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Geomagnetic field precursors associated with earthquakes

B. R. ARORA and II. P. SIN G H

Indian Institute of GeomaglllllSm, Colaba, Bombay

ABST R ACT. An association between IOCII geomagnetic field changes and ea rthqua kes ha s been often
repor ted since the later par t of 19th century. Such possible 'seismornagnetic' effects are interpreted to be due to
the stress-Induced ch anges in the rmg netizarion of rocks com posing th,; earth' s cru ..t, Observational trials to
establish such associat ion have suggested a strong correlation of th .: tectonic activity , such as earthquake DCa
currence or volcanism, with local anomalous area s where the secular change of geomagnetic field is larger than
the normal one . Also the temporal fluctuation in the secular variation of the geomagnetic field co rres ponds to
the maximum of seismic activ ity in the vicinity of observatory. In addition to th is, the study of long-term be
haviour of induc tion vector of short period Iiuctuaricns suggests a sort of cyclic varia tion. the extremes of
which appear to occur prior to large earthquakes. The changes in the transfer functions of such even ts fend
co coincide with the occurrence of moderate and large eart hquakes. The preliminary results of an analysis of
geoma gnetic data from Alibag indicate that seismcmagnetic effects of earthquakes in the Koyna region ca n be
identified in the magnetic records of Alibag whic'i may prov ide a means of predicting earthqu akes from Koyna
region.

I mmediately after the recognition that the rocks
contai ning magnet ic grai ns und er the effect of
mechani cal stress produce changes in magnetize
tion a nd hence changes in the magnetic field,
attempts were made to explai n the then already
reported geomagnetic field perturbations which
were believed to be related in some way with
earthquake occurrence on the basis that the ac
cumulat ing mechanical stress in the earth's crust
might loca lly distort the geomagnetic field at the
corresponding sites in the earth's crus t. In general,
two types of changes in the geomagnetic field can
be expected, the one taking place concurre ntly
with earthquake occurrence and may be attributed
to the sud den release of mechanical stress in the
neighbour hood of the focus of earthquake. Other
type, in theory, is the local d istortion of the
geomagnetic field in the earthqua ke focal areas
caused by th e mechanical st ress in the ea rt h's
crust, which is accumulated un til a breakup of the
earthquake. T his effect, if it can be identified ,
wou ld be a precursor of the ea rthq uake. Theoreti
ca l calculations show that such effects woul d
produce surface anomalies on ly of a few gammas
( I gamma = Iy = :0-' ga uss) much smaller
in magnitude th an the geomagnetic field fluctua
lions of ionospheric and magnetospheric origin.
Probably for this reason, very few reliabl e results
have ever been obtained for the theoretically
expected geomagnetic changes associated with,
earthquake occurrence, though observational trials
to find some correlation between ea rthquake
occ urre nces and local geomagnetic secula r varia
tions have been repeatedly reported from China,
J ap an , U.S.A. and U.S.S.R .

2. In one such recent attempt, Tazima and his
co-workers in J apan, based on some accurate
repe at measurements of field at 100 sta tions
in the time interval of 1967-1973, construc ted the
averaged isopoti c charts for the epoch of 1970.
They found that there arc a number of loca l
an omalous regions of very small a real extent over
which secu lar change is larger than the normal as
determined from the overa ll isopcric charts.
Judging from the local nature of uch changes,
Tazima et al. (1976) felt that geomagnetic secular
change over some areas inJapan is getting afftc~ed

by a change in the magnetization within the
ea rth's crust. It also appeared that local an omalies
of secula r cha nge are closely correla ted with earth
quakes occurring in the nearby area and having
a magnitude of 6 or greater. Trend of secular
change at a few sta tions was found to be markedly
different from that at the neighbouring sta tions.
Fig. I gives some typical exa mples of this type.
The ver tica l component, Z, at the station Morioka
has been decreasing alon g with that at other neigh .
bouring sta tions until 1969. However, aft er that
year! a large .increase in Z bCi?an to ta ke place at
Morioka, while the decre ase III Z con tinued at
other stations at almost the same rate. The increase
at Morioka relative to the surroundi ng stations
has exceeded 301' or so by 1975. The Morioka
sta tion is loca ted in a pasture about 7 km distant
f~m the top of Alt. Iwatc, a n ac tive volca no.

Another an omaly worth noticing is that of
Shimod station where Z. com ponent shows a n
anomalous decreasing tendency while an increase
or atl cast no change can be observed at a ll th e
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