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Seismic gaps and likelihood of occurrence of

larger earthquakes in Northern India

K. N. Khattri

Earthscience Department, Roorkee University, Roorkee 247 667, India

On the basis of seismicity pattern in and structural
setting of the Himalaya, seismic gaps have been
identified. These gaps are the likely locales of future
great earthquakes. The extents of the gaps are defined by
the structural discontinuities that exist in the subducting
Indian crust.

Introduction

NorTHeRN India s subject to considerable hazard due to
carthquakes, which occur mostly in the Himalaya—the
site of collision between the Indian and Eurasian plates.
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In the past the earthquakes have played considerable
havoc in this region' ™%, where there has been a
phenomenal increase in population density and also
development programmes. It is important that the
secismic hazard be asscssed realistically in order to
provide a sound basis for earthquake hazard reduction
to the planners and adounistrators.

The strain energy release in the form of earthquakes
at the plate boundaries is due to the relative motion of
the plates. They release from time to time by rupturing
and relative shp of the plates in the sections of the plate
boundanes with the accompaniment of great earthquakes.
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The ruptured section then waits for appreciable period
of time for the strain to accumulate to the bearing hmit
before the next great earthquake occurs. Thus one may
anticipate a quasi-periodicity in the occurrence of great
earthquakes in the same section of the plate boundary.
Indeed studies of great plate-boundary earthquakes
(magnitude M >7.75) have shown that there is such
a behaviour which is epitomized in the strain rebound
theory of Reid®, Another recent model of earthquake
recurrence states that they occur when a certain critical
strain level has been attained in the focal region. At this
state the rocks rupture, causing an earthquake and
release of the stored up strain in proportion to the size
of the event. The next earthquake will occur when the
strain accumulation rises to the rupture threshhold
again. Thus a longer time interval will be needed after
fuller release of strain such as in a great earthquake.
This i1s known as the time predictable model of
earthquakes?®.

Studies of great earthquakes (M =7.75) have shown
that they occur at sections of the plate boundaries
which have not ruptured during the past several
decades or morg!!, The frequency of such earthquakes
depends upon the rate of relative plate motion which
governs the rate of strain accumulation. The rupture
lengths in such earthquakes appear to be controlled by
the extents of the relatively mechanically homogeneous
blocks along the plate boundary!® 13,

il el

The sections of the plate boundary which have not
ruptured in the past several decades are called seismic
gaps. Such gaps may be In various states of preparation
for the next gap-filling earthquake, and thus constitute
areas of high seismic hazard. In the present article, the
Himalaya plate boundary is examined with a view to
reassessing its sections which have been identified
earlier as seismic gaps!4~1°

Seismicity

The seismicity (M > 7) of Himalaya is shown in Figure 1,
also depicting main element; of structure and tectonics.
The seismicity 1s confined mostly to a belt close to the
Main Central Thrust. Four great earthquakes since 1897
have ruptured the plate boundary. Their rupture zones
arc shown by broken lipes. Between these rupture zones
are sections of the plate boundary that have not
ruptured in great earthquakes for at least 160 years
but are undoubtedly accumulating strain at the rate of
about 5 cm/yr (ref. 20).

It 1s noteworthy that several major structural
elements trending in NE direction of the Indian shield
come in abrupt contact with the arcuate trend of the
Himalaya. These elements form natural boundaries of
sections of the plate boundary that may be behaving
mechanically as homogeneous. For example, the 1897
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Fipure 1. Large earthquake (M 2 7) in the Himalaya region, with years and magnitudes of the major earthquakes. 1: New
Delhi. 2 Lucknow. 3: Patna. 4 Calcutta. 5: Lahore. BM: Bundelkhand massif. DF: Dauki fault. DHR: Delhi-Hardwar Ridge.
GB: Gandak Basin. HFT: Himalayan Frontal Favlt. IST: Indus Suture, MBT; Main Boundary Throst. MCT: Main Central
Thrust. MF: Moradabad Fault. MRF: Madhupur Fault. MSR: Munger—Saharsa Ridge. NSL: Narmada—Son Lincament, NT:

Naga Thrust. PF: Patna Faull. SB; Sharada Basin.

Conunuous lines enclosing oval regions show sections that have ruptured in great earthquakes dunng the past about 100

years. Broken lines outline the present seismic gaps.
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great Assam earthquake occurred in the Shillong massif
region which is one such section bounded by the
Madhupur Fault on the west and the Kopili graben on
the east. The rupture zone of the 1905 great Kangra
earthquake is bounded on the east by the Delhi-
Hardwar Ridge. The 1934 great Bihar earthquake 1s
bounded on the west by the Patna Fault and on the
east it is controlled by the Munger—Saharsa Ridge.
These ruptured sections are about 250 to 350 km Jong
and have left unruptured sections between them. These
were identified, from west to east, as the Kashmir gap
lying to the west of the rupture zone of the 1905
Kangra earthquake, the central gap bounded by the
rupture zones of the Kangra and the 1934 Bihar
earthquakes, and the Assam gap lying between the 1897
and 1950 Assam earthquakes'*~1!°. In addition, there
may be a smaller gap between the Bihar and the Assam
earthquakes and the section of the Main Central Thrust
north of the Shillong massif??. The central gap is very
long and can rupture in three future great earthquakes
(Figure 1).

The basis of the identification of seismic gaps is
primarily the major transverse structural features of the
subducting Indian shield, and the main governing
elements could be the underthrusting rocks. Thus one
such section is defined by the rupture zone of the
Kangra earthquake and the Moradabad Fault, the next
section lies between the Moradabad Fault and the

salient of the Bundelkhand massif, followed by the
section defined by the Bundelkhand massif and the
Patna Fault. Interestingly, the large earthquakes have
originated at or near these boundaries which are
defined by the structural features. These regions are
mechanically more heterogeneous, and therefore became
the sites of ruptures. The great earthquakes may start at
aspegities>’ which may be ridges on top of the
underthrusting lithosphere or warps 1n the thrust
planes, Their ruptures stop at barriers defined by the
major structural boundaries®?, This is the case for the
Assam, Kangra, and the Bihar earthquakes.

The focal region of a great earthquake sometimes
shows drop in the occurrence of small earthquakes??+24,
This can be studied in a space time plot (Figure 2). The
precursory seismic quiescence periods are seen for the
Assam, Kangra, and perhaps also for the Bihar great
earthquakes. There is also a post-carthquake drop in
the small-magnitude earthquake activity due to release
of the strain. The central and the Assam gaps are seen
to be exhibiting reduced seismic activity, since 1969, in
the latter case (Figure 3). Khattri and Wyss?® have
determined that the precursory seismic quiescence
occurs for about 30 years prior to the occurrence of the
great earthquakes.

The earthquakes sometimes show a migration of
their focal regions!!?®27, The possible migrating loci
are shown 1n Figure 2, which suggests that the western
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Figure 2. Space time plot of earthquikes in the Hunalaya, The areas identified by boxes with left-slanting hnes tepresent
precursory quicscence und those with the night-slanting hines represent post preat earthquake quiescence of magunitude M > 6.
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mugration trajectones of great earthquakes (after Khatin'?),
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Figure 3. Cumulative number of earthquakes located in 2 zone
encompassing the Assam gap shows decreased rate of seismic activity
since about 1969 (afier Khattri'4).

sub-gap in the central gap is among the most likely
locales of a major earthquake in future. The Indian
lithosphere has been shown to be in a state of very high
stress (in the kilobar range) by the modelling of plate
motion forces?®. The 1991 M>7.1 earthquake in
Uttarkash: tends to confirm the above findings. The
other highly likely candidate for gap-filling earthquake
is the Assam gap.

In the yearly release of seismic energy in the
Himalaya as a whole, in the matter of release of the
largest strains, there is a quasi-cyclicity with some
clutter of about 35 to 35 years. A renewal model of
carthquake occurrence has been proposed to describe
such a feature of seismicity*®. The last large strain was
released in 1950. Since there is plate motion, the likely
locales of future earthquakes are clearly identifiable.
Although the repeat times of great carthquakes in the
same s¢gment are as yet not well constrained, some
estimates put them at a few hundred years'”. The
difficulty is that at the present state of our knowledge
we do not know when the last gap-filling earthquake

was In the present gaps. Since we are dealing with
human lives, the most conservative of the estimates
must be adopted for earthquake hazard assessment.
These may be revised as new knowledge becomes
available.
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