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Abstract 23 

A shallow Mw 6.0 earthquake struck Kunar Province, eastern Afghanistan, on 31 August 2025, causing 24 

severe damage to unreinforced masonry and mudbrick structures, triggering more than 104 landslides, and 25 

generating >22 aftershocks (M≥4.0). The earthquake resulted from thrust faulting on the north-northeastern 26 

segment of the Kunar fault system within the Hindu Kush ranges. This fault system forms a broad deformation 27 

zone characterized by predominantly left-lateral to oblique motion, with reverse slip accommodated on subsidiary 28 

thrust faults, particularly along the northern margin of Kunar valley. Field investigations document widespread 29 

surface deformation along active thrust zones, including open ground cracks and landslides. Surface cracks are 30 

concentrated in Mazar-Dara Valley of the Nurgal District, where most landslides and casualties 31 

occurred. Ascending and descending InSAR interferograms reveal contrasting deformation patterns between the 32 

mainshock and a Mw 5.6 aftershock on 4 September 2025. The aftershock exhibits a compact deformation field, 33 

approximately elliptical in shape (~5km × 9km), and with a NEE-trending long axis consistent with reverse 34 

faulting on a moderate-sized structure. The peak Line-of-Sight displacement of ~15 cm was located west of 35 

Ghaziabad village, which is west of the mainshock. In contrast, the mainshock produced a broader (~12km × 9km) 36 

and spatially heterogeneous deformation field dominated by uplift with minor subsidence, reaching a maximum 37 

LOS displacement of ~22 cm east of Ghaziabad. The complexity of the mainshock deformation suggests rupture 38 

involving structurally segmented or multiple fault strands, while the detailed structure of the seismogenic fault 39 

remains to be resolved by future geodetic fault modelling efforts. 40 

Keywords: Active Tectonics; Earthquake Source Parameters; InSAR and Ground Deformation; 41 

Landslides; Seismic Hazard; Kunar-Afghanistan 42 

 43 

1. Introduction 44 

On 31 August 2025, at 23:47 local time, a magnitude 6.0 shallow earthquake struck eastern Afghanistan 45 

at a depth of 8 km, with its epicentre located in Nurgul District, Kunar Province (Figs. 1a-1b). The earthquake 46 

caused severe shaking across Kunar, Nangarhar, Laghman, and Nuristan Provinces, leading to the collapse of 47 

mudbrick, adobe structures and unreinforced masonry homes. The event also triggered numerous landslides that 48 

blocked critical roads, complicating rescue efforts. Casualty numbers were raised as responders reached remote 49 

villages isolated by landslides, debris, and frequent aftershocks. More than 22 aftershocks above magnitude 4.0, 50 

including a magnitude 5.6 on 4 September and a magnitude 4.9 on 23 September, further weakened structures and 51 

hindered access to steep mountainous regions (e.g., USGS 2025a) (Fig. 1b). 52 
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The Kunar earthquake resulted in devastating consequences, with local authorities reporting 2,205 53 

fatalities, >3,600 injuries, and ~6,700 homes either destroyed or severely damaged. More than 500,000 people 54 

were affected, including 263,000 children (ACAPS, 2025; OCHA, 2025; Reliefweb, 2025). Rapid assessments 55 

across the impacted districts revealed widespread housing destruction, thousands of displaced families, and critical 56 

child protection issues, including cases of orphaned and unaccompanied children. Infrastructure damage was 57 

severe, health facilities overwhelmed, and numerous water sources destroyed, leaving many communities without 58 

access to clean drinking water, sanitation, or hygiene supplies. Additionally, the loss of livestock in Nangarhar 59 

and Kunar Provinces has further strained household livelihoods, exacerbating the earthquake's humanitarian and 60 

economic impacts (Fig. 1b). 61 

The 2025 Kunar earthquake marks another devastating seismic event in Afghanistan, following the June 2022 62 

earthquake Paktika-Khost in southeastern Afghanistan, and the 2023 Herat earthquake sequence in the western 63 

part of the country. Unlike the Herat earthquake sequence, the 2025 Kunar earthquake struck within the highly 64 

active Hindu Kush fold-and-thrust belt in eastern Afghanistan. The epicentral region is situated approximately 40 65 

km northeast of Jalalabad and 38 km south of Asadabad (Figs. 1a-1b). This area lies within steep, high-relief 66 

terrain, where snow-capped peaks are continually modified by active tectonics and surface processes, including 67 

fluvial, aeolian, and glacial erosion. The landscape is characterized by deeply incised valleys and rugged ridges, 68 

shaped by protracted deformation associated with the India-Eurasia collision. Toward the Kunar River and the 69 

Jalalabad Basin, the terrain transitions into a piedmont zone composed of alluvial deposits. 70 

This research aims to investigate the coseismic surface deformation caused by the 31 August 2025 Kunar 71 

earthquake, interpret its tectonic context, assess structural damage patterns, and explore its broader geodynamic 72 

implications, as well as its role in the tectonics of eastern Afghanistan. The location and orientation of the Kunar 73 

fault system were mapped and analysed using the Shuttle Radar Topography Mission (SRTM) 1-arcsecond 74 

anaglyph images, Landsat 8 data, Bing Aerial, and freely available resources from Google Earth. Despite the 75 

severe impacts of the event, direct evidence of surface deformation remains scarce because the affected 76 

mountainous terrain is remote and field investigations have been limited. Under such conditions, satellite-based 77 

geodetic observations, particularly Interferometric Synthetic Aperture Radar (InSAR), provide a powerful means 78 

of quantifying surface deformation. Here, we integrate InSAR measurements with fault mapping from optical 79 

imagery and conducted field investigations to jointly characterize the spatial extent and magnitude of displacement 80 

and to link deformation patterns with active structures, damage distribution, and landslide occurrence.  81 
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2. Tectonic setting and seismicity 82 

Afghanistan lies within the Alpine-Himalayan orogenic belt, formed by the collision of the Arabian, 83 

Indian, and Eurasian plates over the past 55 million years (Treloar and Izatt, 1993). This tectonic activity has 84 

caused crustal thickening and uplift in eastern and northeastern Afghanistan, forming regional highlands and 85 

inverting prior tectonic relief such as in the Hindu Kush and Pamir Ranges (Shnizai et al., 2024, 2022; Tapponnier 86 

et al., 1981). Ongoing deformation, including strike-slip faulting and shortening along thrust faults, continues in 87 

structures like the Sulaiman Folded Region, Spin Ghar Mountains, Hindu Kush and Salt Ranges (Denikaev et al., 88 

1972; Nakata et al., 1991; Shnizai et al., 2022; Verma et al., 1980). Eastern and northeastern Afghanistan is one 89 

the most seismically active regions in the country, frequently experiencing moderate to large earthquakes (e.g., 90 

Abdrakhmatov et al., 2024; Akhundzadah, 2024; Ambraseys and Bilham, 2003; Dewey, 2006; Mohammadi et al., 91 

2026; Shirzoi et al., 2026; Shnizai, 2020; Shnizai and Walker, 2024; Shroder et al., 2021), such that the eastern 92 

and northeastern parts of the country have significant seismic hazard (e.g., Quittmeyer & Jacob 1979; Shnizai & 93 

Walker 2024) (Fig. 1a). 94 

Eastern Afghanistan encompasses the provinces of Kunar, Nangarhar, Laghman, and Nuristan, 95 

characterized by transpression tectonics and featuring a range of faults with varying orientations (Fig. 1b). The 96 

region is cut by major active faults, including the Chaman, Paghman, Gardez, Panjshir, Spin Ghar and Konar 97 

faults (e.g., Abdullah et al., 2008; Shnizai, 2020; Waizy et al., 2025) (Figs. 1a, 2a). The Chaman Fault, with a slip 98 

rate of 5-35 mm/yr, exhibits the most prominent evidence of seismic activity. It is characterized by a combination 99 

of creeping and locked sgements with varying levels of seismic activity across the different segments (Beun et al., 100 

1979; Furuya and Satyabala, 2008; Shnizai et al., 2024, 2020). Eastern Afghanistan is home to two significant 101 

mapped active fault systems: the Spin Ghar Fault System and the Kunar Fault System. The Spin Ghar fault system 102 

is one of the major groups of active structures in eastern Afghanistan, stretching ~130 km east-west direction 103 

along the Spin Ghar Mountains in the Jalalabad Basin (Shnizai and Walker, 2024). The fault system includes a 104 

group of strike-slip and oblique-slip thrust fault strands only 25 km from Jalalabad City (Figs. 1a, 2a). The Kunar 105 

fault, which separates the Nuristan tectonic block from the Kunar Zone to the north-northeast, stretches from 106 

Kabul’s Sarobi district along the Kabul and Kunar River Valleys to the Chitral Region (Shnizai, 2020). The 107 

geomorphic expression of the Kunar fault system is similar to those faults that are present in the Jalalabad Basin. 108 

According to Prevot et al. (1980), the Kunar Fault appears to represent a significant suture zone, potentially 109 

marking the boundary between an island arc and the Asian continent. 110 
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There are no clear documents or historical records of earthquakes on the Kunar fault, but microseimicity 111 

records show that the Kunar and Spin Ghar faults are active with a  predominant left-lateral sense of motion 112 

(Prevot et al., 1980). On February 19, 1842, an earthquake with a magnitude of 7.5 struck Eastern Afghanistan at 113 

an unknown depth, causing hundreds of fatalities (Dewey, 2006; Heuckroth and Karim, 1970). According to 114 

Dewey (2006), the earthquake’s epicentre was located in the Peach District of Kunar, while Ambraseys and 115 

Bilham (2014) reported it as being on the right bank of the Kabul River in Jalalabad City. The earthquake, along 116 

with its aftershocks, inflicted severe damage in Jalalabad and one-third of the houses were destroyed, blocking 117 

streets and leaving residents without escape routes. Beyond the city walls, near the river, the ground cracked open, 118 

releasing water onto the surface. According to Baird-Smith (1942), the seismic activity caused the water of the 119 

Kabul River to be twice thrown from its bed, disrupting the surrounding areas and highlighting the immense power 120 

of the earthquake. In the Kunar Valley, landslides triggered by the earthquake led to the destruction of two forts. 121 

The microseismicity and historical earthquakes indicate that faults in eastern Afghanistan are active. Their 122 

distribution offers insight into potential future earthquake locations, highlighting areas where modern stresses are 123 

sufficient to trigger fault slip.  124 

3. Methods 125 

This study integrates multi-source datasets to map active faults, quantify coseismic surface deformation, and 126 

assess secondary geological effects associated with the 2025 August 31st Kunar earthquake and its subsequent 127 

aftershocks in eastern Afghanistan. Regional mapping of active faults in the northern Kunar Valley, the site of the 128 

Mw 6.0 mainshock and subsequent aftershocks was undertaken using Landsat 8 multispectral satellite images and 129 

SRTM 30-m digital elevation data, supplemented by high-resolution optical satellite imagery as available through 130 

ESRI basemap, Bing Aerial, and Google Earth.  131 

Sentinel-1 Interferometric Synthetic Aperture Radar (InSAR) data were processed to generate coseismic 132 

interferograms, enabling the quantification of line-of-sight (LOS) surface deformation across the epicentral 133 

region. Fieldwork complemented the remote sensing analyses through direct measurements and mapping of 134 

surface cracks, fault-related deformation, and earthquake-induced landslides. In addition, a post-event landslide 135 

inventory was incorporated to support field mapping and to enhance the assessment of earthquake-related 136 

landslide hazards and damage patterns. 137 
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4. Results 138 

4.1. Kunar fault system and its subsidiary faults 139 

The Kunar Fault runs parallel to the Kunar Valley, extending over 200 km in length, with an oblique left-140 

lateral displacement (Figs. 1a, 2a-2b). The fault features northeast-trending, continuous to discontinuous, and 141 

curved scarps located at the southern front of the Hindu Kush Ranges, cutting across bedrock, alluvial fans, 142 

landslide deposits, and other recent geological formations (Fig. 2a). We observed shutter ridges, displaced and 143 

beheaded stream channels, as well as offset alluvial fans and springs. Along much of its length, the fault runs 144 

through the Kunar Valley, characterized by a low relief plain situated between the Kunar tectonic block and 145 

Nuristan fault block, which shaped the course of the main Kunar River and its tributaries (Fig. 2a). In the 146 

southwestern part of the fault in Jalalabad Basin, several alluvial and fluvial deposits are elevated by tens of meters 147 

to ≥200 m above the current river channel. These late Quaternary alluvial deposits, consisting of clay, sand, silt, 148 

and loess, are intersected by faults. These fans have been uplifted, causing the Kunar River to narrow significantly 149 

as it flows around the terraces from the northeast to the south and southwest, into the Kunar Valley before merging 150 

with the Kabul River in the Jalalabad Basin (Figs. 1b, 2a). The lower elevation of the alluvial deposits above the 151 

current riverbed suggests they are younger than the terraces at higher elevations. These younger deposits are also 152 

covered by a thin layer of fluvial gravel and sand, originating from the surrounding mountains. 153 

Along the northern part of the Kunar Valley, continuous ridges indicate an oblique sense of motion (Fig. 154 

2a). Evidence of left-lateral offsets across the fault are less distinct to the south near Jalalabad Basin, possibly due 155 

to steep topography, active drainage systems, and increased human activities. However, along the fault and further 156 

northeast, the Kunar Fault zone exhibits very clear left-lateral offsets near the Asadabad City (Figs. 2a, 2c-2d). In 157 

this area, the fault has continuous, liner scarps cross bedrock terrain and recent alluvial fans trending parallel to 158 

the major Kunar Valley. The systematically deflected steam channels at varying distances serve as evidence of 159 

repeated and recent seismic activities along the Kunar fault in the area. The minimum offset observed is ~25 m in 160 

recent fans, while the maximum exceeds hundreds of meters. 161 

The Kunar fault system is complex and constitutes several major and minor faults, forming a broad 162 

deformation zone between the Nuristan Fault Block and the Kunar Block (Figs. 1b, 2b). The dominant sense of 163 

motion along the fault is left-lateral to oblique, accompanied by reverse motion on smaller splay faults, particularly 164 

on the northern side within the Nuristan Block, which predominantly consists of bedrock and mountainous terrain 165 

(Fig. 2a). This has created a distributed system rather than a single fault line, with a complex geometry, with bends 166 

and splays that has caused strain partition and varying slip behaviour along both side of the Kunar River Valley. 167 
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The 31 August 2025 Kunar earthquake resulted from thrust faulting on the north-northeastern segment of the 168 

main Kunar Fault system, within the Nuristan uplifted block of the southern Hindu Kush Range (Fig. 1a). 169 

Although the depth, location, and focal mechanism solutions for the earthquake sequence reported by GCMT, 170 

GFZ, and USGS show some discrepancies, all events are consistently located within the uplifted area (Fig. 1b; 171 

Table 1). The rupture was followed by more than 22 aftershocks (Fig. 1b). The earthquake occurred close to or 172 

along thrust faults that we mapped from satellite imagery (Figs. 2a, 2d). The bedrock ridge within the epicentral 173 

area exhibits clear geomorphic evidence of contemporary deformation, and we believe the referenced faults within 174 

the uplifted area are responsible for the August earthquake (Figs. 2a, 2d-2e). This interpretation is supported by 175 

the InSAR deformation pattern (see Section 4.2). In the hanging wall, the fault splays into a pair of anticlines, 176 

which are distinctly expressed in the deformed land surface (Figs. 2d-2e). These tectonic geomorphic features 177 

indicate progressive growth of the uplifted area, initiating during the deposition of the gravel units and continuing 178 

through their subsequent incision by the river.  179 

The active thrust faults in the epicentral area are predominantly north-verging and locally merge into a 180 

northeast-trending strike-slip fault zone (Fig. 2a). The minor thrust faults to the north are characterized by arcuate, 181 

discontinuous scarps on bedrock, primarily from the Paleogene to Carboniferous and Silurian periods. The 182 

structural control of the Kunar Valley is evident in the southward-flowing fluvial systems, which traverse both 183 

the thrust faults and the main Kunar Fault (Fig. 2a). This interaction has produced a series of fault types and 184 

orientations, with northeastward-oriented thrust faults that range from discontinuous to continuous arcuate range-185 

bound and intermontane scarps.  186 

Field surveys conducted after the two major events (Mw 6.0 and Mw 5.6) revealed widespread surface 187 

deformation along the thrust fault zones, particularly in the form of open cracks and landslides (Figs. 3a-3d, 4a-188 

4d). These cracks predominantly followed east-west or northeast-southwest trends, with some reaching widths of 189 

up to 40 cm and showing very small vertical changes (Figs. 3b-3c). While most cracks were either continuous or 190 

discontinuous and visibly prominent across the landscape; however, the earthquake did not cause any significant 191 

crack displacements. Additionally, cracks observed in the deep valleys and steep slope areas may have been 192 

influenced by gravity-induced settling. 193 

The cracks were concentrated along the Mazar-Dara Valley and, to a lesser extent, in the Diwagul Valley 194 

within the Nurgal District, the location of the earthquake's epicentre (Figs. 2a, 3a-3c). These two valleys also 195 

accounted for a large proportion of casualties, landslides and rock avalanches (Figs. 4a-4d). Prior to the 196 
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mainshock, the region experienced heavy precipitation, leading to water-saturated slopes and erosion. The 197 

saturated soils were therefore, arguably, more prone to failure in the subsequent earthquake. The landslides 198 

triggered by the main earthquake and aftershocks primarily consisted of rockfalls and long-distance landslides 199 

along slopes with some cohesive soils. The rugged terrain characterized by steep slopes, high mountains, deep 200 

valleys, and dense forests, made field investigations challenging, limiting the ability to fully map the extent of 201 

surface deformation. Despite these difficulties, ground cracking, landslides, and rock avalanches were observed 202 

in multiple areas, underscoring the extensive impact of the seismic activity on the region's landscape. 203 

4.2. InSAR and ground deformation 204 

Benefiting from a revisit frequency of 6 to 12 days by the Sentinel-1 satellite mission over tectonically 205 

active regions worldwide (Elliott et al., 2016; Li et al., 2016; Liu et al., 2025), we are able to separate the co-206 

seismic deformation associated with the Mw 6.0 mainshock EQ1 and the subsequent Mw 5.6 aftershocks EQ2 207 

(Table 1). We collected Sentinel-1 Synthetic Aperture Radar (SAR) images (Table 2) from ascending track T173 208 

and descending track T005, provided by the European Space Agency and applied interferometric SAR (InSAR) 209 

techniques to derive the co-seismic surface deformation from the Mw 6.0 (August 31) mainshock and Mw 5.6 210 

(September 4) aftershock (Figs. 5a-5d). 211 

The SAR data from all four tracks were processed using the GAMMA software (Wegnüller et al., 2016) 212 

to retrieve the co-seismic displacements. In the processing flow, the Precise Orbit Ephemerides from ESA were 213 

used to correct for orbital effects. The SRTM 1-arcsecond (∼30 m) digital elevation model was employed for co-214 

registration and topographic phase removal in the interferograms (Farr et al., 2007). To avoid potential phase 215 

jumps in the azimuth of the SAR data, a rigorous co-registration strategy is required to achieve co-registration 216 

accuracy exceeding 0.001 pixels (Yague-Martinez et al., 2016). In the co-registration process, a DEM-assisted 217 

alignment method is first applied to perform coarse alignment, followed by iterative refinement using sub-pixel 218 

offsets. Finally, a spectral diversity algorithm (Scheiber and Moreira, 2000) is used to achieve refined alignment 219 

of the overlapping area of two bursts. Interferograms are then multi-looked by a factor of 10 in range and 2 in 220 

azimuth, and filtered by the adaptive phase filter (Goldstein et al., 1988) to reduce phase noise. Then, the SNAPHU 221 

unwrapping method (Chen and Zebker, 2001) was utilized to retrieved the LOS surface displacements. To mitigate 222 

atmospheric errors (especially tropospheric delays) on the interferograms, the Generic Atmospheric Correction 223 

Online Service for InSAR (GACOS) (Yu et al., 2018b, 2018a, 2017) is used for atmospheric error estimation and 224 

correction. Finally, we retrieved the InSAR line-of-sight (LOS) surface deformation fields (~30 m resolution) for 225 

the Mw 6.0 mainshock and the Mw 5.6 aftershock (Figs. 5a-5d). 226 
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From the ascending and descending interferograms of both the mainshock and aftershock (Figs. 5a-5d), 227 

the 4 September Mw 5.6 aftershock exhibits a westward shift in deformation relative to the 31 August Mw 6.0 228 

mainshock. This spatial migration suggests that the two events may represent cascading rupture along the same 229 

fault system, similar to the 2023 Herat earthquake sequence (Liu et al., 2025). The InSAR observations reveal 230 

contrasting deformation patterns for the two events. The aftershock exhibits a relatively simple and compact 231 

deformation field characterized by an approximately elliptical shape, consistent with deformation expected for a 232 

moderate-magnitude reverse-faulting event (Figs. 5c-5d). The short axis of the ellipse is ~5 km, while the long 233 

axis extends ~9 km along a NEE direction, implying a fault striking NEE or SWW, which agrees with focal 234 

mechanism solutions reported by different agencies (Table 1). The deformation is dominated by LOS uplift, with 235 

a maximum LOS displacement of ~15 cm located west of Ghaziabad village and south of Oshunkan Alek village 236 

(Figs. 5c-5d).  In contrast, the mainshock produces a more spatially heterogeneous deformation pattern that 237 

deviates from a simple elliptical geometry event (Figs. 5a-5b). The deformation is primarily characterized by LOS 238 

uplift accompanied by minor subsidence, with a maximum LOS displacement of ~22 cm. The affected area, 239 

approximately 12 km × 9 km, is concentrated around and east of Ghaziabad village (Figs. 5a-5b). The complexity 240 

of the deformation pattern suggests the involvement of structurally segmented or multiple fault strands. Based on 241 

the deformation field alone, however, the fault geometry cannot be uniquely constrained. 242 

Given that focal mechanism solutions indicate NEE-SWW-striking faults for both events, we further 243 

constructed deformation profiles across the inferred fault strike to better characterize the displacement gradients 244 

and infer possible dip directions (Figs. 5e-5f). The profiles from both ascending and descending tracks are not 245 

fully continuous, particularly in the near field where coherence is low. This decorrelation may reflect surface 246 

disruption associated with the earthquake, pre-event rainfall and flooding, or a combination of these factors. 247 

Reduced coherence may also introduce phase-unwrapping errors. In such conditions, longer-wavelength L-band 248 

SAR data may provide improved performance and could be incorporated in future studies. Despite these 249 

limitations, the InSAR data provide useful constraints on the rupture geometry. For the mainshock, both ascending 250 

and descending profiles show two uplift peaks in the near field, consistent with slip on at least two fault strands, 251 

with a north-dipping southern segment and a south-dipping northern segment. In contrast, the aftershock profiles 252 

display a more symmetric single-peak displacement pattern, from which the fault dip direction cannot be robustly 253 

resolved. Additional geodetic modelling will be required to further constrain the fault geometry. 254 
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4.3. Damage assessment and contributing factors 255 

The impacts of the Mw 6.0 earthquake and its aftershocks were not only from seismic activity but were 256 

also significantly exacerbated by human and systemic factors. Since 2020 Afghanistan has been in drought 257 

conditions. Nearly 14.8 million people, more than a third of the population, were experiencing significant food 258 

security in 2025 (GDACS, 2025; UNICEF, 2025). Nearly 53 per cent of people in rural regions generate income 259 

from agriculture and are more exposed to the negative impacts of drought conditions. Therefore, people living in 260 

eastern Afghanistan were already in a vulnerable position before the earthquakes, which likely contributed to the 261 

significant impact to lives and communities. 262 

The Copernicus Emergency Management Service (CEMS) and United Nations Satellite Centre 263 

(UNOSAT) provided situational reporting and emergency mapping following the earthquakes, which was felt 264 

across Kabul and Islamabad (Copernicus 2025;  GDACS 2025; UNOSAT 2025). Due to the remote location and 265 

steep mountains, damage assessment was challenging, and rescue efforts were ongoing for over a week. 266 

Copernicus EMS Rapid Mapping (EMSR839) was activated on September 1, 2025, and concluded on September 267 

17, 2025, covering 15 areas of interest (AOIs) both in Kunar and Nangarhar Provinces (Copernicus, 2025) (Fig. 268 

6a). The mapping revealed significant changes in land use and affected areas, using Pleiades-Neo satellite imagery 269 

to compare pre- and post-event conditions in Kuz Kunar. Multi-sector needs assessments conducted in 134 of the 270 

411 hardest-hit villages affected by intensity 7-8 shaking confirm that nearly 56,000 people from 8,471 families 271 

were directly impacted, and widespread destruction or damage to homes, more than half of the casualties being 272 

women and girls (e.g., Copernicus, 2025). 273 

In the worst-affected districts of Kunar, most mud-brick and stone houses collapsed, while damaged 274 

roads, power lines, and communication networks isolated many areas and made air transport the only reliable 275 

access option (Figs. 6b-5e). Nurgal District in Kunar Province was the most severely affected, suffering the highest 276 

casualties, with approximately 427 houses destroyed, and the 544 classified as damaged (Fig. 6a). Chawkay 277 

District ranks second, where 41 buildings were destroyed, 80 damaged, and a further 448 potentially damaged. 278 

Kuz Kunar and Dar-I Nur Districts follow in terms of buildings destruction and damage third and fourth, 279 

respectfully. Significant impacts were also reported in Asadabad and Jalalabad cities, located nearly 40 km from 280 

the epicentral area (Fig. 6a).  281 

One of the key factors contributing to the high number of casualties was the use of unreinforced adobe 282 

construction with traditional building methods, which left many buildings unable to withstand the earthquake 283 

(Figs. 6b-6c). In the epicentral region numerous houses are precariously built on steep slopes that cut into the 284 
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mountains. These houses are constructed using rock and mud blocks mortared together with mud, which is mostly 285 

sandy and predominant in these mountainous areas (e.g., Figs. 6c, 7a). Although most houses feature flat roofs 286 

made of over 20 cm of dried mud supported by wooden beams, the mud-block or stone walls lack reinforcement 287 

to resist horizontal shaking (Figs. 6d-6e).  288 

The construction of multi-story buildings often begins with a single story. As family populations grow, 289 

additional stories are added, first a second story, then a third (Fig. 7b). This approach poses significant technical 290 

challenges because the original design and wall thickness were intended to support only a single story. When the 291 

structure is expanded vertically, the insufficient wall thickness becomes a critical issue, affecting the building's 292 

stability and safety as it cannot bear a heavy load especially during seismic shaking. Additionally, half of the 293 

houses are built as dry stone masonry, with additional Pakhsa (rammed-earth construction) layers placed on top 294 

to complete the walls (Figs. 6d, 7b). 295 

Afghanistan is a mountainous country where earthquakes often trigger secondary hazards such as 296 

landslides, which significantly increase damage and contribute to loss of life. For instance, in the Nurgal District's 297 

Mazar Dara Valley, over 104 landslides occurred, with most casualties resulting from these landslides (Fig. 7a). 298 

In nearly every village, most houses are constructed on steep terrains, often as multi-story buildings stacked 299 

closely together (Fig. 7c). Some villages have a history spanning nearly >400 years and feature over 2,000 houses 300 

densely packed into a compact area of approximately 2,000 m², with structures built closely together, often one 301 

atop another (e.g., Figs. 6b, 7c). During the earthquake, when a building collapsed at the base or was struck by a 302 

landslide or large rocks from above, neighbouring structures were unable to withstand the impact, leading to a 303 

chain reaction of collapses. Even during rescue operations, these pose significant challenges for teams to extract 304 

people from the ruins and debris. 305 

Field observations reveal the emergence of new springs and increased discharge from existing water 306 

sources following the earthquake and its aftershocks. These hydrological changes are commonly associated with 307 

temporary increases in permeability caused by fracture openings and stress redistribution within the shallow crust. 308 

This suggests that the earthquake not only affected slope stability but also modified near-surface groundwater 309 

pathways. 310 

In the epicentral region steep slopes, rugged terrain, and high mountains have created highly unstable 311 

conditions where seismic shaking easily dislodges soil and rock, leading to rockfalls, debris flows, and large-scale 312 

slope failures. These risks were further intensified by heavy rainfall in the preceding days, which had weakened 313 
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the ground, saturated soils, reduced slope stability, and transformed earthquakes into multi-hazard events 314 

involving new landslides and flash floods. 315 

5. Discussion 316 

The 2025 August 31st earthquake and its aftershocks in eastern Afghanistan lie within the highest seismic 317 

hazard domain of the country, which has experienced repeated moderate to large damaging earthquakes driven by 318 

ongoing plate convergence (Fig. 8a). The mainshock and its largest aftershock on the 4 September resulted from 319 

thrust faulting in the Nuristan Block north of the main Kunar fault. Independent InSAR analyses of the 31 August 320 

2025 earthquake indicate shallow thrust faulting with up to ~23 cm of LOS uplift near the epicentre, consistent 321 

with our results (~22 cm), whereas the Mw 5.6 aftershock produced a smaller maximum LOS uplift of ~17 cm 322 

(Shirzaei et al., 2025). 323 

In Afghanistan, most recent destructive earthquakes that caused tens of thousands of casualties, including 324 

the 2002 Nahrin, 2022 Khost-Paktika, 2023 Herat earthquake sequence, and the 2025 Kunar earthquake, did not 325 

rupture major, well-mapped faults, but instead occurred on intramountain or range-front reverse and strike-slip 326 

faults. For example, the August 31st, 2025, Mw 6.0 Kunar earthquake ruptured newly identified east-west-trending 327 

reverse fault strands at a high angle within the steep terrain of the southern Hindu Kush Mountains, which had not 328 

been previously mapped and were identified here using 1-arcsecond SRTM anaglyphs and satellite imagery. 329 

Similar behaviour has been documented elsewhere in the region, including the 2012 Ahar earthquakes, the 2005 330 

Dahuiyeh (Zarand) earthquake, the 2013 Mw 6.1 Minab earthquake in Iran, all of which ruptured intramountain 331 

or subsidiary fault splays with limited geomorphic expression (Copley et al., 2013; Penney et al., 2015; Talebian 332 

et al., 2006). Together, these examples demonstrate that spatially distributed deformation and strain partitioning 333 

across fault networks allow secondary faults with low slip rates and weak surface expression to accumulate 334 

sufficient strain to produce damaging earthquakes (e.g., Copley et al., 2013; Talebian et al., 2006). In eastern 335 

Afghanistan, close to the India-Eurasia plate boundary, steep topography, complex geology, rapid erosion, 336 

landsliding, and long recurrence intervals further obscure faults activity, causing such faults to be 337 

underrepresented in geomorphic mapping and geodetic models despite their significant seismic hazard. 338 

The Kunar fault system plays a significant role in shaping the regional tectonics, influencing seismic 339 

activity and contributing to the rugged topography of the area. Additionally, the interaction between these faults 340 

and the surrounding geological structures has led to localized zones of intense deformation. Close to the epicentral 341 

area, the Indian Plate moves at a rate of ~4 cm/yr beneath Eurasia (DeMets et al., 2010; Wheeler et al., 2005), 342 

which results in ongoing crustal deformation and frequent destructive earthquakes, making the region particularly 343 
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susceptible to earthquake hazards (Dewey, 2006; Shnizai, 2020; Shnizai and Walker, 2024). Crustal earthquakes 344 

are concentrated around the Spin Ghar, Kunar, and Nuristan faults blocks near plate-boundary structures (Fig. 8a), 345 

in contrast to deeper seismic activity beneath the Pamir and Hindu Kush regions, which reflects ongoing mantle-346 

scale deformation within the collision zone (e.g., Hopper et al., 2006; Prevot et al., 1980; Wheeler et al., 2005). 347 

Deformation in eastern Afghanistan is governed by a complex tectonic framework in which oblique 348 

convergence between the two plates is accommodated through strain partitioning (Fig. 8a). Regional shortening 349 

is expressed by thrusting and folding, contributing to the uplift of major ranges such as the Spin Ghar Mountains 350 

and the Sulaiman Fold-Thrust Belt (Shnizai and Walker, 2024) (Figs. 8a-8b). At the same time, lateral shear is 351 

localized along major strike-slip fault systems, reflecting the mechanical rigidity of the crustal blocks trapped 352 

between the converging plates (e.g., Fig. 8b). This configuration promotes eastward lateral extrusion of the 353 

Jalalabad Basin between the right-lateral Spin Ghar Fault and the left-lateral Kunar Fault (Fig. 8a). The presence 354 

of the Hindu Kush and Spin Ghar ranges inhibits northward displacement, resulting instead in compression, block 355 

rotation, and lateral translation of the Kunar Block, consistent with observed geomorphic lineaments and fault-356 

controlled basin development. The Kunar Fault initiated as a conjugate fault alongside the Spin Ghar Fault, 357 

influenced by the clockwise rotation of the block adjacent to the Peshawar Plateau (Figs. 8a-8b). The Jalalabad 358 

Basin demonstrates that the Kunar Fault shifts left, creating a pull-apart basin. 359 

Shallow seismicity is strongly associated with major active fault systems, including the Chaman, Kunar, 360 

Gardez, Herat, and Darvaz faults, with the Chaman and Kunar faults displaying the highest levels of activity 361 

(Shareq, 1993, 1981) (Fig. 1a). Active faulting has driven uplift of the Hindu Kush and Spin Ghar ranges and 362 

controlled the formation of fault-bounded basins such as the Jalalabad Basin (e.g., Shnizai 2020; Shnizai and 363 

Walker 2024). The Kunar and Spin Ghar fault systems comprise strike-slip to oblique-slip strands with clear 364 

evidence of Quaternary activity preserved in basin sediments (e.g., Shnizai & Walker 2024). Seismological 365 

observations document teleseismic and microseismic activity aligned along the Kunar Fault and adjacent 366 

structures, with focal-mechanism solutions indicating nodal planes parallel to fault strike, confirming ongoing 367 

fault motion (Prevot et al., 1980; Quittmeyer and Jacob, 1979). Although west-trending thrust systems such as the 368 

Main Boundary and Safed Koh faults operate as active south-verging duplex structures (Ruleman et al., 2007), 369 

geomorphic expressions of fault activity are locally subtle and slip rates remain poorly constrained. This 370 

uncertainty highlights the need for quantitative dating of displaced Quaternary landforms to better assess seismic 371 

hazard in the Jalalabad Basin and surrounding regions. 372 
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6. Conclusion 373 

A shallow earthquake (Mw 6.0) struck Kunar Province, Afghanistan, on 31 August at at 23:47 local time, 374 

with a focal depth of 8 km. The earthquake and its aftershocks caused widespread damage across eastern 375 

Afghanistan, particularly in the provinces of Kunar, Nangarhar, and parts of Laghman. One of the largest 376 

aftershocks with a Mw 5.6 on 4 September, further intensified the impacts. The disaster resulted in over 2,200 377 

fatalities, extensive damage to infrastructure, and the destruction of approximately 7,000 homes, either partially 378 

or completely. Ascending and descending InSAR interferograms show a complex pattern of coseismic 379 

deformation for the Mw 6.0 mainshock on 31 August and the Mw 5.6 aftershock of 4 September. The mainshock 380 

produced a broad (~12 km × 9 km), heterogeneous uplift-dominated deformation field with a maximum LOS 381 

displacement of ~22 cm east of Ghaziabad, whereas the aftershock generated a compact, westward-shifted, 382 

elliptical deformation pattern (~9 km × 5 km) with a NEE-trending long axis and peak displacement of ~15 cm, 383 

consistent with reverse faulting on a moderate-sized structure; the mainshock complexity suggests rupture of 384 

segmented or multiple fault strands. The complexity of the deformation pattern suggests the involvement of 385 

multiple fault strands in the earthquake. Additionally, more than 104 landslides were triggered in Mazar Dara 386 

valley of the Nurgal District, Kunar Province. Generally, Eastern Afghanistan is highly prone to seismic activity 387 

due to its proximity to major fault lines, including those running through the Hindu Kush ranges, such as the Spin 388 

Ghar and Kunar fault systems. The region's complex tectonics are shaped by oblique subduction between tectonic 389 

plates, which has formed the mountains bounded by east-west and northeast-striking faults. 390 
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Table 1. Focal mechanism solutions for the Mw 6.3 and Mw 5.6 earthquakes in Eastern Afghanistan in August 575 

and September. 576 

Event 

Source 

Location  Focal Mechanism 
Mag 

(Mw) 
Date/(UTC) 

Lon  

(°) Lat  

(°) Depth 

(km) 

Strike 

(°) Dip 

(°)  Rake 

(°)  

EQ1 

(Date: 2025/08/31, 

Time- 19:17:34) 

GCMT 70.71 34.66 12 
235 41 84 

 
6.0 

63 49 95 

FGZ 70.86 34.72 12 
52 58 89 

 
6.0 

232 31 90 

USGS 70.793 34.706 8 
251 41 108 

 
6.0 

48 52 75 

EQ2  

(Date: 2025/09/04, 

Time- 16:56:25) 

GCMT 70.64 34.61 12 
240 41 90 

 
5.6 

60 49 90 

FGZ 70.83 34.71 11 
56 56 88 

 
5.6 

238 33 91 

USGS 70.791 34.719 10 
228 32 67 

 
5.6 

74 61 103 

 577 

Table 2. SAR imagery details using for co-seismic surface deformation analysis 578 

Event Track 

Primary scene 

(YYYYMMDD) 

Secondary scene 

(YYYYMMDD) 

Perp.B 

(m) 

Heading 

Angle (°) 

Incidence 

Angle (°) 

EQ1 

Asc173 20250820 20250901 -125.8 -13.075 39.543 

Des005 20250821 20250902 -61.3 193.044 39.561 

EQ2 

Asc173 20250901 20250907 82.1 -13.077 39.543 

Des005 20250902 20250908 -18.6 193.046 39.562 
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 581 

Figure 1. (a) Tectonic setting of the study region, situated in the southwestern part of the India-Eurasian collision. 582 

Black solid lines represent major fault lines. The red vectors indicate GPS velocities relative to Eurasia (Mohadjer 583 

et al., 2010). Focal mechanisms, shown in grey, illustrate instrumentally recorded earthquakes with magnitudes 584 

greater than 5.5 since 1976 (Ekström et al., 2012). Abbreviation of faults: CF, Chaman fault; DF, Darvaz fault; 585 

GaF, Gardez fault; GhF, Ghazaband fault; HF, Herat fault; KSF, Kongur Shen fault; MoF, Mokur fault; KoF, 586 

Konar fault; MFT, Main Frontal Thrust; KF, Karakoram fault; MKT, Main Karakoram Thrust; RHF, Reshun-587 
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Hunza fault; AMFS, Aksu-Murghab fault system; SMTS, Sarez-Murghab thrust system; TTS, Tanymas thrust 588 

system; TFF, Talas-Fergana fault; PTS, Pamir thrust system.  (b) Location of the August 31 mainshock (Mw 6.0) 589 

and its aftershocks in eastern Afghanistan. Pink dashed lines represent eastern provinces boundaries. The figure 590 

location is marked by a blue dashed rectangle in Figure 1a. Background SRTM DEMs from Farr et al. (2007). 591 
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 592 

Figure 2. (a) SRTM 1-arcsecond hillshade map (e.g., Farr et al., 2007) showing the epicentral area of the August 593 

31st earthquake and the Kunar fault system. Red beachball symbols represent the focal mechanism of the 594 

mainshock (Mw 6.0), while blue beachball symbols indicate the aftershock (Mw 5.6), as reported by the USGS. 595 
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Red colour represents intensity 7 and 8 as shown in Figure 1b. Yellow lines indicate the location of surface cracks 596 

on bedrock terrain. (b) Enlarged localized images of the northeastern section of the Kunar fault system, 597 

highlighting multiple fault strands. Location shown in the upper panel of figure 1b. (c) Google Earth 3D view 598 

illustrating consistent streams that exhibit left-lateral offsets along the main Kunar fault near Asadabad City. 599 

Image from Google Earth Pro, imagery © 2026 Airbus, accessed January 2026. (d) Thrust fault trace overlaid 600 

on the ESRI Basemap with contour lines, showing the location of a seismic events accompanied by left-lateral 601 

stream offsets. The fault trace is distinctly visible, dipping northward. Image is from: Esri, DigitalGlobe, GeoEye, 602 

i-cubed, USDA FSA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community. (e) 603 

A broader view of the thrust fault displayed in Figure 2d. Yellow triangles mark the positions of the fault traces.  604 

 605 

Figure 3. (a-d) Surface cracks observed following the August 31st mainshock and subsequent aftershocks north 606 

of the Kunar River Valley. The yellow triangle indicates the location of the surface cracks, most of which were 607 

identified in bedrock terrain. 608 
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 609 

Figure 4. (a) Landslide occurring in the Mazar Dara area. (b) Rockfall with large boulders triggered by an 610 

earthquake. (c) The depletion area or failure zone is visible after the landslide. (d) Landslides and rock 611 

avalanches were documented during an aftershock in Mazar Dara, Nurgal District. 612 
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 613 

Figure. 5. Panels (a-d) show the ascending and descending Sentinel-1 InSAR coseismic interferogram with LOS 614 

deformation rewrapped to 6 cm fringes, with each cycle from red through white to blue indicating motion away 615 

from the satellite. Panels (a-b) correspond to the Mw 6.0 mainshock, while panels (c-d) show the Mw 5.6 616 

aftershock that occurred on 4 September 2025. Panels (e-f) present the across-fault LOS deformation profiles 617 

extracted from the ascending and descending tracks for the two events. The blue and purple curves represent the 618 

ascending and descending observations, respectively. The shaded profile shows the topography. 619 
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 620 

Figure 6. (a) Distribution map of residential buildings showing destroyed, damaged, and possibly damaged 621 

structures. Most of the destroyed houses are concentrated in the epicentral area of Nurgal District, Kunar 622 

Province. The buildings data is from Copernicus Emergency Management Serivice (2025)  and the background 623 

SRTM DEM from Farr et al., 2007. (b) Photograph of a severely damaged village (34°42′57.74″N, 624 

70°45′49.66″E) called Chalas, where houses were constructed in close proximity and in stacked arrangements; 625 
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the majority were destroyed during the 31 August earthquake and its aftershocks. (c) Stone masonry houses with 626 

minimal mud mortar, located on steep slopes at high elevations in the Mazar Dara Valley, Nurgal District, which 627 

collapsed during the earthquake. (d) Mud wall exhibiting multiple construction layers (paskhah technique) from 628 

a three-story building that failed during the earthquake. (e) Collapsed dry-stone wall constructed without cement 629 

or mud mortar. 630 

 631 

Figure 7. (a) Landslide distribution map showing that most landslides occurred in Nurgal District. The landslide 632 

inventory was produced by the Copernicus Emergency Management Service using high-resolution Pleiades and 633 

WorldView satellite imagery with a spatial resolution of approximately 0.5 m. In the Nurgul District more than 634 

100 landslides occurred during the earthquake and subsequent aftershocks. (b) This image shows a destroyed 635 

village in Nurgal District, with multi-story adobe buildings designed in a tradition style.  (c) Photo of a village in 636 

eastern Afghanistan, where most houses are constructed on steep terrain, often as multi-story buildings stacked 637 

closely on top of one another. 638 
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Figure 8. (a) Seismicity map of eastern and northeastern Afghanistan based on the USGS earthquake catalogue, 640 

(Ekström et al. 2012; https://www.globalcmt.org/CMTsearch.html; USGS 2025b) including crustal seismicity at 641 

depths <40 km with magnitudes M ≥ 4 from 1964 to the present. Focal mechanisms from the Global CMT 642 

catalogue (https://www.globalcmt.org/CMTsearch.html; Ekström et al., 2012) indicate predominantly east–west–643 

oriented thrust faulting in the Jalalabad Basin and Spin Ghar Mountains, extending north-northeastward into the 644 

Nuristan Block. This pattern reflects ongoing convergence between the Indian and Eurasian plates, 645 

accommodated by active deformation in eastern Afghanistan. The focal mechanisms also show strike-slip faulting 646 

with both right- and left-lateral components, and shallow seismicity is spatially associated with the major mapped 647 

faults. (b) Three-dimensional perspective view based on the SRTM 1-arcsecond digital elevation model 648 

illustrating active faults, including the V-shaped conjugate Spin Ghar and Kunar strike-slip fault systems in 649 

eastern Afghanistan; the location of the 3D view is indicated in Figure 8a. Background SRTM DEMs from Farr 650 

et al., 2007. 651 
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