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This dissertation focuses on the active tectonics of Afghanistan, slip-rate estimation of the Chaman
fault and assessing seismic hazard in the Kabul basin. Afghanistan is a tectonically complex zone developed
as a result of the collision between the Eurasian plate and the Indian plate to the southeast and the Arabian
plate to the south. For seismic hazard mitigation, there is no large-scale active fault map in Afghanistan. I,
therefore, mapped active and presumed active faults mainly based on interpretation of 1-arcsecond SRTM
anaglyph images. The map reveals that there are significant active faults across the country. Based on the
available data and geomorphic criteria, twenty-two faults are considered seismically active. The result from
the mapping represents that three dominant types of structures (left-lateral strike-slip, right-lateral strike-slip,
and thrust faults) characterized the interior of Afghanistan. Then the map was combined with earthquake
catalog to interpret the seismic hazard and define earthquake sources based on focal mechanisms and
distribution of earthquakes. To better understand of seismic hazard, the dissertation outlines regions with
similar neotectonic constraints and observations of type and age of faults that generate background
seismicity. Four seismic source zones were delineated; 1) east-northeastern; 2) Afghanistan-North Pamir; 3)
Northern Afghanistan platform; and 4) middle and south-western Afghanistan. The east-northeastern
seismic zone is the most seismically active and has more crustal earthquakes. This zone is cut by large active
faults, and Chaman fault is the most significant fault that produced five historical surface ruptures.

I report the first late Pleistocene slip rate of the northern Chaman fault in Afghanistan based on °Be
dating of offset alluvial fans surfaces. Field mapping complemented with CORONA and ALOS satellite
images, shaded relief and topographic data allows accurate observation of piercing points across the fault
zones at two displaced alluvial fans (Ghat Bandakul and Azadkhail). '?"Be TCN dating of well-embedded
sandstone boulders and cobbles are used to constrain the age of offset fans. At the Ghat Bandakul site 165 +
15 m and 235 + 24 m offset alluvial fan, for which '"Be TCN model ages average 46.9 + 3.5 kyr and 66.6 +
4.9 kyr, respectively, yield a slip rate of 3.5 + 0.01 mm/yr. At the Azadkhail site, the ’Be TCN ages from
offset terraces attest to the complex processes involved in sediment transport and deposition. There, two
offsets terraces were identified. The 500 + 50 m offset with the 111.2 + 10.5 kyr age, a slip rate of 4.5 + 0.01
mm/yr was obtained. Combining the 800 + 70 m left-lateral offset matching with an average age of 176.8 +
17.1 kyr for the fan yields a geomorphic slip-rate of 4.6 + 0.1 mm/yr. These slip rates are inconsistent with
the geologically, geomorphologically, and short-time defined slip rates along the southern Chaman fault.
The obtained slip rate (4.6 mm/yr) is in close agreement with a post-seismic slip rate of ~8 mm/yr. The
result shows a clear trend of decreasing fault slip rate with increasing distance from start to the northeastern
end of the fault. The observations suggest that the southern portion of the fault accommodates the majority
of the fault-parallel component of relative motion between the Indian and Eurasian plate. The lower slip rate
of the fault in Afghanistan may be explained by the transfer of the left-lateral shear onto Gardez and Mokur



faults that splay northward from the Chaman fault.

The northem extension of the Chaman fault is the Paghman fault located in the Kabul basin. The
Kabul basin 1s the home of the economic and political centers of Afghanistan. The basin is bounded by large
active faults, which have a high risk of destructive earthquakes. However, little is known for the location,
length, and slip rate of these active faults that are essential for seismic hazard analyses. I mapped the active
faults in and around the Kabul basin based on the interpretation of high-resolution stereo-paired satellite
images and field observations. The left-lateral Paghman fault and northemn Chaman fault on the western
margin of the basin and the right-lateral Sarobi fault on the northeastern margin of the basin show
geomorphic evidence for late Quaternary activity. Based on their lengths, these faults may be capable of
producing earthquakes as large as Mw 7.8. Historical earthquake catalogs suggest that the northern Chaman
fault last ruptured during the 1505 M 7.3 earthquake. The fault with a slip rate of ~4.6 mm/yr has
accumulated enough elastic strain to produce a large inland earthquake close to the densely populated
capital city of the country.



