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ARTICLE INFO ABSTRACT

Northwestern Iran is one of the seismically active regions with a high seismic risk in the world. This area is a part
of the complex tectonic system due to the interaction between Arabia, Anatolia and Eurasia. The purpose of this
study is to deduce the stress regimes in the northwestern Iran and surrounding regions from stress inversion of
earthquake focal mechanisms. We compile 92 focal mechanisms data from the Global CMT catalogue and other
sources and also determine the focal mechanisms of 14 earthquakes applying the moment tensor inversion. We
divide the studied region into 9 zones using similarity of the horizontal GPS velocities and existing focal me-
chanisms. We implement two stress inversion methods, Multiple Inverse Method and Iterative Joint Inversion
Method, which provide comparable results in terms of orientations of maximum horizontal stress axes SHmax.
The similar results of the two methods should make us more confident about the interpretations. We consider
zones of exclusion surrounding all the earthquakes according to independent focal mechanisms hypothesis. The
hypothesis says that the inversion should involve events that are far enough from each other in order that any
previous event doesn't affect the stress field near the earthquake under consideration. Accordingly we deal with
the matter by considering zones of exclusion around all the events. The result of exclusion is only significant for
eastern Anatolia. The stress regime in this region changes from oblique to strike slip faulting because of the
exclusion. In eastern Anatolia, the direction of maximum horizontal stress is nearly north-south. The direction
alters to east-west in Talesh region. Errors of o; are lower in all zones comparing with errors of o, and o3 and
there is a trade-off between data resolution and covariance of the model. The results substantiate the strike-slip
and thrust faulting stress regimes in the northwest of Iran.
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1. Introduction

Studying the stress state in the crust can provide a better under-
standing of current deformation in each area specially in northwest of
Iran considering its complex seismotectonic settings. Zamani (2013a)
investigated the stress state in Siahcheshme-Khoy fault zone. The
average stress implied a dominant strike-slip tectonic stress regime in
the studied area. The result showed the stress ratio equals to 0.41 for
the regional average stress tensor. This result is in correspondence with
McKenzie (1972) that indicated the existence of two series of conjugate
reverse and strike-slip faults in east Turkey and the Caucasus. Zamani
(2013Db) also studied the area between 36 and 40°N, and 44- 49° E and
analyzed the stress state in the region. The result manifested a strike-
slip stress regime in western boundary of the studied area and a com-
pressive stress regime in northern and eastern boundaries. Zarifi et al.
(2014) estimated the magnitude and directions of maximum principal
stress and strain rates in Iran using the focal mechanisms of crustal
earthquakes in the period 1909-2012 and GPS velocities, derived from
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the data collected between 1999 and 2011. In this study, we investigate
the stress regimes of the northwest of Iran and surrounding areas by
stress inversion of earthquake focal mechanisms. We try to find as much
focal mechanism solutions as possible with moment magnitude greater
than 4. We also determine the focal mechanisms of 14 earthquakes
applying the moment tensor inversion code ISOLA (Sokos and
Zahradnik, 2008). Focal mechanism data (Table 1) and horizontal GPS
velocities (Fig. 1) show that this region is structurally complex and we
cannot separate different stress states from the collective focal me-
chanism data. We therefore divide the studied area to 9 zones. Con-
sidering the limited number of data in some zones, we calculate the
reduced stress tensor using two different methods, multiple inverse
method (Yamaji, 2000), and iterative joint inversion method
(Vavrycuk, 2014) to achieve more confidence. The orientations of
maximum horizontal stress axes in each zone are calculated and the
results of the two methods are compared.

Received 23 February 2017; Received in revised form 4 August 2017; Accepted 22 August 2017

Available online 05 October 2017
0264-3707/ © 2017 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/02643707
http://www.elsevier.com/locate/jog
http://dx.doi.org/10.1016/j.jog.2017.08.003
http://dx.doi.org/10.1016/j.jog.2017.08.003
mailto:m_afra006@alumni.ut.ac.ir
http://dx.doi.org/10.1016/j.jog.2017.08.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jog.2017.08.003&domain=pdf

Journal of Geodynamics 111 (2017) 50-60

M. Afra et al.

DSHI T- 9L v1z 991 — 88 v0g %4 6 98 vt S'8e 85:9G:91 22909102 o

DSHI €T 9L et 591 89 [t v 11 98'6V 69°9€ 85180:CC 01S0ST0Z 6

DSHI 9L 8¢ 88 L6 €9 ¥8T Th € v6'8% SL'SE 1+:80:90 T0£0S10T 8¢

DSHI zs1 59 8 8T 59 orT 9p €1 65'SY 62V £1:€0'81 YTIIET0T L

DSHI 98 (43 e 26 85 S91 Ly [0} 8S'SH ST 02:92:€T €CI1£102 9

Apmis SIyL 61-/+/ST— 6-/+18 €1—/+S11 0Z-/+01— 11—/+£49 €1—/+1¢ (a4 9 LT'Ly 8'LE vETI01 80T1E10T sg

DSHI Ly — 18 STz 89T — v fats 9p € L6V vT'se TE61:80 9101£10T v

Apmis sIL 61—/++9 y—/+s€ ST—/+v2T 91—/+L0T 8—/+6S €1—/+SL (a4 81 v6' vt XA £5120:01 LT60ET0T €€

(¥102) 'Te 3° Aqeumpqy 08T — 0T ST 0L— 06 S6T S 97¥6l 8E'EY 99'9¢ £0:€2:90 €1€0€10T 43

Apmis sIyL €1—/+v€ 01—/+29 11-/+061 91—/ +LbT 01—/+19 €1—/+€8 187 0z ¥8'¥Y '8¢ 1€:CT:L0 €2T1T10T 1€

Apmis sIL €1-/+8 9-/+¥8 YI—/+L9T YI—/+bLT S-/+28 0T—/+9. TS [ £6'vb 8b'8E £S'8E190 €2T1T10T 0€

Apmis sIL 01-/+6— L—/+6L L—/+881 8-/+691— 6-/+18 8—/+082 6% 9 99°9% 6v°'8¢€ 82:85:€0 91112102 6C

Apmis sIyL 81-/+8— 01—/+8 0T—/+08T e1-/+vL1— L-/+T8 0T—/+14T 8'S o1 SL'9b 9v°'8€ 1€:92:90 £OT1Z10T 8¢

Apmis sIL 0z —/+02 1I—/+L4L YI—/+8LT 0C—/+99T 6—/+1L 0T—/+€8 4 8 99 65'8E I4:95:€0 £T01T10T LT

(€102) 'Te 3° Aqeumpqy SLT— 0L TST 0z— S8 09 (a4 SFET TLey 66'9€ 12:Chic0 €160210T 9z

(€102) 'Te 1° £qeunpqy pIT— z8 €91 0z - ST SS 187 LFTT LS°EY 1T°L8 8E16TIET 21602102 ST

Apms siyL L1-/+T L—/+¥8 €1—/+TLL 91 —/+vLT 9-/+88 11-/+28 %4 o1 S9°9p '8¢ 0€:85:10 61802102 v

DSHI L- 98 I 9L1— €8 T6 s o1 88°9p Sh'sg STTOWI ¥180210¢ €T

Apmis SIYL ZI-/+40 S-/+s8 11-/+941 YI-/+SLT— S-/+06 T1—/+992 Ly o1 99°9% L¥'8E 01:95:10 €180210T 44

Apms siyL 0T—/+bST L-/+7T8 8—/+8ST I1-/+6 S—/+¥9 8—/+2S¢ €S o1 SL'9b €h'8€ T0¥TTT L180210C &4

Apmis sIL €C—/+0€T 8—/+1¢€ 81—/+SST T1—/+69 6-/+.9 TI—/+1¢€ 8y o1 £L°9b 9b'8g 6T:EhiST 1180Z10T 0T

Apmis SIL ST-/+9— S-/+98 G—/+SS¢ YI-/+9LT — S—/+¥8 5-/+98 8 9 89 Th'ss pL:TTIST 11802102 61

Apms siyL 81-/+€— S—/+58 0T—/+1S¢ YI-/+SLT— S-/+/8 TI—/+18 €9 91 ¥8'9% 9v°'8€ €EWETI 11802102 81

Apmis sIL Se—/+0 Y1/ + Ly 91—/ +¥LT 8-/+ 8€1 TC—/+06 TI—/++8 v'9 9 18°9% £b'8g ST:ETTI 1180Z10T L1

DSHI 9 9L S0t 991 v8 €1 v LT 80°6Y SL'9g ST:8€1T0 81£02102 91

(€102) 'Te 3° Aqeunpqy 01— 59 S SST— 18 6€1 Th yFSI ¥6'St €LE 8T:9b:S1 90211102 ST

(STOT) 'Te 1 Hesuy 0 6L vrT 691 06 ¥ST v SL T8 Lb SSLE 1S:0€:00 £060110T v1

(STOZ) 'Te 3 Lesuy 0g 69 LbE 9sT 29 %4 v ST Sh'6b T8'9¢ TE0€:S0 80600102 €1

(¥102) 'Te 3° Aqeumpqy 88 S8 ST ST S 0ze 14 eFPI L1 62°SE 8€:81:01 10218002 41

(ST0T) Te 1 Lesuy S— 09 9T 0ST— 98 8€€ Iy STl T8y v8LE 60:0€:CT €1£0800T It

(STOZ) 'Te 3 Lesuy STI 8 621 59 8 €LT v s9 98'8t 18°S€E 00:8¥:90 £TE0800T 01

(S102) 'Te 3 Hesuy (248 €8 L8 6 vS z81 Ly Sbl 15°8% 1€°L8 [ABREA £2£08002 6

(¥102) ‘Te 3° Aqeumpqy 89T — 9s 43 sg— 08 S6T %4 yF8I1 €9'vh 19'se TEES0T 8160L00T 8

(102) ‘e 1@ Aqeumpqy 0L1 <8 6v€ S 08 08 (a4 yF81 LLvY 9z'9¢ YEPPIET 80£0L00T L

(£102) 'Te ° Aqeumpqy ST— 0S 50T LET— L 453 v yF8T zo'eh SL'LE £5192:€T 70205002 9

(S102) 'Te I Hesuy 4 85 152 eTas 1L 6v1 Sh ST 88'8Y €L°SE 61:€0:0C 8011¥00T S

(STOT) ‘T 1 Lesuy 101 99 811 99 9z TLT Ly Sel 96°8% T9'Se €0:1€:TC £10T+002 4

(STOZ) 'Te 1 Lesuy e1 €8 (434 €L1 LL ort [ ST eh'6b 6v'SE 9T:€S:ET 1280+¥00T €

(¥661) ‘T 39 LopsaLid v6 sS 80€ €8 sg 0zl S'S o1 ve6v £6'9€ 00:1+:20 TTLOES6T 4

(661) Te 39 LopsaLid 0L 4 001 €11 Th 1€ L 01 8'6b LSE 00:02:61 10602961 1
(,) oxex () dip () aLns (,) axex () dip (,) avrns M (uny) pdaq (d,) apmiduog (N,) epmneT Quy], areq

EhlicicI i T due[d [epoN T aue[d [epoN sI9)ouweIed UONEIOT R W], UISIIQ ‘ON

*LIND TeqorD woy asoy) 3dedxa Apnis SIY) UT Pasn SUOTINOS WISTUBYIIW [ed0] YL,

1 919eL

51



ISIf)rticles el Y 20 6La5 s 3l OISl ¥
Olpl (pawasd DYl gz 5o Ve 00 Az 5 ddes 36kl Ol ¥/
auass daz 3 Gl Gy V

Wi Ol3a 9 £aoge o I rals 9oy T 55 g OISl V/

s ,a Jol domieo ¥ O, 55l 0lsel v/

ol guae sla oLl Al b ,mml csls p oKl V7

N s ls 5l e i (560 sglils V7

Sl 5,:K8) Kiadigh o Sl (5300 0,00 b 25 ol Sleiiy ¥/


https://isiarticles.com/article/153137

