— the rest of the basins are located in classes 3 and 4.
Moreover, the sub-basins which show the high

rates of tectonic activity are related to the places where
densities of the faults are high (Fig. 8).

Active faulting in the study area is prime responsi-
ble for a variety of landform features, including fault
GEOTECTONICS  Vol. 57  No. 4  2023

Sub-basin no. Value of S/n Class

b19 2.4 3
b20 2.2 3
b21 2.2 3
b22 2.2 3
b23 2.2 3
b24 1.4 1
b25 2.5 4
b26 2.5 4
b27 2.5 4
b28 2.75 4
b29 1.6 2
b30 2.5 4
b31 2.4 3
b32 2.6 4
b33 2.6 4
b34 2.25 3
b35 2.5 4
b36 2.5 4
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Fig. 7. Iat map of the studied drainage basins. Sub-basin 24 shows (dark red) very high tectonic activity (class 1); sub-basins 5, 7,
14, 15, and 29 show high tectonic activity (class 2); and the rest of the basins along the faults are in classes 3 and 4.
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scarps and traces, warped and tilted slopes, fault
springs, vegetation lineation, and offset features such
as stream channels which they are indicators of the
active tectonics in the region [21]. Deformation of the
GEOTECTONICS  Vol. 57  No. 4  2023
Playas, travertine deposits, drainage patterns, and
alluvial fans occur in the study area; they are conse-
quences of the landscape dynamical activity in the
study area [34]. Field observations and investigation of
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Fig. 8. The right-lateral strike-slip Anar fault. Field view: (a) N‒S; (b) ES‒NW.

N S

SE NW

(a)

(b)
morphotectonic indicators in the present study show
that the Central Iran is not a completely stable block,
and its dominant deformation has the ability to create
a significant seismic hazard. Therefore, the produc-
tion of rare and large earthquakes is one of the charac-
teristics of the strike-slip faults in Central Iran, such as
the Anar fault system.

CONCLUSIONS

(1) Investigation of the morphometric indices
along the North Terminal of the Anar fault in the Cen-
tral Iran plate shows that this area is considered as a
tectonically active area, although no significant seis-
mic activity has been reported yet.

(2) Based on active tectonics indices (Iat), in the
central part of the study area, where the density of
faults is higher, the tectonic activity is also high (Iat
class = 1 or 2). Moreover, in the margins of the study
area which the density of faults is less as well as the tec-
tonic activity is less.

(3) Morphotectonic analysis performed showed
clearly that the geomorphic drainages in the region
GEOTECTONICS  Vol. 57  No. 4  2023
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had been affected by the activity of the Anar fault cou-
pled with current minor faults.
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