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Identification of Subsurface Structures and their Inferences from Regional Magnetic
(Total Field) Survey for loci of Kimberlite Pipe Rocks in the Western part of
Anantapur and Adjoining Areas, Andhra Pradesh.
P. Ajaya Kumar, J.A.N.Rao* and S. Srinivas**
Geological Survey of India, Hyderabad, *Visakhapatnam and **RSAS, Bangalore.

Abstract
The Magnetic (Total Field) survey has recorded characteristic magnetic responses over different litho units with
significant contour pattern trending in NW-SE, NE-SW, N-S and E-W directions in the form of magnetic linears, breaks,
gradients and circular and bipolar anomalies, indicating fault/contact in between the formations which are responsible
for the formation of cross structural trends. The magnetic map has shown a variation of 930 nT ranging from -561 nT to
+369 nT in the area. The magnetic map has clearly traced the Ramagiri- Penakacherla schist belt from Kuderu to
Ramagiri in the form of linear feature aligned in N-S direction with moderate variation of -50nT to 100nT and sparse
contour pattern. The rocks exposed in the area are of PGC, Dharwar, schist belt, mafic gabbro/dolerite dykes and small
plutons of pink/grey hornblende biotite granite. The general trend of formations is in NNW-SSE to N-S direction with
moderate to steep dips. The magnetic map has delineated a few inferred structural features. The intersection of NW-SE,
NE-SW and E-W magnetic linears observed around Alamuru, Raptadu, Kuderu, Atmakuru, Ramasagaram, Golla, west
of Sirpi and near Maddelacheruvu, Known as “Joints” needs further detailed study from the point of mineral exploration
as most of the kimberlite bodies are identified near these intersections. Three test pits were opened over the anomaly
zones and the analysis of the rock/soil samples were quite encouraging for the path finder elements of Kimberlite clan of
rocks. A few blocks were recommended for further detailed geophysical surveys.
Key words: PGC, magnetic linear, schist belt, Kimberlite, Joints, Total magnetic field, Anantapur, Andhra Pradesh.

Introduction
In India Diamond mining and trading was at its peak
until colonial rule. As on date South Africa, Brazil, Australia
and Canada are the four runners in the field of Diamond
producing countries in the world. India took a back seat
and not producing much diamonds. Attempts are on to put
India in a respectable position in the world diamond map.
These attempts will be incomplete without exploring new
areas for diamond mining. Geoscientific (Geological,
Geophysical and Geochemical) integrated studies are the
main requirement to arrive at favorable environs for locating
diamonds. Geophysics has proved itself immensely helpful
in exploration and as a value addition to other geoscientific
studies.
Igneous rocks like kimberlites and lamproites are the
primary sources for the occurrence of diamonds.
Conglomerates, grits and similar sedimentary rocks are the
secondary sources. Diamonds can also be found in placer
deposits of quaternary to recent times.
This presents paper with exploring new areas favourable
for emplacement of primary sources of diamonds such as
kimberlites. Most of the Kimberlite rocks occur as pipe like
intrusives / diatrems in nature. Occationally, they also
emplace along the contacts of dykes and sills. Fracture zones
which transect the trends of deep basement terrains in stable
cratonic areas are considered most favourable for

emplacement of kimberlites. A few pipes are found in circumcratonic fold belts. Majority of the Kimberlites so far reported
are from stable platforms in continental shield portions or in
surrounding sediments and occur as diatremes and dykes in
clusters along the interior and along the marginal down
warps, local domes and grabens associated with epi-orogenic
movements. Geologic ages of kimberlites vary right from
Precambrian to Proterozoic. Previously known kimberlite
occurrences in the proximity of the present study area are
(1) Wajrakarur Kimberlite Field (WKF), (2) Narayanapet
Kimberlite Field (NKF), (3) Raichur Kimberlite Field (RKF)
and (4) Tungabhadra Kimberlite Field (TKF). The known
extent of WKF is from Wajrakarur – Lattavaram cluster in
the north to Chigicherla cluster in the southeast, Penugonda
in the South and Kalyanadurg cluster in the southwest with
Timmasamudram cluster in the southern part of the area.
The occurrence of few Kimberlite Pipes on either side
of the greenstone belt necessitated the study of this area in a
better detail for the identification of geological structures
associated with the Dharwar schist belt and ultrabasic
intrusives and their relation to the genesis and disposition of
Kimberlite Pipes. The Kimberlites of Wajrakarur Kimberlite
Field (WKF) are dated 1100 Ma and the structural setup
indicated that the major ENE-WSW and the NW-SE faults
controlled the emplacement of Kimberlite Pipes in the area.
Regional Magnetic investigation (P. Ajaya Kumar & Vijaya
Kumar, 2013) in the adjoining area of Anantapur have
identified several magnetic linear features and cross structural
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trends, which are favourable loci for the possible emplacement
of Kimberlite suit of rocks. The location of the area of
investigation is shown in Fig. 1

Geology and Structural Setup
The area is predominantly exposed to the rocks of granite
and gneisses mapped as Peninsular Gneissic Complex (PGC)
of Archaean age, comprising of enclaves of Dharwar meta
sediments, meta basics, meta basalt, amphibolite, biotite
schist, meta basic dykes, migmatites of Dharwar Super Group

(Fig.2). The PGC is represented by granite gneiss, migmatite,
grey hornblende biotite granite gneiss, grey biotite gneiss,
grey biotite granite, and pink granite and migmatites of
diverse composition and ages and are grouped into well
defined suites. The PGC is made up of the TonaliteTrondhjemite Gneiss (TTG- Migmatised gneisses) and
Tonalite-Granodiorite-Adamellite (TGA) suites (Gopal
Reddy & Suresh, 1994). The TGA suite has an intrusive
relationship with the TTG suite. A variety of granitic rocks
like grey hornblende biotite granite, pink hornblende biotite
granite, grey granite, apalite, Alkali feldspar granite (Closepet
granite) and gneissic rocks like grey hornblende gneiss and
migmatite gneiss were exposed in the area. The schistose
rocks and meta basalt are seen all along the Ramagiri-Kuderu
schist belt aligned in a nearly S-N direction and at the granitic
contacts / shear zones. Pink hornblende biotite granite and
grey biotite granite exposed as small plutons. Gabbro bodies
occur as a minor plug to dyke like linear and ovoidal bodies.
Alkaline ultramafic province with carbonate bands occur at
the western contact of Ramagiri schist belt. The mafic dykes
are mainly doleritic and gabbroic composition. Kimberlite
pipes occur at the western and eastern contacts of the
Ramagiri-Kuderu schist belt. The general alignments of
formations are in NNW-SSE to N-S direction with moderate
to steep dips (GSI, 2012). The emplacement of kimberlite
suite of rocks is found to fall within the zone of intersection
of NW-SE, ENE-WSW, E-W and N-S aligned magnetic/
geological lineaments and at the cross points of 1st and 2nd
order geological structures, which are ideal loci for possible
occurrence of Kimberlites. These intersections/Joints are
related to the possible crustal thinning/ mantle upliftment or
reactivation of E-W faults over geological time. The
geological map of parts of area of investigation with inferred
magnetic anomaly axes is presented in Fig. 2.

Fig.2. Regional Geology and Magnetic Anomaly Axis Map Anantapur District, Andhra Pradesh

Identification of Subsurface Structures

Magnetic Data Acquisition and Processing
The total field magnetic method is employed effectively
due to measurable Susceptibility contrast between basic
intrusives, Greenstone rocks and the PGC/Granites. The
magnetic method is used for delineating the ultrabasic rocks
associated with the lithological and structural features, such
as faults/fractures/shear zones/altered zones, which are the
major loci for the occurrences of mineral resources/
emplacement of Kimberlite suit of rocks. Regional magnetic
(Total Field) observations have been taken at a station density
of one station in 1.5 to 2.0 sq.kms area in Anantapur and
adjoining area.
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The magnetic susceptibility of rock samples collected in
the area show low values over meta basalt (10 x 10-6 CGS
units), quartz chlorite schist (14-17 x 10-6 CGS units), granite
(1-72 x 10-6 CGS units), while moderate values are recorded
over amphibolites (6-162 x 10-6 CGS units) and high values
are recorded over dolerite dyke (14-4246 x 10-6 CGS units)
and gabbro dyke (12-5685 x 10-6 CGS units).
As the magnetic susceptibility shows a wide variation
over these formations and also overlapping values, the
magnetic data is interpreted broadly in terms of regional
features / linear features etc., based on magnetic image and
derived maps.

The magnetic data is acquired with Proton Precession
magnetometer (Total field) of Scintrex make Envi and Terra
Science make. A handheld GPS (Garmin make) is used for
position location of magnetic stations. Magnetic (volume)
susceptibility measurements of rock samples collected from
the study area, are computed by deploying the Duel frequency
susceptibility meter of Bartington, U.K make.

Magnetic Anomaly Image Map

The magnetic data is reduced by applying diurnal and
IGRF (Epoch Year-2010) corrections to obtain the magnetic
anomaly. The magnetic image map and the derived maps in
the form of analytic signal, Euler Deconvolution map,
upward continuation to 3200 m and 6000 m levels prepared
by GEOSOFT (2012) are interpreted.

The magnetic image map (Fig. 3) reflects a number of
major magnetic linear zones trending in NE-SW, NW-SE
and E-W direction. A prominent magnetic linear anomaly
zone in NE-SW direction extending from Palacherla to
Venkatapuram within the migmatite gneiss. Another
prominent magnetic anomaly in NW-SE direction extending
from west of Chigicherla to Ramasagaram is also observed
within the migmatite gneiss.

Magnetic Susceptibility of Rock Samples

The total field magnetic data from the entire study area
is processed for diurnal and IGRF corrections to obtain the
total field magnetic anomaly at each station. This randomly
collected data is gridded and magnetic contour maps and
images generated using Geosoft software.

Fig. 3. Magnetic image Map, Anantapur District, Andgra Pradesh

136

Ajaya Kumar et.al.,

The magnetic image shows a prominent NW-SE trending
magnetic linear within the migmatite gneiss along the
Timmasamudram-Golla-Sirpi indicating a major structural
feature (fault?/contact?). Three prominent magnetic
anomalies are observed, one around the Kalyandurg, in the
vicinity of known kimberlite cluster, lying within the grey
granite, another anomaly in an east-west direction around
Maddelacheruvu within the migmatite gneiss and the third
anomaly is within alkali feldspar granite around Chikkahalli
village. A conspicuous low within the migmatite gneiss is
identified in east-west direction around Peruru. Moderate
magnetic anomaly zone in NW-SE direction extended from
RA Puram to Veparalla ( through Varli-Kanchenapalli)
flanked by Kalyandurg kimberlite cluster in the west and
Timmasamudram-Golla-Sirpi magnetic linear on the east.
The zone spreads over two formations partly viz., alkali
feldspar granite in the west and migmatite gneiss on the east,
may indicate that the magnetic composition of these
formations may be similar in nature. The Ramagiri-Kuderu,
part of Ramagiri-Penakacherla schist belt is reflected as
moderate magnetic anomaly trending in near N-S direction.
Besides these prominent magnetic linear zones a number of
short wave length linear and local closures trending in
different directions are also depicted in the magnetic image
map, which may represent the heterogeneity of the basement.

Magnetic Analytic Signal Map
The analytic signal map (Fig.4) shows isolated
moderate to high magnetic closures corresponding to the
inferred magnetic linear zones. A salient feature of the
analytic signal map is the delineation of Ramagiri-Kuderu

schist belt, part of Ramagiri-Penakacherla schist belt. A
moderate anomaly trending in N-S direction clearly
demarcated the disposition of Ramagiri-Kuderu segment
of the schist belt.
Circular magnetic high anomaly zones in the form of
isolated closures identified around Ramasagaram, Atmakuru,
Obulapuram, Kalyanadurg, Alamuru and Timmasamudram
areas appears to have shallow causative sources, where most
of the known kimberlite pipes are reported. The map further
brought out the contact between the migmatite gneiss and
alkali feldspar granite in the western part and circular/arcute
features in the eastern part of the area.

Euler Deconvolution Map
The Euler deconvolution of magnetic data with a
Structural Index of two, which is ideal for pipe rock solution
with cell size and window size of 2000 m and 8000 m
respectively, shows a cluster of depth solutions ranging from
1921 m to 5880 m corresponding to the magnetic zones
(Fig.5). The cluster of solutions trending in different
directions indicates different structures in the form of fault/
contact/shear zones associated with the basement. The cluster
of depth solutions are classified in to two categories as
shallow and deeper features. A depth range of 1921 m to
3200 m is considered as shallow features while the solutions
extending from 3200 m to 5880 m as deep seated features.
The solutions corresponding to shallow features may
represent the compositional variations within the gneissic
terrain while the deeper solutions may be due to structures
associated with the basement.

Fig. 4. Magnetic Analytic Signal Map, Anantapur District, Andhra Pradesh

Identification of Subsurface Structures
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Fig. 5. Magnetic Image Map Along with Euler Depth Solutions (SI=2), Anantapur District, Andhra Pradesh
The major structural trends extending deep are (i)
Durgam-Venkatapuram linear zone, (ii) south of Atmakuru,
(iii) the low magnetic zone around Peruru and (iv) east of
Chigicherla while the rest of the zones are reflected as
shallow features. Another prominent feature of the deeper
solutions is a NW-SE trend extending along Valluru-PeruruRA Puram-Veparala, indicate a major deep seated inferred
fault. Ramasagaram to South of Atmakuru also reflects a
major structure trending in NNW-SSE direction. The cluster
of solutions extending in an east-west direction around
Peruru-Ramagiri may indicate a deep seated structural
feature. These deep seated features may indicate the
structures associated with the basement.
The cluster of shallow depth solutions trending in NWSE direction extending along MaddelacheruvuTimmasamudram-Golla-Sirpi may represent a fault.
Similarly the NW-SE trend of shallow linear feature from
Kalyandurg to Kenchanapali also indicates a fault / contact.
A NE-SW trending cluster of solutions from Alamuru to
Anantapur also indicate a structural feature extending to
shallow depth.

Magnetic upward Continuation Map
The magnetic data is brought to a level of 3200 m and
6000 m by upward continuation to examine the nature of
the anomalies and their extent. As the shallow and deeper
depth solutions were classified corresponding to 3200 m and
6000 m range in Euler Deconvolution, the magnetic data is

also brought to these levels to know the significance of these
features from structural point of view. The upward
continuation maps (Fig. 6 & Fig. 7) also show similar trends
as identified in other processed maps in the area. The
prominent feature of these maps is an arch-shaped magnetic
high zone with the Chigicherla-Palacherla-TimmasamudramGolla-Sirpi (CPTGS Arch) forming its periphery. The
Chigicherla and Timmasamudram kimberlite pipes are
located over the CPTGS Arch. The east-west trending
magnetic low around Peruru-Ramagiri is also well reflected
at these levels indicating its deep seated nature. A circular
moderate magnetic anomaly is observed around Kalyandurg,
where known kimberlite pipe clusters were emplaced. The
upward continuation maps further show the NW-SE trending
feeble to moderate magnetic anomaly zone lying between
the CPTGS Arch and Kalyandurg extending from
Maddelacheruvu to Veparalla.

Conclusions
The magnetic data clearly demarcated a number of linear
zones trending in NW-SE, NE-SW and E-W directions
epresenting the litho contacts / faults / fracture / shear zones.
Based on the linear structures interpreted from magnetic
image map and also incorporating the results derived from
analytic signal map, Euler Deconvolution and upward
continuation maps, a combined structural map is prepared
(Fig.8). The salient features of the integrated structural map
and the blocks identified for possible emplacement of
Kimberlite pipes are described in the following.
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Fig. 6. Magnetic Image - Upward Continuation (3200 m), Anantapur District, Andhra Pradesh

Fig. 7. Magnetic Image - Upward Continuation (6000 m), Anantapur District, Andhra Pradesh

Identification of Subsurface Structures
1)

The magnetic analytic signal map clearly delineated
the Ramagiri-Kuderu segment of RamagiriPenakacherla Schist Belt in an N-S direction.

2)

The Euler Deconvolution with SI=2 indicated a
cluster of solutions corresponding to the anomalies
inferred from the magnetic image map. The depth
solutions classified as shallow and deeper features
reflect the structural trends of these anomalies, which
are aligned in NE-SW, NW-SE and E-W direction.

3)

The upward continuation of magnetic data to 3200
m and 6000 m levels also indicated these structural
features indicating their depth extent. The broad
magnetic high bounded by the CPTGS Arch within
the migmatite gneiss may represent that the area is
associated with more mafic mineral content.

4)

As the kimberlite clusters of Chigicherla and
Timmasamudram are located over the CPTGS
Arch, the boundary may play a significant role for
the emplacement of kimberlite pipes and needs to
be examined thoroughly.

5)

Fourteen target blocks were identified in the study
area (marked as T1 to T14, Fig.8), which may form
favourable location for emplacement of kimberlite
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pipes. The criteria adopted for selection of these blocks
is based on structural fabric derived from magnetic
data and lithological features as given below.
6)

Five blocks were identified where the CPTGS arch
is intersecting with structures derived from Euler
depth solutions. These are located to the west of
Golla (Block-T1), western contact of RamagiriPenakacherla schist belt with gneisses (Block-T2)
and three blocks (T3,T4 & T5) lying between
Palacherla and Chigicherla where Euler structures
are crossing in different directions with the arch,
which is also taking a swing.

7)

The Block-T6 is identified to the north of
Anantapur where the upward continuation level
3200 m and 6000 m trend cuts across the NE-SW
Euler structure. Similarly Block-T7 lying west of
Durgam and Block-T8 identified in the vicinity of
Alamuru also lie at the intersection of structural
features only. Geologically these blocks are within
the gneissic terrain.

8)

The Block-T9 & T10 are located at the eastern and
western contact of Ramagiri-Penakacherla Schist
Belt with the gneisses respectively with a significant
NW-SE structure and circular regional magnetic

Fig. 8. Interpreted Structural Map of Surveyed Area Anantapur District, Andhra Pradesh
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feature. The pipe-7 of Venkatampalle lying further
north of the study area was found in the RamagiriPenakacherla schist belt / gneissic terrain.

9)

The Block-T11 lying SE of Ramasagaram is based
on magnetic structure of deep seated origin as
reflected in both Euler depth solution and
corroborated by upward continuation feature.

10)

A significant circular regional magnetic feature with
NW-SE trending Euler structure lying to the south
of Alamuru may be promising one, marked as
Block-T12.

11)

The NW-SE structural trend noticed around
Kalyandurg with the circular magnetic feature and
a regional geological boundary in their vicinity is
significant from Kimberlite point of view and
identified as Block-T13. The Kalyandurg kimberlite
cluster (6-pipes) lies close to the feature
(Mukherjee, 2007).

12)

The central part of Perur-Valluru-Chikkahalli area
is marked as Block-T14 in the southern part of the
study area. A prominent NW-SE major deep seated
fault extending from west of Velluru to Veparalla
along Peruru-RA puram villages intersecting with
the WNW-ESE Euler structure corroborated by
broad deep seated regional magnetic trend are the
significant structural features in the vicinity of the
block.
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Abstract
The aim of potential field data, viz. gravity and magnetic, interpretation is to elicit geological information. Present
study on potential field data has been carried out for an area near Diara, located about 35 km east of Sikar, Rajasthan.
The area forms a part of Albititite Line of Rajasthan and is comprising of quartzite, quartz biotite schist and calc-silicate
rocks of Ajabgarh Group of Khetri sub basin of North Delhi Fold Belt. The NE-SW trending metasedimentary sequence
of the area has been subjected to igneous intrusion and polyphase deformation.
The study area is flanked by steeply dipping quartzite hill in the west, is mostly soil covered that delimited detailed
geological mapping. Hence, ground gravity and magnetic survey was carried out. Quantitative analysis of magnetic and
gravity anomalies indicated depth of causative sources of anomalies. The surveys resulted in delineating a linear basic
body concordant to the formational strike occurring at a depth of 50-100 m manifested as prominent magnetic high.
Subtle variation in Bouguer anomaly reflects lithological variation. Various data enhancement techniques are used to
amplify and resolve the anomalies for better interpretability. Major structures interpreted from the potential field datasets
are having NE-SW and E-W trends. NE-SW trending lineaments traverse all through the area and can be correlated with
earlier phase of deformation of North Delhi Fold Belt. Effects of later episode of E-W faulting correlating with last
phase of deformation can be seen in fragmentation of the basic body. Mutual relationships of interpreted litho-structural
attributes indicate faults are post granitic intrusions. Interpretation of potential field data aiding the refinement of geological
knowledge of the area is well correlated with drillhole data. An interpreted geological map of the area has been prepared
from the potential field datasets.
Keywords: Potential field, Interpretation, Diara, North Delhi Fold Belt

Introduction
Role of potential methods in geological mapping and
mineral exploration are varied, wide and are well established
in literature (Grant and West, 1965; Paterson and Reeves,
1985; Sharma, 1986; Blakeley, 1995; Nabighian et al., 2005).
Potential field methods namely, gravity and magnetic
especially aid to find the favourable structural locale in areas
of scanty exposure and narrow down the area of interest for
exploration.
The North Delhi Fold Belt (NDFB) of Rajasthan,
comprising of three sub-basins viz. Khetri, Alwar and LalsotBayana, is known for its mineral wealth. A number of
structural controlled sulphide mineralisation like Khetri of
Khetri sub-basin, Kho-Dariba, Bhagoni of Alwar sub-basin
etc. are known in the belt. Present study is aimed to locate
and characterize the probable fracture/shear zones with the
help of magnetic and gravity signatures. Structurally weak
zones in the belt are exploration targets which act as locales
for possible structural controlled hydrothermal vein type
uranium mineralization. The interpretation of the geophysical
attributes in terms of geology is aided by knowledge of the
geological setup guiding the mineralization

volcano-clastics of Ajabgarh Groups constitute the graben
fills of NDFB in NE Rajasthan (Heron, 1953; Dev and Sarkar,

Study area

Geological Framework
Basic volcanics-carbonate rich Railo, arenaceous Alwar
and transgressive platformal phosphatic carbonates-pelites-

Fig.1 Geological map of Khetri sub-basin (after Heron,
1923). Khetri lineament shown in dashed line
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1990). Geologically, our study area falls in southern part of
Khetri sub-basin of NDFB. The well known Khetri copper
deposit occurs in the northern part of the basin along the
NE-SW trending Khetri lineament (Fig.1).
Albitite line, parallel to the lineament and sympathetic
to second phase of deformation of Delhis, is defined by the
occurrence of albitites in patches (Ray, 1990). Mineralisation
in the form of uraninite, molybdenite, chalcopyrite, ilmenite,
magnetite and fluorite occur along the albititic zone
suggesting their tectonic control of emplacement. Thus,
parallel to sub-parallel mega fractures, faults and axial planes
related to Delhi orogeny are important locales for
hydrothermal type of mineralization including uranium.
The sulphide mineralisation in NDFB is mainly confined
to NNE-SSW trending shear zones developed along the axial
plane of F1 and F2 folds (Sinha Roy, 1998). The concept of
occurrence of uranium mineralization associated with
hydrothermal activity along such lineaments propelled to
take up the area for uranium exploration. Uraniferous
anomalies in the albititic zone were located by various
workers in adjoining areas of Diara, Saladipura, Kotri, Tiwari
ka Bas in the northeast and deposit of Rohil falls in the
southwest.

The area around Diara comprises of northeast-southwest
trending calc-silicate, quartzite and micaceous schist from west
to east (Fig. 2). The NNE-SSW trending lithounits dip 60o70o easterly. The metasediments are intruded by Saladipura
Granite in the immediate north near Saladipura. A NE-SW
trending brecciated quartzite occurs in the northern part
signifying passage of shear zone through the area. East-west
faults correlating with the later phase of deformation is post
NE-SW trending shear and have displaced the quartzite
unit.The intrusive granites in the area pre-date the closing
of second deformation phase and emplaced prior to third
phase of deformation (Roy and Das, 1985).
Earlier few boreholes were drilled in the Diara area that
indicated presence of uranium mineralization. In light of the
geological setting, the area around Diara assumes importance
from viewpoint of uranium exploration. The favourable
geological setting, presence of deposit in the vicinity and
scanty exposure propelled to have a re-look into the area.
With this purpose, geophysical survey has been taken up in
Diara block.
The main aim is to locate and characterize the probable
fracture/shear zones from the magnetic and gravity signatures
for targeting uranium mineralization.

a)
Fig. 2. a) Regional geological map of Diara-SaladipuraRampura area (Sunder et.al, 1996, unpubl.) with geophysical
survey block (red polygon) and survey lines (black lines).
b) Detailed geological map (Selvan and Sharma, 2006,
unpubl.)) of Diara area (block shown in bold dashed line in
the regional map) showing geophysical survey block (red
polygon) and survey lines (black lines). Black dots are drilled
borehole locations.

b)
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Geophysical Data Acquisition and Analysis
N

The area around Diara was surveyed with gravity and
magnetic. The unstable gravimeter [W. SODIN (Gravity)
Ltd.] having sensitivity of +0.1 gu and proton precession
magnetometer (Scintrex model MP-2) having sensitivity
of 0.1nT has been used. The N70° W- S70° E profile lines
are 100 m apart with station interval of 40 m. Data has
been gridded in 25 m cell dimension for analysis.
A magnetic high zone is the prominent signature in
magnetic map of the area. The magnetic anomaly
from -129nT to 456nT show a range of 585nT. The axis
of this magnetic high appears to be dislocated (Fig. 3).
The high magnetic anomaly is caused by basic body.
Reduced to pole magnetic anomaly image of the residual
component separated, using Gaussian filter indicated a
NNE-SSW trending significant low in the immediate west
of the magnetic high (Fig.4). Basic body is interpreted as
the causative source of this magnetic high based on the
amplitude, moderate frequency, linear shape and length to
width ratio of magnetic anomaly. This interpretation is
plausible in the context of regional geological setting that
show occurrence of acidic and basic bodies (in Fig.2a). The
NNE-SSW trending basic body indicated in magnetic
image (in fig. 3 & 4) has been traversed by NNE-SSW and
two sympathetic E-W faults that resulted in fragmentation
and shifting of the magnetic body. Resolved anomaly
pattern in residual image indicate towards the NNE-SSW
trending fault (Fig.4). E-W faults are envisaged based on
break in anomaly and warping of dominantly NNE-SSW
trending contours. However, displacement of marked NNESSW fault due to E-W faulting is not discernible due to the
interference of high amplitude anomalies. The magnetic low
in RTP image of residual magnetic anomaly elucidate
possible fracture zone. This prominent signature of fracture
zone lacks in total magnetic anomaly maps, perhaps due to

50 0

250
metres

Fig.4. Residual magnetic anomaly (RTP) image with
interpreted features. Black dashed line magnetic
high trend; white dashed line are faults
deep rooted body of higher magnetic intensity. The NNESSW trending fracture zone is concordant to the
metasedimentary formations. The effect of E-W faults is not
distinct in this magnetic low.
The Bouguer gravity anomaly ranging from -3.40 mgal
to 1.02 mgal gradually increases from northwest to southeast
(Fig. 5). The warping of contours indicate two trends: i)
E-W and ii) NNE-SSW trend. The Bouguer gravity anomaly
image brings out the lithological variation of quartzite, schist
and calc silicate rocks from northwest to southeast. The
lithology has been inferred from the known occurrence of
the lithotypes in the adjoining area (in fig. 2). First vertical
derivative of the Bouguer anomaly indicate a NNE-SSW
trending body in the eastern part of the study area that
correlates with the NNE-SSW trending basic body whereas
the WNW-ESE trend is due to fragmented basic body that
is also seen in magnetic image of this part (Fig.6).

N
50 0

250
metres

nT

Fig. 3. Total magnetic anomaly image, Diara block.
Black dashed line magnetic high trend; white
dashed line are faults

Fig. 5. Bouguer gravity anomaly image wit interpreted
lithocontact (white dashed line) and faults
(black dashed line)
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The depth solutions were obtained using 3D Euler’s
deconvolution technique applying fault and contact model
(Structural Index: 0 for Bouguer Gravity anomaly and 0 & 1
for magnetic anomaly). Different window size were tried to
get good solution clustering (Reid et al., 1990). The Euler’s
solutions obtained from magnetic anomaly with window size
of 10x10 grid data points. and depth tolerance of 15% are
consistent, well clustered and define a trend (Fig. 9), thus
has been preferred over solutions of gravity anomaly. The
Euler trends reflect the eastern and western contact of high
magnetic basic body and also define the fault zone
N
50 0

250
metres

Fig.6. First vertical derivative of 25m upward
continued Bouguer gravity anomaly image.
Lines indicated are same as of fig. 5.
Radially averaged power spectrum has been estimated
for magnetic and gravity anomaly as it provide depth of
magnetic bodies (Blakeley, 1995). Quantitative estimates
with radially averaged power spectrum of total magnetic
anomaly show causative bodies at 35 m, 80 m and 180 m
(Fig. 7). The similar estimates of 70 m and 125 m have been
achieved through radially averaged power spectrum of
Bouguer gravity (Fig. 8). It can be inferred that the faults
with different throw has resulted the displacement of the
basic body at different levels.
180m Depth

Fig. 9. Euler depth solution on residual magnetic anomaly
(RTP) image, Diara block. Dotted lines in the east and
west of magnetic high are boundaries of basic, fracture
zone lies in the east of basic body upto dotted line in the
extreme west; NNE-SSW dashed line show Euler trend
within fracture zone; E-W dashed line are faults.

Integrated Study

80m Depth
35m Depth

Fig.7. Radially averaged power spectrum of total
magnetic anomaly, Diara block
125m Depth

70m Depth

Fig.8. Radially averaged power spectrum of Bouguer
gravity anomaly, Diara block

Integrating the interpretation from magnetic and gravity
anomaly data its derivative images and Euler trends, a
subsurface geological map has been deciphered (Fig.10).
The western part of the study area is NNE-SSW trending
quartzite, as is exposed in the area. The sympathetic fracture
zone affecting both quartzite and schist in the east alongwith
the litho parallel basic body is concealed below soil cover.
The occurrence of fracture zone can be inferred from
intercepts of drilled boreholes that passed through quatrzofeldpathic injections and chloritised reddish aplitic rock (Fig.
11). A small rock exposure about a kilometer NE of drilled
boreholes (fig. 2b) also show fractured amphibolite with
albititic injections in the pre-existing fractures (Fig. 12). The
mixed basic and albititic rocks within the fracture zone might
have lost the magnetic property, due to alteration, to be
discernable in magnetic image. Fracturing, intrusion of
albitites accompanied by alteration might have reduced the
density of the basic body and thus can only be delineated
from enhanced gravity image.
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area. The NNE-SSW trending fracture zone is defined as low
magnetic in conjunction with Euler trends. This fracture zone
corresponds to second deformation phase of Delhi Supergroup.
The litho-assemblage suffered later E-W faulting that caused
fragmentation of basic unit. The sympathetic E-W trending faults
correlate with the third phase of deformation of Delhi
metasediments. The DRA/2 is the northern most borehole in
the area near the interpreted fracture zone that has intercepted
uranium mineralisation in the fracture zone. Based on present
study, boreholes in the north of DRA/2 nearer to fracture zone
serve a possible target for exploration of uranium mineralization
associated with the fracture zone.
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Abstract
Magnetotelluric surveys bounded by latitudes 24°00' N to 24°15' N and longitudes 87°40' E to 88°00' E, were conducted
for imaging crustal electrical conductivity including the thickness of Rajmahal trap and the Gondwana sediments for better
understanding of the conceptual model of tectonic set up and to identify new and larger target area. The location map
of the study area shows 24 MT sounding along four traverses namely Bonhat-Sherpur (Trav-1), Mahespur-Punia (Trav-2),
Ghaga-Kalyanpur (Trav-3) and Tekardah-Singari (Trav-4) with some bore hole location drilled by Coal Wing, GSI.
Geologically the alluvium covered area is known to be composed of rocks of Archaeans (gneiss), Triassic Gondwana
sediments (sandstone, coal, and gravel beds), Cretaceous Rajmahal trap (basalt) with sandstone and shale as inter trappeans
and Recent/sub Recent soil/alluvium in succession. Gondwana basins are formed over basement depression or in the
downthrown side of the faulted Archaeans as a result of tectonic disturbances. Gondwana sediments lying over such
basement sub-basins are prospective areas for the exploration of coal.
The geo-electric pseudo-section along each profile with station interval of 4 to 5 km was obtained using Bostick and
Occam 1D inversion technique whereas inversion technique of Rodi and Mackie was used to obtain the 2D image of the
subsurface.
The results of MT studies along four traverses reveal that the Rajmahal trap and intertrappean bed occupy a large
thickness of the subsurface sequence with thickness varying from 265 to 748 m and resistivity in the range of 126-175
Ohm-m. The Gondwana sediments below the Rajmahal trap show resistivity in the range of 1-10 Ohm-m and thickness
varying from 444-900 m. The Rajmahal trap and the Gondwana sediments overlie a resistive Archaean basement which
lies at a depth of 1030-1670 m below ground level. These observations suggest an undulating basement below the
sedimentary column in the northern boundary of Bengal basin which is consistent with the observations of seismic
studies. Basement slopes down towards eastern side and finally merges with the deep Bengal basin. The results indicate
that tectonically the area is marked by Rajmahal Gondwana belt that forms the western-most trough of the large PurneaMalda-Rajmahal Gondwana Master Basin. Electrical imaging by 2D modeling indicates a steeply dipping conductive
feature which is inferred to be a due to major fault. The inferred conductive zone appears to extend into the deep crust of
the subducting Indian plate. This area also coincides with the steep gravity gradient zone indicated in the Bouguer
gravity anomaly map that is attributed to basement fault. Results of the drilling data and gravity surveys are also compiled
as useful constraints in understanding subsurface structure.
Keywords: Birbhum coalfield, Rajmahal trap, Gondwana sediments, magnetotelluric, electrical imaging.

Introduction
Intensive exploration activities coupled with deep drilling
in alluvium covered plains of the eastern part of Birbhum
area have indicated a thick section of coal bearing Gondwana
sediments overlying Archaean basement. It was suggested
that the Rajmahal volcanic rock and underlying Gondwana
sediments continue below the thick sedimentary pile of the
stable shelf area of Bengal basin (Sengupta 1966 and
Royburman 1983). Mall et al (1999) suggested a similar
magmatic layer beneath the Bengal basin.
Based on the earlier work, it is presumed that the coal
resource in these areas may extend to deeper levels. The
shallow seismic studies coupled with gravity studies and well
logs have not yielded sufficient information regarding the

deeper sedimentary column. Gravity studies coupled with
electrical resistivity surveys and well-logging have been
restricted mostly to the top sequence of sediments overlying
the Cretaceous-Jurassic formations. Magnetotelluric surveys
bounded by latitudes 24°00' N to 24°15' N and longitudes
87°40' E to 88°00' E (Fig. 1a), were conducted for imaging
crustal electrical conductivity including the thickness of
Rajmahal trap and the Gondwana sediments for better
understanding of the conceptual model of tectonic set up
and to identify new and larger target area (Lahiri et al. 2009).
The location map of the study area (Fig. 1b) shows 24 MT
sounding along four traverses namely Bonhat-Sherpur (Trav1), Mahespur-Punia (Trav-2), Ghaga-Kalyanpur (Trav-3)
and Tekardah-Singari (Trav-4) with some bore hole location
drilled by Coal Wing, GSI.

148

Naskar and Lahiri

Fig. 1a Location map of the area covered by MT survey, with geological and political boundaries (after
Saha et al 1992). Geologically the alluvium covered area is known to be composed of rocks of Archaeans
(gneiss), Triassic Gondwana sediments (sandstone, coal, gravel beds), Cretaceous Rajmahal trap
(basalt) with sandstone and shale as inter trappeans and Recent/sub Recent soil/alluvium in succession.

Fig. 1b Location of the MT stations, eastern part of Birbhum coalfield, West Bengal.

Electrical Imaging of Shallow and Deep Crustal

Geology and Tectonics
The Gondwana sediments have been deposited in several
known palaeochannels (faulted basins) over the Precambrian
rocks in India. A large lava flow of basalt covered the
Gondwana and Triassic sediments during the Cretaceous
period which is known as Deccan trap. It formed a large
blanket over an extensive region of India and also on an
area near Rajmahal in the eastern part of Bihar. Subsequently,
Tertiary rocks and older alluvium covered this flow at many
places.
The area was then subjected to tectonic disturbances
which resulted in the formation of faulted basins. The area
covered by this survey falls within such a region on the
western boundary of West Bengal (Fig. 1a), where mostly
older alluvium is visible on the surface (Verma 1989).
Geologically the alluvium covered area (Fig. 1a) is known
to be composed of rocks of Archaeans (gneiss), Triassic
Gondwana sediments (sandstone, coal, gravel beds),
Cretaceous Rajmahal trap (basalt) with sandstone and shale
as inter trappeans and Recent/sub Recent soil/alluvium in
succession (Sen 1983). Gondwana basins are formed over
basement depression or in the downthrown side of the faulted
Archaeans as a result of tectonic disturbances. Gondwana
sediments lying over such basement sub-basins are
prospective areas for the exploration of coal (Dutta and Mitra
1984; Sarkar 1988; Raja Rao 1982, 1987).
In general, the eastern part of Rajmahal basin is
characterized by NNE-SSW trending fault-controlled
basement depression that connects the Purnea basin with the
Bengal basin. West Bengal basin is surrounded by Bay of
Bengal on its southern side, the Rajmahal hills on the northwestern side and the Shillong plateau on the north-eastern
side. It is bounded on the west by Indian peninsular shield
of Archaean basement rocks and intracratonic Gondwana
basins. The Naga-Lushai folded belt which forms part of the
Himalayan-Burmese mobile belt outlines the basin’s eastern
limit. The Bengal basin comprising Indian and Bangladesh
provinces is extensively covered by recent alluvium.
Tectonically the area is marked by Rajmahal-Gondwana belt
that forms the western-most trough of the large PurneaMalda-Rajmahal Gondwana master basin (Chowdhury and
Datta 1973). The presence of Gondwanas below the Bengal
alluvium has been suggested by many workers. As early as
1934, Fox suggested that the Gondwanas of Rajmahal may
extend southward beneath the covering rocks and alluvium.
On the basis of the gravity data, Gulatee (1956) tentatively
suggested the possibility of a subsurface extension of the
Gondwana deposits of the Raniganj coal field area towards
the east, below Bengal alluvium.
Intensive geophysical surveys and deep drilling in the
alluvial plains of the West Bengal (Sengupta 1966) revealed
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a thick section of Cretaceous and Tertiary sediments lying
on a basement of basalt lava flows, presumably of the same
age as that of Rajmahal group of volcanics.

Review of the Earlier Geophysical Work
Eastern part of the Birbhum area, West Bengal is
extensively covered with recent alluvium of Bengal basin.
It is believed that the deeper part of the basin consists of
Mesozoic and Tertiary deposits. Standard Vacuum Oil
Company (STANVAC) and Oil and Natural Gas Commission
(ONGC) drilled several wells that penetrated only the top
sequence of sediments overlying the Cretaceous-Jurassic
formations. Choudhury and Datta (1973) have reported by
reconnaissance gravity survey that two systems of faults
bifurcate from around north of Bolpur; the one running
northwest to north-northwest along the Tildanga-DewangunjMurgadanga sector, separating the exposed Archaeans from
the Gondwanas, and the other a NNE-SSW oriented one,
east of Rampurhat (Fig. 2). The Bouguer gravity anomalies
in the western part of Bengal basin and part of eastern Bihar,
India, can be explained in terms of basement relief which
controls the thickness of the Gondwanas. Tiwari (1983) has
shown that a major component of the Bouguer anomaly could
be due to the high density sedimentary column below the
Tertiary sediments. Saha et al (1992) by gravity survey
delineated the subsurface depressions (gravity low) of 8 km
wide and 20 km long east of a linear boundary fault, known
as the Pachami basin in the basement underlying the
Gondwana sediments (Fig. 2). Ghosh et al (1993) by gravity
survey identified three new Gondwana troughs under the
Tertiary cover and have unveiled the probable subcrop
pattern of the concealed Cretaceous trap and the underlying
Gondwana sediments. Reddy et al (1998), Prasad et al (2002)
and Prasad et al (2003) have derived with velocity depth
section a five-layered thick sedimentary column above the
crystalline basement south of the Bengal basin. Prasad et al
(2003) suggested that this finding is more or less appropriate
as the thickness of sedimentary column is significant
compared to the overall thickness of upper, middle and lower
crustal columns. From the integrated geophysical studies in
the eastern part of Birbhum and adjoining Brahmani coalfield
bounded by latitudes 23°50' N to 24°15' N and longitudes
87°37' E to 88°00' E, Choudhury and Chakraborty (2009)
have reported a steep gravity gradient zone oriented in nearly
north-south direction is the major structural feature of the
gravity anomaly map representing the boundary fault zone
of the Bengal geosynclines. Interpretation of gravity anomaly
indicates an undulating basement which reaches a depth of
1850 m towards eastern part. Naskar et al (2011) studied
the electrical imaging of shallow and deep crust using
magnetotelluric survey northern extension of the pericratonic Bengal basin and have reported a highly conductive
layer at a depth of about 6 km. They have also reported that
the Tertiary sediments found to occur in the depth range of
500-3000 m and Gondwanas were observed at a depth of
2000-3500 m below the Tertiaries.
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Fig. 2 Bouguer gravity anomaly contour map of the area (after Saha et al 1992).

Data Acquisition

Data Processing

Metronix MT equipment was used for recording MT
signals within the frequency range of 20 KHz to 0.00025
Hz. At each station the data was collected for a period of 35 days round the clock to pick up low frequency signal. Two
pairs of lead-lead chloride (Pb-PbCl2) potential electrodes
were used to record the time varying electrical components
of the electric field EX and EY. The distance between the two
sets of electrodes was 100 m; one set was laid along northsouth (EX) direction and the other set was laid along eastwest (EY) direction. Three magnetic field components HX
(north-south), HY (east-west) and HZ vertical were measured
using induction coils having 50,000 turns and ferrite core.
The time series were recorded from 20 KHz to 0.00025 Hz
with sub-bands HF (7 s), LF1 (5 mins.), Free (10 mins.), LF2
(3 h), LF3 (120 h). LF4 and LF5 bands are computed using
MAPROS software. Trenches of length 1.5 m and depth 0.5
m were dug along the north-south and east-west directions
to bury the induction coils. These induction coils measure
HX and HY. Vertical hole, 1 m deep and 0.3 m diameter, was
dug to place an induction coil to measure the vertical
component of the magnetic field (HZ). Mud pits were
prepared along north-south and east-west directions to bury
the electrodes (length 0.1 m, diameter 0.035 m, weight 0.5
kg), which measure EX and EY.

MT data was processed using Mapros software provided
by Metronix Measurement Instruments and Electronics Ltd.
Cooper Power Tools, Germany. It includes the Fast Fourier
components to transfer the data from time domain to
frequency domain and is stacked at the prescribed
frequencies. EX(w), EY(w), HX(w), HY(w), and HZ(w) are
stacked. Higher the frequency, larger will be the number
of stacks. For longer period, the number of stacks becomes
less. Mapros software provides mean and standard
deviation of all the apparent resistivity and phase from the
stacked values to get impedance tensor elements ZXX, ZYY,
ZXY, ZYX. The impedance tensors at the 24 stations were
decomposed using the tensor decomposition procedure
(Groom and Bailey 1989, 1991). The software provides
facility to compute apparent resistivity and phase in both
Transverse Electric (TE or E-parallel, electric field is
measured along the strike and the anomaly is inductive in
nature) and Transverse Magnetic (TM or E-perpendicular,
the current flows across the strike and the anomaly is
galvanic in nature) modes. The processed data is modelled
using Occam and Bostick 1-D module (Geosystem SRL
2006; Wight and Bostick 1980), pseudo-section module,
X-section module, 2-D inversion module of WinGLink
software (Geosystem SRL 2006).
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Results and Discussion
The resistivity/conductivity of rocks is an important
parameter for mapping large scale crustal structures which
may provide a clue on the processes of crustal evolution.
Subsurface resistivity distribution will be directly related to
the physical characters of the lithological units. Variation in
resistivity of the rocks is the main source of electrical
anomaly (Alpin et al 1966; Zhody 1974).
Geo-electric sections and pseudo-sections from 1-D model
As a first step of quantitative interpretation of sounding
curves, 1-D module using WinGLink program (Geosystem
SRL 2006) was utilized to obtain the resistivity and thickness
parameters of different layers for each sounding. In general,
a four layer sequences is obtained for most of the MT
sounding by 1-D inversion.
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interpreted as Gondwana sediments with a maximum
thickness of 910 m at Sherpur and Nabipur respectively.
Subsequently, a high resistive subsurface of resistivity more
than 500 Ohm-m is interpreted beneath the conductive
Gondwana layer. This resistive interface could be attributed
to Archean basement lying at a varying depth of 1232 m to
1790 m along the profile. A steep gradient in the basement
is observed near the station Purapara which could be
attributed to fault. This area also coincides with the steep
gravity gradient zone (Fig. 2) indicated in the Bouguer
gravity anomaly map (Saha et al 1992) that is attributed to
basement fault. The basement appears to slope down in the
east towards Bengal geosyncline.

Bonhat-Sherpur Section

TE and TM mode apparent resistivity and phase pseudosections are presented in Fig. 4. They are plotted with rotated
rxy, jxy and ryx, jyx values (Swift 1967). The ordinate is in
the time period of the MT signals. The contour values show
the values of the parameters.

The interpreted vertical resistivity distribution along
Bonhat-Sherpur profile is shown in Fig. 3. Nine MT
soundings were conducted along this profile. The
subsurface layers are characterized by different resistivity
values and constraints have been imposed based on the
available borehole information. The surface layer with
resistivity value 1-17 Ohm-m is interpreted as Tertiary
alluvium which appears to extend upto a maximum depth
of 224 m at Purapara in the eastern part of the profile.
The second layer of inferred resistivity value ranges from
34 Ohm-m to 382 Ohm-m is attributed to Rajmahal trap
and intertrappean bed of varying thickness from 375 m to
820 m along the profile. 1-D model also indicates a highly
conductive layer of resistivity 1 Ohm-m to 7 Ohm-m
underlying the Rajmahal trap with a varying thickness of
522-910 m. This intermediate conductive layer is

The TE and TM mode apparent resistivity and phase
pseudo-section along the Bonhat-Sherpur profile (Fig. 4)
confirms the similar subsurface set up as shown in the geoelectric section (Fig. 3). In the pseudo-section the apparent
resistivity of 16 Ohm-m to 32 Ohm-m corresponds to
Rajmahal trap followed by a conductive layer of Gondwana
sediments (2-4 Ohm-m) and a resistive horizon (128-256
Ohm-m) as basement. Depth to the basement increases from
west to east. The apparent resistivity pseudo-section also
indicates a static shift near the station Margram (W) in the
western part and Nabipur in the eastern part of the profile,
possibly due to fault. No such shift is reflected in the phase
pseudo-sections. Jones 1988, 1992 and Steinberg 1988
pointed out that static shift or the frequency independent
rise in apparent resistivity without any change in phase
becomes an excellent marker of the faulted zones.

Fig. 3. 1-D inversion along Bonhat-Sherpur profile (Trav-1), eastern part of Birbhum coalfield, West Bengal.
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Fig. 4. TE and TM mode pseudo-sections along Bonhat-Sherpur profile (Trav-1), eastern part of
Birbhum coalfield, West Bengal.

Mahespur-Punia Section
Fig. 5 shows the interpreted vertical resistivity
distribution of MT sounding along Mahespur-Punia profile.
Four MT soundings were conducted along this profile. The
surface layer is interpreted as Tertiary alluvium with
resistivity value of 3 Ohm-m to 5 Ohm-m and thickness of

Fig. 5 1-D inversion along Mahespur-Punia profile
(Trav-2), eastern part of Birbhum coalfield, West Bengal

26 m to 73 m. Resistivity value of 33 to 100 Ohm-m is
interpreted for the second layer, Rajmahal trap and
intertrappean bed, whose thickness varies between 265 m to
469 m. This layer is underlain by a conductive layer of
resistivity value of 1 Ohm-m to 10 Ohm-m which is inferred
to be Gondwana sediments, with thickness varying from 601
m to 818 m. The high resistivity basement is interpreted to
be at a depth of 1030 m to 1270 m. The basement appears to
be deeper near Mahespur in the western part of the profile
and gradually rising up near Majhipara. Boreholes BMH-1,
BMH-3 and BMH-5, drilled by Coal Wing, GSI, are located
in the western part of this profile (Fig. 1b). The thickness of
sedimentary column and the trap is reported to continue
beyond the depth of 630 m in borehole BMH-1.
Fig. 6 shows the TE and TM mode apparent resistivity
and phase pseudo-sections along Mahespur-Punia profile.
A conductive subsurface layer is exhibited in both TE and
TM mode apparent resistivity pseudo-sections that is
interpreted as Gondwana sediments at an average depth of 1
km in the frequency range 1-0.1 Hz, underlain by a resistive
basement.

Fig. 6 TE and TM mode pseudo-sections along Mahespur-Punia profile (Trav-2), eastern part of Birbhum coalfield, West Bengal.
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Mahespur-Punia Section
Fig. 7 shows the interpreted vertical resistivity
distribution of MT sounding along Ghaga-Kalyanpur profile.
Eight MT soundings were conducted along this profile. The
surface layer of low resistivity value of the order of 1-11
Ohm-m is interpreted as the alluvium with thickness varying
between 7 m and 193 m. The intermediate thick layer of
resistivity 26-164 Ohm-m and thickness 274 m to 704 m is
interpreted as Rajmahal trap or intertrappean bed. The
underlying conductive layer with resistivity 1-9 Ohm-m is
interpreted as Gondwana sediments with thickness varying
between 487 m and 795 m. Borehole BRM-4 in the vicinity
of Ghaga (Fig. 1b) indicates the extension of the sedimentary
column and trap to a depth of 775 m and beyond as no
basement is intersected. Another borehole BMH-2 near
Bayna (Fig. 1b) shows that the Gondwana sediments extend
from a depth of 408 m to 553 m. This conductive layer attains
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maximum thickness towards east and finally merges to
Bengal basin. However, the thickness of alluvium cover
towards eastern part of the profile appears to be less due to
high noise level in the higher frequency range. The high
resistivity basement is interpreted at a depth level of 950 m
to 1375 m from west to east indicating a sloping of basement
towards east. Steep gradient of basement near the station
Hetia could possibly be attributed to fault. It is observed
that the basement depth along the profile increases from
Ghaga in the west to Kalyanpur in the east.
Apparent resistivity and phase pseudo-sections along
Ghaga-Kalyanpur profile (Fig. 8) exhibit a conductive
subsurface layer as Gondwana sediments at an average depth
of 500 m in the frequency range 1-0.1 Hz. Both TE and TM
mode apparent resistivity pseudo-sections indicate a static
shift in the contour between Hazipur and Hetia caused by
the subsurface inhomogeneity like fault/shear zone.

Tekardah – Singari Section

Fig. 7 1-D inversion along Ghaga-Kalyanpur profile
(Trav-3), eastern part of Birbhum coalfield, West Bengal

Three soundings were carried out along the southern most
profile between Tekardah and Singari. Geo-electric section
indicates four layer sequence (Fig. 9) is interpreted as Tertiary
alluvium/soil/laterite of resistivity 4-11 Ohm-m and thickness
15-36 m. A moderate resistivity of 113-162 Ohm-m and
thickness 686-747 m is obtained for the middle layer and
interpreted as a thick bed of Rajmahal trap and inter trappean
bed. A conductive layer is interpreted at an intermediate
depth of the geo-electric sequence with thickness varying
from 444m to 914 m and resistivity 1-5 Ohm-m. This
conductive horizon is inferred to be Gondwana sediments
underlain by a resistive subsurface layer as Archaean
basement at a depth of 1150 m to 1677 m.

Fig. 8 TE and TM mode pseudo-sections along Ghaga-Kalyanpur profile (Trav-3), eastern part of
Birbhum coalfield, West Bengal.
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2-D Modeling

Fig. 9 1-D inversion along Tekardah-Singari profile
(Trav-4), eastern part of Birbhum coalfield, West Bengal.
Fig. 10 shows the apparent resistivity and phase
pseudo-sections along Tekardah-Singari profile in TE and
TM mode. A highly conductive layer is reflected in the
frequency range 0.1-0.01 Hz at an average depth level of
0.9 km underlain by a high resistivity subsurface as basement.

The geo-electric cross-section was obtained from the joint
inversion of TE and TM responses using Rodi Mackie 2-D
inversion scheme (Rodi and Mackie 2001). The starting
model was assumed as a uniform half space with a resistivity
of 100 Ohm-m. The model along the Bonhat-Sherpur profile
(Fig. 11) shows a conductive feature beneath Puropara to
Nabipur region extending from shallow subsurface in to the
deep crust. Studies over subducting plates in several parts
of the world have revealed similar high conductivity layers
(Jones 1992; Adam 1980). This high conductivity (< 2 Ohmm) feature is attributed to a fault and corresponds to the result
of 1-D inversion along this profile. Another electrical feature
between Margram (W) and Margram (E) of moderate
resistivity (16 - 64 Ohm-m) appears to extend upto a depth
of 2.5 km represents the cumulative effect of Tertiary
alluvium, Rajmahal trap and Gondwana sediments.

Fig. 10 TE and TM mode pseudo-sections along Tekardah-Singari profile (Trav-4), eastern part of
Birbhum coalfield, West Bengal.

Fig. 11 2-D section along Bonhat-Sherpur profile (Trav-1), eastern part of Birbhum
coalfield, West Bengal.
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The model along the Mahespur-Punia profile (Fig. 12)
shows conductive feature beneath Kasipur region extending
from shallow subsurface in to the deep crust. This high
conductivity (< 2 Ohm-m) feature is attributed to a fault.
Another electrical features between Mahespur, Majhipara
and Punia of moderate resistivity (4-64 Ohm-m) appears to
extend upto a depth of shallow crust represents respectively
the cumulative effect of Tertiary alluvium, Rajmahal trap
and Gondwana sediments.

The model along the Ghaga-Kalyanpur profile (Fig. 13)
shows conductive feature beneath Mallarpur region starts
from 5 km to the deep crust. This high conductivity (< 2
Ohm-m) feature is attributed to a fault. Similar conductive
feature beneath Kamraghat starts from 12 km to the deep
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crust is attributed a fault zone. Another electrical features
between Ghaga and Kamraghat regions of moderate resistivity
(8-64 Ohm-m) appears to extend upto a depth of shallow crust
represents respectively the cumulative effect of Tertiary
alluvium, Rajmahal trap and Gondwana sediments.
Attempts have been made to explain these deep crustal
conductivities on the basis of the fluids in open pores, partial
melting of the deep crustal rocks, possible serpentinisation
in the remnants of the oceanic crusts and grain boundary
graphite films. Geothermal studies over northern boundary
of the peri cratonic Bengal basin indicate a high heat flow
of about 100 mWm-2 (Ravi Shanker 1988). Thus the high
conductivity seems to be due to partial melting of the deep
crustal rocks.

Fig. 12 2-D section along Mahespur-Punia profile (Trav-2), eastern part of
Birbhum coalfield, West Bengal.

Fig. 13 2-D section along Ghaga-Kalyanpur profile (Trav-3), eastern part of
Birbhum coalfield, West Bengal.
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Conclusions
The results of MT studies along four traverses reveal
that the Rajmahal trap and intertrappean bed occupy a large
thickness of the subsurface sequence with thickness varying
from 265 to 748 m and resistivity in the range of 126-175
Ohm-m. The Gondwana sediments below the Rajmahal trap
show resistivity in the range of 1-10 Ohm-m and thickness
varying from 444-900 m. The Rajmahal trap and the
Gondwana sediments overlie a resistive Archaean basement
which lies at a depth of 1030-1670 m below ground level.
These observations suggest an undulating basement below
the sedimentary column in the northern boundary of Bengal
basin which is consistent with the observations of seismic
studies (Raiverman et al 1983, 1994).
The basement slopes towards east and finally merges with
the Bengal basin. Steep gradient of the basement observed
can possibly be attributed to fault zones, around Puropara
along Trav-1, around Hetia along Trav-3 and around Sonj
along Trav-4. The static shift or the frequency independent
rise in apparent resistivity contour also indicates the presence
of fault near these stations. Highly conductive layers were
delineated at a depth of 6 km which is inferred to be due to
major fault. The observed conductive feature is attributed
to lower crustal fluids which might have been released into
the fractures in the upper crust. High conductivity may be
related to the high heat flow in the area.
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Abstract
Worldwide, the fluorite bearing felsic volcanic rocks had been the target of uranium exploration for rich grade
uranium deposits, e.g. Streltsvokye-Antei uranium deposit of Russia, Idaho & Nevada deposits of U.S.A. In such deposits,
fluorite mineralization is prevalent along with Molybdenum (Mo) and Barium (Ba). The uranium mineralization is
precipitated along the fractures and intersection of faults. With a similar geological setup, significant uranium mineralization
is recorded near Kudi and Tavidar villages in the Karara-Tavidar sector of Jalore district, Rajasthan. The surface samples
recorded Uranium values in the range of 51-376 ppm and Thorium in the range of 10-18 ppm. U- Mineralization is
associated with felsic volcanic rocks of Mesozoic era (65my) and with the rocks that are highly fractured and faulted with
abundant Fluorite and Barite mineralization.
Regional geophysical surveys comprising Magnetic / Gravity methods are utilized to delineate structural fabric while
identifying favourable locales for U-mineralization in the Karara-Tavidar sector over an area of 80 sq.km. Total Magnetic
intensity (TMI) and Reduced To Pole (RTP) anomaly images, deciphered various magnetic anomalous bodies trending in
N-S, NE-SW, NW-SE and E-W directions characterized by high magnetic signatures of the order 200-600nT interpreted
in terms of basic rock formations. Major/minor faults trending in NE-SW, N-S and NW-SE direction are delineated based
on gradient pattern of magnetic anomalies. In addition, well defined fracture zones trending in E-W and NE-SW direction
are characterized by magnetic lows to the tune of -350nT. Of these trends, the E-W and NW-SE trends are the younger
ones whereas the N-S and NE-SW are considered to be the older trends (Ravinder, 2013), well supported by integrated
geophysical results. The prominent intersection zones of these structures occurring in the vicinity of Kudi (lat: 24.85622°,
Long: 78.13596°) over an area of 1.5 sq.km; NW portion of Lakhavas (lat: 24.8893°, Long: 78.14566°) village over an
area of 2.2 sq.km are considered to be important for further exploration activity.
Bouguer gravity anomalies have helped to demarcate the predominant structural trends that are well correlatable with
magnetic interpretation. Also, one deep seated fault trending in N-S direction is delineated from the Bouguer gravity
anomaly image. Good agreement of the structures identified by geophysical means with surface geology is noticed especially
in the central portion of the surveyed area i.e., where the rocks are exposed. To sum up, major/minor structural features
trending in N-S, NE-SW, NW-SE, E-W directions & intersection zones of younger structural trends E-W, NW-SE and
older structural trends in NE-SW, N-S directions are delineated based on the analysis/interpretation of magnetic/gravity
images. These intersection zones are considered to be the potential targets for structurally controlled fluorite/ barite vein
hosted Uranium mineralization in the area.
Keywords: U-mineralization, felsic volcanic rocks, structural trends.

Introduction
The geological history of Rajasthan has evidenced at least
five major phases of igneous activity. The most wide spread
event is emplacement of Malani Igneous Suite (MIS) which
is the world’s third largest felsic volcanic province that covers
large part of western Rajasthan. Pyroclastics and acid lava
flows constitute the most voluminous unit of MIS
representing the second largest volcanic suite in India after
Deccan Traps. The Malani Igneous Suite exposes a great

variety of igneous rocks comprising acid, intermediate, basic,
ultra basic and alkaline intrusives and extrusives. These are
spread over parts of west Rajasthan covering Jodhpur, Pali,
Sirohi, Jalore, Jaisalmer and Barmer districts. Based on field
relationships, mode and type of magmatism, texture and
compositions, three phases of igneous activity have been
recognized in MIS. The first phase commenced with the
eruption of basic flows, followed by voluminous acid flows
and culminated with ash flow deposits. Some of the rhyolites
were dated by Crawford and Compston (1970) by Rb/Sr
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method at 745± 10 Ma, whereas the granite intruding these
felsic volcanics has been dated at 731± 14 Ma by Rathore et
al. (1996) and 750± 15 Ma by Dhar et al. (1996), reflecting
a short volcano-plutonic magmatic event. The younger
Mesozoic-Cenozoic magmatism in Rajasthan is centered
almost entirely on the K-T boundary and is linked with the
Deccan traps related plum activities. The youngest Tertiary
volcanic events related to Alkaline Suite of rocks are reported
from Mundwara, Sarnu-Dandali and Karara - Tavidar areas.
Magnetic and Gravity methods continue to be a viable
approach to directly focus on mineral exploration efforts and
also contribute indirectly to unraveling the geological setting
for mineralization (Grant, 1985a). Knowledge of the
magnetic susceptibilities and densities of the rock formations
are important to understand the various magnetic and gravity
responses from different geological domains. In the present
paper the results of magnetic and gravity investigations over
the Karara-Tavidar sector of Rajasthan are discussed while
delineating the structural features that supports the ongoing
uranium exploration programme.

Geology of the Area
The Karara-Tavidar bimodal volcanics in Jalore district

form an almost north-south running arcuate outcrop and is
spread over an area of approximately 150 sq km. The
volcanism has been the result of the reactivation of
Precambrian Malani fracture system during 64-66 Ma
(Rathore, 1995). Mainly four litho-units have been found to
occur in the area which includes rhyolite, basalt, pyroclastic
rocks and trachyte. The area is also well known for its fluorite
and barite mineralization associated predominantly with
pyroclastic rocks. The mineralization is localized in joints,
fractures, fissures and fault breccias as seen in Karara, Kudi,
Tavidar, Jalera Khurd, and Lakhawas areas (Figure 1). A
number of U-anomalies have been located in Karara-Tavidar
Volcanic rocks. Significant molybdenum (<10-194ppm) and
fluorine (0.16-15.57%) has also been reported from the area.
The investigated area is bounded by Chatwara in north,
Lakhavas in NE, Tavidar in east and Dantwara in West
direction. The general trends of the volcanic exposures in
the area are in NNW, NS and NNE directions. The fluorite
mines which are associated with surface radioactivity are
dominantly in NE-SW direction. Therefore E-W traverse
direction was selected to carry out geophysical surveys to
trace the possible anomalous features in all directions in the
study area.

Fig. 1. Regional geological map of the Kara-Tavidar area showing location of study area
(Geology after Ravinder Goud and Goyal, 2013).
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Data Acquisition/presentation and Qualitative
/quantitative Interpretation
Magnetic survey was carried out in a regular grid pattern
by considering E-W traverse direction with a 50m station
interval and 250m profile interval. Gravity survey was also
carried out in E-W traverse direction with a 100m station
interval and 500m profile interval. Differential Global
Positioning System (DGPS) has been used to locate the field
observation positions and elevations to reduce the gravity
data to the established base station.

Magnetics
The total magnetic intensity anomaly map (TMI) is
presented in figure 2 wherein the anomaly amplitude ranges
from -232nT to 619nT. Three ranges of magnetic anomalies
are visualized in the area. The anomaly order that ranges
from “200nT to 600nT” is considered as magnetic high
signature produced mainly due to intermediate (massive
trachytes) and basic (basaltic) rock formations. Moderate
magnetic anomalies of the order “100nT to 200nT” are
attributed to Pyroclastic rocks, where as the low order “200nT to 100nT” are interpreted in terms of rhyolites.

Fig. 2. Total magnetic intensity (TMI) anomaly contour
map showing anomalous magnetic sources (varying in
anomaly amplitude) trending in different directions.
The observed magnetic anomalies are reduced to pole
(RTP), as shown in figure 3, to demarcate precise spatial
locations of anomalous sources observed in TMI anomaly
map. The conspicuo us circular feature (wh ite
discontinuous line in Fig. 3) is observed and represents
major volcanic plug where the magnetic low zone is
occurring towards its immediate right/bottom/top and also
radioactive fluoride pits are distributed along the
periphery of this circular structure. One small local
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gradient has also been noticed near Kudi temple and
represents local fault with minor slip which is intersected
by E-W trending fracture zone. Two NE-SW trending
fracture zones have also been visualized SE of Kudi temple.
Another significant feature that may be clearly perceived
from the map is a dominant “semicircular low” (blue zone
with white dash boundary). A very low order of magnetic
anomaly gradient is observed in and around Tavidar village
in the eastern portion of the area attributed to faulted litho
contact/fractured/highly silicified rock unit. The magnetic
highs are distributed throughout the area in NE-SW, NWSE, and E-W trends. One major fault trending NW-SE is
identified in RTP image by the displacement of two NE
trending blocks in the western portion of the area. One more
NW-SE trend fault is observed around 2km NE of Tavidar
village. Two NNE-SSW trending faults are located in
northern portion of the area. Also, the intersection of three
or four structural trends are visualized in the central portion
(shown in block boxes) of the investigated area which is
important from mineralization point of view for further
uranium exploration activities in the area. Varying gradients
of these anomalies represent sub vertical to vertical nature
of magnetic sources. The change in the contour pattern and
reducing peak values suggest step-like faults, with down
thrown blocks in the eastern side.

Fig. 3. Reduced to Pole (RTP) magnetic anomaly contour
map showing structural trends & intersection zones that
are favourable for U- mineralization.
The analytical signal map shows the presence of a
major tectonic litho contact/fractured unit trending in NS direction, having possible linkage with Malani fracture
system, from south of Tavidar village to north of
Lakhawas village. One more fault/litho contact trending
in NE-SW under soil cover is also clearly identified in
western portion of the area. Fracture zone having a small
extension in the centre portion of the study area is clearly
delineated. Low amplitude analytical signal in the south-
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western portion indicates the presence of acidic rocks
where as the high amplitudes in the eastern portion
indicate the distribution of basic rocks in the area. One
more major litho /faulted contact trending in NW-SE
direction is identified based on the analytical amplitude
signal.

Fig. 5. Regional magnetic image of the study area
showing the volcanic vent type of structure along
with surface radioactive anomalies falling on
gradient of the anomaly.

Fig. 4 Analytical signal map showing inferred
litho-contacts/faults and different geological formations.
Quantitative study of magnetic data based on radially
averaged power spectrum, following the approaches of
Spector and Grant (1971) indicate the presence of three
distinct magnetic horizons at depths of 40m (shallow),
140m (middle) and 600m (deeper). The corresponding
wave numbers of these horizons have been utilized in
further calculation of high pass and low pass filter images.
Low-pass filter contour image of the equigridded
magnetic data, through GEOSOFT (5.1 V) for a cut-off
wave number of 0.0025 cycles/m, shown in figure.5 relate
to the assemblages of magnetic horizons more than an
average depth of 600m. The volcanic vent type of structure
is delineated based on the magnetic high and low signature
associated with steep gradient of anomalies where the
volcanic centre is located in central portion of the study
area having geological evidence in the form of pyroclastic
rock formations in the central portion of the area. All the
significant surface radioactivity anomalies are located
along the boundary of the volcanic vent structure which
indicates the linkage of mineralization with deeper
solutions activity. High pass filter image presented as
shown in figure 6 shows the residual anomalies above the
600m average depth. Small volcanic plug types of
structures observed in the central portion of the area
indicate the latest/recent tectonic activities. Hence, the
structural features that are related to younger tectonic
activity phenomenon are of more promise for localizing
the economic U- mineralization.
In order to visualize the depth persistency of the

Fig. 6. Residual anomaly map of the study area showing
volcanic plug type of structures (as shown in Fig. 3.) in
centre portion of the area along with anomalous trends
trending in all directions.
fractures in southern portion intersection zone, near to
Kudi mandir, Upward continuation iso-intensity patterns are obtained and interpreted for different levels, i.e.,
50m, 100m, 150, 175m, 200m, 300m & 400m as shown
in figures 7. From the analysis of these patterns, it is inferred that the fractures are of shallow nature with a depth
persistency of less than 200m. After 250m upward continuation, the fracture response in pyroclastic rock formations is gradually decreasing and it is absent in further
levels. At a 500m upward continuation level, the map
shows a smooth picture of regional anomaly by removing
high frequency anomalies in centre and northern and
northwestern portion of the area.
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Fig. 7. Upward continuation maps at different levels i.e., 50m, 200m, 300m & 500m showing depth
persistency of volcanic plug structure (Black dashed line) and fracture zone (white circle).
The Euler solutions for Magnetic data (Thompson,
1982; Reid, et al., 1990; Silva and Barbosa, 2003) are used
in delineating the magnetic source locations and estimating
their depths. Structural indices of 0 and 0.5 with depth
uncertainty and horizontal location uncertainty set to a

maximum of 15% for a window size of 10x10 are used.
Structural index (SI) is a measure of fall-off rate of the field
with distance from the source, where 0 and 0.5 in the case of
magnetic data corresponds to source geometry of litho
contacts respectively.

Fig.7 Euler depth solutions for magnetic data (SI=0.5) showing the trends
of anomalous sources & precise locations and their respective depths.
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which can be attributed to a litho-contact/structural feature.
The gravity high in SE portion and eastern portion of Tavidar
village is due to presence of basic rocks and gravity low in
NW portion and western portion of Kudi is attributed to
presence of low density acidic rocks (i.e. Rhyolite etc.,) under
soil cover. A localized gravity high associated with gravity
low just NNE of Kudi village resembles a localized fault
structure. Also, an almost E-W trending dislocation is
visualized around 2km north of Kudi village. Major fracture
zone located in the vicinity of NE of Kudi and Santoshi mines
which is associated with significant surface radioactivity
anomalies is also clearly identified using Bouguer gravity
anomaly map (Fig. 8).

Fig. 8. RTP map showing the identified structural trends
and anomalous bodies using Euler solution image.

Gravity Data
Bouguer gravity anomaly is calculated by applying all
the necessary corrections i.e., latitude, elevation and Bouguer
to observed field data by considering the density as 2.7 gm/
cc. The gravity anomaly amplitude is varying from 1 mgal
to 19 mgal with a total relief of 18 mgals as shown in figure
8. It shows gravity high in eastern portion, gravity low in
western portion and moderate gravity anomaly in the centre
portion over the study area. One major gradient trending in
N-S direction is observed and attributed to a litho-contact
between trachyte and basic rock formations. Another gradient
trending in almost E-W is also observed in northern portion
of the area. One more gradient has also been observed
trending in NE-SW direction in southern portion of the area

Fig. 8. Bouguer gravity anomaly map showing the structural trends and location of surface U-anomalies in the
vicinity of major fracture zone in and around Kudi temp

Fig. 9. Showing the correlation and integrated study of pole reduced magnetic image & Bouguer gravity image and marked
southern intersection zone in RTP associated with fracture response in gravity map favourable locale for U-mineralization
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Integration of Results and Conclusions
The regional magnetic & gravity and geological
information has been integrated and interpreted in a
systematic fashion. The Bouguer contours are plotted over
analytical and reduced to pole (RTP) magnetic anomaly map
to understand the structural fabric in comprehensive way.
Good amount of correlation between the RTP image and
Bouguer gravity anomaly map is observed besides,
identification of intersection zones of structures favorable
for U-mineralization. Fracture zone associated with magnetic
low & gravity low signature in the central portion of the
area assume significance from U-mineralization point of
view.
TMI anomaly map and RTP images, deciphered various
magnetic anomaly bodies trending in N-S, NE-SW, NW-SE
directions helped to understand various geological domains
in the area. Deep seated faults reflected as geophysical
lineaments which can be conduits forming mineralization.
These fault systems may be reactivated periodically
throughout the geological time; intersecting crustal fault
systems are especially favorable for mineralization
(Hildenbrand, 2001). Major/minor structural trends &
intersection zones of structural trends/zones favorable for
uranium mineralization are delineated based on the analysis/
interpretation of magnetic and Gravity images. Fractures and
faults are delineated based on the magnetic anomaly signature
to the tune of -250 to -300nT are helpful to understand the
controls of uranium mineralization. Power spectrum studies
and Euler depth solutions have helped in quantitative
interpretation while estimating depths of the anomalous
structures. Integration of the results of geophysical surveys
also identified the litho logical contacts and faults/fractures
favourable for the localization of uranium mineralization.
Favorable locales for further exploration are identified
precisely.
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Abstract
Magnetotellurics (MT) is a passive exploration technique which allows determination of the subsurface resistivity
distribution on the depth scales ranging from few tens of meters to several hundreds of kilometres. Seven Remote Reference
MT data were acquired over a frequency range from 320Hz-0.00055Hz over a part of Dalma Volcanics. Time series for
all five components Ex , Ey , Hx , Hy and Hz were acquired. These were used to estimate impedance tensor. The apparent
resistivity data for some of the sites were severely affected by static shift. However, as phase data is unaffected we have
used phase tensor analysis to recover the dimensionality and strike direction. For some sites we also removed the galvanic
distortion. The three invariant parameters of phase tensor as ellipticity (λ), phase tensor skew angle (β) and Azimuth of
Phase Tensor Maximum (α-β) are used to get the information of dimensionality as well as strike direction. The analysis
shows that for shorter periods the structure is 1D whereas for longer periods (0.5 Hz – 0.001 Hz) the structure is 2D. The
strike direction in the frequency range 0.5 Hz to 0.001 Hz varies between 37-45°. However, for some sites the longer
period exhibits three dimensional structures.
Keywords : Dimensionality, Static shift, Impedance Tensor, Phase Tensor.

Introduction
Magnetotelluric (MT) data is affected by localized
conductive heterogeneity near the Earth’s surface in form of
distortion of the electromagnetic (EM) response produced
by the regional conductivity structure. Jiracek et al., 1990
explains that the distortion of the electric field is caused by
the charge accumulation at the boundaries of the near-surface
conductivity heterogeneity by the flux of regional current
influenced by the heterogeneity or by the topography near
the measurement location. Galvanic distortions are common
in MT surveys and also occur in direct current (DC)
resistivity and active source EM methods (Caldwell & Bibby,
1998; Caldwell et al., 2002).Various approaches to MT
distortion analysis can be found in Jiracek (1990), Bruton
(1994), Smith (1995), Ritter (1996) and McNeice & Jones
(2001). The most common techniques used for distortion
removal are the decomposition method of Groom & Bailey
(1989, 1991) and the related technique of Smith (1995). In
both these methods distortion analysis is also used as a means
of determining an appropriate strike of the regional structure,
assuming that structure to be 2-D (McNeice & Jones 2001).
An alternative approach to the problem is based on the
analysis of the phase and is aimed primarily at determining
the dimension of the regional (undistorted) MT data, and
estimating the strike direction Bahr (1988, 1991). Weaver
et al. (2000) used a set of invariants of the impedance tensor
to deduce the inherent regional dimensionality and to identify
the presence of distortion. These invariants can be linked to
the properties of the phase tensor (Weaver et al., 2003). Smith
(1995) analysed that the mathematical description of the full
distortion problem involves finding a solution for a set of
equations that is underdetermined and a solution is not
possible without assumptions. However, assumptions made

by both Groom & Bailey (1989, 1991) and Smith (1995)
reduces the underdetermined set of equations to an overdetermined set, which is subsequently solved using a least
squares approach. Caldwell et al., 2004 discussed that using
the phase tensor it is possible to determine the characteristic
dimension (or symmetry) of the regional impedance tensor
and, for 2-D situations, also the strike direction. They
separated the problem of determining the strike direction
from that of determining the distortion. The solution for the
distortion tensor and the remaining components of the
regional impedance tensor cannot be solved without
assumptions. However, Caldwell et al., 2004 shows that the
information provided by the phase tensor on the dimension
of the regional impedance tensor can be used as a guide to
the subsequent analysis and allows the minimum number of
assumptions to be made: one, two or four assumptions for
1-D, 2-D or 3-D, respectively and the assumption of 2-D
regional structure assigns one of the determinable parameters
to be identically zero, that parameter being the indicator of
3-D.
In this paper we have used phase tensor analysis for MT
datasets acquired over Dalma Volcanics. Dimensionality as
well as strike is determined using phase tensor analysis for
acquired MT sites. Following Caldwell et al., 2004, and
Bibby et al., 2005, we have also removed galvanic distortion
from that of the regional impedance tensor using phase tensor
analysis as some acquired sites were severely affected by
static shift problem.

Data Acquisition
Seven remote reference (RR) magnetotelluric (MT)
measurements were made over Dalma Volcanics in the
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frequency range of 320 Hz to 0.00055 Hz. The remote
site was fixed at Sundarpahari (23°57’46" N, 86°32’09"
E). The data acquisition, both at the local and RR sites
were car ried o ut for 18 h using GPS clo ck
synchronization. Out of it, 3h were for high frequency
range (300 to 7.5 Hz) and 15 h for low frequency range
(6.0 to 0.00055 Hz).Time series for all the five
components (Ex, Ey, Hx, Hy, Hz) for the entire frequency
range were processed using extra-hybrid processing
technique (Shalivahan et al. 2006).

Phase Tensor Analysis
The MT impedance tensor Z is defined by the
relationship between the measured electric E and magnetic
H fields, E = Z H. In presence of small scale conductive
heterogeneity normally, measured electric field is affected
by galvanic distortion (Jiracek et al., 1990) as E = DEK ,
Where D is distortion tensor which is independent of
period and subscript R denotes regional part while
magnetic field is independent of galvanic distortion as H
=HR and measured and regional impedance tensors can
be represented as Z = X + iY and ZR = XR + i YR and
can be related as Z = DZR and can be rewrite as X = DXR
and Y = DYR. This equation is known as key galvanic
distortion equation. To remove the effects of galvanic
distortion from measured MT data, it is necessary to
determine ZR from a given Z. However, key galvanic
distortion equation represents a set of eight equations in
twelve unknowns (four components of Dand eight
components of ZR ) therefore, the set of equations is
underdetermined. Phase Tensor (Ö) is defined as,

Where,

&

Table 1: Criteria necessary for dimensionality is
shown in below table (after Bibby et al., 2005)
Dimensionality
Invariant parameters
of Phase Tensor

1D Structure 2D Structure 3D Structure
λ ≠ 0 and β = 0

λ = 0= β

Removal of Galvanic Distortion
Following Caldwell et al. (2004) and Bibby et al. (2005)
we briefly explain the phase tensor analysis. Dimensionality
information provided by the phase tensor of the regional
structure (including, when appropriate, the strike direction)
is used to eliminate the galvanic distortion from measured
impedance tensor and number of assumed parameters
required to remove galvanic distortion is a function of this
dimension. As key equation for galvanic distortion is Z =
DZR so regional impedance tensor can be rewritten as ZR =
D -1 Z and D -1 is derived after the dimension information
provided by phase tensor and accordingly one, two and four
assumptions are made for 1D, 2D and 3D structures for the
removal of galvanic distortion.
1D Structure
If the regional structure is 1-D, the impedanceZR will be
independent of the coordinate axes and takes the antidiagonal form as:
Where,

Where,

, measured and regional phase tensors,D,

Distortion Tensor, X and Y are real and imaginary
parts of measured impedance tensor, X R and Y R are
real and imaginary parts of regional impedance tensor.
So regional phase tensor is independent of the galvanic
distortion and is simply expressed in terms of the
observed (or measured) impedance tensor components.

β≠0

Where,

In presence of galvanic distortion, D X and D Y can be
computed by following equations:
and

,

and

Dimensionality
D imen si o n al it y o f th e p h as e t en so r mu st b e
evaluated taking into account the data at adjacent
periods and neighbouring sites for better estimation
of strike and dimensionality. Invariant parameters of
Phase tensor ellipticity (λ) and phase tensor skew angle
(β) determines the dimensionality of regional
impedance tensor (Caldwell et al., 2004 & Bibby et
al., 2005). In presence of 1D structure λ as well as β,
both values are zero, for 2D structure λ value is non
zero while β value is zero and for 3D structure β as
well as λ both values are non-zero (Table 1). Above
criterion is necessary but not essential for
dimensionality indication.

Where gx and gy are scale constant known as ‘static shift’
that can be applied to the apparent resistivity sounding curve
for the removal of the galvanic distortion,DX and DY are
distortion tensor for real and imaginary components of
impedance tensor. Scale constants gx and gy are determined
by gx = (X12 - X21) /2 and gy = (Y12 - Y21) /2 with the
compatibity in case of no distortion as using the condition
trace (D) = 2 for both the components.
Distortion tensor can be computed by mean of DX and DY as
D = (DX + DY) /2.
Finally, regional impedance tensor in case of 1D can be
derived by ZR - D-1 Z.
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So impedance tensor can be derived from equation

2D structure
Generally, impedance tensor can be written in case of a 2-D
structure as:

For an idealized 2-D structure, the impedance tensor is purely
anti-diagonal when the coordinate axes are rotated to be
parallel (or perpendicular) to the conductivity strike (ψ). i.e.,
, where

Above rotated impedance tensor can be splitted into real
and imaginary parts as following:

If Phase tensor analysis represents 2-D structure rather than
1-D structure in the given MT sounding for certain period
range. The phase tensor also provides an estimate of the
orientation of the principal axes of the regional impedance
tensor as α-β = α (β=0 in case of 2-D structure). Real part of
impedance tensor, X can be written as X’ after rotating to
principal axis,

Where,
is the distortion tensor
relative to axes aligned in the direction of the strike, and
and
are the principal components of the regional
impedance tensor parallel and perpendicular to the strike.
This is a set of four equations in six unknowns. In order to
solve above equation two assumptions are required and
Setting two constraints to be
and
gives,

Where

provided

,

setting P=1 and T=2 (consistent with no distortion) gives
sometimes incompatible values so one can choose any of
the value of both the parameters to satisfy the condition that
S2 > 0 for all the periods selected for the analysis. Distortion
tensor is given by

=

Z`R

= (D`) -1Z`

3D Structure
For 3-D structure, four constraints are required to
determine the regional impedance tensor and effectively no
information can be obtained about the distortion tensor. Even
when 3-D structures are present, phase tensor provides an
estimate of the orientation of the principal axes of the regional
impedance tensor as α-β. The principal axes indicate the
directions of greatest and least induction current at a given
period, which, in 2-D, are parallel or orthogonal to the strike
direction. In 3-D this direction may be considered to be the
closest one to determining a ‘best’ approximation to the 2-D
strike. The greater the value of β, the greater is the deviation
from simple 2-D symmetry. Possibly, when β is small, four
constraints of 3-D body reduces to two constraints of 2D
body and we can take the principal axis of the phase tensor
as the strike direction (the pseudo strike) and for the above
situation assumptions are same as in case of 2-D structure
for estimation of the regional impedance tensor. So there is
no distinction for the removal of galvanic distortion from
measured impedance tensor used in the cases of 2-D and 3D Structures provided that obtained β values from phase
tensor analysis are small.

Dimensionality and Strike Direction
Determination over Dalma Volcanics
Dimensionality indication by phase tensor analysis over
Dalma Volcanics is very complex in nature for all the sites
(Figure.1). For phase tensor analysis threshold values of β
and λ is 3° and 0.15 respectively. The threshold value of
dimensionality parameters of phase tensor λ and β is not
zero exactly for 1-D case may be possibly due to presence
of some small systematic error or deviation from our
assumption of purely galvanic distortion (Bibby et al., 2005).
Fig. 1(a) (upper plot) shows values of β (in degrees), the
measure of 2-D/3-D structure which will be non zero and
Fig. 1(b) (central plot) shows values of λ which will be zero
in 1-D conditions, Fig. 1(c) (lower curve) shows the azimuth
of the maximum of the phase tensor plotted for periods when
the structure is not 1-D and which will give strike direction
in case of 2-D/approximated 2-D structure. By above analysis
Site 21 & 23 shows 1-D regional structure for shorter periods
(320-120 Hz) while Site 27 represents 1-D structure for
period range (120-15 Hz). Larger values of β for periods
longer than 0.187 Hz for site 21, 22 & 23 signifies the
presence of 3-D structure for these periods. However, Sites
24, 25, 26 & 27 shows larger values of β for frequencies
smaller than 0.0044 Hz indicates presence of 3D. Some Sites
22 & 25 shows 3-D structure for shorter periods (320-40
Hz). Sites 23, 24, 25 & 26 are approximated as 2-D structure
for small β values (considered threshold value of β is
10°).Generally, all Sites are also showing presence of 3-D
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for longer as well as shorter periods. Strike determined by
PTA is -10° for site 25 & 26 for shorter periods (320-10Hz),
for sites 22, 23 & 24 is 40° for longer periods (0.1-0.01Hz)
while for site 21 is -15° for 0.1-.001Hz (Figure 1).
We have observed negative determinants of phase tensor
for certain periods for site 22 indicating that phase lies outside
the 0–90°. Egbert (1990) showed that conductivity
distributions related to above condition are very rare. Lazaeta
and Haak (2003) have been also observed anomalous phases
in the Andean subduction zone and Heise & Pous (2003)
have modelled similar phases using an anisotropic layering
in the presence of large resistivity variations.

Galvanic Distortion Removal for Acquired MT
Sites over Dalma Volcanics
The invariant parameters of the phase tensor that reflect
the dimensionality of the regional (or undistorted) structure
gives information for assumption of galvanic distortion
removal for 1-D, 2-D & 3-D structures.
For 1-D structure
Distortion tensor computed from phase tensor analysis for
sites 21, 22, 23, 24, 25, 26 & 27 are respectively for the
periods when structure is 1-D are as following:

; For 1-D frequencies 240Hz-0.1Hz

; For 1-D frequencies 80Hz-0.56Hz

; For 1-D frequencies 320Hz-1.13Hz

; For 1-D frequencies 320Hz-6.0Hz

a

b

c

Fig. 1a. Variation of β (in degrees) for all frequencies.
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; For 1-D frequencies 10Hz-0.75Hz

; For 1-D frequencies 6.0Hz-0.56Hz

; For 1-D frequencies 120Hz-1.13Hz

Fig.1b. Variation of l for all frequencies.
Above estimated distortion tensors have been used to
get the regional impedance tensor from measured impedance
tensor for each site by using the key galvanic distortion
equation. Static Shift factor (SSF) has been determined by
the ratio of corrected apparent resistivity and uncorrected/

measured/affected apparent resistivity. The difference
between

and

apparent resistivities at 1-D periods

is eliminated by applying that SSF on measured/affected
apparent resistivity datasets.

; For 2-D frequencies 0.6Hz-0.09Hz; strike -15°

; For approximated 2-D frequencies 0.5Hz-0.007Hz; strike 40°
; For 2-D/approximated 2-D frequencies 0.1Hz-0.0011Hz;
strike 40°
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; For 2-D frequencies 2Hz-0.001Hz; strike 35°

; For 2-D frequencies 320Hz-5Hz; strike -10°

; For 2-D frequencies 320Hz-5Hz; strike -10°

; For 2-D frequencies 0.1Hz-0.001Hz; strike 10°
Above estimated distortion tensors have been used similar
to 1-D case for obtaining the regional impedance tensor from
measured impedance tensor and galvanic distortion has been
removed for both 2-D frequencies as well as 1-D frequencies.
After removal of galvanic distortion the two curves
and
will not coincide in case of 2-D regional structure.

Conclusions
Static shift has been removed using phase tensor for
acquired MT datasets over Dalma Volcanics. Dimensionality
obtained from phase tensor analysis is showing complex
behaviour over Dalma Volcanics and it is almost 3-D for
most of the sites near to Dalma Volcanics. Dimensionality
information provided by phase tensor invariant parameters
can be used subsequently for galvanic distortion removal of
affected sites. One, two or four assumptions are made for 1D, 2-D & 3-D cases accordingly for the removal of galvanic
distortion.
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