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Gl S-based Analysis of Relative Tectonic Activity in Southeast of Iran with
a focuson Taftan volcano

Mohsen Jami®, Ali Solgi?, Mohsen Pourkermani® and Ali Asghar Moridi Farimani*

Taftan volcano has been located in southeastetraafand zone of Nehbandan-Khash (Iran Eastern Mains). It seems that both
the young volcano and active tectonic have playedéhgortant role in morphometry in this area. Geopiuc indices have been used to
study tectonics in this area. These Indices inclDdinage Basin Asymmetry (AF), Transverse Topdayeé@ymmetry (T), Mountain Front
Sinuosity (Smf), River Slope Length (SL), Floortiivtd Valley Height (VF), Hypsometric Integral (Hnd Drainage Basin Shape (BS).
These Indices have been used to evaluate RelattiveA'ectonic (IAT) of basins and sub-basins efdtea. Recently, it is found that Neo -
Tectonic has played an important role in geomorphiolution. On the basis of this model, three tgict@aones are recognizable in that
area: (Zone with High Relative Tectonic) that foundub-basins of 4-B and 9-C. (Zone with modeRe#ative Tectonic) that found in the
wide-area (northeast) including Dargiyaban and Saalh Faults. (Zone with Low Relative Tectonic) thally found in sub-basins 5-C and
8.

Keywords: Active Tectonic, Tectonic, Volcano, MorphomefFiaftan Volcano, Iran.

Introduction

Taftan volcano aged Pliocene-Quaternary has a yaunugsemi-active volcanic system that located at a
distance of 50km from north of Khash city. Thiscanho has been considered by geologists. Effedesctdnics
are different in various area of the volcano. Rdiygy the northern part of Saravan Fault which heenocated
near this area, it is important to calculate theelef Relative tectonic activity in that area.skems that both
young volcano and active tectonics have playedngpoitant role in morphometry of this area (Aghatiaba
2004).

Quantitative methods have been used to study wHteslative tectonic in Taftan volcano and around i
(Keller and Pinter, 2002), as well as geomorphitides have been used to study tectonics. Theseesdiclude
Drainage Basin Asymmetry (AF), Sinuosity Mountairoit (Smf), River Slope Length (SL), Floor Width to
Valley Height (VF), Hypsometric Integral (Hi) and@nage Basin (BS). They are determined on theshsa
single useful index to study relative active teatqiKeller and Pinter, 2002; Azor et al., 2002V8ikt al., 2003;
Molin et al., 2004). The investigations of tectogieomorphology is important because the resultegibnal
studies on neotectonics are significant for evatgahatural hazards as well as land-use developraedt
management in the crowd areas (Cloetingh et a62Pedrera et al., 2009; Pérez-Pefa et al., 2a4Bmood
and Gloaguen, 2012; Faghih et al., 2015). In aoklito the role of tectonic action of the area, @h e
considered as the effect of quaternary actionsadfaf volcano in changing morphotectonic parametarsbe
considered.

These indices have been used to evaluate RelatitreeATectonic (IAT), basins and sub-basins of #raa.
This method has been used to calculate rate ofrtectctivities in the areas such as southeastErdSA
(Rockwell et al., 1985), Pacific Coast in CostaaRfvells et al., 1988), North China Plain (Han let 2003),
Mediterranean Beach in Spain (El-Hamdouni et &08), Sarvestan in the central Zagros (Dehbozdrgi.e
2010),Rudbar Lorestan dam site (Alipoor et al., 2011) @etiran in the central Alborz (Bagha et al., 2014).
Relative Category of active tectonics has beenopadd on the basis of studies done a basin of M afiécano
and Surrounding areas (El-Hamdouni et al., 2008 Tesults gained froranalyzing the indicebave been
compared with field observations. This researchlmhelpfulto solve the problems of tectonics in this area. In
an area surrounding the young volcano(s), strustateh as Saravan and Mirjaveh faults, Khan Mohainma
Chah, Sa'ad Abad, Dar Giaban, etc., are visiblerdagon of the activity of these faults, the morphatric
parameters will be changed. Due to the existen@etdfe structures, such as the above mentiondts$ fand the
history of the tectonic activities in this regiahe probability of the occurrence of natural disest(such as
earthquakes, landslides and ...) associated with tdwtonic processes is inevitable. Therefore, any
developmental activities such as dams' constructandeveloping the villages and the cities, theado
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construction, mining, surface water's managemerthig area should be done based on the tectonigtgact
levels in order to prevent the financial damagesthe rate of deaths in the near future.

Geological overview

Taftan volcano aged Pliocene-Quaternary (Aghanab@€4)has a young and semi-active volcanic system
that located at a distance of 50 km from northe&gthash city (Biabangard, 2009) (Fig. 1). Thiscaro, 1300
sg. nf, has been acted last time since 1970-71. Taftarano is located at an altitude of 4050 meters alibe

sealevel and 2000m, from the surrounding plains (Gark@r1).
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Fig. 1. Position of the area, Position of Volcagione, Position of basins and sub-basinsS®TM data from Sistan and Balouchestan
provinces, b) Satellite Image of the study areaRasition of Volcanic Cone.

It is noted that Taftan volcano is one of the vnicacentres of the magmatic arc that originatednfro
subduction of Oman Oceanic Crust under the Contithekccretion Prism of Makran (Aghanabati, 2004). |
addition to acidic magmatisms to the moderate le¥ehiddle oligocene (granodiorite and quartzdeyitthe
frequent dykes and sills as their combination inhbnd diorite to quartzdiorite (which has beetribtited to
the magmatism after the middle oligocene), haven lmest the middle oligocene in different directiansmany
points such as the Eocene flaccid sediments anidtifusive igneous rocks (Aghanabati, 2004).

Quaternary Units include old and young alluvialiseghts Qt; andQt,), alluvium that is forming in the bed
of current rivers Qa) in different levels. Taftan volcano is the majmite in quaternary that the main products
are extended in the form of pyroclastic rocks, sasad their tuff, epyclastic and ignimbrite matisrigeig. 2).
(Aghanabati, 2004).
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Fig. 2. Geological Map of Taftaseological Map of Taftan (Modified by Authors Afidftekhar Nejad and Aghanabati 1994).
M or photectonics and Active Tectonics I ndices

In morphometric and morphological studies, qualiatind quantitative indiceare considerable. They are
effective in order to get useful information abthg tectonic position (active or passive) of theaafThe results
of several indicesan be integrated and added to the other informatich as uplift rat and determined category
of tectonic activities; these categories suggestlative level of activity in an area. Developed ssveral
authors, these indices can be considergdals for studying active tectonics because theyide rapid insights
into specific area or sites in the study areadhatadjusting to relatively rapid rate of activettmic deformation
(Bull and Mcfadden, 1977; Rockwell et al., 1985]IKe 1986; Ramirez-Herrera, 1998; Silva et al020 Some
indices such as Drainage Basin Asymmetry (AF), &ity Mountain Front (Smf), River Slope Length (SL)
Floor Width to Valley Height (VF), Hypsometric Iggeal (Hi) and Drainage Basin (BS) have been catedla

In this classification, the basins are separatethfthe dividing line of water as each of them (bpss
composed of the independent parts that are ovathppd divided into sub-basins, accordingly.

The study area is divided into 20 basins and sgiAls on the basis of Topographic maps 1:50000ldat
satellite images in 15m, and 30m, IRS (5.5m), SR{@dm), Topographic Maps1:50000, Satellite Images,
SRTM (30m) and Geological Maps. Their positionséhédeen drawn and determined on the basis of thea Mai
River, slope, and topography. In order to deterniveeactive tectonic area in the scale of drairtzmgn using
morphometric indices of Taftan volcano and its sundings, first, drainage basins were extractedgugirc
Hydro tool in ArcGIS software, and then the mairers' network in the study area were constructell tamally,
the morphometric indices have been measured doasias and sub-basins.

Drainage Basin Asymmetries (Asymmetry Factor)

Active tectonics can cause deformations in drainagterns, resulting in tilting of basins (Hare &ardner,
1985; Keller and Pinter, 2002). Asymmetry Factos baen developed to show the tectonic tilting iairtige
scale or large areas as follows:

Af =100 (Ar/At). (1)

Where Ar: Area of Right Basin of RiveAt: Total Area of Drainage Basin afid: Basin Asymmetry. In this
area,Af is calculated for 20 basins and sub-basins (Tapldmounts ofAf < 50 andAf > 50 are tilted to the
west and east, respectively. Drainage Basins Asymymevaluated by the symmetry factor of transverse
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topography illustrates that there is tilting in mpamasins. Sub-basinn of “1-D (49.06)" is near thensetrical
position. And Sub-basins of “1-A, 1-E, 3-A, 3-BAd-are associated with the have the highest slapetd the
uplift resulted from the volcanic cone activity wsll as the existing structures in this area. Amtmm, sub-
basin of “4-A (92.02)” is the one which is alongthtilts that can be related to theany small faults of this sub-
basin (Fig. 3). Sub-basin “9-B” is the least tiffiand extended from north to southwest.
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Fig. 3. Structures Map of Taftan.

Transver se Topography Symmetry
This index is used to evaluate and calculate TrensgvTopography Asymmetry.
T = Da/Dd. (2)

Where,Da: Distance from the middle line of the drainageifbas the middle line of Active Meander Belt
andDd: from the middle line of the basin-to-basin bouryddor a basin with complete symmefry= 0, when
the distance of asymmetry increases from the miliitée T also increases and becomes close to the amount of
flow. It supposes that the slope of bedrock doeésfilience on channel movement, significantly. ThEns a
vector with direction and size of 0 and 1. AmouotsT are measurable with various parts of the valle§y an
indicate vertical preferential movement, of theinlage basin axis.

Tave =T + T, + T4/3. 3)

Amount of T is close to theAf, but it cannot be evaluated to determine tiltingeation. While Af is a
method that illustrateshe amount and speed of tilting. For a basin with catglsymmetryT = 0, when
asymmetry increases] also increases and becomes close to 1. Drainagm lsgmmetry evaluated by
Transverse Topography Asymmetry indicates thatethertilting in many parts of the drainage basinl dn
ranges 0.16 and 8-0. 82 for basin and sub-basB",'9espectively. T index in the lower geograplatitudes
shows a minor numerical value. But the values i itidex will be increased in the geographicatlates such
as 24'280 'to 40'280 to the north (sub-basin of),B38'280 to 01'290 to the north, and 38'280 t@&®'to the
north (sub-basins of A-4 and B-4), respectivelyjolthindicates the asymmetry of a transverse togagran
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these sub-basins. The increaserdh this part of the study area was related todkisting structures in this
region, such as faults and active folds.

Sinuosity Mountain Front

Sinuosity Mountain Front is an index to refléahe between erosion forces that tend to make sityuasd
tectonics that tend to make a direct line in Siftyddountain Front. Mountain Fronts related to aettectonics
and uplift are direct relatives, and th&mfis low. The values equal to 1 (of this indexe specificto active
tectonic areas. If the uplift level is decreasedtopped, the mountain front will be windswept bg erosion
processes, and the value of this index (SMF)wilifmeeasedThe values of less than 1.4 indicate active tectoni
fronts (Rockwell et al., 1985; Keller, 1986).

Regarding that geological maps don't outcrop amjt faf mountain front in sub-basins of 1-C and Sub-
basins, then the index can't be calculated. All m@in fronts of this area are active, and thre¢spair 90, 109,
and 125 are the most active of all and are reladellijaveh mountain front fault, a minor branch idhan
Mohammad Chah Fault and Saravan mountain fronperively (Fig. 4). They indicate the high level of
tectonic activities, and they are in one tectomitegory which has been extended from the northefesiis area
to the southeast one.
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Fig. 4. Some calculated parts of Smf in the sardg.
Stream Gradient Index
Defined Stream Gradient Index as follows:
SL = AH/AL) x L. (4)

Where, SL: Stream Gradient IndexH/AL): Channel Slop or Gradiemtl(: changes of channel lengtkid:
changes of channel height) ahdTotal length of channel from the place of diviglistream to the middle area
where the calculated index in it.

Slop-Length Index L) is one of the quantitative geomorphic parametbet used in morphotectonic
studies.SL can be accounted a@suseful tool to study the movements in active teict@meas or areas in large
scale (Chen et al., 2003; Zovoili et al., 2004).aNIstreams and channels flow in the areas witlgla inplift, SL
will be increased, but when the streamflow is gatavith some structures such as valleys from rigjift faults,
SL will be decreased (Keller and Pinter, 2002)order to investigate the relationship betweerk'® strength
and the aforementioned index, the rocks availabléné study area have been classified based anstinength
level toward various groups with very low level stfength (such as young alluvium deposits), lovellesf
strength (such as sloping deposits), moderate lef/altrength (such as shale and siltstones), higkllof
strength (such as limestone, tuff, conglomeratads@ne) and very high level of strength (such redesite,
granite, and basalt) (Memarian, 2001)
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The most anomaly dispersion &L is in the basins and sub-basins (that are in nloand resistant
lithological category) located on the west and Imvest of Taftan volcano. Due to anomaly areéisjs only
high in 4-C where its lithology is soft as yountugial sediments and as its reason refers to thieeaand young
tectonic structure (active fault). The remainingibha and sub-basins of the study area due to theofaresistant
lithology or the active and young structures intthea are associated with the low valueSlbfAs it can be
seen, the lowest values of this index were relaigtie sub-basin of A-3 which mainly includes aibideposits
of the present time, as well; the low level of s of these rocks can be attributed to the lolwevafSLindex
in this sub-basin. (Fig. 5).
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Fig. 5. a: SL for Drainage Net of River. b: Dispimn of anomaly areas of SL with resistance categay of the studied basins.

Additionally, this study area can be easily dividet several distinct sections grouped in regardrbsion. The
high value ofSLindex in the sub-basin of E-1 and in the basii ofdicates the activity of the lower latitudes of
the mentioned area; however, the highest valu&l_afue to the high level of lithologic resistanceahadt point
are related to the basin of 7. Table 1 illustrétescategory o86Lin the areaSL has been considered to study the
uplift effect of the main volcanic cone of Taftamgundaries of the cone have been determined ohasis of
geological maps, topography and ring structure$adfan volcano In order to investigate the uplifeffect of
the main cone of Taftan volcano, SL index has kstedied. The boundaries of this cone have beenrdeted
based on the geological maps of the area, topograpkd catenary structure of the Taftan volcano. The
measurements are carried out according to the tapb@g maps. Additionally, the height and the meagu
intervals (regarding the cone and the plain bouedpiare considered equally for the aforementicndéx to
specify the uplift — effect of the cone (Relativetigties of tectonics) to the surroundings. Atstlstage, the
boundary of the cone and plane (its periphery) wsitelied separately in each basin. In the prodiss,
boundaries of the cone and its plane have beendsyed, separately (Fig. 6).
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Fig. 6. Some measured places of SL around Tafimano.

These results suggest that uplift of the coneififigenced on active tectonic parameters, signifilgaSL is
high around the cone. At a short distan8g,increases but decreases around the plane in apitee long
distance. Maximum amounts 8t around the cone in basins and sub-basins are 8 A, 6,4B, respectively.
But maximum amounts @L around the plan are related to 5A, 6, 4A, 4B afAd 3

Theratio of Floor Width to Valley Height (VF)
Floor Width to Valley Height (VF) (Bull and Mc Fadd, 1977; Bull, 2007) is defined as follows:
Vf = 2Vfw/ (E1d - Esc) + (Erd - Esc). (5)

Where,Vf: Ratio of Floor Width to Valley Heigh/fw. Floor Width,E1d andErd: height of left and right
walls then each other's and Esc: height of therfld@lleys are often narrow upper than the mounfedmt
(Ramirez-Herrara, 1998), and then SL should bendafinite interval upper of the mountain front. WalofVf
will be changed according to the size of the badiajnage discharge and kind of rock. Then amoahtgf
should be compared to similar geological conditioBva et al. (2003) calculated this index in tastern
Cordillera (southwestern of Spain) and showed Yhahape valleys associated with a value/bfess than 1
will be evolved in response to the active uplifhile U-shape valleys associated with a valu®&fahore than 1
show a major lateral erosion due to the stabilftthe base surface or lack of tectonic performance.

According to geological maps of the area, any lineats, main channel and minor branches don’t d0f 5-
3-B and A-3; and for this reaspthis index can't be calculated for them. It is oed thatvf is dependent on the
drainage basins extent and bedrock lithology intadto tectonic factors. In 19 active profilesthe area (Fig.
7), thevalue ofVf is low which has been determined on the basis-shape valleys Due the effect of upkid
the activity of Taftan volcano as well #e valueof Vf, west, northwest and southeast of Taftan volcamobe
considered or accountes the youngest and most active parts along highh active tectonic relatives, So
uplifting Taftan volcano has been influenced ontdec structures of these parts. Figures 8 confirasults
from this index as similaBL in Taftan Cone and Plane.
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Fig. 7. Some measured place of Vf around Taftécavo.

Hypsometric Integral (Hi)

The Altimetry Curve indicates the distribution dfitade in an area, a drainage basin to a compi&teat
(Strahler, 1952). This curve illustrates the resaltthe results gainddom performing ratio of total basin height
(relative height) to the total basin area (relativea), and it's a hypothetical altimetry curvedadrainage basin
located on a monotone slope. The drainage basladies 8 on the same line; total area (A) is thaltatea
between a pair of lines of the same adjacent Bmea (a) is an area of the basin up to specialhdige (h).
Amount of relative area a/A has ranged from O (thveest area in the basin) to 1 (the highest ar@alculation
of altimetry integral is a simple method to deterenthe altimetry curve in a special drainage basirfiollows
(Pike and Wilson, 1971; Keller and Pinter, 2002):

Hi = Average Altitude - Minimum Altitude/Maximumtiflde — Minimum
Altitude. (6)

Then, three amounts are necessary to calculatetdwgral; two of them (Minimum and Maximum altitig)e
are accessible from the topographic map, simphlghHamounts of the Integral indicate young and activ
tectonic areas, but low ones indicate low tectamd erosion (El-Hamdouni et al., 2008). (Maximund an
Minimum altimetry Integral ranges between 0 anditl)s necessary to note that the convex curvecatds the
high activity of the area and activitgf faults and uplifting related to folds currentlyut cave curve indicates
low tectonic activitiesn the area. In except of three sub-basins of 8-A,and 9-C as Hi is 0.53, 0.53 and 0.51,
respectively (it shows a semi-active tectonic oturty stage of Davies Pattern in three basinsrage amount
indicates geomorphic processissbalanced in three mentioned basins), other baaiml sub-basinss indicate
passive or old tectonic process or old stages ofd3aPattern because the amountslioare lower than 0.50 and
indicate high erosion in the sub-basins (Fig. 8).
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359



Mohsen Jami, Ali Solgi, Mohsen Pourkermani and Ali Asghar Moridi Farimani: GIS-based Analysis of Relative Tectonic Activity
in Southeast of Iran with a focus on Taftan volcano

Hypsometric Integration of Hypsometric Integration of Hypsometric Integration of
Basin 4-B Basin 4-C Basin 5-A
1 1 1
0.9 0.9 0.9 4
08 0.8 4 0.8 +
£ £ | R
g z ] z ]
02 024 iy 02 -=
07 o] Hi=0.57 oy ] Hi=0.27
04 0 A 0 v
0 05 1 0 0.5 1
a/A(Km2) a/A(Km2) a/A(Km2)
H}psomelricllnlegraﬁon of Hypsometric Integration of Hypsometric Integration of
Basin 5-B Basin 5-C Basin 6
1 1 1
0.9 09 0.9 1
Eg 1 0.8 1 0.8
£ Z ] £ ]
z ] z ] =]
021 Hi-0.38 024 Hi=0.34 0.2
0.1 4 0.1 1 =3 0.1 1
0 0 { 0 1
0 0.5 d 0 0.5 1 0 0.5 1
a/A(Km?2) a/A(Km2) a/A(Km?2)
Hypsometric Integration of Hypsometric Integration of Hypsometric Integration of
Basin 7 Basin 8 Basin 9-A
1 1 1
0.9 0.9 09
08 | 08 | 08
z ] Bl :
0.2 4 P 0.2 i=0. 0.2
o7 | Hi=0.23 g D032 0.1
0 | 0 v 1 0+ \
0 05 1 0 05 1 0 05 1
a/A(Km2) a/A(Km2) a/A(Km2)
Hypsometric Integration of Hypsometric Integration of
Basin9-B Basin 9-C
1 1
09 4 09
8 ] 08 {
z T ]
=] 2]
024 Hi=0.3 024 Hi-0.51
0.1 1 0.1
0 0 |
0 05 1 0 05 1
a/A(Km2) a/A(Km2)
Continued Fig 8. Hypsometric Curve of 20 Basind Sab-basins.
Index of Drainage Basin Form
Itis calculated as follows (Ramirez-Herrera, 1998)
Bs = BI/BW @)

Where,Bs Drainage Basin FornBl: the length of Drainage Basin aBiv. the width of Drainage Basin.
Young Drainage Basins in active tectonic areas tendlongate in the direction with topographic sloBut
along drainage basin evolution or decreasing tbtoéc action, the basins have transformed frong ltm
circular forms (Bull and Mc Fadden, 1977). Thiserdllustrates the difference between long basmbigh
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amount and circular basins in low amount. Long fissire one of the specifications of the activeotgctarea

that has a river in a dig towards down. MountaionEs due to the fast uplifting are along with tkeep and long

basins. By decreasing or stopping the tectoniwisies, basins will be extended, which will be starfrom the

top of the mountain front (Ramirez-Herrera, 1998)has been studied in Drainage Basin Form in tlea a
(Table 1 and Fig. 9).
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Fig. 9. Position of basins and their categorizatia three groups of all Indices.
Categorizing Relative Tectonic Action

In this paper, categorization of Relative Activectiomic introduced by the El Hamdouni et al. (20fi8)the
first time has been used to evaluate Relative A&ctigctonic (IAT) of basins and sub-basins of thaaaVarious
tectonic indiceshave been calculated for each basin and sub-badidigided into three categories - 1, 2, and 3
- that indicate a high, middle, and low level otidties, respectively. Table 1 illustrates averabectonic
Indexes (S/n) and amounts of Relative Active Teict@liat) for basins and sub-basins of the areay. (F0).
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Tab. 1. The categorization of Relative Active deictin the area.

Classof:
Ref.No Basin Sn lat class Assessment
SL AF Hi VF Smf T Bs

1 la 3 1 1 3 3 1 3 2.14 3 Moderate
2 Bl 2 2 2 3 3 2 1 2.14 3 Moderate
3 1c 3 3 2 3 - 2 1 2.33 3 Moderate
4 1d 3 3 2 3 2 1 2 2.29 3 Moderate
5 le 2 1 3 3 3 1 1 2 3 Moderate
6 2 3 1 3 3 2 1 3 2.29 3 Moderate
7 3a 3 1 3 - 3 2 2 2.33 3 Moderate
8 3b 3 1 3 - 2 2 3 2.33 3 Moderate
9 4a 3 1 3 3 2 1 2 2.14 3 Moderate
10 4b 2 1 2 2 2 1 3 1.86 2 High
11 4c 2 2 1 3 3 2 3 2.29 3 Moderate
12 5a 3 1 3 2 - 1 3 2.17| 3 Moderate
13 5b 3 1 3 2 3 1 3 2.29 3 Moderate
14 5¢ 3 3 3 - 2 2 3 2.67 4 Low
15 6 3 1 3 3 2 1 3 2.29 3 Moderate
16 7 2 1 3 2 3 2 3 2.29 3 Moderate
17 8 3 1 3 3 3 3 3 2.71] 4 Low
18 9a 3 3 1 3 3 2 1 2.29 3 Moderate
19 9b 2 1 3 3 3 1 2 2.14 3 Moderate
20 9c 3 1 1 3 2 1 1 1.71] 2 High
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Fig. 10. Category of Relative Active Tectonichia study area in terms of their separation.

1. The area in High Relative Active Tectonic: fouindwo sub-basins of 4-B and 9-C. Due to seridtiag
of 4-B, amounts of Hi, and high extension of thaidiage basin and tilting 9-C, these two sub-basie high
and young Relative Active Tectonic.

2. The area in Middle Relative Active Tectonic:iicludes a large area. Important structures such as
Dargiaban and Saadabad faults have been locatkd area.
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3. The area in Low Relative Active Tectonic: Ifagind in two sub-basins 5-C and 8. In termd.ithiology,
there are Silt, clay, old and new alluviums in thisa. Important structures include Saravan, Kaband Gazou
faults located on the southeast of the area. Lee lef activity of sub-basin 5-C is as the resultshafsin shape
and the amountof uplifting and tilting (Fig. 8). Field studies & been considered in structures and

morphologies areas located along the rivers, amdesactive tectonic parameters have been considesed
follows (Fig. 11, 12).
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Fig. 11. a) Landsat Satellite images. It is fowadne transformations along the channel as a regutioving fault. Cones, located adjacent
to the mountain front indicate active uplifting, FEield picture of the area that illustrates Mirjavéault and some geomorphic effects.
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Fig. 12. Landsat Satellite images illustrate samtve tectonic evidence. a) River traces neardhéa Tamin Village on the northeast of
Taftan volcano, b) Effect of Sangan Fault in damthe wall in the southeast of Taftan volcano.

Conclusion

The amounts gained from calculating the indioasthe basis of the relative active tectonic catgdmve
been integrated and concluded that neotectonics@ayimportant role in evolving area tectonic. Rdiay the
new-tectonic insights, the presence of active &ires in the study area such as folds and fauk$bkan caused
into changes in this region which (these changesyible as uplifts. Three tectonic areas aregaizable in
the area: Area with high relative tectonic actionrfd in sub-basins of 4-B and 9-C. An area witthhielative
tectonic activities has been found in sub-basingé-Bfand 9-C. An area with moderate relative teictactivities
has been found in wide areas such as DargiabaBSa&adabad faults located on the northwest pararda with
low relative tectonic action activities has beenrfd in a small area. Sub-basins of 4-B and 9-C lagh
relative tectonic activityaffected by moving young faults and active tectostimictureslocated on both sub-
basins. Sub-basins of 1-A, 1-B, 1-C, 1-E, 2, 3-A\,44-B, 5-A, 5-B, 6, 7, 9-A, 9-B have moderatelative
tectonic activitiesand 8 and 5-C have low relative tectonic activitigg calculating the tectonic indices, it was
found that in the broad range of the study area ld¢kel of tectonic activities is moderate. In ttmundary of
Taftan volcano cone which was the result of thauamdation of magma over the past times due to iseance
of high resistance rocks, the values obtained ftencalculation of tectonic indices indicate thidivee area.
However, near the boundaries of the volcanic coh&hvmainly consists of flake deposits and metarmiarp
rocks, the tectonic activities, as well as struesusuch as the faults of Saravan and Mirjaveh, Kianammad
Chah, Sa'ad Abad, Dagiaban, and the folds restribad these activities, can be controlled. Additibyaas the
result of these tectonic movements, the morphompaiiameters of this region have changed.
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