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TIME SERIES MODELING AND NON LINEAR GEOPHYSICS

7.0 TIME SERIES ANALYSIS AND MODELING OF
PALAEO-GEO-ENVIRONMENTAL  DYNAMICS
INCLUDING LARGE IGNEOUS PROVINCES

7.1 AUTOMATIC DISCRIMINATIONS AMONG
GEOPHYSICAL SIGNALS USING THE BAYESIAN
NEURAL NETWORKS APPROACH

A new method in Bayesian neural network framework by
employing Hybrid Monte Carlo (HMC) simulation scheme has
been developed to discriminate complex well log signals. The
new method is tested on composite nonlinear/non-stationary
synthetic signals for discriminating individual signal. This is
done by constructing composite synthetic time series using
the data from simple models (e.g., first order auto-regressive
Ar(1), representing the stochastic process, logistic
representing the complex  process and random white noise
processes) and actual data from KTB Bore hole. Spectral
characteristic of individual signal is used as input vectors for
discriminating individual signal from the pooled synthetic data.
The results show that the Bayesian classification scheme
provides significantly good result with accuracy at more than
74.50%. The method is demonstrated for German Continental
Deep Drilling Program (KTB) well log data.The actual data
analysis suggests that the scheme is able to discriminate major
lithofacies boundaries with average accuracy of (~92.42%)
for validation and of (~93.37%) for test samples with
uncertainty value of (~0.14). The efficacy of the Bayesian
neural network (BNN) method and stability of result was also
tested in presence of different levels of correlated colored
noise. The test results suggest that the designed network
topology is considerably unwavering for up to 30% correlated
noise; however, adding more noise (~50% or more) mystify
the results. The developed method provides a robust means
for discriminating rock boundaries from complex well log signal
as well as decoding detailed finer successions of lithofacies
unit. The proposed method could be further exploited for
classifying wide class of complex geophysical data with
practical significance to understand the nature of underlying
inhomogeneous crust.

7.2 SPECTRAL ANALYSIS OF PRINCIPAL
COMPONENTS OF SEA SURFACE TEMPERATURE
RECORDS FOR THE INDIAN OCEAN : EVIDENCE OF
ORBITAL BEATING PHENOMENA

Sediments in the Indian Ocean provide lithologic and
biogeochemical evidence for paleoclimate variability. For the
past several thousands of years this system has been forced
by multilateral causes including cyclic changes in solar
radiation and internally thermohaline circulations to transport
latent heat from the southern sub-tropical Indian Ocean to
globally. Principal Component Analysis (PCA) of 151.5  KYrs

long temperature record decoded from the sedimentary cores
of the Indian ocean reveal majority of variance, the first PC1
with ~ 92% variance, spread over the multi-dimensional space,
indicating long term coupling with earth-ocean-atmospheric
system.  Spectral analysis of PC1 and PC2 components reveal
statistically significant periodicities corresponding to
Milankovitch and sub-Milankovitch cycles and their beat
frequencies indicating the possible role of non-linear coupling
of climate variability with orbital cycles. The results will have
implication to understand the Indian-Asian monsoonal system.

Significant achievements : A new method in Bayesian neural
network framework by employing Hybrid Monte Carlo (HMC)
scheme is developed for simulation of complex nonlinear well
log and climate data.

( R.K. Tiwari, K.P.C. Kaladhar Rao, M. Tirupathi, Saumen
Maiti, M. Jemima,  Mamatha Dirisal, Dhanunjay Kumar,
K. Krishnamachar)

7.3  GRAVITY INVERSION

7.3.1 Todginv – A Code for Gravity Optimization of
Anticlinal and Synclinal Structures with Parabolic
Density Contrast

A gravity optimization code, TODGINV, to determine the
parameters of 2D anticlinal and synclinal structures besides
estimating linear regional gravity background is presented.
The density contrast varies with depth based on a parabolic
equation. The main program, TODGINV, is supported by five
subroutines namely GANTCLINE, GSYNCLINE, PDSANT,
PDSSYN and NOREQS. Forward modeling is realized through
the subroutine GANTCLINE in case of an anticlinal structure
while GSYNCLINE in case of a synclinal structure. PDSANT
and PDSSYN compute the partial derivatives of anticlinal and
synclinal structures respectively whereas NOREQS solves the
system of normal equations. The efficiency of the code is
illustrated with a set of synthetic gravity anomalies over an
anticlinal and a synclinal structure both with and without
regional background. The code is exemplified with the gravity
anomalies of the Pays De Bray anticline, France and the results
obtained are more consistent with borehole information than
the ones originally interpreted by Alessandrello et al. (1983).

7.3.2 Gravity Inversion of  2.5d  faulted beds using Depth
Dependent Density

A gravity inversion using Marquardt algorithm to simultaneously
estimate four parameters of a 2.5D faulted bed in addition to
regional gravity background is developed. The density contrast
along the structure varies continuously with depth based on a
parabolic function. Analysis of gravity anomalies over a
synthetic fault structure using the present inversion unravels
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the fact that the estimated parameters of a fault structure are
independent of its strike length, as long as the profile bisects
the fault plane. In case the profile fails to bisect the strike
length, then the offset of the profile from the origin of the fault
plane must be considered for reliable interpretation. A
simulated parabolic density function of the Chintalpudi sub-
basin in India is used to interpret the gravity anomalies of the
Aswaraopet master fault. The estimated structure yields a
geologically plausible model that is consistent with borehole
information.

7.3.3 Gravity Anomalies of Pull-Apart Basins having
Finite Strike Length with Depth Dependent
Density: A Ridge Regression Inversion

An inversion using ridge regression to estimate simultaneously
the parameters of pull-apart basins having finite strike length
(2.5D) and regional gravity background from observed gravity
anomalies is developed. A parabolic function is used to

describe the density contrast variation with depth within the
structure. The algorithm begins with initializing both regional
background and parameters of the basin, and subsequently
improves them iteratively until the modeled gravity anomalies
mimic the observed ones. The applicability and efficacy of the
inversion is demonstrated with a set of synthetic gravity
anomalies 1) attributable entirely due to a theoretical model,
2) in the presence of pseudorandom noise, and 3) in the
presence of both pseudorandom noise and regional gravity
background. It was found from the analysis of synthetic gravity
anomalies that the modeled parameters of the structure closely
mimic the true ones even when the gravity anomalies are
corrupted with pseudorandom noise. In the presence of both
random noise and regional background the estimated
parameters deviate only modestly from the assumed ones.
Furthermore, the applicability of the algorithm is exemplified
with a derived density-depth model to analyze the Bouguer
gravity anomalies observed over the Ranigunj basin,
|India (Fig.7.1).

Fig.7.1(a) Location map of Narmada-Son-Damodar (NSD), Pranhita-Godavari (PG) and Mahanadi (M) Gondwana basins, India. (b) geometry of the Gondwana basins of
Damodar valley. (c) Bouguer gravity anomaly map of the Ranigunj basin, India. Interpretation of gravity anomalies has been carried out along the profile XX’.
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The estimated depth of the basin is consistent with the
available borehole information (Fig.7.2). The interpretation of
the basin supports the hypothesis that this basin might have
been formed as a result of both E-W kinematics and orthogonal
extension rather than simple local extensional tectonics.

7.4.2 Tsunami Modeling

Tsunami wave propagation and inundation for the Kalpakam
region due to the 26th Dec 2004 Sumatra earthquake has been
carried and the results have been submitted to BARC under
the Round Robin Project. (Fig 7.4)

Fig.7.2(a) Observed and modeled gravity anomalies along with estimated
regional backgrounds. (b) modeled structure. (c) measured density
contrast-depth data and fitted PDF, Ranigunj basin, India.

7.3.4 Automatic Gravity Inversion to Estimate Model
Parameters and Regional Gravity Background :
Application to 2d Pull-Apart Basins with varying
Density

An inversion using Marquardt algorithm to simultaneously
estimate the parameters of 2D pull-apart basins and regional
gravity background from the observed gravity anomalies is
developed. The density contrast is assumed to vary
continuously with depth based on a parabolic equation. The
salient feature of this inversion is that the initial parameters of
the basin are not a required input. The applicability and efficacy
of the inversion is demonstrated with both synthetic and real
field gravity anomalies. Two field anomalies observed over a
set of pull-apart basins associated with the suture zone of
Eastern Ghat Mobile Belt (EGMB) in northeast India are
interpreted. The estimated depth in each case is consistent
with the available borehole information.

(V. Chakravarthi)

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

7.4.1 Thermal Modeling

A matlab toolbox has been developed for computing and
plotting the crustal geotherms for any given region. Closed
form analytical solutions for conductive geotherms along with
their error bounds have been used to develop the given
software.(Fig 7.3)

Fig.7.3

Fig 7.4
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7.4.3. Seismic Monitoring of Thermal Front

Monitored the movement of thermal front in the Balol heavy
oil reservoir by analyzing impedance time slices.

7.4.4 Multifractal Behavior of Earthquake Sequence of
Northwest Himalayas

The ‘b’ and fractal dimensional values increased during
1983-1992 and dropped during 1993-2005, just before the
main Muzafarabad earthquake (8th October 2005 of magnitude
Mw 7.3)   indicating stress build up in the region.

7.4.5  Analysis of Sumatran Seismicity

The increase in fractal dimension for the epicentral distribution
of the earthquake of M>4.7 for Sumatra-Andaman region
indicates greater temporal clustering due to dominance of
aftershocks after the event.

7.4.6 Spectral Analysis of Gravity Data

Gravity data across NW Himalaya have been modeled and
interpreted to delineate the major tectonic boundaries using
wavelet transform and other spectral methods.

7.4.7 Active Deformation and Paleoseismic Studies in
Himalaya

Soft-sediment deformation in contemporary reservoir, with the
sedimentation history of ~30 years, has been analyzed in the
light of possible triggering agent/event. The sedimentation rate
and deformation pattern points towards the earthquake waves
possible the 1991-Uttarkashi and 1999-Chamoli earthquakes
in Garhwal Himalaya. (Fig 7.5)

Himalaya has been carried out by using Strong motion data
which has taken from the strong motion accelerograms
installed in Kumaon region. An algorithm has been developed
for the inversion of strong motion data for three-dimensional
Q structure.

7.4.9 Structure of Isostatic Compansation of Comrin
Ridge

Bathymetry, gravity and magnetic data (about 9200 lkm) of
the Comorin Ridge, north central Indian Ocean were
investigated using the transfer function and forward model
techniques to understand the mode of isostatic compensation
and origin of the ridge. From Admittance analysis an Airy model
or local compensation with an elastic plate thickness (Te) of
about 3 km and crust thickness (t) of 15–20 km are suggested
for the southern part of the Comorin Ridge (south of 5æ%N),
whereas for the northern part a flexural plate model with an
elastic thickness of about 15 km is obtained. Admittance
analysis together with the results from gravity forward
modelling reveal that the south part was emplaced on relatively
weak oceanic crust with both surface and subsurface loading,
while the north part wasemplaced on the continental crust.
Based on present studies and published plate kinematic
models we interpret that the Comorin Ridge was evolved at
about 90 Ma during the rift stage of Madagascar from the
southwest of India. We have also demarcated the continent–
ocean boundary (COB) west of Sri Lanka and southern tip of
India, which runs across the strike of the ridge, placing the
northern part of the ridge on continent and southern part on
oceanic crust.

7.4.10 Pre And Post Stack Stochastic Seismic Inversion

Seismic Inversion: A method based on fractal based prior has
been developed for global optimization of seismic data using
very fast simulated annealing (VFSA) technique. Also,
technique has been tested on real data. The technique has
been implemented both on pre-stack as well as post stack
seismic data and results have been communicated for the
publication in Geophysics.

7.4.11 Seismic Anisotropy using Ocean Bottem Mode
Data

Seismic Anisotropy study: We analysed and interpreted multi-
component node seismic data for anisotropy study in the
Atlantis field, Gulf of Mexico. Data shows classic anisotropic
behaviour which is probably due to stress generated by the
Sigsbee scarpment. The anisotropy is confined in shallow level.

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

Fig 7.5

7.4.8 3D Inversion of strong  Motion  Data

The attenuation of Seismic Energy in Eastern part of Kumaon
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7.5 NOVEL TECHNIQUES FOR MODELING OF
GEOPHYSICAL ASTRONOMICAL CONNECTION TO
EARTHQUAKES

7.5.1 Analyses of Astronomical data revealed
unimpeachable evidence linking earthquake
epicenters and the positions of the sun, moon and
planets as outlined below.

We set out to test an ancient clue for earthquake prediction,
operating under a precondition that the Sun, Moon and the
planets occupy at the instant of a New Moon(NM)/Full Moon
(FM), some or all of  such four zodiac signs that are uniformly
spaced round the zodiac.  The clue forecasts earthquakes in
a fortnight constructed about the NM/FM, in places where any
of the four signs rise at the instant of the NM/FM.  We avoided
the ambiguity, arbitrariness and crudeness associated with
the concept of a zodiac sign and introduced the notion of
longitudinal positions of the said celestial bodies on the ecliptic,
the celestial circle containing the dynamical system of the Sun,
Moon and the planets.  The result was an unambiguous as
well as testable arithmetic rule connecting earthquake
epicenters and the longitudes of the sun, moon, planets for a
special, though not rare, configuration of the Sun, Moon and
planets.  We discovered another astronomical condition under
which the epicenters have significant affinity for another
arithmetic rule.  When both of the preceding astronomical
conditions prevail simultaneously, we found that four more
rules, in addition to the two previous ones, are sufficient to
predict the epicenters.  All the rules pass elaborate and
repeated statistical checks and cross-checks for significance
and validity.

The statistical confirmations for the rules come about
pervasively,  through varied strategies and across diverse
cross-sections of the data.  Indeed, it would be perverse to
suggest that the rules are not genuine, as that would imply all
of a series of independent and improbable coincidences to
have occurred by mere chance.  Remarkably, the rules embody
mathematical forms entailing symmetry, simplicity and beauty;
so much so that they could not have been deduced from the
data without a scrutiny guided by such aesthetic
considerations.  Further, the theoretical framework exhibits a
high degree of  consilience, i.e., its various facets accord with
and complement one another, leading to a coherent system.
To illustrate just one aspect of the consilience - - while a rule
prescribes for a given fortnight multiple locations for the
epicenters, such rule-abiding epicenter-pairs (or even triplets
and quadruplets) occur in data far more frequently than what
random chance would permit.  The astronomical congruence
linking multiple epicenters in a fortnight extends beyond the
three classes of events (based on as many astronomical

circumstances) considered thus far, suggesting the validity of
rules for earthquakes in general.

Ultimately, the statistical confirmations, the aesthetic features
and the consilience together render the rules extraordinarily
compelling.  Indeed, Bayesian reasoning would assign a rather
high probability to the genuineness of the rules.

7.5.2 Widess criterion revisited

A parallel for the Widess criterion for a thin bed was formulated
when the seismic wavelet is a band-limited impulse.  It turns
out that when the ratio of the bed thickness and the shortest
wavelength just exceeds 0.715,  the impedance reconstruction
begins to indicate the existence of a thin bed.  When the ratio
is below the threshold the extremities of the bed are no longer
represented in the reconstruction, though a peak in the latter
carries a hint about the existence of a bed.

7.5.3 A computationally economic method involving
Bessel transform

A Bessel transform in the frequency domain is a key
component of the reflectivity method for the computation of
synthetic seismogram.  In an equivalent step, the operation is
implemented through a convolution with the inverse transform
of the Bessel function.  The infinities in the inverse transform
are tackled by convolutions with delta functions of appropriate
weights.

7.5.4 Microsoft C#.NET program and EM depth
sounding  for large loop source

A program in C# (Csharp) language with Microsoft.NET
Framework is developed to compute the normalized vertical
magnetic field of a horizontal rectangular loop source placed
on the surface of an n-layered earth.  The field can be
calculated either inside or outside the loop.  Five C# classes
with member functions in each class are designed to compute
the kernel, Hankel transform integral, coefficients for cubic
spline interpolation between computed values and the
normalized vertical magnetic field.

The C# is a simple, modern and object-oriented language
derived from C and C++.  The C# code looks like C++ and
Java codes.  The C# compiler  was designed to create code
for the .NET Framework. The C# language provides the
features that are most important to programmers, such as
object oriented programming, strings, properties and events,
graphics, graphical-user-interface components, exceptional
handling, multithreading, ASP.NET dynamic web pages, XML,
Web services, file processing, data base processing.
Geoscientists can use all the features of C# and .NET
Framework to solve different types of geophysical problems.
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The C#  program computes the vertical magnetic field in the
frequency domain using the integral expressions evaluated
by a combination of straightforward numerical integration and
the digital filter technique.  The program computes amplitude
and phase of the normalized vertical magnetic field.

Electromagnetic modeling has been carried out, for various
earth models with the C# program,  using large rectangular
loop source, in geometric and parametric sounding modes.
In geometric sounding, keeping the frequency fixed, the
amplitude and phase of the normalized vertical magnetic field
are measured for different transmitter-receiver(T-R)
distances(Y).  Computations, for normalized vertical magnetic
field, have been carried out for the earth models with resistive
and conductive basements, for different thicknesses of the
second layer.

A few representative models are presented  here. The
amplitude and phase plots are drawn for the model given in
figure 7.6, from the centre of  the loop to outside of the
loop(Y=0-500m).  It is observed that in fig.7.6 (a) and (b),  the
second layer is clearly resolved near the center (Y=0) and
outside of the loop (Y=500 m), at f=1344hz for conductive
overburden,  in both amplitude and phase plots.  The second
layer is not resolved for the same frequency,  for the resistive
overburden, in figure 7.7(a), outside of the loop.  The layer is

Fig. 7.6 (a) Amplitude and (b) Phase versus distance for resistive lower layer.
Geometric   sounding computed from the center of the loop to outside
of the loop (i.e. Y=0   to 500m).

Fig.7.9 (a) Amplitude and (b) Phase versus frequency for conductive lower
layer, parametric  sounding inside the loop Y=200m.

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

Fig.7.7 (a) Amplitude and (b) Phase versus distance for resistive lower and
top layers

Fig. 7.8 (a) Amplitude and (b) Phase versus distance for resistive lower and
top layer, with change in frequency (i.e., f=3000 Hz).

resolved in figure 7.8 (a),  when the frequency  increased
from f=1344hz to 3000hz.

The EM modeling has been carried out, in parametric
sounding, for different models.  In parametric soundings, the
transmitter-receiver distance is kept fixed and the source
frequency is varied. The second layer is resolved [the figure
7.9(a) and (b)] for the conductive basement model particularly
at higher frequencies.  The modeling has been carried out, for
different earth models, with increasing distances, i.e.
Y=200m,300m,450m,600m, in parametric sounding.  It is
observed that the second layer is resolved only up to particular
distance Y=450m, beyond that distance we could not find any
change in the resolution of the second layer.

The effect of loop size has been studied for the resistive
basement model in geometric sounding.  We could not observe
any change in the resolution of the second layer, if we increase
the loop size b = 250m to 300m.  It is also observed that in
order to get good resolution of the second layer  the
measurements for amplitude and phase are to be obtained
away from the arm of the loop.

The program and model results would be useful in interpreting
field data for EM depth sounding.
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