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Abstract--- The Indian Ocean is the most likely source area
for future destructive tsunamis (Jordan, 2008, Rastogi, 2006,
Singh et. al. 2011) [1] [2]. It is noticed that the almost all of
the recorded tsunamis along the Arabian Peninsula have
occurred on its eastern and southern edge. The Makran coast
is extremely vulnerable to tsunamis and earthquakes due to
the presence of three very active tectonic plates namely, the
Arabian, Eurasian and Indian plates. On 28 November 1945
at 21:56 UTC (03:26 IST), a massive Makran earthquake
generated a destructive tsunami in the Indian Ocean. In
India, the tsunami reached a height of about 11-11.5m in
Gulf of Kachchh, Gujarat (Pararas Carayannis 2006) [3].
Seismic gap area along the subduction zone of Makran is
possible site of future great earthquake, which could
generate tsunamigenic condition along western Indian coast.
There for this region should be closely monitored.
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. INTRODUCTION

The Makran region of southern Pakistan and southeastern
Iran is a 1000-km section of the Eurasian-Arabian plate
boundary (Fig. 1) where consumption of oceanic crust has
Occurred continuously since the Early Cretaceous along a
north dipping subduction zone (e.g., Farhoudi and Karig,
L977)[4]. Makran remains a sparsely populated and remote
region with a relatively low level of seismicity and
infrequent great earthquakes. The repeat times and focal
parameters of Makran earthquakes have been poorly
documented because so few moderate (M > 5.5) or large (M
> 7.0) earthquakes are known to have occurred there. The
only instrumentally recorded great (M > 7.7) earthquake at
Makran occurred in 1945, but its source parameters were not
determined prior to our work. Thus the seismic behaviour of
the Makran Subduction Zone has remains largely unknown.

Byrne et al. (1992) [5], find that the Makran Subduction
Zone exhibits a strong Segmentation between east and west
in its seismic behaviour. The plate boundary in eastern
Makran ruptures in large and great thrust earthquakes (1945)
and currently experiences small- and moderate-sized thrust
earthquakes. In contrast, western Makran exhibits no well-
documented great earthquakes in historic times, and modern
instrumentation has not detected any shallow events along
the plate boundary.

Il. TECTONIC SETTING

Makran Subduction Zone (MSZ) in the north
western Indian Ocean extends east from the Strait of
Hormoz in Iran to near Karachi in Pakistan with the length

of about 1200 km (Figure 1). Makran, known as the Indian
Ocean's forgotten subduction zone is a relatively recently
known subduction zone. For the first time, Stoneley (1974)
[6] proposed a subduction zone of the Makran coasts that
formed the boundary between the Arabian and Eurasian
Plates. Later, Shearman (1977) [7] and Farhoudi and Karig
(1977) presented data to support this hypothesis. Quittmeyer
and Jacob (1979) [8] concluded from their study of
seismicity of Makran that the seismicity in the Makran
region is consistent with the interpretation of this area as an
active subduction zone. In addition, Page et al. (1979) [9] by
performing a field survey of the Iranian coastline, air photo
analysis, and aerial reconnaissance, concluded that the
raised beaches along the Makran coast confirm the tectonic
model of subduction zone for off the Makran coast.

As shown in Figure 1, the boundaries of the
Makran Subduction Zone are rather complex tectonic areas.
Major Transpressional strike-slip systems, the Ornach-Nal
fault systems, form the eastern boundary of the Makran
Subduction Zone. The Minab-Zendan fault system forms the
western boundary of the Makran Subduction Zone as a
transition zone between the Zagros continental collision and
the Makran Oceanic subduction (Vernant et al., 2004) [10].
Also, to the south the Murray ridge delineates part of the
Arabian-Indian plate boundary.

Recent studies by employing a network of 27 GPS (Global
Position System) stations in Iran and Northern Oman
revealed that the subduction rate at the Makran Subduction
Zone is about 19.5 mmy-1 (Vernant et al., 2004). Compared
to the convergence rate of the other world’s subduction
zones, Makran is a relatively slow moving subduction zone
(Heidarzadeh, et al., 2006) [11].
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Fig. 1: Tectonic setting of the MSZ at the north western
Indian Ocean.
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Table 1: List of tsunamis/earthquakes that affected west
coast of India and vicinity

high sediment thickness of 7 km (Koppa et al., 2000) [12].
Unlike the other world’s subduction zones, there is no
trench at the location of the Makran Subduction Zone
(Schluter et al., 2002) [13]. As many other world‘s
subduction zones, many active mud volcanoes are present
all along the Makran Subduction Zone. Snead (1966) [14]
reported that active mud volcanoes have been developed
along several of the weak anticlinal axes.

Makran is characterized by an extremely shallow
subduction angle (Koppa et al., 2000). Recent seismic
reflection profiles across the MSZ showed that the MSZ has
a dip angle between 21 and 81 (Koppa et al., 2000; Schluter
et al., 2002).
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Byrne et al. (1992) reported seven large
earthquakes in the MSZ, of which six may have ruptured the
plate boundary in four different segments. According to this
report, these segments are dispersed throughout the MSZ. In
addition, they believed that if all of the plate motion
between Eurasia and Arabia occurred during earthquakes
like the 1945 event, such events (magnitude 8+) would be
expected to repeat at least every 175 years in eastern
Makran. Due to a lack of sufficient information about large
earthquake occurrences in western Makran, they presented
no estimate about the recurrence interval of large
earthquakes in this part. Ambraseys and Melville (1982)
[15] reported that older raised beaches and marine terraces
were observed along the whole Makran coast, from Karachi
to Jask, and radiocarbon and uranium- thorium dates on
shells from these beaches indicated that the beaches were
elevated during the past 10,000 years, attesting to numerous
past earthquakes comparable to the 1945 event.

I1l. PAST TSUNAMIS IN THE MSZ

The significant tsunamis in the Arabian Sea are listed in
Table 1. The oldest record of tsunami is available from
November 326 BC earthquake near the Indus delta/Kachchh
region that set off massive sea waves in the Arabian Sea.
Alexander the Great was returning to Greece after his
conquest and wanted to go back by a sea route. But a
tsunami due to an earthquake of large magnitude destroyed
the mighty Macedonian fleet (Lisitzin, 1974) [16]. Tsunami
has been observed in the North Indian Ocean on the Iranian
coast from a local earthquake between April 1, 1008 and
May 9, 1008 (Murty et al., 1999) [17].

An earthquake occurred during 1524 A.D. off the
coast of Dabhol, Maharashtra and a resulting large tsunami
caused considerable alarm to the Portuguese fleet that was
assembled in the area (Bendick and Bilham, 1999) [18].

Probably a tsunami was generated due to Mw 7.8,
June 16, 1819 Kachchh, India earthquake. The severe
earthquake caused large changes in the elevation of the land.
The town of Sindri (26.6°N: 71.9°E) and adjoining country
were inundated by a tremendous rush from the ocean and all
submerged, the ground sank apparently by about 5 m
(Macmurdo, 1821) [19].

The June 19, 1845 Kachchh earthquake probably
generated a tsunami. The sea rolled up the Koree (Kori
creek, 23.6°N: 68.37°E) (the east) mouth of the Indus
overflowing the country as far westward as the Goongra
river, northward to the vicinity of Veyre, and eastward to the
Sindree Lake (Nelson, 1846) [20].

The deadliest tsunami before to 2004 in south Asia
was on generated on 27" Nov., 1945 of Mw 8.1 (Bilham et
al., 2007) which originated off the Makran coast of Pakistan
in the Arabian Sea and was responsible for human deaths as
far as Mumbai. More than 4000 people were killed at Pasni
and Ormara on the Makran coast by both earthquakes as
well as tsunami (Ambraseys and Melville, 1982). The
earthquake was also characterized by the eruption of a mud
Volcano, a few kilometres off the Makran coast, which are
common features in western Pakistan. It led to the formation
of four small islands. A large volume of gas that erupted

from one of the islands, sent flames leaping “hundreds of
meters” into the sky (Mathur, 1998) [21]. The tsunami
reached a height of 17 m in some Makran ports and caused
great damage to the entire coastal region. A good number of
people were washed away. The tsunami was also recorded at
Muscat and Gwadar. The tsunami reached 1.5m high at
Karachi (at 360km from epicentre), 2 m near Bombay
(1100km away.)The transoceanic cable between India and
England was broken at eight places, indicating widespread
slumping offshore. Part of Pasni moved with one submarine
slide shifting the coast 100 m landward. Coastal uplift at
Ormara was 2 m. The tsunami had a height of 11.0 - 11.5 m
in Kachchh, Gujarat (Pendse, 1948). At 8:15am, it was
observed on Salsette Island i.e Mumbai (Newspaper
archives, Mumbai). It was recorded in Bombay Harbour,
Versova (Andheri), Haji Ali (Mahalaxmi), Juhu (Ville Parle)
and Danda (Khar). At Versova (Andheri, Mumbai), 5
persons who were fishing were washed away. At Haji Ali
(Mahalaxmi, Mumbai), 6 persons were swept into the sea.
At Danda and Juhu, several fishing boats were torn off their
moorings. The tsunami did not do any damage to Bombay
Harbour. Most persons who witnessed the tsunami said that
it rose like the tide coming in, but much more rapidly. The
height of the tsunami in Mumbai was 2 m. A total of 15
persons were washed away in Mumbai (Rastogi and Jaiswal,
2006).

Although large earthquakes along the Makran
Subduction Zone are infrequent, the potential for the
generation of destructive tsunamis in the Northern Arabian
Sea cannot be ruled out. It is quite possible that historical
tsunamis in this region have not been properly reported or
documented. Such past tsunamis must have affected
Southern Pakistan, India, Iran, Oman, and possibly other
areas as well. The sesimo-tectonics of the Makran
Subduction Zone, historical earthquakes in the region, and
the recent earthquake of October 8, 2005 are indicative of
the active tectonic collision process that is taking place
along the entire southern and southeastern boundary of the
Eurasian plate as it collides with the Indian plate and
adjacent microplates. Tectonic stress transference to other,
stress loaded tectonic regions could trigger tsunamigenic
earthquakes in the Northern Arabian Sea in the future.

While earthquakes cannot be predicted in advance,
once the signature of an earthquake is detected, it is possible
to give about a few minutes to a few hours of notice of a
potential tsunami to the coastal stations depending upon the
location and how close or far it is from the earthquake
epicenter. The timely and reasonably accurate early warning
of the tsunami can save lives and also possibly mitigate the
damage to properties. In view of this, an attempt is made
here to simulate the tsunami waves generated due to
earthquakes along the Makran Subduction Zone of the
Avrabian Sea that can affect the western coast of India.

A. 1945 TSUNAMIGENIC EARTHQUAKE

It is believed that the possibly the second deadliest tsunami
in the Indian Ocean region occurred on 28 November, 1945
off the southern coast of Pakistan which killed more than
4000 people (Heck, 1947) [22]. The Makran tsunami of
1945 is the first instrumentally recorded tsunami in this
region. This tsunami is the only event in the Makran
Subduction Zone for which information about the
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earthquake magnitude and run-up heights in different coasts
is available.

It’s affected in Pakistan also the tsunami reached a
maximum run up height of 13 m (40 feet) along the Makran
coast. The waves destroyed fishing villages and caused great
damage to port facilities. Many people died from the
combined effects of the earthquake as well as the tsunami,
but most deaths were caused by the tsunami. The tsunami
destroyed completely Khudi, a fishing village about 30
miles west of Karachi, killing its entire people. At Dabo
Creek, 12 fishermen were swept out to sea.

There were great damage in Pasni and Ormara but
no details are available. Many more were washed out into
the ocean. Tsunami destroyed government buildings, rest
houses and postal and telegraph facilities in Pasni. The
tsunami was also recorded at Gwadar, but there is no report
on damages.

Height of tsunami wave in Karachi was reached
about 2 m (6.5 feet). According to some past reports the first
wave of tsunami was recorded at 5:30 am local time, then at
7:00am, 7:15am and finally at 8:15am and it was the largest.
The tsunami was arrived from the direction of Clifton and
Ghizri. There was no reported damage to the port and boats
in the harbor of Karachi. Tsunami caused extensive flooding
of low-lying areas of Iran but no details are available.

In Oman there was also considerable loss of life
and destruction due to large tsunami wave but no details are
available. The tsunami was recorded at Muscat

Using seismic waves recorded at the New Delhi
and Bombay stations (presently known as Mumbay or
Mumbai), Pendse (1946) measured a Richter magnitude of
6.65 for the 1945 earthquake. However, this magnitude
estimate was based on what Pendse (1946) described as
unreliable records. From surface waves, Page et al. (1979)
estimated that the earthquake magnitude was 8.3. Byrne et
al. (1992), by employing a mantle magnitude method and
using more reliable seismographs, inferred the earthquake
moment and magnitude as 1.8 1021Nm and 8.1,
respectively.

There are different estimates about the location of
earthquake epicenter. Heck (1947) reported the epicenter at
25.00°N and 61.50°E. According to Pendse (1946), the
epicenter was at 24.20°N and 62.60°E, about 120 km away
from Pasni. Ambraseys and Melville (1982) reported the
epicenter at 25.02°N and 63.47°E. By recalculating the
seismic parameters of the 1945 earthquake, Byrne et al.
(1992) suggested the epicenter was at 25.15°N and 63.48°E.

Run-up values estimated from historic reports are
important for hazard assessment, thus we searched various
references to find reliable information about the tsunami
run-up heights along the different Makran coasts. Pendse
(1946) reported:

Pasni, an important trading centre along the
Makran Coast and distant about 75 miles from the epicenter,
was overwhelmed by the wave, there being serious loss of
life and property. The height of this wave has been
estimated variously from 40 ft (12 m) to 50 ft (15 m).
Serious loss of life and property was also caused at Ormara
(about 130 miles away from the epicenter) and in several

coastal villages. Large quantities of fish were washed inland
on the coast.

Also, based on his report, the run-up heights
observed in Karachi and Mumbai were of approximately 4.5
ft (1.4 m) and 6.5 ft (2 m), respectively.

Volcanic activity was reported by Pendse (1946)
during the 1945 Makran earthquake. He reported the
formation of two uncharted islets in the approximate
position of 25°7' N and 64°15'E. Berninghausen (1966) [23]
reported that wave heights were about 40-50 ft (12-15 m) at
both Pasni and Ormara, and 6.5 and 4.5 ft in Mumbai and
Karachi, respectively. Ambraseys and Melville (1982)
reported that the tsunami wave height was of approximately
4-5m in Pasni, about 1.5m in Karachi, and 2m in Mumbai.
Also, they reported that the tsunami caused extensive
flooding of low-lying areas in Iranian coastline, but no
details were

presented.

According to Murty and Bapat (1999), the tsunami
was also observed at Muscat and Gwadar, and reached a
height of about 11m in Kachchh. The run-up height was
reported to have been about 40-50 ft (12-15 m) by Snead
(1966). According to Snead (1966), two small rocky islands
were formed off the Makran coast as a result of the 1945
earthquake. Based on Page et al. (1979), the 1945 tsunami
reached a height of about 7-10m along parts of the Makran
coast. There was a time lag of about 2-3 h between the first
and second tsunami waves. The second wave was larger
than the first (Pendse, 1946; Ambraseys and Melville,
1982).

Page et al. (1979) reported that the uplift of the ocean floor
due to the 1945 earthquake was about 2m. Also, Ambraseys
and Melville (1982) reported 2m uplift and 1.5m subsidence
following the 1945 event..

IV. CONCLUSION

The plate boundary along the western segment of the MSZ
has not produced great earthquakes and there have been no
recordings of shallow events. The present absence of
earthquakes indicates either entirely aseismic subduction or
those sub segments of the mega thrust plate boundary are
currently locked. It is more likely that both seismic and
aseismic slippage is occurring. The extensive forearc and
accretionary wedge seem to have a significant effect on the
type of boundary slips that can be expected along or near the
western segment - and thus on the frequency and intensity of
potential tsunamigenic earthquakes in this region.

The potential of tsunamigenic earthquake occurrence
necessitates an  improved understanding of the
sesimotectonics and seismicity of the Makran region, as well
as the past earthquake source through the use of
Paleotsunami, tsunami hazard assessment, preparation of
evacuation maps and hazard reduction strategy.
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