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Introduction

Did you feel it? Are you okay? When can the next
earthquake be?

These are some, from the long list of questions people
generally ask whenever an earthquake occurs. Just for
the information, earthquakes are happening every time
somewhere around the globe (https://earthquake.usgs.
gov/earthquakes/map/). Generally, they occur along the
tectonic plate boundaries to release the accumulated
seismic energy (Fig. 1). Some places are seismically
more active than others for instance, Japan, California,
Sumatra, India and Chile (Fig.1). The Japan Trench
forms a part of Pacific Ring of Fire, which is a classic
example of subduction plate boundary, and presents
significant global earthquake threats. The recent 2011
Tokohu earthquake (Mw 9.1) claimed 15,641 lives and

around 300-billion-dollar worth of damage making it
one of the five deadliest earthquakes of the modern
era (Ammon et al., 2011; Mori et al., 2011; Kagan and
Kackson, 2013). According to the reports of Shedlock
and Tanner (1999), earthquakes account for 60% of
the casualties as compared to the rest of the natural
disasters. In the past couple of decades, the devastation
caused by an earthquake has increased due to increase
in population and fast urbanization making the high-
rise masonry buildings vulnerable to seismic shaking.
The 2010 Haiti earthquake Mw 7.0 claimed ~300,000
deaths (DesRoches et al., 2011) whereas 2016 Kaikoura
earthquake Mw 7.8 claimed the life of only two people
(Lo et al., 2018) illustrating the relation between the
population density and natural hazard. The recent Gorkha
(Mw 7.8) and Kodari (Mw 7.3) earthquakes in Nepal
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were the testament of the un-awareness of the people
and un-preparedness of the government towards the
seismic hazard. Therefore, identification of the active
faults, understanding their geometries, calculation of
the slip rates, establishing past earthquake chronology,
recurrence intervals and the magnitude of the expected
carthquakes, are some of the important steps towards the

proper seismic hazard assessment.

Scope of Paleoseismology

Paleoseismology is the study of past earthquakes,
in the absence of extensive historical archives and
instrumental records, it provides reliable data through
which the size and date of past ecarthquake can be
determined by identifying, measuring and dating of the
displaced landforms (McCalpin, 1996). The common
techniques used to study past earthquakes falls into
three categories i.e., a) identification of displaced and
deformed landforms though satellite (Drone and LiDAR)
and aerial photo interpretation b) geophysical techniques
such as GPS-RTK, Ground Penetrating Radar (GPR)

and Seismic reflection survey to find and study the sub-

surface geometry of the fault and, c) trenching and dating
of the individual paleoearthquake and reconstruction of
past earthquake chronology. The driving force behind
paleoseismology study is the need to predict and access

the severity of the future earthquake (Reiter, 1995)

Case Study from Himalaya

Growing up in northern India and experiencing
multiple tremors of Himalayan earthquakes motivated
me to undertake paleoseismic studies during my doctoral
thesis to establish the past earthquake chronology along
the active faults in Pinjore Dun, northwest Himalaya
(Arora, et al., 2019). The Himalaya is one of the most
seismically active mountain belt in the world and
unlike Japan arc it is formed by the collision of the two
continental plates i.e., Eurasian and Indian Plate (Taylor
and Yin, 2009) (Fig. 2). During the past few centuries
Himalaya has witnessed several moderate to great
magnitude earthquakes of which the most damaging
recent earthquakes are 1934 Bihar-Nepal earthquake (Mw
8.2), 1950 Assam earthquake (Mw 8.4), 1905 Kangra
carthquakes (Mw 7.8), 2005 Kashmir earthquake (Mw

Fig. 1 Map showing the list of earthquakes around the world in just
24 hours and their concentration along the plate boundaries. The
earthquake data is extracted from USGS Latest Earthquake catalogue.



7.6) and 2015 Nepal earthquake (Mw 7.8) (Seeber and
Armbruster, 1981; Ambraseys and Bilham, 2000; Kondo
et al., 2008; Steven and Avouac, 2015) (Fig. 2). The
recent studies suggest either two Mw 8.6 earthquakes or
one Mw 9.1 earthquake is imminent in the Himalaya in
near future, increasing the seismic hazard to the millions
of people living in the foreland of Himalaya (Bilham,
2019; Steven and Avouac, 2015). However, the long
repeat times of the large magnitude earthquakes and
incompleteness of the past earthquake data along the
Himalaya makes the situation ever more uncertain. The
reconstruction of the past earthquakes and determination
of the slip rate thus becomes an essential criterion
for the assessment of seismic hazard to anticipate the
probable location and timing of the next future damaging
earthquakes. In the past couple of decades remarkable
paleoseismological work have been carried out along
the Himalayan front collectively from India, Nepal, and
Bhutan (e.g., Wesnousky et al., 1999; Nakata, 1989;
Malik and Nakata, 2003; Lave et al., 2005; Malik et al.,
2008, 2010, 2015, 2016; Kumar et al., 2001, 2006, 2010;

Kumahara and Jayangondaperumal, 2013; Sapkota et al.,

2013; Bollinger et al., 2014, 2016; Jayangondaperumal
et al., 2016; Mishra et al., 2016; Le Roux-Mallouf, et
al., 2016; Hetényi et al., 2016; Rajendran et al., 2015,
2018a,b; Wesnousky et al., 2017). The aim was to
determine the past earthquake chronology along the
Himalayan Frontal Thrust (HFT) which is the frontal
most plate boundary fault. However, despite the
identification of several active hinterland faults less
attention has been paid towards them as compared to
the frontal thrust. Three recent devastating Himalayan
earthquakes, i.e., the 2015 Gorkha earthquake (Mw 7.8),
2005 Kashmir earthquake (Mw 7.6), and 1905 Kangra
carthquake (Mw 7.8), which caused huge damage to life
and property, produced the surface deformation along
the hinterland faults instead of the frontal thrust. This
motivated me to focus my research along hinterland
faults. The results from my work, suggest that there were
at least two earthquakes in northwest Himalaya with
penultimate event between AD 1283 and AD 1600 (Arora
et al., 2019). The timing of the latest faulting events
analyzed from the previous trenches along the frontal

thrust are consistent with the results obtained from our

Fig. 2 Map showing the major active faults in the Himalaya and Tibet along with the
list of great and large magnitude earthquakes in the Himalaya. The earthquake data is
extracted from the ISC bulletin and IMD event catalog.



trench sites along the hinterland faults. On the basis of
these results we suggest that either the hinterland and
the frontal faults moved together during an earthquake
event or hinterland faults might have reactivated first by
an independent earthquake between AD 1283 and AD
1600, similar to the 1905, 2005 and 2015 earthquakes
which have partially ruptured the detachment fault (Main
Himalayan Thrust, MHT), and loaded the un-ruptured
part of the MHT. The constant convergence between the
plates during 14"- 16" century and loading of the residual
stress in the un-ruptured portion must have facilitated
another earthquake within the time frame of 100-300
years rupturing the up-dip portion of MHT till the
HFT (Arora et al., 2019). Since then no earthquake has
occurred in northwest Himalaya which produced surface
rupture along the frontal thrust raising the probability of

next future earthquake in northwest Himalaya.

Case study from Japan
The continuous interaction between the Pacific and
Eurasian plate and its seismic manifestation along

the Japan Trench have provided inspiration to the
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world’s geologists to understand the fault behavior
and earthquake mechanisms. With this motivation
and previous knowledge from the mighty Himalaya, I
am working in the meizoseismal zone of 1896 Rikuu
earthquake (Mw 7.2) in northeast Japan (Fig. 3). The
earthquake ruptured beneath the Ou Back Bone Range
(OBR) and re-activated the pre-existing northern-
segment of the Eastern Margin Fault Zone of Yokote
Basin (EFZYB) while leaving the southern segment
un-ruptured (Matsuda et al., 1980; Miura et al., 2002;
Kagohara et al., 2009) (Fig. 3). Since then tremendous
work has been carried along the ruptured segment of
Rikuu earthquake to document the slip rates, penultimate
events and recurrence intervals (Matsuda et al., 1980;
Research Group for the Senya Fault, 1986; Imaizumi et
al., 1997; Kagohara et al., 2009; Sato et al., 2002; Miura
et al., 2002). While no associated tectonic landform,
slip rates and past earthquake chronology has been
established in southern un-ruptured segment of EFZYB.
Therefore, I aim to use aerial phot interpretation, LIDAR
dataset, seismic reflection and bore hole data to determine

the slip rates along the unruptured segment of Rikuu
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Fig. 3. The shaded relief map of Tohoku region showing the trace of fault lines and the epicenter of
Rikuu earthquake (Mw 7.2) beneath the Ou Backbone Ranges. The white color indicates the ruptured
segment of EFZYB whereas red color indicates the un-ruptured south segment of the EFZYB.
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earthquake and determine the past earthquake chronology
and recurrence intervals though trench investigation. The
preliminary work from the Yokote Basin suggests 2.7 m/
kyr slip rate along the south segment of the Yuzawa Fault

(unpublished).
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