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EEECICRE o JEEHEEY  Accurate monitoring of crustal deformation in

transpressional tectonic systems is a fundamental challenge in geodynamics and
seismotectonic assessment because strike-slip faulting and thrusting occur
simultaneously and mechanically interact across adjacent fault segments. In the
Central Alborz, oblique convergence between the Arabian and Eurasian plates has
resulted in the partitioning of deformation among the Mosha—Fasham, North Tehran
Thrust, Purkan—Vardij, Emamzadeh Davud, and Taleghan fault systems. Consequently,
the assumption of uniform fault slip cannot adequately represent the spatial and
depth-dependent heterogeneity of the deformation and stress fields. This study aims
to develop an integrated framework based on remote sensing, geodesy, and fault
mechanics to reconstruct the interseismic deformation field, partition the slip rate
into stri ke-slip and dip-slip components, and calculate Coulomb failure stress changes
throughout the fault network of the Central Alborz.

: C-band synthetic aperture radar data acquired by Envisat from 2003 to
2012 and Sentinel-1A and Sentinel-1B from 2014 to 2022 were used to generate
differential interferograms and retrieve surface displacements along the satellite line
of sight. Interferometric synthetic aperture radar processing was performed in
SARscape and included selecting image pairs with suitable spatial baselines, removing
the topographic phase using the Shuttle Radar Topography Mission digital elevation
model, applying Goldstein and adaptive filters, unwrapping the interferometric phase,
and correcting orbital errors using ground control points. To assess geodetic
consistency and impose boundary conditions, the eastward and northward horizontal
velocity components, together with their one-sigma uncertainties, were obtained
from 45 Global Positioning System and Global Navigation Satellite System stations in
a Eurasia-fixed reference frame. The radar, geodetic, seismic, and fault-geometry
datasets were spatially co-registered in the International Terrestrial Reference Frame
2000 using a seven-parameter Bursa—Wolf transformation. The velocity field was
subsequently transformed between reference frames using the Euler pole of the
Central Alborz. Twenty-two fault segments were represented in Universal Transverse
Mercator Zone 39 North and discretized into regular (1 x 1)-km elements. The final
model comprised 8,248 elements and 16,496 unknown parameters corresponding to
the strike-slip and dip-slip components. The model was solved using the boundary
element method and dislocation Green’s functions for a homogeneous, isotropic
elastic half-space. A crustal shear modulus of 30 gigapascals and an effective friction
coefficient of 0.4 were adopted, and Coulomb failure stress changes were calculated
at depths of 5, 10, and 15 km. To evaluate the consistency of the model outputs, the
radar-interferometry-derived deformation field was compared with ground-based
observations in areas of overlapping data coverage, while the modeled stress pattern
was compared with the spatial distribution of filtered earthquake events extracted
from homogenized seismic catalogs.

The slip distribution on the modeled fault surfaces does not follow a
symmetric or elliptical pattern and is strongly controlled by local variations in fault
dip, strike, depth, and the geometric linkage between adjacent segments. Along the
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eastern section of the Mosha—Fasham fault, the left-lateral strike-slip component
reached a maximum rate of approximately 4 mm/yr at shallow depths and exceeded
the reverse dip-slip component, which attained a maximum of 2.4 mm/yr. At depths
of 13-14 km, these components decreased to approximately 2 and 1.1 mm/yr,
respectively. In contrast, the reverse component was dominant along the central
section of the Mosha—Fasham fault. Along the northwestern branch of the North
Tehran Thrust, the maximum reverse dip-slip rate was 1.5 mm/yr, whereas the strike-
slip component did not exceed 0.2 mm/yr. The maximum positive Coulomb stress
change was +0.092 bar and occurred at a depth of 10 km in the northern Damavand
area. In the Fasham—Mosha zone, a correlation coefficient of approximately 0.87 was
observed between the spatial pattern of stress changes and the deformation field
derived from interferometric synthetic aperture radar. Furthermore, the positive
stress lobes exhibited substantial spatial overlap with areas characterized by high
concentrations of microearthquakes and aftershocks recorded in the homogenized
seismic catalog.

The integration of multitemporal interferometric synthetic aperture
radar observations, Global Positioning System and Global Navigation Satellite System
velocities, and three-dimensional boundary-element modeling demonstrates that
subsurface fault geometry and segmentation are the principal controls on the
heterogeneous partitioning of slip and the concentration of interseismic stress in the
Central Alborz. Compared with the assumption of uniform slip, the one-kilometer
fault discretization enables localized variations in fault-motion components and zones
of stress concentration to be resolved more effectively. Because the model assumes
a homogeneous elastic half-space and spatially invariant mechanical parameters, the
results should be interpreted as relative patterns of fault loading and mechanical
interaction rather than deterministic predictions of the timing or magnitude of future
earthquakes. The proposed framework provides a quantitative basis for prioritizing
geodetic monitoring and improving assessments of seismic potential in Tehran and
the surrounding regions.
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Regional Tectonic Setting of the Central Alborz
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Fig. 1: (a) Tectonic-structural setting of the Central Alborz and Arabia-Eurasia collision; (b) detailed view of the modeled faults and segment geometry corresponding to
Table 2.
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Table 1: Horizontal GPS velocity components and one-sigma uncertainties for 45 stations in the southern Central Alborz in a Eurasia-fixed frame, used as model boundary
conditions (after Ref. [4]).
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Table 2: Geometric and kinematic characteristics of the modeled fault segments in the Central Alborz (after Refs. [1, 30, 31, 33]).

) Sy0s]] km)) 0 km) Jsb PR

Azimuth Width Length Fault segment
YAD \Y/VY- YV/g- MFFeast
YAD \ZARK YV/#e MFFe-deep
yas ARYAVNG [AVARRS MFFcentral
yag FIPY « [AYARRS MFFc-deep
YZA AR (AR MFFwest
YFA \ARE A(VARE MFFw-deep
44 \Y/VAD A\RPYARE Firuzkuh F.
Yot V1/£40 Fa/0 e NTT NW
Y-q /f70 YY/ene PVT
v.q \Y/afA YY/e oo PVT deep
YA \Y/NOF YY/voy EDF
YA Y/an s YY/voY EDF deep
YV \Y/ADS YO/ EDF west
YV Y/a\# YO/ o EDF w-deep
'Y \Y/e e ¥ ARAZARG Taleghan-MFF
YAY \Y/-¥7 INZZTS Taleghan-east
yYaq \Y/-¥7 YANAY Taleghan-central-e
Yyv \Y/- X8 AINVARRY Taleghan-central-w
AA \Y/-¥7 fa/vfey Taleghan-west
Yof \Y7AOF YMYEE NTT-west
Yo VY/EYY ¥/ NTT-center
yYva VY/EYY LV NTT-east

0ij = A€y bij + 2ue€; ™)
58 LIS B S 59l € 5 550l O el o
Slp GRg3 cnl yo &5 aites oY lacub i g A slayial)l
ond o3 JSWLLS Yo b plp () (o0 <ol (635 0 55l gy

S 755 5 Lol 5,5k byl 5 i ko -
gl 90 )0 Gidgh (pl )0 aBbarwy Gile]ae oozl (2L
Slms G plad Sle oo st maw jo 0l plxl oS
A gyt 550305 ) (S g e b oadaaloe clsS 25

Slatse Jols akad YY ja 0ndSed 3 cwoid JolS Olaseis.
5 250 Job e «Dgal S axmiio S 10 @ daiie (L]
ot &) ST oS Jsuz 1 ot 5 Jsb sl ;5 baolodl slass
Slades lagoxe
00l paal 4 ¥ S 50 (il Ol s Slawlee Cge S
Obdl wysl 5o (ol slacssgs plyear Lo ally cnl ol oud

cloat a8 5 Sy (LS B8, siledae coz 50
lal (g yk0gkS VO 9 Vo B Glosl jo i Sl pasd awlxe sl
Sop P ) ookl b (s 5 Al plaly (L0l 5l

50 Dladad pl (guudSil 0956 5 (g (sled .Cuul

R S S L e



M. Arian et al.

(14+)

OlKan 5 50,7 olpeo

Fully Calibrated Figure with All 22 Fault Segments

36.1

36.0

g
g 359
2
k
s
35.8
35. T
Color-coded blocks corresponding to similar fault segments
also exist beyond the displayed area, but are not shown here to avoid visual clutter.
35, (i
51.00 51.25 51.50 51.75 52.00 52.25 52.50 52.75

Longitude (°E)

53.00

Ol 1y Sl sl 53 550 lall Joe (5 5205kS Vx) laglodl ( (K55 S sk 1638 5o 55l )3 (S ke TV (GuiaaSld 5 din soma slas Y S5

RO (oo

Fig. 2: Three-dimensional geometry and gridding of 22 fault segments in the Central Alborz; colored blocks denote the 1 x 1 km boundary elements in the elastic half-
space model.
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Table 3: Data-processing framework and computational stages of stress modeling in the Central Alborz.
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Fig. 3: Slip-rate distribution on the eastern Mosha-Fasham fault (MFFeast): (a) and (b) shallow left-lateral strike-slip and reverse dip-slip components; (c) and (d)
corresponding components at depth.
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Fig. 4: Slip-rate distribution on the northwestern branch of the North Tehran Thrust (NTT NW): (a) strike-slip component and (b) reverse dip-slip component.

BEM Jae olol s 635 0 5oll (o 4alad VY o il 31 3530 (slagty a5 (SiloinS (slayiely F Jgor

Table 4: Kinematic parameters and maximum partitioned slip rates for 22 Central Alborz fault segments derived from the BEM model.
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