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7.1 CHARACTERIZATION OF EARTH’S SYSTEM TO
STUDY ITS NON-LINEAR DYNAMICS
EMPLOYING SEISMIC, POTENTIAL,
ELECTRICAL AND THERMAL PROPERTIES BY
FRACTAL APPROACH

1. Gravity and Magnetic Studies

Wavelet analysis of bathymetry of western offshore to
understand behaviour of crust of Laxmi Basin

The wavelet analysis of bathymetry of western offshore has
been carried out. The profile covers Western Basin, Laxmi
ridge, Laxmi Basin, Panikkar Ridge, continental slope and
continental shelf. The spectral analysis of data has been done
to correlate the origin of different regions. The fractal dimension
shows that spectral behavior of crust of Laxmi Basin is near to
continental shelf and slope, which indicates the nature of crust
of Laxmi Basin as continental.

2. Seismological Studies

2.1 We examine the effect of the Sumatra-Andaman Islands
mega-earthquake of 26 December 2004 on Sumatran
seismicity.  Irrespective of time window the inter-event time
distribution exhibits Omori decay at short time intervals,
followed by a gamma distribution at intermediate and long time
intervals.  The mean inter-event time drops significantly after
the event, associated with an increase in the fractal dimension
of the time series sequence from 0.10±0.01 to 0.21±0.01, and
a doubling of the coefficient of variation of inter-event time.
Epidemic Type Aftershock Sequence (ETAS) model
parameters are used to quantify changes in the statistical
properties of the data as a function of threshold magnitude
and time. The background random seismicity rate ì increases
with decreasing magnitude threshold.  It increases in the time
‘snapshot’ after the main shock, but actually decreases in the
time integrated data, indicating that the model fit is unable
reliably to estimate the background rate in a time snapshot so
dominated by aftershocks of a mega-event.  The productivity
factor K, the Omori time constant c, and the magnitude
sensitivity parameter á all fluctuate less systematically with
magnitude threshold, often by amounts that greatly exceed
the formal errors in the model fit to the data. The c value is
significantly higher after the earthquake, partly due to under-
reporting associated with data saturation at low magnitude
threshold, but with a factor 2 increase even at high magnitude
threshold more likely to have a physical origin.  The Omori
exponent p is relatively insensitive to threshold, and is higher
after the main shock. The daughter-parent ratio increases from
around half before to just under one after the mega-earthquake,
indicating the system is almost precisely critical after the main

shock, or indeed for the whole time period, irrespective of
magnitude threshold.

2.2  Strong Motion Seismology study in Kumaon – Garhwal
Himalaya:

Eight accelerographs are installed in Kumaon- Garhwal
Himalaya on the basis of     inter station spacing and safety of
instruments and located in the Higher  Himalayan Crystalline
zone with elevation from 929 m to 2535 m.  Stations are also
in the vicinity of many major as well as minor thrust sheets.
Since its installation from March 2006 this network has recorded
seven events. The hypocentral parameters of these events
are calculated using HYPO71 Acceleration records. Using
records of eight events recorded at Dharchula stations, Q

â(f) =
63f1.25 is obtained as frequency dependent relation. The corner
frequency obtained from inversion is used to compute source
parameters of studied events. The obtained Qâ(f) relation shows
that the region is seismically active and characterized by local
heterogeneities. Further large difference in the value of stress
drop for various studied events also confirms that region is
seismically unstable.

2.3 Seismicity of NW Himalayas

Precursor studies of seismicity were carried out for the NW-
Himalayas forIdentifying any precursory phenomenon that has
happened to indicate the Impending occurrence of the 8th

October 2005 Kashmir earthquake. Two sets of spatial data of
earthquakes of M e” 3 And M e” 4.5 from 1973-2005 were
analyzed. The decadal variation in the ‘b’ and fractal
dimensional values from both the sets clearly indicate the
different phases of stress build up in the region through
precursory foreshocks that resulted in the Main shock and
aftershocks.

3.  Tsunami modeling

For the 12 September 2007 thrust earthquake of magnitude
8.4 in southern Sumatra, Indonesia (epicenter location 4.517°S,
101.382°E; IST 16:40:26), a question arose whether this
earthquake too would generate a similar tsunami as in the case
of the 2004 Sumatra earthquake. It is assumed the strike to be
about 315°, dip around 10°, rake about 110° and displacement
10 m for the 8.4 magnitude (Ms estimated by the NGRI
Observatory) for the Bengkulu earthquake and simulated the
wave propagation for its directivity and intensity(Fig. 8.1). The
fault length was assumed to be 500 km and width 200 km
during this simulation.  Preliminary results at 5:40 pm (IST),
1hr after the Bengkulu earthquake, showed that the directivity
of the tsunami was towards the open ocean in the southwest
direction and that India would be safe from the tsunami. This
result was obtained 2½ hr before the predicted arrival time of
the tsunami wave  at Chennai.
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4. Tectonic Studies

The tectonic studies mainly deal with the crustal processes
and evolution of mountain     range in parts of NW and NE
Himalaya.  The studies in NW Himalayan primarily deal with
the “Late-Quaternary deformation partitioning in the mountain
front of NW Himalaya: its implications on seismic slip
partitioning”; where as, in NE Himalaya the attention has been
on “Tectonic evolution of the Siang Syntaxis with emphasis on
spatial and temporal pattern of exhumation especially along
the Lohit valley transect.

� In NW Himalayan front, extensive mapping of the MBT-
HFT bound mountain front is carried out for active
deformation features in the region between rivers Yamuna
and Ghaghar in HP and Haryana. A few new active faults
on the basis of geomorphic and structural expressions have
been delineated. Their stratigraphic characterization and
role in active deformation in the region is been explored.

� Trenching experiment across a single event surface rupture
fault scarp in the Himalayan Frontal thrust (HFT) zone was
done. The 14C dating on the charcoal samples from the
pre-earthquake surface in the trench suggests the
earthquake event post dates 1325±85 AD. Same event was
also recorded in another fault scarp in the region suggests
the slip partitioning on various splays of the main fault. This
also   provides a clue into the rupture propagation and
deformation partitioning during an earthquake event in
general and Himalayan scenario in particular.

� Secondary expressions of earthquake in the form of Soft
Sediment deformation (SSD) is observed in the Asan
reservoir, which is in operation for last ~25 years. The SSD
features documents two earthquakes that roughly
correspond to 1991-Uttarkashi and 1999-Chamoli
earthquakes in Garhwal Himalaya.

� In NE Himalaya, The geochemical signature of the Lohit
Plutonic Batholith, considered equivalent to the Ladakh
batholith in tectonic setting, suggests it to be a calc-alkaline
suite with subsequent leucogranite formed during
exhumation. The RRE characterization is in progress.

� A comprehensive Gravity and magnetic survey was carried
out along the Lohit river transect in Arunachal Pradesh.

� The processing for thermochronology (Fission Track) is in
progress to constrain exhumation.

5. Enhanced oil recovery

In-situ combustion is often employed in the secondary recovery
of heavy oil in which time-lapse 4D seismic technique was used
to track the production process. Analysis of three time-lapse
seismic surveys from the Balol field was carried out to
understand pre- and post-combustion phases. On-shore time
lapse seismic data representing base line case was very noisy.
Interpretation of such data using seismic differences in terms
of reservoir changes during production and injection was not
possible. Hence, to address these issues we proposed and
demonstrated the applicability of independent pre-stack
inversion of base and monitor surveys to derive elastic attributes
that helped to produce clearer images of fluid movement.
Independent estimates of wavelets from the base and two
monitor survey were used in pre-stack inversion to estimate
acoustic impedance, shear impedance and Poisson’s ratio. The
results show unexpected movement of thermal front away from
the production wells toward north and northwest of the injection
wells. These results were later confirmed by well production
data from the field north of Balol.

(V.P. Dimri, Kirti Srivastava, M. Raviprakash, Abhey Ram
Bansal, Anand Kumar Pandey, Nimisha Vedanti, Ravi
Prakash Srivastava, Ashutosh Chamoli, Mrs Preeti Sinha)

Fig. 7.1



121Annual Report 2007-2008

TIME SERIES MODELLING AND NON LINEAR GEOPHYSICS

7.2 GEOPHYSICAL INVERSION

Marquardt optimization of gravity anomalies of
anticlinal and synclinal structures with prescribed
depth-dependent density

An inversion technique using the Marquardt optimization is
developed to interpret the gravity anomalies due to anticline
and synclinal structures with density contrast varying
continuously with depth. The algorithm simultaneously
estimates the parameters of respective models in addition to
regional gravity background that is invariably associated with
residual gravity anomaly. Forward modeling is realized through
analytically derived gravity expressions of the respective
models in space domain. The efficacy of inversion is
demonstrated with a gravity anomaly of theoretical model in
each case with and without regional background and found
that the inversion technique is insensitive to its effect.

Further, the applicability is illustrated with the gravity anomalies
of the Pays De Bray anticline, northwest of Paris, France. The
interpreted depth of the Pays De Bray anticline by the present
inversion is more consistent with drilling depths than the one
originally interpreted by Alessandrello et al. (1983).

INV2P5DSB-A code for gravity inversion of 2.5-D
sedimentary basins using depth dependent density

A program, INV2P5DSB, has been developed simultaneously
to estimate the depth of a 2.5-D sedimentary basin and regional
background from observed gravity anomalies. The density
contrast is assumed to be varying parabolically with depth
above the basement interface.

The main program is supported with two subroutines
GRAV2P5D and SIMEQ and a function GPRM. The analysis
of gravity anomalies due to a synthetic model of a 2.5-D
sedimentary basin with and without regional background
illustrates that the code is insensitive to regional background.
Interpretation of gravity anomalies over the Gediz graben,
Western Anatolia with parabolic density function yields
geologically plausible model.

(SB Singh, G Ashok Babu, V Chakravarthi, B Veeraiah, E
Jenna Reddy,  D Purushotham)

7.3 TIME SERIES ANALYSES AND MODELING OF
PALAEO-GEO ENVIRONMENTAL DYNAMICS
INCLUDING LARGE IGNEOUS PROVINCES

Time series analysis and modeling of episodic
geologic events

Time series modeling of major dates of (unevenly spaced

events) volcanic episodes, mass extinctions and catastrophic
sea level lows for the past 25 million years reveal apparent
periodicities in frequency bands similar to higher order
Milankovitch cycles. Statistical reliability test was performed
using the Monte Carlo technique. These results provide
significant constraint for modeling and understanding the
related physical processes

Deterministic insights into ANN model performance
on Non-linear Time Series

The concept of back propagation neural network has been used
to classify three different types of non-linear time series. Three
sets of nonlinear time series data i.e., AR (1) (stochastic),
chaotic (logistic) and random white noise are generated and
their power spectrum and autocorrelation function (ACF) values
are used as inputs to the four-layer feed forward neural network
for training in a supervised mode.  During the training, network
weight and bias values are updated according to Levenberg-
Marquardt inversion scheme. For the network training, about
400 pair of input and output examples was used.  After
successful completion of training, with appropriate controlling
parameters and non-linear activation function (hyperbolic
tangent sigmoid), the designed network was tested with new
set of data, which produced 82.63% prediction accuracy.
Further in order to check the efficacy of the Artificial Neural
Network (ANN) and stability of the result in the presence of
white (uncorrelated) and red noise (correlated noise), different
levels of correlated noise was added to the original nonlinear
time series data.  Error analysis suggests that the network is
considerably stable for up to 30% noise rendering more than
80% predictive result.  However, adding more noise ~50% or
more degrades the results mostly for stochastic and random
signals. The analysis in new set of data suggests that the neural
network is able to emulate the pattern of all three sets of
nonlinear time series data and classify non-linear time series
with more than 70% accuracy.

Model dissection from earthquake time series: a
comparative analysis using the modern non-linear
forecasting and artificial neural network approaches

We have applied two non-linear approaches to characterize
the model behavior of earthquakes dynamics in crucial tectonic
regions of Northeast India (NEI).  In particular, we have applied,
(i) Nonlinear forecasting technique to assess the dimensionality
of earthquake generating mechanism using monthly frequency
earthquake time series (magnitude > 4) obtained from NOAA
and USGS catalogues for the period of 1960-2003; (ii) Artificial
Neural Networks (ANN) technique, based upon the back
propagation network (BPN) algorithm, to construct the neural
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network model for the same data for the purpose of comparison
of two results.  We have especially designed a multi-layered
feed forward ANN model with optimum input set configuration,
which capitalize more completely on the intrinsic relationships
among the input and retrieved variables and thereby it provides
feasible model for earthquake prediction.  The comparative
analyses suggest that results obtained by two methods are
stable and in good agreement signifying the fact that the optimal
embedding dimension obtained from the nonlinear forecasting
analysis compares well with optimal number of inputs used for
the neural networks.

Principal Component Analysis (PCA) of paleo-
climate time series

Mathematical modeling and time series analysis techniques
are important tools for extracting information from complex geo-
time series.  These techniques also help to obtain a fare degree
of prediction, which is a prime goal of geophysical science. 
The data analysis tools involve spectral analysis and pattern
classification.  The aim of pattern classification is to assign
observations into semantic categories of patterns.   Recently
artificial neural network techniques have been widely used for
the above purpose. However the commonly used methodology
in pattern classification is best done by the statistical decision
theory in general and the Bayes Decision rule in particular. 
Traditional statistical methods generally fail to recognize pattern
from high dimensional geo-records. The Principal Component
Analysis is a powerful tool in identifying patterns in such records
and provides useful means for reducing number of dimensions
without loss of much information.   Here we have carried out
spectral and Principal Component Analyses (PCA) of a climate
record of approximately 28,000 yrs spanning from 1.15 to 29.78
kyr, off central Japan in the northwest Pacific ocean.  The
observed cyclic pattern corresponds to global “Heinrich Cycle”
originating from the North Atlantic and Greenland ice rafting
fluctuations and is linked to the Pacific phenomena and Asian
monsoon system.   

1. Application of two non-linear approaches (i) Nonlinear
forecasting analysis (ii) Artificial neural networks based
on Bayesian paradigm to characterize the model behavior
of earthquake dynamics in the tectonic region of Northeast
India (NEI).  The constructed ANN model suggests that
the earthquake dynamics in the NEI is operating on a high
dimensional chaotic plane. Evidence of high dimensional
chaos appears to be associated with a “stochastic
seasonal” bias in this region and may provide useful
constraints for testing the models and criteria to assess
earthquake hazards on a more rigorous and quantitative
basis.

2. A novel approach based on the concept of super self-
adapting back propagation (SSABP) and Bayesian neural
network has been developed for classifying lithofacies
boundaries from the well log data. The SSABP learning
paradigm has been applied to constrain the lithofacies
boundaries by parametrizing three sets of well log data
i.e., density, Porosity and gamma ray obtained from the
German Continental Deep Drilling Project (KTB). This
approach renders a robust means for the classification of
complex litho facies successions from the KTB borehole
log data and thus may provide useful guide/information
for understanding the crustal inhomogeneity and structural
discontinuity in many other critical tectonic regions.

( R.K. Tiwari, K.P.C. Kaladhar Rao, M. Tirupathi, M. Jemima,
P. Krishnaveni,  A. Lakshmi Prasanna, Gurubachan Singh)

7.4 NOVEL TECHNIQUES FOR MODELLING OF
GEOPHYSICAL DATA

� The role of multiples in building up the seismic reflection
amplitude was reexamined.  It was established that the
hypothesis of O’Doherty & Anstey that the two-way
transmission loss (TWTL) in reflection seismics gets
compensated by the peg-leg multiples is untenable.  TWTL
in an earth with continuous variation of seismic velocity
was shown to be zero.  Effective transmission loss could,
however, take place by the two-bounce multiples
represented by the non-zero-lag part of the autocorrelation
of the reflection coefficient log as determined from the sonic
velocity log.  The spectrum of a typical reflection coefficient
log, however, is effectively flat in the seismic band,
indicating negligible magnitude for two-bounce multiples
in the seismic band.  Since only the two bounce multiples
can generate higher order multiples, the latter would also
be insignificant.  In other words, there is inappreciable
transmission loss in the first place and additionally, the
hypothetical signal-reinforcing multiples are also weak.
Therefore, the question of the multiples compensating the
transmission loss should not arise.

� The possibility of detecting an overpressured zone within
a reservoir was investigated by studying reflectivity for
successively higher angles of incidence.  The top of a
overpressured zone is characterized by a velocity peak
below which the velocity falls.  It was found that the travel
time up to the depth corresponding to the velocity peak is
invariably associated with a high in the reflection response.
Thus, the temporal location of  the high in a seismic
response can give a clue about the depth corresponding
to the top of the overpressured zone.  The amplitude of
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the response becomes significant for sufficiently large (but
still sub-critical) angles of incidence.

� Bouguer gravity and electrical resistivity data have been
used to demarcate the liquefaction zones caused by the
1934 Bihar-Nepal and 1993 Killari earthquakes.  The
prediction and demarcation of liquefaction zones in the
regions with high seismicity will be crucial in mitigating
hazards.

� The devastating Muzaffarabad  (Pakistan) earthquake of
October 8, 2005 was felt over a large area.  It is observed
that in many cases the electrical resistivity decreases
before the onset of an earthquake and quickly recovers to
the original values after the main shock.  A study involving
electrical resistivity measurements were underway at
Solapur University Campus, Maharastra from September,
2005 onwards.  The anomalous resistivity values were
observed before the onset of the Muzaffarabad earthquake.

� While the Mahanadi Basin is well known for coal deposits,
the discovery of gas off Paradip coast  shows also its
hydrocarbon prospects.  Previous geophysical studies to

estimate the sediment thickness had been inconclusive.
The drilling up to a depth exceeding 3000m had not
encountered  the basement.  The residual gravity field
delineated by FEM method, a technique previously
developed in this research group, indicates that the depth
of the basement exceeds 4000m.

� Computer programmes:

o A program in C#  for normalized mutual impedance
between a moving vertical    magnetic dipole
transmitter and a coaxial magnetic dipole receiver in
N-layered earth.

o Programmes in Microsoft C#.Net  for finite difference
modeling of magnetotelluric responses over 2-D earth
and for vertical electromagnetic profiling.

o Microsoft C#.Net programme for electromagnetic
depth sounding for large loop source.

(S.K. Ghosh, D. Indira Nagubai, K. Prabhakar Rao, A.
Vasanthi)
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