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Anomalous helium emission:
Precursor to earthquakes

Debasis Ghose, Nishith Kr. Das and Bikash Sinha

Variable Energy Cyclotron Centre, Department of Atomic Energy,
1/AF Bidhan Nagar, Calcutta 700 064, India

Helium content at the thermal springs at Bakreswar,
near Calcutta, was observed to vary. These variations
appear correlated to seismic perturbations. The po-
sition and distance of epicentre cannot yet be pre-
dicted from such correlation.

THere is adequate evidence that the variations in the
relative abundance of the constituents of terrestrial gas
have certain degree of correlation with the perturbations
within the mantle as well as the crust of earth'. A
recent report has indicated that there was a ten-fold
increase in the radon content in bore hole gas prior to
the earthquake at Kobe, Japan®. Anomalously high helium
concentrations have also been reportedly observed in
well waters and soil gases preceding an earthquake®*.

It is well established by now that noble gas such as
helium and radon interact weakly with matter; thus, it
1s expected that there will be pronounced variations in
their relative abundance for such perturbations just men-
tioned, compared to their chemically reactive counter-
parts, such as nitrogen and methane. In the case of
radon on account of chemical non-equilibrium and short
recoil length, the host rocks incorporating the parent
Ra-226 migrates rather large distances in water and in
soil>. However, its relatively short decay time (3.82
days) inhibits any substantial concentration, so that very
marginal radon content contribute above background
value®. Over the last several years, we have been ob-
serving large fluctuation in helium concentration in the

36

natural gas emanating from thermal springs’. Three
mechanisms have been suggested so far to account for
the anomalies observed for the constituents of the soil
gas in seismic-induced disturbances: (1) relative increase
in heat flow that enhances gas concentrations near the
surface’®, (ii) stress-induced pore collapse resulting in
an upward flow of deep-seated gas’. (iii) stress-induced
microfracturing leading to an increase in outgassing'®.
The collected sample of natural gas issuing from thermal
springs was measured analytically by two separate tech-
niques. A gas chromatograph operational at Bakreswar,
the site of investigation (about 200 kms from Calcutta),
of Variable Energy Cyclotron Centre was used to de-
termine the relative abundances of helium and associated
gases. Furthermore, the relative abundance of helium
was determined by an absolute method based on the
technique first developed by Frost''.

We found the helium abundance at Bakreswar to be
a variable quantity in general. The computed average
of helium abundance, taken from recorded data of the
diurnal readings for a five-year period, 1987-1991 was
around 1.8%. We call this the characteristic ‘helium
index” for the spring. The normal value of the emanation
rate during the quiescent state was close to the above
figure with approximately +0.2% variation. However it
had been observed that the index began to fall very
gradually two to three weeks prior to an impending
seismic disturbance, known as earthquakes. The index
tended to reach the minimum value four to five days
before the triggering of the quake. This scenario was
immediately followed by a sharp rise in the index,
reaching its highest value two to three days prior to
the occurrence of the quake, the peak value being two
to three times the minimum value. Indeed, the helium
content increased to 7.3% immediately prior to the volcanic
eruption at Barren Island in July 1951 (ref. 12).

The measured magnitude of the helium concentration
at Bakreswar for October in 1991 is plotted in Figure 1;
corresponding data for January in 1992 is in Figure 2
and for the subsequent month of April 1992 is shown
in Figure 3.

It was generally seen that the profiles had an irregular
oscillatory pattern. This is expected since the helium
contained in any underground environment is at best
in a fragile state of equilibrium. It should also be
mentioned that the presence of other diluting gases such
as N, and CH, affected very feebly the outflow of
helium as observed by Reimer® in soil gas. For large
scale deviations (d > 30) one has to thus look for cata-
strophic causes such as éarthquakes as suggested by
Scholz et al.. In order to judge the long term and
background behaviour of helium changes, emussion
graphs for the period June 1991 to October 1991, January
1992 to July 1992 and January 1993 to October 1993
(Figures 4-6) are given. The spring gas was collected
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Figure 1. Vanations of diurnal helium content during October 1991,
The peak on 18 October precedes the Uttarkashi Earthquake on 20,
1991,
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Figure 2. Helium variations for January 1992,

beneath a water column about 1.2 m. One can therefore
preclude effects caused by meteorological conditions
such as atmospheric pressure, wind speed, precipitation
and temperature variations. As the springs lie In a
relatively secluded area, influence of other non-tectonic
factors such as mining, industrial activity, dam building
or even water pumping 1s unlkely.

Our observations tend to indicate that the gas anomalies

are reflected even at large distance from the centre of

the quake. However, we could not correlate the observed
increase in helium on January 21, 1992 to any specific
tremor. Nonetheless, the peak may well be a manifes-
tation of the reported seismic disturbances in lonian
sea; the Kamchatka peninsula and Japan’s Honsu Island
around January 23-25, 1992. It is also known that a
change in strain associated with an earthquake by only
10"® will lead to a change in the helium content'®. Such
gas anomalies and seismic disturbances are possible
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Figure 3. Helium variations for April 1992. The peak on 12 April
corresponds to tremor at Shillong on 15 April 1992.
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Figure 4. Temporal variations of helium in 1991 from June to October.

incidental results of the same cause, the strain changes
that take place within the earth’s crust. Because of the
large disparity in the magnitude of the energies involved,
gas anomalies show up much earlier.

In some cases fluctuations as high as six to seven
times the standard deviations have been noticed. It has
not been possible so far, as mentioned, to predict with
reasonable precision the distance of the epicentre of the
quake or its location with relation to the thermal spring.
One can only predict two or three days prior to the
triggering of an earthquake somewhere! Work is 1in
progress to estimate the radial distance of the epicentre
from the spring site through multiple observation points.
Although, as yet, there is no total one to one cosre-
spondence between earthquake and anomaly occurrences,
we would venture to predict the following about the
possible increase in the relative abundance of helium
scenario just before the earthquake, admittedly rather
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Figure 5. Temporal variations of helium in 1992 from January to July.
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Figure 6. Temporal variations of helium in 1993 from January to
October.

speculative, but interesting. Gradual accumulation of
stress within the rock structure results in rise of pore
pressure. The typical precursor of earthquakes, in general,
1s a steady rise in the pressure around the epicentre of
the quake, at or around a yet unknown critical pressure
of the system. Rather like more familiar phase transition
of the system at a critical pressure essentially gives in
with a sudden release of the pressure. With the rise of
pressure the amplitude of the elastic shocks propagating
around the centre increases as it approaches towards
the tnggering point. The shock waves, associated with
the pressure release is the quake. With release of the
pressure the helium stored in the rock matrix, aquifer
or produced in situ tends to escape in larger volume
as observed. The shocks travel a fairly large distance
indeed, the very characteristic of helium is such that
sources of helium turn out rather sensitive even at a
very large distance. The speculative scenario, just pre-
scribed has analogies with the bounce of supernova
explosion or even head shocks or slide splash in nuclear
physics''®, a geological analogue in large scale is yet
to be worked out.
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Modelling of aeromagnetic anomaly
and its implication on age of
emplacement of ultramafic-mafic-
alkaline complex at Jasra, Assam

D. Atchuta Rao, G. D. J. Sivakumar Sinha and
H. V. Ram Babu |
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The aeromagnetic anomaly around Jasra in Assam,
based on which the Atomic Minerals Division had
discovered an ultramafic-mafic-alkaline carbonatite
complex' has been modelled. Inferred direction of
magnetization of the source body suggested the age
of emplacement of the source to be around Jurassic
period which is correlated with the time of breaking
up of the Gondawanaland and the northward drift
of the Indian plate and crustal upheavals.

THE aeromagnetic survey carried out by the National
Geophysical Research Institute (NGRI), over an area of
about 14000 km?, covering parts of Garo hills, Shillong
plateau, and Khasi hills region of Meghalaya and Assam
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