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ABSTRACT ~- The sub-surface conductivity distribution of the
Indian peninsula near Alibag, Annamalainagar and Trivandrum
has been investigated by analysing stormtime variations of
the three components of the magnetic field., In this study
only night time variations are considered in order to avoid
the non-uniformity in the inducing field arising from the
presenca of electrojet in daytime., Spectral analysis is
carried out to compute the auto and cross-spectra of the
three components H,D and Z for periods ranging from 32 to
210 minutes. These are then utilised to obtain the transfer
functions and subsequently the induction vectors. From an
earlier analysis of continuous data of 36 hours length or
more, vectors were obtained that reflected the non-uniform-
ity of the external inducing field in day time. A compar-
ison of these with night time vectors showed significant
differences for the stations, Annamalainagar and Trivandrum

Introductlon

The cbserved magnetic field variation on the surface
is vector sum of an external and an internal part. The
internal part is due to the currents induced inside the
earth by the external field variations, Further we classify
the internal field into normal and an anomalous componente
The normal part takes into account the changes in conducti-
vity that are functions of radius alone, Thig in essence
would mean that the normal part of the internal field should
remain the same for the same inducing field. The anomalous
part 1s observed because of local variationsg in the condu-
ctivity structure beneath the earths It has been shown that
(Frazer 1974) over a stratified plane conductor the inducing
and induced flelds supplement each other in horizontal
components but oppose each other in vertical component.
Hence any irregularities in space or time of the source
field will show up strongly in Z variastions. Hence this
provides a powerful tool to gtudy the sub-surface conducti-
vity contraste.

In the present study the stormtime variations are
chosen to investigate the conductivity structure below the
Peninsular Indias The storm time variations (Lahiri and
Price 1939) contain periods of wide range with measurable
intensity, We report here the results from Allbag, Annama-
leinagar and Trivandrum., The observatories at Annamalal-
nagar and Trivandrum come under ths equatiorigl electrojet.
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Rence in order to avoid complications that may arise bscause
of non-uniformity of the external inducing field we have
decided to use only night time variationg, It has been
shown (Schmucker 1964) that night time variations durin%
ba%s are quasl-stationary over a latitude range of abou

37°% Hence we may not be introducing mmuch errox by assum-
ing that storm time current distributions are uniform

during night time,

The formal separation of the observed field into
internal, internal anomalous and external is a tedious
process. Assuming that it 1s done with a chain of stationg,
still for the nature of the conductivity contrast at the
tip of the Indian Peninsula, this would only be of limited
utility. Instead we adopt an alternate method of transfer
functions wherein we express the anomaloug parts in terms
of normal components. The normal part here is the sum of
external and norm&l internal. From the transfer functions
wo deduce a vector called "The Induction Vector", the
@direction of which locates the strike of the conductor and
the source of the current causing the anomaly.,

Analysis

The storm time variagtions from Alibag, Annamal ainagar
and Trivandrum have been digitized manually at every 2 mm
interval on time scales Usging a filter of sultable response
we restricted our range of perilodicities upto 300 min,
Using spectrsal analysis, the auto and cross-spectra of H,
Z and D components are determined in the period range 32 to
210 min, Schmucker observes (1970) that the Fourier trans-
forms of the anomelous and Normal field components are
linearly related by a matrix of transfer function as

Zyg = Wox Xy + Woy Ty * ¥Wpp 4y g

1
Iiazwyxxn+-wyyrn+wyxzn % - =« =~ = (A)

Xjg 3 Wy Xy * W, T + W, 2

where W's are the components of the transfer function
matrix which are functions of frequency. X, Y and Z are
the Fourier Transforms of the magnetic north, east and
vertical components of the magnetic field and subscript

'n' refers to normal part and 'ia! refers to internal
anomalous part. We use the following simplifying assump-
tions (1) that there is no correlation of 2, with either X,
or Y, and (1i) that the anomalous internal parts X1a and
Yia are negligible in comparison to normal parts. Hence
we can write the relation (A) as
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Z=AH+BD+g =0l @memeaee-a- - (B)

A and B sre complex numhers and are functions of frequency.
€ 13 the uncorrelated parc or vae vervical field, The
constants A and B are peculiar to an observation point and
vary from gcation to stations A and B are found out by

minimising with regpect to real and imaginary parts of

A and B, Hence we get

4= g Pop = Pzp Fowd/ (g =y, - |ppd®)

In the above equation Pyp, P,, and Ppp are the auto
powers of Hy Z and D respectively and PHD refers to cross

power ¢f H and D etc. as obtained for each frequencye.
Using seven storms the values of A and B are computed at
various periods and the resulis obtained are shown in
Tablz I

From the regl, parts of A and B (AFU and BFU) ve get the
induction vector 8 = - TAFU-) BFU vhere T ard dJ are

unit vectors alonz magnetic north and east respectively. The
signs are reversed -.n order to conform to Parkinson's (1962)
convention according to which the vector points towards the
direction of induced current concentration, Similerly we
obtain SI from the imoginary parts AFV and BFV.

Besults and Ddscussion

The values of SR and SI and their orlentation as measur-

ed from the south clockwlse are shown in Table I. These are
plotted in Fig. 1. together with those values of transfer
functions obtained with day and night time variations consi-
dered continuously,

We observe from Fige. 1 that the night time results show
an enhancement in the value of the induction vector at all
the three stations. This may be explained as follows., There
is a normal part of appreclable intensity in the inducing
field during day time and this may not show much correlation
with variation in either H or D. At nights this normal part
vanishes and so there is a bhetter correlation of the anoma-
lovs Z veriations with H and D. Hence the induction vectors
are of larger magnitude at nights. Another plausible expla-
nation may be that the assumption Hiys and Dig are negligible
in comparison to their normal parts ?equation B) may not be
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fully justified. In another separate study we have algo
come to the conclusion that H and D have anomalous parts at
Annamsgl ainagar and Trivandrum; but it is still to be geen
vhether the anomaloug parts have sufficlient intensity to
account for this behavior.
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