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Structural Analysis of Corrosion in Elghar Region in North East of Birjand, The

eastern part of Iran
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Abstract

The studied area is located in the northern part of the eastern structural belt of Iran and in the northern part of
the Kasli zone, the dextral extension of the Porang-Nozad fault system, whose northern part enters the region
and has a reverse component. Changing the movement component from sliding extension to reverse in this
section It has created folds with NW-SE extension at the end of the fault. In 20 stations, the structural elements
of folds, joints, faults, foliation, intersecting shear planes with foliation and veins were measured in Cenozoic
units, which show a good harmony from the tectonic point of view. The azimuth along the axial surfaces of the
folds is in the range of 270 to 320 degrees. It is enough to draw the 7 axis for the folds, the direction of the stress
causing the folds has a north-east azimuth. Also, based on the style of folds, it is based on the classification of
Ramzi and Huber (1967) in the category of Class 1B folds.According to the output table from the rose diagram
of the seams, the extension of the seams has azimuths of 128, 270, 325, 50 and 238 degrees, and these seams
are related to the folds of the region. The joints with 50 degrees are transverse joints, the joints with 238 degrees
and 270 degrees are conjugate joints, and the joints with 128 and 325 degrees are longitudinal joints related to
folding. Further studies on the fault surfaces show the changes along the stress axis from azimuth 60° to 197°
in the Paleocene-Miocene time period, and these changes are also observed on the shear zones that displaced
the foliations. The extension of the veins is also parallel to the maximum stress (azimuth 45) and parallel to the
hinge of folds (azimuth 333). The trees also have a northwest-southeast extension, which are perpendicular to
the axis of the maximum stress in the region.Also, a rotation is seen in the strain ellipse during the Paleocene
to Miocene time period, which shows that the entire region has rotated counterclockwise at the same time as
the stress field rotates.

Keywords: Cenozoic, Eastern Iran, folding, fault.

*Email: Fatemeh.faramarzealghar@birjand.ac.ir
Tel: +989158652532



ﬁ I | Y/\o)M4r;§.AdL~¢\f'YthAJ‘Q:LL~&:A}MM

dilun Sl o) 9 (ol a0 )

SpasS S Ol sl Gl A S
ol g S o B A, L sle L 0y
S s Sl ol 5 K o 5 e
B b el b LS e e s
Ol ! (glo s Solalas 2SS > LT Kol
lrs s ol il BT auwl S s ol
23 s Glaas s JSE e S
1 8 b ol 5 Lacdpdl ) gl o 5 01!
ol s (Sl 4l ST 3 0l ioly sy laas
S5 g L3105 (oalad 53 g SLaas >
oSS (K8 50 3.kt gn oS ailate
odd ol (S S LS sl o aibie ol s g bl
slrpl L (il e Sl ol 53 5 Sl
Olg oo LT adam 51 aS cCnl odd 5 me ilides
(Stocklin et al,}aVY) &y 0 e 5 ik ailate 4y
Ol 553 (s gy WW0O) (6 55 AL Ol O
(1983) 0L s Obierw S 03 (Tirrul et al, 1983)
s b s OVFAY ( SLBT) O o1 G b lae S
3 5ad oy LB (VWAY ¢ SLBT) ol o) 6,8

LS “54.43°59°27 o mbge Ly aalllos 5,5 o 4 ilate
L5 “50.10°32°47¢ 3,5  Jsb  “23.30°59°40
G 6 e kS ¥ s Jlah 5 e “54.10°32°56
i i e Jlei o 9 3505 ) S e e
o3l G bl aalan 3 g0 aibate . ul 4 § 5
315 g s wdinl = Al o g Oldaly - L o Lol
(S

o3l bl agy S i 1 3550 (S0 S
5 Ol gy 25 A (5 et S slame 53 O
L nld an) loatid 5 st DLl 5 Ol 53
AN 550l B e gt e ViV e
e gy 315 Gl Ol gy o B e
(Sladn o 1 hS 70 B b L SO
e 3 S Sy 53 o Snn 4l e Ly 5 S
Lls 345 a8 5,5 6sls a5 S chasls
Wl o 2y 655158 Dl gy OT Slaes L L
g R B e

Ao

5653 61l s U8 comm) @olisle ,olie | dou
S gl 5 () B3 CHlE g ey
g g i iy o 53 M8 8
5 8 Do 0 G s 5s ool Oldllls 08U
Lo g WYA Jlw 53 0T oo el o ide ol j3 4 S
P EUITEV P U R g
Cmd s )l dsl gl VYO vl e 4l
1970) .3 9ad b pmo 1y 5528 3l adlate ol il o)
dlﬂ}—»«f i aS A5k ol (Freund et al,
S a3 T Ol Ol gy 53 Al
Jld an O Sl el laa i O g o
Olalles > (Bayasgalan et al, 1999) .ol osls &
P U [ W (U I Y- NP p g PR I
> By 5 g Pl = o g Jle o
A e~ S sl sl e O
Sl Shly 5 4 sls @35 a5y ome Jpm 5 Siel
3 Sl gl 8 3,5 Ll 534S 555 45
A Va1 S 1,8 Ol )35
33 0L s 5 g b Llarils Celw slaw ie (DS
oS g aabate ViV s g L (V449) Lo
Lo S ey olysi— & pwasld

St e Jals Ol ol Hslss ol A oS
e Sl y (b3 5y Al ka8
Lgy 3 Ol (655w ST s § e 3 Oligs LS
— bt s Kl i slael LI L8 g5l b o) (6
oLzl ol 53 Sl addgn an 4 0350 g
ey gedd s ol a8 el gl i
Olgs g0 4S 3 5b o0 D aigy 35l AL Oy
R R P I PE KPR
.>J_5€l_31)0_55g7,_w‘33l_{\’

A oS St s 53 adly aalllan 3,5 e 4 ilate
S 095 S w3 5 0l =l sl okl
w5 S 515556 ) A8 bl s Sty jadslzel
Shols 5 odd aabis 5,15 0T Jd i aS ol
slizel 1 S ad s ok AEL o o s Se 4 50
L bS58 o it ol 03 S 0 3
el 03,57 552 5 40 Ju8 5LL 45 1|, NW-SE sl

) S S 2555 G i 5 s (o 1S



iz 55l Jlad 3 aikate gls B3y 5 o 5l Lo | '3 &

O plml Sl 0 9 $uiod (95

SIS K8 s L s S ose
et Ll a0 MlS 4 gl L;LA‘_‘LM.?
Sl L bl LUl 5 bl mo
g T I P S W
A gL (s s 3 aibie S lwgw)
L ol slong o S8 e S
ol ole i o 5 wdn (2o g
Gl lw olie 5 335 lags ;S oIl L Sl sd
St mlin o SN LT (i 5 nikin i
AM}M\)\MMJJH%G)bQJ_A&
ki S S5 o e Lair 3050 3 350
J_:»angl_»%g_:éf‘}.auouér:fgl.m
Tl Jmled 5 Sk O 4l o see gl s
9 o Jdes g Lmesls ol 51 a ST Gl (6 5mes
slaosls Cbls Ll ol oslaul o7 C}_; ey
Slmio i ol o, Sojlul Jols L8
Jﬁ%)é}ﬂb#&)o\ﬁhgw
ol S glasS

M&h;é)?&e
o/g, ..,‘Q)QQMJ)H@‘SL&;)JPM
PR N TS PRSP PPy

J__iibjb\‘j}_sdv)_gm J_..ij—S )‘J—.:.A‘L.f&_.;ﬁ:
Lol 0 odss s NW-SE sl U 0T o 3 glaasLas

It & b b o i S gy )
(1YY cmntrs 9 (501 =) 4790

‘:K: i"kw‘” \

Ao —w ywd Slgaly g — Ll 3> Cbgn ¥ IS
Al 30 4dlrin

adllan O g0 dikin S T 3595 (> § (D Olaskin ) Jou>

E Limb1 | Limb2 | Fold Axis I"fl’;f‘el Pi(u) Plane | 5
g 5} 9} ke o [5) 5} ‘é E
=T IR = A~ N T I = A I~ = I~ I
s | Bl &P E|Ee|&g|P|&]|°|a]F=

\ ZA \YY Ve YA¥ Yy A A4 1\ AY ¥ A

Y YA \of Y\ A\ VY \f4 Y AY ZA Y.y va
\a Y Y& AD \VFe. Y\A Yo l4d Y4 [\ ) +FA YA

¥ o YVvv YA \FV Yyv VY \A vYy YA OV OA

o 4 YA 20 TAY A 141 AY YaA YA YA ¥

4 [\ +FY OA Y.v "AQ o M *AD ¥ A\ \oF
\ q. V0 o YY. YYY \td 141 Yv# fo «OF ¥

A Yo VO - - - - - - o «OF -




A > | YAo)L@ﬁ:‘rﬁAJLﬂ‘\F‘YQtMJ‘CMéLuO:A}MM

;’Jf&?wwﬁ"u‘ oL 4
4—wl>s .(Ramsay, 1964; Mancktelow, 1981) <.
Daisy (Salvini, ,l;3le; Ly Lagar T asic
L;uj;)}sx Co—>n CJ.E_.u S (:l_?u'\ (1999
Gla S, (.b_fw, ol hls aibae

il s a3 Y LY Dy 5T Sl il

Wl odeT aalsl j3 s as LT wlacs >
Jol s g3 L s, 5 o (ikin sLa S35
B L;J_:fa)'\ub'\ e 53 Lagduay s g sl
Stereonet 11(Allmendinger, | e s by s
Sose g (s e Ladly g a5 (2023
LBl gr e 25t T amiio 3 8 dulows

axdllan 350 dikue 5O Sy (Soluiel ol 5

a&_mi\d_i‘)zu_l‘a\ﬁ)}_nmjdjj_».ﬁcld_w
FOAY S A0 s Ol lyls 5 5 4
a3 FA ol sl 3 (Il sl Al e

63y 3 (Fleuty, 1964) LS“'\""ﬁ—“E BEER A_&LGA

‘ Al
Frequency Data, Smooth.Data, Best Fit Curve, Gaussians
Total Data: 94 max: 7 min: 0 mean: -77.630 sd: 7.166 mode: 144.000 /I\
\\“\\\lll llu/,,’//
RMS = 0.282568264311487 \\\\‘\ I’///
o L
GAUSSIAN PARAMETERS N Xz
# % |Nor.H.| MaxH. [Azimuth | sd N 1 <
~ \ “
1 |65.03 |100.00 | 3.549 141.8° 11.44° & .-
2 |81.36 |87.96 | 3.122 320.9° 16.28°| J ,’/
3 3591 (2588 | 09184 | 2395 | 2442 T 4
Z =
> &
25 K
/”/, \\\\\
/1y, «\
"y o\ -Data
"/l||| \\\x\\‘
l ——Smooth. Data
Gaussian Fit
(-
1 -
Frequency Data, Smooth.Data, Best Fit Curve, Gaussians
Total Data: 94 max: 7 min: 0 mean: -77.630 sd: 7.166 mode: 144.000
Normalised
RMS = 0.282568264311487 Data Nr. R
GAUSSIAN PARAMETERS 70 - | 100
# % |Nor.H. | Max H. | Azimuth sd
1 |65.03 |100.00 [ 3.549 141.8° 11.44° - -
2 |81.36 |87.96 | 3.122 320.9° 16.28°|
3 |3591 |25.88 | 0.9184 | 239.5° 24.42°

0
180° 360°
Data
Azimuth by Frequency ——— Smooth. Data
——— Gaussian Fit

13905 (<2 9 (Golial o1 S35y (I ¥ S

ez § gt S (TR
NW- slizzel s La siua Y ol ol 53 1) o]
:‘M‘)uﬂuy}dﬂdwwuu«_&bSE



5
NW- slizal U Lagana Y o ol 53V oS!
ot LNE-SW slissl 5 036 a0 &S5 5 s L SE
Sogn o (OJSKDIEL (o el S 4
Sols o 3 i ol sl 3 (o) e s s
gy Bl e YYE/FE 5 PY/YVE dis Slatiee
2 o A il e ol ol 3 (o
Fleuty,) (dupwil ;3 5 dbl o0 AF oKl

5,8 o )8 3L gl o5y 53 (1964
NW- slizal U Lagana Y o ool 53 A o

bt o8 s

Lg‘j—f T[)}_».ev.:_mj)cu\_&(:bu‘()l_&s‘.kﬂwblﬂ
Lo S 2555 o s A8 S a5
ommman (A ) Al o G i et s 5T 611
Slizpds el L 83, 5 &S ol
slas> o>, ,> (Ramsay, 1967 & Huber)
.AsL o Class3 4 Class 1A« Class 1B

dilio Sy 5

§ S s aibate gla o sluzel _Sll 5 (.\}_?LP;,
Loty s 3 5 Olloes Cgar .Sl 0deT
Nazari &) aiy o VIV vovr wld ) i
S5 S Sl o3 8 2l sl (Salamati, 1999
Win tensor (Delvaux et 5l ;30 p s Jawr 3 i 4ty
s 8 plsil (al., 1995 & 1997

T 9 (N ST 39
LNW slazel gl oKl ol sl Ju # oK
N Py SLALI S
b JoE ml CS e il s g e s
0 o ol 53 Ol b 5586 ib o5, S
e 5 ladey 53 oS! ool (VUSE) dsl

31318 e g e g e
o LN slisel (g1 ol ol gla JouS 18 oK
Sy 5 Gt s ol G e 2V
3, 8 b8 ol 655 1SS Al e am s
00 oSl ol 3 Ol S 4 SB Sl

iz 55l Jlad 3 aikate gls B3y 5 o 5l Lo | s &

S NS e Glag
szl Uy Laggana Y oKl ol s ¥ oK)
s WN-S slasl g O s o s b LWE-W
3 Sy g (F JSEAEL 0 G b S 4y
S 5y ol ol 55 (ol e e
gl il e YYPA S YN adin Slates
sl Al e a 53 VA ol ol 5 (T
e 53 5 Al o Sl ol il 53 (b
D3 5 slace o3y s (Fleuty, 1964) cd

N

E-W slel U Lagdua Y oKl ol 5o ¥ oK)
o Ly NW-SE el g Jlas G a0 L
G O S iy a3 LA S
23 ol s 5 (6 some el (FJSE)ASL 8
FEINFA kit Slaaibs Shyls 5 4 o) ]
YA oKl ol 53 (U 4 515 Bl e FIA/YD
o3, 3 (Fleuty, 1964) SR 53 5 Al g0 4
oS ol e sl

NE-SW szl U LagduaY oKl ol 3 2 oK)
i i U NW-SE slisel 5 Jlms G a i U
o (FUS DAL o by 5 6 bl oae
5 ol ol 53 Al s e 5 Sy 5
a3 Bl e FYVIY VF/FYY kin Slatbes (1l
(S 53 5 Al 0 4 )3 OA oSl o 53 b
38 o )5 ds L 035 3 (Fleuty, 1964)

E-W slel U Lagdua Y oKl ol 55 10 oK)
o L NW-SE sliiel 5 oy o ay s
S 5=>ee gl (O JS i) wsl o G i dled S 4
S o 5 ol ) 55 (Al o s yoe s
O A9l Bl eV VA/PY S AF/YAA ks Satbee
(Sigpl )3 5 il oo a3 AF ol sl 3 b
5,8 o )5 5 Gl 05, ya(Fleuty, 1964)
NW- slizel U Laguna Y o ol 3 o)
L NE-SW slosal 5 5,5 Jls Cow 4 o L SE
o O UK bl (0 B i e o
i ol ol 3 (ol sy 5 (S5 5oe
Bl ot AS/FD s AAD  wkia Slaties (gl
535 Al gn a5 Vo F o) ol 55 (b o s
=3 5 la o 03, 4o (Fleuty, 1964) S



é v | vmju“.mdm\fw Ol j (sl paa § alihoad

S s o Dglad 9 £15139085” (01 59 sl 39 oy ) oKl (T3595 oz (£ U
S s ob Dol 9 157039057 (01 579 il 398 ol yob & ¥ ol ! (T390 (9
s e 4o a3 0 Lo gt L B LWNW sl aals (sladsly s oS! ool LV S8 AL
D CHUL P P SRS PR SR SR P ) 3313 5 g = e S
0 oKl ol 53 Ol S8 558 sb s LNE slazel ghyls o] ool p3 e Ju8 1) s o]
s 5 gty 53 ol ol (Y S 8) sl G355 5 b O Coew 4 A 3 A g b

305 55 e g B e 4 b sl S il o3 Kol &S o Loas s+ 50,



woi 53l e 53l ailae gl (S35 e o)l Lo il | A &

!. View: NW ’ ™

.

LeGenD

Besans

A oA s e
PiPane @ 550

g?' V’))/ - "
10% "
ﬁﬁz 000 7 0°

Max: 254
at: 58.3°,10.4°

3
2700 - E

ket <«
s Sl

210 TP gsge
1800\

S s o gl 9 1503905 (1,9 il 39 ol yoi 4 T ol ! (T3 )95 ey (A0 o
SAY Cud o bolas 9 A15T13)5uS” (K 5 g1 gl 9 ol yoid 41 £ Ol (F3395 (nxr (<



q YA bju crziA Jl VFeY ul:...n) “:"'L‘ut‘f asll2d

; G-i“
LEGEND'
7 ok

Data Number: 11
* Buding

B, veimanm e, 02
2 meae ey, anr

6
Data Number: 11
CONTOURING.

Max: 27.3
at: 244.1,36.4°

210°

(=

Y .

LEGEND
o
B semamm vy
7 meme ey anr

Data Number: 11

8

Data Number: 14 330°

CONTOURING
0%

Max:

:21.0
at: 220.0°21.9°

270°

&

SdY Cad b bolas 9 o1 518 598 (Bl gy sl y30.a5 of ot 43 0 ol | (3595 o (A1 S
G Cad b bolas 9 o1 518 598 (Bl gy sl g of yodd 4T ol | (3595 o (&



woi 53l e 53l ailae gl (S35 e o)l Lo il |\ . &

16 .
Data Number: 6 . ; Lm.mu-’ ‘
<, Heddeg

B v, s
PP 637, 44

Data Number: 2

CONTOURING
[ 0%

270° -+ Efso'
2
£

1800 S~
17 (]
.

Data Number: 3 LEGEND

" iy

B et rra 0 5

o rsmsr

300°

Sy Cud o bl 9 I 510 gis (Kl T g9 gl y10uai 0 yoid 41 Y ol |  FT3585 > (ALY ICH
SR Y L3159 fol g9 of o 4 A ol (T893 (@



& WL YA el s S VY Dl st sl

axdllan 30 4ikae 3O B p> (SAN0d) § (whid Lo gl Y Jou

b pr b sk

[

Plunging inclined

S o s e

Plunging inclined

S o b e

B 08y Lo g O ey G 08 @3 G 03 Lo g T R JCEES) &
o o
o3t & 8L o ES
b s =0 ylie o Awilia & &l gzl =03y el o Awilia
NE e Ja_l.d 5, e J;_LJ
Open S by Close (Fleuty,1964) 5,5 a5
uﬂLﬂ‘ﬁﬁ‘_;u\;{ab) . vﬁb}k’wb‘ﬂ&?d'\%°é) \
Class 1A-Class 3 i or b Class 3 (Ramsay and _.&
Huber,1967)
S5 xS e
Moderately S LS Plunging upright
plunging GE s ging uprig (Fleuty,1964; Ramsay,
V4%vV)
ol o S oot o S
sl &l gl =0yl N o sl 4l gl =0 Hlamels e Awda
FSIRY o kWS S o kWS
Open EEYEERER Open EEYEERER Y
wl*“‘j;):’;ﬁﬁ'x‘.”) L_ﬂa&wblﬁﬁéu\;‘u)
Class 1B ) } Class 1B i
b pr b sk b e
Moderately S Lo L e .. .
. D5 O 2 S Plunging inclined S o b e
plunging
o5t o g o 8U o g
&)F—O;L&AU ﬁwM L&)F—QJL&.& ﬁu-\.‘.&
NNE o ks NNE o ke
Open S by Close S 25w
el e Gy 03, ﬁb}h}wblﬁﬁd.\.‘gu:)
Class 1A Class 1A

8L

Nl
sl 4l gl =0 Hlamels O dwla
NE o bl
Close S by
‘..ab}]aﬁ-wblj&gd.u{u)
Class 1B .
Plunging upright S xS e




iz 55l Jlad 3 aikate gls B3y 5 o 5l Lo |\Y &

axdllan 350 dikin GBS S g (wiid Dlasin N Jous

'E _ Fault Plane E P B T R z
A g | g E

g % & < | =l <] =< = &
1 o | L1 65 | 35 | 458 |IS| 9 | 65 | 40 | 328 | 49 | 166 | 0.5 | TS
2 |, g § % 60 | 30 | 455 |IS| 5 | 60 | 37 [326| 52 | 156 | 0.5 | TS
3 S E| 70 | 35 | 505 |IS| 15 | 63 | 37 | 321 |49 | 172 | 0.5 | TS
4 & 70 | 40 | 55S |IS| 17 | 65 | 33 [ 324 | 52 | 179 | 0.5 | TS
5 3551 40 | O | D | 33 [208| 40 | 85 | 33 | 322 | 043 | XF
6 140 | 70 | 0o |[D| 14 | 3 | 70 | 230 | 14| 97 |043]| SS
7 § 145170 | 0 | D | 14 | 8 | 70 | 235 | 14 | 102 | 043 | SS
8 § 9| 35550 | 0 |D| 27 |212]50 | 8 | 27318 043] TS
9 | 9| & | 2350|550 | 0 |DJ|27[207]50 | 8 |27]|313|043] TS
10 g Sl 320 [ 50 | 0 | D27 |197] 50 | 70 | 27 | 303 | 043 | TS
11 -%” 3451 45 | 0 | D | 30 | 200 45 | 75 | 30 | 310 | 043 | TS
12 150 75 | 0 |D| 11 | 14 | 75 | 240 | 11 | 106 | 043 | SS
13 140 | 80 | 0 |D| 7 | 5 |8 |[230| 7 | 95 |[043]| SS
14 . 95 | 65 | 30N |IS| 1 |223 | 52 | 131 |38 | 314 | 05 | TS
15 § o1 9 |60 | 30N |IS| 2 | 38 | 48 | 131 | 41 | 306 | 0.5 | TS
16| . L;:) % 100 | 68 | 30N |IS| 4 | 228 | 53 | 133 |37 | 321 | 0.5 | TS
17 8 | B35 | 85 D| 4 |260| 85 | 114 | 3 | 350 | 0.5 | SS
18 2 40 | 75 D| 11 | 264 | 75 | 126 | 10 | 356 | 0.5 | SS
19 = 35 | 78 D| 9 [259| 78 | 120 | 8 | 351 | 0.5 | SS

Al ) s B G sl (Sl o5l 5 s 1Y b oS o s

O JS2) s s

s Sl 5l s ) s A Ol i
H\Jsb\j@dap@ov\_p?Uﬁ\Jasé
3555505 Pl g 5, OS  Jolie ey
Sl sl S S il 3 s S L
G5 SladS gl 6,0 o iy &S s Ol 1) 5 -5
CS o gyls 0T (g — i gla 84S 0
Al odd sloul (didl oo s Kl add o L sl
oT 4 (Walker and Khatib, 2006) &l allas 43 45
VY JS) il 0 oL

Sl w0 o S s el sl el
o> 4z 53 VAV s a3 Y O 3T 51 A S
PR P PRt P StE A PSR g PR
ol 5 e Soy 5 o 595 A5 Sl Sl i
.(/\J&i) 34h o

S

b8 s Laas gl sle oKl Yr s
anles 4S5 Lus (6,031l Koy 5w sladsl
a0 sl b o s i
e (s, 5 6 5me sl slal gy ST
Jsdes wlwl dsl o 4,3 N320 L5 N270 oL
bl sl el 8 (.b_?ti;;, F{pEpaepyes
a>,3N141 5 N350N55cN107 slacs sasjT syl
5 T S35 Slallle aalsl s sl o
Ao a3 By Dgan 3T 1 AT g sldmel Ol ks



’& Wl YA el s JL VY Dl st sl

1

Frequency Data, Smooth.Data, Best Fit Curve, Gaussians
Total Data: 16 max: 2 min: 0 mean: 60.899 sd: 6.751 mode: 36.000

AD

]

\\“‘\nn l:uI“”/
RMS = 3.26891222833726E-02 W “eyy
g 3 1"”//
GAUSSIAN PARAMETERS ) 3
5 /
# % |Nor.H.| Max H. [Azimuth sd > %
oo <
1 |51.53 |100.00 | 0.5616 | 148.9° | 9.75° 5 i
2 (5645 |69.62 | 0.3910 | 32.19° | 15.35° 7 ",,
3 |2579 |e6.66 | 03744 | 2340° | 7.32° 3 14
4 |2508 |67.36 | 0.3783 | 98.04° | 7.05° _f ’ |
4519 |46.48 | 0.2611 | 3285° | 18.4° F— =
3 I
E £
2 £
3 LS
’ / K
’// \\\
7L <\
f’/ \\
'y, <\
[Ty v —Data
I””l‘”‘\ ———Smooth. Data
Gaussian Fit
1
(-
Frequency Data, Smooth.Data, Best Fit Curve, Gaussians &
Total Data: 16 max: 2 min: 0 mean: 60.899 sd: 6.751 mode: 36.000
Normalised
RMS = 3.26891222833726E-02 Data Nr. akias
GAUSSIAN PARAMETERS 20 - . ; ; = 100
# % |Nor.H. | Max H. | Azimuth sd
1 |51.53 |100.00 | 0.5616 | 148.9° | 9.75° = E
2 (5645 (69.62 | 0.3910 | 32.19° | 15.35°
3 |25.79 |66.66 | 0.3744 | 234.0° | 7.32° - -
4 |25.08 |67.36 | 0.3783 | 98.04° | 7.05° 0
5 (4519 |46.48 | 02611 | 328.5° | 18.4° — (| L
0.0: = 5 2 1 2 o
0° 180° 360°
Data
Azimuth by Frequency Smooth. Data
——— Gaussian Fit

axllan 390 dikain 30 B _fuS™ (galukel 19l 518905 (& 9 (SlN! pI LS5, (A S



ko s 5l a5 ailate sla (Sa)5 por 55lt e o | \¥ 1&

PBT axes Schmidt Lower  »
N Weight Mode 2 bﬂ-‘ |
n/nt: 3/2

©ol: 12/063
D\02: 36/324

[0] o3: s2/169
R: 0.5 AD: 4.5
QRw: E QRE: E
PBT deviation
60

0
0 Sum of Weights 8

Schmidt Lower
Weight Mode 2 .

PBT axes

©ol: 11/197
\02: 73/088
[0] o3: 137289

R: 0.43 AD: 26.2
QRw: D QRt: E
PBT deviation

60

0 Sum of Weights 12 NF UF

PBT axes N Schmidt Lower

© ol: 0s/240
f\02: 65/129
[0] o3: 237334
R: 0.5 AD: 19.3

0
0 Sum of Weights

A ol (2 1 ol | (A 33 Lol SN cagr ES1 T2 gl 3.9 0f job ) B ™ polas A Jb
Vo ol (z




\O YA oyl (an JLe AFY Sl j (oo lu e § anliliad

59°30'0"E 59°3I5'0"E

59°40'0"E
: 9

32°55'0"N
1

32°50'0"N

59°30'0"E 59"3'5'0"]2
0051 2 3 4 Coordinate System
Scale ;s m—w— Kilometers UTM WGS 1984 Zone 40N

Legend

" E Qal Recent fluvial gravel and sand
SIE - ‘ Station
i 'Loé Q'Z Low level,unconsolidated texturally variable recent clastic deposits
ol 8§ 2
2|2 Q1 High level unconsolidated, texturally variable recent clastic deposits Road
S| £
= c
2 g PIQ joosely dnok {&Focallymaniysant and-cong tiver
- c
o é Pl Grgy to light g}'ny.upd d- ¢ ic.well-bed- ded
o - ¢and coarse grain sandstone in upper parts — N § Lol 5
N Ng Conglomerate ————— Right lateral Strike slip Fault (Major fault)
sl |, .
2 . . .
5] 3 b Black to dark brown andesitic-basalt & pyroxenc andesite with glassy volcanic . oy "
&) é in Jower parts of cach priod and pyramidal structre — Left lateral Strike slip Fault (Minor fault)
3 Light gray to white dacite and dacitic tuff with slightly cantact metamorphism|
g in marginal parts —A—A_  Reverse Fault
z
2 Undivided inter mediate to acid brecciated,sheard and altered volcanic rocks
=
%‘7 o White to pink lithic biotite dacitic tuff .
= Anticline
A Ttm Alternation of.yellow to light brownish.sheard,altered,sandy.marly tuff, b; i
_§ in partly with volcanogenic conglomerate and white dacitic tuff in upper parts Syicline
= PeE “Alternation of.olive green to gray.volcanogenic shale and light brown to red ¥
2 sandstone (turbidite facies)
z PeE Olive green to gray volcanogenic shale
m . N o " . Orientation of = Plane
PeB  Alternation of.turbidite faciese (sandstone & phyllitic shale)with meta
volcanic or volcanoclastic rocks
—><€— Orientation of Stress tensor on Fault

Wlwalblo (HLilagl) Wi w9 (1334 ( oDl § (5 ,05) Al guo V2Y v oo v v Al 31 0kl o 731 (ol gun ) 40B5 )+ IS
B s 795k Jukond g 573595 o> Tldxio _wlal 9 dxfllan 3590 ddkain 0 i Dlg> 9 (VAYA



2050 m

woi 53l e 53l ailae gl (S35 e o)l Lo il |\9 &

2000 m
1950 m

1900 m

1850 m

A

2400 m
2300 m
2200 m
2100 m

1

I.Oi(m 2.017<m 3.01l(m 4.0i(m 5.0i(m 6.0i(m 7.0i(m

B’

1.0km 20km 30km 40km 50km 6.0km 7.59km

BB’ AA” Slutiof 95 53 1+ JiCb 31 wlid (o) o ) ) &

East-west Left-lateral faults
Clockwise rotation

\‘~
/) Dasht-e Bayaz region
\‘~
5

Birjand region
vy, YVey East-west thrusts

No rotation

’»% Nauzad and Giv thrusts
_’VQ»V% Anticlockwise rotation

Sistan Suture Zone
1 North-south right-lateral faults
1 L No rotation

1\ |

G T 33( 228 — B 3 G 8 Kieludl & (i Jod G ) 3 il 31 G5y ddlgn Ol g VY

(Walker and Katib, 2006) .o ! & 4o

Iy U e 3 L S 5 4o
u—*‘xﬁ_w,}izj‘u—’u)°)\—’4—"bj—’f4—")> Vv g}:'.)bj'i} w‘ﬁcé‘b\:ukf&hj%rl.w‘ﬂw
u\_.&l.au.c Al J..él? ) @t’u La osls

sl Sl 3L (b oy il Gl 53 i @ du,wuwjd\ﬁouuﬁ(wlj!ﬁo
Olojan das 00L& 4S 358 00l wsn U ‘_;uc,ﬁﬂl_w;_;:g._?};@o_i\,nﬁy



& \V | Y/\o)u‘r:ﬂdbd\c"r Ql:....e)“;:-\.wu,:n)muw

dslaal (sla fn8 bl awdin APV cpp s

Sy 0l sl 5ol sl Jef a3 K

dg—i S8 il S e ojj_? S =S5

—olid ey 4 AYYA Ol ol cs e oS
P o VYO

S RV [ P PR W | TR e
i) .00 |l a0k S]]

Allmendinger Richard W. (2023). Availableonline:
https://www.rickallmendinger.net/.Dept.  of
Earth & Atmospheric Sciences 3128 Snee
Hall Cornell University Ithaca, NY 14853-
1504 USA.

Bayasgalan, A., Jackson, J., Ritz, J.F. and Carretier,
S., 1999. Field examples of strike-slip fault
terminations in Mongolia and their tectonic

significance. Tectonics, 18(3), pp.394-411.

Bayasgalan, A.,J. Jackson, J.-F. Ritz, and S. Carretier
(1999b), ‘Forebergs’, flower structures, and
the development of large intracontinental
strike-slip faults: The Gurvan Bogd fault
system in Mongolia, J. Struct. Geol., 21,
1285 — 1302.

Berberian, M. & King, G. C. P, 1981, “Towards
paleogeography and tectonic evolution of
Iran. Can. Jur. Earth Sci, V. 18, No.2, P210-
265.

Delvaux, D., Moeys, R., Stapel, G., Melnikov,
A., & Ermikov, V. (1995). Palacostress
reconstructions and  geodynamics  of
the Baikal region, Central Asia, Part
I. Palacozoic and Mesozoic pre-rift

evolutioillectonophysic852(1-4), 61-101.

Fleuty, M.J., 1964. The description of
folds. Proceedings of the Geologists’
Association, 75(4), pp.461-492.

el 03 gad s >}§:;‘_->Lf
a3 Sl 5l (s S g A8 Ol 5 @
Jav\_si}iuﬂdsj_.iu.aov\_isgbo_i\);b_iﬁ
3OS b dled a5, &S - olie el )
el 5 L LBl e sl s s 8 Ly sy
Gl 4SOl B8 (g5l gla Ju8 oS -
sl il oo 3 Kiuly add 3o U jadslizel oS >
A5 e 2 Sl Sla S s Sl @
CS o L et 5 Sogline S > add e g1l
m AT Bl sl bl 4 oS ail Aol Ju S
.3}_&@>L?g\j)LiéLfrl}_?)_ﬂslv\:A\&_;§v_ij)
2=y S (gois iy JSE S5 a5 @
Q_?ﬁawébljjauwuxjhg}_f

Aol }.ﬁ_w S ol s

&b

5 pmlee Sol5s Ol mle (nlid a5 O FAY ‘.C.erl,;lsT
e DBLLSTT ol e Ole sl Ol
Ao §0F (458

G e S5 el el & CU&:J‘ .S¢ u:lf):.&\
D 3iS el Ole Sl Ol o) B =i (655 50
At YOV

WL..LU:A) 4t NAVA U’:' ¢Q\:_.~)U¢\b O Olilagl
9 6_..»:\..2 u_:n) Q\.ﬁ)l_m J._~>j:.: \REEEEK
i8S e Dbl
ez abobl sl o)l sale 1 slas oSS 4
o‘.i_fv.;\) Wﬂ:uw) ajj_? L5 G_A.«:L.&)L{

g

e AYAV L ool (ge| s comdes LB il
A p g 9 dls S 0 ey e
NUSSSUAY SO N PR EW. P SN B . 4
Ayl i) asbobl gIS i esliul L
) ajjj C}_LQ oS iils - a\i_ﬁdb

TS



iz 55l Jlad 3 aikate gls B3y 5 o 5l Lo |\A &

Freund, R., 1970, Rotation of strike slip faults in
sistan, southeast Iran: Journal of structural
geology. V. 78, P. 188- 200.

Mancktelow, N. S. (1981). A least-squares method
for determining the best-fit point maximum,
great circle, and small circle to nondirectional
orientation data. Journal of the International
Association for Mathematical Geology, 13,

507-521.

Nazari, H., Salamat, 1999, Geological map
1:100000 Sarbisheh, Geological and Mineral
Exploration Organization of the country.

Ramsay, J. G. (1964). The uses and limitations
of beta-diagrams and pi-diagrams in the
geometrical analysis of folds. Quarterly
Journal of the Geological Society, 120(1-4),
435-452.

Ramsay J.G., Huber M.I. 1987 .The Tecniques of
modern structural geology.Academic Press

Limited, Vol. 2 (fold and fracture), 391p.

Salvini, F.,, Billi, A., & Wise, D. U. (1999). Strike-
slip fault-propagation cleavage in carbonate
rocks: the Mattinata Fault Zone, Southern
Apennines, Italy. Journal of Structural

Geology, 21(12), 1731-1749.

Stocklin, J., 1968. Structural history and tectonics
of Iran: a review. AAPG bulletin, 52(7),
pp.1229-1258.

Tirrul, R., Bell, L.R., Griffis, R.J., and Camp, V.E.,
1983, The Sistan suture zone of eastern Iran,
Geological Society America Bulletin, V.94,
p. 134-150.

Walker, R.T. and Khatib, M.M., 2006. Active
faulting in the Birjand region of NE
Iran. Tectonics, 25(4).



L ea0 ) dobild

YA 0 slomis i Jluw 16+ ¥ Csbimuo

Jeas) @ 10.22077/jt.2025.8824.1198

93 U
dnllan § mihro g BLGISN 33 (Smdm § (LS D (S S Mo S gt 5157
Ol =1 & = ol 45 (88390
Okt o5 domo M98 (2] L eom alas (Sigedes L e (sols
Ol 2 53 3 Bl e it 8 b 601l ki ok o801 o oSl ol 3, w5555 5 7557
O gl ko o o831l oS3 ¢ gl o5 S 553 sl

Ol e oy ok o805 cp sho oS3 ¢ ol e, 08K 285 sl

Ol ek 3 8 55,31 el &85 ¢ gitme 5S35 06505 5 A5l ol IS —F

VEXIN Y/ sl 58 Fusb NS>
VE£[UNY i gy Gl Cad

ol w3l o s Ol 5 Ol 53 OLl (6 250k i (6 2 shSTFY 5 i (6 5 Jlad (6 205k IY0 s 5o 3 aslllae 5 ) s 03 5
lwdie 53 i esliz il (gumiaw (Ludle 5 IS 3 5ludde o S Glaldd oo an 5 (Sitae e SLAST 5 bt 4y O
A laam oles gy slealital Loyl olie bl 5ldia s Lbonls 5,3 Il V8 4 s oSG 5o aalllas 35 50 03 gumes ¢ IS 3
Sy ol 63,5 18 addbte (¢ ol Caad 5o VYWY liie U IS 3 0l o 2 a8 ol OT 51 (ST (g5lad e ol il s JBS7 5
Ju_ﬁéb\)):eg:_wl))jou}):&_ﬂwa)lw)ﬁle_,ab-@bA_z4_?}3l_g.:)l:d\_apl):‘53}_5.;6\_4»:}:)'1;)\_&52/@::-\
b Ko Ss Jool Sl slalds oo 5 Al plall jra¥or Gas U (Sdas SLay 5 b 8 (s SLadih s ok o s — (5555
Jsdoes Los 50 éL»LA.ér_?.:-ASJ\_A:@ oL g5lwdas O_il@\:}..k_»-\‘c_._.u:q)l:ulf sladse Lods 5 50 slalad oo
Wl ods 53018 glad shome L L glalias IS 51t ys +/0) K05 Ol i el conSe 2 VAFADY L ol me¥or Gae U laaSlS
Gy 5l e 3ad U il (sl 3 o(onSe e ln o S TIYD) Olin S o sminn 055 55,8 i )3 Lo i ol 4o
S Gl Olptea Al oo ey o 1 als (s Gollss (o OV IV s50s) 805 SLasST la b, 5l oded om0 53 L ST 0T o

25 osliwl (e sl pe  Hazl 6 3 end 5 LS| (o a4 5a

Ol sl cole A€ Gl slalias (gdman (s iledus ( JES 5 (g 5lud s (B0 319 Juls”

alinia.hadi.62@gmail.com : Js "
CANONEEANY 1 el oals



e obre 3l g0 LS| 55 (b 5 IS 3 (gLl s )18 |Y, &

Research Paper

Application of fractal and 3D modeling in mineral exploration; a case study of Galle
Chah, East of Iran

Hadi Alinia™', Mohammad Mahdi Khatib?>, Mohammad Hossein Zarrinkoub’, Majid Kouhestanian*

1- PhD., Department of Geology, Faculty of Science, University of Birjand, Birjand, Iran; Head of Mining Department,
Atlas Afrooz Shargh Company, Mashhad, Iran
2- Professor of Tectonics, Department of Geology, Faculty of Science, University of Birjand, Birjand, Iran
3- Professor of Tectonics, Department of Geology, Faculty of Science, University of Birjand, Birjand, Iran

4- MSc in Petrology, Senior Expert in Mineral Exploration, Atlas Afrooz Shargh Company, Mashhad, Iran

Abstract

The study area is located about 135 km northwest of Birjand and 47 km southwest of Sarayan, in South Khorasan
Province. In order to explore mineral deposits and to determine the volume of open spaces and the volume
of open spaces filled with mineralizing solutions, fractal modeling and 3D modeling were used. In fractal
modeling, the study area was placed in a 16-cell grid and after mapping the structural elements, the fractal
dimension was determined using the box counting method. This modeling indicates that the highest fractal
dimension with a value of 1.7313 is located in the western part and then with a value of 1.686 in the southern
part of the region; this situation. probably indicates the presence of intrusive bodies at depth. According to the
results of the first stage of stress investigation in the Jurassic period in the northeast-southwest direction, 3D
modeling of the faults and mineral veins was carried out up to a depth of 300 meters, and the volume of open
spaces resulting from fractures and the volume of open spaces filled with mineralizing solutions were obtained.
The results of this modeling show that the volume of open spaces filled with mineralizing solutions up to a
depth of 300 meters is 194,951 cubic meters; in other words, 0.11 percent of the total open spaces are filled
with mineralizing solutions. Considering the specific gravity of the host rocks and the volume of open spaces
filled with mineralizing solutions, a reserve of about 600 thousand tons is obtained, which is in good agreement
with the reserve determined from other exploration methods (about 513,770 tons). Therefore, this method can
be used as a low-cost tool for exploring and determining potential mineral reserves.

Key words: fractal modeling, 3D modeling, open spaces, Galle Chah, eastern Iran.
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Research Paper

Seismotectonic of the Lakarkuh- Ravar region in Central Iran

Ahmad Rashidi", Zahra Ghaderpour?

1- Associate Professor of Tectonicss Department of Geology, Shahid Bahonar University of Kerman, Iran

2- M.Sc. Student, Department of Geology, Faculty of Sciences, Shahid Bahonar University of Kerman, Kerman, Iran

Abstract

The study area is located within the Central Iran structural zone, in the northern part of Kerman Province.
The active faults of the region, including the Lakarkuh, Ravar, Bahabad, Kuhbanan, and Nayband faults,
have been responsible for several significant earthquakes. In this research, the kinematic characteristics of
the faults, including horizontal displacement, vertical uplift, their mutual interactions, and the seismically
hazardous zones were analyzed. Seismic hazard and fracture intensity maps were also prepared. The results
indicate that the maximum horizontal ground acceleration in the region ranges between 0.53 g and 0.56 g. The
expected earthquake magnitude for the main faults (Kuhbanan, Bahabad, Nayband, and Ravar) is estimated to
be between Ms 6.7 and Ms 7.8. The estimated seismic velocity and displacement values range from 535 cm/s to
1645 cm/s, and from 7 cm to 27 cm, respectively. Based on the fracture intensity map, the northern termination
of the Bahabad Fault, the central segments of the eastern Nayband and Ravar faults, and the southern parts
of the Bahabad and Ravar faults exhibit the highest fracture intensities. According to the spatial correlation
between peak ground acceleration and fracture intensity, these segments are proposed as the seismically high-
risk zones of the study area.

Keywords: Seismogenic source, Active tectonics, Seismotectonic, Lakarkuh - Ravar, Central Iran.
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Length Ms Ms Ms Ms
Name (km, approx.) | (S,1978) | (A&M, 1982) | (W&C,1994) | (M&N, 1982) | M$ (P1967) | Ms (average)
Behabad Fault ~120-140 7.7 7.9 7.8 7.4 8.1 7.8
Dehuj Fault ~80-100 6.6 6.5 6.6 6.4 7.1 6.6
East Lakarkuh
Fault ~60-80 6.9 6.8 6.9 6.6 7.4 6.9
East Nayband
Fault A 73 7.4 73 7.0 7.8 7.4
Godare Lakarkuh
- e 7.1 7.2 7.2 6.9 7.6 7.2
Kachal Fault ~50-70 6.5 6.3 6.5 6.3 7.0 6.5
Khamrud Fault ~YEeNT 6.9 6.9 6.9 6.7 7.4 6.9
Kuhbanan Fault _Yo._YA. 77 79 7.8 7.4 8.1 7.8
JLINNIRE N
Lakar Kuh Fault 7.4 7.6 7.5 7.2 7.9 7.5
~4V )
Markesh Fault 6.7 6.6 6.7 6.5 7.2 6.7
¥O £
Nayband Fault 7.7 7.9 7.8 7.4 8.1 7.7
Ravar Fault ~150-170 7.5 7.7 7.6 7.2 8.0 7.6
~YYY.
Rud-e-Shur Fault 6.8 6.8 6.8 6.6 7.3 6.9
Takdar Fault ~70-90 7.1 7.1 7.2 6.9 7.6 7.2
West Nayband
Faolt v e 6.8 6.7 6.8 6.6 7.3 6.8

9 il yorlgn N&M 4dllao 3390 & i JLad S ™ (51 (I,) gl 38 (opmud D 3397y ¥ J9isr
CVAAY) U abo 9 sy T M&A (14YA) (539595

el ol (10) 03 o3 g3~ Jomo 53 03 Jhiwo ) SO
Fault B LS
(l\jl}s;r 10 ‘(ﬁ\%)M ’ 10 ‘(i\gf;N, 10 (Average)
Behabad Fault 7.8 10.23 10.46 10.35
Dehuj Fault 6.6 8.67 8.42 8.55
East Lakarkuh Fault 6.9 9.06 8.93 9.00
East Nayband Fault 7.4 9.71 9.78 9.75
Godare Lakarkuh Fault 7.2 9.45 9.44 9.45
Kachal Fault 6.5 8.54 8.25 8.40
Khamrud Fault 6.9 9.06 8.93 9.00
Kuhbanan Fault 7.8 10.23 10.46 10.35
Lakar Kuh Fault 7.5 9.84 9.95 9.90
Markesh Fault 6.7 8.80 8.59 8.70
Nayband Fault 7.7 10.10 10.29 10.20
Ravar Fault 7.6 9.97 10.12 10.05
Rud-e-Shur Fault 6.9 9.06 8.93 9.00
Takdar Fault 7.2 9.45 9.44 9.45
West Nayband Fault 6.8 8.93 8.76 8.85




LogVy, = -2y + -.vol.
LogV, = —\.y + «.YAL
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LogDy = —\aY + -.Yf1. s £ ety
il Jbd S S Sl o6 9 (Bl sl alr 9 e g p3lie 59T 5 ¥ Jguer
(Cm/S) 81 § W oas gy T | @3B g B bl 55 l0>(C/S)
Fault 10 (Average)
Vv (Cm/S) Vh (Cm/S) Dh (Cm/S) Dv (Cm/S)
Behabad Fault 10.35 1645.32 62.60 27.26 22.53
Dehuj Fault 8.55 583.78 19.62 12.40 8.33
East Lakarkuh Fault 9.00 756.40 26.22 15.10 10.69
East Nayband Fault 9.75 1164.80 42.52 20.97 16.17
Godare Lakarkuh Fault 9.45 980.05 35.04 18.39 13.70
Kachal Fault 8.40 535.49 17.81 11.62 7.67
Khamrud Fault 9.00 756.40 26.22 15.10 10.69
Kuhbanan Fault 10.35 1645.32 62.60 27.26 22.53
Lakar Kuh Fault 9.90 1269.84 46.84 22.39 17.57
Markesh Fault 8.70 636.43 21.61 13.24 9.05
Nayband Fault 10.20 1509.21 56.83 25.53 20.74
Ravar Fault 10.05 1384.36 51.59 2391 19.09
Rud-e-Shur Fault 9.00 756.40 26.22 15.10 10.69
Takdar Fault 9.45 980.05 35.04 18.39 13.70
West Nayband Fault 8.85 693.83 23.80 14.14 9.84

Logay = -.¥I. — -.-\f

(Trifunac and Brady, 1975)

Logay = +.YI. — + A

(Trifunac and Brady, 1975)

Logay = -.yol. — -.Y0

(McGuire, 1978)
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:T&B (Trifunac and Brady, 1975) :Mc dao o 0957 50 36 9 (I & OUd bl 2597 p 18 Jgu>
(McGuire, 1978)

bl (Cm.S2) Obs 3 4dl3e bl g (Cm.S2) Ll 56 450

Fault 10 (Average) X X

(B&T) 228 g0 (B&T) 225 J3a
Behabad Fault 10.35 1233.104833 841.3951416
Dehuj Fault 8.55 355.6313186 242.6610095
East Lakarkuh Fault 9 485.2885002 331.1311215
East Nayband Fault 9.75 814.704284 555.9042573
Godare Lakarkuh Fault 9.45 662.2165037 451.8559444
Kachal Fault 8.4 320.6269325 218.7761624
Khamrud Fault 9 485.2885002 331.1311215
Kuhbanan Fault 10.35 1233.104833 841.3951416
Lakar Kuh Fault 9.9 903.6494737 616.5950019
Markesh Fault 8.7 394.4573021 269.1534804
Nayband Fault 10.2 1111.731727 758.577575
Ravar Fault 10.05 1002.305238 683.9116473
Rud-e-Shur Fault 9 485.2885002 331.1311215
Takdar Fault 9.45 662.2165037 451.8559444
West Nayband Fault 8.85 437.5221052 298.5382619
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Abstract

The aim of this research is to investigate active tectonics in the western part of Kermanshah Province using
geomorphic indexes. This region is located along major faults of the High Zagros and the Mountain Front Fault,
where the occurrence of numerous moderates to large earthquakes, including the Mw 7.3 Ezgeleh earthquake
in 2017, highlights the importance of assessing neotectonic activity.

For this purpose, a digital elevation model (DEM) was analyzed, and the study area was divided into 220
drainage basins, of which 197 were entirely located in the western sector of the province. Geomorphic indices
including hypsometric integral (HI), drainage basin asymmetry (AF), valley floor width-to-height ratio (Vf),
mountain front sinuosity (Smf), and basin shape (Bs) were calculated for these basins.

The results show that many basins are elongated and tilted, indicating significant tectonic influence. Based on
the combination of indices, the relative tectonic activity index (Iat) was derived, and the region was classified
into four zones: very high activity (22.3%), high activity (70.6%), moderate activity (6.1%), and low activity
(1%). Comparison of these results with earthquake epicenters revealed a strong spatial correlation between
highly active zones and recent seismicity.

Overall, the findings indicate that the western part of Kermanshah Province has been affected by active
tectonics during the Quaternary and that the occurrence of large earthquakes, such as the 2017 Ezgeleh event,
should not be considered unexpected. These results emphasize the necessity of recognizing seismic hazards
and developing risk management strategies in the region.

Keyword: Geomorphic index, Seismic data, Active Tectonics, Kermanshah, Ezgeleh earthquake
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catch Hi catch Hi catch Hi catch Hi catch Hi catch Hi

3 0.371 46 0.375 80 0.27 114 0.421 148 0.341 185 0.314
5 0.498 47 0.357 81 0.457 115 0.412 149 0.337 186 0.385
6 0.245 48 0.312 82 0.37 116 0.456 150 0.426 187 0.326
10 0.184 49 0.283 83 0.305 117 0.215 151 0.359 188 0.243
11 0.287 50 0.376 84 0.31 118 0.397 152 0.302 190 0.33
12 0.47 51 0.168 85 0.276 119 0.256 153 0.39 191 0.316
14 0.191 52 0.536 86 0.45 120 0.419 154 0.354 192 0.178
15 0.383 53 0.446 87 0.404 121 0.233 156 0.237 193 0.313
16 0.466 54 0.363 88 0.291 122 0.18 157 0.294 195 0.294
17 0.362 55 0.528 89 0.278 123 0.242 158 0.36 196 0.466
21 0.549 56 0.334 90 0.203 124 0.566 159 0.324 197 0.341
22 0.338 57 0.208 91 0.222 125 0.416 160 0.312 198 0.35
23 0.332 58 0.112 92 0.345 126 0.349 162 0.401 199 0.323
25 0.338 59 0.402 93 0.174 127 0.221 164 0.32 200 0.413
26 0.545 60 0.5 94 0.161 128 0.155 165 0.349 201 0.338
27 0.263 61 0.357 96 0.167 129 0.52 166 0.316 202 0.326
28 0.125 62 0.347 97 0.401 130 0.252 167 0.438 204 0.182
29 0.34 63 0.424 98 0.223 131 0.282 168 0.27 205 0.459
30 0.541 64 0.175 99 0.337 132 0.19 169 0.284 206 0.351
31 0.284 65 0.194 100 0.278 133 0.309 170 0.211 207 0.525
32 0.251 66 0.313 101 0.224 134 0.322 171 0.32 208 0.515
33 0.333 67 0.4 102 0.209 135 0.319 172 0.577 209 0.257
34 0.499 69 0.269 103 0.5 136 0.319 174 0.253 210 0.422
35 0.607 70 0.414 104 0.217 137 0.194 175 0.258 211 0.442
36 0.521 71 0.293 105 0.311 138 0.312 176 0.239 212 0.286
37 0.251 72 0.285 106 0.381 139 0.291 177 0.39 213 0.298
38 0.36 73 0.293 107 0.304 140 0.195 178 0.278 214 0.271
39 0.311 74 0.319 108 0.297 142 0.641 179 0.379 215 0.392
40 0.348 75 0.259 109 0.175 143 0.348 180 0.299 216 0.272
42 0.243 76 0.445 110 0.314 144 0.267 181 0.288 217 0.443
43 0.184 77 0.487 111 0.377 145 0.266 182 0.419 218 0.297
44 0.388 78 0.313 112 0.353 146 0.354 183 0.31 220 0.394
45 0.28 79 0.353 113 0.406 147 0.237 184 0.231
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catch AF catch AF catch AF catch AF catch AF catch AF
3 57.5 46 67.5 80 53.2 114 43.7 148 9.4 185 68.8
5 25.7 47 75.4 81 48.2 115 83.3 149 64.6 186 29
6 46 48 38.5 82 37.7 116 343 150 46.2 187 14.8
10 55.3 49 69.7 83 39.8 117 60.6 151 42.4 188 67.7
11 72.7 50 66.3 84 76.1 118 40.9 152 15.9 190 38.9
12 38.2 51 40.1 85 45.6 119 25.1 153 79.7 191 61.5
14 70.8 52 73.4 86 79.6 120 64.8 154 51.9 192 72.6
15 27.3 53 56.4 87 22.5 121 62.1 156 40.5 193 56.9
16 44.5 54 46.1 88 55.6 122 45.5 157 6.9 195 58.9
17 433 55 36.4 89 52.9 123 56.9 158 58.6 196 8
21 65.3 56 33.2 90 38.4 124 28.3 159 67.3 197 54.9
22 50.9 57 43.5 91 60.9 125 573 160 62.4 198 79.8
23 53.1 58 9.1 92 50.8 126 38.1 162 49.6 199 64.3
25 78.6 59 45.2 93 47.6 127 57.1 164 44.1 200 43.2
26 29.9 60 34.5 94 55.2 128 70.6 165 54.5 201 66.7
27 23.7 61 34.3 96 65.3 129 45.8 166 57.1 202 35
28 42.6 62 70.4 97 24.1 130 43.9 167 58.2 204 65.3
29 60.4 63 32.8 98 35.2 131 63.5 168 53.1 205 18.5
30 67.7 64 45.5 99 68.9 132 65.8 169 41.5 206 64.4
31 66.5 65 56.6 100 59.5 133 70.9 170 72.6 207 57
32 20.5 66 46.6 101 26.4 134 63.9 171 29.3 208 43.2
33 429 67 59.8 102 42 135 59.8 172 49.9 209 313
34 37.5 69 52.8 103 67.9 136 30.4 174 42.6 210 64.7
35 57.1 70 22.7 104 52.8 137 80.7 175 553 211 27.7
36 62.4 71 36.5 105 58.5 138 48.9 176 26.6 212 69.6
37 40.1 72 51.6 106 49.2 139 77.4 177 45.6 213 67.8
38 72.9 73 17.9 107 59.1 140 74.1 178 25.1 214 36.9
39 59.1 74 29.3 108 31.9 142 32.8 179 61.6 215 68.5
40 62.9 75 56.2 109 28.2 143 68.6 180 78.7 216 40.8
42 34.8 76 33.1 110 7.3 144 56.2 181 7.9 217 459
43 35.2 77 44.5 111 34.5 145 34.5 182 423 218 56.4
44 42.5 78 66.1 112 61.6 146 26.9 183 80.2 220 54.5
45 46.5 79 55.1 113 36.4 147 479 184 723
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catch Vi catch Vi catch Vi catch Vi catch Vi catch Vi
3 0.001 46 0.008 80 0.038 114 0.006 148 0.066 185 0.011
5 0.046 47 0.006 81 0.016 115 0.011 149 0.044 186 0.017
6 0.012 48 0.017 82 0.013 116 0.009 150 0.018 187 0.007
10 0.008 49 0.003 83 0.025 117 0.022 151 0.125 188 0.045
11 0.02 50 0.023 84 0.005 118 0.012 152 0.011 190 0.006
12 0.013 51 0.003 85 0.037 119 0.008 153 0.016 191 0.003
14 0.04 52 0.008 86 0.003 120 0.032 154 0.009 192 0.003
15 0.125 53 0.011 87 0.006 121 0.064 156 0.01 193 0.009
16 0.004 54 0.004 88 0.007 122 0.09 157 0.006 195 0.008
17 0.5 55 0.006 89 0.013 123 0.111 158 0.037 196 0.2
21 0.002 56 0.043 90 0.071 124 0.003 159 0.011 197 0.014
22 0.07 57 0.013 91 0.014 125 0.002 160 0.031 198 0.004
23 0.09 58 0.037 92 0.047 126 0.004 162 0.011 199 0.009
25 0.005 59 0.003 93 0.021 127 0.022 164 0.023 200 0.031
26 0.001 60 0.01 94 0.017 128 0.428 165 0.003 201 0.49
27 0.003 61 0.009 96 0.086 129 0.003 166 0.066 202 0.012
28 0.017 62 0.001 97 0.007 130 0.038 167 0.004 204 0.142
29 0.005 63 0.007 98 0.006 131 0.016 168 0.008 205 0.153
30 0.002 64 0.009 99 0.014 132 0.001 169 0.09 206 0.025
31 0.016 65 0.071 100 0.004 133 0.002 170 0.011 207 0.003
32 0.016 66 0.009 101 0.027 134 0.016 171 0.009 208 0.006
33 0.003 67 0.007 102 0.028 135 0.03 172 0.004 209 0.006
34 0.002 69 0.011 103 0.002 136 0.038 174 0.009 210 0.04
35 0.002 70 0.029 104 0.037 137 0.017 175 0.003 211 0.003
36 0.002 71 0.009 105 0.013 138 0.012 176 0.008 212 0.035
37 0.004 72 0.006 106 - 139 0.012 177 0.012 213 0.004
38 0.005 73 0.017 107 0.003 140 0.035 178 0.001 214 0.003
39 0.042 74 0.003 108 0.015 142 0.002 179 0.004 215 0.09
40 0.014 75 0.005 109 0.142 143 0.026 180 0.003 216 0.004
42 0.002 76 0.007 110 - 144 0.166 181 0.025 217 0.125
43 0.016 77 0.002 111 0.017 145 0.003 182 0.003 218 0.006
44 0.007 78 0.01 112 0.062 146 0.02 183 0.003 220 0.007
45 0.011 79 0.004 113 - 147 0.018 184 0.007
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catch Bs catch Bs catch Bs catch Bs catch Bs catch Bs

3 3.713 46 3.102 80 6.780 114 3.386 148 2.306 185 3.824
5 2.021 47 1.956 81 2.467 115 1.639 149 3.191 186 4.151
6 2.007 48 2.580 82 1.258 116 4.134 150 2.267 187 1.548
10 1.772 49 5.236 83 3.1593 117 3.487 151 2.326 188 1.983
11 1.222 50 1.985 84 4919 118 1.817 152 2.072 190 3.705
12 2.165 51 2.157 85 3.393 119 3.833 153 3.245 191 2.930
14 3.524 52 1.795 86 1.697 120 3.481 154 2.966 192 3.631
15 2.215 53 2.743 87 2.194 121 3.438 156 3.110 193 5.052
16 2.891 54 1.794 88 2.070 122 1.671 157 4.645 195 2.806
17 1.723 55 2.363 89 2.950 123 1.356 158 1.812 196 3.501
21 3.108 56 3.377 90 2.028 124 3.229 159 3.201 197 5.577
22 3.023 57 2.187 91 2.180 125 1.566 160 3.837 198 2.866
23 1.380 58 2.242 92 3.682 126 2.315 162 2.499 199 3.901
25 2.287 59 2.498 93 3.108 127 2.222 164 2.148 200 6.145
26 2.355 60 2.211 94 3.008 128 2.033 165 1.757 201 5.150
27 2.474 61 2.850 96 2.011 129 3.546 166 2.568 202 2.480
28 1.837 62 1.780 97 2.624 130 2.136 167 3.153 204 2.664
29 2.069 63 1.522 98 2.330 131 2.549 168 4.502 205 2.476
30 1.870 64 4.166 99 3.08 132 3.020 169 1.803 206 4.117
31 1.385 65 1.643 100 1.399 133 3.522 170 2.137 207 2.589
32 2211 66 5.883 101 3.726 134 4.605 171 3.077 208 3.461
33 1.656 67 2.653 102 4.493 135 4.352 172 3.151 209 1.959
34 1.572 69 5.452 103 3.323 136 2.847 174 2.556 210 2.663
35 1.984 70 2.085 104 1.162 137 3.115 175 7.618 211 2.235
36 1.193 71 2.080 105 2.728 138 2.853 176 3.379 212 1.732
37 1.455 72 6.182 106 2.469 139 2.314 177 3.920 213 2.391
38 2916 73 2.642 107 2.401 140 1.987 178 2.287 214 3.360
39 3.254 74 3.135 108 1.609 142 2.335 179 2.643 215 2.800
40 2.017 75 2.761 109 2.494 143 1.717 180 2.798 216 2.320
42 2.344 76 1.350 110 2.349 144 1.616 181 3.381 217 4.754
43 1.813 77 1.360 111 2.070 145 2.143 182 2.341 218 1.504
44 1.791 78 2.020 112 2.198 146 1.761 183 1.886 220 3.162
45 2.702 79 1.958 113 3.384 147 3.802 184 3.990
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2.5<(s/n) 2 <(s/n)

1.5 <(s/m)<2

1 <(s/n)<1.5 Iat
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Research Paper

The use of Differential Interferometric Synthetic Aperture Radar (DInSAR) technique
for determining the displacement field caused by the March 28, 2025 Myanmar
earthquake (Mw 7.7)

Lotfollah Emadali', Sasan Motaghed’

1- Department of Civil Engineering, Engineering Faculty, Behbahan Khatam Alanbia University of Technology, Behbahan,
Iran.
2- Department of Civil Engineering, Faculty of Civil engineering and architecture, Shahid Chamran University of Ahvaz,

Ahvaz, Iran

Abstract

Earthquake is one of the most devastating natural disasters that, depending on its characteristics and the region
of occurrence, can cause significant human casualties and financial losses. To reduce such damages, it is
necessary to use past earthquake data based on ergodic assumptions for determining the characteristics of
future earthquakes and for developing design guidelines, seismic assessment, and retrofitting procedures.
Paying attention to these issues is especially important in the near-fault region, where very limited information
is available. One of the key and fundamental parameters of near-fault earthquakes is the amount of permanent
ground displacement. Permanent displacement can exacerbate structural damage in the near-fault zone. In
recent decades, the method of DInSAR (Differential Interferometric Synthetic Aperture Radar) has been
widely used to determine the displacement field resulted by earthquakes. In this study, the surface displacement
caused by the March 28, 2025 Myanmar earthquake (Mw 7.7) was evaluated using the DInSAR method with
the Sentinel-1radar images. The processing results showed that the maximum displacement of approximately
82 cm along the satellite line of sight occurred along the fault line near the earthquake epicenter.

Keywords: Displacement, Near-field earthquake, Sagaing fault, Strike-slip fault, DInSAR
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Strain-rate estimation using fractal analysis of quartz grain boundary in the gneisses

of Chahzar thrust zone
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Abstract

The Golghohar-Rotshun metamorphic complex is located in the southeastern part of the Sanandaj—Sirjan
metamorphic zone (SSMZ). During the deformation, dynamic recrystallization commonly occurs, producing
interlocking grain boundaries characterized by bulging (range of 250—400 °C), subgrain rotation (range of
400-500 °C), and grain boundary migration (range of 500—750 °C). To investigate the relationship between
quartz dynamic recrystallization microstructures and deformation conditions such as temperature and strain
rate, the fractal dimension of grain boundaries was determined using the box-counting method. Based on these
data and deformation temperatures obtained from the quartz dynamic recrystallization, the calculated strain
rates range between 10%® and 10'%° s, which are higher than typical natural strain rates (— s™') reported from
microstructural and piezometric analyses. The deformation temperatures indicate greenschist- to amphibolite-
facies conditions in the studied area.
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