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Neomorphotectonic and seismic study of the north Firuzkuh are,
TalalrRud and BabolRud catchments, Alborz range
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Abstract

In this research, the seismicity and neomorphotectonics of the eastern part of the Alborz range, which
is delimited by the North Alborz fault zone and Firoozkuh Fault zone to the north and south respectively,
has been studied. Eleven sub drainage basins in the study area along with the general northeast-southwest
north-south trend and a sub-basin along the eastern-west trend was identified. The stream gradient (Ksn)
and stream concavity () morphotectonic indexes for all sub basins were calculated where range between
0.36-1 for 6 and 72-288 for Ksn. The northern and southern rivers of sub basins were tilted and several
knickpoints were made by fault movements. A NE-SW striking fault zone with width of 15 kilometers, is
confined between Zarkin-Firoozkooh, Chashm, and Orim fault zones in the south and Badroud and Lord
faults in the north hosts the more magnificent earthquakes that have been occurred. a and b value were
calculated to 3.84 and 0.85, respectively. The magnitude of earthquakes is between 2.4 to 4.2 values and
the concentration depth of 60.7 percent of earthquakes is between 4.5 to 10 kilometers. Comparison of field
evidence with calculations based on Ksn and 6 indicators along North Alborz, Firuzkuh, Nord, LaleBand,
and other fault branches, creating consecutive knickpoints from their activity is confirmed. Our results
reveal low signals of neomorphotectonic and seismic activity in the middle part of the study area, which we
would recommend for development of the urban compared to rest of the region.

Keywords: Central Alborz, Neomorphotectonic, seismicity, Knickpoint, North Alborz and Firuzkuh
Fault
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Abstract

Structurally, the Tarom Metallogenic Zone is located in an NW-SE trending anticline with 50 km wave-
lenght, consists of the Karaj formation equivalent units and Neogene red beds. This anticline was created
during the Alborz orogen formation- related phase has multiple fractures with NW-SE, NE-SW, and E-W
trend. Detailed mesoscopic and microscopic investigations of the existing fractures for studying their
propagations during folding, including their relative age, sequential deformation of the fractures in various
beds, distribution of the fractures, and their changes during the following geological events, were performed
many times. Comparison of various fracture patterns in folded layers not only illuminates the brittle
deformation successions but also resulted in the detection of the main fold formation mechanism of the
studied area. Based on the existing evidence at limbs of the anticline including 1- The existence of parasitic
folds in soft layers, 2- Creation of layer- parallel shearing related strata-bound fractures in soft layers on
various scales. Dyke intrusion into pre-existing fractures at fold limbs, preferentially has been happened in
soft beds, especially in the Karaj formation equivalents pencil shales. While at the hinge zone, they have
been created in hard layers, for example, andesite and basalt. The flexural slip mechanism is proposed for
the Tarom Anticline.

Keywords: Tarom zone, Folding, Flexural slip mechanism, Stratabound Fractures
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Evaluation of the controlling factors in the fluorite vein
mineralization in the NW Sanandaj-Sirjan Zone
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Abstract

In this research the impact of structural controlling factors in the fluorite mineralization was evaluated,
north west of the Sanandaj-Sirjan metamorphic zone. The structural and microstructural analysis indicated
the major structure in the Bagher Abad region is fold related structures and shear fractures that cut the fold
axes are the host for fluorite mineralization. In the Qahr-Abad area, fluorite deposits are reverse fault-
related. Satellite image analysis with band ratio, PCA, and SAM techniques revealed the hydrothermal fluid
circulation in the host rock caused the propagation of propylitic and phyllic alterations in the BA region
whereas phyllic and argillic alteration in the QA region is dominated. The fluid inclusions micro-
thermometry indicated in the BA region, mineralization occurred in the shallow depth approximately at 30
meters and low temperature 50-100 C°. In the QA region, mineralization takes place in the 150-200 meters
and higher tempreture. Analysis of salinity of the fluid inclusion shows in the BA region, mixing of meteoric
water with hydrothermal fluid and Dissolution of host rock increase the salinity percent of fluid inclusion.

Key words: Fluorite, structural control, alteration map, fluid inclusion,
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Investigating the relationship between the dimension of the Riedel
fault blocks and amount of open spaces in brittle shear zones: analogue
and numerical modeling
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Abstract

The geometry of mineral deposits in brittle shear zones depends on the open spaces in these zones and
especially in the Riedel structures. The systematic intersection of Riedel fractures in the path of these zones
causes the formation of Riedel blocks, the dimensions of which are proportional to the spacing between
these fractures. By increasing the shear strain (y) in a shear zone and consequently the rotation of these
blocks, it is expected to create proportionate open spaces that with the penetration and deposition of ores in
these spaces, causes the formation of mineral veins in all these spaces. Since the amount of open spaces in
shear zones is different, in this study, through analogue and numerical modeling using 3DEC software, it
was shown that the change in the dimensions of the blocks in equal Kinetic conditions is one of the
parameters affecting the amount of open spaces of these zones. Therefore, this volume of open spaces in a
single range of different shear zones, which are different from each other in terms of spacing of Riedel
fractures, is inversely related to increasing the dimensions of Riedel blocks; the more Riedel blocks, the
more block rotation and consequently more space is expected. As the shear strain increases during a
progressive deformation, in bigger dimensions of the Riedel blocks tested, more force is expended on inter-
block slips than on block rotation and open space. The amount of open spaces created in numerical modeling
shows good agreement with this type of modeling.

Keywords: Shear zone, Fault block, Mineral reserve volume, Analogue modeling, Numerical
modeling.



4# 04 |\?~~)l€c\\/ a)h..&c(Jl@g JL-:«Q}L«@»}MM

OIS ol Gladuja (0o Jaomis 5 ol ddate
-8 S SIS g5l Ol s o S0l L 8 s
Gy U LT cpadls Ld e Odre &5 )3 Sdme gla
lasl a5 Sl a5 20T 1S (gla S8
23 Ll e pge opl Sl (el diate OT 3 o
AL L0 5 gy s SeS pl IS
Sl Do e 5 4l 53 Ju8 55 5 il e
ol gla i daulgay w9 ools Eo Sl ny
JAS 55 dle st Gladslos g 5 slml L slaliad
Sl o3l B Siae &, S5 5 bge skl
Gl SauSs & cudle)s ol (Chauvet, 2019)
- o Sl b S8l jlams ol p3 a8 o6l asS
G Jemie 15 Nl s JuE 58 6 s

HPR A

eokin S8 s S eSS 4 dy g Ol
ol por Aslizal LS Glais b Y gane o 505 oL
J,y gl KeSls 87 Sl i (Ahlgren, 2001) <ol
V4Y4 Jlo ;s Riedel L g sabslil by ag ¢S s
b SeSls ol S35 ad )l Sllllae (s 8 sl
Lk Soge bl (B gladg e o
“dde G b Ay o8 bkl edis Dl sua
Cloos, ) et o3l 0L 7 505 4 &5 JUT sl
.(1955; Gamond, 1983; Tchalenko, 1968, 1970
e 5 S5 P50 (N5 A playsSE S sboka
I e T
Geiow Jl=ab (Kimetal, 2004) wS™ o J xS slul
Lo JSC 5o Ly sST6 pl B1SU o geas 55 (emne
Jhs sl sl 4 4 5 L L glad | SCes phe
Ly 5 aedis ot el B8 Dy p pha o
5t e 5 Jh) b KeSs Ole ukin
Cadshe S oy b glad (S s 8 iE
5 5SS KoK adlllas Sy cdnled o Wl ls &S
ol SHSIES 285 5 sy T SIS
LS e Ol 1y gdas gladSy andin 3 lajls Lo

4ok

- o) ke a3 5,8 s (iledile

ST Clama (golile wlid e 054 ¢ ulis
Joosd 3515 68 LT (5ladite o8 (5% 0355 0 3 (sl
Oliies g1, Ol ) (s 8 wlid ey slaunT 5
8 (6 i (S 5 oS sladde 4, LG S ol b
Sladis S pa e sl gl e e 4 555 3
LG k5T e pal 1) (o & Sl ol 3 &S IUT
i S\ o eyt 5 5353 (ol (Sl sl o
Cladouhos, ) 35,5 %1 g kit le oSS &K 51 (635 4
-ag & okl 51.(1999; Coelho, 2006, Ghosh, 2008
Cdmdw gladndn ;Y}AM o Sl Oy salslael gla
Gas g 3ltel 53 (gl b ola SN Sl ks L 1y (slodomy
@leds 3 1 (Dooley, 2012) & 1i& o ioles 4

355 ol (5luoslr o ol ol y SO Lo

o Ol oS J 287 Ol 5oy ba SaaSls g 25

ol Sy 3l e (So3 opbs sl Sl 3
Sllgl (F 4 (Pl 03 s g )lEle g 5
Gldde iy glsl b S ki bl
Gl sl anw g L .Cadls dalg ((g3de — S JUT)
Sludde Lo ciludde Glaylble 5 G 5 lal,
~ o (1 imn e Ol w1 5 ool 5 (30
14658 &5 03 50 Iy (5l (gla o 035 40 oo sl
se3 oo a5 a4 580S (S s Olgie 4 AEN &S
5 ST Glagileddhe a8 by 53 uoen
SN 35 g 03 54 (S3ledds 3l g5 pl (i sl
5 S sl a5 LA s s e Jolse
358 sl (Al @ls 0> 4 Wbl o 3 sm sl S S
SaSa b bl s b o134 Lol L lsslST YL
15l o BT o KenSls ol (W Jows )3 0354 5 3L
2 sI€, 5 Dslae s 0155 0uxe (Sabins, 1999)
sl S 1 nsgie Sl oo L5 4 35050 M

Gla il Slors Sdas o3 gdoes ol 3l 5 mede 3 cadS



L;;.,\;}g_,SUTLg)'LaJ.M Gb IS b slaag o 5L éuw)lm}%ébdfﬁslglmkl;}lw)ﬁ | 5 Jk_

S5 5l elie Ll 5 oSl ol 2 b
Al gl JoS ankin b LS e Gras 5 5L slalias
Yo 0L Jged 5 (Sylvester, 1988) o oal 3
ssb 458 o o Jle g pden St 3 1) a4
s e pimer s BS sy e S
OSG Ll5 o b sloigy 5l Joolo (o8 5 (sl S8
208 5 a4l glad s 5 LS L 358 gl (guatos
Jy sla SeuSls oS T 51 .(Forster, 1978) sl
23 S Ll s e sleml B gy S 5
S35 2 A O o 55 el ol iy SR8 55 S
-M Aal o SOT :;dea bﬁyth

.(Hancock, 1985) uas |S&5 1, (b (sla

(s lagm s slag 5 b b e gla SIS 85 51 (6 5l

Brown and Solar, 1998; ) wzwa & 5 sladuT 3 ool
Peacock, 2002; Wang and Ludman, 2004; Brogi,
P gy s 53 (B s T B ol 155 5 (2006

Juy iyl ol sla Kl 3% 5 sl
Syt oo E G S L i
~S o i 8 e dlesl 0T & i 5h Cou
Ao Ol 4 iy o o ol 457 38l G155 sl
() &) (Davis & Reynolds, 1996) <ol i » gy
2 A el B jledis iy gl 1 6 o
S e ST i e iy ol RS (g,
(Coelho, 2006) s5i o T Ole J= (slas slowl

SHOINe] by i@ G IO R’ R (Gl Kk bl I Jol> Slaes gl 8 Kiclusl s o 3 il &b 1 S
.l‘&fb Q;%

Dholakia et ) <ol ,108 56 chols L8 slasS b
65 sl cuwli 1, (al., 1998

Sy L pladigy (g e ) a7 T S

45 8 G ol 3 el iS5 oSS
sk n wtls  aag Sl s ol s bkl ) 5
- e o (Sl Ser ST 4 4 5 L
Katz, ) Col 515 5 bOT w asl) cwmmen s R SR gl
G o iy o oy sl KK |5 55 5 (2004
sl dlail Jlos ey 8 Sl Gl (84 S 095

Sl 45 A3 Sy agy I b 5o s e sasble ) )

Er o Ol 5 A5 Dlew Gl alge 50 gdle

et JSi5 5 8 s Jalse ok 5 55
,wjﬁ&;ﬂtyﬁuuwxu‘x)lf;‘uuuizﬂgs
uﬁ&sglj‘;am&“?ﬁ)u&ué&;
S 285 Caaglin (1S n KeuSls oy aluold ¢ 2t
(S Galols 1S S 1S Cuaglia 03101 )
Kol 5 bl Kaa oK dite Hlis Ol ks
24 s Sl &l OT )3 oy g &K oS gkl

sl OT Jbis ¢ 5 Juy sl Kells auabols Ol e



4‘» Y |w-u,Leav,,u‘pq,,.dmg;,:u&:.,mu@

e Bale 35 4T s ke ) 6l (S
4 1 (s ol 35 8 n ool sl 5L (slalidd O
53555 b Cols o L o3lizal (glosle 1 o Kol O 6
sl 5 o3 o gla gl (i lls 5wl
st ol (1 AL IS S5 OS5 6l o
Lot e ol Sl &8 ey Sl 5500 0 i
“or) 3 (S5 Sal 5 Sl 1y (6 e S 5leesls 5

5 S o3I B 5 by Sl ey T o sy 3 b

29 o0l 3590 olTiwd o s K3 sl a v IS
@) <F BT (& 3ko oo 31 Vb ki D ¢ <F BT (53l
S JB59 599 Sgh 9 (F oslad aw Jlie Olgis
Sl i€ Foa (LMl dg O CIB o oud A
WAl Slal 50 Sy T gl 3 (Suamdw

“ P 0T Gy 28 sl laas gg)y p caals] o

Cns 195° 315°% gty 55 43 - Sl sea W56 gla
S Js sl da gte e b cnlize ¢ b p 4ty ad 4
Sl b e (2D JS8) 3 8 sl jHlutnal 5 gy
) 055 5 G eS asly bl J sy sl il o0
asli B s o ol ) S g (hipdh (o0 I g
Chemenda, ) &S Iy aalsl s b 5,5

2l s ileesly Clbl b 5, 4T (6l Ll (2015

ol bl o 855 i ps By ole SenSa
Xuetal, 2013) Lal axils 540 g diw gy 55k

S gyl slakin; 3 Sk lalas JS sl

e anllles L G s OT o clilods 1548 Jameze
S 3 b S SaSs W el Sl slalias
Gladig U conlite 5 Calibes slul 53 JuE slasS L
(g S 5 alises polie 3l 5 LSS a)s Tzl
wme Olalllas 55 b asl o Cnlin (6 s 411 55 aw
o 3 ol o el SLESTT Ol (g jledig
cr) s il e 53 1L s (sude o (Ol
}ﬁwguﬁuﬂ,lﬁ,rwgsw\@\,;&,&,‘:
Jol saeS sl Slp ge ol (5355 s dedlarls
bbb s s By g 65 3 )y b
3 ol s b Sl ol W s bl edd sbul
b oosle 2p 5l (A 02 Sk slagis sz 5
O s Byl 4y cCaliden b Slay ;0 5o hLisl 5
-SS oh gt alal b 0T bl 5 50 slalias jluze sl
SRl Sl W 1 Jols glacSToh) duy gle

.Mﬁé\bﬁ:(@i‘j{%R’
& bT (Sl S
f}"ﬁ Jew silailely

SG g3 Jals oS 5 p o 31 €de g 31lely g1

I VR I S VPR ge
- oy 1272 K85 S eslinal g s s
eSS ol 0 e o Sl A il 4 S S5
431508 (oo A5 Jlasl 4745 e ey L &5 e
Jhsl Cou By Caliea slse H8, . Ljle o a3 40
3 kbl Soslize ole 5 4wt L8 e 13 AT
Sbglalas oS o3iul a3 cpl js e Coda oS o lousT
(ol gsma olal 3 oy SaeSTsh i 1 Jol

Jq\f'h Golde s d}w osle) 03 yid awle ;| oslaza



L;:A;}g_,SUTLg)'L.:J.\» Gb IS b slaag o 5L éuwjlm}%éhdfﬁsb{\m.blg)lw)ﬁ | #¥ Jk_

daioen 0, 53 i Ly gite p s 238 15 s 5
53 lae S By b s S b gl S 4 oS
1 gy oS g e S5 S 4 pr g
25 bl adls ) by allge on) Wl sl 15 S
B ol bl s cdde a (ol (2D Sa) (o Led adl 5
DS 5 skte DLt 5l oS5 51 dlaeS Tl JS7 Jubatane
8 35 Ole 51 0T s 5 1 6,8 sl 5 Sk
de a ilesT s eslamal iy g S Jeol (650
S s 1SS s 7 go s Slae b5k p iy
o) 03 s (Sl e s 4l LSS s L
oslizul IMM/S | 5 po Lo 2o o o pslas I oo
L35 el wlie ol 5 53 e 51 8 01 s 8
P02 GO s 5 ol O S G165
bl g (plomlr 1cm ,a ;58 55 8CM Jue
O 4 o8l 3T 3 0 el (slaS ok Ole )3 dhol>
olie ol ) Jgde 53 48 s delons pwikin (5,8 o310
555 Sl s She cadsl Jol e oF IS8 Ll et oLl
F LY olad sbul 4o 1y ST Glagiledde 53 by
Ol 5 S (3,515 58 5l o (i slaeS ok

.Mbu.a

ozl b Lls3 6 Ad 0T ead (2Bl bl 15 o
Sl Candy e osu o G 2 OLSS
Sl delas Sy 4 By ol b s sla)l>
25 Doz Wdde 53 STl slal b s 8,15 55

:(2-C JSK) sl

JS8) a da YA = 6358 51 b ) aslas ey

.(2-c-Dimensionl

S5 p ok .>L>.=f_| Lgu‘_;sj&gd..até Y eJLwi'v\&:

Fahe 07 = Bisi ) eSSl U Sl w L sy
.(2-c-Dimension2 ;2-b &)

IS e de 84 = 6358 gS b X esles ey

.(2-c-Dimension3

JSK8) e koo WY = (55 g50ol Jsb oF ol ey

.(2-c-Dimension4

ad go (glyls (Caads 55 5 g0 slaag Lo S Jdse



Dimension 3 Dimension 2 Dimension 1

Dimension 4

4‘» oy |\f-u,%‘\v,,ugf,%du‘@uwjuu@

V=0

SR ah P B ) o lod slal 30 &F BT GGl S0 10 b g i 5 bl 9 Slo Adgl o150 I (S polai ¥ ICH
BF o bl g gl oo (S

gy oljl 5 hol S eS 5o B T IR
58 e o) LS F 5 Y oplad slal 5o (S
S ok o S A5 ) Sl FanSl  f Oe
oLl aalsl 53 5L (glas sl 9 (ST ok i > Ussd o0
s (6348 (s3ledde 53 L slad Hldde &S Ui dal -
S Jlge aen 4 Ol g ol g3de (Gilwdde j3 1,5 Cl

.&}‘Jﬁ@‘)‘.‘fﬁ:;\: d"\"'d))ﬂ

T (55l o i Jol> gl

S o plmlr b i o B GBS R L

Il 53 kg o ol S 53 5 (glalias ( LS
QGjasﬁﬁng}Q:l.w&TWcho)M.wj
OT o 03 5 e (Sob i il b Jus
LS o 5 ol el | (6 ke slasulisd
oLssote SSES SS (b (4) En S B



c;:.\;jg‘,SUTLg‘jl.»J.u Gb IS b slaag o 5L L;LhLéj)l.G.Ajslﬂdeaﬁf‘,lequlle;)leﬁ | #¢ 4¥

2 i o s gl

||»GI

||»e

33 &3 Gilw S o9 LT a0 polai F IS
95k ot (s ST F B Y o led sl
Juy ST al 3 Guwdw Sl ia @ F o (WSl Y
~eT gl ) oled aw D (BB (Sl e Caliske el 53
~ET gl ¥ oled aw 1€ (B3 (Sl e 38 Jwy s
-l ¥ osled ww i (due Gl e 38 oy S
-5 gl Fosled aw B (30 Gl ue 38 Sy S
S0 Silw o 0 Jwy sy

Gaie) S gl (sla te 0311 ¢ glate (sl
jﬂ)&)ﬂ@(dﬁﬁs‘j‘)‘%R,jR LSL“M]'
s Ol &8 JUT (g5ldie s ot

L YA = (a3 gSN e o3I 2) o jla day

@b JS2) s
(8- JS8) e vy YA = lajte o311 0 oyled das

(Ad JS8) e vy AF = a1l O oylad Ay

o Sl Jow

S35 JIPle s L g G ol s3de S5lede

@3k g5 e sla iy, 4 ST b bl 3DEC
B9 N s e oslimal atw gy (s 5ledde gl CAEN &S 5 Hls
03 57 oS 50355 (6113 bites S (sla oo o7 il |
5bedn 1 LT a5l slaos, b il cliean &2 5l
OT 4l &8 Col (G 4ol p S5 13l 5 ol 15 S
UDEC (s 53 asb 5 53 odd Cod (6348 O sunsY 50 3
Sgsledds 53 5 s sl Bgy ol 5 ASL
Sl a8 )\J'é\(aj; ol asls 5,58 aesul slalese
() o555 lls saeSen 035 Aibs 4t 4 U sladae
St (Sl b Salys 8L Ll b o 1)
Slimn S sl 41 K 035 e oS (5145 4 LS
FE L0 S ek pdy K i Ly o
e [ LT 25 2 5 JS8 o a0 e (S sl
e he 4 b e Olalllas s i H15le 5l 1l e
Jde ki (6lyls &5 555 oo eslinwl A5 5 Ol jas (Odae
Ol 515 Cola Sl 5 (S slacS5h (sl (6,588
N oshign B po G ol 53 )l Ble 5 O b
Sla Ko sl )1, dde Ol Sl ool Go b
o ol oS S p T ls L, 4 1 kL
Serlss Sy il 5 Ll mlie Sl Bg, Ll
S ‘ef‘,JUT Goledde aslsl Hs il ST ‘_gl.nr.:m:..»
355 b 88 4 g 58 3 b 3151l e U
330 1l ST ladie b &Ks5 sl b o

(F JS)



Step 0
6/15/2020 1:27:21 PM

6/15/2020 1:31:07 PM
Block Block
Colorby: Block Colorby: Block
Wedges-X-Displacement Wedges-X-Displacement
JJ 00000e-02 l 4.0009E-02
0.0000E+00 0.0000E+00
Index 1 Index 1

3DEC DP5.20

©2019 Itasca Consulting Group, Inc.

4“? 70 |\fn,@‘\ve,uwu,,du‘&uw;uw

) oplad Ay alie e g taT L F 5 ¥ Y Glade
534S 5 boles (A L0 IS i LSS sbal e ol
) sy S Rl bl jaseia & S Sl g
-éfjl{:bq?ﬁ.n;@%g(S)j\g&w@w
Giledde 3 T Wiles) dil FeSa S Ju, sle
33 3b (slalad 31 (6 i Sl (5 55 o otalie &8 JUT
e ¢S85 sl pl e a g eudals | WaeSTol
SIS b 00 8 o S S L sl
e Sl el sl g (358 Sl (M
SorGame i S, EMT 5 e Sl
S 5 15 OT 510l ol 5 L Ol oo Blas (sla s gas
"t e i 2l 03 ol s e e BT sla e
4 ST (GGladde b alie 35050 plo b5 1543
SR ren 4y Ol (D) S 1SS Sl s s

.Jﬁa.&.‘.{d)w‘f

3DEC _DP 5.20

©2019 Itasca Consulting Group, Inc.
Step 103800

(48 JS8) e+ NIY = byt o3Il F oyle das

Slogas gla  ode Gludde Lfs ple
4 ST ladde j3 0k 48§ 50 L SO

0. =25, coh = 0.25¢e°, fric= 2.5e% ke ki

) Iy S ) ol day Sl (61 Sk r

Jolo 5L (slalias 51t (W35 o)Ll 0T 4 |5 i s
GBb YY) 4 Ot U el 5 sla 5 ST o
T3 IS WIS 5y g ) i B0 5 0T 3
b o JSKaI b 3) as 6,8 ojluil (55,5 o Jais 0 0T
(sl odd osls Olis Image Processed Ol ge Co A
hualob Sie ok Lo, (S sl ple sl
2 G o5z ST e I ) sl SenSs

3DEC DP5.20

©2019 Itasca Consulting Group, Inc.

Step 201700
6/15/2020 1:36:21 PM

Block
Colorby: Block
Wedges-X-Displacement
I 8.0036E-02
0.0000E+00
Index 1

) oo (DIMENSION) wxy b 33 (G3ue SBGHw Jow 30 (L (55 S 3 e Aol ST polas .0 JCo
B e el il b Sy Svael



c;:.,\;jg})lﬁsjbd.u Gb IS b slaag o 5L L;th.éj)-\b,&fébﬁfﬂﬂqlmbl;)leﬁ | 95 4¥

Y=o Y -os Y -1

3DEC _DP5.20

©2019 Itasca Consulting Group, Inc.

3DEC DP5.20
©2019 Itasca Consulting Group, Inc.
Step 103800

6/15/2020 1:31:07 PM

3DEC _DP5.20
©2019 Itasca Consulting Group, Inc.
Step 201700

6/15/2020 1:36:21 PM

Block
Colorby: Block

Step0
6/15/2020 1:27:21 PM

Block
Colorby: Block
Wedges-X-Displacement

Block
Colorby: Block

Wedges-X-Displacement Wedges-X-Displacement

I 0.0000E-02 I 4,0009E-02 I 8.0036E-02
0.0000E+00 0.0000E+00 0.0000E+00
Index 1 Index 1 Index 1

(DIMension) ws b 33 38 < gIbT § Goue GBS 30 (b3 S5 S 9 She A9l STy polas & IS
éf% el 5 595l b Sy Sy ab ¥ oslod

Y=os

3DEC _DP5.20

©2019 Itasca Consulting Group, Inc.

Step 103800
6/15/2020 1:31:07 PM

Block

3DEC _DP5.20

©2019 Itasca Consulting Group, Inc.
Step 201700
6/15/2020 1:36:21 PM

Block

3DEC _DP5.20

©2019 Itasca Consulting Group, Inc.

Step 0
6/15/2020 1:27:21 PM
Block

Colorby: Block Colorby: Block Colorby: Block
Wedges-X- Dlsplucement Wedges-X-Displacement Wedges-X-Displacement
J 000000 JJ 4000002 JJ coosee02
0.0000E »oo 0.0000E+00 0.0000E+00
Index 1 Index 1 Index 1

(DIMension) we cdb> 53 53 <F LT 9 Goue BB 38 (g 555 Sbb 9 e gl Jolye polai ¥ IS
B e (LS5 95 b Sy S gh ¥ oled

Y=o Y=o0s Y -1

3DEC DP5.20

©2019 Itasca Consulting Group, Inc

Step 201700
6/15/2020 1:36:21 PM

Block

3DEC DP5.20

©2019 Itasca Consulting Group, Inc.

Step 103800
6/15/2020 1:31:07 PM

Block

3DEC _DP5.20

©2019 Itasca Consulting Group, Inc.
Step 0
6/15/2020 1:27:21 PM
Block

Colorby: Block Colorby: Block Colorby: Block
‘Wedges-X-Displacement Wedges-X-Displacement ‘Wedges-X-Displacement
l 0.0000E-02 I 4.0009E-02 8.0036E-02
0.0000E+00 0.0000E+00 0.0000E+00
Index 1 Index 1 Index 1

(DIMENSION) wsf Il 33 35 ST oI6T 3 63U S S 3koJhe 35 (bt 7 bl § o gl JTpo 59lad A U
B o (ohldly S5k b Sy SesTgh Foosled



4# AV IF Sl 0 el cpler Jl st anlilad

Nemerical
1 Modeling

21 Analogue
Modeling

o
e W

0.12 025 037 0.3 0.62 0.75 0.87 1

Sbuw) $3us 45l S silo e 33 (S%0) b Sl 5 wo 33 4 i (7) (o 5557 Ol i 513905 A S
(ol STy 4 F 6 ) 0sled Glaiw) T ILT § (308 Sy 4 F 6 ) osled

F=V 6 Sy g6 Calisee polie yo Sdue 9 F QBT (il S 3 ool Cwd @ b (Slaliad Hlude o33 ) J9u

Total open spaces%

Type of . .
Modeling v Dimension 1 2 Dimension 3 Dimension Dlmenzlon

0.12 3.23% 2.78% 1.89% 1.32%

0.25 6.17% 3.17% 2.11% 1.74%

Analogue 0.37 6.86% 4.86% 2.71% 2.18%

05 7.97% 5.88% 3.17% 2.88%

Modeling 0.62 12.274% 8.26% 3.44% 3.65%

0.75 17.46% 11.64% 5.24% 4.19%

0.87 19.33% 13.09% 6.10% 5.78%

1 22.50% 15.65% 7.25% 5.96%

0.12 3.04% 1.93% 1.93% 1.45%

0.25 3.87% 2.49% 2.52% 1.92%

Numerical 0.37 5.45% 3.74% 3.14% 2.31%

0.5 7.28% 4.68% 3.71% 2.99%

Modeling 0.62 11.67% 6.87% 4.03% 3.82%

0.75 15.88% 8.92% 5.40% 4.54%

0.87 17.76% 11.32% 6.71% 5.35%

1 21.69% 12.86% 7.67% 6.12%




L;:J&}g_,SUTLg)'L.:J.\» Gb IS b slaag o 5L éuhéé)lm}%éhdfﬁsh{\m.blg)lw)ﬁ | oA Jk_

“ ) S5 53 Wl o 5 S iy Sl S8
o) Olge 1 aS Hsbolea asl asls & Jdas la
53 3l Gl 55 ssp bo 5 Pt (llily Ra s
A Sl S s by ladg skl
AQosta, ) ol LB 3l 35 b slaag Jd, Sbladsl
<. T 3 .(2006; De Joussineau, 2007; Aydin, 2010
Shtzel 53 6T gl 5 oS (Slaes oz a5 5 550 5
«S (Schwarz, 2008) L,148 3t s 75350 Sllasi!
N 5o GG anm s by sladul b ol aalsl s
5> (Sibson. 1989) sLsy o 85 4 OL e sl 8
R (sla SuSla 5 dsy oS sh mkin = b 55 Cab
il S oSl it sl 3 5 S e 55, R
Slapbis 53 (S53 Gl 8 S T L5
S s (Storti et al,. 2003) L5 o JSKi5 Calises
28 s dalg dlses slul 0T 5 05 5 S
(s Sl g Sas S i ik gl ol
10- Jah) Wlodslin b6 o SulSe 5 o sKusse
(o 33 (ooten Sl 390 oS SOT s .(a,b,c,d
S 2 (55 47 3550 5l 03505 5 5 1S5 sla
o3 o 3 e 250l (st 5200 S
Gib 3B s S cll )y cpl 3 il il OT S
sy50 3k glas Jldie 55 (Ssh slul SISE candllas oyl
S FSS ol o (s ot S1.3,8 15 g
RS Ol ) Soeal o 5L Jl (6LdS oS sl
Gl Ol 5 oo 3 Gl S sleeuS
Lol (VY (s SL 5l QFVA cibast) Conlyls 1S
156 laetiSJ 28 gl S8 glls sble 51 e a o
S a3 o0 Ol al ol a7 Wyls s 5 (s5le SIS
L oSS dar Camlisr ol Gl SET sl
(Aln S iz ol g Ail) s 55 SIS
bos daonSd 28 5l K s psam s (s ookl
Olgie 4. dab b Joes OT 5 G5l SIS sl 5 6l 5 S
NelS” &y gty b oS Lo g5 0kid 287 (gla,LilS” (e
GLoliS xS 5l g5 bl 5 a3 (6 lslae

S

Sladigy 43 gites g3 &5 S 0I5 e IS 5b 4

,wﬁrbwud&mébbé\gjgwp4{@:){
slaag s I ol 5L lalas eds jlsle
&S skilea (Karimpour, 2005) S o (9,m Ly
S 0y s o osle o € 1 51
Slaly b LT udls Lo jo (0o &S5 55 Gidan sl
Solows 53 &8 Sl 55 ol .w!ﬂdum
a3 dr e SRS ) e S 4 3laul b Oslas
03 8 3 re pioes plo Jo 5 48 e a5 (Sl
S5 s gmen Sl gea S5 nl 1 (b 3 5 oo Al
L (228 (Sla S8t Jgams 4 5z ate 5 4y
b Il ol a8 108 b il a1y il ol il
w3 ol Sl o3l 35 S 55 a8 ol i 2 Sl
S e K Ks laws b LS,
J:g.’:i Walae opl 5y s 2auS 6&;‘;&:
—S5Ps m Bl 4 e B S b SKeSs
mdube 3 Lol el OB B  (slaaig 0555 5555
0dd o3l & b (g slge I 45T 5 JUT gl
S & T sulj.u), S Sl 43 ol il et
Gl 1y odSis Lyl b a0 53 od by 574 3l
dxws g5 gt,.L.Q\ c(QTJiLEJ 5 odd 03 ,ud MLAJ:.EJ) .\:..:fuﬁ
S s ool e Bl cetals |y diy (5 sla oS
(s et & (Tl 208 i OKGl (6 e Sl o
Sl D g S 535k RS ) 3l Sl
- SinenS o b ) By glanT b eusSls S s Ll
o P PSRN ..u,\w.d:,;f.\;ujc,:béu
b 538 s G SaSE 53 by I O e

S ksuui:‘,&.: J:.i.:.]

L ol 5 ol a8 s KSs 3 b

ol 3yt ) AT n 3 g g WS =,y K2 Loyl
IV 53 348 slad gl ot s Kos sla KI5
Sl s duy e iy wsle gkl sl STI 5L (slas



4‘» %4 |w-u,@‘\v,,ugf,%du‘@u&:.juu@

18l &l S pate b gy oy ey SIS 505
ald jlous (ile SIS slalias ¢SS los o jlad L
SO ol 0T 5 e laanT 5 s 5 (g5le SIS 536
e IS5 laptan 53 B, lasl ‘,LM o
«(10-f JS8) plate & 4 5 bl (Systematic) wlaia 5 5
Em@;..&;rb@,in;\ﬁ;gjé{;,ﬂﬂ,;
Oliis odge 0T 3 352 50 o 5 Sl @ 034

S a5 Jie ) 55 0T Jas & ol a3 !

Leach et ) a8 o oSate |y o bacSin 5 gkl
gy oS Blasl 3 () 53 U oS ) o e @I, 2005
S 6 5 IS oy 6T b o
bl o Sikae Sl g0 St @ ol 8 Jglos 55 5 Lo
“Lae S il gr 35 B 3l 3 s 1S s 55
(S VU G115 b bl ) YU sl U (sla
S o3le CliSd a3 5 5Lid el ele 5
G35 5 6w iagy ol Ll «(Leach et al., 2005) &l
IV 3 3L sl lie sl le slaeuiS'd 2 30

4
T

oS e
R s P WNEE -

Lo SO . e

N Gom b gl p blro 456 G Tl p 9 0y SBdg o 38 Lalisto Slal jd uF e gy -V K0
ol € (959 5o oo D (508 50 ol 1 G 9ul0 b (3959 Koo iliin Sty o™ (SO gh dutin
44K Gy g S0 SNy S Sh SRS 50D pga ST ST Curby (g guln b i (99 30
Tob F s Ly Sladig UMW 50 s Slaar sl JUS § b 51 <SKilod b b of yoi (X148l drwgi JUS S D390
(Gumiel, 2010 ) kol 9 plwdos (b Sl 4w 18 oo Sdlg JUS S drwgd £l 51 eCileds



L;:J&}g_,SUTLg)'L.:J.\» Gb IS b slaag o 5L éuhéé)lm}%éhdfﬁsh{\m.blg)lw)ﬁ [ v Jk_

Slp e Giladde 53 Lo ool 3 )l 3le S slade
A8 sla bl 5l (S A S e seke gl 4 Ok
Joo i & 515 53T 5500 O 55 ladde 57 wlie o
S s 2 Bty o 4 s 3 (S iy (S
Slaloddte el 5 Lolul s @ 8 ssl Clo
@l 4 Oty sl el (s 38 adsl e
gév\;‘ﬁ))ujLj)Wj‘.@‘ryﬁdﬁl;dﬁlﬂ
B d{i SRS 8de df}JUT Jbe o5l slad jliaa s
“dde Cotlwo gt 53 Dples S0 a5 58 eodus adde
@34 Glwdda o 1y (g mh 5L slad ol sy .l b
S AL sl ST (Gladas 4 o
Sb slalad (LS GaeST il glulr b i 2 (B
4 ) oyled .J.a:q,.ib)> Lgh oo mlb LeS sl o o
Cilae g (Sl i e 5o ST i e o
23 e S AP e aals 1 (s ity (bbb OT
~ IS o i G e P Y sl sladay
S A Aok Sshom s s dus sl
On GRS b slad S men 4 L slad sl

g e S5 ST

S 5 Ao

g fae Jalse ple G G ol 3 45 S

2 dU S ol slal 3T bl (s ey e e
N Ol 4 S 8 slasigy 53 Sk sbad s
AA eop 05 S G SIS Jlse 0 S
Gl S8 gbaly o S G5 glab i 238
malols e b o g e ol LS 5 5 slaatgy oy
SlacS ok slal 0T Jbis & 5 b S pl o sy
e o3l e & Gl S a eyl byl du, LS
SLeST sl slul 5 ST Ju, Gy o ol
oS 03 ity b slad il 5eSa S dol-
bl Jlhe 53 o Ly laag gl 5 gl
3 35he S stz SuK L Juys ol SenSs
5 s ol SHT cladie (al 5 odle WSl

w33 8 Gy slang 0500 SeS il

S I 53 o)l g ol slead 4 S WS
iy b gmedl G et coisy pty M2
daulya 3R gl ol OFAY ¢ asls) 53 5 s
b oo 2580 ils by atg ad 4 Do 657 (a8 05
Fedly 25 g Lah o Jee ) S gy
2 Wb sl S5 5 i 2 600 8 0 G250
b i a4 ol i sl o R e S
e B Rt
&Qd)’&ywung;;pd\é}t%pb
JS8) 258 Jole (S5 (s iyt S50
LS 4h sann 53 is o cpl Hldie &S ST 51T
5 Ul 5 4 LSl aer i ) Cad OLS
WS sl o 53 5L sbab S sl (G 55
i€ 55 opl 3l G S 5 bokea (8 50 O I 555 o
Pl lodiB 5 olai 51 gl L sl S ples e
syl 53 55 ddy @IS, Hlasl S o Cans
8 STl & Gl S 4 ex LUK s
Slamlie oy oy o sbualols b e Jo
J58) 0,8 o 55 4 it JUST 5 G L 1 il
o 35515 5> ( JUS S ol ol S (10-€

55 K s Ramsay & Graham, 1970 odis 4
Sl 531 b gosle g g g SIS on (B Glaaigy
2553 IS e iy 28l 53 0 5 (S L s e
Slaagy 55 odd skl 5L slalas = S b (G
T 51 (Ramsay, 1980) ol adkaie 53 593 50 5
Solows Sl Fl O3las 53 gemem (8 S dcnles oS
mr e ) 5 S ST 08 Ol ey s p el
Sl eSS a5 peze 0T Gdes 05 sl & W5
Ll

Gl (518 25l 56 015 oo 8 LT (g3led e s
S 33 Ol pl aST dlom 315 ) 5 a5 5 ) g0 anlllan 531,



4¥_ Al |\?~~)l€c\\/ 5)[&;‘()“’1 Jbtﬁébw}@lﬂ.ﬁé

4 gade (ilwdda @L"J Geos (3l pled 5o S ol
03 dey GBSl o o sl 5l (glab lie g
bl (ol 5 i o5 ST (gludts b alie Ll i
-t ol & ST (giledde b 1y (gllae Sl gpen

..sjl.lf

oy i 5l dde Gos ol 555 o0 Sl 5 S
'J.L«,&.Adw):}é eli.fldbjb PU P J)‘ olws ¢ sz‘:f.ﬁ

Al

slal s a8 sl Olad gode Giludde b OT oty lael

4 e S (S sh Sl glmlr 5 i o Sk Se S
LS Cadl 5o ol i L0 0 5L slalidd 5 5
oy oliny ot IS D s Gy G A
Sl S o A O o ity ol slag

b be Sl ldd sl 5 (S Az B o sd e J

Sl ol

wwjbﬁomléwuwjojfj\@jd.l{

L o ol Ls""l“":'u‘fJ o}_)f o)yl éhd)&w 9

&Uo

Lg\h«?)jgi:ﬁgglgifé LU, AYYA 4(:(:45,\:.]4:-
Cols hles OVl asgeme (6 4l s Juse

i iS5 Sdae sla gl

.)ﬁ@muuuﬁ\jwuwjguju

“ze cg;;ﬁ_)j s (ks c.'C QMU’J\:_}K
o 3l e g s bl GlodiS J 8 51YaF
-l aliad (i o O e dled) (o) datiar dibate

A0 o)Lm&cd:e) r}lﬁu&h_gﬁ



o o kit 25 8 o s il PN

De Joussineau, G., Mutlu, O., Aydin, A. and
Pollard, D.D., 2007. Characterization of strike-slip
fault—splay relationships in sandstone. Journal of
Structural Geology, 29(11), pp.1831-1842.

Dooley, T.P. and Schreurs, G., 2012. Analogue
modelling of intraplate strike-slip tectonics: A
review and new experimental
results. Tectonophysics, 574, pp.1-71.

Dholakia, S.K., Aydin, A., Pollard, D.D. and
Zoback, M.D., 1998. Fault-controlled hydrocarbon
pathways in the Monterey Formation,
California. AAPG bulletin, 82(8), pp.1551-1574.

Forster, H., 1978. Mesozoic - Cenozonic
metallogensis in Iran - Geological Society-
London, 135, 443-445.

Gamond, J, F., 1983. Displacement features
associated with fault zones: a comparison between
observed examples and experimental models. J.
Struct. Geol. 5, 33-45.

Ghosh, N. and Chattopadhyay, A., 2008. The
initiation and linkage of surface fractures above a
buried strike-slip fault: An experimental
approach. Journal of earth system science, 117(1),
pp.23-32.

Hancock, P, 1., 1985. Brittle microtectonics:
prinsilples and practice. Journal of Structural
Geology, Vol 7 437-457.

Karimpour, M, H., 2005. Comparison of Qaleh
Zari Cu-Au-Ag deposit with other Iron Oxides Cu-
Au (10GC-type) deposits, a new
classification.Katz, Y., Weinberger, R., Aydin, A.,
2004., Geometry and kinematic evolution of
Riedel shear structures, Capitol Reef National
Park, Utah. Journal of Structural Geology, Vol 26,
p: 491-501.

Kim, Y.S. and Sanderson, D.., 2004.
Similarities between strike-slip faults at different
scales and a simple age determining method for
active faults. The Island Arc magazine,vol 13, p:
128-143.

Leach, D, L., Sangster, D, F., Kelley, K, D.,
Large, R, R., Garven, G., Allen, C, R., Gutzmer. J.
and Walters, S.S., 2005. Sediment Hosted lead-
zinc deposits: A Global Perspective : Economic
Geology, 100th Anniversary volume, p:501-607.

Agosta, F. and Aydin, A., 2006. Architecture
and deformation mechanism of a basin-bounding
normal fault in Mesozoic platform carbonates,
central Italy. Journal of Structural Geology, 28(8),
pp.1445-1467.

Ahlgren, S, G., 2001. The nucleation and
evolution of Riedel shear zone as deformation
bands in porous sandston. Journal structural
Geology 23, p: 1203-1214.

Aydin, A. and Berryman, J.G., 2010. Analysis
of the growth of strike-slip faults using effective

medium theory. Journal of Structural
Geology, 32(11), pp.1629-1642.
Brogi, A., 2006. Evolution, formation

mechanism and kinematics of a contractional
shallow shear zone within sedimentary rocks of the
Northern Apennines (Italy). Eclogae Geologicae
Helvetiae. 99, 29-47.

Brown, M. and Solar, G.S., 1998. Shear-zone
systems and melts: feedback relations and self-
organization in orogenic belts. Journal of structural
geology, 20(2-3), pp.211-227.

Chauvet, A., 2019. Structural control of ore
deposits: The role of pre-existing structures on the
formation of mineralised vein
systems. Minerals, 9(1), p.56.

Chemenda, A, 1., Cavalie, O., Vergnolle, M.,
Bouissou, S. and Delouis, B., 2015. Numerical
model of formation of a 3-D strike-slip fault
system. Tectonophysics, 34- 31-49.

Cladouhos, T, T., 1999. A kinematic model for
deformation within brittle shear zones. Journal of
Structural Geology 21, 437+448.

Cloos, E., 1955. Experimental analysis of
fractural patterns. Geol. Soc. Am. Bull. 66, 241—
256.

Coelho, S., Passchier, C. and Marques, F.,
2006. Riedel-shear control on the development of
pennant veins: Field example and analogue
modeling. Journal of Structural Geology, Vol 28
1658-1669.

Davis, G.H., and Reynolds, S.J. 1996.
Structural geology of rocks and regions. New
York: John Wiley and Sons, p.800.



4# vy |W~~)Le‘\vo)ugf,%du‘gs.uyjuu@

Sylvester, A.G., 1988. Strike slip faults,
Geological Society America Bulletin, volume 100,
pp. 1666-1703.

Tchalenko, J.S., 1968. The evolution of kind-
bands and the development of compression
textures in sheared clays. Tectonophysics 6, 159—
174.

Tchalenko, J.S, 1970. Similarities between
shear zones of different magnitudes, Geological
Society of America Bulletin, V.81, pp. 1625-1640.

Wang, C. and Ludman A., 2004. Deformation
conditions, kinematics and dis-placement history
of shallow crustal ductile shearing in
theNorumberga fault system in the Northern
Appalachians, eastern Maine. Tectonophysics 384,
129-148.

Xu, S. and Ben-Zion, Y., 2013. Numerical and
theoretical analyses of in-plane dynamic rupture on
a frictional interface and off-fault yielding patterns
at  different  scales. Geophysical  Journal
International, 193(1), pp.304-320.

Peacock S.M., 2002, Blueschist-facies
metamorphism, shear heating and P-T- t paths in
subduction shear zones. Journal of Geophysical
Research, 97, 17693-17707.

Ramsay, J, G., 1980. Shear zone geometries: a
review., J. Stru. Geol, V.2, pp. 83-100.

Ramsay, J.G. and Graham, R.H., 1970. Strain
variation in shear belts. Canadian Journal of Earth
Sciences, 7(3), pp.786-813.

Riedel, W., 1929. "Zur  Mechanik
GeologischerB rucherscheinungen.” Z. Mineral.
Geol. Palaeontol. Vol. 1929B, pp. 354-368.

Sabins, F.F., 1999. Remote sensing for mineral
exploration, Ore Geology Reviews, 14: 157-183.

Schwarz, H, U. and Kilfitt, F.W., 2008.
Confluence and intersection of interacting
conjugate faults: A new concept based on analogue
experiments. Journal of Structural Geology 30
1126-1137.

Sibson, R.H., 1989. Earthquake faulting as a
structural process. Journal of  structural
geology, 11(1-2), pp.1-14.

Storti, F., Holdsworth, R.E. and Salvini, F.,
2003. Intraplate Strike-Slip Deformation Belts.
Geological Society, London, Special
Publications, 210(1), 1-14.



VY osleds ¢ pileg Jo VYoo slg

7

". '.. -
— &, doi: 10.22077/JT.2021.4176.1109

Olo 7 Ol Sl ™ 4 dislg Li Colocmmn) 9 (wlili oS om0 )
D315 ol 5 17U s ki ) (o s

* nematimajid_1974@UK.aC.ir-ol S sl g oKsils 5 2as 5 5 o ke 0dSCals kit e iy gale tam)

RN il 5o g 56
1Feel-AY i pdy 06 oUW

) P e Okl 53 e 5 Ol sl 53 55 ) SV 5 4 a5 L oS 31 sy L Ol S Ol s Lz Ju8 (0l sles

255 2 635 Sl S eliBl 03 Jomas o ) 53 e SN Y S 5 o o 8 ST 0T Sl iin 55 105 ) s oS
L ot ey daly (SUaCim yon 5 ndm e Ol Sl e 2005 ol 53 okttt admy s sloml Jalse o i ogn 51 oS iz
lojsl 5 b slaal,oT plralr oSSa wSas 5085 LT Luld sa Olul sl s, im) b o)z
i plral Sl et plos cslosl pale sl JSK5 (55 S 5 (ol e S L (s cpletass cnl 53 Aed gy BB (55T
bl o Ol ST Ol (sl o8 50k sla S5 51 e0le 87 JuE) 2 Ar e 5 (CUE 8 e ¥eve 51 i (sl Il b o6 slowdy 53 2L
5 S S S (55 ki 6,5 o3l 0sS ST LS (655 e VOt 5 e W wSUn 5 co)leda (ol 5 (B 2B gl alr 4ty
el baaaly T 3 lag a3 b odys 2 W00 5 Ve (B B gl sy gy BB &S i 53 53 cosloday 5 Olylse
o 5Sn Sa o8 Ble 318 etalie 5 (Ol e Jo8) ek 5 (ol o) e 05 (b o) e Bl i 3l ¢ sSSon
S s 5 08 Ole (3,5l 50 05 1513 3l leder i 53 0 Cans ldgd 5 OluosS (Ol s k(s (sla fuS Ol ST Ol
JoS 5l Ju8 It GLL 53 b YAVA 03 J a3 (61505 ) S iy Jhest 555wl 53,8 5308 ST 5 dnsl ls JuS . Llesls
s Ol S Ol 5 01l sl 53 oS aga s L awill 51os8 SO 8 s S s (65 domn YoV (slac Jonni) SIS (5505
S o3l b 5 b o Sl s Jl YF oS s CadE G il b &5 s (DU |8 slaes S B N

.¢Mﬂ‘

Lim Sl e 5 (owldCdu im0 S a3 Ola S Olil 1S 0515

® Corresponding Author


mailto:nematimajid_1974@uk.ac.ir
https://dx.doi.org/10.22077/jt.2021.4176.1109

Geomorphology and active tectonic related to the faults

in Kerman Province, SE Iran

Majid Nemati!* and Ahmad Abbasnejad*

1-  Associate Professor of Department og Geology, Faculty of Science and Earthquake Research Center of
Shahid Bahonar University of Kerman, nematimajid_1974@uk.ac.ir

Abstract

There are many active faults in Kerman province, majority of them, according to high rate of seismicity in
eastern Iran and also the province is seismic. Regarding to that fault geomorphology could be an
information layer in earthquake hazard assessment, is so important. In this research, only landforms of
active tectonic within all geomorphs are investigated. These geomorphological features in east of Iran have
been investigated using displacement of seasonal streams in field work and on sattlite images. Greatest
vertical cumulative movements, more than 2000 m (Golbaf fault) and 1800 m (Kuhbanan) are manifest
specifications of the faults in Kerman province. Lakarkuh fault, also, has 1700 m and 1500 m maximum
vertical and horizontal displacements, respectively. On the two investigable points on Jiroft and Sabzevaran
faults, 110 m and 150 m horizontal displacements were seen, respectively. In sections of streams, from a
few centimeters (Jiroft fault), near one meter (Shasdad fault) to few meters (Sarvestan fault) vertical
displacements were seen. Among the reverse faults in Kerman province, Nayband, Sarvestsn, Kuhbanan,
Shahdad faults, at least in part of their lenghts, created an obvious boundary between mountain and plain.
Lakarkuh and Nayband faults have bending on their one or two terminations. The 1978 Tabas earthquke on
north termination and Godar earthquake fault (the 2017 Hojedk earthquakes) on south termination of the
Lakarkuh fault, are from these active and important fault terminations in eastern Iran and Kerman province.
Following field work, on of the eastern Iran specifications was confirmed: coseismic displacements of
earthquakes of the Golbaf fault are measurable after at least 26 years.

Key words: Kerman Province, Earthquake, Geomorphology, Displacements, Active tectonic
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Abstract

Kermanshah province, geologically is located in high Zagros zone.The Neo-Tethys closure and Iranian
— Arabian plate collision, which causes the obduction of oceanic crust sequence and various tectonic
structures such as the folds, faults, joints, shear zones, unconformity and klippe have formed the remarkable
geological units of the Kermanshah region. First of all, this study aims to introduce and designate the
geodiversity of the Sahne-Harsin region (mostly tectonically) including the unique folding in radiolarites,
faults, unconformities, joints, etc. Secondly, using the genetic characteristics (structural, stratigraphic), the
diversity of tectonic modes of the region and their values was studied. Subsequently, after the designation
of the tectonic heritages, they were classified and introduced. The importance of this Italian assessment
model is based on geological evolution, chronostratigraphy, palaeo-environmental and educational values.
The designation of tectonic geoheritage as natural heritage in the Sahne-Harsin region of Kermanshah
province in Iran is an initiative and promising result for further studies towards the establishment of a
geopark at the national level and a member of the GGN.

Key words: Natural Heritage, Sahne-Harsin, Tectonic Geodiversity, tectonic geoheritage.
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QUATERNA High level old gravel fan
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Mafic lava flow( spilite with pillow stracture) interlayered with abaundant tuff and pyroclastic rock

White to tuff detrital fossiliferous neretic limestone

Diabase

Marl and detrial deposits with light gray well bedded fresh water fossiliferous limestone
High level old gravel fan
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Undifferentiated black to dark gray slates metavolcanic rocks with quartz veins and minor crystallized limestone
Sepentinite

Light gray thin- bedded(5-20cm) detrital partly oolitic fetid limestones interbedded with brown- weatheering
cherts ( sarmag unit)

Ophiolitic melange

Light green calcareous shale

Low level young terrace

347 00" Sub-marine basic with pillow structure (pillow basalts)

Olive green pencilic shale sandston and detrital sandeston and detriral sandy li with interaformational
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