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ABSTRACT

An interactive MATLAB based code, designed for processing of relative ground gravity data. This interactive
code is robust to compute Bouguer anomalies from relative land gravity data, acquired with reference to
single standard absolute gravity base. The processed data will be viewed in the form of excel spreadsheet
and graphical window. The efficacy of the code is tested on the real data set near Umred Coal field,
Maharashtra and found to be feasible for handling gravity data sets for precise interpretation of the results.
1D spectral analysis of the Bouguer anomaly data shows that the depth to the basement varies from 0.5
km to 1.3 km over which Gondwana group of rocks are emplaced. Similarly, thickness of the trap is found
to vary from 0.25 km to 0.6 km. The obtained results are in good agreement with the previous gravity and

Magnetotelluric studies.
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INTRODUCTION

Gravity method has been invariably used in various
geophysical investigations like mapping of sedimentary
basins, structural features (faults, folds and lineaments),
subsurface cavities, mineralised zones (Sulphide, Chromite,
Iron ore, silver, gold, coal etc) and potential ground water
resources. CSIR-National Geophysical Research Institute
has been collecting relative gravity data sets, to address
various geological problems related to mineral, oil and
ground water applications (Seshunarayana et al., 2011;
Pandey et al., 2014; Satish Kumar et al., 2018; Swarnapriya
et al., 2017; Tirupathi et al., 2017 etc.). The acquired
field gravity data provides point to point variations due to
causative sources, due to earth’s topography, and departure
of earth shape from the sphere, atmospheric and Tidal
changes. Hence, it is required to reduce these responses
to obtain actual causative anomalies of the gravity sources
concealed beneath the subsurface. Reduction of gravity data
may play a crucial role to nullify the other responses, apart
from the causative anomaly sources. Reduction of land
gravity data involves drift of the gravimeter, conversion of
relative gravity to absolute gravity, latitude correction, Free-
air correction, Bouguer correction and terrain correction.

Depending on the objective of the survey, huge gravity
data sets are needed to be collected in the field. Reduction
of such huge data sets is a tedious task and, in fact, need
commercial softwares for processing precise Bouguer
anomalies. Several researchers developed their own
codes, which are available to process the gravity data e.g.
CgxTool (Gabalda et al., 2003); Gravnet (Hwang et al,,
2002); MCGravi (Beilin, 2006); GravProcess (Cattin et
al., 2015) and pyGrav (Hector and Hinderer, 2016). In the
present study, we have developed a user friendly interactive
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MATLAB based application “code” that can handle relative
gravity data and can generate the Bouguer anomaly output
along with aforesaid corrections. Particularly, user can input
raw gravity data with time, latitude, longitude, elevation for
a particular base gravity in the form of worksheet. User can
view the output in the form of work sheet that contains
the raw gravity data with latitude, longitude, elevation, drift
corrected, latitude corrected, free-air corrected, Bouguer
corrected and Bouguer anomaly. We tested this procedure
using real field data, which is collected over the Deccan trap
region of central India near Nagpur, Maharashtra. However,
we have not attempted the tidal and terrain corrections in
this module which can involve the input of external data
sets like Digital Elevation Model (DEM). Depth to the
basement and thickness of the Deccan trap are estimated
through spectral analysis in aid to coal exploration using
the processed data set.

BASIC STEPS FOR “CODING”

Basically, code works for land relative gravity data with
reference to the single base station. For data with multiple
base stations, user can subdivide the whole data set
depending on occupied base stations and import the data
for a single base at a time. The flow chart for this code is
presented in Figure 1. To work with large datasets of any
extents, a particular data format is required as the input
in the form of excel spreadsheet (Table 1). User has to
take care while importing the base station number i.e any
alphanumeric or simple alphabetical name to mark the
base station number. Otherwise, that will be considered as
another station location and flow will end up with error and
avoid data gap between any two rows. Further, for a particular
profile, starting station number must start with zero.
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Figure 1. Flow chart for workflow for corrections.

Figure 2 shows the interactive tool panel to process REAL DATA ANALYSIS
the gravity data, sequential steps from 1 to 10 will be
provided to execute the raw data set to calculate the To test the efficacy of code, field data of three Profile P1,
Bouguer anomaly. User is required to input the density P2 and P3 are considered (Figure 3) near Umred, Nagpur
in C.G.S units. region, Central India which is one of the coal basins of
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Figure 2. Interactive Window.
Table 1. Input data format for corrections.

Profile Station Raw data Time Time Time (SS. | Longitude Latitude Elevation
No No (mGal) (HH) (MM) SS) (Degree) (Degree) (Meter)
1 Base 1 Base value Hour Min Sec Longitude Latitude Elevation
1 0 Data Hour Min Sec Longitude Latitude Elevation
1 1 Data Hour Min Sec Longitude Latitude Elevation
1 Base 1 Base value Hour Min Sec Longitude Latitude Elevation
1 Base 1 Base value Hour Min Sec Longitude Latitude Elevation
1 3 Data Hour Min Sec Longitude Latitude Elevation
1 4 Data Hour Min Sec Longitude Latitude Elevation
1 Base 1 Base value Hour Min Sec Longitude Latitude Elevation
2 Base 1 Base value Hour Min Sec Longitude Latitude Elevation
2 0 Data Hour Min Sec Longitude Latitude Elevation
2 1 Data Hour Min Sec Longitude Latitude Elevation
2 2 Data Hour Min Sec Longitude Latitude Elevation
2 Base 1 Base value Hour Min Sec Longitude Latitude Elevation

India (De et al., 1982; Rama Krishna et al., 1999a, 1999b).
The study area is capped by alluvium and some patches
of exposed Deccan basaltic rocks, which are underlain
by a Gondwana group of rocks (Naskar and Saha, 2015).
Gravity data has been collected along three profiles P1,
P2, and P3 with lengths of 10 km, 2.6 km and 9.5 km
respectively across the regional strike of the study area
(Figure 3). Gravity data was collected with a sample
interval of 20 m. The data have been acquired using CG-5
gravimeter with an accuracy of + 1uGal. Coordinates
(longitude and latitude) and elevation of the station is
recorded using Trimble Geo XT handheld model global
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positioning system (GPS) receiver. Differential correction
was also applied to the coordinate data using the base
station data.

Bouguer anomalies are computed using present
code for the profiles P1, P2, and P3 and discussed in the
following sections and also demonstrated output of applied
corrections (drift, latitude, free air, Bouguer and Bouguer
anomaly) to the field relative gravity data. Hence, user can
easily find the errors in each stage of processing. Further,
1D spectral analysis has been carried out for the Bouguer
anomalies of P1 to P3 to understand the depth to the
basement and thickness of Deccan trap.
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Figure 3. Location of Profile P1, P2, and P3 (after Naskar and Saha, 2015; Satish Kumar et. al., 2018)

Profile P1

The SSW-NNE trending Profile- P1 starts from west of
Kapri village and ends near Chimnazari village with a
length of 10 Km (Figure 3). Alluvium, basalts are occupied
in SSW and NNE part respectively. The Bouguer gravity
anomaly varies from -39 mGal to -18 mGal from SSW and
NNE of the profile (Figure 4a). The nature of the gravity
anomaly which is increasing from SSW to NNE of the
profile may represent increasing thickness of the basaltic
layer from Kapri to Chimanzari village. Further, a sharp
gravity gradient is also observed between 0.6 km and 0.7
km, which might be a contact zone. 1D spectral analysis
(Spector and Bhattacharyya, 1966; Bhattacharyya, 1966;
Spector and Grant, 1970; Naidu, 1970; Hahn et al., 1976;
Mishra and Tiwar,1966; Prabhakara Prasad et.al., 2013;
Satish Kumar et al., 2014; Satish Kumar et al., 2015;
Tirupathi et al., 2017; Satish Kumar et al., 2018; Pandey
et al., 2018) was performed for Bouguer anomaly profile
P1 (Figure 4b) and also P2 and P3, to estimate depth to
the basement and thickness of the trap. The 1D amplitude
spectra of Bouguer anomaly shows two discernible segments
with different slopes (Figure 4b). The depth is computed
from slope of each segment by using the formula:

Depth = 1/47 X (AE/AN)

Where AE/AN is the slope of each segment, AE is the log
energy and AN is the wave number increment. The depth
computed from slopes of two straight line segments are
1.25 Km and 0.25 Km, which may represents depth to the
basement and thickness of the Deccan trap respectively.

Profile P2

Gravity data along Profile P2 is collected from Tana to
Junapani villages, covering a length of about 2.6 km
(Figure 3). The Bouguer anomalies vary from -37 mGal to
-44 mGal from SSW to NNE. The nature of the Bouguer
anomaly, increasing from SSW to NNE, might represent the
increase in basaltic thickness from Tana village to Junapani
(Figure 5a). 1D amplitude spectrum of Bouguer anomaly
shows one straight line segment (Figure 5b). The estimated
depth from the slope of the segment is 0.5 km and it is
attributed to thickness of the basaltic layer, underlain by
Gondwana group of rocks. Due to limited extended of
profile length, depth to the basement could not be resolved
from the amplitude spectrum.

Profile P3

Profile P3 is starts from Ghoti village and ends at Sukli
village and has a length of about 9.5 Km (Figure 3). The
entire profile is covered by basaltic layer. The gravity
anomaly varies from -67 mGal to -57mGal from SSW to
NNE, with amplitude of 10 mGals (Figure 6a). The nature
of the Bouguer anomaly increase from SSW to NNE, might
represent the increase in basaltic thickness from Ghoti
village to Sukli village. 1D amplitude spectrum of Bouguer
anomaly shows two straight line segments (Figure 6b).
The estimated depths from the slope of the segments are
1.2 km and 0.6 km and it is attributed to depth to the
thickness of the basaltic layer underlain by Gondwana
group of rocks respectively.

137



K. Satish kumar, Debraj Midya, M. Tirupathi, and R.K. Tiwari

S8W NNE
™ 2640F Raw Data _ ____P_._#f'—"'_ Chimanzari
2630rkepn ___ — ——— — T E
2820 1 L L L 1 L 1 L 1
0 1000 2000 3000 4000 5000 6000  TOOO 8000 9000 10000
b} T T T T T T P —— —
2640F princorrected e e T
2630 e e—— g
B =1 L L L 1 L I L 1 .
0 1000 2000 3000 4000 S000 6000 7000 8000 9000 10000
BoF T T T T T T —— — g —
Bip 20 Latitude Corrected —
ook 5 B At g s 4
A00b—"T — I 1 1 1 I I I ]
= 0 1000 2000 3000 4000 S000 6000  TOOOQ 8000 9000 10000
E 1 Uﬁ — L I i, X ! I I I -
E " a5 N ™ \H/""-"""f{'_" e _,.-""—""'_"\/'—/1 ]
£ | Free Alr Corrected LTS A
E 90 ¢ i o i i i i i i N

0 1000 2000 3000 4000 5000 g000 T000 8000 8000 10000
R e e e = s g L B R

s
34 Bouguer Corrected No— .
32k ] 1 I 1 1 1 ] I _H-‘-\_IF'-'_'-"L\-u’d_':I
1000 2000 3000 4000 S000 6000 7000 8000 9000 10000
n -20F T T T T T T P T = —~—..._|___\_J_‘_
-291 Bouguer Anomaly } pes— el

0 1000 2000 3000 4000 S000 6000 7000 8000 9000 10000
X-axis (Station, m)

Profile No: P1

Figure 4a. Plot of (a) raw gravity data, (b) drift corrected, (c) Latitude corrected, (d) Free-air corrected, (e) Bouguer corrected and
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Figure 6a. Plot of (a) raw gravity data, (b) drift corrected, (c) Latitude corrected, (d) Free-air corrected, (e) Bouguer corrected and
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It is inferred from the spectral analysis that the depth
to the basement varies from 0.5 Km to 1.3 in the study
area. The shallowest basement is observed at profile P2,
where as deepest part is observed at P1 and P3. The
obtained results are good agreement with the results of
lithological (Raja Rao, 1982), Magnetotelluric (Jitendra
Kumar et al., 2004) and Gravity (Satish Kumar et al.,
2018) studies.

CONCLUSIONS

The developed code is useful for processing of land relative
gravity data. The efficacy of the code is tested on the real
data set near Umred Coal field, Maharashtra and found
to be feasible for handling gravity data sets for precise
interpretation of the results.
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