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( ABSTRACT > Karbi - Anglong forms the southern extremity of Mikir massif, represent an uplifted detached block of Shillong plateau,

North East India comprising Precambrian Crystalline rocks of Gneissic complex and fluvial sediments of quaternary age.
The gravity and magnetic surveys in the area brought out the subsurface structures and basement heterogeneity. The results of 2D subsurface
modelling and the Spectral analysis of both Gravity-Magnetic data brought out the basement configuration and the overlying average sedimentary
thickness ranging from 400m to 1000m and these depths are good agreement with Werner depth solutions obtained from gravity-magnetic data.
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Introduction:

The study area, Karbi - Anglong forms the southern extremity of Mikir
massif, represent an uplifted detached block of Shillon%7 plateau, North
East India. The spatial coordinates of the area are 26" 00' - 26" 15'N
Latitude and 93° 00' - 93° 15'E Longitude. The general geological map
of the study area overlaid with obtained Gravity-Magnetic profiles
shown in (Fig.1). Tectonically, the entire North Eastern region of India
is active due to the collision of Eurasian plate with Indian plate and the
castern subduction interface of North-drifting Indian plate
(Mukhopadhyay, 1974; Kayal, 2006; Seno and Rehman, 2011; Pathak,
2014). The structural complexity and the basement configuration of
the present area was not clearly reflected in both the 10 mGal Gravity
map (NGRI, 1978) and Revision of Bouguer gravity Map of India
(RGMLI, 2006), due to Paucity of data. In order to know the shallow
subsurface information and basement structures of the study area,
geophysical surveys have been carried out by employing gravity and
magnetic surveys.

Objective:

To understand the shallow subsurface information and basement
heterogeneity of the Karbi-Anglong area, two Gravity-Magnetic
profiles have been carried out and interpreted to decipher the thickness
of'the overlying sediments and the nature of the underlying basement.
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Fig.1. Simplified geological map of the study area (modified after
geological map series, GSI, NER, 1979) overlaid with gravity-
magnetic profiles over Karbi - Anglong area of North Eastern
Indian region.

Geophysical Data and Methodology: Geologically the study area
can be demarcated in to two Groups i.e. Precambrian Crystalline rocks
and fluvial sediments of quaternary age. The crystalline rocks include
the Gneissic Complex of Archean to Proterozoic age subjected to
metamorphism and several phases of deformation (Mazumder, 1976;
Murthy, 1976). The eastern portion, western corner and southern part
predominantly covered by the exposed Gneissic, granite intrusive

rocks and rest of the area is occupied by Quaternary alluvial sediments
of Brahmaputra basin.

The Bouguer gravity anomaly map (GSI-NGRI, 2006) shows an
overall variation of -16 mGal ranging from maximum of -56 mGal
gravity high (GH) anomaly zone noticed east of Bakulia at
southeastern part over exposed Gneissic rocks and minimum of -72
m@Gal gravity low (GL) anomaly zone observed west of Dokmoka,
northwest portion of the study area and the central area broadly
demarcated by gravity gradient (GG) zone (Fig.2a). Since the available
gravity anomaly map represents mostly the regional and longer
wavelength anomalies due to its spars data density. To understand the
nature of shallow subsurface features and thickness of overlying
sediments, we have carried out gravity-Magnetic surveys along two
profiles (P-1 & P-2) with close spacing of 1 to 1.5 km station interval
using Autograv gravimeter (CG-5) and Total Field Magnetometer
(GSM-19T) over the covered sediments of the study area (Fig.2b & c).
The observed gravity data were corrected to instrument drift and
reduced to mean sea level (m.s.]) with an average crustal density of
2670 kg/m’ and connected to the established gravity base at Nagaon
circuit house. The gravity formula of 1980 was used for calculation of
the theoretical gravity. After applying all the necessary corrections
such as base corrections, free air correction, Bouguer corrections for
Gravity data and Diurnal corrections and main field correction using
International Geomagnetic Reference Field (IGRF) for total field
magnetic data. Both Gravity and Magnetic data were taken for
interpretation by transforming them in to frequency domain using
Fourier transformation. The two profiles data was subjected to spectral
analysis to obtain different interface depths. 2D modelling has been
also attempted to decipher subsurface gravity- magnetic signatures of
different lithological units of the study region.
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Fig.2 (a). Map showing the Bouguer gravity anomaly map
digitized from gravity map series of India with SmGal (GSI-
NGRI,2006), 2(b). Gravity profiles over Karbi-Anglong area (P-1
& P-2) and 2(c). Magnetic profiles over Karbi-Anglong area (P-1
& P-2) and their anomaly distribution over different litho-units.
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Gravity and Magnetic Profile (P-1): Geophysical surveys
comprising of Gravity and Magnetic methods were employed over the
covered alluvium sediments of Karbi-Anglong area along profile (P-
1). Gravity-Magnetic data were acquired with station interval of 1 to
1.5km spacing along the profile (P-1) covering an area of 39.75km,
starts from northwest of Dokmoka to southeast of Majwargaon. The
complete Bouguer anomaly and magnetic anomalies were reduced
after applying all the necessary corrections. The gravity profile (P-1)
shows an overall variation of 19mGal due to lateral density
heterogeneities ranging from maximum anomaly of -47 mGal
observed southeast of Bakulia due to the underlying high density rocks
or may be the less thickness of overlying sediments and minimum of -
66mGal noticed towards northwest of Dokmoka due to low density
formations or may be the thick overlying sediments (Fig.2a). These
gravity anomaly ranges are well correlated with Bouguer anomaly
Map (5mGal). The magnetic profile (P-1) has brought out varying
anomaly pattern over different lithological formations due to
susceptibility contrast. The measured Total field magnetic anomalies
along the profile (P-1) are varying from 111nT to 716 nT. In general
central part of the profile from Longhintinal to southeast of Bakulia is
characterised by high magnetic anomalies due to high susceptibility
basement structures whereas the western and southern corners are
represented by broadly low intensity magnetic anomalies.

Gravity and Magnetic Profile (P-2): The north south profile (P-2) has
also been carried out from Dokomoka to Haphljan with station interval
of 1 to 1.5km spacing along the profile covering an area of 22.5km over
sediments. The gravity profile (P-2) indicates a total variation of
8mGal due to density contrast along the profile and the minimum value
of -72mGal observed south of Dokmoka whereas south of Shitalmari
increases the gravity anomalies gradually and attained maximum of -
64mGal due to high density underlying Gneissic basement rocks. The
results obtained from both the gravity profiles reveals that high density
anomalies continuing from southwestern part to southeastern portion
indicates that the nature of the basement configuration characterised
by the high density underlying Gneissic rocks.

Spectral Analysis of Gravity and Magnetic profiles (P-1 & P-2):
The obtained gravity and magnetic profile data (P-1 & P-2) have been
computed for spectral analysis to resolve depth to the sources of
gravity and magnetic interface depths based on the variation of
densities and susceptibility contrast (Spector, 1970; Naidu, 1972). The
estimated gravity and magnetic interface depths are very useful to
understand the depth extension and nature of the causative source of
the study area. The computed radially average power spectrum of
gravity profiles estimated the average interface depths of gravity
profile (P-1) as 1.12km and 0.93km for (P-2), whereas the estimated
magnetic interfaces of magnetic profile (P-1) as 1.13 and 0.84km for
magnetic profile (P-2).
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Fig.3. Spectral Analysis results of Gravity and Magnetic profiles
(P-1: Gravity-Magnetic profile & P-2: Gravity-Magnetic profile).

Werner P-Depth solutions of Gravity and Magnetic profiles (P-1 &
P-2): To understand the nature of the signatures of gravity and
magnetic anomalies along two profiles over exposed alluvium cover of
Karbi-Anglong, Werner P-Depth solutions were computed by
employing Hartmen (1971) Werner Deconvolution technique for the
potential field data. The results of the depth solutions derived from the
Werner technique are shown in Fig. (4). The estimated Werner depth
solutions represents source depth variations along the profiles reveals

that depth to the basement along the profiles varying from 400m to
1000m and also gives the undulations in the thickness of overlying
sediments.

Werner Depth solutions of Gravity profile (P-1y
£
S v TR T  Basement Depth
Tl ol e Tlvag . . $ 4 = Z_Contacts
8 Bl S 2_Di
2000
7 0060 7050 30050 000 )
Distance (m)
Werner Depth solutions of Magnetic Profile (P-1)
€
e T * Basement Depin
5 an00 eslsves . . — 2. Conmcn
a ¢ < ZDes
12000
0 TR0 0 £ 00 o
Distance (m)
Werner Depth solutions of Gravity Profile (P-2)
E
S s = - Basement Depth
Boocl | | |geslanenelan A . = 2_contacts
Bawoob e i e
12000
£ T 000 35000 0050 5000 00 T 550
Distance (m)
Werner Depth solutions of Magnetic Profile (P-2)
o
= 4000 + Basement Depth
£ = 2 Contacts
F e e e B 5 e ey sy ey + 7 Dkes
12000
= ™ g E=e T £ o T =
Distance (m)

Fig.4. Werner P-DEPTH modeling results along Gravity and
Magnetic profiles (P-1 & P-2).

2D Subsurface modeling along gravity profiles (P-1 & P-2): An
attempt has been made to construct a 2D subsurface modeling along
gravity profiles to understand the nature of the underlying basement
and to know the thickness of the overlying sediments of the study area
by using Gym-sys module of Geosoft software. The gravity profile
modeling (P-1) has been carried out by assuming the density of
Alluvium as 2250 kg/m’ and 2690 kg/m’ for the underlying Gneissic
basement rocks. A fair match between the observed gravity profile and
the computed curve with an RMS error of 0.099 was obtained. The
modeling results depict thickness of overlying sediments and the
underlying basement heterogeneities are shown in Fig. 5(a). The
computed sedimentary thickness are varying from 65m to 850m, at
south eastern part around Karkok the sedimentary thickness is very
shallow and further southeast the sedimentary thickness are increasing
gradually. The selected gravity profile (P-2) modeled by taking in to
consideration of gravity interface depths obtained from spectral
analysis and assumed average densities of overlying sediments and
underlying gneissic rocks as 2250 kg/m’ and 2690 kg/m’ respectively.
The observed gravity anomaly is fairly good match with the computed
curve with RMS error of 0.063 was obtained and the model brought out
thickness of overlying sediments and underlying Gneissic formations
of Karbi - Anglong area varying from 0.8 km to 1.1km.
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Fig. 5(a). 2D Subsurface modeling along Gravity profile (P-1).
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Fig. 5(b). 2D Subsurface modeling along Gravity profile (P-2).
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Results and conclusions: The gravity and magnetic profile analysis of
the Karbi - Anglong area brought out the nature of the subsurface
causative source and the underlying basement heterogeneities. The
results obtained from both the gravity and magnetic profiles reveals
that high density formations associated with moderately high
susceptibility anomalies continuing from southwestern part to
southeastern portion indicates that the nature of the basement
configuration characterised by high density underlying Gneissic rocks.

The results of Spectral analysis of both Gravity-Magnetic data brings
out the average subsurface interface depths ranging from 0.8 km to
1.13km and the computed Werner depth solutions are varying from
400mto 1000 m.

The 2D subsurface modeling results of two gravity profiles clearly
brought out the overlying sedimentary thickness and underlying
basement heterogeneities indicates that northern and eastern portions
having relatively shallow sediments and gradually increasing the
thickness of the sediments towards south and southwestern part of the
study area.
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