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Abstract

The political borders of Iran encompass one of the most tectonically-active regions in the
world. Part of the larger Alpine-Himalayan orogenic belt, convergence between the Arabian
and Eurasian plates is driving active deformation and seismicity throughout the Zagros Moun-
tains, the Alborz, the Kopet Dagh, and the Makran subduction zone, posing a risk to the health

and livelihoods of millions within Iran.

This thesis focuses on the measurement of ground-surface velocities throughout Iran, so as to ex-
plore the country-scale kinematics of plate convergence, and to assess the local seismic hazard
posed by major active faults. Previous geodetic observations have relied on Global Naviga-
tion Satellite System (GNSS) stations, which provide accurate measurements of displacement
but with poor spatial coverage. The launch of the European Space Agency’s Sentinel-1 radar
satellite constellation has provided a wealth of imagery from which | form interferograms - mea-
surements of apparent displacement between two given times. Through time series analysis of
thousands of interferograms, | can measure the displacement of the ground surface over hun-
dreds of kilometers, at spatial resolutions up to 100 m, and with an accuracy on the order of

millimetres per year.

Initially, | focus my attention on the Main Recent Fault, a major active right-lateral strike-slip
fault in western Iran. Previous studies show a wide range of estimates for the rate of strain
accumulation along the fault, which | seek to constrain. Using a 200 200 km area of line-of-
sight Interferometric Synthetic Aperture Radar (InSAR) velocities, | estimate an interseismic
slip rate of 2.4 1:2 mm/yr, one of the slowest fault slip rates measured with INSAR, and in an
area with signi cant noise, subsiding basins, and contamination from the M,y 7.3 2017 Sarpol-e

Zahab earthquake.

Next, | generate an INSAR velocity eld for the entirety of Iran from the processing and analysis



of 85,000 Sentinel-1 interferograms. The generation of an INSAR velocity eld on this scale,
one of the largest to date at an area of over 2 million km?, requires the development of a
robust processing chain from radar imagery through to the estimation of East and vertical
velocities from overlapping line-of-sight observations from di erent satellite look directions. |
employ and develop existing methods for the mitigation of tropospheric noise, the removal of
plate motion e ects, the merging of adjacent INSAR velocities, and the conversion of relative
INSAR observations into an xed-plate reference plate through pinning to GNSS stations. The
INSAR velocity eld for Iran contains an abundance of tectonic (co-, post-, and interseismic
deformation) and non-tectonic (groundwater extraction subsidence, salt diaprism, sediment
motion) signals, which I investigate to various degrees. | focus primarily on measuring and
modelling strain accumulation signals across four major faults: the Main Kopet Dagh fault,
the Sharoud Fault Zone, the Doruneh fault, and the North Tabriz fault. For the Main Kopet
Dagh fault, 1 benchmark my InSAR velocities against published Sentinel-1 velocities for the
same region, demonstrating strong agreement in the estimated velocities despite di erences in
processing methodologies, while highlighting key di erences close to the fault that in uence the
modelling of the rate of strain accumulation. For the Doruneh fault, | constrain variations in
the rate of slip between di erent sections of the fault, and provide the rst estimates for the
locking depth of the fault - an important parameter for understanding the potential seismic

hazard.

Finally, | estimate high-resolution strain rates from the East INSAR velocities and interpolated
North GNSS velocities, focusing on major active fault structures and exploring the di erences
between adjacent tectonic regions. | test two di erent methods of deriving strain rates, and
explore how the optimal degree of spatial smoothing varies dependent upon the target tectonic
signal, the spatial structure of the noise, and the proximity of non-tectonic ground motion. |
bring all of these results together to discuss the active tectonics of Iran, and suggest a range of

improvements for the ongoing development of country-scale INSAR velocity elds.

Vi
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Chapter 1

The Active Tectonics of Iran

Continental convergence - the collision of two or more tectonic plates - drives the ongoing for-
mation of some of the Earth's great mountain ranges. In turn, these mountain ranges have
de ned much of how human civilisation has developed, from sources of fresh water to limita-
tions on migration and trade. In the modern day, continental collision zones pose a signi cant
seismic hazard (Pagani et al., 2020), one which becomes increasingly important as the world's
population increases. The complexity and hazard of mountain belts has driven intense scienti ¢

study for decades (Molnar et al., 1982; Avouac, 2003).

The Alpine-Himalayan Belt (AHB) is one of the largest continental collision zones, stretching
15,000 km through Europe and Asia (Figure 1.1). In terms of seismicity, it is second only the
Paci c Ring of Fire. Located at the midpoint of the AHB, Iran is one of the most tectonically
active countries in the world. Convergence between the Arabian and Eurasia plates has formed
multiple major mountain ranges: The Zagros, the Alborz, the Kopet Dagh, and the Makran.
The country has su ered a number of destructive earthquakes in the last century: the 2003
My 6.6 Bam earthquake killed over 26,000 people and badly damaged the historic city of Bam
(Jackson et al., 2006; Wimpenny et al., 2017); the 199M,, 7.3 Rudbar-Tarom earthquake
killed over 40,000 and left 500,000 homeless (Berberian et al., 1992). Understanding the present
day deformation of the mountain belts throughout Iran is key to our understanding of Iran's
distribution and level of seismic hazard, the development of the Alpine-Himalayan belt, and the

role of continental convergence zones in plate tectonics.

The advent of modern geodesy has provided methods of mapping crustal motion over the thou-
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