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Abstract

The study area is the Rahmat Anticline. This is located in Fars Province (SW Fold Simple Zagros
Belt). The aims of this study are morphotectonic studies and structural analysieemalparts of

area. For this purposé&) morphotectonic indices, drainage basin shape index (Bs), Mountain front
Sinuosity Index (81f) and valley floor widthi height ratio ¥f) weremeasured by digital elevation
model (DEM) and stream order methd?) the patternof stresswas determined by inversion
method. The results obtained from morphotectonics indices indicate that the study area has a higher
level of active tectonics in the north part of the anticline. Based on the results derived from the
diagams, it is suggested that there are three stress directiorSWNEN-S and NWSE
compressional stress directions in the nortircne, which is obvious in the study area. Fault slip
analysis reveals two successive late Cenozoic regional compressiodal td=SW and NS. The

latter is in good agreement with the presgay stress. The significance of the 4S8V compression

is discussed alternatively in terms of stress deviations or block rotations in relation to thsligtrike
fault system. As a resulthe study area was divided into two classes of relative tectonic activities.
Class 1 is indicative of the most active tectonics, occuring mainly in the north part of the anticline.
Class 2, corresponding to lowly active tectonics, aerlmainly along sath part of the anticline.

Keywords: Morphotectonic Indicesinversion Methogd Rahmat Anticling Fars ProvinceZagros
Iran.

1- Introduction

The Zagros belt extends about 1500 km frommto the outer Zagros Simply Folded Belt and
Turkey, through southwestern Iran, stretching dse inner High Zagros Belt.-2The Zagros
far as the strait oHarmoz(Bakeret al, 1993. Suture Zone, which zone includes the Main
The belt morphogenesis is the morphotecton#agros Thust, and 3 The SanandaBirjan
expression collision of the Arabian and Irania@one(Maleki et al,, 2015 Fig. 1a)

plates(Motiei, 1992. The landscapes in thesel.he Zagros Simply Folded Belt is segmented
areas result from. the ComP'ex_ complnatlon %to several zones that differ according to their
the (_affects of active tectomgs like faoly and structural and depositional historBerberian
erosional as well as depositional processes. Tgﬁd King 1981 Jacksonand Mckenzi 1984

main structural architecture of the Zagros '¥hezones are, from east to west, the Fars salient

defined by the so called Zagros fold belt, WhiCFhe Dezful recess and Lorestan saligRégard
attains an average elevation of over 3000 M al 2004

a.s.l. (Dehbozorgiet al, 2010 Ruszkiczayet
al., 2009 Zakerinejadet al, 2018. Fars Province (In the central parts of the
Zagros) is limited to the west from the

The Zagros Mountain is SUbd'V'd_Ed |'nte the Kazeruri Boradjan Fault (KBF), a seismically
Zagros Fold and Thrust Belt, which is dIV'de%lctive major rightateral strikeslip fault (Baker
242
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et al1993 Sherkatiet al2006 Bachmanowt al of Shiraz (Zagros Simply Folded @&t of Iran
2004) and the MinabZendan fault system isand NE Fars province). The Rahmat Anticline
limited to theEast(Stocklin, 1968 Fig. 1b). includes faults with combined normal, reverse
The study area is the Rahmat Anticline (Ea§ﬁahmqt l!:a.ult Zone in the south of antlc_llne)
longitude 52 50" to 53° 10’ and Nath latitude and strikéslip movements Takhte- Jamshid

29°4006  t °&5')2sBuatedn 70 Km Northeast (1P()=3rspolis) idocated in the north anticlingig.
C).
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Figure 1A) The sructural map of Iran (modified from Maleki et.aP015) and location of study are8)
Tectonic map and location of fault zones in Fars Provi@digital Elevation Model (DEM) of the Rahmat
Anticline.

The quantitative expression of the geometrithe aims of this study are geomorphologic and
effect of the earth relief in the Zagros belt wilktructural analysis in several parts of the area
all ow the identiycat iThenefore, fconstderinge the divetsity ot thenmo n
geomorphometry in the Alpirdimalayan belt morplotectonic  features, geomorphometry
and will provide an understanding between thenethod was applied to evaluate relative rates of
correlation of the regional tectonic processeactive tectonic{Burbankand Anderson, 2000
and geomorphometry. The reconstruction of theeller, 1986. The three geomorphic indices
past kinematics and tectonic history andere analyzed Drainage basin shape index
geomorphic investigation in Zagros fottirust (Bs), Mountain front Sinuosity Index (8) and
belt explains the history of the successi valley floor width i height ratio Index (Vf).
local/regional directions of stress and shortenirngigital Elevation Models (DEMs) are especially
and active tectonics through tinfleacombe et useful to analyze active regional tectonics from
al 2011). topography.Drainage basin was given to each
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stream by following Strahle(Strahler, 195 Afghah and Shaabanpour2014. According b
stream orderingechnique.Then, Stress pattern James and Wynd (1965), the keh Rahmat
was of study region in a combinatioof section locality is assigned to the Interior Fars
determinedby inversion method. Hence, wearea, Kuhe- Rahmat is an anticline with a NW
carried out a structural analysis of the tecton8E trend, composed of Aptiane Cenomanian
featuresfieldwork, tectonic analyses based orsuccession. The exposed Cretaceous sequence

inversion of fault slip. of the Kuhe- Rahmat section caists of the
Dariyan (Aptian), Kazhdumi (Albian) and
2- Geological Settig Sarvak (Cenomanian) formations. The basal

part of the Dariyan Formation is not exposed in
The study area is the Rahmat Anticline part gfe Kuhe- Rahmat region, but marly limestone
the Simply Folded Zagros Belt Differentof the Kazhdumi Formation (Albian) covers
tectonic phases and neotectonic activities a’Bjariyan limestone. An ogized zone is
earthquakes in recent years are intensivelystinguishable in the lithostratigraphic contact
affected this bel{Motiei, 1992, which is only petween the Dariyan and Kazhdumi formations.
briefly treated here as ftas been dealt with in \jarly limestone of the Kazhdumi terminates at
numerous publicationgMolinaro et al, 2005; the thick to massive grey limestone of the

Sherkati et al, 2006; Sepehrand COSgrove sarvak Formation(Afghah and Shaabanpour
2005; Alavi 2004; Cascielloet al, 2009; 2014 Fig. 2).

FarzipourSaein et al2009. It is dominated by
elongate anticlines and synclines along witB- Materials and Methods
associted thrust and reverse faul{Mohajjel

3.1- Determining morphotectonic indices
andFergusson2014).

Morphometric analysis is the badmr relative

The folds pattern in the Simply Folded Belt i$, i ,stments between local bdseel processes

open anticlines. These folds probably maml{’tectonic uplift, stream downcutting, basin

result from buckling and subsequent detachmegte di mentati on and erosi
folding of the _1®12 km th'c,k sedlmenta_ry systems, which cross structurally controlled
cover abovea single master décollement Iy'ngtopographic mountain  fronts (Bull and

within the Hormuz salt (Berberian, 1995 McFadden 1977). Therefore,manual sampling

Jackson 198Q. Seconebrder intermediate of drainage network was again adopted from

décollement levels are, however, required tf?)pographic maps (1:25000) in combination
account for shorter fold wavelengths typically(Nith computerized tools and certainly the

of 1520 kmand lengths of 100 km and moreGeographic Information System (GIS), which

(Moutherauet al, 2008. were of great significance in this application.
- . The study area, compmg mountain fronts and
The Rahmat Antlcllne 'S _Iocated_ 70 .K.mdrainage basin associated with the systems of
northeast of Shiraz (Fars region). This amIC“nFaults constituting the Rahmat Anticline were
includes faults with combined normal, reverse .
. .. _selected for morphometric analygi$able 1).

(Rahmat Fault Zone in the south of antlc:hneilI . .
and strikéslip movements (FigLo ountain fronts were selected for this study on

P ' the basis of topographic, lithological,
Based on geologat facie, Fars region is geonorphological and structural continuity.
subdivided into different structural zonePrainage basin was given to each stream by
including subbasins; Interior Fars, Coastal Farsollowing Strahler stream ordering technique
and SubCoastal Fars. The Rahmat Anticline igStrahler 1952 Fig. 3). The attributes were
located in the Interior Fars (Simply Folded Beltassigned to create the digital data base for the
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drainage layer of the river basi The map criteria that provided high reliability and
shows the drainage pattern in the study areao ny denc e i n t he thepres
(Fig. 3). Sample selection was determinechorphometric data produced

acording to particular geomorphological
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Figure 2) Geological map of the study area based on the geological map (1:100000) Shiraz and Arsanjan
(Andalibi et al., 2004; Yousefi et al., 2006).

3.22 Determining stress Regime from individud site using the method proposed by
Inversion of Fault Slip Data Angelier (Burbankand Anderson 2000. Fault

The kinematics of a fault population is defineé‘\’IIp inversion method assumes that

using striations observed on mesale fault 1) The analyzed body of rock is physically
planes at many sites. For each fault, strike, dippmogeneous and isotropic, and if prefractured,
slickenside, rake and polarity of movement ar¢ is also mechanically isotropic, i.e., the
measured and determined in the field. The maarientation of fault planes is randadffwiss and
objective is to define the successive Cenozoignruh 1998.

states of stress the related faulting events aQ? The rock behaves as a rheologically linear
their probable significance in relation tomateriaI(TwissandUnruh, 1999
regional tectonic events. The methodology of

fault kinematic studies to determine paleostresy Displacements on the fault planes are small
fields and identify temporal and spatial change¥ith respect to their lengths, and there is no
in stress states has been used in many ar@yetile deformation ofthe material, and thus, no

worldwide over the past 3gears(Molinaro et otation of fault planes. Moreover, the
al., 2005 Moutherauet al, 2008. computation assumes th@fwiss and Unruh,

_ _ _ 1998.
To determine the stress fields responsible for

Cenozoic deformation in the investigated ared) A tectonic event is Charact_erized by a single
we have carried out a quantitative inversion dfomogeneous stress tengdwiss and Unruh,

distinct families of slip data determined at each998.
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Table 1) Summary of the morphotectonic indices used in analysis of tectonic activity in tharetudy
(RamirezHererra, 1997 Cannon 1976 Falcon 1974.

Morphometric | Mathematica| Measurement ) L
o Purpose Signiycanc
parameter | derivatio* Procedure
Repect a bal an
tendency of stream andlope
Smf= rocesses to roduceirregul . -
. Lmf \MM/ pr Producemedul smi= 1.0 most tectonic activity
Mountain Smf=—— Ls (sinuous) mountain front an " . o
. . Ls 1 . . . Snf > 1.07 less tectonic activity
frontsinuosity (olan view vertical active tectonics that tend
produce a prominent straight fro
(Keller, 1986)
Erd The indexr epect s
Vi = Valley v, el | Deyne the rati oflbetween broafpoor ed
V H . . .
b oorivalley| " [E-EMEE Esc val l ey poor t o [ withrelatively high values o¥f,
heightratio RV two adjacent divides and V\:shaped canyons wif]
{eross sechon) .
relatively lowVf values
Bs= Drainage Bw ] _ High Bs_ valuess glonggtgd basin|
. Deyne the pl ani|and,. high tectonic activity;
basin  shapq _ Bl , ) :
ratio B,= — Bl | basin low Bsvalues = circular basin
Bw i.e. low tectonic activity
| )N\
S %}I\\
) A
WA
. 5"‘?@ gm\4
gl

Legend Legend
Sub Basin
Order Strahler 1
D 1 Strahler 2
- S
D 3 Strahler 3
‘ 0153 6 9 12 0153 6 9 12
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Figure 3) Drainagemap of basins 1 to 4. The hydrographic network is represented according to Strahler's
ordering system

5) The slip responsible for the str@t occurs 6) The slip on each of the fault planes is
on each fault plane in the direction and the senselependent of eaclother (Lacombe 2006.

of the maximum resolved shear stress on eaBecause in the cover of the SFB of Fars region,
fault plane (WallacéBott principle), the fault the train of folds is regular and almost devoid of
plane being the preexisting fractures major thrust zones at least reaching the surface,

in the study area, along the major faults,
246
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geological features such as slickensidgésng described by an elongation ratio of the diameter
fault planes, crushed zones, and offsets of rodk a circle with the same ar@a the basin to the

units including strike separations, weralistance between the two most distant points in
analyzed. the basin (Berberian and King 1981). The

el ongation ratioliBte deyn
length of the basin, measured from its mouth to

4.1- Morphotectonic Indices the most distant drainage divide, and/ B the

The stream order is the first step in drainag&idth of the basin measured across the short
basin analysis for classifying relative locatioih axis(Bahrami 2013Tablel ) . The i ndex
a reach (a stream segment) within the rivélifferencesbetween elongated basins with high
basin. The stream order method followed thealues of B (high tectonic activity) and more
procedure method modified by Stahler. Streagircular basins with low values (low tectonic
order 1 has one connected edge, and then at @8¢&vity). The drainage basin shape was
confluence of twolst order streams assigns thalculated for the 40 drainage basins of streams
downstream reach of ord&, and so on for the that cross the main faults of the Ralma
other orders. Study basin system hastréam Anticline (Fig 4). The purpose of calculating

orders, and thus a map was obtained using GIi% drainage basin shape s[Bindex was to
system (Fig3). identify elongated basins which reveal primarily

downcutting in areas of continuing rapid uplifts.
Results indicate that high values of dissection
The basin in the tectonically active mountai@nd elongated dimage basins characteristically

range is elongate, and basin shapes becoawur in theN part of the Rahmat Anticline
progressively more circular with time after(Fig. 5).

cessation of mountain upliffColmanSadd Bl
1978; Ramireererra, 1997 Bahramj 2013. (B, =—) (1)
Thus, the planimetric shape of a basin may be Bw

4- Results and Discussion

4.1.1- Drainage basin shapdndex

52°55'0"E
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- KM

Figure 4) Location of sections for Bs calculation in thiady area.
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Figure 5) The meaured values of Bs index in thtedy area
4.12- Mountain front sinuosity Index dividesandEi s t he el evation of

The mountain front sinuosity index r(®) is .(BuII and McFadden1979. In thi.s way the

defined as the ratio length of mountain front " dex re Io ect .S d.' i-pf cear reencc e -
along the mountaimpiedmont junction (Lmf) canyons (U shapaeyith relatively high values of

and the straighine length of the frat. (L) Vf, and \tshaped canyons with relatively low

Bull and McFadden 1977Fig. 6). The Snf values (Keller, 1986 Table 1). Thus, in this
index repects a bal anscteuq:)ye't wkERANTHE' ?%nagﬂé)‘?y
stream and slope processes to produce km upstream from the mountain front in
irregular (sinuous) mountain front and vertica?ma"er drainage basins; and in large drainag
active tectonics to produce a prominent straigpta sthns, transvers e_ valle
front (Keller, 1986. Values of Smf approach 10.5 and 1km upstream from the mountain front.

on the most tectonically active fronts, Wherea-ghe reason for working with different ranges for

Smf increased the rate of uplift is reduced anOIthe location of the cross valley transects is that

erosional processes begin to form a sinuoﬂfsaI ey pboors tend to b ¢

front that becomes more irregular over timE&arrower gpstreamrdi_m the moun_taln front |n_
(Table 1). However, values of mountairort larger drainage basins for a given mountain

sinuosity index depend on image scale, a@n9e Values ofVf may also vary widely

small topographic maps produce only a rc)ug%mong streams with different drainage basin

estimate of mountain front sinuosity. Thereforea,‘reas’ discharges and underlying bedrock

mountain front sinuosity and all morphometrié'thomg'?s' Con;quentlny ratios vyere not
variables were measured on snsalhle used directly m this study to estimate the

topographic maps (1:25000, wittODm contour relative levels of tectc

intervals). Results indicate low values of SM[FontS’ as this would require cor.npanso.n\b‘f
characteristically occur in th& part of the yalues among streams of variable size and
Rahmat AnticlingFig. 7) lithology. Instead, severalVf values were

determined along the length of streams in each

(Smf= me) (2) Subarea with similar geological ~ and
Ls morphological characteristi¢g®amirezHererra,

4.13- The Valley floor width i height ratio 1997 Fig. 8).

Index

The data were combined with the longitudinal

The Valley floor widthi height ratio ¥f) isthe pr oy | e and val l ey mor p h
wi dt h of VEHl | ahckEyd afeotterc,changes i n vall ey and [
respective elevations of the left and right vallegyuggesting that localized ufpl in channel
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reaches upstream from mountain fronts crossedsins characteristically occur in the N part of
by a given stream. Results indicate that lothe Rahmat Anticline (Fic).
values of dissection and elongated drainage

2
V. Vi 3

(Eo- EJ*E-EJ
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Figure 7)The measured values of smf index in thdysarea

4.2- Stress Regime historical locations in the study area and are

To analyze the stress in the area, fault plané;éa}tegorlzeq into 20 fault plane sites accordlng to
the associated iskenside is measured.the inversion method (proposed by Angelier

Numerous shear data are determined froflr?gq Fig. 10), which '”C'“‘?'es dgtermlnatlon of
the mean stress tensor orientation and sense of
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slip on numerous faults. Faults data ardirections are calculated (by using tectonicsFp
classified based on the principal stress axes, asaftware).
corresponding compressional and extensional

52°55'0"E

Legend

29°45'0"

. Location

- z.‘ <] ; g
CS mbas o
sub basin  g12525 5 75 10 33°100"E

[ E— Y|

Figure 8)Location of sections for Vf calculation in theidy area

1.2

0.8
0.6
0.4
0.2 -

Valley floor width — height ratio
=]

Figure 9)The measured values of Vf index in thelg area

Based on the relta derived from the diagrasn latteris in good agreement with the presdaly
suggested 3 stress directions-8®/, NS and stress. The significance of the NBE
NW-SE compressional stress directions, awmpression is discussed alternatively in terms
obvious in study area. Fault slip analysis reveatd stress deviations or block rotations in relation
two successive late Cenozoic regiondb the strikeslip fault system (Figll).
compressional trends, N&EW and NS. The
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area
5- Conclusiors

The Rahmat Anticline is located 70 Km
northeast of Shiraz (Fars Province). This
anticline includes faults with combinedmmal,
reverse (Rahmat Fault Zone in the south of
anticline) and strikieslip movementsTakhte-
Jamshid (Perspolis) is located in the north
anticline.The Kuhe- Rahmat section locality is
assigned to the Interior Fars area, Kah
Rahmat is an anticlin@ith a NW-SE trend. The
aims of study are geomorphologic and structural
assessment in the area

Analyses of structural and morphometric data
within the Rahmat Anticline allow interpretation
of geomorphological anomalies in the
investigation area. The ressll obtained from

analysis of structural and morphometric indices,_

indicatedthat

1- Geomorphic indices computed using
GIS are considered to be suitable for
evaluating the effects of active tectonics over

three geomorphic indices: Drainage basin
shape index (Bs), Mountain front Sinuosity
Index (Snf) and valley floor widthi height
ratio (Vf). Low sinuosity (Smf) indicate that
highe degree rate of uplift reduces erosional
processes and begins to form a stright front.
The higher values of dissection and
elongated drainage basins (Bs) suggest
relatively elongated drainage basins, and low
(Vf) show that many valleys are narrow and
deep suggesting a higher rate of incision
associated with tectonic uplift. The result of
most active tectonics occurs mainly in the
north part of the anticline. The result of
graphs indicates that higher active tectonics
occurs mainly in the north part of the
anticline(Fig. 12)

The reconstruction the past
kinematics and tectonic history and
geomorphic investigation in area explain the
history of the successive local/regional
directions of stress and shortening and active

of

a large area. The method was applied to the tectonics through time. Based on thesults

study aredo identify geomorphic anomalies,
and to evaluate tectonic activity, we used

252

derived from the diagrams in the area, it is
suggested that there are 3 stress directions
NE-SW, NS and NWSE compressional
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stress directions in the tcline, which is andthrust belt (Iran). Tectonic&5, TC3002,

obvious in the study area. Fault slip analysis doi: 10.1029/2005TC001860
reveals two successive late ©enic
regional compressional trends, MEV and
N-S. The latter is in good agreement with the
preservday stress. The significance of the
NW-SE compression is discussed 103, 363376.
alternatively in terms of stress deviations or

block rotations in relation to the strilglp Burbank, D., Anderspn, R2000. Tectonic
fault system. The change stress pattern can G@omorphology, Wileyand Blackwell, 274

be seen in the northern part of the anticline PP-

Angelier, J. 1990Inversion of field data in fault
tectonics to obtain the regional stress:All
new rapiddirect inversion method yb
analytical means Journal of Geophysics

(Fig. 11) Bahrami, Sh 2013 Analyzing the drainage
3- In the end, based on the diagrams Systtm anomaly of Zagros basins:

obtained from morphotectonic studies and 'Mmplications active tectonics

structural analysis, the study area was !e€ctorophysics608 914 928

divided into two classes of relatitectonic Baker, C., Jackson, ,JPriestley, K. 1993.

activities (Flg 12). Class 1 is indicative of Earthquakes on the Kazerun Line in the

the most active tectonics, occurred mainly in - Zagros Mountains of Iran: strikeip faulting

the north part of the anticline. Class 2, within a foldandthrust belt. Geophysical

corresponding to lowly active tectonics Journal Internationafl15, 4161

rs mainl lon h rt of th _
zﬁ;znsne ainly along south part of eBuII, W. B., McFadden, L D. 1977 Tectonic

geomorphology north and south of the
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