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Abstract

Morphometry status of tectonic active areas around the Beshagard mountain
is as a result of the interaction of neotectonic movements, erosion and subsi-
dence processes. Bashagard mountain contains two attached mountains
(GhaleTohi imountain and Bashagard mountain) with an altitude of 2000
meters at the south of the Jazmurian subsidence surrounded by Quaternary
and Neogene. The boundary between the north Makran and Jazmurian sub-
sidence is a fault that located between Band-e-Ziarat unit and western alluvial
fan and units of Ganj, Mokhtarabad and Rameshk in the south. Tectonic ac-
tivity has a significant impact on their morphometry status and drainage basin
system. We studied geomorphological patterns of drainage and mountain
fronts features for clear changes and high style of mountain. In this study, we
studied seven geomorphological indicators for each basin including VZ Bs,
Smf, SI, Af, RA, Hi between west and south mountain front of Jazmurian.
Morphometric indexes were divided in three categories. The average of seven
indicators is an index of relative tectonic activity (/RAT). The level of tectonic
activity of each IRAT category was determined. Finally, tectonic activity was
evaluated for each drainage basin. Results show good similarity between /RA7
category and ratio of tectonic activity of the number of drainage basins. The
streams profile shows the uplift movement in the western part of subsidence
Jazmurian. Thus, the achievements obtained from the analysis of topographic
indices, the region’s river system and geomorphological evidence show the
movements of uplift and movement of right-lateral strike-slip of Jiroft fault in
the west and reverse faulting of Kranj and Jazmurian faults at east of subsi-
dence Jazmurian that all indicates the diagonal tectonic movements.
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1. Introduction

Active tectonics is one of the fastest growing disciplines among the earth
sciences considering the recent developments of new geochronological tools and
mapping that assist to obtain uplift rate, shear rate, erosion rate, fault slip rate
and... in variable time scale (10,001,000,000 years) [1] [2] [3].

Tectonic geomorphology is a relatively new field in active tectonic that pro-
vides a valuable tool for assessing the tectonic activity of structures with low to
medium deformation rate, especially when there is a lack of Quaternary age [4].
The results of regional studies in tectonic active area are important for natural
hazards assessment, planning and management of land use in densely populated
[2] [3]. That in addition to its social and economic benefits, active tectonic study
is a multidisciplinary approach that structural geology, geomorphology, strati-
graphy, archeology, geology, earthquake and mapping are directed toward it
with data integration [3].

With obtaining simpler data from DEM with high precision and remote sens-
ing, a growing number of achievements in response to faults morphology and
active folds that have been created over the past three decades [3] [5] guide us to
understand active tectonics of the region and remote areas covered by Quater-
nary deposits and clear signs [6].

These studies to understand the movement and the mechanical development
of regional active tectonic are useful. The active tectonic is the main cause of up-
lift of mountains stone blocks, and the presence of their new topography is be-
cause of difference between the tectonic and attrition processes [2] [3].

Topography, drainage pattern analysis and morphometric indices can be used
for evaluation of recent tectonic activity [1] [3] [6] [7]. Drainage pattern in ac-
tive tectonic areas is sensitive to active processes such as folds and faults, chan-
nels incision, asymmetry of basin, diversion of canals and other effects can be
considered as the results of these processes [3]. Numerical and surface data of
morphology or new sediments are used to obtain the rate of tectonics (faults,
folds, etc.) and morphological processes (incision of channels etc.) [3] [7].

The analysis of the catchment is a powerful tool for identification of recent
tectonic activities and uplift, for example, river channels are very sensitive to
changes in the parameters, which control their shape and slope [4].

The morphometry index assesses the situation and prevalence of tectonic ac-
tivities. El Hamdouni et al (2008) divided six indices to 4 categories using cal-
culation of IRAT along the southwestern of Sri Nevada in southern of Spain and
tectonic activity. IRAT classified. This study showed that the proportion of high
potential of continues tectonic activity associated with IRAT values. Mahmood
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and Gloguen (2012) calculated seven morphometry indices using calculation of
values of JRAT using GIS in the Hindu Kush, Karakoram and Himalayas. The
values of JRAT index are in accordance with the rate of uplift, geomorphological
and geological characteristics. Gao et al (2013) used the morphometry indices
such as hypsometric curve and longitudinal gradient of river to find the tectonic
activity and assess recent uplift the northeast margin of the Tibetan plateau.
Alipoor et al. (2011) evaluated morphometry indices around the dam of Rudbar,
Lorestan, in high Zagros belt (the southwestern of Iran). In this way, strong tec-
tonic thus can be developed the morphologies of the remaining streams. In this
study, we studied a large area of Bashagard mountain in the south of Jazmurian
subsidence (northern Makran, south and south-eastern of Iran) using morpho-
metry indices and pattern morphometry analysis of the catchment. The tech-
nique involves the extraction of drainage basins of DEM, calculation of mor-
phometry index, estimating JRAT, classification of /RAT levels and determina-
tion of relationship between the JRAT level and distribution of tectonic activity

in the drainage basin.

2. Geology and Tectonic

Bashagard Mountains are located in northern Makran (south of Jazmurian sub-
sidence). Northern Makran is the most northern part of Makran incremental
prism (the largest incremental prism in the world), which is located in south-
eastern of Iran and southern of Pakistan with the length of 850 km from the
Strait of Hormuz in the West to near Karachi in the East. Prism width is from
300 to 350 km from deformation in front of the coast to Jazmurian subsidence in
Iran and Meshkel in Pakistan (Figure 1). The subduction probably began during
the Paleocene that led to start accretion during the Eocene and new accretionary
prism from the end of Miocene [11] [12]. The active convergence rate between
the Arabian plate and Makran coast that measured in Muscat of Oman and Cha-
bahar coast of Iran, is 1.9 cm per year. Today the convergence rate between the
Makran coast (Chabahar GPS) and Eurasian shield is 8 mm per year (Figure 2)
[12] [13].

Northern Makran includes Bashagard thrust sheet and imbricate zone in-
cludes Bande Ziarat complex, Ganj, Rameshk, Mokhtarabad and Kamsafid of
Cretaceous and Eocene sediments determined with basic to high basic rocks
(Figure 1(A) and Figure 1(B)). The upper cretaceous rocks have been resulted
from the southern parts and have been covered by olistostrome. Moreover, it in-
cludes weak folds with long wavelength with low amplitude and the general
trend of eastern-western [15] [16]. Usually, thrust faults have the slope direction
towards north-northeast. Imbricate zone, which is mainly located at the eastern
edge of Jazmurian dredged, is highly faulted and includes left-lateral strike-slip
and is in connection with conjugate faults right-lateral strike-slip with north-
west-southeast direction and reverse and normal faults directing northwest-
southeast to north-south.

The geological study area has a very complex structure that this complexity is
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in terms of its instability, lithology compounds of different rocks and tectonic
situation.

Connection between Jazmurian in north of Makran accretionary prism to
south is generally fault [15] [16]. The southeast border of Jazmurian is continued
towards east-west that has the maximum number of normal and reverse faults
such as Karang that separates southern border of the Jazmurian subsidence from
the mountain with reverse function and is continued from Esfand towards the
east with approximate length of 60 km with directions of N45W, W-E"N-S and
N70E (Figure 3). The Jazmurian fault is located following the Karang fault with
east-west direction and the thrust type and approximate length of 42 km (Figure
3), as the southern border Jazmurian is almost eastern-western of and is contin-
ued from Beijing to southeast with the Ganj fault with almost length of 49 Km
with the length of N65W. The same time northern border of that load unit is lo-
cated with Cretaceous and its Rameshk unit southern boundary is with Eocene.

The load unit trusted on Rameshk unit. The function of the mentioned fault is

the thrust type (Figure 3).

Vggggirgg?c ——————eXapose Makran thrust wedge
Pre-Triassic ~|1:§iCZ Murian lmgfgte olistostrome  POSEOlistostrome - ¢oqgta) plain =
mﬁi iments epression sepuences ~mud volcano  offshore Makran (Oman sea)
pre-olistostrome sequen Collement in atemgﬁene sha
a depth of decollement unknown ca 100 km
N synthesis of this work ynthesis of seismic data=—————
North Makran
ophiolites Inner Makram - Outer Makran Coatal makran offshore Makran (Oman Sea)
a ) imbricates olistostrome | post-olistostrome

coquences coatal plain b

of oceanic basement

ca 100 km

7 E;eome\riél pro}é&ian of seismic top

Figure 1. The tectonic situation of Makran subduction on the satellite images shows collision and convergence of Eurasian-
Arabian plate. (A) The main structural situation of states of Makran on the image of Landsat satellite; (B) The made cross section
of Makran subduction system [12] [14]. (C) The made cross section of main states of Makran [16].
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Figure 2. Simplified geological map of Iran (simplified after [8], velocity vectors of GPS
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West border of Bashagard mountain forms the Jiroft fault with a length of
about 130 km with northern-southern and northwestern-southeastern direc-
tions. This fault system caused a separation in alluvial deposits in past 22 and 42
thousand years with the values of 49 and 132 meters, respectively. The average
movement rate of this fault has been calculated about 2.7 + 0.7 mm per year
(Figure 3 and Figure 4).

The mentioned fault with approximate direction of northern-southern is fi-
nished with direction of northwest-southeast at the end with the right-lateral
strike-slip function. One of other structures of the west is Ghale Ganj fault with a
length of almost 90 km from Shadab in north after passing through the town of
Ghale Ganj to Dadkhoda well in the south with the northern-southern trend to
N15W parallel to the Jiroft fault that separated Ganj unit from the Quaternary
sediments (Figure 3).

3. Indices of Morphometry

We obtained five morphometric indices of mountain front sinuosity (Smfj, in-
dex of basin shape, valley floor width to height ( V#, basin asymmetry (A7), basin
shape (Bs) and watersheds of Bashagard mountain with respect to the resistance
of rock area (Figure 5) and erosion map of area (Figure 6). Then, they were di-
vided into three categories based on division of digital morphometry [8] [19]
[20].

Bande Ziarat Complex

fault zone Jiroft

Alluvial Fan

Figure 4. (a) (c) A view of Jiroft fault, which caused the separation of Bande Ziarat from
the quaternary sediments; (b) The Jiroft fault zone and narrow and steep valleys created
by the Negah fault at the north.
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3.1. Index Mountain Front (Smf)

Mountain front maze index is calculated by the following equation [21].

Smf =Lmf /Ls

where, Lmfis the length of mountain front during connection of mountain with
alluvium, Ls is the length of the straight line of mountain front. This index has
been also used to assess the relative of tectonic activity [1] [19] [22].

We calculated the mountain maze index by measuring the amount of Lmf£ Ls
in the east, south and west of Jazmurian subsidence in the north of Bashagard
mountain (Figure 7) and the results have been given in Table 1. The values of
this index is changed in the range of 0.89 - 2.7 (Table 2 and Figure 18). The av-
erage of mountain maze index is 1.49 for west front and 1.42 foe east front.
These values show that these areas are active. This index for west mountain front
is 1.61 that shows the lower activity of this region. In addition, we combined this
index with the maps of rock resistance (Figure 5) and erosion (Figure 6) and
finally, we created the map of tectonic activity of the region (Figure 8).

Among the distribution of Smf categories in the studied range in Figure 8,
categories 1 and 2 have the maximum spread that convergence is caused by the
tectonic collision activities. Category 2 in the south and east mountain has a rel-
atively lower tectonic activity. Category 3 has the lowest distribution and dale

hill areas.

River

Basin

Alluvial Fan
ARSI | | Alluvial fan olden

i

T
58°00"E

T T T T T
58°300"E 59°00°E. 59°300°E 60°00°E. 60°30'0'E

Figure 7. Map of the Bashagard mountain watersheds on the SRTM image with an accuracy of ten meters.
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Table 1. Classification of morphometry index values based on division of [8] [19] [20].

Morphology index Categoryl Category2 Category3
RA RA < 1000 500 < RA< 1000 RA > 500
%3 VF> 03 1> VF>0.3 V>1
Smf Smf< 1.1 1.1 < Smf< 1.5 Smf>1.5
Af Af<35o0r Af> 63 57< Af< 65o0r 35< Af<43 43 < Af<57
S/ 87> 400 200 < /<4 00 857< 200
Bs Bs<1.2 1.2< Bs< 0.8 Bs< 0.4
Hi Hi>0.5 0.4< Hi<0.5 Hi<0.4

Table 2. The features of Bashagard mountain watersheds.

Location Area (Km?) Name Location Area (Km?) Name
1066.96 D_Af-57 75.51 D_Af-1
1066.96 D_Af-58 25.54 D_Af-2
Kamsafid
375.78 D_Af-59 2.57 D_Af-3
375.78 D_Af-60 5.33 D_Af-4
936.69 D_Af-61 9.72 D_Af-4D
936.69 D_Af-62 4.61 D_Af-5
ChahHashem
322.16 D_Af-66 4.3 D_Af-8
157.59 D_Af-67 7.2 D_Af-9
124591 D_Af-68-69 5.5 D_Af-11
228.09 D_Af-70 3.2 D_Af-13
228.09 D_Af-71 4.7 D_Af-141619
GhaleGanj
228.09 D_Af-72 3.97 D_Af-20
262.62 D_Af-7475 1.54 D_Af-21
262.62 D_Af-76 1.17 D_Af-23
262.62 D_Af-77 5.23 D_Af-26
184.01 D_Af-78-79-80 9.91 D_Af-28-29
Espakeh
spate 184.01 D_Af-81 2.74 D_Af-31-32
Maskotan
207.08 D_Af-82 6.06 D_Af-33-34
207.08 D_Af-83 1.89 D_Af-35
207.08 D_Af-84-86 5.42 D_Af-36
207.08 D_Af-85 22.68 D_Af-37--39
501.91 D_Af-87 5.15 D_Af-40
100.97 D_Af-87b 109.3 D_Af-41
179.92 D_Af-89 376.5 D_Af-42
Kamsafid
648.55 D_Af-90 376.5 D_Af-43
376.5 D_Af-45

3.2. Index of Basin Shape (Bs)

Index of basin shape is calculated by using the following equation [21].
Bs = Bl/Bw

In order to calculate this index in the region, we obtained the length of B/and
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Bw using the map of sub-basins and channels and it values are divided to three
categories of Bs > 4, 3 < Bs < 4 and Bs < 3 and has been shown in Table 1 and
Figure 9 [8] [19] [20].

This index values are changed in the range from 0.87 to 5.32 and the average
of basin shape index of Bashagard mountain is 2.13 for west basin, is 2.3 for the
south basin and is 2.16 for east basin (Figure 9 and Table 3).

The distribution of Bs categories in the studied range in Figure 9 shows that
category 1 in east has the maximum spread that convergence is caused by the
tectonic collision activities resulted by strike-slip fault. Category 2 in the south
and east mountain has a relatively lower tectonic activity. Category 3 has the
lowest distribution and dale hill areas.

3.3. Asymmetry Index of Channels in the Basin

Asymmetry index of channels are used to evaluate the tectonic activity of tilting
in the basin and to determine the direction of tilting [23] [24] [25]. This index is
useful for large areas. It is also sensitive to tilting of vertical direction of channel
[26]. Asymmetry index can be calculated by following formula [19]:

AF =100( Ar/At)

700000 750000

650000 800000 850000

650000 700000 750000 800000 850000

Figure 8. Distribution of numerical value index Mountain Front (Sm/) of basins Bashagard mountain.
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Figure 9. Distribution of numerical value index of basin shape (Bs)of basins Bashagard mountain.

AF is asymmetry index of channels, Ar is the area of basin including sub-
drainage on the right side of beach of the main channel (square kilometer) and
Atis the area of basin including sub-drainage on the right and left sides of beach
of the main channel (square kilometer).

AF =50—{100( Ar/At)}

We divided AF values into four classes: AF> 5 (symmetry basin), AF=5 - 10
(slightly asymmetry basin), AF= 5 — 10 (moderate asymmetry basin) and AF <
15 (highly asymmetry basin).

AFvalues in the western part of the Bashagard mountain shows the asymme-
try pattern on both sides of channels. According to these calculation, this index
values are changed in the range from 10 to 90 and the average of channels asy-
mmetry index of Bashagard mountain is 2.7 for west basin, is 2.5 for the south
basin and is 1.7 for east basin (Figure 10 and Table 3).

3.4. VfRatio

Valley floor width to height ( VfRatio) is calculated as following [1]:
Vf = 2Vfw/[ (Edi - Esc)+(Erd — Esc) ]
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Table 3. Values of Bs, V£ Af, V£ Smf, Hi and RA for Bashagard mountain (the south of
Jazmurian subsidence.

Name 173 Af SL

&
By

RH Smf IRAT

D_Af-1 1 1 2
D_Af-2
D_Af3
D_Af-4
D_Af-4D
D_Af-5
D_Af-8
D_Af-9
D_Af11
D_Af13
D_Af-141619
D_Af-21
D_Af-26
D_Af-28-29
D_Af-28-29
D_Af-31-32
D_Af-31-32
D_Af-35
D_Af-33-34
D_Af-36
D_Af-40
D_Af-41
D_Af-42
D_Af-43
D_Af-57
D_Af-58
D_Af-59
D_Af-60
D_Af-61
D_Af-62
D_Af-67
D_Af-68-69
D_Af-68-69
D_Af-70
D_Af-7475
D_Af-76
D_Af-77
D_Af-78-80
D_Af-82
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D_Af-84-86
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Figure 10. Distribution of numerical value asymmetry index of channels in the basin of basins Bashagard mountain.

where, Vfwis valley floor width, Escis valley floor height, Eidis the left side wall
height and Erd is the right side wall height.

Valley floor width to height ratio V¥was calculated in the range of this index
values in 10 stations according to Table 3. According to these calculations, the
mentioned index is changed in the range from 0.34 to 1.3 and its average is 0.68.
Therefore, the values of this index show the function of active tectonics and the
presence of deep and almost V-shaped valleys in this range. Longitudinal profile
of the river and above results are summarized in Table 3 were obtained.

As uplift is associated with depression, this index can indicate the degree of
tectonic activity. So that the low value of Vfis associated with the higher value of
depression and uplift. When there is a balance, depression and uplift are over-
lapped.

Valley floor width to height ratio Vfcalculated in the range of this index val-
ues in 63 stations according to Table 3. According to these calculations, this in-
dex values are changed in the range from 0.18 to 42 and the average of this index
is 1.42 for west basin, is 4.10 for the south basin and is 10.43 for east basin
(Figure 11 and Table 3). Therefore, the values of this index show the function of
active tectonics and the presence of deep and almost V-shaped valleys in this

range (Figure 11). The above results have been summarized in Table 3.
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Figure 11. Distribution of numerical value VfRatio of basins Bashagard mountain.

3.5. River Slope Index (SI)

River slope index is a sensitive index to analyze the variability of range tectonic
performance, rock resistance (Figure 6) and topography. This one can be used
to assess drainage basin tectonic activity [19] [27] [28]. River slope or river gra-
dient index is calculated by the following formula [18]:

Sl =(AH/AI)L

SL is river slope index, AH/A/is local river gradient and L is the length of the
river from dividing line of channel to the center part whose gradient has been
calculated.

Considering the river longitudinal profile, the S7 values were calculated and
presented in Table 3. This index values are changed in the range from 150 to
1200 and the average of river slope index for Bashagard mountain is 319 for west
river, is 264 for the south river and is 412 for east river (Table 3) that shows up-
lift function with low activity in the region (Figure 12, Figure 13 and Figure
14) .

3.6. Morphology Index (RA)

RA refers to the difference between the minimum and maximum height of Basin
[20] [21]:

308

00:0 . . P
%% Scientific Research Publishing



A. K. Atashan et al.

600000 650000 700000

/ Chah H

ke e

skotan.. -
g L}

2930000

600000 650000 700000 750000 800000

Figure 12. Distribution of numerical value River slope index (5J) of basins Bashagard mountain.
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Figure 14. Diagram of river profiles of Bashagard mountains.

RA = H max/H min
where, Amax and HAmin are the maximum and minimum height, respectively.
RA expresses the depth of bluff and surface erosion, which can be described
intensity of tectonic activity. Based on the digital morphometry classification
[20], this index was divided into three classes: class 1 (1000>), class 2 (500 -
1000) and class 3 (500<) (Table 3). RA values are changed in the study area from
834 to 150 with an average of 273. Several of basins for each class have been

shown in Table 3. Class 2 has the largest basin area.
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Distribution of RA classes in the study range has been shown in Figure 15.
Class 1 has the maximum spread that is in accordance with convergence caused
by the tectonic activity. Category 2 further inside the mountain is covered with
tectonic activity that deposits are relatively less. Category 3 has the lowest dis-
tribution and areas are hilly (Table 3) (Figure 15).

3.7. Index of Catchment Area (Hi)

Generally, Hiis as independent index for a specific catchment basin. Hi explains
distribution of height of area of constructs, in particular drainage basin [29].
Tectonic uplift curve index show the catchment area volume that has not been
eroding. Hiis as follows:

Hi = Hmean — H min/H max—H min
where, Hmean is the average of basin height.

High values of Hi refers to the younger constructs, which have likely been de-
veloped by tectonic activity, it generally is in accordance with the state that the
majority of mountain have not been eroding. Moreover, high values of H7 are as
a result of recent bluff of young area morphometry created by sediments. Low
values are related to the older land, which has been manly eroding and has the

lowest tectonic activity [9].
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Figure 15. Distribution of numerical value morphology index (RA)of basins Bashagard mountain.
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This index was calculated for all basins in the studied area that the lowest val-
ue was obtained 0.4 and the maximum value was obtained 0.5. According to the
curve, values are divided into three categories: category 1 (0.5<), category 2 (0.4 -
0.5) and category 3 (<0.4) [9] (Table 3 and Figure 16).

3.8. IRAT Calculation

Some previous studies compared two or more indices with obtaining a few of
information about tectonic activity of mountains [8] [29]. The use of the seven
above-mentioned morphometric features and /RAT provide tectonic active re-
gions in the studied area. We collected the division content of the results of pre-
vious studies [29] [30] [31]. Content of classification and morphometry of the
seven indices in 45 stations in Bashagard mountain has been shown in Table 2.
With more accurate results, two indices were in category 3, eight indices were in
classes 1 and 33 indices were in category 2 and each category is assigned to one
value. This division is summation and averages of /RAT information within the

studied area (Figure 17).
IRAT = (RA+ Hi+ Sl + Bs+ Af +Smf +Vf)/7

These calculations have been used in different tectonic regions [8] [9] [21]
[31].
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b
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Figure 16. Distribution of numerical value morphology index (RA)of basins Bashagard mountain.
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Figure 17. Distribution of numerical value IRAT calculation of basins Bashagard mountain.

4. Analysis of the Longitudinal Profile of the River

Longitudinal profile of the river (LRP) is an analytical in the tectonic research
field. longitudinal profile of the river is a very sensitive lineament of entire basin
to earth’s crust tectonic deformation [32] [33] [34] [35].

Longitudinal profile of the river is defined as the result of the balance between
erosion and uplift rate [2] [19] that depends on morphology profile, uplift rate
and monthly precipitation (as factor for denudation rate).

Concave profiles are as a result of long-term balance between the uplift and
erosion rate. Concave-convex profiles that appear by erosion process refer to the
long-term overcome to erosion processes. Convex profiles are of the characteris-
tics of the areas where uplift (active tectonics) is dominant. Valuable informa-
tion can be also obtained from linear sections of mountains [2].

One of the advantages of mountain linear sections is that their length is simi-
lar to the longitudinal section of channels. These sections can create a view of
the surface structure of the land for each basin that helps to compare the relative
erosion of blocks in different basins.

With the discovery of the role of stages of development constructs in river
channel adjustment, longitudinal profile of the river was provided for all main

channels in Bashagard mountain.
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Figure 18. Diagram of amount of RA, Hj, Sf, SI, Bs ,Af, Smffor Bashagard Mountain

All main channels have been updated using the topographic map (1:25,000)
and Google Earth images (2015) with open layers in GIS and editing tools for
vector lines with fewer errors and ASTER elevation data (Figure 7, Figure 14).

5. Results and Discussion

Geomorphic indices can provide useful and reliable method to study the tectonic
activity rate. When several morphotectonic indicators used together in a partic-
ular area to investigate and analyze tectonic activity, the results are more logical,
reasonable and significant comparing to using only one index. Therefore, in or-
der to achieve optimal results and to assess the tectonic state of the mountain,
seven different geomorphic indices (Smf V£ Af S, Bs, Hi, RA) were used. The

results of the analysis of these indices in the studied area through analysis of to-
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pography, the shape of the basin, the drainage shape, the states of basin network,
valley morphology and basins symmetry that show that the overall appearance of
the area is largely as a result of area tectonic activities, particularly function of
faults of Jiroft, kale Ganj, Karang, Varang, Jazmurian and Bashagard bluff that
have activity in the desired area.

The achievements of morphometric index show tectonic activity of Bashagard
mountain is determined by the surface geological characteristics includingmor-
phology of alluvial fan, triangular surface of mountain front and diversion of
channels (Figure 3 and Figure 4). Moreover, it has controlled the tectonic of
geometric and sedimentary patterns of alluvial fans.

The front of west Bashagard mountain has been specified with low values of
Smfand Vfthat the values of Smfand Vfare increasing towards the south and
east. The presence of quaternary alluvial fans along the mountain front and drai-
nage network model is a response for the low values of Smfand V£ The presence
of several along strike-slip and reverse faults in the north and west of mountain
front indicates the active tectonic in the region (Figure 13).

Asymmetry index for Bashagard mountain basins was calculated to detect
large-scale activities and tilting. F values in the western part of the Bashagard
mountain show a pattern of asymmetry on both sides of the river that are re-
sulted by tectonic activity. In this section, there is Jiroft fault with strike-slip mo-
tion. In the south and east of Bashagard mountain, there are several symmetrical
basin patterns (Figure 1 and Figure 2).

Quaternary uplift rate is rare in Bashagard mountain and there is no enough
information about this, considering the active convergence rate between the
Arabic plate and the Makran coast, which is measured in Muscat of Oman and
coast Chabahar of Iran, it is 1.9 cm/year, and today the convergence rate be-
tween the Makran coast (Chabahar GPS) and Eurasian shield is 8 cm/year [13].
Therefore, Bashagard mountain tectonic uplift is quaternary.

Based on the figure, the west basins are tectonically active area and long and
the minimum belongs to the south and east basins, which are circular type and
tectonically inactive. Morphometric indices show the tectonic activity of Basha-
gard mountain. These areas have long tectonically active basin (Figure 13).

Morphometric index of tectonic including the uplift savior, longitudinal pro-
file of channels and drainage patterns indicate southern-northern and eastern-
western instability. These changes are caused by differences in altitude of 2000
meters in mountain front and 400 meters in Jarmvryan subsidence. Mountain
channels have the erosion ability. Southern and southeast channels are longer
and wider and channels of west mountain are nearly deeper and shorter and
with movement. This difference in altitude and type of channels can be depen-
dent on the difference of tectonic activity.

Expansion of a tectonic model for the tectonic evolution of Bashagard moun-
tain is not simple because it seems stretching and compression activities in this
area has historical activity. Quaternary stress with north compression and nor-

theast compression with axis stretching have been specified. Therefore, tensile
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and compression structures were formed at this time. All area is as a result of the
north and northeast compression in the Pliocene when the strike-slip and nor-
mal faults with north-south, northwest-southeast direction and reverse faults
with east-west and northwest-southeast direction continuously with extensional
tectonic with northwest-southeast direction have occurred.

This scenario is the overall result of our studies with tectonic activity in the
indenture mountain along mountain front, which includes strike-slip fault with
a nearly east slope and a reverse fault with depression north block of the moun-
tain (Jazmurian subsidence) and is pretty consistent with mountain uplift.

This is a visual model of the mountain front as a result of tectonic activity that
its situation is not almost in accordance with morphometric calculations, be-
cause difference between the height and the shape of drainage basins in west,
southwest, south and southeast is probably due to the tectonic situation of ba-
sins.

Basins of west and southwest of Bashagard mountain have been formed in
east of Jazmurian subsidence with a strike-slip fault system in direction of north-
south and northwest-southeast and quaternary subsidence. South and southeast
basins of the Bashagard mountain are located at top wall of compressional fault

system.

6. Conclusions

Calculation of morphometry index using GIS is suitable for assessing tectonic
activity of large areas. This method was used for the Bashagard mountain area in
north Makran with identifying the morphometric shape and evaluating the tec-
tonic activity due to the lack of appropriate works on tectonic activity and the
lack of seismic report in the studied area.

We divide tectonic activity into three categories using seven morphometric
indices of river gradient index (SL), basin asymmetry (Af), hypsometric curve
(Hi), valley height ratio (V%), drainage basin shape (Bs), sinuosity mountain
front (Smf), Rfand the total of seven above mentioned indices (/RA 7).

The values of Hi, Bs and SL are high along the faults. Values of basin asym-
metry (A is related to tectonic tilting. The values of sinuosity mountain front
(Sm1) have tectonic activity. The values of Vfshow several narrow and steep val-
ley. The high rate of bluff shows continues tectonic uplift.

In both studied area, JRAT values have almost category 2 that show the high
tectonic activity. The JRAT values of category 1 have the maximum tectonic ac-
tivity that mainly occurs along Jiroft and Jazmurian faults. Category 2 of JRAT'is
related to high tectonic activity that occurs along the faults of Jiroft and Kaleh
Ganj. These categories are also in accordance with triangular surfaces of tectonic
bluffs, deformation of alluvial fans and deep and narrow valleys (Figure 13).

All morphometry indices used in this article for the Bashagard mountain tec-
tonic activity model are appropriate for activity of west and south front in re-
sponse to strike-slip and reverse faults, respectively. This tectonic model de-

scribes the topography difference between the basins. Basins of west and south-
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west of Bashagard mountain have been formed in east of Jazmurian subsidence

with a strike-slip fault system in direction of north-south and northwest-south-

east and quaternary subsidence. South and southeast basins of the Bashagard

mountain are located at top wall of compressional fault system.

The above results confirm advantages of morphometry analysis to assess the

regional tectonic. They also offer a detailed investigation for the future of tec-

tonic in the studied area based on accurate geological features, quaternary ar-

cheology and large tectonic features.
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