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Themidcrustal seismicity along theMainHimalayan Thrust in Nepal presents lateral variations along the rupture
of the 2015 Gorkha earthquake. In order to resolve these variations, we relocate the seismicity north of Kathman-
du, during a period well covered by the Nepal National Seismological Network, using a double-difference algo-
rithm. The 550 relocated events highlight a complex pattern of clustered seismicity within the unstable-stable
transition zone. Part of the seismicity is densely clustered on a southward dipping plane which ruptured on Jan-
uary 31st 1997 (ML= 5.8), activating a backthrust with a geometry consistent with the centroidmoment tensor
of this event calculated in this study. At its eastern end, themidcrustal cluster is offset by 20 km to the south sug-
gesting the presence of a tear fault. The analysis of the time sequence allows constraining a scenario involving
stress transfer between these local midcrustal structures, beginning more than one month before the 1997
main shock. The temporal evolution of the seismicity is strikingly similar for two other transient seismic
swarm episodes which developed hundreds of kilometers apart along the Main Himalayan Thrust at the same
time. The local stressfield appears responsible for the higher sensitivity of these regions to subtle strain transients
developing along the Main Himalayan Thrust.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Along-strike variations of seismic activity on a fault can result from
lateral variations in the geometry of the locked fault zone, spatial het-
erogeneity in frictional parameters or from unsteady loading during
the interseismic period. Variations in seismicity rates along thedowndip
end of a locked megathrust may reveal that the structure is segmented,
and these segment boundaries may correspond to the barriers that de-
limit major seismic ruptures (e.g. Schwartz et al., 1989; Collot et al.,
2004; Métois et al., 2012; Holtkamp et al., 2011; Holtkamp and
Brudzinski, 2011). The Main Himalayan Thrust (MHT) fault in Nepal
qualifies as one interesting fault to document in terms of seismicity var-
iations given its seismogenic potential and the possible control of the
coseismic ruptures by persistent structural features (e.g. Grandin et al.,
2015; Hubbard et al., 2016). Indeed, despite the apparent homogeneity
of the stress build up revealed by geodesy (Ader et al., 2012; Stevens
and Avouac, 2015) significant variations of the seismic rate have been
reported along strike (Pandey et al., 1999). Some of the variations in
seismic rate are persistent in time and might reveal lateral heterogene-
ity in terms of seismic coupling and/or tectonic structures along strike of

the MHT. Others are temporary, related to transient episodes including
swarm activity or mainshock-aftershock sequences.

On April 25 2015 at 11 h56 Nepal Standard Time (06 h11 UTC), the
Mw 7.8 Gorkha earthquake ruptured a 120 km-long and 35–50 km
wide fault segment of the MHT (e.g., Avouac et al., 2015; Grandin et
al., 2015; Kobayashi et al., 2015; Elliott et al., 2016) (Fig. 1), abutting
the greatM8.2 1934 earthquake rupture. The propagation of the rupture
and the slip along the fault planewere heterogeneous, leading some au-
thors to suggest possible along strike variations of the structure at depth
(Grandin et al., 2015, Fan and Shearer, 2015).

The aftershocks near the trace of the rupture in the vicinity of Kath-
mandu are heterogeneously distributed (Adhikari et al., 2015; Bai et al.,
2015). Some aftershocks are clustered under Kathmandu valley, a place
where no seismicity has been observed during the interseismic period
(Fig. 1). In the meantime, north of the Nepalese capital, the aftershocks
epicenters coincide with the location of the midcrustal interseismic
cluster (10–20 km depth) (Fig. 1). The heterogeneous distribution of
the Gorkha earthquake aftershocks and the seismicity during
interseismic period north of Kathmandu could be due to structural com-
plexities or a transient event. The goal of our study is to use small earth-
quakes prior to the 2015 Gorkha event to resolve structural and
frictional characteristics that might control the rupture parameters of
the main shock.
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In order to test such a hypothesis, we analyze the spatio-temporal
variations of the seismicity during the interseismic period north of Kath-
mandu, a region well covered by the Nepalese national seismological
network. We first relocate the seismic events using a double-difference
algorithm (Waldhauser and Ellsworth, 2000) and perform a Centroid
Moment Tensor inversion of the largest instrumentally recorded event
in the region,ML=5.8 on January 31st 1997.We then interpret the spa-
tial pattern of seismicity in terms of geological structures at depth, and
finally focus on the temporal variation of the seismicity rate along this
structure.

2. Data description

2.1. Regional network

The seismicity of central and eastern Nepal has been continuously
monitored since the 1990s by the National Seismological Center of
Nepal (NSC) with a national network composed of 21 short period verti-
cal component seismic stations (Fig. S1). Among them 12 high gain sta-
tions have been operational since 1994 in central and eastern Nepal
providing a completeness of the seismic catalogue for that region around
local magnitude ML = 2.0 (Pandey et al., 1999). Their records are proc-
essed using Jade-Onyx acquisition-treatment software in which a 1D ve-
locity model is used to locate earthquakes using the phases picked
manually at NSC (Pandey, 1985; Pandey et al., 1995, Adhikari et al.,
2015). A complementarynetwork of 3 stationswasdeployed temporarily,
from July 1995 to December 1996. The addition of these stations facilitat-
ed improved locations for the small earthquakes generated at midcrustal
depths below the front of the high topography (Cattin and Avouac, 2000)
in the vicinity of the Main Himalayan shear zone (Nábelek et al., 2009).

2.2. Earthquake catalogue

North of Kathmandu, the interseismic activity appears concentrated
at midcrustal depths within a permanent seismic cluster (Pandey et al.,
1995; Cattin and Avouac, 2000) (Fig. 1) modulated by a few transient

seismicity bursts (Fig. 2). The most important seismicity burst was re-
corded in 1997. Indeed, 30% of the ML ≥ 4.0 events of the catalogue in
this region occurred in that year (Fig. 2). The sequence culminated
after the occurrence of the “Sarshin earthquake” an ML = 5.8 event
which happened on January 31st 1997 (Table 1), an event preceded
3 h before by a foreshock of ML 5.1. This event resulted in a maximum
shaking intensity of MMI VII and was felt in Kathmandu 40 km SE
from its epicenter. It caused significant impact (MMI VI) over a region
1800 km2 in size (Sapkota, 2011). Given its magnitude, this event was
also recorded at teleseismic distances by international institutions,
which assigned a body-wave magnitude (mb) around 5.2 and depths
between 17 and 23 km (Table 1).

The Sarshin earthquake was followed by N160 aftershocks in a re-
gion spanning 50 × 30 km2, a surface significantly larger than the
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expected rupture extension. The orientation of the seismic cluster based
on NSC locations is unclear and we expect that relocated aftershocks
will help to constrain the geometry of the structure activated by the
Sarshin earthquake.

3. Method

3.1. Centroid moment tensor at regional scale

Seismic data of the 1997 Sarshin earthquake recorded by stations at
distances up to 1700 km and of good quality are used to calculate a Cen-
troidMoment Tensor. This includes data from stations LSA (Tibetan pla-
teau), HYB (central India), WUS (northern China) and CHTO (Thailand)
(Fig. 3).

The centroidmoment tensor solution is retrieved from the inversion
of regional long-period seismic waves (40–100 s). The procedure is
taken fromNábelek (1984) and is adapted to a low-frequency inversion

(Nábelek and Xia, 1995). For the centroidmoment tensor inversion, a 1-
D velocity structure should be chosen to compute synthetic Green's
functions and model the observed waveforms at seismic stations. Pro-
cessing a large number of events (29 earthquakes in (Burtin, 2005)
and 107 earthquakes in (Baur, 2007) in the Himalaya and Tibetan Pla-
teau regions) we failed to correctly invert the seismic waveforms at sta-
tions with a single velocity model. Seismic signals from sources
occurring along the Himalayan arc were recorded at stations located
around the Tibetan plateau and the India plate. Therefore, velocity struc-
tures throughwhich seismicwaves travel can drastically change. For in-
stance when a velocity model with a Moho depth fixed at 35 km (ex.
India path) is used, the modeled waveforms for northern Tibetan sta-
tions will systematically arrive sooner than the observed ones. To over-
come this issue, each ray path is associatedwith a specific 1-D structure.
For the Indian station HYB, the model is from Saul et al. (2000) with a
Moho depth at 35 km. For the Tibetan station LSA and northern China
station WUS, the model is modified from Haines et al. (2003) with a

Table 1
Description of the main shocks of the three swarms of 1997. Origin time and epicentral location are from the NSC.

Main shocks of
swarms Date Time Longitude Latitude Depth (km)

Magnitude Focal mechanism

ML
(a)

mb
(b) Mw

NP1 NP2

Strike
(°)

Dip
(°)

Rake
(°)

Strike
(°)

Dip
(°)

Rake
(°)

Sarshin 31/01/1997 20:02:14 85.34°E 28.04°N 20.3(a), 7.0 (fixed)(b), 17(c), 23(d),
22.2(e), 21(f), 17.6(g)

5.8 5.2 4.8(c) 74.6(c) 84.8 66.4 332.2 24.1 67.1

Darchula 05/01/1997 08:47:24 80.42°E 29.90°N 13
24.9
15(h)

6.3 5.4 5.4(e)
5.5(h)

279(h) 19 68 122 73 97

Gudelhongu 30/12/1996 11:18:19 86.91°E 27.22°N 25
33(f)

5.8 4.8 –

(a) National Seismological Center of Nepal (NSC).
(b) International Seismological Center, UK (ISC).
(c) Centroid Moment Tensor (in this article).
(d) Geophysical Survey of Russian Academy of Science (MOS).
(e) National Earthquake Information Center, USGS (NEIC).
(f) Experimental (GSETT3) International Data Center, USA (EIDC).
(g) Engdahl, van der Hilst and Buland, USA (EHB).
(h) Global Centroid Moment Tensor.
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Moho depth at 65 km. In this latter model, we had to remove the 5 km
thick sedimentary layer because otherwise the synthetic inverted seis-
mic waves were delayed too much. Finally, the model for the Thai sta-
tion CHTO was set to an intermediate model between the Indian and
Tibetan models with a Moho depth at 45 km. These velocity models
were tested using a trial and error procedure on the 29 focal mecha-
nisms studied (Burtin, 2005); we retained those models that resulted
in synthetics that best matched the observed seismic data (Fig. 3) –
See Burtin, 2005 for further information. Furthermore, for each earth-
quake analyzed in Burtin (2005), including the Sarshin earthquake,
the centroid moment tensor source depth was constrained through a
grid search algorithm that minimized the waveform misfit, using at
first a coarse step size (10 km) followed by a finer step size (1 km).

3.2. Relative relocation at local scale

We calculate relocations using the double-difference algorithm
HypoDD (Waldhauser and Ellsworth, 2000) for the seismicity clustered
north of Kathmandu, in the trace of theGorkha earthquake.We use data
from the NSC bulletin for the period 1996–1999 and the whole bulletin
from the temporary experiment of 1995–1996. Relative locations are re-
solved by solving an inverse problem using a damped least-square tech-
nique,minimizing the residuals between observed and calculated phase
delay times between a pair of adjacent earthquakes recorded at com-
mon stations. This procedure reduces the biases induced by velocity
model errors along the paths from hypocenters to seismic stations.
The velocity model considered hereafter is the 1-D model of Pandey
(1985) with a Vp/Vs of 1.73. We initially attribute to each seismic
event the origin time and hypocenter of the NSC seismic bulletin. We
also allocate location errors corresponding to the average of the longitu-
dinal and latitudinal uncertainties as well as depth uncertainties docu-
mented in the bulletin. Undetermined depths in the database are fixed
to 0. The second set of inputs includes the arrival times of P and S
phase arriving at a station for a given event. The weight for the P phases
is fixed to 1 and for the S phases to 0.3.

Given the very high density of events located immediately in the vi-
cinity of the Sarshin earthquake, compared to the more diffuse spatial
and temporal pattern of the seismicity elsewhere, we divide the cata-
logue of events in two, a western and an eastern region (respectively
zones 1 and 2 hereafter) separated at 85.4E ( Fig. S2 and S5.). This divi-
sion will enable us to better optimize the relocation process.

We select pairs of phases at every station considering (1) a maximal
separation between hypocenters of 20 km and (2) a minimum number
of links between two neighbor events of 8 for Zone 1 and of 4 for Zone 2.

The relocation is performed in both cases with P and S phases when
available and with three sets of iterations taking into account the seis-
mic bulletin parameters. We set the damping at 20 in a LSQR inversion.
The first set iterates four times using only P waves. The second set iter-
ates also four times with P and S waves. The third set iterates 8 times
taking into account P and S waves, limiting the residuals to 5 s and the
maximum distance between linked pairs to 10 km. The relocation of
Zone 1 considers 8 as the minimum number of links per pair to form a
continuous cluster. There is no clustering a priori parameter for the re-
location of Zone 2.

We tested the most influential parameters for both the pair-phase
selection and the relocation process. In the pair-phase selection, we
tested values at 4, 8, and 12 for the minimum number of links between
two neighbor events.We also testedmaximum separation between hy-
pocenters at 20 and 50 km. The number of pair-phases created increase
considering either a larger number ofminimum links per pair or a larger
maximumseparation distance between hypocenters, however there are
more events weakly linked. The minimum number of links between
two neighbor events tested changes in Zone 1 and 2 because of the den-
sity of events. We also tested various numbers of iterations (4 and 8 for
each set) in the relocation process. The RMSmisfit decreases for thefirst
two sets until it stabilizes after 4 iterations. The solution becomes

unstablewith 8 iterations, resulting in a centroid shift and in an unstable
RMSmisfit. In the third step, 8 iterations are needed to stabilize the RMS
misfit. Geometrically, the relative relocationswere similar for any itera-
tion scheme.

The tests results support the parameters we chose for Zone 1 and 2.

4. Results

In Zone 1 (Fig. 4), the seismic bulletin includes 230 events with 2408
phases from which 20140 P-phases pairs and 12469 S-phase pairs are
found. 80% of P-phase pairs and 84% of S-phase pairs are selected. The
event pairs have an average of 10 links with an average offset of
6.04 km. After event pair selection, 167 events are successfully
relocated, with b1500 m of 2-sigma-relative location errors in x, y, z
and a RMS misfit reduction of 60% (Fig. S2, S3, S5, and S6).

The seismic bulletin covering Zone 2 (Fig. 4) includes 548 events
with 4886 phases from which 45938 P-phase and 39002 S-phase pairs
are determined. Respectively, 49% and 45% of P- and S-phase pairs are
selected. The event pairs have an average of 6 links with an average off-
set of 6.9 km. 477 events are selected, from which 384 events are suc-
cessfully relocated with b100 m of 2-sigma-relative location errors in
x, y, z. The RMSmisfit reduction, following the integration of the phases
picked at the temporary 3 component stations, is close to 90% (Fig. S2,
S3, S4, S5, S6, and S7).

The relocation of Zone1 and Zone2 seismicity indicates the presence
of two separate clusters during the 1997 seismic episode (Fig. 4). The
westernmost seismic cluster is located between 85.3° and 85.4°, cover-
ing an area of 7 × 11 km2 (Fig. 4, map), just above the January 31st
Sarshin earthquake hypocenter (Fig. 4, cross-section). The visual inspec-
tion of 3D plots shows that the seismicity lies on a plane that strikes
N050 ± 20 E dipping steeply southeast (70–80°). The other seismic
cluster is smaller (6 × 8 km2) and is located between 85.4° and 85.5°.
It describes an almost vertical plane striking N155 ± 20 E (Fig. 4). No
large event is associatedwith this cluster. The remaining relocated seis-
mic events do not show a particular geometry. Most of them are located
in a 10 km-wide band east of 85.5°.

The centroid moment tensor solution for the January 31st Sarshin
earthquake indicates a best centroid depth at 17 km and a reverse mo-
tion with a slight strike-slip component. One nodal plane (NP1) strikes
N075 and dips 85°SE, and the second (NP2) strikes N152 and dips
24°NE. Although it is difficult to quantify uncertainties on the centroid
moment tensor solution, the azimuthal coverage being decent and the
changes in centroid moment tensor being small in the vicinity of the
best depth, we consider the uncertainties to be moderate (±20°)
(Zahradnik et al., 2008). In particular NP1, which dips at a high angle,
is quite stable in the inversions. The NP1 plane is the closest to the
plane defined by the relocated aftershocks of the Sarshin earthquake.
The moment magnitude obtained is Mw = 4.8.

The depths of the relocated events range from 15 to 26 km in the
western cluster, with the main shock at 24 km depth which is slightly
deeper than previous determinations (Table 1). NSC gives a hypocenter
at 20.3 km while the centroid moment tensor centroid depth is at
17 km. Although the relocation allows us to place constraints on the rel-
ative positions of hypocenters leading to a fairly well defined geometry
for the cluster, the centroid depth of the cluster (~22 km) is less well
constrained as the closest station that recorded these events is located
at ~25 km, and thus the centroid could move by a few kilometers.
Both hypocenter depths and centroid moment tensor centroid depths
being within ±5 km, we think the differences may not be significant.
In addition, as most crustal earthquakes nucleate at depth and propa-
gate towards the surface (e.g., Das and Scholz, 1983; Huc et al., 1998),
we expect the hypocenter depth of the mainshock to be larger than its
centroid moment tensor depth. This will be particularly true if the co-
seismic slip is small and the ruptured area large for a Mw4.8 event. In-
deed, the source of a Mw4.8 can be either 2 × 2 km2 with 10 cm of
slip or 5 × 5 km2 with 2 cm of slip.
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5. Interpretation

5.1. Spatial distribution of the Sarshin Swarm

Most of the 1996–2000 Sarshin Swarm seismicity is located at
midcrustal depths, with centroid depths at 22 and 15 km respectively
for the two clusters (Fig. 4). These depths roughly correspond to the
depth of the Main Himalayan shear zone, as interpreted on images ob-
tained along profiles based on receiver function analysis
(Schulte-Pelkum et al., 2005; Nábelek et al., 2009; Duputel et al., 2016).

The westernmost cluster develops after the main shock of the
Sarshin earthquake over a 7 × 11 km2 region. Given the geometry of
the cluster and the fault plane solution parameters of its main shock,
the January 31st 1997 Sarshin earthquake, we associate this seismic
swarm to the activation of a NE-SW backthrust, steeply dipping to the
southeast. Assuming that the aftershock distribution corresponds to

the maximum extent of the fault segment ruptured by the main
shock, a Mw 4.8 (M0 = 2.3 ∗ 1016 Nm deduced from the centroid mo-
ment tensor determination), and assuming a shear modulus of 32 GPa
we obtain an average minimum slip of 1 cm. Considering that after-
shocks may more likely extend beyond the edges of the ruptured
plane, its surface is likely overestimated. A surface overestimation by
100% will lead to doubling the average slip, at 2 cm. This amount of
slip at depth induces infra-mm displacements at the surface GPS sites
around, values below the resolution capacity of the campaign GPS avail-
able at that time (Jouanne et al., 2004).

A rupture on a steep south-eastward dipping - northwestward verg-
ing thrust at mid-crustal depths below the front of the high topography
may correspond either to the activation of (a) a fault segment at the
forelimb of the lesser Himalayan duplex (e.g. Pearson and DeCelles,
2005; Khanal and Robinson, 2013), or (b) a local shear zone within
the hinge above the flat-decollement/ramp, as predicted by mechanical
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models (e.g. Souloumiac et al., 2009) (Fig. 7D). We prefer the latter in-
terpretation, as the depth seems more consistent with the downdip
end of a midcrustal ramp than the passive roof-thrust of the duplex.

The relocated seismicity appears offset by 20 km from west to east,
describing an eastward right-stepping strand. Note that this step is
not an artifact due to the location of the boundary between the two
zones considered in the relocation process: alternative relocations con-
sidering only one zone, keeping the same relocation parameters, pro-
duced similar spatial patterns, with the seismic cluster stepping to the
south in this area. This offset could be explained by the presence of a
tear fault between two ramps or structural discontinuities within the
Main Himalayan shear zone such as a stepover of the fault. We prefer
the former hypothesis given the absence of overlapping seismicity
along strike. In addition, the vertical NW-SE plane described by the sec-
ond cluster (85.4° and 85.5°) identified in the relocation results is con-
sistent with tear faulting although we could not compute any fault
plane solution to prove this. Such tear faults are required because of
the topology of the MHT flat/ramp system and its lateral variations
(Fig. 7). The right lateral tear fault suspected to develop at depth within
the trace of the second cluster is alignedwith an active dextral fault sys-
tem reaching the surface along the 20 km-long NNW-SSE Jhiku Khola
fault (Kumahara et al., 2016).

We propose that the backthrust and tear fault activated during the
1997 seismic episode, and in a more general way every significant var-
iation of the structure at depth along the MHT, might influence its be-
havior. It could affect the propagation of the co-seismic rupture (e.g.
Béjar-Pizzarro et al., 2010), influencing the co- and post-seismic slip dis-
tribution as well as the location of the aftershocks. Note that the struc-
ture we studied is located in between two patches of maximum slip of
the Gorkha earthquake proposed by some authors (e.g. Avouac et al.,
2015; Grandin et al., 2015) (Fig. 1).

5.2. Temporal distribution of the seismicity at local and regional scales

The time structure of a seismic episode gives a dynamic sense and
evolution of the phenomenon that the spatial distribution does not.
Both are essential to interpret our results.

The time structure of the seismicity in this area (Fig. 4) exhibits com-
plex variations in the period covered by our study. The seismicity rate
decreases first in mid-1996 (Figs. 2 and 5). This relative quiescence is
difficult to ascertain, being concurrent with themonsoon arrival, a peri-
od duringwhich the seismic noise level and therefore the completeness
magnitude of the catalogue is higher than on average, a period during
and slightly after which the seasonal load of the India plate has a genu-
ine influence on the seismicity (Bollinger et al., 2007; Bettinelli et al.,

2008; Burtin et al., 2008). The seismic rate remains low until December,
far after the monsoon period, and is followed by a sharp increase. The
seismic events are then clustered between 85.4° and 85.5° (Central
zone in Fig. 4), mostly along a 6 km-long vertical plane oriented N155.
This activity, decreasing at the beginning of 1997, is followed by the de-
velopment of another cluster 15 km to the northwest in January (Figs. 4,
5). The swarm in the area begins before the Sarshin main shock which
occurred at 20:02 (local time) on January 31st and was preceded by a
ML5 and smaller events a few hours earlier. The seismic cluster that de-
veloped within the next three months within 10 km from the hypocen-
ter is typical of an aftershock sequence. In the meantime, the seismicity
rate east of 85.5°E increased significantly (Fig. 5).

Surprisingly, this unusual transient seismic activity is not exception-
al in the Himalaya region. Indeed, in eastern Nepal, a seismic swarmde-
veloped between 86.8 and 87°E, generating 80 events south of Mount
Everest, between November 1996 and May 1997. No main shock was
detected prior to the onset of the seismic swarm but a larger shock,
with a ML 5.8, occurred on the 30/12/1996 (Table 1) and was followed
by aftershocks (Fig. 6). InwesternNepal, between 80.5° and 81°E, a sim-
ilar swarm developed with a main shock on 05/01/1997 of ML = 6.3
(Table 1).The location of the seismicity in these two areas is not suffi-
ciently resolved to perform an analysis similar to what has been done
here. The time structure of these two swarms is very similar to that of
Sarshin as illustrated on Fig. 6.

Altogether, the 3 clusters contribute to 40% of the yearly midcrustal
events detected along the front of the range in Nepal. Their cumulative
along strike development accounts for ~10% of the length of the
midcrustal cluster making this event the most important seismicity
burst of the interseismic period recorded by the Nepal National Seismo-
logical Network. No significant seismic rate variations were detected in
between the three clusters (Fig. 6).

6. Discussion

Complex spatial and temporal variations of seismicity have been re-
vealed at local and regional scales. Locally, north of Kathmandu, the spa-
tial distribution of the seismicity coincides with a back-thrust and a
thrust segment separated by a proposed 20 km-long tear fault. Their
consecutive activation follows the development of a seismic swarm on
the tear fault. The geometry of the fault system is consistent with a
right lateral slip on the tear fault. This scenario is compatible with the
topology of the thrust system as well as with the kinematics of the dex-
tral NNW-SSE Jhiku Khola fault described in continuity to the south
(Kumahara et al., 2016). The en-echelon segments of the MHT there
are close to the unstable-stable transition zone USTZ (e.g. Jackson and
Bilham, 1994; Bettinelli et al., 2006). This behavior was confirmed re-
cently by the determination of the seismic coupling that falls there be-
tween 0.4 and 0.6 (Ader et al., 2012; Grandin et al., 2012; Stevens and
Avouac, 2015).

The seismic activity in 1997 in this region could result from (1) a
local unsteady loading or (2) a local strain transfer in the vicinity of
theUSTZ. However, rather than just a local strain transient, the develop-
ment in 1996–97 of 2 other clusters hundreds of kilometers apart,
depicting similar temporal variations, may imply (3) a large scale un-
steady loading. The unsteady loading could be due, among others, to a
lithospheric response to the water mass redistribution after the mon-
soon or to a slow slip event. However, in 1996, the precipitation records
were fairly typical (e.g., Shrestha et al., 2000; Yatagai et al., 2012). This
leads us to propose that the 1997 seismic episode may be related to a
slow slip event. A transient slip event with a slip amplitude of tens of
centimeters is precluded due to the absence of measurable changes in
the seismicity rate between the clusters (Fig. 6A). Indeed, a seismicity
change would likely occur after a centimetric to decimetric scale slow
slip event, which would in turn release years of stress build up and
therefore most probably induce years of midcrustal seismicity along
strike. The lower end of the slip amplitude expected, i.e. 1 cm, would
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correspond roughly to the seismic slip accommodated during the
Sarshin earthquake (see previous section for estimation). In Sarshin
area, such an amount of slip at midcrustal depths generates only infra-
milimetrical displacements at RAM0 and SYA0, regional GPS stations re-
spectively 17 and 20 km from the updip-end of the ruptured fault plane.
These stationswere surveyed briefly in 1995 and 1998 (1 to 4 days/ses-
sions). They were translated in 3 years by 19 ± 6 mm and 21 ± 7 mm
respectively in an India fixed reference frame (Jouanne et al., 2004).
The large uncertainties of the measurements preclude resolving the
infra-milimetrical displacements induced by the Sarshin earthquake as
well as those induced by any strain transient with similar amplitudes.
We further note that the displacements uncertainties for both stations
amounts to one third of the measurements, a value comparable to one
year of strain above the Main Himalayan Thrust. The thrust accommo-
dates, at depth, on average, a shortening of 18 mm/yr (Ader et al.,
2012). Detecting a transient slip event at depth on the creeping part of
the MHT of b18mm therefore seems impossible. This result is corrobo-
rated by the absence of any major change in the shortening rates esti-
mated elsewhere in Nepal by campaign GPS data, and by the
continuous DORIS time series available at Everest.

Several of the large transient events elsewhere in theworldwere ac-
companied by tremors and low frequency earthquakes (Schwartz and
Rokosky, 2007). Such kinds of seismic events have not been observed
in 1997 in Nepal, a period during which the continuous seismic signals
recorded by National Seismological Network was not stored. Further
analysis of these signals to detect tremors or low frequency earthquakes
is therefore limited to the cut signals of seismic events which, according
to a preliminary analysis, present a typical spectra.

Despite the lack of direct evidence that tremors and low frequency
earthquakes occurred, we think the seismic catalogue contains other in-
direct evidences of this process.

A subtle transient slip event may generate heterogeneous seismicity
along strike due to the geometry and state of stress changes along strike
of the MHT. Indeed, the midcrustal seismicity under the front of the
Himalayas appears sensitive to the local state of stress which depends
mainly on the regional tectonic stress and the topography, through
their influence on the preferred orientation of the failure planes
(Bollinger et al., 2004a). In between the Main Frontal Thrust and the
front of the High range, S3 and S1, the minimal and maximal principal
stresses, are respectively vertical and north-south. S1 increases during
interseismic deformation due to slip at depth on the MHT, promoting
failure on EW striking thrust planes (Fig. 7A(area 2)). Further north, in

the Southern Tibetan grabens (Fig. 6B), S1 is verticalwhile S3 is horizon-
tal, striking approximately east-west. S3 might decrease during
interseismic deformation (Fig. 7A(area 3)), since east-west extension
increases in the Southern Tibetan Graben due to the divergence of
thrusting along the Himalayan Arc (Bollinger et al., 2004a). This pro-
motes failure on north-south oriented normal faults (i.e.: the southern
Tibetan grabens). In between these two domains (i.e. south of the
range, Tibetan Plateau: between area 2 and 3 on Fig. 7A) the regional
state of stressmight promote the existence of NW-SE and NE-SW strike
slip faults. This is valid for a range of depths in the cluster which de-
pends on both S1 and S3 and the local non compensated topography.
In this area, the intermediate stress component is vertical, while the
maximum and minimum principal stresses correspond respectively to
the north-south and east-west stress values (Fig. 7A(area 1)). The strike
slip faults in this region are very sensitive to the simultaneous N-S and
E-W stress variations (Fig. 7A). The lack of strike slip Centroid Moment
Tensor solutions for intermediate events (M N 5.5) during the last de-
cades along the Himalaya demonstrate that strike slip faulting is infre-
quent along strike, probably due to the restriction to a small depth
range of the corresponding state of stress. Besides the presence of
large scale active strike-slip faults affecting the lesser Himalayas
(Nakata, 1989), interpreted as resulting from large scale strain
partitioning (Nakata, 1989; Murphy et al., 2014) or from the presence
and migration of lateral ramps (Bollinger et al., 2004b), few active
strike-slip fault segments were described at the foot of the High range
(Nakata, 1989). However, tear-faults are suspected atmidcrustal depths
because of the lateral variations of themidcrustal ramps along the strike
of theMain Himalayan thrust (e.g. Robinson et al., 2001; Bollinger et al.,
2004b; Grandin et al., 2012). Despite the publication of balanced cross
sections immediately west of Sarshin area (e.g. Pearson and Decelles,
2005; Khanal and Robinson, 2013), the present-day positions of the
midcrustal ramps in the vicinity of the seismic cluster studied here are
still unresolved. Assuming the cluster represents the edge of the MHT
locked segment (e.g. Cattin and Avouac, 2000; Bollinger et al., 2004a;
Ader et al., 2012, Grandin et al., 2015), a dextral NW-SE transform struc-
ture is required for the sake of geometrical continuity (Figs. 4 and 5,
Central zone in blue). Assuming that this swarm is located on such a
right lateral strike slip segment, its activity in December 1996 creates
static stress changes at its extremities. It leads to the generation of 2
positive Coulomb stress variations (DeltaCFF) lobes on its NW and SE
sides (while NE and SW would see a negative DeltaCFF(Fig. S8 to S11
and Table S1 and S2). This static stress change scenario accounts for
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the generation of seismicity along the backthrust to the NW and the
thrust to the SE as well as with the lack of microseismic activity along
its NE and SW extremities (Fig. 7B and C). Furthermore it is consistent
with Sarshin focal mechanism depicting a NE-SW oriented fault plane
solution (Fig. 4).

Whether similar kinematics and mechanisms are involved in the
generation of the Far western and eastern Nepal seismic swarms is un-
known. Unfortunately, the seismicity in these regions cannot be ana-
lyzed with a similar relocation approach due to the less optimal
geometry of the seismic network and completeness of the database.
But the 3 swarms are located in similar settings, within the midcrustal
cluster at similar distances from the USTZ andwithin the trace of south-
ern Tibetan Grabens (Fig. 6B). Another similarity is their time sequence
that begins with a weak but detectable decrease of seismicity prior to
the swarms' development (Fig. 6A). These rate decreases begin
about 6 months prior to each swarm, during the onset of the mon-
soon. That the higher level of seismic noise during the monsoon is

responsible for the seismic rate decrease is possible (Bollinger et
al., 2007), but the rate remains low after the end of the monsoon
and the decrease of the seismic noise generated by landsliding and
rivers (Burtin et al., 2008). An alternative interpretation could be
that the seismicity was partially inhibited and then promoted due
to the response of the crust to a loading/unloading of continental
water (Bettinelli et al., 2008; Chanard et al., 2014) in 1996. Whatever
the scenario, the simultaneous development of these swarms may
have resulted from a transient slip event similar to those detected
along other subduction zones (e.g. Cascadia, Mexico, Japan, …)
with an affected area between 30 and 600 km along strike, and tran-
sient slip lasting 6 days to about a year with amplitudes between
5 mm and 5.6 cm (e.g. Dragert et al., 2001; Schmidt and Gao, 2010;
Schwartz and Rokosky, 2007; Szeliga et al., 2008).

Such a slow slip event occurring on the Main Himalayan Thrust
could play a role in the seismic cycle of the locked segment of the
fault. Indeed, such transient events bring the locked fault zone closer
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to failure by several months (Dragert et al., 2001), besides the
interseismic loading on the fault.

7. Conclusion

The first conclusion to be drawn from this work is that the downdip
end of the locked section of the Main Himalayan Thrust exhibits lateral
seismicity variations that may reveal the presence of structural com-
plexities at midcrustal depths. The right-stepping geometry of the seis-
micity, north of Kathmandu, is interpreted as resulting from the
activation of a tear fault between a backthrust and a thrust segment.
This structural complexity might have influenced the slip distribution
during the Gorkha earthquake rupture as revealed by a local minima
in the region of high slip of some published slip models. A second
major conclusion is that the time sequence of the seismic swarm
which developed there in 1996–97 is consistent with a propagation of
a local strain transient, from the tear fault to the backthrust and thrust.
Finally, the temporal coincidence between this swarmand two others at
far distances leads us to suspect the development of a larger-scale tran-
sient slip event on theMain Himalayan Thrust. The local stress field ap-
pears responsible for the higher sensitivity of these areas to strain
transients and needs therefore to be monitored to ascertain the pres-
ence of infrequent subtle slow slip events along the Himalaya.
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S U M M A R Y
The M 7.8 2015 April 25 Gorkha earthquake devastated the mountainous southern rim of the
High Himalayan range in central Nepal. The main shock was followed by 553 earthquakes
of local magnitude greater than 4.0 within the first 45 days. In this study, we present and
qualify the bulletin of the permanent National Seismological Centre network to determine the
spatio-temporal distribution of the aftershocks. The Gorkha sequence defines a ∼140-km-long
ESE trending structure, parallel to the mountain range, abutting on the presumed extension of
the rupture plane of the 1934 M 8.4 earthquake. In addition, we observe a second seismicity
belt located southward, under the Kathmandu basin and in the northern part of the Mahabarat
range. Many aftershocks of the Gorkha earthquake sequence have been felt by the 3 millions
inhabitants of the Kathmandu valley.

Key words: Earthquake source observations; Seismicity and tectonics; Asia.

1 I N T RO D U C T I O N

On 2015 April 25 at 11 h 56 local time, a Mw 7.8 (ML 7.6) earthquake
struck central Nepal devastating the region at the rim of the High
Himalayan range and affecting Kathmandu valley, causing 8700+
deaths and leaving hundreds of thousands homeless. The regions
affected by the main shock are located above the Main Himalayan
Thrust fault (MHT), a shallow dipping megathrust accommodating
half the India–Eurasia convergence where most of the shortening
between India plate and the Tibetan plateau occurs (e.g. Bilham
et al. 1997; Bettinelli et al. 2006).

While the northern deep portion of the thrust, under the high
Himalayan range, continuously slips at 18 mm yr−1 during the
interseismic period, its southern and shallowest segment is fully
locked (e.g. Bollinger et al. 2004; Ader et al. 2012; Grandin
et al. 2012). The locked portion of the fault system is estimated
to extend over a distance of approximately 80 km from the sur-
face trace of the Main Frontal Thrust that merges at depth on
the MHT to the brittle–ductile transition, which falls at 15–20 km
depth, under the southern slope of the high topography (Ader et al.
2012).

This segment partially ruptured during past large earthquakes.
Such events include the M ∼ 7.5 1833 A.D. earthquake known
by its macroseismic effects (Bilham 1995; Ambraseys & Douglas
2004; Szeliga et al. 2010), which suggest a partial rupture of the
MHT, north of Kathmandu. In 1934, the larger Bihar–Nepal earth-
quake (M ∼ 8.2–8.4) ruptured up to the surface along a minimum
150-km-long segment of the MHT, in eastern Nepal (Fig. 1; Sapkota
et al. 2013).

Despite the significant documentation of these past events, their
aftershock distribution is poorly known. This inhibits any detailed
analysis of the seismic hazards following a large Himalayan earth-
quake, and prevents any discussion about the post-main shock slip
potency. The recent Gorkha earthquake sequence helps toward bet-
ter understanding the faulting conditions of the region. Here, we ex-
amine the aftershock sequence of the Gorkha earthquake recorded
by the Nepal seismological network. We evaluate the quality of
the early bulletins published by the National and Regional Seis-
mological Centres. We then describe a homogeneous catalogue of
aftershocks between 2015 April 25 and June 8, and we study their
spatio-temporal distribution. We confront it to the available data
from the 1833 and 1934 events. Such rapid earthquake catalogue is

C© The Authors 2015. Published by Oxford University Press on behalf of The Royal Astronomical Society. This is an Open Access article
distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits
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Figure 1. General map of the principal aftershocks (red dots) of the April 25th Gorkha earthquake located by NSC within the 45 days following the earthquake
(red dots). Green triangles correspond to the national seismic network stations. The most western red star corresponds to the epicentre of the Gorkha earthquake
while the eastern red star locates the epicentre of the May 12th event. In yellow, earthquake epicentres of the seismic events recorded during the twenty
years preceding the main shock. Blue polylines correspond to the macroseismic isoseimals MSK64-VIII of the great 26/08/1833 and 15/01/1934 earthquakes
(respectively dashed and plain polylines) deduced from Ambraseys and Douglas (2004) (Sapkota 2011). The blue star locates the relocated instrumental 1934
epicentre (Chen & Molnar 1977). Black rectangular polyline corresponds to the suspected extent of that earthquake rupture as suggested by (a) the macroseismic
isoseismals and (b) the minimum stretch of 1934 MFT surface rupture represented by the black teethed polyline (Sapkota et al. 2013; Bollinger et al. 2014).

aimed to serve as a basic constraint to develop improved static and
dynamic source models of the Gorkha earthquake, ultimately lead-
ing to a better understanding of strain and stress accommodation
and release during the 2015 sequence.

2 M E T H O D S A N D B U L L E T I N A NA LY S I S

2.1 Seismic data

In this study, we analyse seismic signals recorded by the Nepal
nationwide seismological network (e.g. Pandey et al. 1995, 1999).
21 short period (1 s) vertical component stations (ZM500) and two
broad-band (0.1–120 s) stations are operated by the Department of
Mines and Geology (DMG) in collaboration with the Département
Analyse Surveillance Environnement (DASE, France). These seis-
mic stations are telemetered to, and processed at two independent
seismic centres: the National Seismological Centre (NSC) and the
Regional Seismological Centre (RSC). The NSC, which is located
in Kathmandu, monitors the central and eastern Nepal seismic-
ity with 12 analogous seismic stations deployed between 1978
and 1994. These records are digitized at the seismological centre.
The RSC, based in Surkhet-Birendranagar, monitors the western
Nepal seismicity with nine analogous stations deployed between
1994 and 1999 and later replaced in 2014 by digital stations. The
records are all integrated, at both seismic centres, into the Jade-
Onyx acquisition-treatment software suite. A three-layer 1-D ve-
locity model is used for routine localisation processing. The P-
and S-wave velocities in the three layers are, respectively (5.56,
6.50, 8.10) and (3.18, 3.71, 4.63) km s−1 with depth interfaces at 23
and 55 km for the Moho discontinuity (Pandey 1985; Pandey et al.
1995).

2.2 Magnitudes and locations

The local magnitude (ML) is estimated on the maximum amplitude
[A(i)] of the Sg, Sn or Lg seismic phases measured at station i on
the 0.3–7 Hz bandpass filtered seismic signals following:

ML NSC(i) = LOG[A(i)/T ] + B[�(i)] + C(i), (1)

where T is the period, B the attenuation law, and C(i) a station
correction term. The attenuation law is expressed as a function of
the epicentral distance (�) and include a geometrical spreading
correction and an anelastic attenuation term such that

B(�) = −1.85 + 0.854 log 10(�) + 0.00102 �. (2)

Only stations with epicentral distances greater than 100 km are con-
sidered for this magnitude determination, in order to avoid source
and path effects. However, because the seismic signal saturates at
most of the closest NSC stations during the largest earthquakes of
the sequence, the measurement of the magnitude is limited to the
stations located at the periphery of NSC network or to the stations
of the RSC network.

Overall, 4401 events were manually picked and located within
the 45 days following the main shock (between 2015 May 25 and
June 8). 1802 events have ML greater than 3.0 including 553 events
with ML greater than 4.0.

Regarding the events with ML greater than 3.0, we estimate that
their location is globally well constrained. Indeed, an average of
15–20 seismic phases was picked at NSC per event (Fig. 2). The
minimal epicentral distance is lower than 31 km for 75 per cent
of the events (Fig. 2a). Because of the geometry of the seismic
cluster within the network, the maximal gap between two stations
for a given event is preferentially 180–185◦ (Fig. 2b). However,
origins of the easternmost epicentres (i.e. beyond longitude 86◦)
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Figure 2. (a) Distance between the epicentre and the closest station. (b)
Maximum azimuthal gap. (c) Number of phases pointed by events. (d) Major
semi axis of the location uncertainty in kilometres. (e) Gutenberg–Richter
plot of the cumulative number of events located by NSC analysts during the
first 45 d after the Gorkha-earthquake main shock. The straight-line portion
of the curve yields a b-value of 0.80 ± 0.05, while the progressive flattening
of the curve below ML 4 is the result of the incompleteness of the seismic
catalogue below this value.

have an azimuthal gap around 300–310◦ between April 27 and May
28, due to a technical issue on a relay transmitting the easternmost
stations (TAPN/ODAN/RAMN). Consequently, uncertainties on the
locations of the earthquake cluster associated to the M 7.3 aftershock
that followed on 2015 May 12 are larger than during the rest of the
sequence. All those characteristics lead to a major semi axis of
the location uncertainty ellipse with a median value at 4.7 km and
a 95th percentile at 11.5 km (Fig. 2d). In total, analysts at DMG
manually picked 55 778 phases, mainly Pg and Sg, through June 8
(Fig. 2c). The distribution of Pg and Sg time residuals show that the
observed arrival times are consistent with the 1-D velocity model
(Fig. S2). The average Vp/Vs ratio based on the entire catalogue is
estimated at 1.70 ± 0.20 using Ts–Tp time difference. This value fits
well with the theoretical Vp/Vs ratio used in the velocity model (i.e.
Vp/Vs = 1.75).

RSC provided also bulletins of the sequence. These bulletins
were merged to NSC’s. However, because all the RSC stations
recorded the events within a narrow azimuth/distance range of about
[280 ± 20◦; 400 ± 100 km], their addition in the location process
introduces a location bias that translates the epicentres by [−5;
30] km southward (Fig. S3). Longitudinal variations of the reloca-
tion vectors are smaller than latitudinal variations (i.e. in the [−5;

+5] km range) and show no apparent regional trend. This potential
bias could possibly be corrected after adding station corrections or
by considering another velocity model. Such corrections are how-
ever outside of the scope of the present work. Here, we only exploit
RSC bulletins regarding the magnitude associated to each event.
Initial depths are obtained using the 1-D-layer model. As a result,
the preliminary depth estimations clearly depict a layered structure
consistent with the default depths of the location processing (origi-
nally set at 2/10/25/30/40/50 km and lately complemented for some
events with additional values at 6/15 and 20 km). To obtain a clearer
image of the aftershocks cluster at depth, we perform a relocation of
the seismic sequence using ISClocator (Bondár & Storchak 2011)
and taking into account the RSTT velocity model, a 3-D model
including regional phase traveltime corrections (Myers et al. 2010).
The relocation of the 4401 events studied, using ISClocator with
RSTT and allowing for phase reallocation differs by 2.5 ± 4.2 km
(median value) from the original NSC location. The main differ-
ences in term of earthquake locations between the two catalogues
are illustrated on Figs S4–S6. The relocation confirms that most
aftershocks are located in the hangingwall of the Main Himalayan
Thrust.

2.3 Gutenberg–Richter distribution
of the Gorkha sequence

Despite the 4401 events located by the seismic analysts, the seismic
catalogue is clearly incomplete below ML = 4.0 (Fig. 2e), which
corresponds approximately to the magnitude of completeness (Mc).
This magnitude is greater than the Mc determined during the inter-
seismic period (i.e. Mc ∼ 2.0) according to Pandey et al. (1999), even
considering its season variations of ±0.5 magnitude unit due to the
seismic noise of the rivers and landslides (Bollinger et al. 2007). The
current Mc of the Gorkha sequence can be explained by (i) the high
seismic noise level during the first hours following the main shock
(Fig. S1), and (ii) the high number of seismic alerts during the early
sequence. Indeed, NSC has for mission to provide rapid seismic
alerts to the Nepalese authorities for all ML 4.0+ earthquakes. Such
requirements precluded picking arrivals for events smaller than
ML 4.0.

On the Gutenberg–Richter plot of the aftershocks (Fig. 2e), the
straight portion of the cumulative number of seismic events as a
function of the magnitude yields a b-value of 0.80 ± 0.05. This post-
earthquake b-value is smaller than the average b-value of 1 observed
worldwide, but identical within uncertainties to the average value
of 0.83 ± 0.05 estimated between 1995 and 2015 in the same area
from 2102 events of magnitude greater than 2.4, including 110
greater than ML 4. We notice that there is a small overlap of the
interseismic and post-seismic magnitude bands considered in the
magnitude distributions that does not help for discussing in greater
details the pre- and post-earthquake b-values.

3 S PAT I O - T E M P O R A L VA R I AT I O N S
O F T H E S E I S M I C I T Y

The main shock was immediately followed by a string of aftershocks
from its epicentre, near Barpak-Gorkha, to a region about 120 km
to the east, within a trace width of about 40 km (Fig. 3). Altogether,
more than 120 events with ML greater than 4.0 were located there
within the 12 hr following the main shock. The rate of the seismicity
over the next 18 days showed a typical decay, and the aftershocks
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Figure 3. Map of the main shock and aftershocks of the Gorkha earthquake colour coded as a function of their time of occurrence. The dashed line divides the
earthquake epicentres colour-coded in green (north) and red (south) on Fig. 4. Included on the map is the location of the A–A′ profile through the aftershocks
(Figs S5a and b).

occurred within a relatively restricted area. The largest early after-
shocks were located within the first 2 days at both the west and east
termini of the main shock rupture (Fig. 3). Two large aftershocks
with ML ≥ 6.0 immediately followed the main shock (i.e. 4 and 34
min, respectively) in its immediate vicinity at the western end of the
cluster (Fig. 4). Its eastern end was also the place of two additional
events of similar size ∼3 and 25 hr, respectively after the main
shock. The first of these events was located about 10 km east of its
eastern rim, and was followed by a small cluster of events (Fig. 4).

Seventeen days later, on May 12, the largest aftershock (Mw 7.3,
ML 6.9) ruptured the easternmost region. This event was followed
by an important number of aftershocks. We indeed counted almost
70 ML 4+ events within the first 24 hr of the M 7.3 earthquake.
These events were spread along a 60-km-long segment centred
on the M 7.3 epicentre. In addition, a significantly denser cluster
developed asymmetrically within a 30-km-large area, from about
10 km to the west to 20 km to the east of the epicentre (Fig. 4). The
following large ML 6.3 aftershock was recorded in this area about
30 min after. This seismic cluster remained very productive during
the following weeks (Fig. 4).

The space–time distribution of all aftershocks within the first
45 days of the sequence reveals a clustering of activity within the
main shock rupture zone (Fig. 4a). Because the clusters do not
extend continuously from the downdip to the updip ends of the
seismicity, we choose to separately divide the seismic area into two
regions (see Fig. 3): a region to the south, comprising the trace of
the Kathmandu basin and northern Mahabarat range, and another
region to the north, covering the area devastated by the main shock
(Figs 3 and 4). The temporal behaviour of seismicity in both areas
(red for southern seismicity and green for the northern seismicity
in Fig. 4) shows no significant differences. The clusters south of
Kathmandu develop from the first day of the sequence, and depict a
temporal decay similar to the one observed for the northern clusters
(Fig. 4).

4 D I S C U S S I O N – C O N C LU S I O N

Most of the 3000 aftershocks located by NSC within the first 45
days following the Gorkha earthquake are concentrated in a narrow
40-km-wide band at midcrustal to shallow depths (i.e., between 2
and 25 km) along the strike of the southern slope of the high Hi-
malayan range. The westernmost seismicity of the sequence near the
M 7.8 epicentre seems to abut on a topographical high. Eastward, the
seismicity develops within 160 km in two main clusters: (1) a large
120 × 40–50 km seismic patch, that activated immediately after the
main shock and that encompassed significant spatial variations in
term of seismicity rate, including a central area with a low rate of
events and (2) a second smaller but denser patch (20 km × 30 km)
located at the eastern end of the seismic cluster that mainly occurred
following the May 12 earthquake (Figs 3 and 4). While the downdip
end of the seismicity band along strike coincides broadly with the
downdip end of the interseismic midcrustal cluster (Fig. 1), its up-
dip extension develops significantly farther south. It is particularly
true for the trace of the first, larger patch, where an embayment
of the seismicity reaches the Chandragiri hills, ∼50 km south from
the onset of the seismicity. This first patch appears to coincide with
the main fault segment and centred on the Kathmandu klippe. Tele-
seismic source inversions coupled with cGPS and DinSAR models
show that the M 7.8 earthquake ruptured this segment (e.g. Avouac
et al. 2015; Galetzka et al. 2015; Grandin et al. 2015), which may
have also previously ruptured during the 1833 A.D. earthquake as
suggested from the macroseismic trace of that 182-yr-old event
(Martin et al. 2015 and Fig. 1). The second, smaller patch marks a
deeper structural rupture further to the east that borders the north
westernmost extent of the great 1934 AD earthquake (Fig. 1).

The characteristics of the main rupture that (1) is centred on the
Kathmandu klippe, (2) probably occurred in a similar region as a
past earthquake and (3) showed a two-step activation with along
strike variations of the updip-end of the seismicity advocate for
a potential midcrustal structure controlling the rupture extension
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(c)

(a) (b)

Figure 4. Spatio-temporal variation of the aftershocks. (a) Time sequence of the aftershocks. The events colour coded in red and green are respectively located
south and north from the dashed line on Fig. 3. Numbers 1, 2 and 3 correspond, respectively, to the main shock epicentre, to the easternmost ML > 6.0
event located within the supposed trace of the main shock and to the epicentre of the May 12th earthquake (underlined by the double arrows). (b) Daily and
cumulated number of aftershocks with ML greater than 4.0 (respectively histogram and black curve). (c) Lateral variations of the number of events (histogram)
and moment released by the aftershocks.

of the earthquakes in this region of central Nepal. Moreover, the
uneven along-strike distribution of aftershocks may reflect second-
order structural features and/or lateral variations of co- and post-
seismic slip (e.g. Avouac et al. 2015; Grandin et al. 2015). Both
need to be better understood given their potential control on future
rupture extensions.

After 45 days of aftershock activity, the rate of events with mag-
nitudes above the present completeness magnitude (i.e. Mc ∼ 4) has
remained high (>1 per day) compared to the rate of five events of
similar size recorded per year in the last 20 yr for the area covered by
the post-seismic activity (Fig. 1). This present-day rate is, however,
consistent with a typical temporal decay of the number of events.
Analysis of the catalogue shows that the M4+ aftershock rate, R(t),
as a function of time, t, since the main shock follows a modified
Omori law such as:

R(t) = k(t + c)−p, (3)

where p = 0.8 ± 0.4, c = 0.019 ± 0.015 and k = 30.92 ± 2.97
for the main cluster, and p = 0.78 ± 0.07, c = 0.004 ± 0.012 and
k = 11.21 ± 1.44 within the trace of M 7.3 May 12 aftershock. We
find that k, which is normalized to the surface considered, appears
larger within the trace of that aftershock. We also stress that c is
probably ill-defined due to the fact that some ML 4+ aftershocks
were almost certainly missed during the day following the main
shock given the high level of background seismic noise (Fig. S1)

and the saturation of the seismic stations. p is similar within the
uncertainty for the two patches and well within the range of p
values 0.6–2.5 previously reported (Utsu & Ogata 1995), smaller
than the value of 1.15 obtained for Muzzafarabad-2005 (Tahir &
Grasso 2013). These values of the p parameter are within typical
average values for thrust faults [i.e. around 0.8 according to Tahir
(2011)].

However, because both MHT fault segments located (i) south
to the Gorkha rupture and (ii) west of it are capable of generat-
ing large earthquakes, monitoring the behaviour of the seismicity
around the Kathmandu valley will remain crucial. In the meantime,
additional work on the aftershock activity, preferentially focusing
on the generation of a catalogue of smaller sized earthquakes and on
their precise relocations, will be important to assess and understand
eventual migration of seismicity on the MHT and on surrounding
splay faults that may add to the regional seismic hazards.
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S U P P O RT I N G I N F O R M AT I O N

Additional Supporting Information may be found in the online ver-
sion of this paper:

Figure S1. Time–frequency diagram of the power spectral density
(in acceleration) at GKN. SHZ raw signals between day 100 and
150.
Figure S2. (a, b) Respectively histograms of the Pg and Sg residues
in seconds (c) Vp/Vs estimation from tS–tP time difference.
Figure S3. Illustration of RSC/NSC bulletin fusions on the location
of the epicentres (a) Map of the relocation vectors generated after
the RSC/NSC bulletin fusion (b) Histograms of the latitudinal and
longitudinal components of the relocation vectors.
Figure S4. Map view of hypocentre locations. (a) Using the de-
fault parameters (b) After relocation using ISClocator (Bondár &
Storchak 2011) and taking into account the RSTT velocity model, a
3-D model including regional phase traveltime corrections (Myers
et al. 2010). A–A′ locate the cross-section through the aftershocks
Fig. S5. Note the deeper aftershocks along the trace of the eastern
segment, ruptured on 2015 May 12.
Figure S5. Cross-sections through the aftershocks along A–A′

profiles (see location on Figs 3 and S4). All hypocentres within
20 km from the N18E profile going through Kathmandu are
represented.
Figure S6. Hypocentres depth histograms (a) for the original bul-
letin and (b) After relocation using ISClocator (Bondár & Storchak
2011) and taking into account the RSTT velocity model, a 3-D
model including regional phase traveltime corrections (Myers et al.
2010).
Table S1. Original NSC seismic catalogue of all aftershocks greater
than ML 4.0 for the 45 days following the Gorkha-Nepal earthquake.
Table S2. Seismic catalogue of all aftershocks greater than ML 4.0
for the 45 days following the Gorkha-Nepal earthquake relocated
using ISClocator taking into account RSTT velocity model—see
paper for further details and references.
Table S3. GSE2 bulletin for the 45 days following the
Gorkha-Nepal earthquake. This bulletin incorporates the
Phasepicks/arrivals at each NSC station for all events with
ML ≥ 4.5 (http://gji.oxfordjournals.org/lookup/suppl/doi:10.1093/
gji/ggv412/-/DC1).

Please note: Oxford University Press is not responsible for the
content or functionality of any supporting materials supplied by
the authors. Any queries (other than missing material) should be
directed to the corresponding author for the paper.
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1. Seismological Network 

The Nepalese Seismological Network is monitored by two centers, the NSC and RSC. The 

National Seismological Centre monitors the east and central Nepal and the Regional 

Seismological Centre monitors the western part of the country. The area of our study being 

north of Kathmandu, we used the NSC network plus 3 temporary stations deployed between 

1995 and 1996 (Figure S1).  

Figure S1. Map of the permanent stations and the 1995-1996 temporary network. NSC: 

National Seismological Network. RSC: Regional Seismological Network. 



2. Location uncertainties 

The relative relocation in this study is performed using the NSC data and the temporary 

network data. The uncertainties on the longitude and latitude before relocation are well-

reported in the bulletin (Figure S2). However, the depth uncertainty in most cases is not 

given because the depth is not well resolved (Figure S3 and S4). After relative relocation is 

performed, the results show clustering of the events and a decrease of the horizontal 

uncertainties (Figure S5, S6, and S7).  

Figure S2. Map of the seismicity of the National Seismological Centre of Nepal before 

relative relocation with the horizontal uncertainties in the location. 

Figure S3. Cross-section A-A’ of Figure S1. Earthquakes with error bars equal to zero are 

those which uncertainties were default value (-999).  

Figure S4. Cross-section B-B’ of Figure S1. Earthquakes with error bars equal to zero are 

those which uncertainties were default value (-999).  

Figure S5. Map of the seismicity of the National Seismological Centre of Nepal after relative 

relocation performed in this article with the relative location uncertainties. 

Figure S6. Cross-section A-A’ of Figure S4.  

Figure S7. Cross-section B-B’ of Figure S4. 

 

 

 



3. Coulomb Stress Change 

The schema of the Coulomb stress change in Figure 7B is computed with Coulomb 3.4 

software (Toda et al., 2005; Lin and Stein, 2004). Table S1 and S2 describe the input 

parameters. The results shows the areas where seismicity should be trigged in yellow to red 

colors and areas where seismicity should be inhibited in blue colors in the receiving faults 

due to the static stress change induced by the tear fault (Figure S8 to S11). 

Tear Fault Parameters Values 

Fault length (km) 20 

Fault width (km) 6 

Fault depth (km) 16 

Strike (°) 155 

Dip (°) 90 

Rake (°) 180 

Table S1. Parameters of the tear fault to compute the Coulomb stress change.  

 Strike (°) Dip (°) Rake (°) Depth of observation (km) 

Backthrust fault 250 80 90 22 

Thrust Fault 110 7 90 15 

Table S2. Parameters of the receiving faults to compute the Coulomb stress change. 

Figure S8. Map of the Coulomb stress change (bar) for the backthrust as the receiving fault 

at a depth of 22 km induced by a slip of 50 cm on the tear fault. The slip considered for the 

calculation is scaled based on the dimensions of the source (20x6 km). We use Okada (1992) 



formulation for plane dislocation in an elastic half-space with elastic moduli Lambda= mu = 

0.33.10
11

 N/m
2
. 

Figure S9. Cross-section A-B of Figure S8 of the Coulomb stress change (bar) for the 

backthrust as the receiving fault induced by the tear fault. Dotted line indicates the depth of 

observation of Figure S8. 

Figure S10. Map of the Coulomb stress change (bar) for the thrust receiving fault at a depth 

of 15 km induced by a slip of 50 cm on the tear fault. The slip considered for the calculation 

is scaled based on the dimensions of the source (20x6 km). We use Okada (1992) 

formulation for plane dislocation in an elastic half-space with elastic moduli Lambda= mu = 

0.33.10
11 

N/m
2
. 

Figure S11. Cross-section A-B of Figure S10 of the Coulomb stress change (bar) for the thrust 

as the receiving fault induced by the tear fault. Dotted line indicates the depth of 

observation of Figure S10. 
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Zone 0 
 
BIJGADA STATION: BJ01 
 
Station Site 
 

STATION NAME BJ01 

INSTALLATION DATE 01/12/2014 

 

STATION LOCATION 

N 29.5969 ° 
 
E 80.8672 ° 
 
Altitude: 1257 m 

 
 

    

 
  



 

 

 
 
 

 
 

Technical part specific to this site 

Hole  

Cement/concrete  

Solar panels They are located in line with the hole of the seismometer. 

Fence Fence behind the station is up on the slope. Space available very limited. 

 

Climate conditions 

Weather Sunny and cold. 

Insulation time 08:00 – 16:00 

 
  

General description 

Village name:  Pipal Dhara, Bijgada, Khiratadi VDC 

Time needed to go 
to the station 

~ 15 min 

How to go to the 
emplacement of 
the station? 

Cross the bridge, turn right at the end of the Bazar and then take a trail going 
behind the Bazar. When reaching the school (on the left down), take the trail going 
steep up of the mountain. Go on until the house. 

Field description Small non cultivated field (~ 1.5mX8m), East-West direction, facing South. It is next 
to the bedrock. Slope of the mountain profile around 50° 

Bedrock: Dark gray slates. Orientation: 290/18 

Field dimensions: ~ 1.5 X 5 m 

Logistics Water supply: Owner’s House 

Cement: Surkhet 

Sand for concrete:  

Solar panels 
orientation: 

East panel towards SE. 
West panel towards S. 

Comments Important river in the valley.  
The noise in the waveform screen seems higher than other stations. 



 

 

DEURA STATION: DE02 
 
Station Site 
 

STATION NAME DE02 

INSTALLATION DATE 27/11/2014 

 

STATION LOCATION 

N 29.4625 
 
E 80.9015 
 
Altitude: 1017m 

 



 

 

 

 

Technical part specific to this site 

Hole Dug mainly in the bedrock (30 cm of soil only) 

Cement/concrete  

Solar panels We asked to keep a big tree as free as possible of leaves in order to not 
disturb the solar panels. 

Fence  

 

Climate conditions 

Weather Sunny and clear. Big river in the valley, it could be humid. 

Insulation time 07:00 – 16:00 

 

  

General description 

Village name:  Khairadi, Rawan VDC 

Owner: Mr. Bhandari 
 

Time needed to go 
to the station 

~ 20 mintues 

How to go to the 
emplacement of 
the station? 

Before Deura there is a village with a Bridge. Take a path just before the village, go 
up until the bedrock peak, and just below there is a group of 3 houses. 

Field description Cultivated field. NE-SW orientation (030°-210°), facing SE. Bedrock found 30 cm 
when digging the hole for the seismometer. It is exposed on the house. 

Bedrock: Mica Phylite 

Field dimensions: ~ 3 X 3 m 

Logistics Water supply: Owner’s house 

Cement: Surkhet 

Sand for concrete:  

Solar panels 
orientation: 

West panel towards S. 
East panel towards SE. 

Comments All instruments of the station have been installed inside the fence. Important 
number of cattle in the house, so high level of noise could be recorded. 



 

 

MATELA STATION: ML04 
 
Station Site 
 

STATION NAME ML04 

INSTALLATION DATE 26/11/2014 

 

STATION LOCATION 

N 29.5016 
 
E 81.0848 
 
Altitude: 1143 m 

 



 

 

 

 

Technical part specific to this site 

Hole  

Cement/concrete Extra cement solution to stick the slab to the concrete. 

Solar panels  

Fence  

 

Climate conditions 

Weather Sunny and humid (Site in the Seti River valley)  

Insulation time 07:00 – 17:00 

 

  

General description 

Village name:  Matela 

Owner: Prema Giri 
 

Time needed to go 
to the station 

20 minutes 

How to go to the 
emplacement of 
the station? 

From Bagargau go west direction along the road until a path that crosses the water 
channel. Follow this path going up, pass through the first village and go on up until 
a group of 5-6 houses.  

Field description Cultivated terrace, E-W towards S. 

Bedrock: Dolomite limestone on the lateral position of the field E-W 
orientation and dipping more or less south. 

Field dimensions: ~ 2 X 2 m 

Logistics Water supply: Owner’s house 

Cement: Surkhet 

Sand for concrete: Bagargau  

Solar panels 
orientation: 

East panel towards SSE. 
West panel towards SSW. 

Comments The site is surrounded by trees, especially behind. We asked to cut the few trees 
that could disturb the solar panels. 



 

 

CHAINPUR STATION: CH06 
 
Station Site 
 

STATION NAME CH06 

INSTALLATION DATE 02/12/2014 

 

STATION LOCATION 

N 29.5458 
 
E 81.2012 
 
Altitude: 1373 m 

 



 

 

 

 
 

Technical part specific to this site 

Hole  

Cement/concrete  

Solar panels  

Fence Meteorological station is fenced. So we used this fence to fix our fence. 

 

 

  

General description 

Village name:  Army Camp of Chainpur.  
Hemanta, Pades VDC 

Owner: Ministry  
 

Time needed to go 
to the station 

45 min 

How to go to the 
emplacement of 
the station? 

Take the main road of Chainpur (NEN-SSW direction), go straight ahead until the 
road divides in two, straight-right and straight-left. Take the small road on your right 
and go on until the bridge. Cross the bridge and follow straight crossing the village. 
When arriving to a wicker baskets shop you must turn right to take the “steepy” 
trail. Go up always on the right side (river must be seen). Then you have the 
possibility to go up or to go on on the right without going up, take the second 
option that must take you until the plateau with cultivated fields. Cross the fields 
until the entrance of the Army Camp. Station is located behind the meteorological 
station. 

Field description Grass field. Training field between outer and inner fence of army camp. Close to the 
outer fence, there are cultivated fields. 

Bedrock: Made of Quartzite highly metamorphic and folded. 

Field dimensions: 1.5 X 3 m 

Logistics Water supply: Army Camp 

Cement: Surkhet 

Sand for concrete: Chainpur 

Solar panels 
orientation: 

East panel towards SW. 
West panel towards S. 

Comments  



 

 

WARIANA STATION WA07 
 
Station Site 
 

STATION NAME WA07 

INSTALLATION DATE 28/11/2014 – 29/12/2014 

 

STATION LOCATION 

N 29.6040 
E 81.1497 
Altitude: 1886 m 

 



 

 

 

 
 

Climate conditions 

Weather Sunny and clear. Very cold at night. 

Insulation time 08:00 – 17:30 

 

  

General description 

Village name:  Kaflin, Daulichour VDC. 

Owner: Dhauliya Kumar Bohara 
contact person in village: Ramesh Kumar Bohara, 
contact person by phone: Sher Bahadur Bohara 
9848436969 

Time needed to go 
to the station 

5h walking from Chainpur.  

How to go to the 
emplacement of 
the station? 

In Chainpur, a secondary river reverses to the Seti River, this valley goes to Wariana. 
There are two ways to reach Wariana, using the left bank trail or the right bank trail. 
This time we walked along the left bank looking upstream until the hydroelectric 
power station. Cross the river. Continue upstream along the right bank and at the 
end climb the first terrace. Go on climbing until the head of the landslide and reach 
the village. Cross the fields on your right and take the path climbing the hill. Climb 
until a fountain and go on until the first house on your left. 

Field description Station is situated at the end of a cultivated field, next to the cliff.  
Field orientation: SE-NW 

Bedrock: Dolomite. Some meters 
depth of the field, it is 
possible to see it from the 
village. Good view of 
dolomite bedrock 

Field dimensions: 2 X 2 m 

Logistics Water supply: Owner’s house 

Cement: Surkhet 

Sand for concrete: River banks of the closest river 

Solar panels 
orientation: 

East panel: ~ E-W towards S 
West panel: WNW-SSE towards SWS. 

Comments  



 

 

TALKOT STATION: TK08 
 
Station Site 
 

STATION NAME TK08 

INSTALLATION DATE 24/11/2014 – 25/11/2014 

 

STATION LOCATION 

N 29.6152 
 
E 81.2895 
 
Altitude: 1895 m 

General description 

Village name:  Dhamena 

Owner:  
 

Time needed to go 
to the station 

Jeep: 2h 
Walking from Jeep to village: 45 min 

How to go to the 
emplacement of 
the station? 

From Rithe Tole (terminus of the Mahindra Jeeps connecting Chainpur to Talkot) 
walk few meters north and then take one of the paths on the left climbing up the 
mountain. Reach the school and take the stairs on the right. Go on climbing until 
you arrive on relatively big fields and go on towards your right until the village. 
Cross the village, turn right after few meter from the fountain, pass in front of 2 
houses and you will arrive to the owner’s house. The site is behind the house on a 
chili field. 

Field description Cultivation field on an old landslide 

Bedrock: Laterally it is not very far. In deep, I don't know. I found it 
on the road. Look at the map for meters precision. 
Mica Phylite to clorite. Schistosity N-S 24°NE and lineation 
E-W. 

Field dimensions: 2 m2 

Logistics Water supply: In village 

Cement: Surkhet 

Sand for concrete: On the way from Chainpur to Talkot (private house) 

Solar panels 
orientation: 

E-W facing S 

Comments School teacher and villagers know about the station, do not hesitate to ask them to 
show you the way to the site. 
The first day, in owner’s absence we had teacher’s and villagers’ permission to start 
the installation. 



 

 

  

 
 

Technical part specific to this site 

Hole  

Cement/concrete  

Solar panels Orientation of solar panels E-W towards S and SSE. 

Fence  

 

Climate conditions 

Weather Sunny and cold. 

Insulation time 07:30 – 15:30 

 

  



 

 

Zone 1 

 

KUSAPANI STATION: KS11 
 
Station Site 
 

STATION NAME KS11 

INSTALLATION DATE 19/11/2014 

 

STATION LOCATION 

N 28.9715 
 
E 81.6233 
 
Altitude: 1863 m 

 



 

 

 

 
 

 

  

General description 

Village name  Urapanichaur 
Kusapani VDC 

Owner Lok Prasad Kandel.  
Tel: 9748057265 

Contract witness Ram Prasad Adhikari 

Time needed to go 
to the station 

~ 30 min from owner’s house. 
1h From Khambagade 
2h From the place where the car blocked: 
 N 28° 57' 07.2'' 
 E 081° 37' 27.7'' 
 Altitude: 1576 m 

How to go to the 
emplacement of 
the station? 

Difficult. Exposed road to the owner’s house. 
Stop the car before difficulties. 
 
From Dullu, take the road going to Kusapani. Continue until the car blocks. Then 
reach Khambagade Bazar. Take the path going up through the ridge of the 
mountain. On the top, turn left and take the path on the ridge. The house is the last 
before the slope of the mountain becomes very steep. 

Field description Cultivated terrace 

Bedrock: Colluvium (quartzite + schist) under cultivated terrace 

Field dimensions:  

Logistics Water supply: Available (100 m) 

Cement:  

Sand for concrete:  

Solar panels 
orientation: 

SE + S 

Comments  



 

 

DULLU STATION: DU12 
 
Station Site 
 

STATION NAME DU12 

INSTALLATION DATE 18/11/2014 

 

STATION LOCATION 

N 28.8789 
 
E 81.6052 
 
Altitude: 1372 m 

 

  

 



 

 

 

 

Technical part specific to this site 

Hole  

Cement/concrete  

Solar panels They are placed in line with the seismometer emplacement. 

Fence We needed 2m extra fence, so 8 m for the whole fence. 

 

Climate conditions 

Weather Sunny and dry. A little bit windy. 

Insulation time  

 

  

General description 

Village name:   Dhulu Municipality, Jimaldanda 

Owner: Himal Singh 
9848279769 

Time needed to go 
to the station 

5 minutes 

How to go to the 
emplacement of 
the station? 

Coming from Dullu, turn right towards Baleswar Temple, pass the temple and reach 
the place where the other temple is, park under the big tree on the road. Two 
houses are on the other side of the road, the owner lives in the left house. 

Field description Mountain ridge 

Bedrock: Is just under the field. Appears on the hill limitating the 
field. Composition: Phyllite important oxidation. Field 
direction: ESE-WNW. 

Field dimensions: ~ 2 X 4 m 

Logistics Water supply: Owner’s house 

Cement: Surkhet 

Sand for concrete: Dailekh 

Solar panels 
orientation: 

Facing S. 

Comments  



 

 

DAILEKH STATION: DK13 
 
 

Station Site 
 

STATION NAME DK13 

INSTALLATION DATE 16/11/2014 

 

STATION LOCATION 

N 28.86479 ° 
 
E 81.72949 ° 
 
Altitude: 1496 m 

 

 



 

 

Technical part specific to this site 

Hole ~ 50 cm far from the slope of the cultivated terrace above and 1.5m far 
from the limit of the terrace. 
Dimensions: 
- Long: ~ 60cm 
- Width: ~ 60cm 
- Depth: 70-80 cm 

Cement/concrete The volume of concrete used is 3 times the plate used for mixing. 
Mixture: 1/3 stones 2x2cm, 1/3 sand, 1/3 cement 
In last mixture: 2-3 “taps/bouchons” of quick liquid cement. 
This time, concrete has had the entire night to get dry. 

Solar panels Solar panels were put in front of the seismometer location. 
Orientation: both striking NE-SW towards SE 

Fence 6m fence with 6 iron rods. 

 

Climate conditions 

Weather Clear and dry weather. Warm during day time. 

Insulation time 7 a.m to 3:30 p.m. 

 

  



 

 

NAUMULE STATION: NU14 

 

Station Site 
 

STATION NAME NU14 

INSTALLATION DATE 17/11/2014 

 

STATION LOCATION 

N 28.9113 ° 
 
E 81.80589 ° 
 
Altitude: 1309 m 

 

 

 
  



 

 

 

 
 

Technical part specific to this site 

Hole It is situated in a cultivated field. About 1.5m far from the slope of the cultivated 
terrace above and the limit of this terrace. 

Dimensions: 

Long ~ 90cm on surface, ~60cm on the bottom 

Width ~ 90cm on surface, ~60cm on the bottom 

Depth ~ 1m 

Cement/concrete The volume of concrete used is 3 times the plate used for mixing. 
Mixture: 1/3 stones 2x2cm, 1/3 sand, 1/3 cement, 2-3 lids measures of quick liquid 
cement. 
Concrete drying time: ~ 2h 

Solar panels Solar panels were situated in front of the seismometer hole. 
Orientation: 
East panel: towards SE-S 
West panel: towards S 

General description 

Village name:  Dhansar, Baluwatar VDC 

Owner:  
 

Time needed to go 
to the station 

45 min 

How to go to the 
emplacement of 
the station? 

From Naumule, follow the river upstream from the main road until you find a 
stream ~ 1m wide crossing the main road. Then follow the stream on the same 
direction from the left bank and cross the stream following the trail. Go on climbing 
the mountain using this same trail. [If the trail splits in 2 trails of the same size, take 
the trail on your right]. Pass trough 2 big trees on a man made basis, reach the 
school. Behind the school, turn left. Follow the trail always on the same altitude 
and the third house belongs to the field’s owner. 
The station field is the 4rth terrace from the house. 

Field description It is a rice cultivation field, so two drainage ditch are dug (E and W of the station) to 
drain water away. 

Bedrock: Micaschist to gneiss with quartz veins.  It appears fresh on 
an outcrop in the house; however it is very weathered on 
the fields. 

Field dimensions: ~ 3 X 4 m 

Logistics Water supply: Owner’s house 

Cement: Surkhet 

Sand for concrete: Dailekh 

Solar panels 
orientation: 

East solar panel towards SE-S. 
West solar panel towards S. 

Comments There are a lot of monkeys on the area. 



 

 

Fence 6m of fence has been used around the station with 6 rods. 
An extra fence has been put on the top to protect monkeys to come in. 
We have put electric tape on the top of the iron rods to protect from thunder storms. 

 

Climate conditions 

Weather  

Insulation time From 8h to ~ 17h 

 

  



 

 

Zone 2 
 

MARTADI STATION : MA10 
 
Station Site 
 

STATION NAME MA10 

INSTALLATION DATE 07/12/2014 

 

STATION LOCATION 

N 29.4520 
 
E 81.4749 
 
Altitude: 1696 m 

 



 

 

 

 
 

Climate conditions 

Weather Sunny, cold and windy. 

Insulation time  

 

  

General description 

Village name:  Martadi Army Camp 

Owner: Ministry 
 

Time needed to go 
to the station 

30 min from the hotel to the army camp. 

How to go to the 
emplacement of 
the station? 

The site is located on the western most part of the army camp. In the entrance, take 
the path that goes close to the temple and some buildings. At the end of the nice 
path, turn left, walk behind the building and the station is one terrace downwards 
on your right. 

Field description Terrace in a rockslide deposit. 
Field orientation: NNE-SSW 

Bedrock: Mica phyllite. 

Field dimensions: ~ 4 X 3 m 

Logistics Water supply: Army Camp 

Cement: Surkhet 

Sand for concrete: Army Camp 

Solar panels 
orientation: 

West panel towards S. 
East panel towards SSW. 

Comments Strong wind coming from downstream SW direction towards NE direction. 



 

 

Simikot Station: SM15 

STATION NAME SM15 

INSTALLATION DATE 25/04/2015 

 

STATION LOCATION 

N 29.4520 
29°58’16’’ 
E 81.4749 
81°48’40’’ 
Altitude: 1696 m 

 

Date 25/04/2015 Time  Site name SM15 

Operator Jean Letort Taurus S/N 2283 Sensor S/N Lenartz: Le3D05 0025 

Latitude 29°58’16’’ Longitude 81°48’40’’ Altitude 3226 m  

Sensor Type Lenartz      

 

  



 

 

GAMGHADI STATION GH25 
 

Station Site 
 

STATION NAME GH25 

INSTALLATION DATE 26/11/2014 

 

STATION LOCATION 

 
N 29.5199° 
 
E 82.1502° 
 
Altitude: 2629 m 

 



 

 

 

 
 

 

  

General description 

Village name:  Talcha 

Owner:  
 

Time needed to go 
to the station 

10 minutes 

How to go to the 
emplacement of 
the station? 

From the road under the airport 

Field description Garden 

Bedrock: Anthropic terrace 

Field dimensions:  

Logistics Water supply:  

Cement:  

Sand for concrete:  

Solar panels 
orientation: 

 

Comments  



 

 

SINJA STATION: SJ26 
 
Station Site 
 

STATION NAME SJ26 

INSTALLATION DATE 25/11/2014 

 

STATION LOCATION 

 
N 29.40874° 
 
E 82.02383° 
 
Altitude: 2473 m 

 



 

 

 

 
 

 
  

General description 

Village name:  Sinja 

Owner: Area Police Station 
 

Time needed to go 
to the station 

10 minutes 

How to go to the 
emplacement of 
the station? 

Take the bridge in Sinja. 
Climb the stairs to go to the temple. 
100 m before reaching the temple, the police station is on the right. The site is the 
terrace right under. 

Field description  

Bedrock: Anthropic terrace made on colluvium,. 

Field dimensions:  

Logistics Water supply:  

Cement:  

Sand for concrete:  

Solar panels 
orientation: 

 

Comments  



 

 

JUMLA STATION: JL27 

 
Station Site 
 

STATION NAME JL27 

INSTALLATION DATE 29/11/2014 

 

STATION LOCATION 

 
N 29.27782° 
 
E 82.19262° 
 
Altitude: 2390 m 

 



 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General description 

Village name:  Jumla 

Owner: Karnali Zone Police office 

Time needed to go 
to the station 

10 minutes 

How to go to the 
emplacement of 
the station? 

The Karnali Zone Police Office is on the top of the first hill facing the airport. 

Field description The seismological station is installed in the immediate vicinity of the GPS station at 
the opposite of the entrance of the police headquarter. 

Bedrock: Schist and micashcist. 

Field dimensions:  

Logistics Water supply:  

Cement:  

Sand for concrete:  

Solar panels 
orientation: 

 

Comments  
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