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Gambusia sp., Puntius sp. and Oryzias sp. Although
some of these fish are consumed by local communities,
no information is available on the prevalence of infec-
tions with heterophyid trematodes in the individuals.
The situation, however, demands an in-depth epizooti-
ological study involving a detailed analysis on a sea-
sonal basis, the physico-chemical features of the
environment, the prevalence of cercarial infections in
the snails and metacercarial infections in the fishes, the
role of birds as transmitting agents and the extent of
human 1nvolvement. Moreover, the snail host in the
stream with its broad spectrum of larval trematode in-
fections offers a suitable model for the study of host—
parasite—environment interactions. |
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A spectral seismogram enables a quick and detailed
analysis of an earthquake waveform in terms of the
frequency-time distribution of the radiated energy.
In this approach, a broad-band signal is first filtered
using various bandpass filters to obtain the corre-
sponding bandpass seismograms. Each of these seis-
mograms is then Hilbert transformed, to obtain the
corresponding instantaneous amplitudes with respect
to time, for each mid-frequency. The resulting ampli-
tudes are then represented using a colour code or a
grey scale to obtain a spectral seismogram. We dis-
cuss here, the theory of spectral seismograms and as
examples, present the spectral seismograms of 3
earthquakes from the Burmese arc region.

AN earthquake source radiates energy over a wide range
of frequencies in the form of longitudinal and shear
waves. These waves, besides generating various surface
waves, get reflected and refracted inside the earth,
thereby producing several converted waves. A portion of
the seismic energy reaches the surface of the earth, and
is recorded by the seismometers. Since the radiated en-
ergy spans a wide range of frequencies, it is desirable to
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sample an earthquake over as wide a bandwidth as pos-
sible, for a better understanding of the earthquake
source and the medium through which the waves propa-
gate,

Over the past decade, more than 100 broadband seis-
mometers have been operational worldwide, belonging
mostly to networks like IRIS, GEOSCOPE and CDSN.
The high quality digital data that is being provided by
these broadband instruments now form a fairly extensive
data set for modelling the seismic sources and the fine
structure of the medium. Spectral analysis of earthquake
records has evolved as a powerful tool for analysis of
digital data, especially for deciphering the source char-
acteristics. |

Spectral analysis using the Fourier transform has been
the most powerful and standard means of decomposition
of a signal into individual frequency components to ob-
tain the energy spectrum sampled by each component.
The energy spectrum thus obtained, however, does not
contain information about the time of initiation of these
frequencies. An estimate of the variation of the spectrum
with time is desirable if one is interested in frequency
dependent, time limited signals in a waveform. One way
of estimating the time-varying spectrum is to compute
the discrete Fourier transform of a sequence of over-
lapping time intervals that step through a larger time
series. The spectrogram’® utilizes this procedure and has
been the most widely used tool for the analysis of time-
varying spectra. The concept behind it 1s simple, yet
powerful. In order to analyse what is happening at a
particular instant of time, a small portion of the stgnal
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Figure 1a, b. Spectral seismograms of the vertical and transverse components of the 29.5.94 Burmese arc
earthquake recorded by a Grafenberg station. The corresponding colour code is indicated in Figure 4.

centered around that time is used to calculate its energy  problem arises with the choice of an ideal segment du-
spectrum. The same procedure is repeated for each in-  ration for a moving window Fourier transformation. The
stant of time, using a moving window. However, the window may be too short to incorporate Iong-period
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Figure 2 a, b. Spectral seismograms of the vertical and transverse components of the 18.5.87 Burmese arc
earthquake recorded by a Grafenberg station.
signals adequately or may be too long to resolve For an earthquake signal, the spectral seismogram
changes in the behaviour of short period signals. overcomes this difficulty by resorting to a time-
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frequency representation of a seismogram, using the
instantaneous attributes of a signal, namely, the instantane-
ous amplitude or envelope and the instantaneous frequency
which 1s the ume rate of change of instantaneous phase.
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Figure 3a, b. Spectral seismograms of the vertical and transverse components of the intermediate depth
6.5.94 Burmese arc earthquake recorded by a Grafenberg station.
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A two dimensional time—frequency representation of a
broad-band seismogram is called a spectral seismo-
gram™". In this approach, a broad-band signal is passed
through various narrow band filters centered at varying



0 0.2 0.4

RESEARCH COMMUNICATIONS

0.8 1.0

Figure 4. Colour code used to represent amplitudes in the spectral seismograms.

mid-band frequencies, to produce different bandpass
seismograms corresponding to the different mid-band
frequencies. The instantaneous amplitude or envelope of
each of these seismograms is then computed using the
concept of an analytic signal®.

Given a real time signal s(f) (a bandpass seismogram
in this case), a complex analytic signal z(f) may be con-
structed using the relation

z(t) = s(r) + iH[s(1)],
where H denotes the Hilbert transform defined as

s(t—1)dr
T

H[S(t)]—_[

The envelope a(t) is then the amplitude of the analytic
signal given by

a(t) = lz(t)! = sqrt (s* (£) + H [s(1)]).

A plot of the envelopes of all the bandpass seismograms
with respect to the corresponding mid-band frequencies
represents the frequency—time information of a seismo-
gram. For the convenience of representation, each am-
plitude 1s assigned a different colour/intensity, chosen
from a pre-defined smoothly varying colour/grey scale.

As examples, we have generated the spectral seismo-
grams of several Indian earthquakes, using the 3-
component broad-band data from the GRA1 station of
the Grafenberg array in Germany. Though it was ideally
desirable to generate spectral seismograms for the entire
lengths of the seismograms, depicting the energy distri-
bution of all the seismic phases starting from P up to the
surface waves, 1t was found impractical to present them
in a convenient size. As a reasonable compromise, we
decided to choose a 5-minute duration of the P and S
wave poriion of seismograms after the respective theo-
retical arrival times, corresponding to the IASPEI 91
trave] time tables.

Following the procedure described above, each seis-
mogram was band pass filtered using a second order
butterworth filter of half octave width. The mid-band
frequencies were chosen so as to divide the frequency
range spanned by the broad-band seismomecter (0.01 Hz
to 10 Hz), into 100 equal parts on a logarithmic scale,
While the vertical component of the seismogram was
utilized to study the frequency-~time character of the P
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phases, the S phases were studied by computing the ra-
dial and transverse components.

In the present study, we have chosen three recent
carthquakes which have occurred in the Burmese arc
region, where the presence of a subducted Indian litho-
spheric slab is established down to a depth of about 180
km. The spectral seismograms corresponding to these
earthquakes are presented in Figures 1, 2 and 3. In these
figures, a and b represent the vertical component corre-
sponding to the P wave portion and transverse compo-
nent corresponding to the S wave portion respectively of
the broadband signal. The spectral seismogram of the
radial component 1s not included for convenience of
representation. It may be noted that the seismic trace,
along with the event information, delta and azimuth with
respect to the recording station and the filter. parameters
used to generate the envelope plot of hundred pass band
seismograms are included at the top of each spectral
seismogram. The X-axis of the spectral seismogram rep-
resents the travel time, Y-axis the frequency/time pe-
riod. The colour code for the amplitudes is indicated in
Figure 4.

It can be observed from Figures 1 a and 2 a that there
1s a striking similarity in the spectral content of the P
wave portions of the seismograms, in the sense that the
triplets of the high amplitude around the arrival time of
the PcP phase are clearly comparable. It is interesting to
note from the CMT solutions that both these earthquakes
are of normal type, with a small strike slip component.
The shear wave part of the spectral seismograms also
appears stmilar (Figures 16 and 2 b). On the other hand,
the spectral seismogram of the deeper earthquake
(Figures 3 a and b) appears markedly different, with the
P phases (surprisingly) being richer in high frequencies
and the S phases richer in low frequencies, compared to
the shallow focus ecarthquakes. This earthquake has a
thrust type of mechanism. It also appears that this earth-
quake is a double event, as is clear on the P-wave por-
tion of Figure 3 a.

It is Interesting to notice concentrations of encrgies
not coinciding with any of the ‘expected’ phases, corre-
sponding pcrhaps to reflections from intermediate
boundarics, or scaticred encrgy. However, all the ex-
pected phases show up prominently on the spectral
seismograms, making their identificatton easier.
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Although, at present, the concept of a spectral setsmo-
gram is new and its potential yet to be utilized, it is
likely to turn out as a power{ul tool for routine analysis
of seismograms in the near future, since it allows a de-
tailed and quick analysis of the spccteal character and
time-varying bechaviour of an carthquake. This tool can
eventually be used to reconstruct the source time his-
tory. Also, it may find application in studies of surtace
wave dispersion, identification of relatively unknown
phases and establishing similarities in the spectral char-
acter of earthquakes from a similar tectonic setup.
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Palynology of the intertrappeans of Mohgaonkalan
of Chhindwara District, M.P. has been dealt for the
first time. The palynoflorule recovered from the
black shale is conspicuous due to the presence of
Agquilapollenites  bengalensis, Azolla  cretacea,
Gabonisporis vigourouxii, Spinizonocolpites echinatus
and Ariadnaesporites sp. and is very much compara-
ble with the palynoassemblages of Padwar-Ranipur
intertrappean beds of Jabalpur. The palynological
data are of significance as they now offer a fine
resolution of age of Late Maastrichtian contrary to
previous assignment of Early Tertiary on the basis of
megafloristic evidences. Further, the association of
Aquilapollenites palynoflora with the dinosaur re-
mains at Mohgaonkalan has been found to be useful
for correlation and tagging with the radiometric
dates known from various localities of the Deccan
basaltic province in Peninsular India. Considering
the avaijlable palynological data and the dinosaur
remains, the intertrappean beds at Mohgaonkalan
are also very important for delineating Cretaceous—
Tertiary Boundary (KTB) in Deccan Trap Volcanic
Episode. In light of new palynological findings, a re-
appraisal of the Deccan Intertrappean flora and its
biostratigraphic implication i1s needed to critically
evaluate the influence of Deccan volcanic actfivity on
the continental terminal Cretaceous biotas.

INTERTRAPPEAN palynofossils are very poorly docu-
mented as compared to plant mega fossils due to poor
recovery and preservation of them in the trap-associated
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sediments. However, in recent years, discovery of more
intertrappean horizons bearing carbonaceous facies has
proved to be rewarding as the black shales in them are
found to be rich in palynological contents'*. While car-
rying out field work in and around Mohgaonkalan, we
came across an unlined well that penetrated through a
sequence of black shale-associated intertrappeans and
this paper is based on the palynclogical contents yielded
from it. In fact, palynoflora from this area have a sig-
nificance for a fine resolution of age of the intertrappean
beds of Mohgaonkalan in the Chhindwara District of
Madhya Pradesh. Moreover, the new palynological data
have been found to be useful for stratigraphic correla-
tion of other palynological assemblages and the associ-
ated dinosaur-bearing intertrappean beds of the Deccan
basalt province of India.

The Mohgaonkalan intertrappean sequence is exposed
in an unlined water well situated about 0.5 km west of
the village very close to the well-known fossil locality
from where a large number of plant megafossils have
been documented. The well can be easily located as lo-
cal people fetch water from it for drinking and irrigation
purposes. The intertrappean bed is less than 1 m thick
and comprises black shale, greenish shale and light yel-
lowish hard chert. The exact location and details of the
intertrappean succession were dealt with recently where
in the egg shells of dinosaurian affinities and other fau-
nal elements have been described along with a mention
of palynoassemblage’. The samples investigated for the
present study were collected from material dug out of
the water well and in fact, only the black shales have
proved to be rich 1n palynological contents.

The palynological assemblage recovered from the
black shales of Mohgaonkalan consists of Azolla creta-
cea, Aquilapollenites bengalensis, Gabonisporis vig-
ourouxii, Spinizonocolpites echinatus, Triporoletes
reticulatus, Proxapertites operculatus, Tricoplites sp.,
Cyathidites minor, Todsporties sp., Ariadnaesporites
sp., Ephedripites sp., Foveosporites sp. and Osmun-
dacidites sp., Lycopodiumsporites sp., Alsophyllidites
sp. The palynofloral assemblage is dominated by
A. creatacea, G. vigourouxii and other laevigate
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