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MATHEMATICAL MODELLING AND NON LINEAR TIME SERIES ANALYSIS

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

Spectral characteristics and model behavior of abrupt climate changes over the present to millennial 
Time Scales
Statistical and spectral analyses and appropriate modeling of the climate time series decoded from sedimentary 
rocks and various other sources would provide significant constrains for modeling the earth’s climate change. The 
three main orbital cycles, which have invariably appeared in these records, are precession cycle (23000 years); the 
obliquity cycle (43000 years) and the eccentricity cycle (100000 year). Besides these three main cycles, there are 
several other periodicities, which include beat frequencies, modulation cycles, combination tones and higher order 
orbital cycles, which appear due to non-linearity in the system dynamics

Large climatic oscillations have also occurred over intervals considerably shorter than the orbital cycles. On the 
millennium time scales, spectral analyses of precise and well documented climate records reveal a number of 
periodicities. The so-called Daansgaurd-Oeschger (D-O) and Heinrich cycle of order of 4000-6000 years and 
Bond cycle of 1470-1500 years have been well documented in the Greenland ice core records. The possible physical 
linkages of these quasi-periodicities are attributed to the coupling of ocean-atmospheric processes and solar and 
tidal influences. The dominant oscillation corresponding to the well known ‘Heinrich Cycle’ originating from the 
North Atlantic and Greenland ice rafting fluctuations also has been linked to the Pacific phenomenon and Asian 
monsoon system. The physical significance of the results has been discussed using the concept of catastrophe 
theory.  

On a still shorter time scale the signatures of ENSO and NAO dynamics and their non-linear coupling with Asian 
monsoon system and temperature variability have been recognized. On inter-annual and decadal time scales, 
several quasi-cycle are apparent: namely 7.1, 5-5.5, 3.5-4 and 1.7-2.4 years. The spectral analysis of different sets of 
recently published climate indicator time series reveals statistically significant modes and tele-connection of ENSO 
phenomena in context of the Indian monsoon. In particular multi-taper method (MTM), and Wavelet analysis of 
(1) Indian Rainfall (IRF) time series of the whole country covering the time span of 1826-1994, (2) coral growth 
rate time series for a period of 42 years spanning over 1948-1990 from the Arabian sea, and (iii) NINO3 techniques  
reveal coherent cyclic and non-stationary modes in these records: MTM analysis of IRF time series resolves 
statistically significant variability (>90% C.I) at multi-decadal (66-70 year) scales related to the well-known global 
temperatures variability of internal atmospheric-ocean origin; and (ii) the 2.5 
to 7.5 year cycles associated with ENSO frequency band. The MTM spectra 
of coral growth rate record also reveal statistically significant periodicities 
(>90% C.I) within 1.8-4.2 ENSO frequency band, and a relatively weak 
signal at 12.8 years. Wavelet spectral analyses of the above time series reveal 
non-stationary ‘localized modes” of ENSO evolution corresponding to 2-7 
years. Coherency analysis exhibits statistically significant spectral peaks 
only at around 4.3-5 years suggesting the possible role of ENSO dynamics in 
organizing the subtle Indian monsoon at these frequencies.  

The spectral analyses of the tree-ring record spanning from AD 1200 to about 
AD 2000 revealed evidence for presence of statistically significant solar and 
ocean’s signals. Coupling of ocean and solar forcing appears to be one of the 
pacemakers of the temperature variability and global warming on this time 
scale.  

The spectral analyses of the 
tree-ring record spanning from 
AD 1200 to about AD 2000 re-
vealed evidence for presence 
of statistically significant solar 
and ocean’s signals. Coupling 
of ocean and solar forcing ap-
pears to be one of the pacemak-
ers of the temperature variabil-
ity and global warming on this 
time scale.  
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The Multiple Spectral Analysis of non-stationary sea surface 
temperature variability from the Southern Atlantic Ocean and its 
orbital significance
Multiple spectral analysis techniques are applied to examine non-stationary patterns 
and periodicities periodicities in Sea Surface Temperature (SST) record for the 
Late Quaternary, spanning over the period of ~200 KyrBP. Wavelet spectra of the 
published SST time series from two sediment cores PS2082-1 and PS1778-5 from 
the Southern Atlantic Ocean reveal statistically significant spectral power around 
Milankovich frequency bands mainly corresponding to the processional cycles. 
Results indicate positive correlation between the SST cycles of the Southern 
Atlantic Ocean and orbital cycles, suggesting a possible role of Recessional Signal  
in controlling the sea surface temperature in this region.

Patterns, processes and periodicities in long term global biodiversity 
and mass extinction records

Recently some researchers have spectrally analyzed the biodiversity record using 
the first and last stratigraphic appearances of 36,380 marine genera (shorter lived 
genera) to demonstrate a strong long term cycle of 62+3 my.  Spectral analysis 
of relatively shorter term (0-24 my) evolutionary mammal records (e.g. standing 
diversity, turnover, extinction and origination rates) from central Spain also reveal 
“new periods” close to certain strononomical cycles. Some researchers argued that 
long records of natural data, in many cases, are incomplete, inherently gapped, and 
influenced from many different intermediaries that played a role in the creation 
of the record. Traditional methods (sinusoidal based Fourier) of spectral analyses, 
often used in the past, are therefore a poor method of quantifying discontinuous and 
episodic records of this kind for periodicities. The major drawbacks of the above 
methods are that it sometimes fails to reveal periods at all and, at best, cannot predict 
the statistical significance of any periods detected. An attempt was made to quantify 
in these episodic records using an objective, nonparametric method of time-series 
analysis, specially designed for episodic records in which just the dates (and not the 
amplitudes) of the events are recorded and noise is a problem. The available record 
of cataclysmic marine diversity organisms compiled by Sepkoski possesses enough 
homogeneity, precision, and completeness to permit nonparametric modeling and 
search for statistically meaningful long-term periodicities. Two sets of data we 

analyzed : (i) Sepkoski compendium of global biological diversity comprising the period range of 0-23 my was 
analysed to demonstrate that quasi-periodicities very similar to astronomical band exist in above data sets and 
significant periodicities have their relevance in astronomical realm.  

Changes in the global marine biodiversity are directly related to climate change and perturbation of ocean’s 
biogeochemistry. Cycle fluctuation in the global marine biodiversity may therefore provide useful constrains for 
modeling ecosystem and related perturbation of biogeochemistry and climate change.

Uncertainty analysis and Neural Network Modeling using Bayesian framework
Uncertainty analysis is essential for better geophysical interpretation. A new probabilistic approach based on the 
concept of Bayesian neural network (BNN) learning theory is applied to the German Continental Deep Drilling 
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Program (KTB) well-log data for classification and uncertainty estimation (Fig. 7.1). 
In this framework, a posteriori distribution of network parameter is estimated via the 
principle of Bayesian probabilistic theory, and an objective function is minimized 
following the scaled conjugate gradient optimization scheme. Uncertainty in the 
relationship between the data and the model space is appropriately taken care by 
assuming Gaussian a priori distribution of networks parameters (e.g., synaptic 
weights and biases). The proposed method is tested on synthetic examples to 
examine the sensitivity of neural network hyperparameters for prediction. In a further 
development a standard deviation error-map at the network output corresponding to 
the three types of the litho-facies present over the entire litho-section of the KTB 
is also prepared. The comparisons of maximum a posteriori geological sections 
constructed here, based on the maximum a posteriori probability distribution, 
with the available geological information and the existing geophysical findings 
suggest that the proposed BNN approach is superior to the conventional artificial 
neural network in terms of both avoiding “over-fitting” and resolving uncertainty 
estimation, which appear to be of vital importance  for meaningful interpretation 
of geophysical records (Fig. 7.2). The BNN-based approach renders a robust 
means for the classification of complex 
changes in the litho-facies successions 
and thus could provide a useful guide for 
understanding the crustal in homogeneity 
and the structural discontinuity in many 
other tectonically complex regions. 

Fig. 7.2 (a–f) Regression analysis of pilot hole (KTB-VB) and KTB main hole (KTB-HB) corresponds to the paragneisses, 
metabasites, and hetero-series shows very good agreement between the BNN and the SSABP results. A dashed line indicates 
the best linear fit (slope 1 and y-intercept 1). The solid line in the figure shows the perfect fit. The correlation coefficient (R), 
between the two approaches actually, measures how well the variation is in two results. If this number is equal to 1, there is a 
perfect correlation between the two approaches.

Fig. 7.1. (a) Cross plot of density (g/cc), 
porosity (%), and gamma ray intensity (API) 
of KTB pilot hole showing strong nonlinearity 
and difficulty to establish parametric 
boundaries (b) same for KTB main hole.

The BNN-based ap-
proach renders a robust 
means for the classifica-
tion of complex changes 
in the litho-facies suc-
cessions and thus could 
provide a useful guide 
for understanding the 
crustal in homogeneity 
and the structural dis-
continuity in many oth-
er tectonically complex 
regions. 
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Adaptive Neuro-Fuzzy Pattern Recognition (ANFPR) technique for borehole data modeling
A method using the ANFPR clustering technique is applied for the analysis of a set of published multi-electrode 
borehole logs data obtained from Ocean Drilling Project (ODP Leg 177) site. ANFPR technique is able to locate 
the probable source of hydrocarbon horizon, which is verified from the known core logs. The pattern recognition of 
such geophysical data will throw light on the spatial distribution and physical attributes of their geological sources. 
The efficacy of method can be further exploited for the analyses of  other type of borehole data.

Development of Rapid optimization and minimal complexity neural network technique for Inversion 
of 2-D DC resistivity data
Three well-established optimization methods, such as conventional, Radial Basis Algorithm (RBA) and Levenberg-
Marquardt algorithms (LMA) have frequently been used to deal with nonlinear and reducing Artificial Neural 
Network(ANN) model complexity. The efficiency of trained LMA and RB networks was compared by using the 
2-D synthetic resistivity data. Finally, these methods are applied to the actual field vertical electrical resistivity 
sounding (VES) data. The final ANN results are compared with that of existing inversion approaches, which are in 
good agreement. The depths of the resistivity structures obtained by the ANN methods also correlate well with the 
known drilling results and geologic boundaries. The application of the above ANN algorithms proves to be robust 
and could be used for fast estimation of resistive structures for other complex earth model also.

(R.K.Tiwari, K.P.C. Kaladhar Rao, M. Tirupathi)

Innovative techniques for modelling of geophysical data
Development of  a method for extracting symmetric & Anti Symmetric signals  
Steps:
(i) Location of the centre of symmetry (anti-symmetry) by a correlation based method
(ii) Once the centre is found, resolving the signal plus noise trace into even and odd parts
(iii) Choosing the even (odd) parts of the trace for symmetric (anti-symmetric) signal
(iv) Further enhancement of the signal by resorting to various techniques

Fig. 7.3: Seque ntial display of a zero phase signal, signal 
plus noise extracted signal, and superposition of the extracted 
signal on the orginal signal.

Fig. 7.4: Sequential display of anti-symmetric signal (phase 
alternating between π/2and –π/2), signal plus noise, extracted 
signal, and superposition of the extracted signal on the orginal 
signal.

MATHEMATICAL MODELLING AND NON LINEAR TIME SERIES ANALYSIS
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Development of  move-out correction strategy  
Strategy: For X (offset) <2H (Depth to reflector) one can use the formula,

 T2 ~ C
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 For X>2 H the following formula is useful:
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Development of a Microsoft .Net graphic interface

A Microsoft .NET graphic interface package was developed using C# and Windows Applications, for finite 
difference electromagnetic modeling of Krishna-Godavari Basin. The program was developed for H-polarization 
case, to view different models in the Microsoft.NET framework and to interpret the geophysical data C# classes 
with member functions are designed and object oriented programming features such as inheritance, encapsulation 
are utilized in developing the program. 2D finite difference MT modeling has been carried out along four profiles 
of Krishna-Godavari Basin to examine- (a) the response pattern, (b) resolution of different subsurface layers and 
(c) the effect of the top basalt layer. The present work can also be extended to other sedimentary basins where the 
seismic reflections are poor either due to the presence of overlying high velocity or undulating structures, such as 
folds and ridges.

Development of a method for regional Residual Seperation

The observed Bouguer gravity anomaly field consists of two components – a regional and a residual and it is 
important to separate these two. In effect, regional and residual gravity separation is a filtering process, and it 
enhances the signal-to-noise ratio. This step is essential for a precise quantitative interpretation. 

The gravity field was modeled in order to understand the seismo-tectonic framework and the incidence patterns 
of earthquakes in the Himalayan region. This study examines an insight into the patterns of the earthquake 
occurrences in the Himalayas and the utility of Bouguer gravity anomalies in the regions of the recent October 8, 
2005 Muzaffarabad earthquake on the west and the 1934 Bihar-Nepal earthquake in the central region. 

Skeels (1967) was the first to point out the possible presence of a small part of the residual in the regional component, 
if the entire dataset is considered to fit the surface by polynomial approximation. He demonstrated this concept with 
a gravity map where the gravity values over an anomalous zone were excluded from the regional computation. 

The gravity map in Fig. 7.5 contains an anomalous zone, marked by a rectangle. Skeels computed the regional field 
by fitting a second degree polynomial excluding the observed gravity values in the rectangular region that contained 
the anomalies. The resulting residual gravity map is shown in Fig. 7.6. The anomalous zone is well demarcated with 
1.0 mGal as the highest value at the centre.

MATHEMATICAL MODELLING AND NON LINEAR TIME SERIES ANALYSIS
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Fig. 7.5:  Bouguer gravity map showing anomalous zone by 
a rectangle. The gravity data from this zone are not used in 
regional computation (after Skeels, 1967).

Fig. 7.6: Residual anomaly map derived by second degree 
polynomial (after Skeels, 1967) for the dataset in Figure 5. 

To find the accurate regional with this method (i) the interpreter needs to choose the appropriate anomalous zone (s) 
to exclude for regional computation,  and (ii) the interpreter needs to choose the degree of polynomial to approximate 
the regional. Once again, the objectivity is lost.

With this backdrop, the same gravity map has been reconsidered to compute the regional by FEA. Here, a few 
gravity values at the periphery of the map are assumed to approximate the regional giving no chance to anomalies 
(present in the survey area) to appear in the regional. 

The regional by FEA is shown in Fig 7.7. The regional contours are smooth, and gradually increase in NE 
direction. 

Subtracting this regional from the observed gravity values, the residual field is obtained and contoured in Fig 7.8. 
One can observe: (i) The anomalous zone at the centre is delineated very clearly. The maximum anomaly at the 
centre is more than 1.6 mGal as against 1.0 mGal obtained by Skeels, and  (ii) In contrast to NE regional trend, the 
residual contours show a NW trend.

Fig. 7.7: Regional gravity obtained by the finite element 
approach.

Fig. 7.8:  Residual gravity anomaly by finite element approach. 
The anomalous zone is reflected well. Further, the maximum 
residual anomaly at the centre is 1.6 mGal, close to 0.6 mGal 
more than that obtained by Skeels (1967).

MATHEMATICAL MODELLING AND NON LINEAR TIME SERIES ANALYSIS
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The finite element method (FEA) is one such scheme that admirably fills a long-standing gap in potential field 
interpretation.

Astronomical links to the earthquake 

Evidence of lunar-solar and planetary influence on earthquakes was found by establishing 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 description 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, 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 notion of Reduced Longitude (RL) is introduced where RL lies between 0 and 90 degrees and is 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.

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.  

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, we focus 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 symmetry features and the consilience together render the rules extraordinarily compelling.

MATHEMATICAL MODELLING AND NON LINEAR TIME SERIES ANALYSIS
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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

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

Modeling of Non-linear behavior of Earth’s System using Geophysical and Geological Properties
Tsunami Modeling and Early Warning
Tsunami Modeling

Fig. 7.9 : For Possible Scenario of a large tsunamigenic earthquake 
in the North Andaman region (a) Initial deformation at the source 
(b) Directivity Map (c) Map showing the inundation extent and run-
up heights at different locations along Nagapattinam coast.

The Andaman- Sumatra arc is an active subduction 
zone and had generated several destructive 
tsunamis in the past. The 2004 Indian Ocean 
tsunami has led to more and more paleotsunamic 
research of identifying geological evidences of past 
submergence. These paleotsunamic studies along the 
east coast of India are suggestive of a predecessor 
for the 2004 tsunami about 1000 years back. One 
of the historical earthquakes in this region was the 
earthquake of 26th June 1941 in the North Andaman 
region which was one of the strongest in Bay of 
Bengal. This earthquake had triggered a tsunami 
which affected the east coast of India. After few 
hours of the occurrence of this earthquake a series 
of strong aftershocks occurred in the same source 
region. Two events with magnitude 6.0 struck 
within 24 hours after the main shock of 27 June 
1941 and there were 14 aftershocks of magnitude up 
to 6.0 till Jan 1942. We have modeled two scenarios 
of tsunamigenic earthquakes i.e. the 1941 North 
Andaman earthquake and another possibly great 
tsunamigenic earthquake from this region . The run-
ups at Nagapattinam due to the 1941 earthquake 
is around 0.95 to 1.25 m and inundation extent 
ranges from 77 to 110m and for a possibly large 
tsunamigenic earthquake. It was found that the run-
ups are around 2.39 to 3.60 m and inundation extent 
ranges from 462 to 638 m (Fig. 7.9). 

MATHEMATICAL MODELLING AND NON LINEAR TIME SERIES ANALYSIS
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A Wavelet Domain Approach for Tsunami Warning
A methodology is developed based on wavelet theory to identify the tsunamigenesis of an earthquake for quick 
warnings. The frequency content of the seismogram in time scale domain is examined using wavelet transform (Fig. 
7.10). Only first few minutes of the seismograms of the earthquake events are used for quick estimation. The results 
for the earthquake events of Andaman Sumatra region and other historic events are promising and the method can 
be used to reduce the time taken for warning.

Fig. 7.10:  Wavelet Analysis of Sumatra Earthquake (26 December 2004) and Nias earthquake (28 March 2005). The figure shows: 
(a,c) Seismogram of December,2004 and March, 2005, respectively and (b,d) Wavelet spectrum of the mentioned earthquakes 
respectively. The figures clearly show the absence of high frequencies for tsumigenic earthquake (Sumatra earthquake), which 
are present in the non-tsunamigenic earthquake (Nias earthquake).

Interpretation of Potential field using Fractal Approach
Estimation of depth to the bottom of magnetic sources by a modified centroid method for fractal 
distribution of sources 
A modified centroid method was proposed to compute the depth to the bottom of magnetic sources (DBMS) based 
on a fractal source distribution. This approach provides better estimates than the assumption of an uncorrelated 
source distribution. This approach was applied to a recently compiled homogeneous set of aeromagnetic data from 
Germany by selecting 31 overlapping blocks of dimension 200 km x 200 km covering different tectonics of the 
region. The deepest DBMS values are found for some large basin areas, i.e., the Molasse basin and parts of the 
North German basin.

MATHEMATICAL MODELLING AND NON LINEAR TIME SERIES ANALYSIS
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Smaller DBMS were estimated for the Moldanubian region in southern Germany and the northern part of the North 
German basin. A comparison of DBMS with Moho depth  and heat flow data (Fig. 7.11) indicates that DBMS is 
controlled by the geothermal condition of the earth’s crust in Germany and lithologic changes. Although the Upper 
Rhine graben and the Moldanubian region are characterized by small DBMS, a change in DBMS values in northern 
Germany seems to be related to the Elbe lineament.

Fig. 7.11: Comparison of (a) DBMS and Moho depth with (b) heatflow density in Germany for blocks 1–31 (block 1 is the 
southernmost block and  block 31 the northernmost one). The error bars for Moho depths and heatflow densities are shown as 
one standard deviation. In the case of DBMS, they represent uncertainties resulting from the ambiguity of the straight-line portion 
to fit in the power spectra plots. AL – Alps, MB – Molasse basin, MR – Moldanubian region, ST – Saxothuringian zone, MGCH 
– mid-German crystalline high, RH – Rhenohercynian zone, NGB – North German basin.

Power law distribution of susceptibility and density and its relation to seismic properties: An 
example from the German Continental Deep Drilling Program (KTB)

Fig. 7.12: Scaling exponents (bars) and 
fractal dimensions (diamonds) versus 
depth from (a) magnetic susceptibility, 
(b) density using the FFT and the MTM. 
Red and blue colours are used for the 
FFT and the MTM, respectively, (c) 
simplified lithology where abbreviations 
gn, met and at correspond to gneisses, 
metabasic and alternating sequences, 
respectively. The large arrows indicate 
step changes in both datasets.

The nature of continental crust was examined from the power law scaling behaviour of magnetic susceptibility 
and density variations. We analyze the data from the main hole of the German Continental Deep Drilling Program 
(KTB) using the Fast Fourier Transform (FFT) and the multitaper method. On the basis of depth dependent 
behaviour of the calculated scaling exponents, the KTB well can be divided into four zones of depth 0–0.8 km, 
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0.8–3.5 km, 3.5–7.7 km and 7.7–9.1 km (Fig. 7.12) which are also 
lithologically distinguishable. The comparison of scaling exponents 
with conversion log and fracture density is presented in fig. 7.13. 
The scaling exponents for the susceptibility data correlate by 22–
32% and 16–25% with the conversion log and the fracture density. 
In the case of density a correlation between the scaling exponent 
values and conversion log and the fracture density are found to be 
19–45% and 44–66%, respectively. The multitaper method provides 
more reliable values of scaling exponents and calculated values 
are having higher correlation with the conversion log and fracture 
density than the FFT. The defined zones 3 and 4 are having lower 
values of scaling exponents and higher values of fractal dimension 
than the shallower sections. This observation indicates an increase 
of crustal heterogeneity in terms of fault or fracture density.

(Kirti Srivastava, Abhey Ram Bansal, Anand K. Pandey, Ravi 
Prakash Srivastava, Nimisha Vedanti, Ashutosh Chamoli, Farveen 
Begum)

Fig. 7.13: Comparison of scaling exponents from susceptibility (a, b) and density (c d) with conversion log and fracture density.

The multitaper method provides 
more reliable values of scaling 
exponents and calculated values are 
having higher correlation with the 
conversion log and fracture density 
than the FFT. The defined zones 
3 and 4 are having lower values 
of scaling exponents and higher 
values of fractal dimension than the 
shallower sections. This observation 
indicates an increase of crustal 
heterogeneity in terms of fault or 
fracture density.
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