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ABSTRACT 

The 20 June 1990 Rudbar earthquake, Mw 7.3, occurred within a rugged mountainous region 

causing ~80 km long surface rupture along the Rudbar fault. The earthquake occurred on a NW-

striking (~N290º-300º) fault plane with nearly pure sinistral kinematic but shows a complex 

surface deformation along Zard-Goli and Kabateh segments with reports of normal and reverse 

movement components. To find how the pure sinistral mechanism at depth could produce the 

complex surface deformation, we calculate the state of present-day stress by inversion of 

earthquake’s focal mechanisms and also do detail mapping of the earthquake surface rupture using 

Google Earth images and Optical Image Correlation derived deformation maps. The stress 

inversion suggests an axis of horizontal maximum stress within N248º-N260º. Our new detailed 

map of the surface rupture reveals that the rupture along the Zard-Goli and Kabateh segments 

dominantly include array of minor right stepping en-echelon faults (N260º to N295º striking). It 

indicates that the orientations of the ruptures are partially parallel to the direction of maximum 

principal stress, thus resulting in the development of true normal movement component at the 

surface.  

 

Keywords: Rudbar earthquake rupture, Stress inversion, Remote-sensing, Strike-slip fault. 

 

INTRODUCTION 

Present-day deformation of NW Iran is strongly affected by Arabian-Eurasian convergence as 

well as rigid South Caspian block as a back stop (Ghods et al., 2015). They result in oblique 

compression along western Alborz and escape of crustal material along NNE- and NW-striking 

strike-slip faults in NW of Iran and Turkey (e.g. Vernant et al., 2004; Reilinger et al., 2006; 

Djamour et al., 2011). Along the W. Alborz Mountains, geodetic and geophysical data indicate 

NE direction of maximum horizontal compression (Vernant et al., 2004; Masson et al., 2014; 

Zarifi et al., 2014). This can explain for the occurrence of compressional and sinistral strike-slip 

movements along NW-striking faults (Fig. 1A). However, the 20 June 1990 Rudbar earthquake, 

Mw 7.3, (Fig. 1B) is known as the first sign of active sinistral kinematic along such a NW-striking 

fault within the area (Berberian et al., 1992). The event resulted in an ~80 km length surface 

rupture including three individual Baklor, Kabateh and Zard-Goli segments (Fig. 1B) oriented in 

a right-stepping en-echelon array (Berberian et al., 1992). Epicenter of the relocated mainshock, 

and large aftertshocks mostly lies at the central (Kabateh) segment and dominantly concentrate 

along the NE side of the earthquake surface rupture (Jozi, 2014). Focal mechanism of the 

mainshock present nearly pure sinistral movement along a NW-striking fault plane (288/88, R -

9: Gao et al., 1991; 292/88, R -9: Berberian et al., 1992; 300/75, R -15: Campos et al., 1994), 

while the larger magnitude aftershocks reveal variety of sinistral to reverse sinistral kinematics 

along NW-striking faults and reverse kinematic along nearly N-striking faults (Fig. 1B). 

The total length of the Rudbar surface rupture was first mapped by Berberian et al. (1992) and 
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improved during next studies based on field measurements (Berberian and Walker, 2010; 

Koohpeyma et al.,  in press) and Optical Image Correlation (OIC) method (Fig. 1C; Ajorlou et 

al., in preparation). However, there is not yet any detailed mapping of the surface rupture due to 

either dense vegetation or lack of accessibility to the high mountainous area. Primary reports of 

the surface ruptures and related displacements indicate SW-dipping high-angle sinistral fault 

planes at all segments but with a significant reverse displacement component at the Zard-Goli and 

Kabateh segments (Berberian et al., 1992; Tatar and Hatzfeld, 2009; Berberian and Walker, 

2010). New recent field investigations (Koohpeyma et al., in press) present kinematic evidences 

for NE-dipping fault planes with small normal movement component along Zard-Goli and 

Kabateh segments. To find how the deep earthquake kinematic is related to the observed surface 

deformation, we compare the principal axis of stress with the detail map of the surface rupture. 

 

 
Figure 1. A) Major structural features of NW Iran together with GPS velocity field (blue vectors) from 

Khorrami et al. (2019) and maximum horizontal stress (black double vectors) from Zarifi et al. (2014) as 

well as epicenter of 20 Jun 1990 Rudbar mainshock (yellow star) from Jozi (2014) are mapped on DEM 

(SRTM 90m). Yellow ellipse and pentagon are the mesoseismal area of the 22 July 1983 (Mb 5.6) and the 

location of the historical earthquake at the 1st millennium B.C., respectively (Berberian et al., 1992). Faults 

are from Hessami et al. (2003). B) Main segments of Rudbar earthquake surface rupture from Berberian et 

al. (1992) together with focal mechanism of the mainshock (red beach ball) and major aftershocks 

(Berberian et al., 1992; Gao and Wallace, 1995) relocated by Jozi (2014). C) The surface rupture (red line) 

obtained using E-W displacement map deduced from OIC method (Ajorlou, et al., in preparation) is 

compared with previous one (gray line) from Berberian et al. (1992). 

 

 

METHODOLOGY  

In this research we map in detail the visible parts of the Rudbar earthquake surface rupture 

using Google Earth imagery and aerial photos. To investigate the relationship between the surface 

rupture with the mostly sinistral rupture at depth, we estimate the state of present-day stress within 

the study area. We apply inversion method proposed by Carey-Gailhardis and Mercier (1987) on 

focal mechanisms of those earthquakes (Fig. 1B) reported by (Berberian et al., 1992; Gao and 

Wallace, 1995; Jackson et al., 2002) Global CMT solution (https://www.globalcmt.org) and 

ZUR_RMT (http://www.isc.ac.uk/cgi-bin/agency-get?agency=ZUR_RMT). They include Mw ≥ 

4.4 earthquakes occurred from 1990 to 2012 within the area which are relocated by Jozi (2014). 

The NW-striking fault plane of the 20 Jun 1990 Rudbar mainshock is used as a key data during 

the inversion process. 

 

 

CONCLUSION 

We invert the focal mechanism solution of 16 earthquakes (red and blue beach balls in Figure 1B) 

within the area from 1990 to 2012 (4.4 ≤ Mw ≤7.3) to calculate the state of stress in the region. 

The results indicate an ENE-WNW (N248º to N264º) direction of maximum horizontal 

compression (Fig. 2A). On the other hand, our detailed mapping of the earthquake surface rupture 
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(Fig. 2B) reveals a dominant right stepping en-echelon array of minor faults (oriented N260º to 

N295º) along Kabateh and Zard-Goli segments (Fig. 2C & D). This observation indicates that the 

earthquake surface ruptures are in some parts parallel to the N288º-N300º striking deep 

earthquake fault plane (Bernerian et al., 1992; Campos et al., 1994; Gao and Wallace, 1995), but 

in the other parts oriented in the direction of maximum horizontal compression, thus allowing for 

development of true normal movement component at the surface such as those reported by 

Koohpeyma et al. (in press).  

 

 

 
Figure 2. A) States of reverse and strike-slip stress deduced from inversion focal mechanism at Figure 2B 

(red and blue beach balls). B) Earthquake surface rupture and active faults (red and orange lines, 

respectively) from this study. Blue and purple lines, respectively, are pre- and post-earthquake landslide 

areas. Blue triangles are lakes formed by post-earthquake landslides. C & D) Detailed mapping of the 

earthquake surface rupture at two localities (ellipses on Figure 2D) dominantly reveals right stepping en-

echelon array (solid red lines) with respect to the strike of faulting deduced from focal mechanism (red 

dashed line). The beach ball is the focal mechanism of the mainshock (Berberian et al. 1992).  
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