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Geomorphic features of active faults
around the Kathmandu Valley, Nepal, and no
evidence of surface rupture associated with the
2015 Gorkha earthquake along the faults
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Abstract

The M7.8 April 25,2015, Gorkha earthquake in Nepal was produced by a slip on the low-angle Main Himalayan
Thrust, a décollement below the Himalaya that emerges at the surface in the south as the Himalayan Frontal Thrust
(HFT). The analysis of the SAR interferograms led to the interpretations that the event was a blind thrust and did not
produce surface ruptures associated with the seismogenic fault. We conducted a quick field survey along four active
faults near the epicentral area around the Kathmandu Valley (the Jhiku Khola fault, Chitlang fault, Kulekhani fault,
Malagiri fault and Kolphu Khola fault) from July 18-22, 2015. Those faults are located in the Lesser Himalaya on the
hanging side of the HFT. Based on our field survey carried out in the area where most typical tectonic landforms are
developed, we confirmed with local inhabitants the lack of any new surface ruptures along these faults. Our obser-
vations along the Jhiku Khola fault showed that the fault had some definite activities during the Holocene times.
Though in the past it was recognized as a low-activity thrust fault, our present survey has revealed that it has been
active with a predominantly right-lateral strike-slip with thrust component. A stream dissecting a talus surface shows
approximately 7-m right-lateral offset, and a charcoal sample collected from the upper part of the talus deposit
yielded an age of 870 & 30 y.B.P, implying that the talus surface formed close to 870 y.B.P. Accordingly, a single or mul-
tiple events of the fault must have occurred during the last 900 years, and the slip rate we estimate roughly is around
8 mm/year. The fault may play a role to recent right-lateral strike-slip tectonic zone across the Himalayan range. Since
none of the above faults showed any relationship corresponding to the April 25 Gorkha earthquake, it is possibility
that a potential risk of occurrence of large earthquakes does exist close to the Kathmandu Valley due to movements

of these active faults, and more future work such as paleoseismological survey is needed to assess the risk.
Keywords: 2015 Gorkha earthquake, Active fault, Surface rupture, Tectonic landform, Nepal, Jhiku Khola fault

Introduction

It became apparent shortly after the M7.8 April 25, 2015,
Gorkha earthquake of Nepal that it was a result of thrust-
ing along the Main Himalayan Thrust (MHT) (USGS
2015). The analysis of the SAR interferograms led to the
interpretations that the event was a blind thrust and
did not produce surface ruptures associated with the
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and indicate if changes were made.

seismogenic fault (Angster et al. 2015; Kobayashi et al.
2015; Lindsey et al. 2015) (Fig. 1). However, continental
earthquakes of this size with shallow depth generally pro-
duce surface rupture (Wesnousky 2008). This observation
served as the initial motivation to a field reconnaissance
of the area soon after the event. Our field reconnaissance
is guided by the mapping result of active faults and line-
ament traces along the active surface expression of the
Himalayan Frontal Thrust (HFT) (Nakata 1982, 1989;
Nakata et al. 1984), and in and around the Kathmandu
Valley (Nakata 1982; Yagi et al. 2000; Asahi 2003). Here,
we report our findings related to the four faults (Jhiku
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Fig. 1 Overview map of the 2015 Gorkha Earthquake rupture region, based on Figure 1 of Angster et al. (201
play line-of-sight motion measured from ALOS-2 Wide Swath InSAR data, almost all due to vertical displacements (Angster et al. 201
distribution outlines approximate extent of fault rupture (Angster et al. 201
from data of National Seismological Centre, Department of Mines and Geology. Red color lines are active faults trace
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Khola fault (Khola = a stream in Nepali language), Chit-
lang fault, Kulekhani fault, Malagiri fault and Kolphu
Khola fault) around the Kathmandu Valley in the epicen-
tral area based on our brief visit to the area between July
18-22, 2015. Those faults are located in the Lesser Hima-
laya on the hanging side of the HFT. The results of the
survey along the HFT and the Kathmandu southern fault
have already been presented by Angster et al. (2015).

Methods

Our mapping of the tectonic landform and fault traces
was based on both of the interpretation of aerial photo-
graphs at scales of 1:50,000, and the field survey along the
fault. In the field, equipped with the aerial photograph
interpretation data, we focused on the study of the nature

of tectonic landforms to find the precise location of the
fault trace and the evidence of active faulting. We also
interviewed local people to find out whether or not some
unusual features have developed immediately after the
main shock in nearby areas along the trace of the fault,
such as surface ruptures and offsets.

Also, we made the detailed digital surface model (DSM)
image for the Jhiku Khola fault using the Structure from
Motion—Multi-view System (SfM-MVS) software ‘Agisoft
Photoscan Professional’ processing photographs at the
different height ranging 10 m high to the ground level
taken by the camera on the tip of the 10-m-high pole.
The camera was connected with a smart phone through
Wi-Fi, and we could monitor the finder view of the cam-
era and shatter by handing the smart phone. Goto (2015)
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developed this technique and confirmed that the accu-
racy of the DEM using by the technique is equivalent to
that of the data measured by the total station.

Results

Jhiku Khola fault

The Jhiku Khola fault was recognized by Yagi et al.
(2000), who found the strike-parallel bulge, depression
and range-facing scarp on the colluvial fan surfaces
along the eastern margin of the Panchkhal basin which
lies to the east of the Kathmandu Valley. They recog-
nized a NNW-SSE-trending and southwest-dipping
thrust fault. Based on the combination of the *C dating
of the fan deposit and vertical displacement caused by
the fault, they also concluded that the fault had a rela-
tively slow rate of vertical slip with an average of about
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0.5 mm/year. Our findings were that the fault extends
further north up to Kodari Village situated at the right
bank of Indravati River following the left bank of Chu
Khola (Fig. 2a, b). The fault is at least ~17 km long, and
the surface trace is well characterized by the strike-par-
allel bulge, strike-parallel depression, range-facing fault
scarp and five stream offsets. The existence of right-
lateral stream offsets suggests that it is a right-lateral
strike-slip fault with thrust component. Since the south-
ern extension of the fault connects with the northern
end of the Sun Kosi—Rosi Khola fault system (Nakata
1982), which is also considered to have a right-lateral
strike-slip component, these two faults must represent a
continuous single fault system. Below, we described the
characteristics of the fault based on the tectonic land-
forms and geologic features.

W
N
~

(&>

W

N27°42°30'}

Alluvial Plain (Al)
D Talus (Ts) \\

Fan surface (Fs) % \\
= Te1 | Terraces 7—% \
HH Tc2 | along the Cha Khola 2O\

s
Tj1 ] Terraces @

B2 T2

0 1km

along the Jhiku Khola Q

E85°3\7'30”

Bhatpolebesi\‘@

Tc2
< 7
S
Ry
N A SS e
-N27°40'00"—¢;\\—\é7- /~ S
AR

9 N

Jaishithok

a Lateral offset of stream
Bulge

s

3

Fig. 2 a Geomorphic and fault trace map along the Jhiku Khola fault in southern part and b in the northern part
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Along the left bank of the Jhiku Khola, two levels of ter-
races, one at higher (Tj1) and another at lower (Tj2) level,
and the colluvial fan surface (Fs) are observed, and the
both terraces are covered with the Fs deposit yielding 16 ka
of age (Yagi et al. 2000). At Jaretar and Tinghare, the strike-
parallel bulge and depression are observed on the lower
part of the Fs surface, indicating that the fault movement
has occurred during the Holocene. We made the detailed
DSM image (Fig. 3a) here using the SIM-MVS software
processing more than 200 sheets of photographs taken by
the camera on the tip of the 10-m-high pole (Fig. 3b). This
image provided us with clear tectonic feature of the bulge
and the depression. Here, we measured approximately
7.5 m vertical displacement due to the fault slip on Fs sur-
face (Fig. 2c). The error of the measurement is 0.2 m.

There is the north-trending bulge and depression at
Tinghare. We considered two parallel faults in this area:
one fault below the bulge as a thrust fault, and the other
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fault along the boundary between the bulge and the
depression. The thrust fault below the bulge appears in
the outcrop (Fig. 4a, b). The fault with N-S trending and
45°E dip offsets the Tj2 terrace deposit and the Fs deposit.
The long-term fault movement has played a role to uplift
the bulge. As the length of the bulge is 500 m and the
bulge is not observed toward the north, the thrust fault is
regarded as a secondary fault. However, we could not find
the geological evidence relating to the other fault along
the boundary between the bulge and the depression; we
regarded the fault as a main fault (Fig. 4c), because the
trace is recognized as a continuous depression on the Fs
terrace toward the north.

The right-lateral offsets of the stream were observed
at north of Shikharpur, Bhatpolebesi, Jaishithok, Man-
dan and Narvadapati along Cha Khola (Fig. 2b). All the
lateral offsets except north of Shikharpur are located
on the left bank of Cha Khola and deflected toward the

View of finder and shatteglby¥fsmartiplione

Fig. 3 a DSM image of the tectonic landform at Jaretar, b field photograph showing the method of taking photo by the camera on a 10-m-high
pole for making the DSM image, ¢ topographical profile across the deformed fan surface
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upper stream of Chu Khola, implying that the pattern
of these offsets is uphill flowing and provides the sure
evidence of active faulting. Along Chu Khola, we clas-
sified two levels of the terraces of higher one (Tcl) and
lower one (Tc2), and Talus surfaces (Ts), and alluvial
plain. On the Tc2 terrace riser at Jaishithok, we observed
the fault plane with N10°W trending and 80°E dip in
the strongly weathered phyllite belonging to the Lesser

Fig. 5 a Photograph of the outcrop of fault plane in the bedrock

(phyllite) at Jaishithok, b close-up photograph of fault breccia
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Himalayan rocks (Fig. 5) and 2.2-m-wide fault breccia
along the plane. At Narvadapati, a NN'W-trending west-
facing fault scarp has developed on the Ts surface, and
the stream dissecting the surface shows right-lateral off-
set of approximately 7 m (Fig. 6a). There is an outcrop
of the fault plane with N30°W trending and 80°W dip in
the phyllite rocks at the stream-offset site (Fig. 6b). We
also found an exposure of the upper Ts deposit that is
composed of slightly reddish clay with granule, and
20-cm-thick inclined granule bed within the clay deposit
(Fig. 6¢). The exposure is located more than 3 m above
the stream, which dissected the Ts surface. A char-
coal sample in the clay bed 50 cm below the top sur-
face was collected for *C dating and yielded an age of
870 £ 30 y.B.P. (Beta-416339), implying that the Ts sur-
face formed close to 870 y.B.P, and then, the stream initi-
ated to dissect the Ts surface. Thus, either a single event
or multiple events causing the 7-m offsets have occurred
the last 870 years, and the slip rate we estimate roughly
is around 8 mm/year. Since we could collect only one
dating sample in Ts deposit and total stratigraphy of the
Ts deposit was not known, this rate required to reexam-
ine in the future. However, the slip rate of the previous
study was only 0.5 mm/year (Yagi et al. 2000), and the
slip rate could be faster than the previous one.

SFaultitiace
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Fig. 6 a Geomorphic and fault trace map at Narvadapati, b photograph of the outcrop of talus deposit, € photograph of the outcrop of fault plane
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We surveyed more than 20 sites along the Jhiku Khola
fault, but could not find any surface rupture as a result of
the April 25 Gorkha earthquake; at the same time, there
was no eyewitness account regarding the presence of any
coseismic surface rupture.

Kulekhani and Chitlang faults

All the three NW-SE trending active faults, viz. Mala-
giri, Chitlang and Kulekhani faults, located on the south-
ern side of the Chandragiri Mountain Range forming the
southern boundary of the Kathmandu Valley, have their
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down-thrown side to the northeast (Nakata 1982; Yagi
et al. 2000) (Fig. 7a). The fault lengths of the Malagiri
fault, Chitlang fault and Kulekhani fault are 3.5, 7.3 and
10.2 km, respectively. The Chitlang fault runs parallel to
the 3-km-long gap zone between two other faults. Yagi
et al. (2000) showed them as normal faults. Based on the
displacement on faulted fan surface and the *C age of its
deposit, we calculate the late Quaternary vertical slip rate
of the Chitlang fault to be about 0.9 mm/year (Yagi et al.
2000). During the present survey, we surveyed three sites
along the Kulekhani fault (Fig. 7b—e) and one site along

Fig. 7 a Fault trace map of the Malagiri, Chitlang and Kulekhani faults, b far view of the fault scarp of the Kulekhani fault at Khuike, € close view of
the fault scarp of the Kulekhani fault at Khuike, d far view of the fault scarp toward southeast at Kalinge, e close view of the fault scarp of the Kule-
khani fault at Kalinge, f close view of the fault scarp of the Chitlang fault at Bisinkhel
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the Chitlang fault (Fig. 7f), and no coseismic surface rup-
tures were seen anywhere along the faults as a result of
the 2015 Gorkha earthquake.

Kolphu Khola fault

This ENE-WSW trending fault is located on the right bank
of the Kolphu Khola, a tributary of the Trisuli River flow-
ing through the area to the northwest of the Kathmandu
Valley (Nakata 1982) (Fig. 8). North-facing fault scarps on
mountain slopes and the fluvial terraces observed along the
fault, suggesting that vertical displacement is down on the
north (Nakata 1982). Nakata et al. (1984) have shown this
fault as the active normal fault based on the observation
of outcrop of the fault plane. According to our survey, this
fault is traceable for a length of 15 km and found that there
are two right-lateral stream offsets along the trace of this
fault. The mode of the fault may be not only normal fault-
ing, but also right-lateral component. Future investigations
relating to fault movement are needed. We surveyed most
prominent and recognizable tectonic landforms along this
fault around Ratatar, but no serious damage of houses near
the fault scarp and no surface deformation were found, sug-
gesting that no coseismic surface rupture has occurred on
this active fault during the 2015 earthquake.
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Discussion and conclusion

We show geological and geomorphological evidences of
the late Quaternary activity of the active faults around
the Kathmandu Valley, and no faults played any parts
in triggering this large earthquake. Angster et al. (2015)
claimed that no surface rupture along the trace of the
HFT, the pattern of InSAR interferograms, focal mecha-
nism and aftershock distribution of the event indicated
that it was a low-angle thrust event on the MHT and the
southern tip of the rupture ended below the mountain
over 30 km north of the Gangetic plain. Our results also
supported this idea.

The existence of an active fault reflects a potential
seismic hazard for a shallow-depth earthquake around
the fault. For example, the 2005 Kashmir earthquake
(Mw = 7.6) in Pakistan occurred on a previously mapped
active fault (Nakata et al. 1991; Kumahara and Nakata
2006), and the fault produced an average event interval of
~2 k.y. for the 2005 earthquake type events (Kondo et al.
2008). In the present situation, it is difficult to evaluate
the potential seismic hazard due to lack of paleoseismo-
logical data of those faults; however, it is needed to carry
this study forward for assessments of the Kathmandu
Valley.

Fig. 8 a Fault trace map of the Kolphu Khola fault, b close view of the fault scarp of the Kolphu Khola fault at Ratatar, ¢ far view of the tectonic
landform along the Kolphu Khola fault
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The Jhiku Khola fault, which shows a right-lateral
strike-slip movement with 8 mm/yr of the slip rate,
may play an important role in the active tectonics of
the Himalayan range. Nakata (1989) claimed that an
en-echeloned active right-lateral strike-slip fault system
from northwest Nepal to eastern Nepal cuts obliquely
across the Himalayan range due to slip partitioning,
such that the block lying to the southwestern side of the
fault moves northwestward with respect to the block
lying to the northeastern parts. It is possible that the
Jhiku Khola fault constitutes one of the members of this
fault system.
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