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Abstract

We present the results of a shear wave splitting analysis performed on the teleseismic direct S
wave recordings of 63 broadband stations belonging to the Iran-China temporary network to
investigate the mantle deformation on the Arabia-Eurasia collision zone in Western Iran. We used
the Reference Station Technique to overcome potential contamination from the source-side
anisotropy on the direct S-wave signals. The average splitting delay time over the entire region
was found to be 1.37 £ 0.2 s for the direct S wave. The fast polarization directions have the
northeast-southwest trend in the Alborz region, and in Central Iran, they rotated and showed an
east-west trend. In the Zagros, the direction of the fast axes tends to be aligned with the Zagros
Mountain and showed a northwest-southeast direction.The direct S-waves, have a larger footprint

and therefore average over a larger region, and relative to the SK(K)S phases, are influenced more
strongly by the asthenospheric fabric due to their larger angles of incidence, which results in a
larger zone of influence for station average anisotropy parameters. We propose that the observed
anisotropy is mainly controlled by the LPO fabric developed due to the shearing of the
asthenospheric layer in response to the motion of the lithosphere relative to the deeper mantle.
Keywords: Seismic anisotropy, shear wave splitting, Teleseismic direct S waves, Continental
collision.

YA



o\ ey
\<°‘- p .

G‘”L‘“‘ 4.‘)!) 05; <Yl 4L gox0

>,
“on, &
2 Geophysical contere™®

%

Ol Rl S0 58835 (il S (o

" oty
onal Geophysical S°°

doado )

ke ) ol Sl 53 S, ol Ll 5 e i i slo 5 551 45 ol 2l o SaigiS
&g tlioss SO S LSS 4 e (Y NY ol g (e VN - LSe 5 J5b) 635 0 oIl 25 4 a0
Lol o e Jla 5 €13 5 5 5, slaosS 5 iz 13 ST ol o 55 (e oS g o 0
FBBS oy 1 SHFSS Gl 0 5l j5ee 4o (ogat 4 lpl O dilaie o xla SHESS Slo Sz @ 4z g
Sl 5,55 il e el Sl il LSS5 WSS g 55 sbite 4 i) 5 oVl 42555 sla 5L
S ey 3550 Sli) 59, Tconls sl o3 U w515 on i BB sl & 45555 5 gt
©9)9% b & (izrad gyl )3 (VL ALLSS )3 (Sloj ) (63, lunesls (o) 2 polaie 4y O0se Slalllae (515G
i e S o 5 325 51 eolial b Slillae ol odes anl o ol ]l 306 51 alisee (sla s 5o
O Ken 5 oobl Bl Bolo Ve q (o LlKan g SLalS Ve A (Ken g (s93asanw) dileass plil SK(K)S
Slagsl Sladllas ol (YYY (o) 5en g o1 VoY) ()l San 5 ol VoYY oo San 5 SbolS Y+ 1AR,D
O Slalllae 10 o] Cawds (68,55 eel (55351 aisls Lis sads (6 pS oIl Blansl sla el b o 1) (glodums
Lo s 0l i Jla sl ol el e 5 Lo slogihs 5o (59, Silorosls o5 535 o ol
1 by 422 i) Lt Lo S35 w555 0 0l o i 5 o153 o5 s ol 5 gt
5 Susls 5 (VALY (llSan 5 gabT Bl Bolo ol adlats ;5 (53500 glaSud obsS 5 o5y slas;
bz 3 56 1, e ST Eyglme 10 635 pe ol 5] bt o o saalive g0, Silueal (Y- YY) o Kan
s o 515 s gl S 3 635 n ol S i 5055 e & anh sl e SrsS
55,5lacantls SK(K)S (s} 56 51 ealiiaal 1 ogdle ol oy Lot dlaia 1o (Yo ¥ V) o Kad 5 (p29,] anlllas
ailare SK(K)S 2lsal a5 LT 5l wio,S oo Ll in,S daslone 35 5,0 530 peciiione S glaal 31 oolictul L 1, (slos,)
25 Jetzme Slis (ansets 4 00 ol 5 s (5l Aigel olSi] 5> S glsal s 4 1y (6505 L
bl ool Bl yawgld 2l o ol s ol S L@W Wiwd dluod o Ssl jo (60, Kiluwal slo 559
@ l) 35 Olnl sl )0 st (900 50 (23 GLos; 5l AU 58 69, 5leanls SK(K)S glsal ool (]
S ol L iy e |y 005 shossiind ol oo 5 one y5b & LT 85 o 5 il 5 oaalie s
Cesdy gy S50 bl po gl el oaile (Bl (5] Jlyzr e S5 s 4 oles (lizen
alawlie 5 00 sadlive 555 0 olpl g 5l (SeiSS jye 5l jeee 50 e S Zlgal § SK(K)S zlgal 51 ool
G5z ol Ol o5 Wiagss (Vb (IS o3l 4 (VYY) (e 5 (gl anlllae )0 (w2 9590 slos ) sl bt
2,5 JLs 655 0 lpl dsb yo 1) bajgome 5o

=0yl slos) Judgp sl 40 SK(K)S zlgal avgs sanl cads gy slo 90 51 oy sadlive souzen (slagSl
oz 5B 90 5l sael s g Sl y B! g oas camlive sla i > (Y- VARD (sobl 3L- Solo)
Sl 5 (58,ranl s Sl ) T VY s Sm 5 0D 535 7 ol 2 3055 3 SK(K)S 5 S
S (oo s | B9 2 0

Gei s ¥
odlaiwl Yo F JIY-WY Sloj ol 10 il pl Cdse (gaSls oSias] £Y (6 K050 sboosls 51 imghy ol o
‘5“:)).:6‘))wlwb‘_’MJDTGJ).CUP—SB)MJLN»LgLMJ‘)L’GbMJ»Sg)»&:Jgaud.)di‘wau)‘w‘odw.s
o 5TV Y pleks 5 50D 2o e o] uias)@)’)])ﬁop@..ms Glosd 56 5l eolaiwl b sloy ) (65 ,Kluans
aS o] o 5l glaz 0 Ae B YD (635 o9, gakold ;0 a5 0/0 YL 5,5 L 50,90 sbaal)s 4 gy o slazge

\va



o\ ey
\<°‘- p .

G‘”L‘“‘ 4.‘)!) 05; <Yl 4L gox0

>,
%o, S
2 Geophysical contere™®

%

Ol Rl S0 58835 (il S (o

" oty
Yonay Geophysical 5°°

el 0o oolaswl cilosls 7, oSus! 2 0,515 Slej o3k o
1 69,5anls Sogll s 40 4555 o b lSsl B i 1 45 (gppmme 5 055 035 s 45 S sl e
ISl el oals solaiu] x> e oSus! i u_?%ﬂ Ol o0 w3l sl aiyls 18 gl ) aeis g
a2 gy o] 3 0 Jloe pmaas ) s 5 4355 g0 Wlotdh ot ol iz Ky 43 45 eiiione by 2l
islojf anidz SLbI ;5 (63, Kluoal clid slp «Bow g gz po olfa) jo IS 0) ) (e (Know arpicn
ol anlss Casy Sl ezt S SaS 4 (59 ,Slunanl (glo il Bus oKl yo Coled o 5 Cel Aty
oled g ob Sl etz Sgo 4 il (AT ey 4 eSS o)) ) 5l (plRs Bl Bdo Sl am il o
Slajls 5 1S el 10 Jolas (sl s S Bda Wiy 510,55 2 Vb sl 5 Gl CekS 5l a5 placnlSe; )
b calon; ) g5 ¢S slojy) 5 sy Gloj 5l omy gl ¥e 5 L8 4l 10 el YO Jsbo 4y 0oy S5 0 Sl
asb Y+ 5l 1S SK(K)S 35S 56 soww, loy alols a5 slaslas; coles o Sl Slawlre o,y lgie
dwy al> e 3 G ol Jloel lacutlSo; ) (595 5 /2 Y=o IV (ol 8050 L 35 0l 2k SG s 7 B3 09
Aol sl 58,5 a5 4 b it Lol Wags maskS Too 51 e LT oo alols o5 laolSiuy] cio oo
gy Lol ol 93 50 55 ol Sy, SG slp dediz g s Sl A Sl iy (liee (Al Gl
5 kd Gl cnl oS el gl g o olStus] 5o (69,5lusals jlade 5l ralas L3 il SO a2 pe ol
Eor lp slos ) Jdopm syieshS Yoo 5l i Job cde 4y .cnl oals clls 1y (Y- VAR) (gLl ,8L- Bolo asllas
A58 & e ol plgie 4 (510 Jdon (o i 3l ol Y5 (Gl Jedgn (Lot il oSl ¥
&z e il Plgie 4 Slalre 2ig) )0 oy Sl ply 00 GleolSiw] 3VL sla,) 1S5 5l amy a5 ool a8 )5

LASAD O)‘5

G5 amis ¥

wgdise opd ) IS 50 g pe oSyl g, 3l oolitl b aiisS (60 ,Siluasl slo il sl ool sy b
~ ) 35 e Olnl e poszmE i led 2g)) 5l (ST ddlate a0 T slatel dn @ sl gome
sdalin SLSU slagis 2 o Conl (pl 4295 BB &S5 aamd o0 LS (Broogam o Jled) (5T) 5 (22
o515 5 Ol iz i ddlaie (635 0 (1l ;0 SK(K)S (ptn Slalllas 5l ool sy gy sl j55e0 13 00
L5 g sloysmme gy s aSly 055 gad 00p0 530 599 meins S gl 5B 5l ool iy s slygme o
losls &5 p 5 sl 10515 5 655 70 Ol Gl (ST laadhaie 5l Hge

g ashis cpl o 3 Sldlas )0 ool caslive (60,5 leeal wig, b 5,0l )0 ool Canay ms o slo 9200 Slacil
S35 o olpl 5o oads oaalive @y sliwly 350 Slgen SelS (N3E) Glmio 3las &5 o g b (uizmen
il GLSU Cwlded oS b jhwgtd i ALsS )3 00l JSiS ilde S5 Gl el 136 cod Wl e
59595 ki S lsel 4 (nl 4 azgi b g sl Sb 635 50 lnl g 5l Bllie o gt Calis oS Lal
S5 5l oud osnlie (53,Slunodls Lite ylgi o 05 o b pimsgiins] 10 |y gyt yboy SK(K)S zlgal 4y Comnas
Slsen (o] s Jls yhwgid o )ST5 50 i ;5 0ls Cod Gblie (nl 5 50 syl Bl bl 41,
Wy, b Slyan (e a5 SliegS Wiy, b Slyen 55 5 S 5 SKK)S (gloj ) 51 90 j0 60,5kt slals
oads odnlive (60 Kiluwoal (gl (6 mgid Lice 1 (ol ailyl co sl 0l529S 0 Ful olisS 31 b 5,165



o\ ey
\<°‘- p .

G‘”L‘“‘ 4.‘)!) 05; <Yl 4L gox0

Ol Rl S0 58835 (il S (o

% N "
> A\ Na et
b"""nmm contere™® "onai Geophysica 5°°

38"

South Caspian Basin

37

36"

35 e

34"

=/ /  sKs(is) \"

b dnslio ;5 (Gord sl yls ) 5,550 puditne S zlgal 5l ooliiasl b g ol 50 oo oddlie (69, 5iluol glo yial by .V IS
(S slalo 1) SK(K)S glgal 51 ooliiasl L (Y- 1AQ) (s0bT 3L Bolo aslllas (60 Siluonls sl yial by
&lw

Arvin, S., Sobouti, F., Priestley, K., Ghods, A., Motaghi, K., Tilmann, F. and Eken, T., 2021. Seismic
anisotropy and mantle deformation in NW Iran inferred from splitting measurements of SK (K) S and
direct S phases. Geophysical Journal International, 226(2), pp.1417-1431.

Eken, T. and Tilmann, F., 2014. The Use of Direct Shear Waves in Quantifying Seismic Anisotropy:
Exploiting Regional Arrays. Bulletin of the Seismological Society of America, 104(6), pp.2644-2661.

Gao, Y., Chen, L., Talebian, M., Wu, Z., Wang, X., Lan, H., Ai, Y., Jiang, M., Hou, G., Khatib, M.M. and
Xiao, W., 2022. Nature and structural heterogeneities of the lithosphere control the continental
deformation in the northeastern and eastern Iranian plateau as revealed by shear-wave splitting
observations. Earth and Planetary Science Letters, 578, p.117284.

Kaviani, A., Hatzfeld, D., Paul, A., Tatar, M. and Priestley, K., 2009. Shear-wave splitting, lithospheric
anisotropy, and mantle deformation beneath the Arabia-Eurasia collision zone in Iran. Earth and
Planetary Science Letters, 286(3-4), pp.371-378.

Kaviani, A., Mahmoodabadi, M., Rimpker, G., Pilia, S., Tatar, M., Nilfouroushan, F., Yamini-Fard, F.,
Moradi, A. and Ali, M.Y., 2021. Mantle-flow diversion beneath the Iranian plateau induced by Zagros’
lithospheric keel. Scientific reports, 11(1), pp.1-12.

Motaghi, K., Shabanian, E. and Kalvandi, F., 2017. Underplating along the northern portion of the Zagros
suture zone, Iran. Geophysical Journal International, 210(1), pp.375-389.

Paul, A., Hatzfeld, D., Kaviani, A., Tatar, M. and Péquegnat, C., 2010. Seismic imaging of the lithospheric
structure of the Zagros mountain belt (Iran). Geological Society, London, Special Publications, 330(1),
pp.5-18.

Sadeghi-Bagherabadi, A., Margheriti, L., Aoudia, A. and Sobouti, F., 2018b. Seismic anisotropy and its
geodynamic implications in Iran, the easternmost part of the Tethyan Belt. Tectonics, 37(12), pp.4377-
4395.

Sadeghi-Bagherabadi, A., Sobouti, F., Ghods, A., Motaghi, K., Talebian, M., Chen, L., Jiang, M., Ai, Y.
and He, Y., 2018a. Upper mantle anisotropy and deformation beneath the major thrust-and-fold belts of
Zagros and Alborz and the Iranian Plateau. Geophysical Journal International, 214(3), pp.1913-1918.

Sadidkhouy, A., Javan-Doloei, G. and Siahkoohi, H.R., 2008. Seismic anisotropy in the crust and upper
mantle of the Central Alborz Region, Iran. Tectonophysics, 456(3-4), pp.194-205.

'V HY



