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LSTRKFALTG – A forward modeling code to 
compute theoretical gravity anomalies of strike 
limited listric fault structures with vertical variation 
in density.

A method to compute the gravity anomalies of strike limited 
listric fault structures wherein the density contrast varies 
continuously with depth is developed along with a computer 
code, LSTRKFALTG. The expression for the gravity 
anomaly due to a listric fault structure having finite strike 
length is derived in the space domain using both analytical 
and numerical approaches. The main program is supported 
with a subroutine SIMP. 

The calculation of gravity anomalies at different offsets 
across a synthetic fault structure reveals the fact that the offset 
of the profile controls the magnitude of the gravity anomaly 
(Fig. 7.1). Sample input and output data files pertaining to a 
synthetic fault model are presented. The validity and efficacy 
of the method is demonstrated with a real field example.

(V. Chakravarthi)

Fig. 7.1 Theoretical gravity response (top panel) over a 
synthetic fault structure (bottom panel). Profile CD bisects 
strike length, C’D’ and C”D” run at an offset. Variation of 
density contrast is also shown graphically within structure.

Gravity anomalies of strike limited listric fault sources 
with analytically defined fault planes and arbitrary 
density contrast variations with depth.

A method to compute the theoretical gravity anomalies 
of strike limited listric fault sources is developed. The 
fault plane of a listric fault structure is described with a 
polynomial function of arbitrary degree. Further, the density 
contrast within the structure is presumed to be varying 
randomly with depth comprehending the geological settings 
where the detached downthrown block of a fault structure 
is assumed to be consisting of both extremely high and low 
density formations.  The expression for the gravity anomaly 
to realize forward modeling is derived in the space domain 
using both analytical and numerical approaches.

Fig. 7.2  Gravity anomaly of Eskimo lakes fault zone, 
Mackenzie Delta in northern Canada (a) (after Goussev 
et al., 2006). Forward gravity model along the profile AA’. 
Observed and theoretical gravity anomaly along the profile 
AA (b). Derived density-depth structure of Eskimo lakes fault 
zone, Mackenzie Delta in northern Canada (b). Subsurface 
formation densities: (1)-2.32 g/cm3, (2)- 2.33 g/cm3, (3)- 2.38 
g/cm3, (4)- 2.42 g/cm3, (5)- 2.63 g/cm3, (6)- 2.68 g/cm3.
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The validity and efficacy of the method is demonstrated with 
a set of synthetic fault models. Furthermore, the forward 
modeling of the derived density-depth structure of the 
Eskimo lakes fault zone of Mackenzie Delta in northern 
Canada has yielded gravity signatures that are comparable 
with the observed gravity anomalies (Fig. 7.2).

(V. Chakravarthi)

Auto optimization of gravity anomalies due to strike 
limited listric fault sources with analytically defined 
fault planes and depth dependent density. 

Transtensional/extensional tectonics results in down slope 
sliding of large rock masses along fault planes which are 
often listric in nature rather than planar. An automatic 
gravity inversion technique is developed in the space 
domain to estimate simultaneously the parameters of strike 
limited listric fault sources and regional gravity background 
from a set of observed Bouguer gravity anomalies. Fault 
planes are described by polynomial functions of arbitrary 
degree. Furthermore, the density contrast within the fault 
structure is presumed to be varying continuously with depth 
comprehending the geological settings where the detached 
downthrown block consists of a series of sedimentary beds 
with density increasing with depth. The inversion is automatic 
in the sense that it initializes both model parameters and 
regional gravity background from a set of observed Bouguer 
gravity anomalies and improves them iteratively until the 
modeled gravity anomalies mimic the observed ones. The 
efficacy of the algorithm is demonstrated with the analysis 
of a set of gravity anomalies attributable to a synthetic model 
of a listric fault structure in the presence of pseudorandom 

Fig. 7.3  (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 (after Chakraborty et al. 2003, Chakravarthi, 2009). (c) 
Bouguer gravity anomaly map of the Jharia coal basin, India 
(modified after Verma and Ghosh, 1974). Interpretation of the 
gravity anomalies had been performed along the profile XX’’. 
(d) Observed and modeled gravity anomalies with fault planes 
described by 2nd and 4th degree polynomials. (e) modeled 
structure (present method) and the one interpreted by Verma 
and Ghosh (1974). (f) measured density contrast-depth data 
and fitted PDF. (g) error analysis of the gravity anomaly along 
with misfit, damping factor for various shape parameters 
versus iteration number, Jharia coal basin, India.
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noise both with and without regional background. It was 
found from the analysis that the algorithm yields reliable 
interpretations with modest error in model geometry even 
in the presence of pseudorandom noise. In the presence of 
both regional gravity background and pseudorandom noise, 
the estimated parameters of the structure deviate marginally 
from the true ones. 

The derived density-depth model of a pull-apart basin 
namely the Jharia coal basin in India has been used to analyze 
the observed Bouguer gravity anomalies of its southern 
boundary fault. The interpretation has yielded information 
that is consistent with drilling results and geological setting 
of the basin (Fig. 7.3).

(V. Chakravarthi) 

Characterization of earth’s system to study its 
non-linear dynamics employing seismic, potential, 
electrical and thermal properties by fractal 
approach.

Tsunami Modeling

Andaman region had experienced a significant earthquake 
with a magnitude Mw 8.1 in 1941 which triggered a tsunami 
that affected the east coast of India and Sri Lanka. Possible 
large tsunamigenic earthquakes of magnitude Mw 9.0 from 
this region has been used to simulate the impact of tsunami 
along the east coast of India. The seafloor upliftment near 
the epicenter at t = 0 seconds would be around 6m (Fig. 
7.4a). The tsunami arrival times and water levels at various 
gauge locations have been estimated. Tsunami from this 
region reaches different locations at different times and 
would take approximately 1 ½ hrs to 2 ½ hrs (Fig. 7.4b). The 
water levels estimated from the propagation model at these 
locations are seen to be ranging from 0.55m to 5.3m. The 
tsunami run-up heights due to this scenario are varying from 
3m to 7m and the inundation extents are between 250m and 
3500m along Kalpakkam coast (Fig. 7.5). Impact due to this 
possible scenario is not uniform at all places along the east 
coast of India as the run-up heights and inundation extents 
are governed by the morphological conditions of the coasts. 

Spatial and temporal distribution of b-value and fractal 
dimension which help in deciding which region is highly 
stressed up and which is not, have been carried out for 
earthquakes from the Andaman-Sumatra subduction zone. 
Using these values, the stress levels before and after the 

Fig. 7.4  Directivity of Tsunami Wave propagation for possible 
scenario in Andaman region with Mw: 9.0

Fig. 7.5 Possible Run-up heights and inundation extents 
along Kalpakkam coast
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Fig. 7.6  Spatial Variation in b-value for all segments of Andaman Sumatra subduction Zones

mainshock have been deciphered. A decrease in b-value (from 
the Gutenberg - Richter relationship) was observed with time 
before the mainshock signifying that the region has sufficient 
stress and is ready to rupture. Similarly an increase in b-value 
after the mainshock signifies that the region had released the 
accumulated stresses and has ruptured. This trend has been 
observed in all the blocks where we had the 26th December 

2004, Sumatra earthquake of Magnitude Mw 9.3, 2005 Nias 
event of magnitude Mw 8.6 and the 12th September 2007 
Bengkulu earthquake of magnitude Mw 8.4. Comparing the 
spatial and temporal variations of ‘5’ blocks it is clear that 
some regions are still having stresses and could be regions 
for significant earthquakes (Fig. 7.6).
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Fig. 7.8 Run-up heights at different location on the west coast 
of India

“National Round Robin on Tsunami Modeling for West 
Coast”

Preliminary studies of “National Round Robin on Tsunami 
Modeling for West Coast” due to tsunamigenic earthquake 
from the Makran Subduction Zone has been carried out for 
BARC. The 1945 Makran earthquake of magnitude 8.1 had 
generated destructive tsunami which traveled all along the 
west coast of India causing large scale damage to life and 
property. Fig. 7.7.

Fig. 7.7 The Directivity map of the 1945 earthquake

In the present studies, the run-up heights vary from 0.2 to 
1.9 along the west coast of India, which is shown in (Fig. 
7.8), Inundation extents along the Tarapur region is very 
small as compared to the run-up height as the shelf in the 
western margin of India is highly varying from north to 
south. The tectonics of the western continental margin is 
typically passive continental margin of the Atlantic type and 
is highly complex hosting a number of deep seated faults, rift 
systems, basement highs and NW–SE trending ridges such 
as Laccadive ridge, Laxmi Ridge, Prathap ridge etc. The 
continental shelf is about 300 km in Kutch-Saurashtra area 
and gradually narrows down to 50 km in the south towards 
Cochin and Thiruvanthapuram. 

Heat Flow Studies

Terrestrial heat flow is considered an important parameter 
in studying the regional geotectonic and geodynamic 
evolutionary history of any region. However, its distribution 
is still very uneven. There is hardly any information available 
for many geodynamically important areas. In the present 
study, methodology  was provided to predict the  surface heat 
flow  in  such  areas, where  the detailed seismic information  
like lithosphere-asthenosphere boundary (LAB) and  crustal 
structure are known. The tool has been first tested in several 
geotectonic blocks around the world and then has been used 
to predict the surface heat flow for the 2001 Bhuj earthquake 
region of Kachchh, India which has been seismically active 
since historical times and where aftershock activity is still 
continuing for the last nine years after the main event. The 
estimated surface heat flow for this region comes to about 
61.3 mW/m2. Beneath this region, heat flow input from the 
mantle as well as the temperatures at the Moho are quite high 
at around 44 mW/m2 and 7450C respectively, possibly  due 
to thermal restructuring of the underlying  crust and mantle 
lithosphere. In absence of conventional data, the proposed 
tool may be used to estimate a first order heat flow for 
regional geotectonic studies, as it is also unaffected by the 
subsurface climatic perturbations, which percolate even up 
to 2000m depth. A relationship between mantle heat flow 
and the depth to the lithosphere boundary (LAB) is shown 
in Fig. 7.9.

Fig. 7.9 Relationship between mantle heat flow and the depth 
to the lithosphere boundary (LAB). For different geotectonic 
units analyzed in this study
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Flow Studies in Porous Media

Studies to understand fluid flow in an assumed reservoir 
have been carried out. Initially, the case of fluid flow through 
homogeneous medium was analyzed where two-point flux-
approximation (TPFA) scheme was used. Although this 
scheme is undoubtedly one of the simplest discretization 
techniques for elliptic equations, it is still widely used in the 
oil-industry. Pressure contour computed for a homogeneous 
medium system are shown in Fig. 7.10. We can see that 
particles flow in directions of decreasing pressure gradient, 
the pressure decays from the injector in the lower-left to the 
producer in the upper-right corner. Next, the case of fluid 
flow through heterogeneous medium using two-point flux-
approximation (TPFA) scheme has been analyzed, which is 
shown in Fig. 7.11. Later, TPFA has been applied for single 

Fig. 7.12 Velocity along x and y axis as well as streamline 
flow from injection well to production well in a heterogeneous 
reservoir model.

Fig.  7.10 Generated pressure contours for a homogeneous 
system using constant permeability

phase multicomponent. Flows and output is shown in Fig 
(7.12) where in upper left figure is showing the velocity of 
one fluid phase along x- axis, upper right figure is showing 
another fluid phase flowing in y-axis, the lower part is 
showing how the stream lines are flowing from injection well 
to the production well. This study tells us flow in reservoir 
using different permeability models.

Fig. 7.11 Generated pressure contours for a homogeneous 
system using exponential permeability variation

Analysis of 4D seismic data

4D seismic data of Balol heavy oil field is being re-analyzed 
to locate the un-swept oil zones in the reservoir. Fractal based 
non linear inversion method is redesigned to reinterpret the 
pre-stack 4D seismic data of Balol oil field.

Wavelet analysis of δ18O record

An attempt has been made to study climate dynamics 
through wavelet analysis of δ18O  record from five deep-sea 
cores (V22-174, V28-238, V30-40, RC11-120, DSDP  502). 
From the Auto-Correlation and Wavelet Spectrum analysis 
of de-ionized signal, it is observed that the variations in δ18O 
record are strongly correlated over the past 780,000 years 
and must be strongly influenced by changes in global volume 
of glacial ice.

Spectral Analysis of δ18O isotope coral record of 
Lakshadeep Archipelago

Spectral analysis of a 17-year-long δ
18

O record (Fig 7.13) 
from a scleractinian coral (Porites spp.) of Bangaram Island 
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(Lakshadweep Archipelago) is done using the multitaper 
method (MTM). The multitaper spectrum (Fig. 7.14) is 
estimated with a half-bandwidth spectral resolution of 
0.009 cycle/month. The statistical significance is based on 
a red noise null hypothesis using a chi-squired test. The null 
hypothesis spectrum is determined by fitting an analytical 
first order autoregressive {AR (I)} spectrum to the smoothed 
MTM spectrum of time series. A noticeable peak of 90% 
significance level against the red noise null hypothesis was 
observed, which is centered at ~0.016 cycle/month (~5.2 y). 
This period is probably related to ENSO climate variability.

Fig. 7.13 δ18O time series

Fig. 7.14 Multitaper spectrum for the frequency range 0 to 
0.06 cycle/month. The dashed lines show 90% and 95% 
significance level against a red noise null hypothesis. The 
95% level peak is centered at 0.016 cycle/month.

Seismicity of Himalayan Region

We analyzed the seismicity of Northeastern Himalayan 
region of latitude (25 to 32N) and longitude (86-97E). The 
United State Geological Survey (USGS) catalogue with a 

magnitude completeness of M 4.7 is used in this study for 
a period from 1973 to 2009.  The seismicity of the region is 
modeled using epidemic type aftershock sequence (ETAS) 
model. In the region background seismicity (µ) is 0.013 events 
per day, the productivity factor (K) is 0.018 earthquakes/day, 
characteristic time (c) is 0.011day, the magnitude sensitive 
parameter (α) is 1.06 magnitude-1 and Omori-Utsu parameter 
p is 0.795. From the figure 13 the significant change point 
is found at 9702 days corresponding to the 1 August, 1999 
on the basis of ξ(t) value The ETAS modeling also indicates 
significant quiescence in the region for last 10 years. (Fig 
7.15)

Fig. 7.15 Cumulative number of events is plotted over days

Apart from this the attenuation of Seismic Energy in Eastern 
part of Kumaon Himalaya has been carried out by using 
Strong motion data which has been 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.

Deformation studies in Himalaya

Active deformation in the mountain front of the parts of 
Garhwal and Himachal Sub-Himalaya, India. The objective 
of the study is to delineate active structures and deformation 
zones within Main Boundary Thrust (MBT)–Himalayan 
Frontal Thrust (HFT) tectonic wedge using geomorphic 

MATHEMATICAL MODELING AND NON LINEAR TIME SERIES ANALYSIS



NGRI
112

and structural expressions. The present deformation front 
is at the front of the Siwalik Hills marked as Himalayan 
Frontal Thrust (HFT). Active faults are widely distributed 
in different sectors of the Himalaya and are more important 
to provide signature of the recurrent tectonic activity during 
the Quaternary and in particular the Holocene periods. The 
evidences of surface rupture earthquakes are recorded in 
the Quaternary sediments along the Himalayan front. The 
evolution of tectono-geomorphic parameters and associated 
deformation pattern in the Quaternary sediments during the 
contemporary earthquakes provide a major contribution 
to the understanding of active tectonic processes. For 
proper seismic hazard estimation, identification of active 
faults bears significant importance, it is also necessary to 
know the accurate locations and geometry of active faults. 
Paleoseismic investigation is one of the most commonly 
adopted techniques towards identification/cataloguing the 
historic and pre-historic earthquakes in tectonically active 
regions of the world.

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

Linear and non-linear time series analyses and 
modeling of geo-processes.

Bayesian Neural Network Modeling of Tempera-ture 
Variability Record from the Western Himalaya.

A new scheme based on the concept of Bayesian neural 
network (BNN) theory was developed and employed to 
model the temperature variability record  from the western 
Himalayas region. The efficacy of the new approach was 
tested on the well known empirical models (eg. chaotic, 
stochastic and random) prior to applying on the actual 
temperature record. For modeling the actual temperature data,  
optimum network parameters were chosen appropriately as 
a function of testing error convergence with respect to the 
network training and an adequate cross-validation test was 
performed to ensure the performance of the network on the 
new data sets. Finally, uncertainty analysis was performed 
to characterize and predict the model behavior by estimating 
standard deviation (STD) error map of posteriori covariance 
matrix at the network output. The predictive model study 
suggests that temperature variability matches well with the 
actual temperature pattern. Based on complex model study, it 
appears that the solar forcing and radiative imbalance caused 

by deforestation and rising CO2 may have played significant 
role for temperature variability in this region. The new 
BNN modeling approach provides viable alternative tool for 
climate studies and could be exploited further for other kinds 
of environmental data modeling (Fig. 7.16).

Fig. 7.16 _a_ HMC-based classification results of composite 
signals. In the chaotic model, the value for constant B is 3.8; 
for the stochastic model, the assigned value for A is 0.5. _b_ 
Same as _a_ with B _4.0 for the chaotic model and A_0.25 
for the stochastic model.In both, the random white-noise 
signal is added point by point.

Modeling of Well Log Data using Bayesian Neural 
Networks.

A novel probabilistic approach based on the concept of 
Bayesian neural network (BNN) learning theory is also 
developed and applied to German Continental Deep 
Drilling Program (KTB) well log data for classification 
and uncertainty estimation of lithofacies boundaries. A 
suitable Multi Layer Perceptron (MLP) network model in 
fully Bayesian framework was constructed in which, the 
a posteriori probability of objective function is optimized 
following scaled conjugate gradient optimization scheme. 
Uncertainty about the relationship between the data space 
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domain and model space is appropriately taken care by 
assuming the Gaussian a prior distribution of networks 
parameters (synaptic weight and biases). The a posteriori 
distribution of network parameter is estimated by using the 
principle of Bayesian probability theory. The stability and 
effectiveness of the new probabilistic approach is tested 
on “noisy” data assorted with different level of colored 
deceptive noise and then applied to the actual KTB bore 
hole data. The new data analyses suggest that the designed 
network based on Bayesian paradigm is by far steady for up 

to 40% correlated noise; however, adding more noise (~50% 
or more) degrades the results. Uncertainty analysis is also 
performed on training, validation and test data set with and 
devoid of intrinsic noise by making a Gaussian approximation 
of the a posteriori distribution about the peak model. The 
comparisons of  maximum a posteriori geological sections 
(MAPGS) obtained from maximum a  posteriori  probability 
distribution with the available geological information and the 
existing geophysical findings suggests that the BNN results 
reveal some finer details in KTB bore hole data  at certain 
depths which appears to be of geological significance. It 
is showed that BNN approach outperformed conventional 
ANN approach in terms of uncertainty, over fitting and under 
fitting problems which are serious problems in conventional 
ANN modeling and the analyses demonstrate that the 
BNN based approach renders a more robust mean for the 
classification of complex litho facies successions from the 
KTB borehole noisy log signal and thus provide useful guide 
for understanding the crustal in-homogeneity and structural 
discontinuity in many other tectonically critical and complex 
regions (Fig. 7.17).

Fig. 7.17  Linear regression analysis of the total set of data 
corresponding to _a_ paragneisses, _b_ metabasites, and 
_c_ heterogeneous series.

Application of Back-Propagation Artificial Neural 
Network Models for Prediction of Groundwater Levels.

The back-propagation artificial neural network (BPANN) 
models have invariably been used to empirically forecast 
geophysical processes. Prediction of groundwater levels 
through above model helps in understanding the fluctuation 
of groundwater level. We demonstrate the application of 
BPANN model for a set of rainfall data from Dindigual 
region, Tamilnadu (located North Latitude between 100 05’ 
and 100 09’ East Longitude between 770 30’ and 780  20’ ). 
Monthly recorded rainfall data are analyzed and compared 
with four deep wells data i.e. water level depth, mean sea 
level and elevation water level. These data are analyzed 
using back-propagation feed forward type network for 
training, validation and testing. A nonlinear forecasting 
approach is developed for minimizing the error between the 
model and actual data. The modeling process and accuracy 
of the method is judged based on the root mean squared error 
(RMSE), the mean absolute error (MAE) and coefficient of 
efficiency (R2). The results suggest that neural network is a 
viable tool to classify the models and error prediction and 
can be exploited for the modeling of various kinds of other 
geophysical data.
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Innovative Techniques for Modeling of  Geophysi-
cal data.

Applications for a deduced formula. 

The following applications were devised for an indigenously 
derived exact algebraic formula for the impulse response of 
a plane reflector.

(i) Testing a seismic numerical modeling algorithm.

(ii) Assessing the efficacy of an asymptotic method in 
obtaining a seismic reflection modeling solution.

(iii) Computing zero-offset reflection response of a circular 
reflector observed at its central axis.

(iv) Testing of seismic migration and inversion algorithms 
using the exact formula.

Study on causality violation resulting from band-
limiting.

If a signal time-limited between t=0 and t=T is band-passed 
then it spills over beyond its original limits, in particular, its 
original beginning.  In other words band-limiting renders the 
signal anti-causal. The non-recognition of this fact can lead 
to absurd results. A case in point is a theorem by Carrion & 
Patton (JGR, 1983; 10,349-10,358) formulated to state the 
effect of band-limiting on impedance reconstruction. 

Earthquake epicenters linked to the positions of the sun, 
moon and planets.

A connection between earthquakes and dynamics of the solar 
system has been suggested in the literature.  The present study 
establishes evidence of lunar-solar and planetary influence 
on earthquakes by discovering a statistically significant 
link between the positions of the solar bodies such as the 
sun, moon together with the seven heavenly planets from 
Mercury to Neptune and the earthquake epicenters.  

The study originates from an ancient hypothesis whose 
enunciation would require the following fundamentals.  
While the ecliptic is the apparent path of the sun’s annual 
journey on the celestial sphere, the longitude of an object 
on it is reckoned from the vernal equinox eastward up to 
360 degrees. Earth’s rotation causes, at a given place, 
progressively greater longitudes to rise in the eastern horizon, 

Modeling Rainfall Data Using Artificial Neural 
Network.

At present vast amount of geophysical data are available, 
which are highly dependent on efficient computer based 
mathematical techniques and rapid numerical computation 
schemes. Here computers play a vital role in processing these 
huge and complex geophysical data. ANNs techniques have 
potential to provide more skillful strategies for modeling 
and forecasting compare to purely statistical models being 
traditionally used. The application of artificial neural 
network (ANN) to model rainfall data from three regions is 
demonstrated: Costal Andhra, Telengana and Rayalaseema 
of Andhra Pradesh. One hundred years long rainfall data 
recorded with monthly resolution are used in this study for 
ANN modeling.  A Multi Layer Perceptron (MLP) was used  
to simulate the rainfall data and  error prediction. The data 
was trained, validated and tested using feed forward back 
propagation network. 

Neural Network and Neuro-fuzzy in modelling of Non-
linear Geophysical well logs Data-A comparative study 
from the KTB Borehole site.

Two different adaptive techniques namely. Levenberg–
Marquardt feed forward neural network (FFNN) and neuro-
fuzzy are applied to constrain the lithofacies boundaries 
using three sets of well log data as density, resistivity and 
gamma ray obtained from the German Continental Deep 
Drilling Project, (KTB). The results suggest that although 
the model built on transformed data outperforms the model 
built on raw data, no significant differences however were 
found between the predicted accuracies of the two examined 
models. A detailed comparison of the overall performance 
suggested that the neuro-fuzzy model performed better 
than the Levenberg–Marquardt-FFNN. This neuro-fuzzy 
technique allows us to process the well logging data, to train/
test the model using various input options and to visualize 
results. Comparison of the results with existing geological/
geophysical evidences suggests that the developed technique 
resolves the kind of gneisses embedded at certain depths and 
renders a robust means for the classification of complex 
litho-facies successions in the study area. This technique 
also resolves a significant finer structure such as one kind 
of Amphibolite successfully. Thus this may provide useful 
information for understanding the inhomogeneity crustal 
structure in other regions.

(R.K. Tiwari, K.P.C. Kaladhara Rao, M. Tirupathi, Saumen 
Maiti, N. Mandal, Mamatha Dirisala, Dhananjay Kumar 
Singh, S. Lahari, P. Krishnaveni, M. Jemima).
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beginning from 0 to 360 degrees, in the span of a day. While 
the longitudes of the sun and moon coincide at the instant 
of a New Moon (NM), they differ by 180 degrees at the 
instant of a Full Moon (FM).  A seismological fortnight (SF) 
has a precise definition and an approximate span of one-
half synodic month; begins, on an average, one-eighth of 
a synodic month before a new moon (NM) or a full moon 
(FM), called the ‘pivotal NM’ (or pivotal FM); and ends 
three-eighth of a synodic month after it, while containing at 
least one earthquake of a specified magnitude threshold in 
its duration. (The definition of SF is justified eventually on 
statistical grounds).

The precondition of the hypothesis requires imagining four 
regions on the ecliptic that are more or less uniformly spaced 
i.e. they occur successively at an approximate interval of 
90 degrees. Let all the solar bodies occupy some or all of 
these four regions at the instant of an NM or FM. Then the 
hypothesis forecasts earthquake(s) in the SF constructed 
about the NM (FM) at places where any of the four regions 
rises in the eastern horizon at the instant of the NM (FM).

To set the stage for testing the hypothesis the notion of 
Reduced Longitude (RL) is introduced where RL lies 
between 0 and 90 degrees and obtained after expunging the 
maximum possible integer multiple of 90 degrees from the 
longitude of a celestial object. The RL of the rising point of 
the ecliptic in the eastern horizon at the instant of a pivotal 
NM (FM) at an epicenter is designated Reduced Ascendant 
(RA). In what follows RL’s and RA’s refer to observations 
at the instant of the NM (FM) pivotal to the SF.

In order to capture the approximate nature of the precondition  
the following strategy was adopted. When the RL values 
of the solar bodies are close the hypothetical RA would 
be determined by a mean of the RL’s. If the RL values are 
dispersed, however, the number of means can be more than 
one, especially when the order of the RL’s for the purpose 
of taking the mean is not unique. Initially,the study was the 
restricted to the SF’s possessing a single mean corresponding 
to the situations where the longitudes of the solar bodies 
approximately coincide or differ by 90, 180, or 270 degrees. 
The hypothesis predicts that an RA should have a statistically 
significant tendency to be near the mean. Indeed, this 
prediction is strongly fulfilled for the SF’s characterized by a 
single mean and for earthquakes of magnitude 7.0 or above in 
the period 1900-2006. The hypothesis possesses remarkable 

internal consistency. If the mean (M) rule is indeed genuine 
then, occasionally, a pair of unconnected earthquakes in 
an SF should simultaneously display adherence to the rule 
and the overall number of such SF’s should be statistically 
significant. This is eminently born out in practice.

If earthquakes, in general, abide by certain rules then, 
occasionally, the RA’s corresponding to a pair of unconnected 
earthquakes in an SF would be close and the overall number 
of such SF’s should be statistically significant. Indeed, the 
RA pairs for the pairs of shallow earthquakes of magnitude 
7.0 or greater belonging to the common SF’s during 1900-
2006 show a statistically significant number of pairs of 
proximate values. This sets the stage for the search for other 
rules.

Just as mean is an attribute of the 9 RL’s, inspection reveals 
another attribute designated Pseudomean (PM) which has 
a tendency to be close to an RA. Like mean it can assume 
single or multiple values. Initially, the study is  focused on 
SF’s characterized by a single PM corresponding to shallow 
earthquakes of magnitude 7.0 or greater for the period 1900-
2006. Once again the RA’s in this class show a statistically 
significant tendency to be near the PM. As in the case of the 
mean rule, an occasional pair of unconnected earthquakes in 
an SF display simultaneous adherence to the PM rule and the 
overall number of such instances is statistically significant.  
This provides a cross-corroboration of the PM rule.

For SF’s characterized simultaneously by a single mean 
and a single PM the RA’s also have significant affinity for 
four additional attributes. The first among this is called 
MPM which obeys a symmetry in that it is an average of 
the mean (M) and the PM. The remaining three attributes 
follow similar symmetry. The above six attributes are shown 
to be statistically significant also for smaller earthquakes, 
namely, the ones with magnitude 6.0 or above but below 7.0. 
In other words the study of large events predict the rules for 
the smaller ones.

The statistical confirmations for the efficacy of the rules 
obtain pervasively, through varied strategies and across 
diverse segments of data. Remarkably, the attributes embody 
symmetry, so much so that they could not have been deduced 
from the data without such considerations. Further, the 
operative framework exhibits a high degree of consilience, 
i.e. its various facets accord with and complement one 
another. Ultimately, the statistical confirmations, the 
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symmetry features and the consilience together render the 
rules extraordinarily compelling.

It turns out that the hitherto unexplained proximate pairs 
of RA’s belonging to common SF’s follow straightforward 
extensions of the first three of the aforesaid six attributes 
in the context of multiple means and multiple PM’s, thus 
supporting the theory that RA’s, in general, are determined 
by astronomical attributes specific to an SF.

Chaotic nonlinear systems possess remarkable propensities 
to generate ordered spatial, temporal or spatiotemporal 
structures. Typically, such systems describe physical 
situations where there exists some connection with the 
outside environment in the form of a consistent small 
perturbation of the main system. As the outside influence 
is slowly altered a series of sudden changes occurs, during 
which the behavior of the local system changes in dramatic 
fashion.  It is possible that due to the chaotic states prevailing 
in the seismically active regions, the minuscule gravitational 
forces of the solar bodies constructively organize triggering 
of earthquakes. The astronomical rules, in that case, would 
represent the spontaneously arising ordered structures 
common in such systems.

Earthquake occurrence patterns in the Himalaya : an 
insight from Bouguer gravity field. 

Role of gravity field in understanding the occurrence 
patterns of earthquakes in Himalaya is analysed using the 
Bouguer gravity data, mainly acquired by Survey of India 
and by Italian Expedition team in early 1960s to bring out 
a possible correspondence between (i) the isostatic anomaly 
and the thrusts, (ii) distribution of aftershocks and isostatic 
anomalies, (iii) isoseismal contours and the isostatic 
anomalies. 

These studies show that the inflexion zones in residual 
anomaly are prone to occurrence of earthquakes. 

Demarcation of Liquefaction zones using Bouguer 
gravity studies.

Often, the liquefaction zones are associated with negative 
residual gravity anomaies which was shown by studies on 
1934 Bihar-Nepal earthquake. It may be noted from the Fig 
7.18 that all the three probable epicenter locations fall in 

regions where the residual gravity anomalies are negative. 
In such zones, the process of uplift is active. The isoseismal 
map based on Mercalli Scale has been prepared by GSI. The 
isoseismal X with a NW-SE trend, shown as a shaded zone, 
lies near Sitamarih (S) and Madhubani (M), and almost 
encloses the epicenter (R). The other two isoseismals, IX 
(elliptical) and VIII (almost circular, except the region 
enclosing Katmandu) cover a large region, indicating the 
severity of the earthquake effects.

The liquefaction zone, or the “slump belt”  has a NW-SE 
trend and spreads from west of Champaran (C) to Purnea (P) 
on the east, a distance of about 300 km. It is much wider on 
the western side compared to its width on the east, covering 
vast area of  46,000 sq km.

The residual gravity anomalies, shown in Fig. 7.18, are 
computed by recent technique based on finite element 
concept. It is interesting to note that the negative residual 
gravity anomalies (-40 mGal and less) cover an area which 
exhibits the “slump zone”. This correspondence between 
negative gravity residual anomalies and the liquefaction 
zones may be of great importance, besides demarcating, in 
predicting zones well in advance that may yield to slumping 
in the earthquake zones in general, and in Indian context, 
such as in Bhuj, Jabalpur, Koyna, Iddukki and Latur etc in 
particular.
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Fig.7.18 Residual gravity (continuous line) and isoseismal 
(broken line) contours along with liquefaction or slump zone 
(in hatches) for 1934 Bihar-Nepal earthquake. The shaded 
region inside the slump zone corresponds to isoseismal zone 
X. R, CM and SA denote earthquake epicenter location.
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Microsoft ASP.NET (with C#) program for Finite 
difference Modeling of Magnetotelluric (MT) responses. 

Microsoft ASP.NET (with C#) program is developed for 
finite difference modeling of magneto-telluric responses over 
2D earth. In the initial stage, a program in C# language is 
developed to compute the apparent resistivity values of two-
dimensional geological structures for MT H-polarization 
case. Different C# classes are created and object oriented 
programming features are used in the program. Finally 
different assemblies (.dll) are created and used in ASP.
NET program. The program is compiled in Microsoft Visual 
Studio 2005.

The ASP.NET is a server side technology for creating 
dynamic web pages. The purpose of selecting ASP.NET for 
the present work, is to

(a) develope an interactive program (b) carryout modeling 
either directly or even on intranet/internet (c) to create 
good user interface (d) use completely object oriented 
programming model, which includes an event driven, control 
based architecture that encourages code encapsulation,and 
code reuse (e) use all the features developed by Microsoft for 
.NET visual studio Frame work.

In addition, ASP.NET technology supports graphics, excep-
tion handling, XML, web services, file processing and data 
base processing. ASP.NET technology comes with a great 
set of reusable, predefined and ready to use controls for dif-
ferent projects.

As a case study, 2D Finite different modeling of Krishna-
Godavari basin has been carried out. Microsoft ASP.NET 
(C#) Graphic interface program has been developed to view 
different models to examine the response pattern, resolution 
of different subsurface layers. The contour and image maps 
for different potential fields are shown in different ASP.NET 
pages which will help  in resolving the layers of different 
sections.  

For  the  present program ASP.NET Master page, different 
.aspx  pages with C# classes, SQL server database, CSS fold-
ers, different assemblies, AJAX etc., have been developed. 
For geophysical problems, in ASP.NET technology, the 
user can easily change the input model parameters and can  
observe the output results and graphs on the computer 
screen. In future, Geoscientists can use all the features of C#  
language and ASP.NET technology in Microsoft.NET 
Framework to solve different types of geophysical  
problems.

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