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Association of Exploration Geophysicists
FIRST ANNOUNCEMENT
th

40 Annual Convention and Seminar on Exploration Geophysics
1-3 November, 2018, IIT Bombay, Mumbai, India.
The Association of Exploration Geophysicists (AEG), is organizing its 40th Annual Convention
and Seminar on Exploration Geophysics during 1-3 November, 2018, at IIT Bombay, Mumbai,
India. The Association has successfully conducted 39 annual meetings and seminars with themes of
topical interest and national importance. AEG seminars are organized in different parts of India to
enthuse and involve geoscientists from various geoscience organizations, academic experts from
universities and IIT’s, practitioners, geoscience service providers and Industry experts and bring
them to a common platform. The seminar is expected to attract geoscientists from India and abroad
who will be presenting technical papers on the state of art practices in geosciences. This seminar
will be of immense value to professional geoscientists, industrial planners, investors, engineering
geologists and research scholars of geosciences. The seminar serves as a unique interdisciplinary
platform for the delegates to enjoy a broad spectrum of geology, geophysics and related technologies
in the technical sessions, poster sessions and exhibition.

Call for Papers
Papers are invited from the participating delegates as per the guidelines of Journal of Geophysics.
Authors are requested to send the Abstracts by 25th August, 2018. Acceptance of the abstracts will
be communicated by 30th August, 2018. Authors are requested to submit the full paper before
1st October, 2018. Only those papers which are received before 1st October, 2018 will be considered
for presentation in the seminar. Original scientific contributions are encouraged and invited. Authors
are requested to send the text of the abstract in MS Word by email to aegindiageophysics@yahoo.com.
Communication regarding acceptance of the papers for oral/poster presentation will be sent to the
authors before 15th October, 2018.

Exhibition
An exposition highlighting state of the art techniques, geophysical and allied instruments, service
and products of national and international vendors and geoscience software will be organised
coinciding with the seminar. The exhibition will enable the delegates to gain a comprehensive
overview of the products and services available as well as an opportunity to discuss the latest
developments with representatives from the major companies serving the needs of the exploration
industry. Exhibits are expected to span all the sectors of the exploration industry - petroleum, minerals,
coal, groundwater, engineering and environment. A wide range of publications of AEG and other
institutions will also be exhibited. Exhibitors may contact the AEG to book their exhibition stalls.
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EDITOR’S PAGE
With great pleasure and satisfaction, Association of Exploration Geophysicists (AEG) forwards the
Vol.XXXIX No.3, July-September 2018 issue of the Journal of Geophysics (JOG) to all its members and
patrons.
A brief summary on the research contributions in this volume of the journal is given below.
Rekapalli Rajesh and R.K.Tiwari in their “2D Seismic Data Filtering using Singular Spectrum Based
Algorithms” presented robust time domain singular spectrum algorithms for seismic signal filtering and denoising. The study suggested that the Singular Spectrum Analysis (SSA) frequency filtering method is robust
for data adaptive frequency filtering while the Time Slice Singular Spectrum Analysis (TSSSA) de-noising on
the synthetic data suggest that the method is robust for suppressing the noise up to 30%. It was concluded that
the Singular Spectrum based frequency filtering and de-noising and data gap filling algorithms are very useful
in seismic data processing.
In the technical paper “Delineation of Concealed Chromite Bodies within the Ophiolite Suite of Rocks A Case Study of Kwatha Area, Chandel district, Manipur, India”, Rajesh Kumar et al., presented a case study
highlighting the results of magnetic surveys carried out for chromite bearing ultramafics. Magnetic survey
clearly demarcated the contact between sedimentaries and ultramafics while the processed maps are helpful in
identifying different formations and structural features. Euler-3D solutions clearly depicted the location and
depth range of the causative sources probably the nodular or lensoidal podiform chromite bodies. Quantitative
analysis indicated the average depths to the top of the causative sources to be around 25 to 40 meters.
Srinivasulu et al., in their article “Delineation of Structural Features from Gravity and Magnetic Surveys
in parts of Dharmapuri Shear Zone, Tamilnadu, India”, demonstrated the application of gravity and magnetic
surveys in deciphering shear/fractures, basement faults and syenitic intrusions along the Dharmapuri shear
zone (DSZ). The residual gravity map depicted the contact between hornblende gneissic complex and ultrabasic gabbroic/pyroxinite/charnockites. Magnetic and gravity data indicated NW-SE trending fractures
intersecting the NE-SW shears. The prominent gravity low recorded in the western sector is attributed to the
emplacement of syenite bodies within the shear. Modeling of gravity low depicts the depth to the top to be
around 100m with subsurface extension of about 500m. The shear/fractures intersected by intra-basement
faults and the gravity low in the western sector are identified as target areas for uranium exploration.
R.K.Gedam et al., in their article “Identification of Concealed Mafic Intrusives from Magnetic (VF and
TF) Mapping in Search of Kimberlite Clan Rocks in Chhattisgarh” highlighted the results of magnetic
surveys in delineating concealed Kimberlitic clan rocks (KCR). In Banglapali block, an isolated circular low
magnetic anomaly is identified as a probable locale for the KCR. High magnetic anomaly zones in Ford block
are inferred due to intrusive volcanic and meta basalts at depth. The central zone in Kesharpur block associated
with low magnetic is inferred to indicate a shear or fracture with intrusion of mafic rocks.
S.K.Pal et al., in their case study “Depth Estimation of Subsurface Coal Fire over part Jharia Coal Field
using Magnetic Method” highlighted the application of magnetic surveys in detecting the subsurface coal
fires. The magnetic data revealed prominent low magnetic zones interpreted to be coal fire affected areas.
Based on the study of Euler depth solutions, it was inferred that wide range of variations in the structural index
(SI) value with similar clustering pattern indicate possible fire source or propagation along different fractured
planes associated with complex source geometry.
In the technical paper on “Automated Phase Detection of Seismograms Using Fractal Dimension”, Raj
Bhattacharjee and P. N. S. Roy presented ‘correlation integral technique’ a robust method to determine the

fractal dimension to infer about the presence of different phases in seismogram. The results show that the
technique works very well in recognizing the seismic phases even in the presence of noise. Further the technique
can be used to detect fracture and faults in the subsurface because fractures show a characteristic fractal
dimension compared to the surrounding and also can be used to infer about the first arrival of a seismic trace
and its time of occurrence.
P.Shivashankar et al., in their article “Ambient Noise Measurements in Indo-Gangetic plain near Kanpur
City, U.P., India : A Case Study” utilized ambient vibration measurement in and around Kanpur city for site
classification and microzonation studies. Using the H/V spectral ratio technique dominant frequencies and
corresponding amplifications of soil were computed. Analysis of the results of thirty field sites recorded using
three component 1 Hz geophone shows that the short duration data, with passive and active seismic methods is
adequate to estimate the H/V spectral ratio. The study revealed that the H/V spectral ratio is more efficient tool
for site classification and microzonation studies.

V. P. Dimri
A. K. Chaturvedi
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2D Seismic Data Filtering using Singular Spectrum Based Algorithms
Rekapalli Rajesh and R. K. Tiwari
CSIR-NGRI, AcSIR-NGRI, Hyderabad
Email: rk_tiwari3@rediffmail.com

Abstract
The seismic records assorted with random and coherent noises create uncertainty in physical interpretation. Here we
present robust time domain singular spectrum algorithms for seismic signal filtering and de-noising. These algorithms,
namely, Singular Spectrum Analysis (SSA) frequency filtering and Time Slice Singular Spectrum Analysis are based on
the data adaptive decomposition scheme, exploits the properties of strong spatial data correlation for separating the
signal from the noisy seismic record and effectively alleviates artifacts arising due to domain conversion. Initially, we
tested efficacy of the methods on the synthetic seismic data contaminated with coherent and complex noises. The underlying
algorithms are able to resolve complex and coherent noises up to 30%. Next, we applied the algorithms to the NMO
corrected high-resolution seismic reflection field data. Our analysis is able to recover the missing signals as well as
suppression of noise. Thus we conclude that the SSA frequency filtering and Time slice SSA de-noising and data gap
filling techniques presented in this paper are useful for seismic data processing.
Keywords: Spatial Singular Spectrum Analysis, De-noising, Seismic reflection, complex noise.

Introduction
The complex noise (mixture of random, coherent and
colored noises) is an unavoidable component in the seismic
reflection data, which corrupts the data quality and thereby
misleads the processing and interpretation. Interpretation
of seismic field observations with complex noise is more
difficult than the data with random noise. This requires data
adaptive signal decomposition techniques to separate true
reflection amplitudes from noisy seismic records. More
often, non-data adaptive frequency domain methods
produces artifact in the final output. Random signal/noise
in the seismic records can be recognized as a “flat spectrum”
in the frequency domain and could be filtered using the
appropriate filter. Further, suppression of noise lying
outside the desired spectral band is also possible through
various band pass filtering techniques (Canales, 1984; Abma
and Claerbout, 1995; Yilmaz, 2001; Karsli et al 2006).
Coexistence of such noises with real seismic signals will
further deter de-noising process lead to uncertainty in
physical interpretations. Researchers have adopted (SSA)
based algorithms (Vautard and Ghil, 1989) for frequency
filtering of seismic data (Rajesh et al., 2014), image filtering
(Zotov, 2012), data gap filling (Schoellhamer, 2001;
Kondrashov and Ghil, 2006; Kondrashov et al, 2010), signal
extraction from complex noise (Varadi et al, 1999) etc.
Several singular value decomposition based techniques,
such as cadzow, eigen image filtering, f-x SSA, MSSA etc.,
(Trickett, 2002; Tricket, 2008; Sacchi, 2009; Oropeza and
Sacchi, 2011) are developed for white/random noise
suppression via eigen weighted reconstruction in frequency
domain. Sacchi (2009) have shown that the f-x SSA as a
robust method for extracting signal form random noise

background even with low signal to noise ratio, where the
f-x deconvolution fails (Harris and White, 1997; Gulunay,
2000). Recently some researchers (Tricket, 2003; Sacchi,
2009; Oropeza and Sacchi, 2011) have devised frequency
domain SSA techniques for random noise suppression and
suggested feasible means to reconstruct the data gaps in the
seismic records via matrix completion. In both the f-x SSA
(Trickett, 2002; Sacchi, 2009) and Multi-channel SSA
(MSSA) (Oropeza and Sacchi, 2011) algorithms, the
constant frequency slice was obtained using the Fourier
transform of the 2D/3D data and then processed for noise
suppression and data gap filling. The frequency domain
techniques are well suited for the analysis and processing
of stationary data (Chakraborthy and Okaya, 1995).
However, the seismic data is non-stationary (spatially and
temporally) and also entails data gaps due to field constraints
and malfunctioning of certain receivers. This engenders the
artifacts (like ringing at sudden jumps) in frequency domain
data representation. Such artifacts create further complexity
in the SSA processing. Recently, Rajesh et al., (2014) have
demonstrated that the effect of sudden changes/jumps in the
seismic records are more sensitive to producing artifact in
frequency domain SSA filtering than in time domain. Thus,
the signal decomposition in the frequency domain,
employing fixed basis function will create artifacts in the
final output. However, such problems can be alleviated in
the time domain SSA processing employing the complete
data adaptive basis function.
The objective of the paper is to demonstrate (i) SSA
frequency-filtering (ii) Time Slice SSA simultaneous denosing and data gap filling algorithms to overcome the above
problems. We demonstrate the algorithms on synthetic data
and seismic reflection filed data.
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Methodology
(a) SSA frequency filtering: Although seismic data
processing involves several filtering stages to remove the
noise present in the data, SSA based data adaptive filtering
scheme is a robust tool for non-stationary data filtering
(Rajesh et al., 2014; Rekapalli and Tiwari, 2016).

Step wise Algorithm
(i) Form the trajectory matrix (T) from the seismic trace
data using an appropriate window length L
(ii) Decompose the trajectory matrix into Eigen triplets using
Singular Value Decomposition

Rekapalli Rajesh and Tiwari
(ii) The grouping procedure depends on the Eigen spectrum
in the TSSSA algorithm where as it solely depends on
the periodicity of Eigen vectors in SSA frequency
filtering.

Results and Discussion
a) SSA Frequency Filtering: First, the synthetic data
were generated by convolving the reflection coefficient
series obtained from borehole data with the source wavelet
extracted from the reflection seismic field trace. The noise
from the field trace was extracted by subtracting the synthetic
trace from corresponding field data. This noise was added
to pure synthetic trace to generate noisy synthetic trace shown
in Figure 1b. Then, we have applied the SSA filtering
algorithm on the noisy synthetic data (Figure 1b) to separate
the signal and noise components.

Here Ui, Vi are the singular vectors corresponds to the ith
non-zero singular value “λi ,
represents the transpose of
Vi. The group (Ui, “λi ,Vi) is called ith triplet group.
(iii) Identify the group of Eigen triplets with Eigen vector
frequencies fall within the required signal frequency b
and width. Reconstruct the filtered trajectory matrix from
identified triplet group using the following equation

Here k represents the number of identified triplets.
(iv) Apply the diagonal averaging on the reconstructed t
rajectory matrix (Tr) to obtain the filtered data.
(b) Time Slice SSA: The analysis of spatial data series from
all channels at a fixed time using SSA, in the name of Time
Slice SSA, enable us to envisage correlation among all the
data for separating the noise based on the Eigen properties
of spatial series. Essentially the signal reconstruction relies
on the fact that the coherent energy tends to map onto the
first few Eigen triplets, whereas the incoherent and
insignificant coherent energy is found to be distributed over
the rest domain (Trickett, 2003). Thus, the algorithm
incorporates de-noising of seismic signals using the
significant group of Eigen triplets. The inherited rank
reduction and matrix completion processes during the
iterative reconstruction stage of SSA via SVD allow us
simultaneously to recover the missing data (Schoellhamer,
2001; Kondrashov and Ghil, 2006; Kondrashovet al, 2010;
Rajesh and Tiwari, 2015). This algorithm also involves the
above four steps, but the following are the major differences
between the SSA filtering and de-noising algorithms.
(i) We form the trajectory matrix from the amplitude series
of all channels corresponds to a fixed time in the Time
Slice SSA.

Fig. 1. Example of SSA frequency filtering:
a) pure synthetic data b) noisy synthetic data
c) SSA filtered output of noisy data
(modified after Rekpalli and Tiwari, 2016)
Here we have used window length 300 data points (i.e.,
300*0.25mS) to perform the filtering with pass band
frequencies 30-100Hz. Finally, the filtered output is shown
in Figure 1c. It can be noticed from Figure 1 that the filtered
output is clearly matching with the pure synthetic data.
b) Time Slice SSA de-noising: We have generated the
synthetic data with hyperbolic reflector as shown in Figure
1a using finite difference procedure. The pure synthetic data
are contaminated with complex noise generated using the
following equation

2D Seismic Data Filtering using Singular

is chosen as 0.6 and

is chosen as 3.9 for the present

study. Here and respectively represents the correlation
and chaoticity /complexity of the noise. As the random noise
is Omni present in the seismic records, 10% random noise
is taken as the background with 20%, 25%, and 30%
complex noise levels.
Figure 2b, Figure 2d, and Figure 2f show the synthetic
seismic data of pure hyperbolic reflectors with 40% noise
(30% complex +10% random), 35% noise (25% complex
10% random), and 30% noise (20% complex +10% random).
The de-noised output of data shown in Figure 2b, Figure
2d, Figure 2f are respectively shown in Figure 2c, Figure
2e, Figure 2g. The three figures displayed in the right side
column of Figure 2 show reconstructed residual data. We
can see that the Time Slice SSA method provides a good
reconstruction of seismic signal for up to 30% noise levels.
In this example, some prominent reflectors are clearly
visible. However, in the case of data with 40% noise level
(Figure 2c), the low energy reflector (3 rd reflector) is
missing in the de-noised output. Thus, it appears that the
TSSSA method is able to de-noise the seismic data up to
30- 35% noise.

Fig. 2. Synthetic example demonstrating TSSSA
de-noising (a) Pure synthetic data with three hyperbolic
reflectors (b) data with 40% mixed noise (30% complex
+10% random) (c) spatio-temporal SSA output of the
data shown in (b) (d) 35% noisy data (25% complex
+10% random) (e) its spatio-temporal SSA output
(f) 30% noisy data (20% complex +10% random) and
(g) its spatio-temporal SSA output. The third column is
the reconstruction residuals.
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In the next example we demonstrate the simultaneous
de-noising and data gap filling of NMO corrected seismic
reflection field gathers. Figure 3a shows the NMO corrected
field data. We have applied the TSSSA de-noising
methodology using window length 15.
The de-noised output of the data is shown in Figure 3b.
One can see that the low frequency ground roll and other
unwanted noises that are present in the data shown in
Figure 3a are clearly removed from the de-noised data.
Further, to test the data gap filling efficacy of the method,
we created artificial data gaps in the NMO corrected filed
data as shown in Figure 3c. In addition to the de-noising
TSSSA method recovered the missing data. It can be noticed
from the TSSSA output of the data with artificial data
gaps, the recovered data at data gaps (marked with grey
cooler rectangular boxes) is clearly matching with the
respective original traces shown in Figure 3b.

Fig. 3. Example of TSSSA data gap filling: a)NMO
corrected seismic reflection field gathers
b) TSSSA output of NMO corrected field gathers
shown in Figure 3a c) NMO corrected seismic
reflection field gathers with artificial data gaps
d) TSSSA output of gathers shown in Figure 3c.
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Conclusions
We have presented here SSA frequency filtering and
Time Slice SSA algorithms for frequency filtering,
simultaneous de-noising, and data gap filling of seismic
reflection data. We tested the SSA frequency filtering method
on the synthetic reflection trace assorted with field simulated
noise. The results suggest that the SSA frequency filtering
method is robust for data adaptive frequency filtering. We
tested the TSSSA de-noising on synthetic data with
hyperbolic reflectors contaminated with complex noise. The
applications of the method on noisy synthetic data suggest
that the method is robust for suppressing the noise up to
30%. We have demonstrated the simultaneous de-noising
and data gap filling of TSSSA method on NMO corrected
seismic reflection field gathers. The de-noised output of data
with artificial gaps matches well with the de-noise output of
the completed data rendering that the underlying data
reconstruction is viable and robust. Finally, it may be
concluded that the Singular Spectrum based frequency
filtering and de-noising and data gap filling algorithms are
very useful for seismic data processing.
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Abstract
Detailed Magnetic survey have been carried out in Kwatha area, Chandel district, Manipur in part of
toposheet No. 83 L/7 for delineating the zones of Chromite bearing Ultramafic bodies within Ophiolite suite of rocks.
The area is occupied by two main group of rocks viz. Disang Formation comprising sandstone, shale, siltstone,
slate, quartzite, phyllites and Ophiolite Suite of Rocks (OSR) represented by ultramafics, mafics, plagiogranite
and volcanic enveloped within the Oceanic Pelagic Sediments (OPS). The serpentinised peridotites and harzburgites
are the dominant litho units of ultramafic rocks exposed in the study area and are associated with chromite
mineralization. These ultramafic rocks are highly weathered, deformed and metamorphosed. The present paper
illustrates the interesting results of Total Magnetic Intensity (TMI) survey for locating disseminated Chromite
bodies (podiform in nature) within the Ophiolite suite of rocks.
Total Magnetic Intensity values show a wide range of variation from 45900 nT to 49700 nT with the general trend
of the magnetic contours from N-S to NNW-SSE in the Northern part and N-S to NNE-SSW in the Southern part
of the map which follows the general trend of the ophiolite suite of rocks in the study area. The variation in
magnetic values over tertiary sediments is less than 150 nT. Moderate to high Magnetic anomalies (200 to 1000 nT)
over ultramafics may reveal that the ultramafics are non-uniform in nature. Sharp Magnetic anomalies of short
wavelengths showing dominant low or high (bipolar nature having more than 1000 nT) correspond to chromite
occurrences. The classification of magnetic anomalies has significantly contributed in distinguishing different
geological formations and locating zones of chromite mineralization. The magnetic profiles plotted along selected
traverses have delineated the zones of chromite mineralization by showing sharp magnetic variations with
limited wavelengths. The profiles indicating magnetic anomalies at shallow depth are discontinuous in nature.
The qualitative analysis of the magnetic data with the help of derived maps such as Analytic Signal, Upward
Continuation, etc. have revealed the nature of the causative sources. The Analytic Signal data map has clearly
demarcated the contact between tertiaries and ultramafic rocks with sharp magnetic gradients. On the other hand,
the Magnetic Analytic Signal data (100 m) has revealed the persistence of the ultramafic bodies at depth and its
contact with rocks of tertiary age. While the magnetic contours superimposed over the geological map have reflected the
actual disposition and subsurface continuation of ultramafic body, Euler-3D solution map has clearly reflected the
position and approximate depth of the causative body and the formational contact of two litho units.
The quantitative analysis of five significant bipolar magnetic anomalies from the study area have been carried
out using four different analytical methods to estimate depths, width and dip of the causative bodies. The estimated
average depths to the top of the causative bodies producing the magnetic anomalies vary from 25 m to 40 m,
whereas average widths vary from 82 m to 110 m and dip lying between 31° and 80° from the northern end of the
profile. The nature of magnetic anomalies indicate shallow depths, small sized and discontinuous chromite bodies
in the study area. The incidences of mineralization elements of Platinum Group have been reported from the chromite
bodies of the ophiolite sequence therefore the location of these concealed podiform chromite lenses will definitely help
in the detection of associated Platinum Group elements mineralization in the study area.
Keywords: Chromite, Magnetic Survey, Analytic Signal, Upward Continuation, Euler-3D

Introduction
Chromite is the most important ore of chromium which
belongs to the spinel family and occurs in basic and
ultrabasic igneous rocks such as serpentinites, dunites,
peridotites, pyroxinites and in metamorphic and sedimentary

rocks which are produced when chromite-bearing rocks are
altered by heat or weathering. However, chromite deposits
that are large enough for mining are generally found as
podiform, stratiform and beach sands type. The podiform
deposits are formed by reaction between ascending
melts and the host peridotites (Robinson et al., 1997). The
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stratiform deposits indicate crystallization from mafic
magmas probably by mixing of evolved and more primitive
melts (Irvine, 1977). Beach sands are derived from the
weathering of chromite-bearing rocks. Chromite deposits
occur most commonly as bands, beds, pockets, lenses, veins
and disseminations as podiform type, associated with
tectonically deformed and metamorphosed ultramafic rocks.
An idealized geological model shows that the podiform
chromite deposits are found exclusively in dunite lenses in
a larger matrix of harzburgite. The dunite and harzburgite
are part of differentiated mantle material of ophiolite
sequence and become tectonic peridotite (Jeffry C. Winn &
Wilfred P. Hasbrouk, 1984). Major chromite deposits such
as in Sukinda valley of Orissa in India, is predominantly of
stratiform type. The magnetic method is successful in
locating chromite bodies within ultramafics in Balkans area,
Turkey (Ergin, K., 1952). The gravity method is useful only
when the ultramafics host large chromite bodies (Yungul,
S., 1956). Chromite is an essential element for the production
of stainless steel, refractory, ceramics, chemicals, electrode etc.
Detailed magnetic surveys in adjoining areas have been
done by Satyanarayana, K.V. and Rai, M.K. (2012-13) in
Minou-Mankang and Satyanarayana, K.V. & Prakash, O.
(2013-14) in Mantum Ching blocks in Chandel District,
Manipur. The small pods of chromite with magnetite,
malachite and rodingite have been earlier reported within
ultramafics along NNE-SSW running ophiolite belt, south
of Moreh town (Shukla et al, 1986). The high grade chromite
pods along with nickel and cobalt were traced within
ultramafics in Ukhrul and Chandel districts of Manipur.
Important deposits of chromite have been located in
Sirohi-Gamnom areas of Ukhrul district and Moreh area of
Chandel district in the state of Manipur.

Geology of the Area
The Manipur ophiolite belt occurs along N-S to NNESSW trending linear belt in continuation to the Naga Hills
Ophiolite Belt (NHOB) in south and extending further
towards south to Andaman-Nicobar Island and Indonesia.
The ophiolite belt composed of intimately juxtaposed slices
of mafic-ultramafic rocks, is a product of “obduction”
resulted due to the collision of Indian and Burmese plates
during tertiary period (GSI, NER News, 2010). The NHOB
occur as discontinuous and dismembered slices in Ukhrul
and Chandel districts having podiform occurrences of
chromite. Large scale (1:25000) and detailed (1:2000)
geological mapping suggests that the Kwatha block is in
tectonic contact with Disang formation, ophiolite suite of
rocks (OSR) and Oceanic Pelagic Sediments (OPS) (Gupta,
K. S. and Purushothaman, D., 1992)(Fig. 2). The Disang
formation includes sandstone, shale, phyllitic shale, siltstone,
slate, quartzite and phyllites. The OPS sequence mainly
consists of pink sandstone, pink shale, chert, quartzite,
siltstone and limestone (Shukla, R.and Natu, S. R. 1986-87).
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The OSR is represented by ultramafics, mafics, plagiogranite
and volcanic enveloped within the OPS. The ophiolite
includes serpentinites, harzburgite with occasional pockets
of rodingite, dunite and chromite. The dunite and harzburgite
show different degree of serpentinization. The serpentinised
peridotites and harzburgites are the dominant litho units of
ultramafic rocks exposed in the study area and are associated
with chromite mineralization. These ultramafic rocks are
highly weathered, deformed and metamorphosed. Chromite
mineralization occurs as pods and stringers associated with
dunite and serpentinised harzburgite without any definite
pattern of distribution.

Detailed Magnetic Survey
Methodology
A number of successful geophysical case studies from
overseas suggests that the gravity and magnetic are the
suitable methods to locate chromite deposits in ultramafic
rocks due to its high specific gravity and relatively low
magnetic susceptibility. However, Gravity method has
limitation in locating chromite deposits of podiform type.
Highly undulating terrain also limits the application of
gravity survey. Therefore, magnetic survey is the primary
method to locate the chromite deposits in the present
scenario. Three distinct type of magnetic anomalies are
expected over chromite due to the following reasons.
Chromite, which has lower susceptibility values than the
surrounding ultrabasic rocks generally produce low magnetic
anomalies while it produces high magnetic anomalies when
associated with magnetite and other iron oxides which are
released due to alteration, deformation and serpentinisation
of ultramafic rocks. On the other hand, near surface chromite
body of limited depth extent will generally exhibit bipolar
magnetic anomalies. Therefore, low, high and bipolar
magnetic anomalies are generally expected over chromite
deposits. The magnetic survey has been successfully used
to delineate the ultramafics and Oceanic pelagic sediments
besides identifying small chromite lenses within ultramafics
at shallow depth in Minou-Mankang block (Satyanarayana,
K.V. and Rai, M.K. 2012-13) and Mantum Ching area
(Satyanarayana, K.V. and Prakash, O. 2013-14) of Manipur
ophiolite belt. The sudden change in magnetic response along
a line clearly distinguishes the tertiary sediments from
ultramafics due to high magnetic susceptibility contrast.

Instruments Employed
A portable Proton Precession Magnetometer GSM-19T
GEM System, Inc. Canada, has been used for present
detailed magnetic survey. The unit is a microprocessor based
instrument with an absolute accuracy of ± 1nT and is having
data storing capabilities. Theodolite has been used to fix
the position of 0/0, direction of baseline and traverses.
Prismatic compass was also used to lay the traverses at some
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places where the use of theodolite was not possible. Hand
held GPS unit GARMIN eTrex Vista, has been used to fix
the geographic coordinates with datum of few important
locations in the study area.

Geophysical Layout, Data Acquisition and
Processing
A baseline has been laid in N-S direction parallel to the
strike direction of ophiolite belt and 0/0 was fixed to the
north of village Chandan Pokpi Ching. Traverses were laid
in E-W direction, perpendicular to the baseline at an interval
of 100 m starting from traverse no. S800 to N2500, with the
traverse length of 1000 m and station interval of 10 m.
Location map of the study area and layout of the geophysical
traverses is shown in Fig. 1.

Fig. 1. Location and Geophysical Layout Map of study block
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The Total Magnetic Intensity (TMI) data have been
acquired along the closely spaced traverse lines, separation
of 100 m and stations interval of 10 m within the study area.
The observed TMI data has been corrected for diurnal
variation of earth’s magnetic field. TMI contour map as
well as its image map have been prepared using
GEOSOFT software. In order to understand and visualize
the magnetic anomaly pattern, location of causative body,
structural features (contact/fault) and trend of country
rocks, various derivative maps such as Upward Continuation
(100 m), First Vertical Derivative (FVD), Analytic Signal
(AS) and Euler-3D solution map have been prepared using
several filters on TMI data.

Fig. 2. Geological Map with Geophysical layout
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Physical Properties of Rock Samples
A total of 26 rock samples have been collected from the
different litho units exposed in the study area to analyze
their physical properties. Physical properties (density and
magnetic susceptibility) of the rock samples measured are
shown in Table-1. Dunite, harzburgite and serpentinised
harzburgite have shown moderate to high magnetic
susceptibility and lower density values. The lower density
values of ultramafic rocks may be due to weathered nature
of rock samples. Chromite/chromite bearing ultramafics have
shown high density values and moderate susceptibility
values. Magnetite has shown high density and high
susceptibility values. Plagiogranite has shown moderate
density and low susceptibility values. Due to variation in
the degree of serpentinization of these ultramafic sequence,
the change in their susceptibility values were observed in
the study area. Highly serpentinized rocks have shown high
susceptibility values as per measurements of physical
property. There is a possibility of recording high magnetic
anomalies over highly serpentinised ultramafics masses/
bearing magnetite band hosting chromite lenses. Tertiary
sedimentary formations comprising shale/phyllite, quartz/
quartzite and silicified sandstone have shown lower density
and susceptibility values.

Analysis of Results
Qualitative Analysis
The TMI map (Fig. 4) shows an overall magnetic
variation of 45900 to 49700 nT in the study area. The entire
area can be divided into two magnetic domains (northern
and southern) based on the amplitude and gradient of the
anomalies. The northern domain occupies high magnetic
anomalies, 1500 nT to 3300 nT (magnetic values vary from
45956 nT to 49711 nT) and the southern domain has
comparatively low anomalies, 700 nT to 2500 nT (magnetic

values vary from 45928 nT to 48946 nT). The variations in
magnetic values observed over ultramafics, ranges between
46300 and 49700 nT and comprises of nonuniform high and
low magnetic anomalies. The general trend of the magnetic
contours over ultramafics are in N-S to NNW-SSE in the
northern part whereas N-S to NNE-SSW in southern portion
of the study area with non-uniform magnetic variations. The
magnetic contours are smoothly distributed and showing
moderate magnetic variations in the northeastern corner of
the study area from traverses N2100 to N2500, corresponds
to ultramafics covered with thick soil. The sparsely
distributed magnetic contour in the northwestern part
from traverses N2000 to N2500 between stations W150 to
W300 indicates the presence of Oceanic Pelagic sediments
(OPS). Almost more than 50% of the survey area is covered
with sedimentary formations (Lower Disang/OPS) and
exposures are seen only along the roads cutting/nalas/rivers.
The smooth & sparsely distributed contours in the central
west part from traverse N100 to N1500 represents the
lower Disang Formation and thick deposition of cover
sediments over the ultramafics. NNE-SSW trending
contour orientation from traverses N200 to N500, has
shown a break by EW elongated contours and possibly
indicate the contact of Disangs and ultramafics (Fig. 3).
Moderate to high circular localized contours are seen at
number of places almost in all the traverses correspond to
highly serpentinised ultramafic rocks. Magnetic anomalies
with dense concentric contours show very high, low and
bipolar magnetic variations from 45900 to 49700 nT
possibly correspond to disseminated chromite lenses of
podiform type. Serpentinisation of ultramafic rocks is
extremely high over northern to central part of the area
depicted as yellow, red and pink colors (Fig. 4). Localized
sharp and limited wavelength magnetic anomalies
representing chromite lenses are masked within the long
wavelength magnetic anomalies. TMI map indicates smooth
magnetic variations ranging from 46900 to 47100 nT over
sedimentary rocks.

Table-1. Physical Properties of Rock Samples
Sl
No
1
2

3
4
5
6
7
8
9

Rock Type
Chromite/ Chromite
bearing Ultramafics
Harzburgites/
Serpentinised
Harzburgites
Serpentinised
dunite/pyroxene
bearing dunite
Magnetite
Plagiogranite
Basalt/basalt chert
mixed rock
Shale/Phyllite
Silicified Sandstone
Quartz/ Quartzite

Density (gm/cc)
CGS units
Low
High
Average

Susceptibility *10-6
CGS units
Low
High
Average

09

3.733

4.156

3.945

48.4

199.4

123.90

06

2.526

2.629

2.578

236.9

2386.4

1311.65

02

2.311

2.657

2.484

142

565.9

353.95

01
01

3.926
2.633

3.926
2.633

3.926
2.633

9461.3
1.4

9461.3
1.4

9461.3
1.4

02

2.651

2.931

2.791

2.4

34.4

18.4

01
01
03

2.406
2.579
2.545

2.406
2.579
3.265

2.406
2.579
2.905

1.4
2.7
-1.1

1.4
2.7
-0.6

1.4
2.7
-0.85

No. of
Samples
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Fig. 3. Total Magnetic Intensity contours overlaid on
Geological Map

Fig. 4. Total Magnetic Intensity (TMI) Map

Derivative maps have two distinct advantages over the
observed ones. Firstly, the differentiation with depth
emphasizes the contributions due to shallow features at the
expense of those from the larger and deep-seated regional
sources. Second advantage is that the overlapping
anomalies in the original map are clearly resolved in the
derivative map. This is because the ‘sharpness’ of the
anomalies is also increased with each step of differentiation.

First vertical derivative (FVD) filter removes long wave
length effects from the data set and resolv shallow
anomalies by keeping intact the amplitude of the shallow
features. The FVD map has shown number of high (red and
pink colors) and low (deep blue color) linear magnetic
anomalies trending in N-S to NNE-SSW direction (Fig. 5).
The reported chromite bodies have fallen on these linear high
or low magnetic anomaly zones as shown by white rectangles.
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Analytic Signal (AS), though not a measurable parameter,
holds promise in the context of interpretation, as it is
completely independent of the direction of magnetisation
and direction of earth’s magnetic field. Analytic signal
maxima have the useful property that they occur directly
over the faults / contacts regardless of structural dip (Saibi
et al., 2006). The AS magnetic map (Fig. 6) has clearly
outlined (black dash lines) the contact between sedimentaries

(Disang/OPS) and ultramafics (yellow, red and dark pink)
by showing low magnetic gradients over sedimentaries and
high magnetic gradients on areas occupied by ultramafics.
The AS magnetic map has shown a number of high magnetic
(dark pink) isolated causative bodies which may be due to
chromite pods associated with magnetite. The superimposed
locations of reported chromite are falling over high magnetic
zones as shown in Fig. 6.

Fig. 5. First Vertical Derivative Map

Fig. 6. Analytic Signal Map
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The purpose of upward continuation filter is to suppress
the short wavelength anomalies of shallow features and
enhance the broad wavelength anomalies caused by
deeper causative sources by raising the plane of observation
above the ground level. The TMI data has been continued
upward to 100 m with upward continuation technique to
study the regional position of ultramafics by suppressing
short wavelength anomalies of shallow features and
enhancing broad wavelength anomalies caused by deeper
causative sources. The magnetic upward continuation
map (Fig. 7) has clearly distinguished the disposition of
two major litho-units, sedimentaries (Disang/OPS)
and ultramafics at depth. The upward continuation map at
100 m elevation has shown the depth persistence of the
ultramafic bodies in the north and south-eastern part of
the area. Some of the high magnetic anomalies seen in the
southwestern part of the area (Fig. 4), have disappeared
and hence showing no depth persistence of the causative
source producing that particular anomaly.

Quantitative Analysis
Quantitatively, Euler deconvolution and 2D-modeling/
inversion methods have been attempted to study the depth,
width and attitude of the body causing an anomaly.

Euler-3D Deconvolution
The standard Euler 3D method is based on Euler’s
homogeneity equation that relates the magnetic field
and its first order gradient components in three directions
to the location of the sources for profile data (Thompson,
1982) and gridded data (Reid, 1990), with the degree of
homogeneity N, that may be interpreted as a Structural
Index (SI). The SI is based on the geometry of the magnetic
body and is a measure of the rate of change of magnetic
field with distance from the source. Euler solutions
cluster around the perimeter of the bodies in a horizontal
plane provide estimates of the depth of causative bodies.
The TMI data was used to estimate the Euler 3D depth
solutions. After many attempts of different SI and
window size, the SI=1, for Dyke/Sill/Step like bodies and
the window size of 20 grid cells (400 m) has been selected.
These Euler solutions of the magnetic data were calculated
with depth uncertainty (dz) of maximum of 12%, horizontal
location uncertainty (dxy) fixed to maximum of 15% and
X/Y offsets set to -120 m to 120 m. The results of the depth
solutions are shown in the Fig. 8. The clustering of solutions
of magnetic data is falling just over the contact of two
different litho-units and the directions of the clustering of
the solutions are similar to the trend of the magnetic contours
as observed in Fig. 4. The depth ranges of the causative
bodies are shown by four different colors (black, red, green
and blue circles). Generally, the depths of the causative
bodies are falling in the range of 20 - 40 m and 40 - 60 m.

Fig. 7. Upward Continuation (100m) Map
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causative body. An attempt has been made to analyze the
magnetic anomalies with the help of 2D-modeling at few
selected locations to estimate the depth to the top of the
causative body and its disposition within ultramafics. Five
TMI profiles (AA1, BB1, CC1, DD1 and EE1, Fig. 4) have
been selected for the quantitative interpretation with Two
Dimensional (2D) modeling. The magnetic anomalies
selected for interpretation are of symmetrical bipolar nature
with high towards south and low in the north. The
symmetrical nature of the anomaly suggests that the body is
located vertically below the line of maximum gradient. The
2D modeling of the selected profiles have been carried out
by employing four different methods known as Curve
Matching (CM) (Mc Grath and Hood, 1970), Koulomzine
(Koulomzine et al., 1970), Powell (Powell, 1967) and
JKCMOO (Moo, 1964). These algorithms are performed
by selecting an appropriate base value of each profiles; the
base value corresponds to the background value of each
selected profile. Results of the interpreted profiles by these
methods are given in Table-2. The observed magnetic
profiles, best fitted profiles, base value of the profiles and
center of the causative body (origin) are shown in Fig. 9.
The depth, width & dip of the causative bodies of each profile
are calculated by taking an average of depths, widths & dip
obtained from all the four algorithms. The average value
has been taken to minimize the computational error.
The average depth to the top of the causative bodies vary
from 25 to 40 m and body lies below the maximum inflexion
point between maximum and minimum magnetic values,
while the widths vary from 82 m to 110 m and dip of the
body lying between 31° and 80° from the northern end of
the profile. The results obtained from the 2-D modeling are
in good agreements with the results obtained through
qualitative analysis and Euler-3D depths.
The magnetic anomalies observed elsewhere in the area
have also shown similar in magnetic nature, hence expected
depths for these anomalies also may lie between 25 to 40 m.
The chromite bodies that may be associated with these
isolated anomalies are small in size.

Discussion of Results

Fig. 8. Euler 3D Solution Map

2-Dimensional (2D) Modeling
There is usually a relation between the width of the
maxima and minima of the anomaly and depth of the

Wide ranges of variations are observed in the magnetic
data within the study area. Smooth magnetic variations of
less than 150 nT were observed over tertiary sediments
(Disang/OPS). Moderate to high magnetic variations
showing irregular nature ranging from 200 to 1000 nT
represent ultramafics and sharp magnetic variations
of short wavelength showing dominant low or high, or
bipolar nature having more than 1000 nT correspond to
chromite occurrences. The classification of magnetic
anomalies helped in distinguishing different geological
formations of the area besides locating zones of chromite
mineralization.

Delineation of Concealed Chromite Bodies

Fig. 9. Quantitative Interpretation of selected TMI anomalies
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TMI contours Superimposed on geological map have
clearly differentiated two major litho-units i.e. sedimentaries
and ultramafics by showing variations in magnetic response
and trends on these two litho units. Magnetic response
observed in the area are more or less corroborating with the
geological inputs. The contact between Lower Disang and
ultramafics has been clearly demarcated by change in the
contour pattern over Disang Formations near traverses
N200 to N500. In the northern part of the area, the contour
map is well correlatable with the geological map. At few
places, in the center and southern portion of the area, high
density contours are falling over OPS reflecting extension
of ultramafics under thick sedimentary cover.
Two test traverses (T1 and T2) have been laid over
reported chromite zones in and around the study area and
the observed magnetic responses are shown in Fig.10. Along
the test traverse T1, a broad bipolar high magnetic response
(>1000 nT) has been recorded over about 20 m wide exposed
chromite body. While in the case of second test traverse
(T2), a sharp and moderate bipolar magnetic anomaly
(<1000 nT) is observed over the chromite body where the
width of the chromite body exposed on the surface is less

than 10 meters. The nature of the magnetic anomalies
observed over traverses T1and T2 reveal that a broad bipolar
anomaly may correspond to the wider chromite body
extending with depth while sharp bipolar magnetic response
may be due to the limited and shallow nature of chromite
body.
Some typical TMI profiles along selected traverses are
plotted in Fig. 11 along with the available geological
information. These profiles have been analyzed for the
mineral occurrences. The significant localized short
wavelength magnetic anomalies have been observed at
stations W60 along S400, E200 along traverse Zero, E250
along traverse N100, E350 along N800 and at W80 along
the traverse N2000. These significant localized short
wavelength magnetic anomalies are of great importance and
may correspond to the disseminated chromite mineralization
(podiform type). The moderate uneven magnetic fluctuations
indicate ultramafics. The smooth variations in magnetic
values along all the profiles indicate the presence of tertiary
sediments/soil cover. The contact between the ultramafics
and sedimentaries are clearly seen in the profiles by sudden
fall in magnetic values.

Fig. 10. TMI profiles over reported Chromite zones
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Fig. 11. TMI Profiles along selected traverses
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Conclusions and Recommendations
On the basis of magnetic surveys carried out for chromite
bearing ultramafics in Kwatha area, Chandel district,
Manipur and the interpretation of data, discussions and
observations the following conclusions and inferences have
been drawn:
·

The detailed magnetic survey has been conducted over
an area of 3.3 sq. km. by taking an about 3500 magnetic
observations over highly rugged terrain having steep
valleys and ridges.

·

The Magnetic survey has delineated few significant
magnetic anomalies along different traverses that may
correspond to chromite mineralization of podiform type.

·

The TMI map has clearly demarcated the contact
between sedimentaries and ultramafics in the study area
by showing changes in the magnetic response over
different lithounits and variation in magnetic contour
pattern.

·

The processed, filtered and various derivative magnetic
maps have been helpful in identifying different
formations and structural features besides demarcating
continuation of ophiolites with depth.

·

·

·

·

Magnetic Analytic Signal map of the area has clearly
demarcated the boundary between sedimentary
formation and ultramafics. The AS map has also shown
a number of high magnetic (dark pink) isolated causative
bodies which may be due to chromite pods associated
with magnetite. Magnetic Euler-3D solution map of the
area has clearly depicted the location and depth range
of the causative bodies.
Magnetic anomalies of short wavelength and sharp
variations are traced at number of places assumes
significance in view of chromite mineralization. These
significant magnetic anomalies are of limited extent and
show no continuation in the adjacent traverses. These
anomalies suggest that the causative bodies are of
nodular or lensoidal type (podiform chromite bodies).
Superimposition of magnetic contours on the geological
map has reflected an actual disposition of ultramafic
body and is helpful in identifying different litho units
in the study area.
Quantitative analysis of few bipolar magnetic anomalies
suggests that average depths to the top of the causative
bodies is between 25 and 40 meters. The average width
of the body varying from 82 m to 110 m and dip of the
body lying between 31° and 80° from the northern end
of the profile.

It is therefore, recommended that the significant magnetic
anomalies may be tested with shallow drilling to verify the
source rock.
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Abstract
NE-SW trending 200 km long and 50 km wide Dharmapuri shear zone (DSZ) in Tamil Nadu is characterized by
presence of a number of alkaline-carbonatite complexes. Significant molybdenite mineralization was reported in this
shear zone by GSI. One of the boreholes drilled by GSI for molybdenum has indicated uranium associated with pink
syenite. The study area lies at about 8 km south of Samalpatti syenite-pyroxinite-carbonatite complex which is one of
the four plutons emplaced in the shear zone. Regional gravity and magnetic surveys were carried out over 160 sq. km
area to decipher structural features and subsurface alkaline plutons within the country rocks of epidote-hornblende
gneiss and charnockite. Interpretation of gravity and magnetic data revealed several structural features like faults,
fractures,shears and lithological boundaries which are the main targets for uranium exploration. Results of the surveys
are presented in this paper.
High frequency components are removed by continuing the data upward by 100m followed by application of
reduction to equator (RTE) filter for ease of interpretation. The RTE map depicts three linearly trending anomalies in
NE-SW direction representing parallel shears along which basic bodies are emplaced. Modelling of a selected magnetic
profile clearly define subsurface attitude of these basic bodies. The crescent shaped magnetic high in the north is
attributed to the presence of a gabbroic body. The second vertical derivative image further enhanced the NE-SW trending
structural features that are intercepted by NW-SE fractures.
High gravity anomaly clearly outlines the gabbroic body in the north.Lithological boundaries of epidote hornblende
gneiss and charnockites are represented by high gravity gradient. The discrete feeble gravity lows of -2 mGal occurring
on south of the gabbroic body are possibly due to quartzo-feldspathic gneiss surrounded by epidote-hornblende gneiss.
Western part of the area is characterized by strong gravity low of -4 mGal attributed to the emplacement of the syenite
bodies within the shear. The tilt derivative image of gravity data demarcates NW-SE and NNW-SSE trending faults.
Inferences derived from gravity and magnetic data are complimentary to each other. NE-SW to NNE-SSW trending
shears/fractures transacted by NW-SE trending basement faults and indication of syenitic intrusions through gravity
low provide important guiding parameters for uranium exploration in the area.
Keywords: Dharmapuri shear zone, Epidote hornblende gneiss, Charnockites, Quartzo-feldspathic gneiss, Syenitic
intrusions, Gravity and Magnetic surveys, RTE, tilt derivative, modeling

Introduction
NE-SW trending 200 km long and 50 km wide
Dharmapuri Shear Zone (DSZ) in Tamil Nadu is
characterized by presence of a number of alkalinecarbonatite complexes. The study area falls about 8 km
south of Samalpatti syenite-pyroxinite-carbonatite complex
which is one of the four plutons emplaced in the shear zone.
Significant molybdenite mineralisation was reported in this
shear zone by GSI. One of the boreholes drilled by GSI for
molybdenum has also indicated uranium associated with
pink syenite. Regional gravity and magnetic surveys were

carried out over 160 sq. km area to decipher structural
features and subsurface alkaline plutons within the country
rocks of epidote-hornblende gneiss and charnockite. This
paper discusses the results of interpretation of gravity and
magnetic data which revealed several structural features,
lithological boundaries and concealed syenite bodies that
are considered as prime targets for uranium exploration.

Geology of the Area
The study area (Fig. 1) forms a part of a major NNESSW trending 200 km long and 50 km wide Alkaline -
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Carbonatite litho-tectonic belt, located in the north-western
part of Tamil Nadu, extending from Gudiyattam in the north
to Bhavani in the south and bounded by two major lineaments
- the Harur lineament in the east and Dharmapuri-west
lineament in the west. Epidote-hornblende gneiss with
composition varying from granodiorite to quartz-diorite
is the characteristic rock type that occupies a major part of
this belt. Enclaves of intermediate charnockite, pyroxene
granulite, pyroxenite, meta-gabbro and conformable
bands of quartzo-feldspathic gneiss occur within the
epidote-hornblende gneiss throughout the area. Younger
quartz reefs cut across all the above mentioned rock
types along NNE-SSW direction (Geology and mineral
resources of the states of India, 2006, TamilNadu and
Pondicherry part VI Miscellaneous publication no. 30).
The Harur-Uthangarai Molybdenum Belt falls within
Bhavani - Gudiyattamlitho-tectonic belt, between Harur in
the south and Uthangarai in the north. The rock types
exposed in this belt include epidote-hornblende gneiss and
quartzo-feldspathic gneiss with enclaves of pyroxene
granulite, metapyroxenite and meta-gabbro. Charnockites
have retrograded to epidote-hornblende gneiss. Gabbro and
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dolerite occur as intrusives in the charnockite trending
in WNW-ESE and NW-SE directions. Quartz veins
emplaced along the shear zone are the youngest rock type
in the area.
Ground gravity and magnetic surveys were conducted
in Morappur-Vellalapatti tract which falls in HarurUthangarai shear zone. The terrain comprises largely of
epidote hornblende gneiss, quartzo feldspathic gneiss, and
charnockites. Most of the survey area as marked in Fig. 1
is soil covered with undulating topography. Charnockites
are exposed on south and south western part. The dip of
gneissic rocks ranges from 35° to 65° towards NW-SE. A
number of shear zones trending in NNE-SSW and NE-SW
are commonly observed in the area. The direction, width
and attitude of shear zone vary along the strike. Molybdenite
(MoS2) is common mineral found in this shear zone. Specs
of some pyrite cubes were noticed in the gneiss near
the Harur-Morappur road which signifies the
hydrothermal activity present in area which provides the
environment for hydrothermal related mineralisation
in this shear zone.

Fig. 1: Geological map showing the part of Dharmapuri shear zone where geophysical survey has been carried out

Delineation of Structural Features from Gravity

Data Acquisition and Processing
Gravity survey was conducted using Sodin make
gravimeter whose sensitivity is 0.1 mGal. The survey was
carried out with a traverse spacing of 500-1000m and station
spacing of 100-200m. Traverses were laid in N-S as well as
E-W direction as general strike of the formations in the area
is NNE-SSW. DGPS was used to acquire elevation data of
the gravity stations for elevation correction of gravity data.
Gravity base was setup near the village of Vedapatti where
the epidote-hornblende gneiss is exposed. Gravity base was
repeated in one to two hours interval to record the drift and
tidal variations.Total maximum elevation difference is 70m
in the survey area. The observed gravity data was reduced
for latitude and combined elevation to obtain Bouguer
gravity anomaly. A Bouguer density of 2.75 g/cc which is
the density of epidote hornblende gneiss was chosen for
Bouguer correction. Bouguer gravity anomaly map was
prepared using Oasis Montaj Geosoft software and further
signal enhancement filters Viz., upward continuation and
Tilt derivative were applied to the data to decipher and
demarcate the structural and other geological features
such as intrusive alkaline/ basic plutons.
Magnetic survey was carried out using two proton
precession magnetometers (GEM make)whose sensitivity
is 0.01 nT. One magnetometer was used for base to record
the diurnal variations at every 2 minutes time interval and
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another magnetometer was used for field stations reading.
Traverses were laid in N-S direction.The survey was carried
out with a traverse interval of 250-500m and station interval
of 100-200m. Magnetic inclination in the area is 11.5°.
Magnetic data was corrected for diurnal variations of the
earth’s magnetic field with the magnetic base setup near the
village of Vedapatti. Total magnetic intensity (TMI) image
map was prepared using Oasis Montaj Geosoft software.
Data was upward continued to 25m to remove high frequency
near surface noise due to hornblende gneiss country rock,
reduced to equator filter (low latitude, magnetic Inclination
11.5°) and vertical derivative filter were prepared to
delineate shear zone and associated geological features like
faults/ fractures.

Interpretation of Gravity Data
Bouguer gravity anomaly map of the study area (Fig. 2)
shows the variation in anomaly from -6.28 to 4.48 mGal.
High gravity anomaly clearly outlines the high density
gabbroic body in the north. High gravity gradient demarcates
lithological boundaries of epidote hornblende gneiss and
charnockites. The discrete feeble gravity lows of -2 mGal
occurring on south of the gabbroic body are possibly due to
quartzo-feldspathic gneiss surrounded by epidotehornblende gneiss. The western part of the area is
characterised by a strong gravity low of -6 mGal attributed
to the possible emplacement of the acidic intrusive (syenite)
bodies within the shear (Shrivastava et al, 2015).

Fig. 2. Bouguer gravity anomaly image map
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The bouguer gravity anomaly is upward continued
with different heights from 200m to 1000m to remove
residual effect and get the regional picture. At 1000m,
all the contours aligned in NE-SW direction and almost all
short wave length anomalies are supressed. Above the
1000m, there is not much variation in regional contour
patterns.The residual gravity anomaly as shown in Fig.3 is
computed by subtracting 1000m upward continued
Bouguer gravity anomaly from observed data. The residual

gravity anomaly map has enhanced and resolved near
surface features present in the area. The lithological
boundary between epidote hornblende gneiss and
charnockites/gabbroic body is clearly demarcated in the
map. The feeble gravity lows in the observed gravity
anomaly image map are enhanced prominently on residual
image which are attributed to conformable bands of quartzofeldspathic gneiss near Morappur and acidic intrusives within
the epidote-hornblende gneiss in the western part.

Fig. 3. Residual gravity anomaly image map

Fig. 4. Tilt derivative image map

Delineation of Structural Features from Gravity
Tilt derivative of Bouguer gravity anomaly (Fig. 4)
demarcates edges (Miller et al, 1994) of charnockite bodies
and NW-SE trending intra-basement faults and has also
brought out the trend and boundary of quartzo-feldspathic
gneissand acidic intrusive.

Modelling of Gravity Anomaly
Residual gravity anomaly map (Fig.3)shows a prominent
gravity low anomaly over the basement gneiss. A profile
across the gravity low is selected and modelled using
Model vision software. The density of epidote-hornblende
gneiss of grab samples collected from field areashows that
the density ranges from 2.69 g/cc to 2.82 g/cc. For low
density quartzo-feldspathic gneiss, the density varies from
2.56 g/cc-2.70 g/cc and a mean density of 2.62 g/cc was
considered for modelling purpose. The modelled gravity
anomaly (Fig. 5) shows the effect of near surface quartzofeldspathic gneiss. The gravity low is caused due to
conformable bands of quartzofeldspathic gneiss which occur
within epidote-hornblende gneiss. The mean depth to top of
this formation is about 100m and extends up to 500m at
depth. This band of quartzo feldspathic gneiss appears to
be a part of the epidote- hornblende gneiss and could have
resulted at the culmination of migmatization of the
charnockite rock.
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Interpretation of Magnetic Data
Total Magnetic Intensity (TMI) map (Fig. 6)shows
anomalies varying from -1140 to 1477 nT and are mostly
dominated by near surface epidote-hornblende gneiss rock,
the effect of which is minimised by upward continuing the
data to 25m.Subsequently, reduce to equator (RTE) filter is
applied for ease of interpretation. Since the study area falls
in low latitude (120) region, Reduced To Equator (RTE) is
preferred over Reduced To Pole (RTP) technique to resolve
the structural features in a better way.
RTE image map removes the effect of inclination (11.5°)
(Leu, L.K. 1981) which causes bipolarity in magnetic
anomalies. The RTE map(Fig.7) depicts four linearly
trending anomalies in NE-SW direction representing parallel
shears, which are emplaced with basic bodies producing
magnetic highs (Srinivasulu, 2013).The southernmost shear
zone is not associated with any magnetic high which implies
absence of basic intrusion. The crescent shaped magnetic
high in the north is attributed to the presence of a massive
intrusive gabbroic body. Since magnetic anomalies are highly
dependent on magnetite mineral content of the rock,
magnetic lows are attributed to highly silicified zones within
epidote-hornblende gneiss. The epidote hornblende gneiss
produces moderate to high magnetic anomalies due

Fig. 5 Modelled gravity profile across quartzo-feldspathic gneiss
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to presence of ferromagnesium minerals. Since
epidote-hornblende gneiss is formed by retrograde
metamorphism of charnokites, magnetic anomaly is
moderately high over epidote- hornblende gneiss
and very high over charnokites.

The second vertical derivative image (Fig. 8)further
enhances the NE-SW trending shear zones that are
intercepted by NW-SE faults/ fractures. Magnetic highs
indicate basic bodies such as dolerite dykes, gabbro and
pyroxenite which are intruded within the shear zones.
Magnetic lows indicate shear/ fracture zones representing
weak zones in the basement.

Fig. 6 Total magnetic intensity image map
Fig. 8 Second vertical derivative image

Modelling of magnetic anomaly
A principal profile is taken from the observed magnetic
anomaly map across the shear in the northern part to know
the geometry of the intruded basic pyroxinite bodies.
Modelling and inversion are performed on this profile
using the model vision software. The inverted model
shows (Fig.9) that depth to the top of the gabbro/ pyroxinite
body is varying from 100m to 250m with a magnetic
susceptibility contrast of 0.03 SI units.Observed and
computed anomalies are almost matched in the central part
and small deviation at the edges and RMS is 3 for this model.

Density and Magnetic Susceptibility
Measurements of Rock Samples

Fig. 7 Reduced to equator image map

A total of 46 rock samples were collected from in situ
exposures of different rock types exposed in the area. The
density was measured using high sensitivity balance Precisa
(model- XB 320m) and magnetic susceptibility of rock
samples was measured in situ using KT-10 susceptibility
meter. Density, susceptibility values of rock samples are
presented in table-1.

Delineation of Structural Features from Gravity
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area into three zones. In the central part, high gravity
anomalies (1 to 4.8 mGal) are attributed to high density ultrabasic rocks intruded into the sheared basement gneissic
complex in the north and charnockites in the south. In
eastern part, moderate gravity low anomalies (-2 to 1 mGal)
are attributed to low density bands of quartzo-feldspathic
gneiss surrounded by epidote-hornblende gneiss. In the
western part, prominent gravity low (-2.1 to -6 mGal)is
attributed to the emplacement of the acidic intrusive, possibly
syenite bodies within the shear zone.

Fig. 9 modeling of pyroxinite body

Residual gravity map shows the contact between
hornblende gneissic complex and high density ultra-basic
gabbroic/pyroxinite bodies/charnockites. The depth to the
top of the gabbro/pyroxinite body is varying from 100m to
250m as inferred from modelling of magnetic data.
Modelling of gravity data in the eastern part across the
gravity low depicts the depth to the top of quartzo-feldspathic
gneiss about 100m and extends up to 500m at depth.
The inferences derived from gravity and magnetic data
are complimentary to each other.The NE-SW to NNE-SSW
trending shears/fractures are transected by NW-SE trending
intra-basement faults and gravity low in the west are
important for uranium exploration in the area.

Conclusions
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Table-1.Magnetic Susceptibility and Densities of Rock sample

Rock type

Susceptibility
X 10-3SI units

Density
(g/cc)

No. of
samples

Area where
exposed

Carbonatite

0.026-0.031

2.50

3

Selrapatti

Pink syenite

5.05-11.65

2.56

4

Pakkanadu

Grey syenite

4.11-6.56

2.70

4

Samalpatti

Metagabbro/
Pyroxenite

5.6

3.10

2

Krishnagiri Navalai road

Dolerite

26.5

3.00

3

Vedapatti

Epidote
hornblende gneiss

0.178-0.799

2.79

8

MorappurElavadai

Quartzofeldspathic
gneiss

0.013-0.026

2.59-2.73

8

VelampattiMarudipatti

Quartz reef

-0.007 to -0.009

2.66

6

Apiyampatti

Charnockite

24.56-41.0

2.8

8

Dharmapuri
road-Morappur
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Abstract
Ground magnetic (vertical and total field) mapping at closed spaced traverse and station intervals were carried out in
Banglapali, Ford and Kesharpur blocks of Balodabazar and Mahasamund Districts of Chhattisgarh to identify and locate
concealed Kimberlitic clan rocks, if any.
Geologically the area exposes meta-basalt, quartz mica schist, meta rhyolite, granite, mafic dykes, ultra-mafic rock
and sandstone in Banglapali, Ford area where as in Kesharpur area meta conglomerate, meta basalt, meta rhyolite,
phylite, granite, mafic dykes are exposed.
In Banglapali block, high magnetic verticalfield (VF) anomalies aligned in N-S direction separated by low magnetic
anomalies over unexposed geological area are inferred due to meta rhyolite and intrusive granite with a litho contact. An
isolated circular low magnetic anomaly spread in the block area assumes significance in search of to Kimberlite Clan
Rocks (KCR). In Ford block, High magnetic Total field (TF) anomaly zones in northwest, north and southeastern parts
are inferred due intrusive volcanic body and meta basalt at depth under soil cover and associated with structural features.
In Kesharpur block, High magnetic (VF) anomalies identified in south and northern parts are expected due to granitoids
in meta conglomerate with central part associated with low magnetic zone indicating a shear or fracture with intrusion of
mafic rocks in to conglomerate.
Keyword: Magnetic, Kimberlite clan rocks, Mafic bodies, Conglomerate, Meta basalt

Introduction
Application of geophysical techniques to identify and
explore the concealed mafic intrusive in search of
Kimberlitic clan rocks and their associated diamonds began
over 50 years ago with the use of magnetic measurements.
(Dash, B.R et al,1980). Though kimberlites, lamproites and
conglomerates/gravel are the major source rocks containing
diamonds, the exploratory efforts are mostly focused in
search of primary source rocks. Further kimberlites are
heterogeneous, ultra-basic igneous rocks and generally occur
as pipes and dykes in clusters with an aerial extent of 4050km with small surface area (Janse, 1984) and are the
primary host rocks of diamonds in addition to lamproites,
together referred as Kimberlite-clan-rocks (KCRs). Regional
search for KCR in Indravati basin in central part of Bastar
Craton located Tokpal Kimberlite Field (TKF) in Bastar
District, (Paul, S.K. et al, 2006) where the Kimberlite pipes
intruded along NW-SE trending fractures. These fractures
exhibited by mafic dyke swarms as well as along major
lineaments and faults indicate reactivated mantle permeable
zones in Proterozoic cover sediments supported by borehole
core samples analysis. Diamonds are also reported in the
gravels of Maini, Mand Rivers in Chhattisgarh and Tel,
Mahanadi rivers in Orissa.
In search for new kimberlite clan rocks the research work

was being conducted in the eastern part of Chhattisgarh
basin falling in part of Survey of India toposheet nos. 64K/
10 and 64K/11 in Banglapali, Ford area (part of T.S.No.
64K/10) and Kesharpur area (part of T.S.No.64K/11)
resulted in the recovery of nine magnesio chromites from
Banglapali, one grain from Ford block and one magnesio
chromite from Kesharpur block through 1st and 2nd order
stream sediment sampling and EPMA studies. No KCR
outcrop was identified in the upslope area.
Ground magnetic (TF and VF) surveys at closed spaced
traverse intervals and stations were initiated in Banglapali,
Ford and Kesharpur blocks with interesting field
evidences for location of KCR bodies, if any. A total of
0.80 Sq.Km area was surveyed in three blocks of
Banglapali, Ford and Kesharpur in parts of T.S. No.64K/
10 and 64K/11on priority. are presented (Fig.1)
The search for Kimberlite Clan Rocks (KCR) in
Balodabazar and Mahasamund Districts was carried
out through stream sediment sampling and continued
through study of Photo geology, Remote Sensing,
Aeromagnetic surveys, regional reconnaissance
including identification of high permeable zones and
delineation of favourable geomorphic patterns in order to
locate new bodies of Kimberlite Clan Rocks. Study area
falls in the NNE parts of already established Nuapada
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Kimberlite Fields, SSW of Basna Kimberlite Fields and
north of Mainpur Kimberlite Fields where diamondiferous
Kimberlite Rocks are reported along the mafic dyke swarms
with in the Budeli granitoids.

Geology
Detailed geological map of Banglapali, Ford and
Kesharpur block areas are shown in Fig. 2. The area forms
the eastern margin of Chhattisgarh basin. The sandstones
unconformably overlies the Archaeanrocksconsisting of
granite, pegmatite, quartz vein and dolerite dyke. The rock
is coarse grained consisting of hornblende, plagioclase and
microcline. Granite is the predominant rock type and
occupies a large area. Granite is leucocratic, coarse to fine
grained and non-foliated, consisting of quartz, orthoclase,
microcline, plagioclase, biotite, hornblende and apatite.
Pink, porphyritic varieties of granite also occur in the area.
Altered Dolerite dyke trending NW-SE direction is seen
traversing the granites and sandstone along joint planes.
In study area different rock types vig Granite, metabasalt, quartz mica schist, meta rhyolite, granite, mafic dykes,
ultra-mafic rock and sandstone are exposed in Banglapali
and Ford blocks. Similarly, Kesharpur area comprises of
meta Conglomerate, meta basalt, meta rhyolite, phylite,
granite, mafic dykes and chert bands.

Methodology
Kimberlite clan rocks (KCR) are known to give good
response to geophysical techniques, especially magnetic
depending on their physical state of occurrences within
the host rock and degree of weathering. Meaningful

prospecting and exploration for diamond and Kimberlites
depend much on the right type of prognostication.
Outcrops of Kimberlite are rare and quite often occur in
small dimensions. Physical properties of weathered
Kimberlites also do not show much contrast with the country
rocks and are masked some times by soil, which makes
the search for Kimberlites a challenging task.
Geophysical surveys employing Magnetic (VF and TF)
methods were applied resulting in distinctive geophysical
signatures which were useful to identify and locate the
Kimberlite Clan rock bodies in three blocks (Banglapali,
Ford and Kesharpur blocks). Ground Magnetic (VF and TF)
surveys with closed spaced traverses/stations helps in
identifying various sub-surface structural features if any in
the area. Total Field proton precession Magnetometer (GSM19T, GEM system) and Vertical field magnetometer (MF-2
Fluxgate Magnetometer),Scintrex Limited, Canada were
used for magnetic (TF and VF) investigation.

Survey Layout in Three Blocks
For detail magnetic survey, the Geophysical survey
traverse layout of (I) Banglapali Block reference point
0/0 (21° 33’26" N : 82° 33’37"E) (II) Ford Block: reference
point 0/0 (21° 34’45" N : 82° 33’37"E and (III) Kesharpur
Block: reference point 0/0 (21°28’38" N : 82° 42’20"E
are presented in Fig.3. The grid reference points 0/0 were
fixed in the North-South direction as base line along
the regional strike of the formations. The traverses
were laid at every 100m and at places with 50m
perpendicular to the baseline.

Fig. 1. Location map of study area (Chhattisgarh)
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(a)

(a)

(b)

(b)

(c)

(c)

Fig. 2. Geological Maps of three blocks
(a) Banglapali (b) Ford and (C) Kesharpur
The stations were stacked at every 20m interval on all
the Traverses. Detailed magnetic survey has been carried
out at each station on all the traverses. The area covered with
detailed ground magnetic (VF and TF) surveys in all the three
blocks is 0.80 Sq. km.

Data Processing and Reduction
All the magnetic data was connected to local base
established outside the surveyed area. The diurnal

Fig. 3. Geophysical Layout maps study blocks
(a) Banglapali (b) Ford (c) Kesharpur
correction, base correction are applied to all the field
magnetic data and IGRF (2015 Epoch) corrections are
applied using Geosoft Software application in the
computer laboratory of Geophysics Division for obtaining
total field magnetic anomalies at each station. Microsoft
office excel and Golden software (Surfer 9 and Grapher 5.0)
as well as Geosoft Oasis Montaj (8.5 version) were used for
data processing and preparation of magnetic anomaly and
derivative maps.
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Result and Discussion
Physical Properties of Rock Samples
Meaningful determination of the physical properties
(Density and Magnetic Volume Susceptibility - induced
magnetic moment per unit volume) of rock samples will
help in the identification of various lithological units and in
the interpretation of various anomaly maps. Representative
rock samples (05 Nos.) collected in the Banglapali, Ford
and Kesharpur blocks were subjected to Density and
magnetic volume susceptibility at Geophysics Division,
CR, Nagpur and at GSI, SR, Hyderabad and the results are
shown in Table -1.
A cursory analysis would reveal that ferruginous
Sandstone has shown an average low density ranging from
2.53 g/cc to 2.62 g/cc and an average low magnetic
susceptibility ranging from 34 x 10-6 CGS units to 42 x 106
CGS units whereas meta rhyolite has shown a moderate
density of 2.71g/cc and moderate susceptibility of 104 x 10-6
CGS units. The phylite/Conglomerate has shown moderate
density of 2.60g/cc and low magnetic susceptibility of
14 x 10-6 CGS units. The Dolerite Dyke showing a high
density of 2.95 g/cc and a high magnetic susceptibility of
236 x 10-6 CGS units.

closure at Tr. N100/Stn.W25 corroborating with the exposed
granite on the surface. The high magnetic zone H-I may be
attributed due to the presence of concealed granite with in
soil cover. The high zone H-II can be expected due to the
exposed sandstone. High magnetic feature over unexposed
geological area is due to shallow subsurface formation of
Meta rhyolite. In the southwestern part low magnetic
anomalies are separated with high magnetic anomalies ( High
zone-II and III) which is due to contact of granite contact
with sandstone intruded by a mafic dyke. The low zones I,
II and III are expected due to the concealed mafic intrusive
causative sources in soil covered portion.
Isolated circular anomalies at N300/E140: N100/W200:
S100/W25, W125: S150/E140 and S200/E60 assumes
significant in search of KCR and associated mineral
resources.
In addition to above, isolated low magnetic circular
bipolar anomalies were identified with in soil cover which
may be due to sandstone in contact with mafic dyke. In case
of vertical magnetic field surveys generally, the weathered
Kimberlites show high magnetic anomalies, highly
weathered pipes depict low magnetic anomalies and semiweathered pipes exhibit moderate feeble magnetic
anomalies.

The analysis of density and magnetic volume
susceptibility data helped in establishing the characteristic
density and magnetic susceptibility values over different rock
types, thereby helped in analyzing and interpretation of
various magnetic anomalies and their derivative maps.

Geophysical surveys have yielded encouraging results
(Joshi et al., 1984) in which four bull’s eye anomalies have
been delineated and decipher highly serpentines ultramafic
body at a depth of about 200m as predicted from the analysis
of geophysical data.

Banglapali Block

Ford Block (VF and TF)

Magnetic (VF) Anomaly Map

Magnetic (VF) Anomaly Map

The Magnetic (VF) anomaly map with contour interval
of 20 nT is shown in Fig.4. The magnetic variation of 408
nT observed in the study area.
This map clearly brought out the circular high magnetic

Magnetic (VF) contour map with contour interval
10nT is shown in Fig.5. Magnetic variation of 578 nT
observed in the study area. This map depicts a
significant F-W aligned high magnetic anomaly

Table -1

Sl.
No.

Rock
Sample ID
Trav./Stn.

Rock Type

Density
(gm/cc)

Magnetic Susceptibility
(CGS units x 10-6)
(Low Frequency only)

Banglapali block
1

B/S150/W140

Ferro genus Sandstone

2.535

2

B/S200/W120

Dolerite

2.946

235.7

B/S150/W60

Meta Rhyolite

2.710

103.8

2.619

42.3

2.606

13.7

3

33.8

Ford block
4

F/N100/W100

Ferro genus Sandstone
Kesharpur block

5

K/N300/E140

Phylite/ Conglomerate
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(shallow in nature) around Tr. S300/Stn.E150 (Zone-I) is
inferred due to granite intrusive in the central part.
Whereas moderately high magnetic zone-II and III (deeper
in nature) are due to contact of meta basalt, granite and
sandstone respectively. A broad strong low magnetic
zone-I in the north and north eastern part around Tr.S100/
Stn.E150 is due to the intrusion of mafic rock into Meta basalt.
Interestingly the western end of this high Zone-II is
narrowing at Stn. E250 associated with bipolar magnetic
anomalies which are corroborating with the results of total
field magnetic anomaly map (Fig.4c). An interesting strong
bipolar magnetic anomaly recorded on Tr. S100/E35 at
shallow depth of 5m to 7m is worth for test pitting/trenching
by mechanical excavation to know the nature of causative
source rock which may be for possible occurrence of KCR.
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Due to limitations and accuracy of vertical field
magnetic surveys and in absence of other geophysical
signatures to substantiate the recorded magnetic anomaly
zones and based on the nature of anomalies, their
pattern and magnitude the following possible or
suspected trap site locations were recommended for
opening pitting/trenching to know the nature of causative
source rock and path finder’s/heavy mineral assemblage/
Index mineral content, if any to search and delineate
concealed KCR.

Magnetic (Total Field) Anomaly Map
Magnetic (TF) anomaly map with contour interval
of 20 nT is shown in Fig.6. Magnetic variation of 773 nT
observed in the study area.

Fig. 4. Magnetic (VF) anomaly map of Banglapali block
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This map depicts three significant high magnetic zones
(Zone-I, II and III) and three low magnetic zones (Zone-II,
II and III). The high Zone-I around Tr. S100/Stn.W50 is
expected due to intrusion of granite into sandstone at
shallow depth with in soil cover. The high zone-II around
Tr. S50/Stn.E180 may be due to the presence of Meta
basalt at deeper level and the high magnetic zone-III around
Tr.300/Stn.E150 is inferred due to granite intrusion at
shallow depth with in soil cover. The low magnetic zones I,
II and III around Tr. S500/Stn.E100, Tr.200/Stn.E150 Tr.0/
Stn.E50 and Tr. S300/Stn.W30 are inferred due to the mafic
intrusive causative sources from depth.

Due to the limitations and accuracy of vertical field
magnetic surveys and in the absence of other geophysical
signatures to substantiate the recorded magnetic
anomaly zones and based on the nature of anomalies,
their pattern and magnitude the following possible or
suspected trap site locations were recommended
for opening pitting/ trenching.

Magnetic (HD) Anomaly Map
The horizontal derivative magnetic anomaly map is
prepared and presented in Fig.8. This map depicts the

Fig. 5. Magnetic (VF) anomaly map of Ford block.
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to know the nature of causative source rock and path finder’s/
heavy mineral assemblage/Index mineral content, if any to
search and delineate concealed KCR.

Magnetic Analytic Signal Map
Analytic Signal technique helps in identifying the
geological source body edges and highly effective in bringing
the boundaries of causative sources. Analytical signal map
is generated to bring out the high frequency and nearby
surface geological features is presented in Fig.7.
The map shows prominent magnetic high gradient zones
in the form of isolated gradient closures representing shallow
geological features on Traverse S100/Station W60, W40,0,
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E15, E63, E100; Tr. S200/W45, E110 to E145, E250; Tr.
S300/E60, E100, E155 aligned in NW-SE direction are
inferred due to the intrusive mafic volcanic body from depth
into deep concealed fracture/fault zone below the soil cover.
Isolated low magnetic gradients recorded on the eastern and
southern portion of Traverses S300, S400 and S500 are
inferred as small intrusive causative sources which may
indicate the high magnetic susceptibility minerals and are
in good agreement with the anomalies identified in Fig.4c.
These gradient zones have good correlation with volcanic
rock that may be diatreme and crater facies. A low magnetic
anomaly is also recorded in between Traverse S100 and
S200 of the station from E300 to E360 may be due to large
negative amplitude anomalies (-140 to -180 nT) from
remnant magnetism in case of KCR.

Fig. 6. Magnetic (TF) anomaly map of Ford Block
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Fig. 7. Analytic Signal anomaly map of Ford block
lateral extension of shallow causative source geological magnetic subsurface structural features delineated in total
bodies and their boundaries (edge of the body and its field magnetic anomaly map (Fig.6).
aerial extension) in the form of both high and low
gradients mostly centered on Tr.S100/W65, W45, W20, E25, Tilt Derivative Anomaly Map
E80, E125, E160;Tr. S300/W25, E50, E135, E175, E300,
The tilt derivative magnetic anomaly map is prepared
E350 and on Tr.S400/E10,E125,E150 and E165.
and presented in Fig.8. Tilt derivative is the ratio of vertical

Magnetic (VD) Anomaly Map
The vertical derivative magnetic anomaly map is prepared
and presented in Fig. 8. This map enhances the shallow
geological features and clearly deciphered the depth
persistence of shallow and deeper causative source geological
bodies in the form of both high and low magnetic gradients
and the bipolar anomalies noticed mostly in Tr. S100/Stn.
W60, 0, E60, E100, E140 and E160; Tr.S300/E40, E70, E150
etc., These results are well corroborating with the identified

and horizontal derivatives and useful for mapping shallow
basement structures with high resolution and enhances
weak anomalies due to effective Automatic Gain Control
(AGC) imposed by the arc tan function that restricts the
tilt angle within the range of -90o to + 90o irrespective of
the amplitude or wavelength. Therefore, TDR= (VDR/
THDR) where VDR and THDR are the first vertical and
horizontal derivatives respectively. It can be viewed that
the week anomalies are enhanced at the locations Tr. S100/
E60, E130; Tr. S200/W30, E270; Tr. S300/E120, E31; Tr.
S400/W10, E165 and E225.
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Magnetic High Pass (Cutoff Wavelengths
200m, 500m and 1000m)Filter Anomaly Maps

(a)

To overcome and suppress the effects of deeper
subsurface litho causative sources cut off wavelengths
of filters were selected and applied to total field magnetic
data for better understanding of the responses from
shallow features. These high pass filter maps were prepared
for 200m, 500m and 1000m and are presented in Fig.9.
The high magnetic anomalies identified at Tr. S100/0, E100,
E180; Tr. S300/E150 have resolved in to two bodies at
200m and are mostly subsiding in 500m and 1000m except
of Tr. S100/0 high anomaly indicating that the high Zone-I
is at shallow depth and high zones-II and III are at deeper
depths whereas the low magnetic anomalies identified at
Zone-I, II and III are persisting at all wavelengths which
shows that these low anomaly zones are of deeper in nature.

Magnetic Low Pass (Cutoff Wavelengths
200m and 500m) Filter Anomaly Maps

(b)

To overcome and suppress the effects of shallow
subsurface litho causative sources cutoff wavelengths
of filters were selected and applied to total field magnetic
data for better understanding of the responses from deeper
features. These low pass filter maps were prepared
for 200m, 500m and 1000m and are presented in Fig.10.
On examination of these maps it is revealed that the high
magnetic zones recorded on Tr. S100/0 are continuing
at 200m and 500m and disappeared at 1000m, whereas the
high magnetic Zone-II disappeared at 500m indicating
that high magnetic Zone-I is deeper and high Zone-II and
III are at shallow level from surface. The low Zone-I is
persisting in all maps whereas Low Zone-II and III
disappeared which is inferred as faulted contact shown
F1-F1 and F2-F2 at deeper depth in which the mafic intrusive
causative body is emplaced.

Magnetic Upward Continued (50m, 100m and
150m) Anomaly Maps

(c)
Fig. 8. Derivative anomaly (TF) maps of Ford block
(a) Horizontal (b) Vertical and (C) Tilt

To know the depth continuity of the causative source
bodies the total field magnetic data is continued upwards
for 50m, 100m and 150m view plane of observation are
prepared and presented in Fig.11. After studying the
pattern of these maps it is understood that the only magnetic
high anomaly Zone-I and partially Zone-II are persisting
in all maps but the high magnetic Zone-III disappeared
which can be inferred due to a subsurface faulted contact
between Sandstone and intrusive granite in the north western
part and between sandstone and meta basalt in the central
and north eastern part in the soil cover in which the
inferred mafic dyke has been intruded. Hence, the bipolar
magnetic anomaly recorded near Tr.S300/Stn.E90 or E110
is significant and is worth to open deep trench in view of the
possible suspected KCR occurrence.
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(a)

(a)

(b)

(c)
Fig. 9. High Pass filter anomaly maps of Ford block
(a) 200m (b) 500m and (c) 1000m

(b)
Fig. 10. Low Pass filter anomaly maps of Ford block
(a) 200m and (b) 500m
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Kesharpur Block
Magnetic (VF) Anomaly Map

nT

(a)

nT

Magnetic (VF) anomaly map with contour interval of
10 nT is shown in Fig.12. Magnetic variation of 459
nT observed in the study area. This map depicts three
significant high magnetic zones (Zone-I, II and III) and
three low magnetic zones (Zone-II, II & III). The high
magnetic Zone-I around Tr. S200/StnE100 is expected due
to exposed meta conglomerate at shallow depth. The high
zone-II around Tr. S100/Stn.N150 may be due to the
presence of exposed meta conglomerate at deeper level
and the high zone-III around Tr. N300/Stn.E170-E210 is
inferred due to the exposed meta conglomerate at shallow
depth. The low magnetic zones I, II and III identified and
recognized around Tr. 0-N100/Stn.W700-W250, Tr.0-S100/
Stn.E200-E250 and Tr. 0-S100/Stn.E22010 are inferred due
to the mafic intrusive causative sources from deeper depth.
Low dominant magnetic anomaly zones mostly aligned in
N-S direction of limited strike lengths were identified as
Zone-I on Tr.0 and N100 between stations W170 and W250
over soil cover is attributed to concealed mafic intrusive
source which continues further west side
An oval shaped negative magnetic anomaly of the order
of -150 to 300nT recorded on traverses from 0 to S50
(between stations E200 to E260); 0 to N100 (between
station W50 to W260), on N200 (at stations 50 and E50)
which shows subtle negative magnetic signatures are
inferred as Potential area for search and locating the
Kimberlite Clan Rocks.( Power, M.,et al,2007).

Conclusions

(b)

nT

(c)
Fig.11. Upward continuation anomaly maps of Ford block
(a) 50m (b) 100m and (c)150m

Detailed Magnetic (VF and TF) surveys carried out in
Banglapali, Ford and Kesharpur blocks are helpful in
identifying concealed mafic intrusives in search of
Kimberlite clan rocks and brought out the following
inferences.
In Banglapali block, (VF) surveys deciphered high
magnetic zones I, II and III recorded at N200/W100, N150/
W40 and S200/E225 are expected due to presence of
concealed granite/granitoid and exposed sandstone. The low
magnetic linear anomaly zones I, II and III identified at
N100/E225, N200/W50 and S50/E150 inferred due to
concealed mafic intrusive causative rocks.
In Ford block, (VF) surveys (-369nT to + 149nT)
delineated magnetic low zones I, II III and IV at S100/
E130:S300/E280:S400/E140 and S500/E220 inferred
due to concealed mafic intrusive source exhibit deeper
basement. High magnetic zones I, II located at S300/
E140: S200/E250 deciphered due to presence of unexposed
granite/granitoid associated with bipolar anomalies
indicate shallow nature of basement.
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Fig. 12. Magnetic (VF) anomaly map of Kesharpur block,Chhattisgarh
In Ford Block, (TF) surveys (-470nT to +303nT)
recorded magnetic low and high zones along with
interesting bipolar anomalies. Low zones I, II, III at S500/
E50, E220: S200/E150: S300/E160 are inferred as concealed
mafic body in contact with sandstone/meta basalt in soil
cover area and represent deeper basement. The high zones
I, II III at S100/0: S100/E180: S300/E150 are deciphered
due to the unexposed granite or granitoids at the contact of
sandstone, meta basalt in association with strike slip faults
(F1-F1 & F2-F2) indicates shallow nature of basement.
HD, VD and Tilt Derivative maps deciphered the lateral
extension, depth persistence of shallow geological source
bodies in form of high and low gradients and bipolar
anomalies corroborating with the inferred total field
anomalies (Fig.5 and Fig.6).
High pass filter maps for 200m, 500m and 1000m cut
off wavelengths indicate high Zone I is at shallow depth
and high Zone II and III are at deeper depth and low zones

I, II and III are persisting shows the deeper nature. Low
pass filter maps revealed that only High Zone I is
continuing down indicating its deeper nature and
zone II and III disappeared which shows shallow nature.,
whereas Low zone I persisting in all applied wav
elengths indicate its deeper nature than Zone II and III.
Upward continued maps for 50m, 100m 150m reveal that
high Zone I is deeper due to sub surface faulted contact of
sandstone and granite in north eastern part in which
mafic dyke intruded. Therefore, bipolar anomalies recorded
at S300/E90-E110: S200/E100: and S100/E40 assume
significance in view of the possible suspected occurrence
of KCR, if any.
In Kesharpur block, vertical field surveys (-361nT to
+98nT) delineated parallel linear low dominant zones
aligned in N-S direction are inferred as shears/fractures.
Low magnetic zones I, II, III at 0-N100/W170, W250
continuing to west: 0-N100/W100: 0-S100/E200-E250
continuing to east are attributed to the presence of concealed

Identification of Concealed Mafic Intrusives
intrusive mafic rocks intruded in to exposed meta
conglomerate. High magnetic zones I, II, III and IV at S100S200/E100-E200: S100/0-W150: N300/E170-E210 and
N100-N200/W210, W250 interpreted as granites/granitoids
intruded into the exposed meta conglomerate showing the
shallow nature of basement.
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Abstract
Coal seam fire and coal mine fire as well as fire in coal waste or storage piles are worldwide common problems
mainly in China, United states, India, Indonesia, South Africa and Australia; posing great threats to the national economy,
environment, ecology and health of peoples living in its proximity. The borehole drilling and subsequent temperature
measurement had been basic technique for coal fire studies in earlier 1960s. Later, satellite and airborne thermal frared
remote sensing techniques have been most widely utilized for mapping of coal fires. The studies reveal that only the
shallow coal fires with sufficiently wide extension could be mapped. It is quite difficult to detect deeper coal fires.
Subsequently, with advancement of several techniques, geophysical methods mainly, i) Index gas measurements, ii)
radon gas measurements iii)ground temperature measurement iv) spontaneous Self Potential method v) Magnetic
method; vi) Ground Penetrating Radar method, vii) Controlled Source Audio Magneto Telluric method viii) Time domain
Electro-Magnetic technique and ix) Electrical resistivity Tomography; are being used to delineate and monitor the
deadly coal fires. However in India, there are very few studies addressing the serious problem associated with Coal
fire. In the present study, Magnetic method has been used for fire mapping over parts of Jharia coal fields using.
International Geomagnetic Reference Field (IGRF) corrected magnetic anomaly map generated from the acquired total
magnetic field data. Reduction to magnetic pole correction has been applied to the IGRF corrected magnetic data.
Finally, Radial average power spectrum and Euler’s deconvolution technique has been used for depth estimation
of coal fires.
Keywords: Coal fire, Magnetic method, Jharia coal field

Introduction
For most of the countries around the world, coal is the
principal source of energy. Coal seam fires are worldwide
general phenomenon which pose great threats to the national
economy, environments, ecology and health of peoples living
in its proximity (Revil et al. 2013). Coal fires result in
emission of greenhouse gases, toxic gases and vegetation
deterioration. The fires generate large volumes of
greenhouse and toxic gasses including CO2, CH4, NOx, N2O,
CO and SO2. The emission from coal fire contribute to global
warming besides causing health hazards to exposed
population. Methane emission from coal mining depends
on the mining methods, depth of coal mining, coal quality
and entrapped gas content in the coal seams. Further, coal
fires lead to the degradation of the nearby area with
substantial aerosol input to water sources and agricultural
areas. Fires pollute water by contaminating it and increasing
its acidity, which is due to a certain percentage of sulphur
that is present in coal. Fire leads to degradation of land and
does not allow any vegetation to grow in the area.
Additionally, the toxic fumes released pose a threat to the
health of the local inhabitants (Saraf et al., 1995; Livingood
et al., 1999). The pollution caused by fires affects air, water,
and land. Smoke, fires contains poisonous gases such as
oxides and dioxides of carbon, nitrogen and sulphur, which

are the causes of several lung and skin diseases. Large
amount of suspended particle matter increase respiratory
diseases, e.g. chronic bronchitis and asthma.
Further, land subsidence can occur, when coal seam burn
and turns into ash, supporting several layers of overlying
strata become unstable due to the loss of volume of coal
inside. This lead to a slow or very sudden subsidence with
a threat to infrastructure, local inhabitants and miners
(Prakash et al., 2001). Thousands of workers are killed in
mining accidents, due to subsidence associated with coal
fire (Boekemeier et al., 2002; Jia, 2002). It leads to blockage
and devaluation of coal resources in the seams above, below
and surrounding areas. Coal fires in forest area could destroy
a large area resulting to deforestation, including valuable
re-establishment habitat for endangered species.
The coal fires in Jharia coalfield and its surroundings
have been studied extensively by various researchers
(Saraf et al. 1995; Prakash and Gupta 1998, 1999; Chatterjee
2006 and Singh et al. 2007 among others) using satellite
remote sensing methods only. Only a limited study
(Pal and Vaish 2013, 2014; Singh et al. 2015; Vaish and
Pal 2013, 2015, 2016; 2016, Bharti et al. 2014, 2016;
Srivardhan et al. 2016; Pal et al. 2016, 2017) have been
carried out based on surface geophysical methods.
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In this regard, magnetic method have been attempted
for coal fire study using Radial average power
spectrum (RAPS) and Euler deconvolution technique,
over a part of Chetudih Colliery, Jharia coal field, India
(Fig.1).

(Thompson,1982, Reid et al.,1990). The depth estimation
of the source body is calculated by using of Euler’s
homogeneity equation. For estimation of depth and source
geometry of the subsurface magnetic anomaly, Euler
deconvolution technique has already been used as a powerful

Fig.1. Location of the study area along with generalized geological map of Jharia Coal field

Methodology
Initially, spectral analysis has been used for calculating
and interpreting spectrum of magnetic field data. The basic
principle states that a magnetic field measured at a surface
is the combined effect of magnetic signatures from all the
depths below that measuring surface. The power spectrum
of potential field data is used to identify the average depth
of causative source (Spector and Grant, 1970). Fourier
coefficients are used to calculate the spectrum of potential
field data to find out the average depth of anomalous body
(Spector and Grant, 1970). Spector and Grant (1970) states
that depth factor invariably dominates the shape of the
radially averaged power spectrum of magnetic data. Here
“radially averaged” means that the powers for equal lengths
of the wave vector are averaged. The radially averaged
power spectrum in 2D plane decreases with increasing depth
to source t by a factor e-2tr, where r being the wave number.
So, if the depth factor dominates the shape of the power
spectrum, the logarithm of radially averaged power spectrum
should be proportional to “-2tr” (Maus and Dimri 1996)
and the depth to source can be determined directly from the
slope of the log radially averaged power spectrum. Spectral
analysis can be used for determination of the depth of top of
the causative body. The spectral method for magnetic data
is based on the shape of the power spectrum for buried bodies
with a susceptibility contrast.
Further, Euler deconvolution has been used for direct
determination of depth and source geometry of coal fire data

tool (Thompson, 1982; Reid et al., 1990; Reid and Thurston
2014). This easily usable as it neither requires a particular
geological model nor it requires any priori information about
the source magnetization.
Euler deconvolution technique is proposed by Thompson
(1982) which is based on Euler homogeneity equation and
is specified by its structural index (SI). It expresses the
geometrical nature and depth estimation of the source.
The Euler homogeneity (Thompson 1982) equation can
be written as:
….. .......(1)

Where (

are the coordinates of the observation points

at which the total magnetic field

is measured,

are the coordinates of the point sources of the
causative body as a function of
.
is called
as ‘background’ term, describing the constant contribution
of the regional field. The value N is referred to as the
structural index (SI) and is an indicator of the geometry
of a causative body. The SI is also a measure of the
fall-off rate of the effect of each magnetic anomaly. Lists of
SI for different Magnetic sources are given in Table 1.
The Euler equation or Euler’s homogeneity equation can be
expressed in equation.
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corrected magnetic anomaly varies from about -1218nT to
632nT.

.......(2)

Under certain condition, the function
common function

has a

…. . .......(3)

Where

is the SI,

on

and

is a function which is not dependent

…..

.......(4)

The structural index is determined by applying various
structural index while calculating the Euler deconvolution
and for the correct SI given the Euler’s depth solutions
clusters tightly. The depth estimation of the source body
will be underestimated for the improper SI (Reid et al. 1990).
This is a well-known and established technique for magnetic
data analysis (Barbosa et al. 1999; Silva and Barbosa 2003;
Dewangan et al. 2007; Gerovska et al. 2005; Ghosh and
Singh, 2013).
Table 1. Structural index for various shapes for gravity
and magnetic after (Reid and Thurston, 2014)
Source
Sphere
Vertical line
end
Horizontal
line
Thin b ed
fault
Thin sh eet
edge
Finite
contact/fault
Infinite
Contact/fault

Model
dipole
p ole

SI(Magnetic)
3
2

SI(Gravity)
2
1

Line of
dipoles
Line of
dipoles
Line of
p oles
-------

2

1

2

1

1

0

0

-1

-------

0

Generally, earth’s magnetic field is inclined from the
vertical except magnetic poles (Baranov 1957; Baranov and
Naudy 1964; Mendonca and Silva 1993). The most obvious
approach to this problem is to reduce the data to the magnetic
pole (RTP) assuming that all the observed magnetic fields
are due to induced magnetic effects. This pole reduction
has been calculated in the frequency domain (Grant and
Dodds 1972). The IGRF corrected magnetic data have been
corrected by reduced to north magnetic pole (RTP) for
removal the lateral shifts and asymmetries caused by the
local orientation of the magnetic anomaly. Magnetic
anomaly map after pole reduction of residual magnetic field
intensity is shown in Fig.3. It is observed that the magnetic
anomaly after RTP varies from about -1240nT to 655nT.
Comparing, Fig.2 and Fig.3 it is observed that there is hardly
any changes on magnetic anomalies after RTP.
RTP map (Fig. 3) reveals that the study area is
characterized by two different patterns of prominent
magnetic field variations. Three high magnetic anomaly (H1
to H3) zones and two low magnetic anomaly (L1 and L2)
zones have been identified over the study area.
nT

(a)

Results and discussion
Total magnetic field intensity data have been acquired
using GSM-19T proton precession magnetometer over a part
of Chetudihi colliery, Jharia coal field, India. The diurnal
fluctuation witnessed during data acquisition at the site is
about 55nT. Diurnal correction are applied to rectify the
temporal variation of the geomagnetic field, which is
primarily caused by electro-magnetic radiation from the sun
(Khalil 2012). The acquired magnetic readings have been
corrected for diurnal variation of earth’s ambient magnetic
field based on the drift observed in the repeated base station
readings. The recorded magnetic data have been corrected
diurnal variation based on the drift measured in the base
station readings. Further, total magnetic field intensity data
have been corrected according to the International
Geomagnetic Reference Field (IGRF). IGRF corrected
magnetic anomaly map of a part of Chetudih Colliery, Jharia
coal field is shown in Fig.2 . It is observed that the IGRF

Fig.2. IGRF corrected magnetic anomaly map of
a part of Chetudih Colliery, Jharia coal field
Further RTP corrected magnetic anomaly map has been
enhanced using First vertical derivative and second vertical
derivative techniques. From first vertical derivative
technique, five high magnetic anomaly (FVH1 to FVH5)
zones and three low magnetic anomaly (FVL1 and FVL3)
zones have been identified over the study area. Whereas,
From second vertical derivative technique, ten high magnetic
anomaly (SVH1 to SVH10) zones and three low magnetic
anomaly (SVL1 and SVL11) zones have been identified over
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the study area. Low anomaly zones with blue color indicate
coal fire affected area and high anomaly zones with red color
indicate possibly burned and cooled region. Whereas,
anomaly with green color indicate background anomaly
without any coal fire activity.
nT

L2
H1

H2

L1

H3

Further, different sets of Euler’s depth solutions have
been estimated separately for each SI (0, 1, 2, and 3) to
estimate possible tightest cluster associated with different
possible complex source geometry using various window
sizes of 10x10, 15x15 and 20x20 and depth tolerances of
10%, 15% and 20%. Different grid cell size has also been
attempted during calculations. Relatively better clustering
have been estimated with window size of 10x10 and depth
tolerance 15%. The Euler’s depth solutions for SI = 0, 1.0,
2.0 and 3 values are plotted on SV map which are shown in
Fig.5a-d, respectively, using color symbols for different
depth range. The estimated depth range based on Euler
Solutions are i) ~10m to ~40m for SI= 0.0 (Fig. 5a), ii) ~10m
to ~70m for SI= 1.0 (Fig.5b), iii) ~10m to ~120m for
SI= 2.0 (Fig.5c), iv) ~10m to ~150m for SI= 3.0 (Fig.5d),

Depth(km)

ln(Power)

Fig.3. Magnetic anomaly map after pole reduction of
IGRF corrected magnetic field intensity map of a
part of Chetudih Colliery, Jharia Coal field

The radially averaged power spectrum (RAPS) of
magnetic data has been calculated in MAGMAP, Geosoft
for depth estimation of different layers over study area.
RAPS and depth estimate are shown Fig.4. Best fit slopes
are drawn on the RAPS to estimate the depths. The average
depth to the top of different layers are i) 15m ii) 20m and
iii) 41m.

Fig.4. RAPS and depth estimate of a part of Chetudih Colliery, Jharia Coal field, showing three major layers
with depth to the top of i) 1st layer is 15m, ii) 2nd layer is 20m and iii) 3rd is layer 41m
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nT/m2

nT/m

(a)

2

(d)

Fig.5a. Euler Solutions (Structural Index 0.0) map
superimposed on second vertical derivative of RTP map,
over a part of Chetudih Colliery, Jharia Coal field
nT/m

2

Fig.5d. Euler Solutions (Structural Index 3.0) map
superimposed on second vertical derivative of RTP map
over a part of Chetudih Colliery, Jharia Coal field.

Conclusions

(b)

The depth estimate based on the radially averaged power
spectrum (RAPS) of magnetic data delineate three different
layer with average depth to the top of different layers are i)
15m ii) 20m and iii) 41m. Whereas, the estimated depth
range based on Euler Solutions are i) ~10m to ~40m for SI=
0.0 (Fig. 5a), ii) ~10m to ~70m for SI= 1.0 (Fig.5b), iii)
~10m to ~120m for SI= 2.0 (Fig.5c), iv) ~10m to ~150m
for SI= 3.0 (Fig.5d).

Fig.5b. Euler Solutions (Structural Index 1.0) map
superimposed on second vertical derivative of RTP map
over a part of Chetudih Colliery, Jharia Coal field.
nT/m

2

(c)

Fig.5c. Euler Solutions (Structural Index 2.0) map
superimposed on second vertical derivative of RTP map
over a part of Chetudih Colliery, Jharia Coal field.

A limited number of solutions are found for SI = 0
(Fig.5a) with depth range of about 10m to 40m with
prominent clustering pattern over anomaly boundaries,
which indicate infinite contact/ fault. However, the Euler’s
depth solutions with SI=1 and more (SI= 2, and 3) generate
progressively larger numbers of clustered solutions. An index
that is too low gives depths that are too shallow, one that is
too high gives estimate that are too deep (Reid et al. 1990).
Depth estimates are more precise for high index sources
than for low. But even if the SI is correct, it is argued that
depth estimate are more precise for high SI sources than for
low (Reid et al. 1990). Previous studies indicate that
structural indices variation within 0.25 to 0.5 of the correct
value for the causative body generally yield well focused
solutions (Geosoft Inc. M-TR40). Moreover, the clustering
patterns are well correlated with all the delineated low
anomaly patches as observed on SV anomaly map.
The wide range of variations in the SI value with similar
clustering pattern on some particular locations indicate
complex nature of possible fire source/ fire propagation
along different inclined/ horizontally extend fractured planes
which are generated in multiphase coal seam combustion
associated with various complex source geometry (fire
through contact/ infinite contact, thick step / sill i.e.,
underground fire in horizontal coal seam / dike i.e., fracture
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with long and wide horizontally extended fracture / vertical
cylindrical opening through potholes).

Pal et. al.,
J ia Y 2 0 0 2 P e r s o n a l i n te r v ie ws d u r i n g t h e f i el d
campaigns.(Y. Jia is the chief engineer of thecoal
fire
fighting team Wuda).
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Abstract
A fractal is an object that displays self-similarity at various scales. If any portion of a fractal object is zoomed in, it
can be noticed that the smaller section is actually a scaled-down version of the bigger one. Another very important
quantitative aspect of a fractal is that it has a fractional dimension. Fractals play very important role for applications in
earth sciences in the field of geophysics. Automatic detection of phases of the seismograms is developed by using fractal
dimension. In this study, the seismograms of Jan Mayen Island earthquake of June 15, 1995 and Redwood City, California
of 26 January, 2001 are taken. A relatively robust technique called the correlation integral technique is used to determine
the correlation fractal dimension and infer about the presence of different phases of the seismograms. The result obtained
in this study shows this new technique to work very well in terms of recognising the seismic phases both in the presence
and absence of noise.The correlation technique can also be used to detect fracture and faults in the subsurface because
fractures also show a characteristics fractal dimension as compared to the surroundingand also can be used to infer about
the first arrival of a seismic trace and its time of occurrence in the seismic trace.
Keywords: Fractal, phase detection, seismograms, correlation dimension.

Introduction
Fractals have played very crucial role towards
applications in earth sciences in the field of geophysics.
Many different algorithms can be designed to automatically
detect a seismic signal in the presence of noise by finding
fractal dimension. After its introduction by Mandelbrot in
1967 (Mandlebrot, 1967), the analysis of fractal dimensions
has been widely adopted in several fields, mainly because
all data often display a fractal character. The main work in
this study is to use fractal dimension in the identification of
different phases in a seismogram. A relatively versatile
technique known as the correlation integral technique is used.
The correlation integral technique is an effective way to find
out the fractal dimension of different events. In this work,
two case studies are shown where in one case the seismogram
is free of noise and in the second case the seismogram
contains events but in the presence of noise. Both the
seismograms are manually digitized and the data points so
generated are used in a Matlab program to determine the
fractal dimension for various time windows. The value of
the fractal dimension depend on the clustering of energy at
a place and since during an event, say an earthquake, energy
concentrations takes place at a smaller area, so signal and
noise should have different fractal dimension. This concept
is used in this study and different phases in the seismogram
are identified. Here, emphasis is also made on an earlier
work done by Tosi et. al., based on the study of experimental
variogram and the result obtained in this study is compared
with the earlier work.

Method
In the present study the ‘correlation integral technique’
is used to determine the fractal dimension and different

phases of a seismogram are detected. The basic idea used is
that random noise has higher fractal dimension as compared
to the signals because in signals the energy clustering at place
make the fractal dimensions lower(Tosi. et. al, 1999). The
fractal dimension has the ability to differentiate noise from
patterns within the data.
The correlation integral can be used to find the fractal
correlation dimension (Grassberger. et. al., 1983; Roy et.
al., 2006 & 2009). The correlation integral is a cumulative
correlation function that measures the fraction of points in
the 2-dimensional space and is defined as,
C ( r )=

(

2
N ( N -1 )

)

n
n
H ( r - rij )
å
å
j =1 i = j + 1

(1)

where N (for 100 events window, N will be 100C2i.e. 4950)
is the total number of pairs of vectors with respect to one
another in the fractal set to determine fractal dimension, r is
the length scale, the distances between the points of a set,
which is obtained through distance method, H is the
Heaviside step function. The value of is computed through
distance method(Roy. et. al., 2012). Consequently, C(r) is
proportional to the number of pairs of points of the fractal
set separated by a distance less than r. The fractal correlation
dimension is given as

So, C(r) is proportional to the number of pairs of points of
the fractal set which are separated by a distance less than r.
The system of points when belongs to a fractal set, a
logarithmic plot of C(r) versus r must be a straight line where
the slope of the straight line is the fractal correlation
dimension. The graph of log (r) and log C (r)is shown below.
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generated containing 21 data points each. The logarithm of
‘r’ and ‘c(r)’ was taken and plotted. A straight line of the
form y=mx+c was obtained. The slope (modulus part only)
of the straight line gives the fractal dimension. This
procedure was repeated for all the 50 different data sets and
in this way 50 different fractal dimension (Dc) were obtained.
This was then plotted with time and the variation of the
fractal dimension with time was observed to infer about the
phases of the seismogram.
This was done for both the noise free data and the noisy
synthetic data. Equations used in the program are:
Distance formula:
Correlation Integral formula:

and

Fig. 1.Log (r) versus Log C(r) curve for a definite time window

The slope of the straight line in Fig.3 gives the Fractal
Dimension (Dc). Here R2 represents correlation coefficients
of the regression line. The Dc value is inversely related to
the degree of clustering so more the clustering of events
lesser is the fractal dimension value. In chaos theory,
the correlation integral is the mean probability that the states
at two different times are close.

where

N is the number of considered states

where,
N = total no. of points generatedin r-dist file, i.e.1225
H= Heaviside step function

Results
The figures (2), (3), (4) & (5) show the graph between
log(r) and log C(r) for some specific time windows. All
together in the work 100 such graphs were obtained for two
different seismograms from where 100 different fractal
dimensions were generated, 50 for each seismogram, but
here only four are shown for illustration. The plot of ‘r’ and
‘C(r)’ in logarithmic scale is a straight line, the slope of
which gives the fractal dimension. R2 is the regression
coefficient of the regression line which basically talks about
the accuracy of the model.

x(i), is a threshold distance, || . || a norm (e.g. Euclidean
norm) and

the Heaviside step function.

Data and Procedure
The seismogram of the Jan Mayen Island earthquake
which occurred on June 15, 1995 was taken and was
digitised. A Matlab program is used for the calculation of
the fractal dimension. By digitizing, 2500 data points were
generated. These data points were divided into 50 different
groups each containing 50 points. These groups were used
in the Matlab program one at a time and after running the
program for the first set of 50 points, different files were
generated. The next task was to find the clustering of events
in definite ranges and so seeing the variation of distances in
by grouping to 21 different parts which is used in the program
as ‘r’ file. The basic purpose of this was the generation of
Heaviside function from which correlation integral function
can be found. Then after running the Matlab program a
Heaviside function file and a correlation function file was

Fig. 2. Log(r) versus LogC(r)
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Tables and Figures: Given below are tables and figures of log(r) versus logC(r) for four time windows.
The figures (2), (3), (4) and (5) correspond to tables (I), (II), (III) and (IV) respectively.
TABLE I

TABLE II

TABLE III

TABLE IV

Fig. 3. Log(r) versus LogC(r)

Fig. 4. Log(r) versus LogC(r)

In the first case a synthetic seismogram of an earthquake
(15 June, 1995) from the Jan Mayen Island is taken. A plot
of time v/s fractal dimensions of the synthetic seismogram
without noise is shown in Fig. 6 and it has been found that
fractal dimension is nearly constant and shows a higher value

for the first part of the seismogram, as compared to the parts
containing p-, s- and surface waves phases, where the fractal
dimension shows lower value as expected. Then again in
the last part of the seismogram since the randomness
character increases, the fractal dimension shows the highest
value. The value of Dc for the signal part is between 0 and 1
and the values for the rest of the seismogram are between 1 and 2.

1st Case
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also and the task was to find out the p- and s- wave events
from within the noise. A plot of time versus fractal
dimensions of a synthetic seismogram without noise is shown
in Fig. 7 and it has again been found that fractal dimension
is nearly constant and shows a higher value for the first whole
of the seismogram, as compared to the parts containing
p- and s- waves phases, where the fractal dimension shows
much lower values as expected. As in the earlier case the
value of Dc for the signal part is between 0 and 1 and the
values for the rest of the seismogram are between 1 and 2.

Fig. 5. Log(r) versus LogC(r)

Fig. 7. Time versus Fractal Dimension Curve for
Redwood City, California earthquake seismogram
Figures (8) and (9) shows the time v/s fractal dimension
curve of two earthquakes from the work done by Tosi et. al.

Fig. 6. Time versus Fractal Dimension Curve for Jan
Mayen Island earthquake seismogram

2nd Case
Similarly, in the next case the seismogram of an
earthquake which occurred on 30-01-2001 in Redwood city,
California is taken. In presence of the signal it contains noise

Fig. 8. Time versus Fractal Dimension Curve for a local
earthquake without background noise recorded at the SFI
station on 4thdec 1996 (after Tosi et. al.)

Automated Phase Detection of Seismograms

Fig. 9. Time versus Fractal Dimension Curve for a local
earthquake with background noise recorded at the SFI
station on 4thDec 1996 (after Tosi et. al.)
Comparisons of the work done by Tosi et. al., by the
variogram method and the work done in the present study
using the correlation integral approach for the identification
of seismic phases by finding the fractal dimension shows
that during the arrival of seismic phases the variation of
fractal dimension from a high value to a low value is more
smoother in the correlation integral method than in the
variogram method. The identification of phases is more
prominent and is better revealed in the present study in case
of seismogram with noise.

Conclusions
The signal has a relatively lower fractal dimension as
compared to random noise because random noise has the
tendency to fill the space in which the set is incorporated.
This concept has been used for designing many algorithms
to automatically recognize a seismic signal in the presence
of noise. The fractal dimension has the ability to differentiate
signal patterns from noise within the data. It can be assumed
that, without the signal from an earthquake background
noise is random and in the presence of a seismic event
the signal should have a lower fractal dimension. The
‘correlation integral technique’ is used to determine the
fractal dimension which gives idea about the presence of
different phases in a seismogram.This technique determines
the fractal dimension, the DC value, using the correlation
dimension. The correlation dimension as defined by
Grassberger and Procaccia measures the spacing of a set of
points. The correlation integral technique that gives the
correlation dimension is preferable because of its greater
reliability and sensitivity to small changes in clustering
properties (Liebivitch. et. al, 2003). The correlation function
measures the spacing or clustering of a set of points. This
technique is found to work really well for seismograms in
presence of noise also. There are also other methods to find
the fractal dimensions like the experimental variogram
method and the method based on the Fourier analysis. They
also detect the seismic phases in a seismogram. But in this
study, the correlation integral technique is used and this
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technique is found to show more promising results. Here,
the seismograms are digitized manually and the data points
generated are used in a Matlab program to find out the
fractal dimensions of different portions of the seismogram.
So this technique can also be used as an automated technique
in the case of available digitized large number of data points
of an earthquake to get better and more accurate results.
The correlation technique can be used to detect fracture and
faults in the subsurface because fractures also show a
characteristics fractal dimension as compared to the
surrounding and also can be used to infer about the first
arrival of a seismic trace (Boschetti. et. al., 1996; Sabbione.
et.al., 2003) and its time of occurrence in the seismic trace.
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Abstract
The work presented herein involved ambient vibration measurements at thirty field sites in and around Kanpur city,
situated in the Indo-Gangetic plain. Here, we have used three component 1 Hz geophone, to measure vibrations due to
human activities, traffic, industries and noise produced by tides and winds. In this method, predominant frequencies are
determined using an approach based on Nakamura (H/V ratio) technique. In this study, we record amplitudes of three
components, two horizontal and one vertical. The measurements were taken using the STRATAVIEW (Geometrics)
instrument, where we have recorded 30 sec data with 0.002 sec sampling interval.
To compute H/V spectral ratio, we sum up both the horizontal components (H) and divide it with the vertical
component (V) using MATLAB code. It is known that the spectral ratio H /V technique is stable over time, which means
that the fundamental period obtained does not depend on the time at which the measurement is taken. Using this method,
dominant frequencies and the corresponding amplifications of soil were computed. The results reveal low-frequency
amplification at some sites and these sites can be important inputs for preparation of seismic zonation maps. We found
that H/V spectral ratio technique is an efficient method to identify regions, where local site effects could be important.
Keywords: Geophone, H/V spectral ratio, Noise

Introduction
A crucial part of damages observed in destructive
earthquakes around the world is connected with seismic wave
amplification due to local site effects. Site response analysis
is, therefore, important to estimate seismic hazard in
earthquake prone areas. Several experiments (Bogdan
Zaharia et al., 2007; Ralph J Haefner et al., 2010; T
Seshunarayana et al., 2012) are required to evaluate local
site effects. Among them, the H/V spectral ratios on ambient
vibrations is probably one of the most common. An
important requirement of H/V method is a good knowledge
of engineering seismology, combined with background
information on local geological conditions, supported by
geophysical data. This method is typically applied, in order
to investigate the local response of a particular site for
seismic microzonation studies.
Parolai et al. (2001, 2004) showed that the seismic noise
H/V curves exhibit a good agreement with the H/V from
earthquake recordings, especially with regard to the value
of the fundamental resonance frequency of the sedimentary
cover. Therefore, performing a large number of noise
measurements over a region of interest allows a map of the
fundamental frequencies to be obtained, which provides an
overview of the distribution of both the sedimentary cover
thickness and, most importantly, of those areas where the
amplification of the seismic motion in the frequency band
of interest for buildings behaviour is expected.
The H/V ratio for the Kanpur city is estimated because,

it is bounded by major rivers in southern and northern
part viz., Yamuna and Ganga. The city is surrounded by
D e l h i - H a r i d wa r, F a z i a b a d , M i j a p u r- G h a z i a b a d
and monglhy ridges. The area is further covered by older
and newer Alluvial. It is evident from the past history that
the damage due to earthquakes is very high in
Sediments (Prabhakar Prasad et al., 2014) Where alluvial
cover is thick. Even though there is no notable earthquake
was noticed in the study region, it is essential to study site
amplification over the city because it is one of the biggest
business trading centres in India having a dense population.
Instead of using a long time continuous data, the present
study is aimed at determining the fundamental frequencies
by using the short duration data of the 30s with ambient
seismic noise and also by hammer source impact.

Location and Geology of the Study Area
The Kanpur city is bounded by major rivers in southern
and northern part viz., Yamuna river trending West to East
direction with meandering and Ganga River trending NWSE through the Gangetic Plain respectively. Geologically
the area comprises thick pile Indo-Gangetic alluvium of
Quaternary age. This alluvium is unconformably overlain
on Bundelkhand Granitic Complex of Archean age.

Data Acquisition and Processing
The recordings of ambient seismic noise and hammer
source were carried out by using the three-component
geophone of 1 Hz with the conventional 24-channel
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Fig.1. Site locations map
seismograph. The data was acquired with optimum
parameters of 30s record length and 2-ms sampling interval.
The recordings were performed in the thick, moderate, and
thin soil cover areas. In all, six records were obtained for
each site: three records were obtained for recording the
ambient seismic noise and further three records using the
hammer source. The hammer source was located at an offset
of 30-50 m. H/V computation is performed through the
following steps by using MATLAB program:
Band pass filter is applied to each component to remove
the noise. Fast Fourier transform is applied to obtain the
spectral amplitudes. The data was further smoothed by
using moving average method. The spectra of the NS and
EW components for ambient and hammer recordings were
merged to obtain a horizontal component spectrum by means
of computing their root mean square average. The H/V
spectral ratio is computed by using the below equation
(Friedmann Wenzal, 2005).

Where r (f) is horizontal to vertical (H/V) spectral ratio
and FNS, FEW and FUD are the Fourier amplitude spectra
in the NS, EW and UD directions respectively.
Three H/V plots as the example are presented in Figure
2 and 3. In the plots, blue lines represent the spectra for
hammer source and the Green line represents the spectra of
ambient seismic noise.

Results and Discussions
The graphs of H/V shows, where the sands and gravels
are main constituents of granular zones that occur completely
at shallow level overlaid thick compact sediment column in
deeper depths are presented in Fig. 2, and Fig. 3. The sites
of low amplitude and no amplitude variation sites show thin
sand and gravels layer overlaid by thick sedimentary column.
significant high amplifications at low frequencies of H/V
are mainly due to the presence of loose sediments and soft
soils. The variations in the frequencies are in the range of
0.1 to 2 Hz for the study area. The frequencies in the range
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of 0.5 to 0.9 Hz in the W and SE part of the study area,
observed sand and gravel grains. In the weathered
formations, > 2 Hz are observed. In the northern part of the
study area, high amplifications of 3-4 are observed,
indicating the presence of sedimentary columns in deeper
depths. In the Low variations in the amplifications of < 2
are observed in the southern part of the study area
corresponding to thin layers of alluvial and sand gravels
overlaid by thick sedimentary column.

The high amplification values of up to 4.0 are observed
at low frequencies (0.1–2 Hz), untied sand and gravels up
to shallow depth and under laid by deeper thick sedimentary
columns and low amplification of 0.5 to 2.5 are noticed at
low frequencies (1 to 2.5 Hz) indicates thin unbounded sand
and gravels under laid by deeper thick sedimentary column.
The unbound sand gravels were are maybe due to migration
or local granular. In a thick sedimentary column with thin
unbound soil cover, no significant amplification is observed.

Conclusions

Analysis of the results shows that the short duration data,
with passive and active seismic methods, is adequate to
estimate the H/V spectral ratio. This is a more efficient tool
for site classification and microzonation studies. The study
also proves that hammer impact at the far distance can be used
in estimating H/V spectral ratio instead of ambient noise alone.

In this study, the ambient vibrations and the hammer
recordings were used to evaluate the H/V spectral ratio in
different geological formations having varying soil thickness.
The high amplification levels correspond thick sediments.

Fig. 2. H/V spectral ratios in curved areas, The figure shows high amplifications at low frequency,
having thick untied sand and gravels overlaid by deeper sedimentary column formations.
The figure shows high amplifications at low frequency
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Fig. 3. H/V spectral ratios in area having low variation in the amplification, shows thin untied sand and
gravels with thick sedimentary columns under laid.
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