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Abstract 

Investigation of historical and instrumental seismicity and fault kinematics of major faults are used 
to deduce the stress state in the northeast of Greater Tehran. In the present study, we have identified 
the Mw 5.1 earthquake and its related aftershocks in northeast Tehran that occurred on May 7, 2020. 
In this regard, after combining the waveforms of seismograms recorded in the seismic stations of 
Tehran and neighbouring provinces, the location, magnitude, and exact time of occurrence of the 
main shock and its six aftershocks have been calculated. Then, using three methods, including 
waveform modelling, P wave polarity and the ratio of P and S wave amplitudes, the focal mechanism 
of the fault causing seismic events is estimated. Fault kinematic study and the epicenter of the seismic 
event and related aftershocks suggest that the Mosha fault could be responsible for the event. 
Furthermore, the regional tectonic stress field has been calculated by focal mechanism inversion. 
Comparisons between stress field orientations and stress ratio provide new information on the local 
stress field. The variation of the stress ratio in the lower and upper crust is considerably high, 
demonstrating an inhomogeneity of deformation related to the Mosha fault. 
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1    Introduction 
The tectonic activity in the Alborz Moun-
tain, northern Iran, is due to the northward 
convergence of Central Iran toward Eura-
sia and the northwestward motion of the 
southern Caspian basin concerning Eura-
sia. Previously proposed models sug-
gested that the NW component of the 
movement resulting from the clockwise 
rotation of the South Caspian block is re-
sponsible for left lateral motion on the 
NW trending faults in the western Alborz. 
Recent GPS studies indicate that northern 
Iran, including north Central Iran, Alborz 
Mountains, and the South Caspian block, 
are rotating clockwise concerning Eurasia 
(e.g., koyi et al., 2016). This rotation is re-
sponsible for the formation of several E-
W striking extensional basins. Two prom-
inent faults along the southern Central Al-
borz are the Mosha and the North Tehran 
fault. The Mosh fault, located immedi-
ately in the eastern branch of central Al-
borz, has experienced some historical 
earthquakes along its different segments 
(Tchalenko 1974; Ambraseys & Melville 
1982; Berberian 1983; Berberian & Yeats 
2001). The Mosh fault, with a more than 
175 km length, strikes E–W to WNW–
ESE, and dips between 35◦ and 70◦ 
(Tchalenko 1974; Allen et al. 2003). 
    Previous seismic studies regarding the 
faulting mechanisms of the Mosha fault 
are controversial (e.g. Tatar et al., 2012; 
Momeni and Madariaga, 2022). Some ge-
ological data, such as fault kinematics, 
suggest strike-slip with reverse compo-
nents (Bachmanov et al., 2004). Accord-
ing to previously published geodynamic 
concepts, the Alborz region was subjected 
to a series of extensional and compres-
sional tectonic processes, ultimately 
linked with the opening and closure of the 
Tethys Ocean and related basins and 
clockwise rotations of the basement  (e.g. 
Ballato et al., 2011; Hessami.,2020). A re-
cent study has shown an extensional com-
ponent accompanying strike-slip faulting 

(Abbassi, 2020). Notably, the establish-
ment of present-day stress seems rela-
tively young (Abbassi and Shabanian, 
1999). Therefore, a seismic study together 
with a field investigation on the hanging 
wall of the Mosha has been conducted to 
understand the true nature of the fault and 
its seismic threat to Greater Tehran. 
    Recently, an earthquake occurred in the 
crust of northeast Tehran on May 5, 2020, 
with a magnitude of 5.1. In addition, six-
teen aftershocks larger than 2.5 occurred 
during two years around the aforemen-
tioned main shock. So, the main goal of 
this paper is to find a reliable focal mech-
anism solution for this earthquake to an-
swer the question of the faulting mecha-
nism of the Mosha fault. Geological ob-
servations, seismic studies, and stress state 
in this region can be constructive for as-
sessing earthquake hazards, and the resili-
ence of buildings and lifeline infrastruc-
tures for Tehran city. Reactivating the 
Mosha fault near the eastern part of Teh-
ran’s metropolitan area may severely 
damage the densely populated capital of 
Iran. 
 
2    Methodology and Data 
We used The waveform data set in this 
study provided by the Iranian Seismologi-
cal Center (IRSC) and the Iranian National 
Broadband Seismic Network (INSN) for 
the focal mechanisms solution. The infor-
mation on seismic stations is presented in 
table 2. We also implemented earthquake 
fault plane solutions from other studies 
(Tatar et al., 2012; Nemati et al., 2011; 
Yaminifar et al., 2018; Soltanimoghadam 
et al., 2018) to examine stress field. 
    Three methods, including waveform 
modelling using ISOLA code, P wave po-
larity, and the ratio of P and S wave am-
plitude, are implemented to estimate the 
focal mechanisms of the mainshock and 
its aftershocks. In the next step, we exam-
ine the stress field in Central Alborz using 
a refined stress inversion methodology of 
focal mechanisms data. The whole study 
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area is subdivided into Voronoi cells by 
K_Means based on seismic depth and hor-
izontal variation. We apply the refined 
stress inversion method of Martínez‐
Garzón, Ben‐Zion, et al. (2016) developed 
on the double‐couple earthquake focal 
mechanism catalogue in central Alborz. 
The inversion method employs the refined 
MSATSI software (Martínez‐Garzón et 
al., 2014; Martínez‐Garzón, Ben‐Zion, et 
al., 2016), which is an updated version of 
the SATSI algorithm (Hardebeck & Mi-
chael, 2006; Michael, 1984). The stress in-
version includes the following assump-
tions: (1) The stress field is homogeneous 
within a considered rock volume, (2) 
earthquakes occur on preexisting faults 
with varying orientations, and (3) slip on 
each fault occurs parallel to the direction 
of its tangential traction (Bott, 1959; Wal-
lace, 1951). The linear damped stress in-
version is applied to reduce potential data 
discretization artifacts (Hardebeck & Mi-
chael, 2006). The performed inversion es-
timates the orientations of the three prin-
cipal stresses σ1, σ2, and σ3 (from most to 
least compressive) and the stress ratio pa-
rameter, R, defined as 𝑅 =   (The 

stress ratio (R-value) ranges between 0 
and 1, with smaller and larger stress ratios 
in a strike‐slip environment corresponding 
to stress regimes closer to transtensional 
(i.e., mixed strike‐slip and normal fault-
ing) and transpressional (i.e., mixed 
strike‐slip and reverse faulting) fields, re-
spectively. The orientation of maximum 
horizontal compressional stress, SHmax, 
is computed from the orientation of the 
principal stress axes following Lund and 
Townend (2007), and the estimated trends 
and plunges of the principal stresses are 
classified into Andersonian stress re-
gimes: normal, strike‐slip, and reverse, 
and oblique faulting types (Zoback, 1992). 
Uncertainty estimations of the inversion 
outputs are obtained by bootstrap 
resampling the original focal mechanisms 
(Michael, 1987) and providing 95% confi-
dence intervals. 

3    Results and Observations 
We determined seven focal mechanisms, 
including the main earthquake and six af-
tershocks. Details of all focal mechanisms 
are given in table 1. Two are solved with 
waveform modelling using ISOLA code, 
and others by the polarity of the P wave 
and the ratio of P and S wave amplitude. 
    Most of the focal mechanisms show a 
strike-slip faulting mechanism with a re-
verse component. Only one of them dis-
plays a normal component. This changing 
of the mechanism types can be related to 
inhomogeneity of the stress regime. The 
field visit at four stations was carried out 
on the hanging wall of the Mosha fault to 
deduce the faulting mechanism based on 
our observation measurements.  
    Outcrops of the Mosha fault (as shown 
in Fig.1) at station 1 show limestone rocks 
separating alluvial sediments. The alluvial 
deposit covers both sides of the rock for-
mation. The fault dips about 20-45 de-
grees facing the North and South. The 
Dashed lines denote the dip variations of 
alluvial deposits. The fault kinematic 
measurements are drawn on the stereo 
plots. These results show the mechanisms 
of the Mosha fault include both exten-
sional and compressional components. 
The circles in the stereo-plots show the P 
axis of measurements on rocks. The dis-
persion of stress axes and different mech-
anisms indicate that this fault underwent 
various tectonic stresses. The grain size 
heterogeneity suggests a glacial deposit 
covering the rock mass in an outcrop 1, 
(Fig. 2). The distance between outcrops 1 
and 3 is 500 meters. Across this distance, 
rock formation and alluvium have been 
deformed under several tectonic events. 
    Furthermore, this distance defines the 
hanging wall of the Mosha fault zone. In 
the area of outcrop 2 (Fig.1), we observe 
some E-W faulting with dominant dip-slip 
(extensional) movement and occasionally 
dextral components. The location of out-
crop 3 marks the last station that has been 
influenced by the fault movements 
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(Fig.3). The young tectonic activity is re-
sponsible for the folded young alluvial de-
posit (it is thought to be the Late Pleisto-
cene in age). The northern edge of this fold 
dips toward the North about 15 degrees. 
The folded layers are shown with white 
dashed lines in Fig. 3. It is noted that the 
strike-slip faulting is accompanied by an 
extensional component (Fig. 3). The 
close-up view of this section illustrated in 
figure 3b shows the tilting of the alluvial 
layers towards the South with a dashed 

line. The mechanism of faults in the south-
ern ridge is in agreement with the modern 
stress state in central Alborz. The circle in 
the stereo plots shows the maximum hori-
zontal stress axis. As shown, this outcrop 
defines two tectonic events. In the first 
step, the contractional deformation led to 
folding. Later, strike-slip faults with an 
extensional component influenced the 
southern limb of young folded strata (Fig. 
3c). 

 
Table 1. The parameters of focal mechanisms solution of the main earthquake on May 7 2020, its aftershocks 
using waveform modelling (highlighted with yellow) and P wave polarity, and the ratio of P and S wave am-
plitude. 

Method rake() dip() Strike () Long. () Lat. () Hour Date 

Waveform modeling 10 61 289 52.05 35.78 20:18 20200507 

Polarity &Amplitude Ratio 84 60 147 52.02 35.79 21:49 20200507 

Polarity &Amplitude Ratio 10 56 288 51.98 35.81 22:22 20200507 

Polarity &Amplitude Ratio 16 82 287 51.96 35.80 12:11 20200509 

Polarity &Amplitude Ratio -19 85 302 52.05 35.79 22:18 20200509 

Polarity &Amplitude Ratio 55 55 302 51.99 35.79 22:21 20200509 

Waveform modeling 44 44 303 52.04 35.79 09:11 20200527 

 
Table 2. The list of the stations used for focal mechanisms solution. 

Station Lat. () Long. () 
CHTH 35.908 51.126 

DAMV 35.63 51.971 

GHVR 34.48 51.295 

GLO 36.5024 53.8309 

HSB 35.4275 51.3567 

KHMZ 33.739 49.959 

KRBR 29.982 56.761 

NASN 32.799 52.808 

QABG 35.70846 49.58238 

SFB 34.3519 52.2407 

SNGE 35.093 47.347 

THE 35.7519 51.3892 

THKV 35.916 50.879 

VRN 34.9953 51.7272 

YZKH 32.455 54.677 

ZNJK 36.67 48.685 
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Figure 1. Overview map in google earth of the Mosha fault extended from northeast Damavand to Mosha 
valley. The numbers on the map demonstrate the locations of the visit measurements. Four stereo plots are 
related to fault kinematic measurements in satisfied stations. The circles in the stereo plots show the P axis. 
 

 
Figure 2. The outcrops of the Mosha fault near the Mosha valley in station 1 are indicated in Fig. 1. The 
limestone rocks are placed between two alluvial sediment layers. The dip variations of alluvial deposits are 
demonstrated with dashed lines. 
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Figure 3. a) The folded of glacial formations at outcrop 3 affected the southern edge of it by transtensional 
fault. b) The close-up view of this faulting, c) The circle in the stereo-plot shows the maximum horizontal 
stress axis. 
 
    The measurements in Outcrop 4 (Fig.4) 
show compressive faulting with a  
horizontal dextral component which  
affected the inhomogeneous alluvial  
deposit. The inhomogeneity in grain size 
suggests a glacial deposition. The  

stereographic image of this fault at the 
bottom of figure 4.  on the right side 
shows oblique reverse faulting with a right 
lateral component, which is consistent 
with a NW-directed horizontal maximum 
stress direction (SHmax). 

 

 
Figure 4. The measurements in Outcrop 4 defined compressive faulting with a dextral component that affected 
the glacial alluvium formations. The stereographic image of this fault at the right bottom shows an oblique 
reverse faulting with the right lateral component. The maximum stress of this faulting is oriented in the NW 
direction. 
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    The SHmax orientation obtained from 
focal mechanisms data is primarily ori-
ented 025 NE degrees on average. The 
stress regimes are estimated based on the 
relative position of the σ1, σ2, and σ3 axes. 
The regional stress regime is, in general, 
strike-slip between 7 to 14 km depth and 
in this section, approaching the West, it 
changes to the reverse component and in 
the East, it becomes a pure strike-slip. At 
depth 0-7 km, the stress regime is transten-
sional; deeper than 14 km depth, it 
changes to transpressional (Figs. 6&7). 
 

4. Discussion and conclusion 
The field studies were examined at the 
hanging wall of the Mosha fault in the East 
of Mosha valley. Four outcrops of this 
fault were measured to evaluate precisely 
the faulting mechanism. The results ob-
tained from this investigation can be sum-
marized in the following points:  
    1. The outcrop of the Mosha fault dis-
plays two dips verging to the North and 
the South. Different faulting mechanisms 
obtained in this study and previous studies 
may be due to the S- and N-verging faults  

 

 
Figure 5. Distribution of the focal mechanisms used in the stress tensor inversion method in this study over 
the Central Alborz at 0-7 km, 7-14 km, and more than 14 km depth section from left to right. 
 

 
Figure 6. Distribution of the maximum horizontal compressional stress orientations (SHmax) in fan symbols 
and the principal stress orientations (Stereonets) in the selected region around the central Alborz at 0-7 km, 7-
14 km and more than 14 km depth section from left to right. The variations in SHmax orientations show the 
uncertainty of a 95% confidence interval. The orientations are colour-coded in red, green, blue, and black, 
denoting normal, strike‐slip, reverse, and oblique faulting, respectively. The maximum, intermediate, and min-
imum principal stresses in the stereonets are indicated with red, green, and blue, respectively. The purple 
dashed lines indicate the used Voronoi cells. 
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Figure 7. Regional seismicity distribution is colour coded with values of the stress ratio R at 0-7 km, 7-14 km, 
and more than 14 km depth section from left to right. In a strike‐slip faulting environment, R values around 
0.5, 0, and 1 indicate pure strike‐slip, transtensional, and transpressional stress regimes, respectively. The pur-
ple dashed lines indicate the used Voronoi cells. 
 
in a broad faulting zone. 
 
    2. Considering the young stress change 
in the Alborz, the determination of pre-
sent-day stress should be undertaken by 
seismological study or measuring faults 
influencing the Late Pleistocene deposits. 
    3. Under the last stress direction (pre-
sent-day stress), the faulting mechanism 
of the Mosha fault has changed to a nor-
mal left lateral mechanism (transten-
sional). On the other hand, the stress ten-
sor obtained in this study employing focal 
mechanism inversion at 0-7 km depth 
demonstrates a transtensional stress re-
gime. The recent study’s results differ 
from Hessami's model (2020) in the Al-
borz. That model demonstrates that in the 
quaternary time, the basement faults are 
normal and in the cover, the faults re-
mained reverse. However, this difference 
could be related to the implemented meth-
ods. Because the GPS data is related to the 
upper level, on the other hand, the depth 
uncertainty of the seismic data is in the kil-
ometers dimension. Therefore, the stress 
situation may be different in the presence 
of seismic data at depths of less than one 
kilometer. 
    4. Before the establishment of the pre-
sent-day stress, the Mosha fault was de-
formed under contractional deformation. 

    5. The change of vertical tectonic 
movements along the Mosha fault to a pre-
dominantly horizontal one is a relatively 
young tectonic re-arrangement (Late 
Pleistocene in age). 
    6. Regionally, the maximum horizontal 
stress (SHmax) orientation is directed at 
025 NE on average. Stress ratio varies 
from transtensional stress regime in 0-7 
km of the upper crust and changes in the 
lower crust toward transpressive. 
    7. The regional stress shows a strike-
slip regime within 7-14 km depth beneath 
the Mosha fault, and it could be divided 
into two segments at the longitude of 52 
(◦E). To the West, it changes to the reverse 
component, and in the East, it becomes a 
strike-slip.  
    8. The transpressional stress state ob-
served at the basement, as well as the shal-
low transtensional faulting observed in the 
upper section suggest a shallow brittle 
crust. 
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