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An intraplate earthquake of magnitude (Mc) 6.9 (Anon 2001a) struck Bhuj and the adjoining region
of Kachchh in Gujarat on January 26th, 2001 at about 0316 hrs (GMT) and was followed by a
number of aftershocks. The epicentre of this earthquake was located at 23.4◦N and 70.28◦E close to
the Kachchh mainland fault. The intensity observed around the epicenter was X on the MSK scale.

A study of 531 aftershocks, in the magnitude range of 3.0–5.7, recorded at Vadodara Seismological
Observatory till March 31st, 2001 has been carried out and various statistical parameters calculated.
The total energy released during the study period is calculated to be 8.2 × 1014 joule. Sudden
occurrence of the main shock without any foreshock in the same tectonic system is a unique feature
of this sequence. The b-value (0.86), value of M0–M1 (1.2), high M1/M0 (0.89) and high value of
the decay constant h (0.91), all support the tectonic origin of the present study.

1. Introduction

The Bhuj earthquake of January 26th, 2001 (Mc =
6.9) took a heavy toll of human lives, exceeding
17000 (Anon 2001b). The damage was maximum
in Bhachau, Bhuj, Anjar, Gandhidham and Rapar
talukas of Kachchh district and of relatively lesser
extent in parts of Saurashtra and parts of north
Gujarat. Loss of human lives and damage to build-
ings have also been reported from far off places like
Ahmedabad, Surat, Navsari, parts of Rajasthan
and Hyderabad (Sind, Pakistan). The liquefaction
features such as sand blows, lateral spreads etc.
in some areas were spectacular expressions of the
effects of ground shaking (Anon 2001b). Some fluc-
tuations in the ground water table and ground
water quality were also reported in the initial
days during the post earthquake period. The main
shock was followed by many aftershocks which were
recorded at various seismological observatories of
the state seismic networks.

Some microearthquake activities have also been
noticed in the adjoining tectonic features before
the Bhuj earthquake of January 26th, 2001. These

are (1) Bhavnagar micro earthquake sequence
of August–September, 2000 (M = 3.2–4.4); (2)
Khamba (Amreli) earthquakes on August 13th,
2000 (M = 4.6 and M = 3.3); (3) Khavda earth-
quake on December 24th, 2000 (Island Belt fault,
M = 4.4) (Anon 2000).

In the present work, a total of 531 aftershocks in
the magnitude range of 3.0–5.7, recorded at Vado-
dara seismological observatory by photographic
type electromagnetic seismograph till March 31st,
2001, are analysed for various statistical parame-
ters.

2. The foreshock-aftershock pattern

A significant feature of this sequence is that there
is no foreshock prior to the main shock. However
531 aftershocks were recorded at Vadodara obser-
vatory in the magnitude range of 3.0–5.7. Only a
few major earthquakes in other parts of the world
have had such a pattern.

The pattern of the daily frequency distribution
of these shocks fits into type-1 of Mogi’s model
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Figure 1. Frequency-magnitude relationship.

(Mogi 1985) which is for the homogeneous mater-
ial and uniform applied stress. Broach earthquake
sequence of March 23rd, 1970 (M = 5.7) is another
typical example of Mogi’s type-1 model in Gujarat
(Gupta 1976).

3. Frequency-magnitude relationship

The frequency-magnitude distribution of earth-
quake is well expressed by the Gutenberg-Richter
relation (Richter 1958)

log N = a − bM (1)

where N is the number of shocks of magnitude M
and more, a and b are constants. This relationship
shows that the number of earthquakes declines log-
arithmically with the increase in the magnitude.
The extent of this decline is expressed by the b-
value which is normally close to 1 (Mogi 1985).
Studies of Mogi (1963b) and Scholz (1968) reveal
that the b-value depends on the percentage of exist-
ing stress to the final breaking stress within the
fault. Also it depends on the mechanical hetero-
geneity of the rock mass and increases with the
increase in the heterogeneity.

Fitting equation (1) to the present aftershock
sequence by using the graphical approach gives a
and b as 5.56 and 0.86 respectively.

Agrawal (1991) states that tectonic earthquakes
are characterised by the b-value from 0.5 to 1.5 and
are more frequently around 1.0, which is observed
in the present study.

4. Relationship between the magnitudes
of the main shock and the

largest aftershock

The difference between the magnitudes of the
main shock and the largest aftershock depends

on the stress condition and heterogeneity of
the rock mass. According to Bath’s (1965) law
for large normal shallow earthquakes, the dif-
ference between magnitudes of the main shock
(M0) and the largest aftershock (M1) is 1.2
i.e.,

M0 − M1 = 1.2. (2)

A similar result was obtained by Papaza-
chos (1971) for 216 aftershock sequences with
M0 ≥ 5 which occurred in Greece. The same
law holds good for the Bhuj aftershocks sequence
also as the values of the magnitude of the main
shock and the largest aftershock are 6.9 and
5.7.

The ratio of these magnitudes (M1/M0) is 0.89
which is quite high. Similar observations were made
by several workers for the California earthquakes
sequence (Gupta 1976).

5. Decay trend of the activity

Utsu’s (1969) time distribution of aftershocks given
by the inverse power relation

n(t) = ct−h (3)

is used to calculate decay constant h and unit time
t is taken as one day. Figure 2 presents the decay
pattern of the aftershocks. The relationship found
is

n(t) = 86.22t−0.91. (4)

The decay constant h is found to be 0.91 which
is very high. As per Reid’s elastic rebound theory,
the basic physical process involved in the gener-
ation of earthquakes is the slow building up and
rapid release of tectonic stress in a cyclic process.
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Figure 2. Decay curve for Bhuj earthquake sequence.

Figure 3. Energy released pattern.

The close observation of the decay curve (figure 2)
reveals that though the general decay trend is
exponential, the plotted points indicate the num-
ber of aftershocks occurring in a sinusoidal pattern
which supports the release of tectonic stress in a
cyclic process.

6. Energy release pattern

The energy released during this sequence is calcu-
lated by using the relation

log (E) = 13.8 + 1.23M. (5)
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Figure 3 presents the day-wise energy release
pattern. Total energy released is calculated to be
in the order of 8.2 × 1014 joule during the study
period.

7. Conclusions

Various statistical parameters calculated for the
Bhuj earthquake sequence present some attractive
features:
• The sudden occurrence of the main shock with-

out even a single foreshock in the same tectonic
system is the unique feature of this sequence.
This may be due to relatively homogeneous sub-
surface with compact rock mass.

• The b-value (0.86) approaching unity, value of
M0−M1 (1.2) and high value of the ratio M1/M0
(0.89) supports the normal tectonic origin of the
present activity.

• The high value of decay constant h (0.91) is
indicative of the rapid decay of earthquake activ-
ity having tectonic origin.

• Total energy released is calculated to be 8.2 ×
1014 joule.
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