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EDITOR’S PAGE
With great pleasure and satisfaction, Association of Exploration Geophysicists (AEG) forwards
the Vol. XXXV No.2 April-June, 2014 issue of the Journal of Geophysics (JOG) to all its members and
patrons. This issue of the journal hosts a selection of papers that were presented by the authors at the
35th Annual Convention of AEG.
A brief summary on the research contributions in this volume of the journal is given below.
Airborne EM methods, both passive and active are proven to be very useful tools in mineral
exploration. Orta, M et al., in their article on Passive and Active Helicopter EM Survey Comparisons
over the 501 Project Cu-Zn Volcanogenic Massive Sulphide at Mc Fauld’s Lake, Northern Ontario,
Canada, discussed in detail the results of helicopter-borne active source AeroTEM and VTEM surveys
and passive natural field ZTEM survey over the Cu-Zn Volcanogenic Massive Sulphide, Northern
Ontario, Canada. Their study clearly demonstrates the effectiveness of ZTEM technique in deciphering
the overall dimensions of the sulphide ore body. 2D and 3D modeling of the ZTEM data indicate the
presence of potentially deeper conductivity response occurring along a prominent NE trending structure.
Regional gravity surveys are extensively employed to decipher the regional subsurface geology
and structural fabric. In the technical paper Delineation of Delhi’s Basement Interface in Sandmata
Complex and South Delhi Fold Belt from Gravity Studies, S. Bangaru Babu et al., discusses in detail
the structural elements as revealed by the interpretation of regional gravity data. A zone of exploration
interest is identified to the north of Badnor with similar gravity signature corresponding to Agucha
Lead-Zinc deposit. Their study also revealed that the granulite facies rocks of Sandmata – Karera Masuda belt as an uplifted part in lower crustal block representing a limpopo type belt showing the
high gravity anomaly axis passing through Masuda.
In the technical paper on Estimation of Basement Depth and Structural Boundary using 3D
Euler Deconvolution, Tilt Angle Derivative and Tdx Derivatives using Ground Gravity Data of
Thrust-Fold Belt Area of Mizoram State, G. K. Ghosh and R. Dasgupta emphasized the role of Gravity
data in hydrocarbon exploration in the Himalayan belt where seismic is not adequate to map the depth
and thrust – fault boundaries. 3D Euler deconvolution of the gravity data indicate 10 km basement
source depth solutions oriented in the north-south direction. Their study indicated deeper basement
depths in between the Thenzwal fault and Penzwal faults oriented in the northeast to southwest direction
due to the westward force acting from Burmese plate to Indian plate.
M. Narsimha Chary et al., in their article Application of Geophysical Methods as an Aid to Shear
Controlled Uranium Mineralization along Pakni-Asnapara- Darhaura Tract, Surguja Distract,
Chhattisgarh, illustrated the application of ground magnetic and Induced Polarization surveys in
delineating vein type uranium mineralization occurring along the Surguja shear zone. A zone with
intense shearing and fracturing is traced for a strike length of 2.6 km. Based on the integrated
interpretation of the results, of the three zones characterized by low magnetic, high chargeability and
low resistivity, the target zone near Darhaura was identified as a promising area to host uranium
mineralization in the area.
The importance of selecting appropriate low frequency model in seismic inversion is elucidated in
the technical paper Significance of Lower Frequencies in Seismic Inversion by Zeb Mannan and

Y. R. Singh. Using data sets from North-East India they showed that the low frequency model using
well logs and seismic interval velocities provides stable inversion results. Their study clearly indicated
that the information derived from seismic amplitudes is better represented in the absolute acoustic
impedance from the low frequency model built at two stages involving seismic velocity and well
information.
In the technical paper on Tipper Magnitude: A Possible Indicator of Anomalous Conducting
Zone, Sahadev Kumar et al., analyzed the distortion of Vertical MT transfer function (Tipper magnitude)
in the presence of lateral anomalous conductivity heterogeneity by forward modeling. By considering
three different models depicting coastal effect phenomena, tipper has been analyzed for varying thickness,
conductivity and varying depth of the conducting zone. Their study indicated that tipper magnitude of
more than 1.0 possibly indicate an anomalous conducting zone.
A. K. Chaturvedi
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Passive and Active Helicopter EM Survey Comparisons over the 501 Project Cu-Zn
Volcanogenic Massive Sulphide at Mc Fauld’s Lake, Northern Ontario, Canada
M.Orta, J.M. Legault*, A. Prikhodko, G. Plastow, S. Zhao and C. Ulansky.
*Geotech Ltd., Aurora,
Metalex Ventures Ltd., Kelowna BC.

Abstract
Heli-borne AeroTEM, VTEM and ZTEMsurveys were flown over the 501zonein the McFauld’s Lake area,
northern Ontario. The 501 zone is a relatively small VMS deposit that appears to respond well to all three active and
passive airborne EM systems that have surveyed the property. This aspect is explored further in this case-studyusing
comparisons between these data sets and thegeology, which areshowcased using1D-2D-3DEM inversion modeling.
Key Words: Airborne, EM, AFMAG, Inversion, VMS

Introduction
The 501 project, belonging to joint-venture partners
Metalex Ventures Ltd. and White Pine Resources Ltd. is a
high grade Zn-Cu-Pb-Ag mineralized, Mattagami-Noranda
style volcanogenic massive sulphide (VMS) deposit that is
situated in the northern extension of the Ring of Fire region
of McFauld’s Lake, northern Ontario (Figure 1a). It hosts
significant intersections of massive and semi-massive
sulphide which have been delineated over a 200m NS strike
length and to a vertical depth of 275m from surface.
The 501 zone was discovered and announced in 2008
(www.whitepineresources.ca) following drilling of
AeroTEM airborne time-domain electromagnetic and
follow-up ground magnetic and horizontal loop HLEM
survey program in 2007. In fall 2008, as part of a larger,
more regional survey, the deposit and surrounding area was
flown with the VTEM helicopter time-domain EM system.
And in summer 2009, the area was flown with the ZTEM
helicopter passive EM system. The objectives of the VTEM
survey was to provide greater depth of investigation, below

the conductive alluvial and sedimentary cover, and for the
ZTEM survey to provide indications of possible extensions
of mineralized zones at depth.
Airborne EM methods, both passive and active, are
known to be very useful tools for copper exploration – albeit,
respectively, for disseminated copper porphyries and Cubearing volcanogenic & magmatic massive sulphide
deposits. Although, in exploration settings, it is rare but not
uncommon for two AEM systems to be flown over the same
property, it is even more rate for a passive and also two
different active AEM surveys to be flown over the same
property, yet this is the case for 501 Zone.
Several joint ZTEM-VTEM test case studies for
massive sulphides have already been presented, notably the
Axis Lake (Legault et al., 2009), Eagle’s Nest (Legault et
al, 2010), Nebo-Babel (Legault et al., 2012), and Mayville
(Orta et al., 2012) magmatic Cu-Ni deposits. However, in
nearly all instances these have all been relatively large/long
strike-length orebodies, which are well-suited to ZTEM’s
large footprint and large depth of penetration. Smaller

Fig. 1. A) Location of the 501 zone in the “Ring of Fire” region of McFauld’s Lake, northern Ontario, overlaying
regional geology (after Lahti et al., 2010);B) Flight path of airborne surveys overlain onto bedrock geology and
highlighting detailed area surrounding the 501 zone (after Ontario Geological Survey, 2006).
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massive sulphide (MS) deposits, such as East Bull Lake
(Legault et al., 2011) and Forrestania (Sattel et al., 2010),
have not responded as well to ZTEM, as noted by Smith,
(2012).
However, the 501 zone is a relatively small VMS deposit
that appears to respond well to all three active and passive
airborne EM systems that have surveyed the property. As a
result, this aspect is explored further in this case-study.

Property Geology
The 501 zone survey area lies within the Precambrian
rocks of the Superior province, Neo-to-Meso-Archean
(Ontario Geological Survey, 2006). In general, the geology
is poorly known due to extensive swamps and deep
overburden (10 to 20 m deep) that severely limit any outcrop
exposure. Figure 1b shows the locations of recent airborne
surveys over the bedrock geology map. The 501 zone occurs
along a NW-SE trending geologic contact between steeply
dipping, foliated tonalite intrusive rocks to the north and
mafic to intermediate metavolcanics to the south.
The 501 zone massive sulphide lense dips steeply at 75
degrees to the east and has a steep 65 degree plunge to the
south. Horizontal widths of the mineralized zone can reach
up to 22m. Drill intersections average 7.6% Zn, 0.35% Cu,
0.26 Pb and 4.6 g/t Ag (www.whitepine resources.ca).

Airborne Geophysical Surveys
During January-February, 2008, Billiken Management
Services Inc., on behalf of Metalex Ventures Ltd. and
otherpartners contracted Aeroquest Ltd to fly AeroTEM
time- domain helicopter EM (Balch et al, 2002; Huang and
Rudd, 2008) survey over multiple blocks that included the
501 zone. A few monthslater between June-August, 2008,
Geotech Ltd was contracted to fly VTEM (versatile time-

Orta et.al.,
domain electromagnetic; Witherly et al., 2004; Prikhodko
et al.,2010) survey also over multi blocks, including the 501
zone. This was subsequently followed by a ZTEM (z-axis
tipper electromagnetic; Lo and Zang, 2008) helicopter
AFMAG (Ward, 1959; Labson et al., 1985) survey in August,
2009.
The objectives of the VTEM survey was to provide
greater depth of investigation, below the conductive alluvial
and sedimentary cover, than the previous AeroTEMsurvey
and for the ZTEM survey to provide indications of possible
extensions of mineralized zones at depth.

Aeromagnetic Survey Results
Figure 2 presents a color-shadow image of the total
magnetic intensity (TMI) from the ZTEM survey, with flight
paths of the three survey coverages. Lithologies, geologic
contacts and NW to NW trending structures are highlighted
in these images. The 501 zone occurs along the south contact
between higher magnetic susceptibility rocks (maficintermediate volcanics) and a prominent region of lower
magnetic susceptibility, mapped as felsic intrusives,to the
north (see Fig. 1). The 501 VMS is highlighted as a magnetic
high anomaly centred in the detailed survey area and is
aligned along a NS to NNE trending magnetic lineament.
The peak magnetic high of about 800nT over the magnetic
background is attributed to the presence of magnetite
mineralization in the VMS orebody.

Aero TEM Survey Results
The 2008 AeroTEM III survey consisted of 4102 linekm over multiple blocks, including 11 km over the 501 zone
claim block, shown in Figures 2b and 3a. The survey was
flown along 100m spaced NS lines, with EM and magnetic
sensors at 26m and 50m average elevation AGL,
respectively, using a 90Hz base-repetition rate.

Fig. 2. A) Color-shadow image of TMI over the survey area, highlighting the detailed area surrounding the 501
mineralized zone; B) Detailed view of color-shadow TMI image, showing AeroTEM (red), VTEM (blue) and ZTEM
(black) flight pathsover the 501 mineralized zone.

Passive and Active Helicopter EM Survey
The AeroTEM Time-constant (Tau) image and contours
of the calculated vertical magnetic gradient (CVG) over the
501 zone are presented in Figure 3a (top). The EM Timeconstant (Tau) was obtained from the Z-coil, off-time dB/dt
response. The “sliding Tau” method that was used calculates
the slope of the EM decay at the latest possible time-channels
above the chosen EM noise threshold level (I. Johnson, pers.
comm., 2008). The Tau image clearly identifies the 501 zone
response in Figure 3b (top).
The RDI resistivity depth imaging technique is used to
rapidly convert AeroTEM vertical component EM decay
profile data into equivalent resistivity versus depth crosssections. The RDI algorithm for resistivity-depth
transformation is based on the apparent resistivity transform
of Meju (1998) and the TEM response from conductive halfspace. The RDI transform is depth calibrated based on
forward plate modeling for AEM system configurations (A.
Prikhodko, pers.comm.,2009).
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Figure 3a (bottom) represents the RDI for AeroTEM
line L20360 directly over the 501 zone, highlighting the top
of the anomaly at 85 metres depth, reaching a 7 ohm-m
minimum resistivity, with an estimated depth of investigation
of approx. 120m within the zone.
MaxwellTM (Electromagnetic Imaging Technology,
Midland, WA, Australia) computes the EM response of
conductive 2.5D plates in free-space and was used for
modeling the EM anomalies of interest. Figure 4a presents
the results of EM plate modeling for the AeroTEM response
along L20360 that intersects the mineralized 501 zone. A
south-dipping, 150x150m conductive plate is modeled at
85m depth with a conductance of 38 Siemens.

VTEM Survey Results
The 2008 VTEM survey consisted of 801 line-km over
multiple blocks, including 7 km over the 501 zone claim

Fig. 3. A) AeroTEM results over the 501 zone:above) Tau image and CVG contours; below) Resistivity-depth
image for L20360; B) VTEM results over the 501 zone:above) Tau image and CVG contours; below)
Resistivity-depth image for L36890.
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Orta et.al.,

block, shown in Figures 2b and 3b. VTEM was flown along
100m spaced traverse lines and 1km spaced tie-lines,
oriented in different direction to meet geological
specifications of the survey area. EM and magnetic sensors
were positioned at 42m and 57m mean elevation AGL,
respectively. The VTEM survey measured off-time data in
the 0.12-6.58msec range, using a 30Hz base-repetition rate.
The VTEM Time-constant (Tau) image for the off-time
dBz/dt response and contours of the calculated vertical
magnetic gradient (CVG) over the 501 zone are presented
in Figure 3b (top). Over the 501 zone, the low values of
Tau (1.9ms on L36890) are consistent with a mod-weakly
mineralized conductor closer to surface. Figure 3b (bottom)
represents the RDI of VTEM line L36890 highlighting the
top of the anomaly at 98 metres depth, reaching a 6 ohm-m
minimum resistivity, and an estimated depth of investigation
of 130m below the 501 zone.
Maxwell EM plate modeling for the VTEM response
along L36890 over the 501 zone (Fig. 4b) gives a southdipping, 150x150m conductive plate at 98m depth, with a
conductance of 150 Siemens – slightly deeper than the
AeroTEM model and with 4x greater conductance. This is
attributed to the lower base-repetition rate (30 vs. 90Hz),
the longer on-time pulse length (7.5 vs.1.83ms) and pulse
shape (trapezoidal vs. triangular) of VTEM relative to
AeroTEM, according to the Liu factor (Liu, 1998).

ZTEM Survey Results
The 2009 ZTEM survey consisted on 730 line-km flown
over two blocks spaced at 200m. ZTEM lines were orientated
NS and NW-SE with the purpose of intersecting the
mineralized 501 zone and other anomalies of interest.

The EM and magnetic sensors were at 81m and 94m mean
elevations AGL, respectively. The ZTEM survey measured
In-line and Cross-line tippers between 30-360Hz.The ZTEM
survey results (30-360Hz) are shown in Figure5.
ZTEM is an airborne variant of the AFMAG natural
field EM technique where a single vertical-dipole air-core
receiver coil is flown over the survey area in a grid pattern,
similar to regional airborne EM surveys. Two orthogonal,
air-core horizontal axis coils are placed at a base station
close to the survey area to measure the horizontal EM
reference fields. Data from the three coils are used to obtain
the Tzx In-line and Tzy Cross-line tippers (Vozoff, 1972) at
5-6 frequencies in the 30 to 720 Hz band, according to the
following formula,where r is the location for the vertical
field site and r0 is the location of the ground based reference
station (Holtham and Oldenburg, 2008):

Hz(r) = Tzx(r, r0) Hx(r0) + Tzy(r, r0) Hy(r0)
Figure 5presents the ZTEM tipper results in plan shown
as Total Phase Rotation (TPR) images that convert the tipper
cross-overs into peak responses while preserving long
waveform information (Lo et al., 2009). Shown are the InPhase TPR at the high (360Hz) and low (30Hz) frequency,
for depth-comparison purposes, based on relative skin EM
depths.
The circular elongated shape of the anomaly is well
defined at high frequencies (Figure 5a, 360Hz), suggesting
a near surface source-depth and corroborating the previous
AeroTEM and VTEM results. At lower frequencies, the
anomaly, although diminishing in strength and size, is still
well defined (Figure 9b, 30Hz) potentially suggesting good
vertical depth extent. The 501 anomaly also lies on a NE-

Fig. 4. Maxwell 2.5D EM plate modeling for 501 Zone: A) AeroTEM L20360 and
B) VTEM L36890, using late time-gates of dBz/dt responses.

Passive and Active Helicopter EM Survey
aligned conductive trend that cross-cuts the apparent
geologic strike and is unexplained, but nevertheless
subparallels the known aeromagnetic and geologic structural
lineaments (see Figures 1-2). The increase in apparent
conductivity that is indicated in the TPR results to the
northeast of 501 zone is also unexplained and not detected/
resolved in the VTEM or AeroTEM, but is likely
lithologically-related.
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SE orientation displays the more conductive response,
suggesting that target main orientation is more NS; whereas
the ZTEM response is weaker for the NS orientated line,
suggesting a shorter EW dimension. This is also reflected
in the survey data profiles, with better defined cross-overs
in the NW-SE lines, relative to the NS lines. More
importantly, as shown in Figure 6ab, in addition to defining
the subcropping 501 zone to 350-500m depths, both 2D

Fig. 5. ZTEM Total Phase Rotation (TPR) of In-Phase Tipper at; A) 360Hz (shallower) and
B) 30Hz (deeper), highlighting the 501 mineralized zone.

ZTEM 2D and 3D Inversion Results
Two-dimensional (2D) inversions of the ZTEM data
were calculated using the GeotechAv2dTopo code. The 2D
inversions convert the In-Phase and Quadrature ZTEM
tipper data into equivalent resistivity vs. depth cross-sections.
The algorithm is based on the 2D inversion code of De Lugao
and Wannamaker (1996), the 2D forward code of
Wannamaker et al (1987), and the Gauss-Newton parameter
step equations of Tarantola (1987). Av2dTopo accounts for
the 2D topography and the bird terrain clearance, by
imposing a variable “air layer” below the receiver. The
inversion used the in-line (Tzx) component, in-phase and
quadrature data for all five frequency (30, 45, 90,180, 360
Hz) data in the calculation. A 1,000 ohm-m homogeneous
half-space apriori model was chosen based on model-misfit
testing (Holtham and Oldenburg, 2010).
Figure 6 presents 2D inversion results for the northsouth lines (left) and the NW-SE lines (right) that pass
directly over the 501 zone. As shown, the line flown in NW-

inversions give indications of potentially deeper
conductivity, at >750m depths below the deposit response.
Clearly, though, the 3D geometry of the 501 requires that
these features be validated using more advanced 3D
inversion instead of 2D.
A three-dimensional (3D) inversion of ZTEM data was
performed using the UBC MT3Dinv software. The 3D
inversion code is the Gauss-Newton algorithm developed
by Holtham and Oldenburg (2008) and utilizes the multifrequency In-phase and Quadrature data for both the Tzx
in-line and Tzy cross-line components.
Figure 7ab presents 3D voxel and cross-sectional views
generated by the 3D inversion and that was performed with
46x54x50 cells with dimensions 100x100x100m and 1,000
ohm homogeneous half-space starting model. The 100 ohmm iso-surface, shown in Figure 7a, that roughly conforms to
the 501 zone conductivity anomaly, has approximate
dimensions of 500m NS x 200m EW x 300 m vertical (Figure
7b). Hence, although, the 3D ZTEM model exceeds the
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Fig. 6.3D views of ZTEM 2D inversions highlighting the 501 mineralized zone; A) along North-South lines; B) NW-SE lines.
VTEM-AeroTEM NS and EW dimensions, its vertical depth
extent approximates the known 501 sulphide orebody.
Equally important, unlike the 2D inversion models,
additional zones of increased conductivity are not
particularly well defined the 3D model at greater depth below
the known 501 zone. However, the 3D ZTEM inversion also
suggests that the 501 zone is hosted along a prominent
NE-trending, subvertical but weakly conductive structure.
Thus the 3D inversion corroborates the same feature,
possibly the volcanic exhalite host or stringer zone, also
identified in the ZTEM data and 2D inversion results.

Conclusions
Helicopter-borne active source AeroTEM and VTEM
surveys and passive natural field ZTEM survey results over
the 501 project have identified conductive signatures associated
with the known VMS type Zn-Cu-Pb-Ag 501 mineralized zone,
located in the northern extension of the Ring of Fire region of
McFauld’s Lake, northern Ontario. The 501 zone is
distinguished by the fact that, in spite of its relatively small size
and near-surface depth, in addition to AeroTEM and VTEM,
this VMS deposit appears to respond well to ZTEM.

Fig. 7. 3D ZTEM inversion results; A) voxel view of the complete range of resistivity values; B) view of the
100 ohm-m isosurface, highlighting the 501 zone in the near-surface.

Passive and Active Helicopter EM Survey
2.5D-3D inversion modeling have shown that each
system identifies the same target, with markedly higher
conductances obtained from VTEM relative to AeroTEM,
attributed to differences in base-repetition rate, pulse width/
shape and decay sampling interval. The ZTEM 3D inversion
improves the discrimination of 501 zone over the ZTEM
2D inversion and field results also. However, while the
ZTEM 3D model has overall dimensions which are larger
than VTEM and AeroTEM and it also extends to greater
depth, similar to the known vertical extent for 501 zone.
The results also indicate that 501 zone ZTEM anomaly
occurs along a prominent NE trending, weakly conductive
structure, unresolved in the VTEM and AeroTEM results,
that extends from surface to great depths and that might
possibly represent an exhalite or stringer zone feature related
to the 501 zone volcanogenic massive sulphide orebody.
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Abstract
Regional gravity surveys were carried out in South Delhi Fold Belt (SDFB) and Sandmata Complex (SC), Rajasthan
situated in northwestern part of the Indian Shield under National Geophysical Mapping Programme (NGPM) of
Geological Survey of India’s (GSI) with one station per 2.5 sq.km. This paper presents interesting results of high
resolution gravity survey in the South Delhi Fold Belt (SDFB). Bouguer gravity anomalies precisely demarcated the
eastern and western contacts of SDFB. The survey brought out the multiple folding of the rocks with in SDFB which
have been reflected by frequent change in the linearity of the contours like nosing and change in the gradient. The
Agucha Lead-Zinc (Pb-Zn) deposit falls in the high gravity zone and similar gravity features have also been noticed in
north of Badnor, which may be taken as the zone of interest for future exploration. The study also reveals that the
granulite facies rocks of Sandmata – Karera - Masuda belt could be interpreted as an uplifted part in lower crustal
block representing a limpopo type belt showing the high gravity anomaly axis passing through Masuda. Subsequently,
the survey brought out the new areas favorable for mineral exploration in future. The deeper and shallow sources are
lying between the range of 4 to 5 km and 0.5 to 2.5 km respectively from the radially averaged power spectrum. The
Wenner depth solutions of the gravity interface across MB-DFB and DFB-BGC have brought out their contact in the
form of depth solutions. In addition to this, intrusives are also highlighted within the Delhi Fold Belt.
Key words: Gravity, Delhi Fold Belt, Basement, Sandmata Complex, Basement.

Introduction
The study area is located in Ajmer and Bhilwara districts,
Rajasthan falls in the South Delhi Fold Belt (SDFB) (Fig.1).
In this study, different geophysical interpretation techniques
have been applied to gravity data in order to delineate the
sub surface structures. The Rajasthan State forms a part of

Western Indian Shield which exposes rocks of Archaean to
Cenozoic age developed in contrasting geological environments
and tectonic settings. The Sandmata granulite gneiss occurs as
tectonic slivers within the rocks of Mangalwar Complex. The
Mangalwar Complex in the central parts forms the basement
for a number of metasedimentory basins. These sequences are
considered to be of Early Proterozoic age (Heron, 1953).

Fig.1. Location map showing the geology of the study area (After M&C, GSI, 2000)

60
The high resolution gravity surveys are being carried
out as a part of the National Geophysical Mapping
Programme (NGPM) of Geological Survey of India in
Rajasthan. The objective of the study was to delineate the
extension of various cover rock sequences within the South
Delhi Fold Belt (SDFB) and Sandmata Complex (SC) and
other sub-surface features which could be helpful for
selecting favorable areas for future mineral exploration.

Geology and Tectonics
The northwest Indian craton incorporates a wide variety
of lithological and tectonic units representing the basement
rocks (Banded Gneissic Complex of Heron 1953),
proterozoic fold belts (Aravalli and Delhi) and late
Proterozoic igneous suites (Malani, Jalore and Siwana).
Basement rocks, comprising the gneissic terrain of Sandmata
Complex (SC), the Mangalwar Complex (MC) and the
Hindoli Group (HG) forming the Bhilwara Supergroup
(Gupta et al., 1981, 1997). The above authors also designated
the medium grade rocks as the Mangalwar Complex (MC)
and granulite as the Sandmata Comlex (SC). Sinha Roy et
al. (1992) also suggested that the SC constitutes only the
high pressure granulite facies rocks having tectonic contact
with the encompassing Mangalwar Complex rocks.
The study area exposes dominantly the rocks of the Delhi
Supergroup and the Sandmata Complex (SC) (Fig.1). The
rocks of the SDFB are deposited in two separate sub-basins,
namely, the western (Barotiya-Sendra) and the eastern
(Rajgarh-Bhim) sub-basins flanking a median basement
inlier, west of Bhim. The contacts between the different
sequences are defined by prominent ductile shear zones and
thrust (Gupta, 1991).
The Barotiya Group consists of pellitic-schist, marble,
dolomite and calc -silicate and basic volcanic rocks. Sendra
Group includes basic volcanics, marble, and dolomite and
pellitic and semi pellitic - schist. Rajgarh Group includes
quartzite and garnet and sillimanite bearing pellitic schist
while the Bhim Group consists of pellitic, semi -pellitic schist
with calc -silicate bands, quartzite, wollastonite marble and
dolomite and biotite and silicate marble. The general trend
of the rocks of the Delhi Supergroup is NE -SW. Three
phases of folding are identified in the Delhi Supergroup.
The first phase folds are present only on mesoscopic scale.
The second phase of deformation has produced mesoscopic
and macroscopic folds. Large and small scale cross folds
with low axial planner and axial stability represent the third
phase folds. The metamorphism, syntectonic with the first
deformation, is in the intermediate pressure condition and
has reached up to the amphibolite facies. The Delhi
Supergroup is intruded by Anjana granite (Phase- II), basic
rocks (amphibolite/hornblende schist), norite and gabbro,
Erinpura granite and pegmatites (Behera et al, 2010).
The SDFB has developed on an intracratonic rift basin
which was floored by an oceanic/transitional crust. The
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remanants of this crust are preserved as dismembered
ophiolitic mélange (Gupta et al. 1981). Apart from the
Ductile Shear Zones (DSZs) related to the ophiolitic zone,
the SDFB contains an upthrust basement wedge, flanked
by two prominent thrust zones All these tectonic features
make the SDFB an imbricate thrust zone which should have
deeper crustal significance.

Gravity Surveys
Gravity survey has been conducted on a regional scale
covering an area of 4,200 sq. km in Ajmer and Bhilwara
districts, Rajasthan. The gravity observations were recorded
with an accuracy of ± 0.005 mGal and one station per 2.5 sq.km.
The elevation values of gravity stations were recorded
by conventional leveling survey with respect to a known
GTS bench mark at PWD rest house, Barr, district Pali,
Rajasthan. The Differential Global Positioning System
(DGPS) has also been deployed in part of the study area for
leveling of gravity stations. The absolute gravity for each
station has been calculated after applying drift correction
and connecting with the base station (i..e. IGSN-1971 gravity
base). Theoretical gravity formula (1980) and density of
2.67 gm/cc have been used for computation of Bouguer
anomalies.

Previous Geophysical Work
Earlier, extensive regional gravity surveys were
conducted on 5 to 10 km grid over the shield area of
Rajasthan and Gujarat covering almost 2,00,000 sq.km
during 1976-83 by Reddi and Ramakrishna (1988). The
bouguer gravity maps on 1:250,000 scale were prepared
which have revealed number of interesting sub surface
regional features.

Gravity and Magnetic
The Aravalli Delhi Mobile Belt (ADMB) in NW India
includes the Proterozoic Aravalli and Delhi rifts and fold
belts. A seismic profile and gravity modeling across the
ADMB shows several dipping reflections and suggests a
thick crust (45–46 km) and a high density (3.04 gm/cc)
dome-shaped body in the lower crust (Tiwari et al, 1998).
This high density body in the lower crust may represent
under plated lower crust caused by extension during
evolution of the Proterozoic rifts. Part of the gravity high
observed over the ADMB is attributed to the upthrust blocks
of high density lower crustal granulite rocks. Qureshi (1964)
explained the Bouguer gravity high between Delhi Fold Belt
and Marwar Basin (about 80 mGal). According to him, the
major source of this gravity high is deep horst-like feature.
The positive isostatic anomalies in the region suggest mantle
mobility as the cause of Aravali uplift (Qureshi, 1976). The
gravity low along the eastern margin of the ADMB is
modelled as being due to a westerly dipping (45°) low
density body in the
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crust, in accordance with seismic reflectors which may
represent remanents of the sub-ducted crustal rocks (Mishra
et al. 2000). Interpretation of magnetic data over Delhi Fold
Belt (DFB) inferred that, the spectral analysis indicated an
average depth of 4.5 km to a definite magnetic marker horizon
in the Delhi Fold Belt (Prabhakara Prasad et al, 2013). They
also correlated average basement depth from spectral analysis
with the basement depth obtained by DSS studies.

Deep Seismic Studies
In addition to the gravity surveys, Tiwari et al.1997 has
carried out deep seismic reflection studies along a 200 km
across Nagaur-Nandsi across the Marwar Basin (MB), Delhi
Fold Belt (DFB) and Banded Gneissic Complex (BGC).
The DFB is a zone of Proterozic collision and it is
responsible for listric faults. This zone have crustal thickness
of 45-50 km and this had resulted in three Moho reflection
bands, two of which are dipping SE from 12.5 to 15.0 s
Two –Way-Travel (TWT) from 14.5 to 16.0 s. In addition
this, they concluded that Delhi’s has been bounded by listric
faults (Fig.2). A deep seismic study across the Aravali Delhi
Fold Belt (ADFB) has revealed a deep penetrating 25 km
wide crustal scale thrust fault, dipping reflections from the
upper crust to Moho and a divergent reflection fabric (Vijaya
Rao et al. 2000).
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1995 across Nagaur-Kunjer, Rajasthan with the frequency
range of 0.01-100 Hz with a station spacing of ~10 km.
The corresponding geoelectrical section depicts a 10 km
thick NW dipping conductor of 50 ohm.m electrical
resistivity at a depth of 3 km near Jahazpur and extending
up to a depth of 25 km and it could not be traced further
down due to the non availability of data at frequency below
0.01 Hz. A prominent reflections from the migrated seismic
sections along with gravity and magnetotelluric data is
presented in Fig.3. The important features are observed at
the boundaries of the Hindoli Group – Mangalwar Complex
and the Mangalwar Basin-Delhi Fold Belt (Vijaya Rao et
al, 2000).

Fig.3. Bouguer gravity profile along with magnetotelluric
data (After Vijaya Rao et al, 2000)
The regional gravity surveys were carried out by many
workers and explained the structure and tectonics of the Delhi
Fold Belt on a large scale interval. The present high
resolution/close interval data brought out more interesting
results to study areas suitable for future mineral exploration.

Bouguer Gravity Anomaly Map

Fig.2. Bouguer gravity profile along with un migrated
two-way travel time section and deep reflection data
along the Nagaur-Nandsi across the Delhi Fold Belt
(After Tiwari et al, 1997).

Magnetotellurics
Magnetotelluric study was carried out by Gokaran et al,

The bouguer gravity image map is of fundamental
significance which is based on the variation of density of
the underlying material. The Bouguer gravity anomalies are
presented in the form of image map (Fig.4). The Bouguer
image values have been found to vary from -32 mGal to 1
mGal. The trend of gravity features are NE-SW, which
follows the regional strike direction of geological formations.
A high gravity gradient has been observed in western part of
the area, which correlates with the western faulted contact
of South Delhi Fold Belt (SDFB) with Marwar Basin (MB).
The high gravity gradient following the general trend has
also been observed in the eastern part of the area, which
could be taken as the eastern boundary of Delhi rift basin.
The close observation of bouguer anomaly image map
reveals the tectonic boundaries of Delhi rift basin. The eastwest trend in Bouguer anomaly contours observed in southern
part of the area from Ajitgarh to east of Parasoli has taken
sudden swing in NE-SW direction. The Bouguer gravity
trends are aligned in E-W in north central part of the area
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from Gola to Jharwasa. The regional variation in bouguer
anomaly values from Shambhugarh – Jawaja – Beawar is of
the order of 2 mGal only except an isolated gravity high
closure between Jaliya and Atitmand. This shows the uniform
distribution of density as it is being occupied by narrow strip
of inlier of basement rocks and dividing the SDFB in two
separate basin namely the western (Barotiya-Sendra) and
the eastern (Rajgarh-Bhim). The long wave length gravity
high anomaly in 2NE-SW alignment in south eastern part
could be inferred as the upliftment of the lower crust having
a high density material.

The gravity high may correspond to presence of high
density material at shallow depth. The extension of
Agucha deposit may be explored in this zone. The gravity
high closures H3 and H4 near Agucha Lead-Zinc deposit
also correspond to presence of high density metasedimentary sequence comprising garnet, biotite –
sillimanite schist, amphibolite and calc – silicate rocks.
It is interesting to note that number of gravity high
closures (H 4 , H 6, H 7 and H 8) are falling in NW-SE
alignment i.e across the strike direction SDFB. The
presence of gravity high in the north (Masuda ridge) and

Fig.4. Bouguer gravity image map showing profile (AB) across the MB-DFB and DFB-BGC for
modeling. Dotted lines indicating the contact of MB-DFB and DFB-BGC.
The densities of different rock samples from SDFB and
rocks of BSG (Bhilwara Super Group) i.e. basement rocks
have been measured by Ramakrishna and Bhaskara Rao
(1981) which are in the over lapping range. The density of
majority of the rock samples is in the range of 2.4 to 2.7 gm/
cc. Therefore the long wave length anomalies may be related
with deep seated tectonic contact / lineaments or due to the
presence of material of varying density at lower crustal level
as it has been inferred by Tiwari et al, 1998 and it is supported
by Mishra et al, 2004. The Bouguer gravity image map
shows number of gravity high and low closures, which have
been numbered as H1, H2, and L1, L2 respectively. These
isolated closure anomalies correspond to local density
variation like the high gravity H1 may be associated to the
presence of basic volcanics and hornblend schist type rocks
near Kalab Kalan (Fig.4). The high value of sulphide
mineralization and high anomalous gold values has been
reported in this area by Garkhal et al. 2002 from geochemical
studies.

a low in the south (Badnor) of this alignment make this
area more interesting. The granulite facies rocks of
Sandmata – Karera - Masuda belt have been interpreted
(Sinha Roy et al, 1998) as an uplifted lower crustal block
representing a limpopo type belt which could correspond
to high gravity anomaly axis passing through Masuda
(Fig.4). Three broad gravity lows L1 in north of Badnor,
L2 at Bhairukhera and L3 west of Bandanwada have been
recorded. The disposition of L1 is NE-SW, while L2 and
L3 are almost N-S. The axis joining the center of L2 and
L3 aligns in NE-SW direction and since this is parallel
and adjacent to the intersection of two gravity high axis
of Masuda uplifted block. This NE-SW high axis from
Agucha to Jaliya comprising number of high gravity
isolated anomalies. This low axis could be interpreted
as zone of subduction. Further, depicting two independent
new structures in Archaean basement which could be
interesting for future mineral exploration and some old
working is also reported near L2.

Delineation of Delhi’s Basement Interface

Upward Continuation of Gravity Anomalies
Upward continuation is a method to separate a regional
gravity anomaly resulting from deep sources from the
observed gravity. The upward continuation operator
(Jacobsen, 1987) is a numerically stable operation, and it
forms a natural link between ground surveys and airborne
surveys. It is considered low pass filter in the language of
frequency domain interpretation. The gravity anomalies are
upward continued to four levels viz., (a) 500m, (b) 1000m,
(c) 1500m and (d) 2000m using the Geosoft software and
presented in Fig.5. Some significant observations are
mentioned given below:
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and forming a basin of lesser thickness and subsequently
the basin was filled by material of low density for a
depth extent. Hence, it is concluded that this feature is
caused by graben like structure at the contact of Delhi’s
with Sandmata Complex (SC) bounded by normal fault
on either side. Hence, it may be favorable zone for
future exploration.
(c) Two small elliptical shape high gravity bodies (H1 and
H2) (Fig.3) are present in the upward continuation maps
at levels of 500m to 1,500m with diminishing trend.
Further, at 2,000m level, these two bodies disappeared
which is indicative of causative source at shallow depth.

Fig.5. Upward continuation gravity anomaly maps at (a) 500m, (b) 1000m, (c) 1500m and (d) 2000m
(a) A isolated broad high gravity feature observed between
Kalab Kalan – Dewata shows its presence in all four levels
of upward continuation (Fig.5a to Fig.5d). The shape and
size of the anomaly changes from almost triangular at
surface to circular at 2000m reflecting a circular high
density causative body dipping towards SE.
(b) An interesting very low gravity zone recorded near
Badnor, trending NE-SW direction running several
kilometers and is located between Paluna and Ojiyana.
This significant low gravity indicates that, the basin like
structure formed due to steep faulting on either side

Basement Depth Estimation
Depth estimation from power spectra requires a realistic
assumption of the statistical properties of the source
distributions.The power spectrum of the gridded gravity data
was computed using the method of Spector and
Bhattacharyya (1966), Spector and Grant (1970) and Hahn
et al (1976) and in the graph of the logarithm of azimuthally
averaged power spectrum against wave number (K/4p). A
mean depth of the anomaly source may be obtained by best
fitting linear segments to the power spectrum graphs by
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utilizing the equation z = - (DlogeP/ D k)1/4p. The two linear
segments shown in Fig.6 correspond to source are at different
depths. The slopes of the straight line segments on spectral
plot are proportional to the average depths to the sources
represented by them. The first segment with higher slope
represent the deeper sources lying at 4 to 5 km and second
interface, shallow sources at 0.5 to 2.5 km.

Fig.6 Radially Averaged Power of gravity data of the
study area showing two segments separated by wave
number 0.3 representing (1) as deeper and (2) as shallow
sources (Depth is computed z = (DlogeP/D k)1/4p).

2D Modeling of Gravity Profile
A typical gravity profile A-B (Fig.7)from Asralai to
Bhojras has been selected across the Marwar Basin (MB),
Delhi Fold Belt (DFB) and Banded Gneissic Complex (BGC)
to study the basement structure beneath the boundaries.
Modeling was carried out using the GM-SYS module of
Geosoft software. The number of sub- surface models can

be obtained from a single gravity profile as it is not possible
to get only one unique solution from any potential field data.
In the present case three layers sub-surface model of varying
density of 2.45-2.48 gm/cc, 2.71 - 2.78 gm/cc and 2.85 gm/
cc have been taken to compute the gravity field and match
with the observed. The density taken for modeling of the
gravity profiles are in the range of density values observed
of rocks exposed in the area by Ramakrishna and Bhashkar
Rao, 1981.
The sub-surface model along the profile shows the
variation of layers of different densities at a depth. The steep
fall in gravity in the western part shows the large thickness of
low density surface layer in the profile. The sharp fall of
gravity of about -22 mGal can be attributed to faulted
boundary (F1) separating the MB and DFB and it is in good
agreement with results of deep seismic reflection studies of
Tiwari et al, (1997). The dipping of the basement towards
west and almost exposed contact of DFB-MB and it can be
treated as western contact of DFB. A basinal like features has
been observed at the central part of the profile AB corresponds
to the larger thickness of middle layer having density of 2.712.78 gm/cc. In addition to this, a low magnitude gravity high
near Rampuria may be south western extension of Masuda
high. The boundary of DFB with BGC is also represented by
another fault (F2) which dipping westwards. The boundaries
between the crusts of MB-DFB and DFB-BGC are
represented as faults F1 and F2 extended at a depth.
The last layer having the density of 2.85 gm/cc has been
found much shallower near Masuda in eastern part of the
profile and this has been supported by Sinha Roy et al. 1998.
This is the best possible model fitting in the present
geological setup and the depth of these interfaces are
corroborating with the results obtained from radially
averaged power spectrum.

Fig.7. Probable 2D gravity model from Asralai to Bhojras crossing across Marwar Basin :
MB, Delhi Fold Belt: DFB, Banded Gneissic Complex: BGC, F-F fault

Delineation of Delhi’s Basement Interface
An attempt was made to generate the Wenner solutions
for the above gravity profile-AB to study the gravity interface
using the USGS program PDEPTH (Phillips, 1997) and
includes the iterative improvement scheme described by Ku
and Sharp (1983) and presented in Fig.8. This technique
has been applied for the first time to such type of studies in
this area. The sample interval is the total profile length
divided by the number of points in the profile and it is taken
as 50 for this profile. The depth solutions were improved
significantly by filtering the input anomaly and gradient data.
The most of the depth solutions were generated at the contact
of MB-DFB and DFB-BGC. The depth of the gravity
interface as computed from gravity profile is about 4 km
and minimum at about 0.5 km. The depth solutions generated
is in good agreement with the radially averaged power
spectrum of the gravity data. The centre of the profile also
shows the solutions which are indicative of intrusives with
in the Delhi’s and Sandmata Complex (SC).
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0.5 to 2.5 km. The 2-D modeling of the typical gravity profile
across MB-DFB and DFB-BGC reveals the steep fall in gravity
in the western part shows the large thickness of low density
surface. A prominent isolated gravity low near Badnor has been
found to correspond to the larger thickness of the low density.
The granulite facies rocks of Sandmata-Karera-Masuda belt
are uplifted lower crustal blocks representing a Limpopo type
belt. The last layer of density of 2.85 gm/cc has been found
much shallower near Masuda. A technique “PDEPTH” was
used to generate the Wenner depth solutions for the gravity
interface. This technique brought out the contacts of eastern
and western contacts of Delhi’s. In addition to this, intrusives
are also highlighted within the Delhi Fold Belt.
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Abstract
The hydrocarbon exploration in the north-eastern part of Himalayan belt is always a challenging task due to
complex geological features and thrusted/faulted geology. Seismic methods are always used for hydrocarbon exploration,
however in such kind of hilly terrain, logistically difficult and geologically complex areas; seismic imaging cannot
provide fruitful desired solutions to estimate the basement depth for better hydrocarbon exploration. To overcome
these problems, joint interpretation of gravity-magnetic data can be very useful. In this paper, an attempt has been
made to study the complex basement depth estimation and source-edge detection using 3D Euler deconvolution (ED)
technique, Tilt angle derivative (Tdr) and Tdx derivative (Tdx) using Bouguer gravity anomaly data of the study area
falling in the Mizoram state. Different types of derivatives of the gravity data have been studied to enhance the
anomalous features and identifying the better structural lineament. The Euler deconvolution technique has been applied
for basement depth estimation with the help of structural indices and window sizes. It is concluded that deeper
basement depth more than 10 km estimated in some areas. The dominated patterns of the structural trends are oriented
in north-south direction. The results derived using these three methods have similar to each other for distinguishing
the location of structural lineament. The results carried by Euler deconvolution, Tilt derivative and Tdx derivative are
superimposed by the identified faults carried through the geological field work illustrated a very good correlation.
This study also signified additional fault locations in this study area. The results derived using these methods are
helpful for better understanding the structural boundaries and basement depth for hydrocarbon exploration.
Keywords : 3D Euler deconvolution, Tilt angle derivative, Tdx derivatives, magnetic lineament, basement.

Introduction
The fold and thrust belt of Mizoram area is situated in
the north-eastern India. Geologically the surface area covers
with a range of anticlinal thrust oriented in north-south
direction. The area of study is logistically difficult to operate
for geophysical survey. The elevations varies from 300 m
to 1800 m and difficult for conventional 2D/3D seismic
operation. However, within the great challenge, Oil India
Limited (OIL) has acquired more than 1300 GLKM of 2D
crooked line seismic data. Seismic methods could provide
only the shallow sedimentary formation and could not
adequately provide the basement depth estimation for better
understanding the basin and for hydrocarbon exploration.
The location map of the study area is shown in Figure 1.

Where x0, y0, and z0 are the source locations, F is the
magnetic field measured at x, y, z locations; B is the regional
value of the total field and N is the Euler’s Structural Index
(SI) which characterizes the source geometry. The SI varies
from zero (for contact of infinite depth extent), 0.5 (for linear
basement or dyke), 1 (for thin dyke), 2 (for pipe) and 3 (for
spherical bodies) for magnetic data. However for gravity
data, the structural index is less than one from magnetic data
for the similar bodies as discussed above. (Thompson, 1982;
Reid et. al, 1990; Stavrev, 1997). For gridded data set
each calculation has been run for different window lengths
(WL) and structural indices (SI) to obtain the solution for
different source depth locations. The system uses the least
square method to solve Euler’s homogeneity equations.

Methodology

The Tilt angle derivative (Tdr) can be defined by Miller
and Singh, 1994 as

Euler deconvolution technique was applied to gravity
data for direct basement depth estimation. The rate of
changes of field with distance for estimating source location
and depth of the causative bodies for gridded dataset using
the Euler’s Homogeneity equation as states in equation (1)

Where VDR is the vertical derivatives and THDR is
the total horizontal derivative.
The Horizontal Tilt angle derivative (Tdx) was
introduced by Cooper and Crown (2006) by using total
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Fig. 1. Location map of the study area and its surroundings.
horizontal derivative (THDR) using absolute value of
vertical derivative (VDR).

Geological Setting
The tectonic segment of north east India evaluated
during Carboniferous to recent can be subdivided into three
stages, viz., Permo-carboniferous Gondwana rifting stage,
Rifting of India from Gondwanaland in early Cretaceous
and India-Asia collision during Tertiary, e.g., Palaeocene to
recent. Indian Plate and West Burma Plate involved collision
near the Indo-Burma border and developed at the Western
margin. For better understanding hydrocarbon system, a
broad inference of sedimentation on both India passive
margin and West Burma Plate evolution are need to be
studied. North-East India tectonic province divided into the
following provinces as Assam self, Schuppen belt, CacharTripura-Mizoram fold-thrust belt, Himalayan foothills,
Arakan-Naga hills (flysch belt) and Yoma-Arakan-Naga
suture zone.
It is studied that the Cachar-Tripura-Mizoram foldthrust belt occupying the frontal part of the Assam-Arakan
orogeny which characterizes by north-south trending
anticlines and synclines (Figure 2). These structures have
different thickness of clastic sedimentary formation about

Fig. 2. Westwards force acting from Burmese plate to
Indian plate. This looks like a bow shaped and might be
the reason why basement patterns are oriented in the
northeast-southwest direction.
10-15 km in the Cretaceous and Pleistocene age (Table 1).
The amplitude of folding strata gradually decreases in the
foreland basin of Bangladesh. The study area is situated in
the fold-thrust belt is underlain by Precambrian metamorphic
rocks or an oceanic crust of probable Mesozoic age. The
various geological formations are Upper Bhuban, Middlie
Bhuban, Lower Bhuban, Renji, Jenam, Laisong and
Basement The basement depth plays an important role for
basin modeling study.

Estimation of Basement Depth and Structural
Table 1. Simplified stratigraphic sequence of
Cachar-Tripura-Mizoram basin
Approx. age Group

Sub-Group

Formation

Holocene

Dining

Pleistocene

Dupitila
Girujan
Tipam Sandstone

Tipam

Pliocene

Bokabil
Miocene

Up. Bhuban
Surma

Bhuban

Mid. Bhuban
Lr. Bhuban
Renji

Oligocene

Barail

Jenam
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bodies and elongated contours show two dimensional
bodies. Sharp and large anomalies shows the shallow depth
causative bodies however, smooth anomalies show deeper
causative sources. Generally sedimentary basins are
reflected extensive negative anomalies. The presence of
basement inside the basin reflected as the short wavelength
and gravity highs.
The Bouguer gravity anomaly varied from minimum 97 mGal to maximum -17 mGal and north-south trending
regional trend with uniform form from west to east. Gravity
anomaly is continuously decreasing from west to east
direction suggesting either basement is deeper towards the
east or Moho is dipping towards the east or the combined
effect of both. The gravity twist exists in between Thenzwal
and Penzwal faults which might be due to the tectonic
resettlement process.

Laisong
Cretecious - Disang
Eocene
Basement

Oceanic crust/
Metamorphics

Gravity Data Acquisition, Processing and
Interpretation
During the two filed season a total 2500 gravity station
were acquired, processed and interpreted. Gravity data was
acquired by Lacoste-Romberge gravimeter. The stations are
generally selected within the motorable road, forest tracks
and valleys in the operational area and its surroundings. The
site for data observation points are selected on farm ground
but away from nearby topographic undulation to avoid inner
zone terrain effects.
Acquired gravity data are affected by different sources
as varying amplitude period and wavelengths which are the
mask gravity variation of either geophysical or geological
bodies of interest and needs for reduction of gravity data.
Various corrections are applied viz: earth’s tide, drift,
latitude, elevation, subsurface density and topographic
correction. It is understood that the gravity field measurement
are the replica and are the cause of the geological structure.
The gravity anomaly distribution in a homogeneous medium
should agree with the theoretical gravity provided by normal
gravity formula. Gravity anomaly defined as the discrepancy
between the measured gravity and the theoretical gravity.
Generally this is different because earth’s density is not
homogeneous. The Bouguer anomaly is the output and most
commonly used for geological interpretation. To prepare the
contour map, gravity data has been gridded using the desired
parameters using appropriate coordinate system. Bouguer
gravity anomaly map is shown in Figure 3.
Qualitative interpretation generally provided the
information about the depth and the strike information.
Elliptical and circular contour suggest three dimensional

Fig. 3. Bouguer gravity anomaly map of the study area.
One of the geological profile passing through the study
area and modeling study suggested that the basement depth
suggested more than 10 km in this area (Figure 4). The elevation
map proposed that the elevations are increases from westward
to eastwards direction (Figure 5), however, gravity anomaly
decreases monotonously from westwards to eastwards
direction respectively (Figure 3) within the study area.

70

Ghosh and Dasgupta

Fig. 4. Geological profile carried out along the study area in the NWW-SEE direction, (b) the depth section
along the profile in the study area is marked and the basement depth indicated is more than 10 km.
that the thrust-fault location identified through filed
mapping studies are identical to the Euler’s depth model. It
is also noted that there are various cluster of points which
might be looked as the new thrust/fault locations and still
need to be considered for more pragmatic study for better
correlation. This study suggests that the basement depth
patterns are oriented in the north -south direction and
indicating deeper basement depth in between Thenzwal fault
and Penzwal fault.

Fig. 5. Elevation map of the study area.
Euler deconvolution technique has been applied to the
gravity data to calculate the souce depth locations by using
structural indices and window sizes (Reid et al. 1990). Using
different structural indices and window sizes various results
are carried out. The cluster map shows that the trends of
source depth pattern are indicated in the different colour
circles. The best depth locations are indicated with threshold
limit of 15% tolerance using structural index 2 and for
window size 20x20 with a basement depth more than 12 km
(Figure 6). The faults and thrust identified from the
geological field modeling study are superimposed on the
Euler’s source depth location map (Figure 7). It is suggested

Fig. 6. Euler deconvolution of gravity data using
structural index 2 and window size 20x20.
The Tdr and Tdx derivatives maps are shown in Figure
8 and 9 respectively. The patterns are clearly indicated in
the thrust/fault locations. The identified thrusts/faults
through geological fields studies are superimposed on the
Tilt derivative and Tdx derivatives maps. The colour scale
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Fig. 8 : Tilt Angle Derivative map superimposed with the
identified fault locations.
Fig. 7. Euler source depth locations with thrust-fault
locations studied from the geological field mapping.
in the Tdr and Tdx derivatives maps suggest the positive
values over sources. Tdr and Tdx derivatives provide the
rapid interpretation of structural boundary information for
better source edge locations. The results derived from Tilt
and Tdx derivatives (smooth positive values) provide
additional faults and thrusts information, lineament structural
pattern and source edges detection which are not identified
through filed mapping in the study area. Tilt and Tdx
derivatives provide the rapid interpretation of structural
boundary information for better source edge locations.

Summary and Conclusion
Gravity data interpretation plays an important role for
hydrocarbon exploration in the Mizoram area which is a
challenging state of affairs in the Himalayan belt where
seismic is not adequate to map the depth and thrust – fault
boundaries. Basement depth more than 10 km estimation is
difficult, particularly where the area is geologically complex.
3D Euler deconvolution has been applied to gravity data
for 2500 observations points. The gravity data interpretation
suggests that the source depth solutions indicate 10 km
basement depth and oriented in the north-south direction.
The thrust and fault observed from the geological field

Fig. 9: Tdx Derivative map superimposed with the
identified fault locations
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modelling studies also indicate the similar results as per 3D
Euler source depth solution. The cluster of source depth
patterns clearly correlate the geological thrust and fault
boundaries. Deeper basement depths are observed in
between the Thenzwal fault and Penzwal faults and the
pattern is oriented in the northeast to southwest direction
due to the westward force acting from Burmese plate to
Indian plate. Tilt derivatives and Tdx derivatives provide
the quick interpretation of structural boundary evidences
for better source edge locations which are not identified
through filed mapping study.
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Abstract
Geophysical methods have been extensively used for delineation of structural features such as shear zones, faults
and fractures which often control and host economic mineralization. Multiple parallel and sub-parallel shear zones
hosting vein type uranium mineralization occur in Surguja shear zone comprising basement gneissic complex as inliers
in Gondwana sedimentary rocks. The geophysical signatures of one such shear zone near Pakni-Asnapara-Darhoura are
investigated employing magnetic and induced polarization methods. Interpretation of magnetic data has revealed a
broad ‘magnetic low’ trending in ENE-WSW direction and is attributed to intense shearing and fracturing in the host
rock. Within this low zone, basic bodies responsible for remobilization of uranium due to the high geothermal gradient
are identified. Disposition of these basic bodies has indicated the presence of NNW-SSE trending faults and continues
towards north. Induced polarization data have indicated that the mineralized zones which are characterized by high
chargeability and low resistivity anomalies follows the trend of the shear zone.
Key Words: Uranium, Surguja Shear, Magnetic, Induced polarization.

Introducion
Shear zones are the most favourable geological
structures which host generally vein type uranium
mineralization across the world. In India, major thrust is
given to Singhbhum Shear Zone (SSZ) which accounts for
80% of uranium reserves of the country. Surguja Shear zone
assumed prominence with the discovery of uranium deposit
in Jajawal where detailed exploration by AMD and
underground mining established a low grade and “vein type”
uranium deposit in 1976. Follow up of exploration in
Dumhath, by core drilling has established a satellite uranium
deposit in 1974. But the less attention was paid for the
geophysical characterization of structural features
responsible for mineralization in both the deposits. However,
a test geophysical survey comprising of IP and magnetic
was undertaken in a small area to find out the usefulness of
the geophysical methods (Rajiva Ranjan, 2011) as
prospecting tools for investigating conductors and structural
features in Devri area which lies between Jajawal and
Dumhath where several co-relatable radioactive bands in
association with sulphides (Pyrites) are reported Rajeev
Bidwai et al., 2013).
In this communication, the results of the detailed
geophysical investigations (magnetic and IP) in PakniAsnapara-Darhaura tract are discussed. Plausible subsurface
structural controls and deep conductors are brought out to
enhance the scope for exploration and to increase the
uranium potentiality of the region.

Geology, Structure and Radio Activity
The Surguja Crystlline Belt (SCB), 80km long and 1030 km wide extends from Palamau district of Jharkhand in

the east to Surguja district of Chhattisgarh in the west, and
is a part of the Chhotanagpur Younger Mobile Belt. It
comprises of Paleo to Mesoprotorozoic metasedimentary
and unclassified crystalline rocks as inliers in the area
covered by Gondwana sedimentary rocks (Figure 1). The
SCB in the central and western part of Surguja district
comprises meta-sedimentary rocks, granites, pegmatites and
migmatites, which have been affected by intense multiple
folding, shearing, remobilization and migmatisation. Two
sub-parallel shears, separated by about 1 to 10 km within
the Sarguja Crystallines is reported by Kak et al.,(1983).
The trend of SCB is parallel to Satpura orogenic trend and
varies between E-W and ENE-WSW (Sarkar, 1972); it is
marked by intensely sheared, brecciated, silicified or
desilicified and mylonitized rocks. The belt is fault bounded
both in the north and in the south by Talchir and barakar
sequences of the Lower Gondwana Supergroup, Seth (1989)
has reported that the area has undergone several stages of
Folding and deformation resulting the structural setting in
different directions N-S and NE-SW.
Radioactivity was reported for the first time in 1969 in
the Syenite at Dhabi. Significant mineralization and over
100 uranium anomalies of various dimensions associated
with granites, pegmatites, migmatites, Gondwana sediments
and stream sediments is reported in the area.

Data Acquisition
For the present study, Pakni-Asnapara-Darhoura tract
in Surguja shear zone form an interesting area of
investigation for mapping of subsurface structures and for
delineating the conductive zones favourable for uranium
prospecting. Accordingly, a detailed geophysical
investigation employing magnetic method followed by IP
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Fig. 1. Geological and structural map of the area
resistivity survey was carried out. Measurements were made
along 28 traverses oriented in N200W-S200E direction and
each of length approximately 4.1 km the measurements were
made at an interval of 20m along the traverses separated by
100m. Scintrex Gem Sys-19T Proton Precession
Magnetometer was used and the measured magnetic data
were processed and corrected for natural and instrumental
variations before being interpreted. Conductive zones within
the same grid have been investigated using Induced
polarization method. Chargeability data, in conjunction with
resistivity is acquired, to define the location and nature of
conductor, using Time domain IP equipment comprising
Scintrex TSQ-3 transmitter powered by 3.0 KVA Power
Generator of 8 HP and IPR-10 receiver are used for data
acquisition.

magnetic susceptible minerals have depleted due to the rise
of temperature above the Curie point.

Interpretation and Results
Magnetic
The Total magnetic intensity (TMI) map (Figure 2)
exhibits the dipolar nature of the magnetic field and different
trends of magnetic anomalies NNW-SSE, ENE-SWS, NESW and NW-SE. High amplitude of the magnetic anomalies
in the north are due to granite/ gneisses. In NW, the higher
magnetic response is due to basic body of dolerite. Magnetic
low (60-80nT) in the central part is due to the effect of the
shear zone. In the southern part, further low order of
magnetic anomaly (-150 to 30nT) is attributed to the intense
shearing/fracturing. Cumulative width of the shear zone is
inferred as 1800m. Within the fracture zone, basic bodies
(amphibolites) with higher amplitude are emplaced. The
plausible cause of very low magnetic in the southern part is
due to the presence of multiple shear zones, from where the

Fig. 2. TMI map of Pakni-Asnapara-Darhour

Application of Geophysical Methods
In order to attenuate the high frequency components
due to the interference of near surface inhomogenities,
magnetic data have subjected to upward continuation to the
different levels of 20m, 50m and 100m. Figure 3 shows a
smooth variation of the data due to curtailed high frequency
near surface features and cultural noise. The 100m upward
continued map has retained the magnetic sources indicating
it’s depth persistence. Also, the width of shear zone is
defined precisely.
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porosity, the increase in metallic mineral concentration
increases the chargeability values decreases resistivity.
Hence, it has become customary to view together the
resistivity and conducting zones with high chargeability that
can hold promise for mineralization. Keeping this factor in
mind, all the three prominent chargeability zones (Figure4)
characterized by low resistivity (Figure 5) hold promise for
metallic mineral deposition. At places, in these zones, the
resistivity values are as low as 15 ohm-m.

Fig. 3. Upward continuation map of Pakni-Asnapara-Darhoura area.

Induced Polarization
The results of induced polarization (IP) and resistivity
(ρa) data are presented in figure 4 &5. In figure 4, three
significant chargeability zones (Z1, Z2 and Z3) have been
identified. First and third zones trends in ENE-WSW and
follows trend of Sarguja shear, where as the second zone
trend in NE-SW which is slight oblique to the main trend.
The peaks of individual anomalies within the zones 1 to 3
have a maximum of chargeability of 25 milli volts per volt
and they suggest the polarizable bodies of two dimensional
nature. In zone 2, some of the peak are appears to be circular
shape and probably due to localized three dimensional
bodies.The chargeability in Z 3 (i.e. in Darhioura area) goes
upto 60 milli volts per volt indicating the higher
concentration levels of disseminated sulphides. It is reported
by Bidwai et al (2013) that the pyrites are common in
borehole cores in Devri area and occurs along the foliation.
Figure-5 exhibits three prominent “resistivity lows” (R1, R-2 and R-3) with similar trends as discussed above in
chargeability map. Cause of low resistivity could be due to
pervasive nature of rocks and are shattered and fractured
thus increasing the porosity and permeability of the media
by virtue of fluids movement. As the total concentrations of
the sulphide minerals present in the rock depends upon the

Fig. 4. Chargeability map of Pakni-Asnapara- Darhoura
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Abstract
Inversion of seismic data is routinely performed to better understand the subsurface rock properties in terms of
lithology and fluid. Inversion of seismic data produces layer properties that look similar to geological sections and are
easy to interpret. Besides, properties of reservoirs like porosity, volume of clay and net pay can be readily derived
from inverted acoustic impedance using inter relationship of these reservoir properties with the elastic properties
measured at wells in the study area. While inversion enhances the resolution of subsurface image through reduction
of noise and wavelet tuning effects, certain issues need to be taken care before the inverted rock properties can be
used for quantitative interpretation (QI). One of the most important issues is the selection of an appropriate low
frequency model that links relative and absolute rock properties. Had the traditional seismic data itself possessed a
continuous and broad range of frequencies starting from 0 Hz, the inversion of seismic data would have directly
yielded absolute rock properties ready for quantitative interpretation. We explain the importance of low frequency
modeling through the selection of two different kinds of low frequency models, one from well data alone, while the
other incorporating well data as well as seismic velocities as the compaction trend. To assess the impact of low
frequencies, Constrained Sparse Spike Inversion was carried out on one of the data sets of Assam Arakan basin at the
Eocene level. The results show clearly the benefits of using seismic velocity in low frequency modeling for reservoir
characterization in exploration and appraisal settings that leads to reduced dependency on scanty well-information.
Key Words : Seismic inversion, Low frequency modeling

Introduction
Inversion of seismic data is routinely performed to better
understand the subsurface rock properties in terms of
lithology and fluid. Inversion of seismic data produces layer
properties that look similar to geological sections and are
easy to interpret. Besides, properties of reservoirs like
porosity, volume of clay and net pay can be readily derived
from inverted acoustic impedance using inter relationship
of these reservoir properties with the elastic properties
measured at wells in the study area. While inversion
enhances the resolution of subsurface image through
reduction of noise and wavelet tuning effects, certain issues
need to be taken care before the inverted rock properties
can be used for quantitative interpretation (QI). One of the
most important issues is the selection of an appropriate low
frequency model that links relative and absolute rock
properties. Had the traditional seismic data itself possessed
a continuous and broad range of frequencies starting from 0
Hz, the inversion of seismic data would have directly yielded
absolute rock properties ready for quantitative interpretation
(Ozdemir, 2009). However in the absence of any signal in
the low frequency end of the spectrum in seismic data, a
suitable low frequency model must be built which is
notbiasedconsiderably by any indigenousand/or local
information such as well logs.This implies that an
appropriate model would give rise to significant uncertainty
in final results in complex geological set upand also where
availability of well log information is sparse, e.g. in
exploration and appraisal stage. As such, low frequency
model building is very interpretive and often iterative, too.

There are several methods of building low frequency
models (Hak et al., 2011, Kumar and Singh, 2012) with
workflows varying from simple interpolations of well log
properties within a structural/stratigraphic framework to
multi-attribute driven interpolation with or without use of
seismic processing velocity or other such data.
A typical problem often encountered with seismic
inversion is the imprint of wells in the inverted results due
to log interpolation in the low frequency model to create
the missing low frequencies. Modeling low frequencies from
well log data alone cause bias in inverted rock properties
particularly when the well data for modeling are sparse. This
may happen in the following cases:
1. Lithology encountered at the wells is thin or it thickens
away from the wells
2. Sand injectites
3. Lateral changes in rock and reservoir properties such as
porosity changes and shaling out
However the use of very low seismic frequency content
available in the form of intervalvelocities as background
model allows to obtain unbiased absolute acoustic
impedance from the inversion, to reliably compute reservoir
properties and for other applications as well, such as pore
pressure estimation and well bore stability issues.
A case study using data sets from North-East India shows
how the choice ofa low frequency model using well logs as
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well as seismic interval velocity derived from seismic
processing provides stable inversion results showing better
layer continuity for traditional interpretation. The results are
also better suited for quantitative interpretation compared
to the one with low frequency derived from well data alone.

Method
We explain the importance of low frequency modeling
through a simple illustration. Let us consider a layered earth
with sequences of rocks with varying lithology, porosity and
fluid. A reflected seismic wave from such a medium can be
represented as the convolution of a wavelet with the
reflectivity series. Due to limitedbandwidth of the seismic
wavelet, this convolution process results in bandwidth
reduction. There is loss of information at both the low and
high ends of the spectrum. The frequency of seismic data
for hydrocarbon exploration is generally from 8-10 Hz in
the lower range to 60-80Hz on the higher range (Figure
1).Due to removal of wavelet effects, inversion can restorea
small part of both low and high frequencies, but information
that is eliminated from the observed data cannot be
reconstructed completely from seismic data alone. Whereas
the missing high frequencies limit the resolution of layers,
the unavailability of low frequencies poses a serious
challenge to interpret the inverted results in terms of reservoir
properties. To put in simpler words, QI requires absolute
rock properties containing a broadband information starting
zero to the maximum seismic frequency. Thus low frequency
model serves as the base for conversion of relative or band
pass rock properties to absolute rock properties. We can
express the relationship as
Absolute Acoustic Impedance (0-60 Hz) =
Low Frequency Acoustic Impedance (0-10Hz) + Relative
Acoustic Impedance (10-60Hz) …(1).
We assumed here that the seismic data has a bandwidth
of 10-60Hz but the expression above is quite general and is
applicable for other elastic properties, too.

Fig.1 Amplitude spectrum of inverted data, the spectrum
of seismic data is represented by blue
In order to derive absolute rock properties in seismic
inversion studies, this low frequency gap is commonly filled
using i) well log that gives local information only or ii) well
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logs and compaction trends from seismic velocities. While
the seismic velocity is, generally, available at a sparser grid
compared to seismic amplitude, well information is very
scanty, especially in exploration and appraisal phase. This
information areinterpolated and extrapolated within a
structural framework along the main horizons of interest. It
is interesting to emphasize here that with the availability of
low frequencies from the seismic data itself, the choice of
the low frequency model in seismic inversion can be broadly
driven by seismic data thereby reducing the bias from
extrapolating sparse well data.

Real Example
The low frequencies model (LFM) is used in seismic
inversion in two distinct ways depending on the inversion
technique. In a model based inversion, LFM serves as the
initial or background model and thus has a significant
influence on the inversion process, i.e., the band pass results
are dependent on the low frequency term in equation (1) .
On the other hand, in a Constrained Sparse Spike Inversion
(CSSI), LFM is used as a constraint only. As a consequence,
it does not influence the band pass inversion results
significantly. To assess the impact of low frequencies,
Constrained Sparse Spike Inversion(Debye and van Riel,
1990) was carried out on one of the data sets of Assam
Arakan basin at the Eocene level. The dominant frequency
of seismic data at this level was found to be ~35Hz. The
influence of using two different low frequency models, viz.
i) derived from solely well data and ii) derived from
combinations of well data and seismic interval velocities,
on absolute acoustic inversion was tested. The inversion was
carried out using three wells within the study area.
For the second workflow for low frequency building
involving well log and seismic velocities, the available RMS
velocities were first converted to interval velocities using Dix
equation. To precondition seismic velocities for use with low
frequency model, the interval velocity was corrected for
scatters and outliers, high-cut filtered, interpolated and
laterally smoothened using a median filter. Pseudo logs from
the conditioned seismic velocities were extracted and matched
with high-cut filtered well P-velocities to find a usable
frequency range (Figure 2). It was observed that the seismic
velocity at 1 Hz gives a good match with the well velocities.
At the next step, P-Impedance (Zp) and P-velocity (VP)
measured at wells were cross-plotted for the target zone (Figure
3). It could be observed that Zp exhibits a linear relation with
VP. This relation was used to convert the conditioned seismic
interval velocity volume to P-impedance, Zp for the whole
volume.Pseudo Zp logs were extracted in all the 3 wells (Figure
4) and used to calculate acalibrationfactor log representing
the ratio of Zp at well to seismic velocity derive Zp.
Thesecalibration factorlog at the three wells were interpolated
to generate a calibration factor volume.The seismic velocity
derived Zp volume was multiplied with the calibration
factor volume to generate calibrated Zp volume (Figure 5a).
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Fig. 2 At one of the well locations- left a) Well P-velocity (pink) high-cut filtered to 2 Hz compared to seismic Pvelocity (blue). Right (b) Well P-velocity high-cut filtered to 1 Hz. Well P-velocities were patched with seismic
velocities outside the logged interval for a better comparison. Filtering at 1Hz shows a better match between the two.

Fig. 3. Cross plot of P-impedance vs P-velocities at
the all 3 wells showing a linear trend. The
relationship has been used to convert the seismic
P-velocities to P-impedances
The inverted bandpass acoustic impedanceswas merged
with the following two different LFMs
1.

2.

The well generated Zp (Figure-5c) directly merged with
the Inverted Bandpassacoustic impedance (Figure 6a)
at a cut-off frequency of 10 Hz. The results are shown
in Figure 6b.

Fig. 4. P-impedance at the wells(blue) compared with the
pseudo P-impedance(pink) extracted at one of the well locations

The seismic velocity generated and calibrated Z p
(Figure 5b) merged with the well measuredZp at a cut-off
frequency of 1 Hz and then this ultra-low frequency
model merged with the bandpass result (Figure 6a) at a
cut-off of 10 Hz.Figure 6c shows the resulting absolute
acoustic impedance.

A comparison of Figures 6b and 6c in light of bandpass
inver sio n r esults (Figure 6a) clearly shows that
information derived from seismic amplitudes are better
represented in the absolute acoustic impedance from the
second low frequency model built at two stages involving
seismic velocity and well information.
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Fig.5. Top-a) The ultra low frequency P-impedance
model using seismic velocities, middle-(b) Broadband
P-impedance from a)multiplied by the calibration
factor log , bottom-(c) Well interpolated broad
band P-impedance..

Discussions and Conclusions
Keeping in mind that the data set refers to the Eocene
level where frequencies are highly attenuated, 35 Hz being
the highest for this case, the impedance volume generated
using the seismically derived P-impedances in the low
frequency model, show continuous reflectors A & C (Figures
6b and 6 c) as compared to the volume with low frequency
model only from the wells. It can also be seen that the layer
B in this model (Figure 6c) is less biased with log information
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Fig.6.Top-(a) Inverted bandpassacoustic impedance (no
contribtion from well or seismic velocities), middle-(b)
absolute acoustic impedancefrom bandpass results
merged with 0-10 Hz low frequencies from the wells,
bottom-(c) absolute acoustic impedancefrom bandpass
results merged with 0-1 Hz low frequencies from seismic
P-impedance & 1- 10 Hz from the wells
at X compared to the model using only well data (Figure
6b). The results show clearly the benefits of using seismic
velocity in low frequency modeling for reservoir
characterization in exploration and appraisal settings that
leads to reduced dependency on scanty well-information.
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Abstract
Audio Magnetotellurics (AMT) is a passive electromagnetic imaging technique using the earth’s magnetic field
and telluric current to map geologic contacts and structure typically to depths of 500 meters or more. The ability of
identification of geologic features varies with depth and depends upon target size, resistivity contrasts and contact
geometry. AMT is very effective method for a better understanding of the subsurface of the Earth in terms of shallow
structural setup of a geologically complex area with variant electrical property. In general MT has several parameters as
Apparent Resistivity, Phase and Tipper to derive the information about subsurface structure. In the present paper we
analyze only the tipper magnitude in presence of anomalous conducting zones. Tipper is defined as the tipping of the H
vector out of the horizontal plane. In general, the tipper is a dimensionality indicator. A tipper value of 0-0.1 indicates
1D structure; the common range of tipper magnitude is in between 0.1 to 0.5 and can rarely exceed 1.0.
We have considered three different models depicting coastal effect phenomena. Tipper has been analyzed for
varying thickness, conductivity and varying depth of this anomalous conducting zone. It has been observed that if the
anomalous conducting zone is at a shallow depth then the value of tipper is more than 1.0. With the increase of the
conductivity of the anomalous zone the value of tipper increases. With the increase of the thickness of the conductivity
zone the value of tipper magnitude do not show a trend but remains more than 1.0. Further, it is observed that the
magnitude of tipper decreases with the distance from the anomalous conducting zone. With the increase in the depth of
the anomalous zone the tipper magnitude decreases and is even less than 1.0. Thus, a tipper magnitude more than 1.0 is
possibly an indicator of anomalous conducting zone and values less than 1.0 must be dealt with caution.
Keywords: Audio Magnetotellurics (AMT), Coastal Effect, Tipper Magntitude.

Introduction
Coastal effect is a phenomenon in which lateral
conductivity anomaly depicted by a shallow ocean can give
rise to the distortion of Magnetotellurics (MT) transfer
function. Continental MT measurements made in coastal
regions are sensitive to oceanic mantle conductivities and
are distorted (Mackie et al., 1988). Generally, perturbations
in current levels owing to a surficial conducting
heterogeneity overlying a resistive layer are attenuated at
the boundary of the heterogeneity (Ranganayaki and
Madden, 1980).This gives us an idea of distortion of MT
transfer function due to presence of lateral conducting body.
In this paper we have explained the distortion of Vertical
MT transfer function (Tipper magnitude) in presence of
lateral anomalous conductivity heterogeneity with the
forward modelling. MT parameter Tipper magnitude has
been analyzed for varying thickness, conductivity and
varying depth of this anomalous conducting zone.
We have visualized the concept of tipper magnitude as
well as its computation for better understanding of its
distortion due to lateral conducting body in the following
section. The magnetotelluric “tipper” is calculated from the
vertical component of the magnetic field. The tipper

magnitude is a measure of the “tipping” of the H vector of
magnetic field out of the horizontal plane (Vozoff, 1991).
The tipper coefficients (the single station vertical
magnetic field transfer functions) A and B is calculated by
assuming the vertical magnetic component
as a linear
combination of the horizontal magnetic field components
and

(Jiracek et al., 1990):
.…….(1)

Where A & B are complex coefficients which can be
visualized as operating on the horizontal magnetic fields
and tipping part of it into the vertical.
The magnitude of the tipper is defined by,
………(2)
The components of the tipper A and B are estimated
from measurements of
,
, and
by least square
approach as like the impedance is estimated from
,
,
and
measurements. Multiplying equations (1) by
and
and taking the average over many records we have

< H2 H*x >= A < Hx Hx* > + B < Hy H*x > ........(3)
< H2 Hy* >= A < Hx Hy* > + B < Hy Hy* > ........(4)
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From (3) & (4) the tipper coefficients are calculated as

< Hz H*x >< Hy H*y > - < Hz H*y >< Hy H*x >
A=
< Hx H*x >< Hy H*y > - < Hx Hy* >< Hy H*x >
< Hz H*y >< Hx H*x > - < Hz H*x >< Hx H*y >
B=
< Hy H*y >< Hx H*x > - < Hy Hx* >< Hx H*y >
Where * denotes the complex conjugate and < > denotes
the average value. In general, the tipper is dimensionality
indicator. A tipper magnitude value of 0-0.1 indicates 1-D
structure. Tipper magnitude commonly varies from 0.1 to 0.5
and rarely as great as 1 (Vozoff, 1991). However, in anomalous
conducting zones this tipper value may be more than 1.0.

Synthetic Model Study
We have considered three different types of model for
a anomalous conducting zone depicting coastal effect
phenomena. Tipper magnitude has been analyzed for varying
conductivity (Type 1; Figure 1), thickness (Type 2; Figure
2) and varying depth(Type 3; Figure 3) of this anomalous
conducting zone. Generally tipper magnitude does not attain

its value more than one, which is maximum for its
dimensionality indication. But study has been started after
recording of anomalous tipper magnitude more than one
from field data. So here we have built up several models
(Type 1 (model 1a, model 1b and model 1c); Type 2 (model
2a and model 2b); Type 3 (model 3a and model 3b)) which
have been shown on the left side in Figure 1, Figure 2 and
Figure 3 respectively and from these models we have
generated synthetic tipper values. The above generated
models are showing coastal effect phenomena but actually
this effect is not due to sea water rather it’s due to a much
lower resistive body.
Type 1 models (model 1a, model 1b & model 1c) are
showing the presence of low resistive body (could be due to
massive sulphide deposit or coalfire zone) of the order of
0.1Ωm, 0.01Ωm and 0.001Ωmm respectively in middle of
the considered 2D models. The formation resistivity is taken
as 100Ωm. The thickness and width of the body is same and
equal to 400m. In these models pink colour are anomalous
conductive body and green colour represents resistive
formation. The tipper magnitude sections (middle) and
profile tipper magnitude sections (right) are generated from
these models which are shown below in Figure 1, Figure 2

Model 1a

Model 1b

Model 1c

Fig. 1. Type 1 Models (model 1a, model 1b and model 1c; left) with varying resistivity (0.1Ωm,
0.01Ωm, 0.001 Ωm respectively) of anomalous conducting body (pink color); green color represents
formation of resistivity 100 Ωm, Tipper magnitude Sections are shown for in the middle respective
models and corresponding profile tipper sections are shown in the right.
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and Figure 3. Table 1 shows information of generated
synthetic models (thickness and depth of anomalous body,
resistivity of anomalous body, and resistivity of formation)
and also maximum tipper magnitude value for all types of
models respectively. From tipper magnitude and profile tipper
sections we have got tipper magnitude more than 1 for most
of the models but value of tipper magnitude is different for
each model (table 1). We have found that tipper values are
1.00, 1.40 & 1.75 respectively for type 1 models (Figure 1;
model 1a, model 1b and model 1c). It shows that with the
increase of the conductivity of the anomalous zone the value
of tipper increases. From profile tipper sections it is clear
that the site near by the lower resistive zone is highly
influenced by the contrasting layer. It’s showing maximum
tipper value which is beyond the conventional thoughts and
it’s getting decreased with change in distance far away from
it. Even at other site also showing value more than 1 but it’s
obeying a general trend.
Similarly we have generated Type two models with
different thicknesses and same width; resistivity of the conductive body is 0.1Ωm and formation resistivity is same
as in previous model 100 Ω-m. Thickness of the model 2a
and model 2b is 50m and 100m respectively (Figure 2). In
these models pink colour are conductive body and blue
colour represents resistive formation. The tipper magnitude section and profile tipper magnitude are generated
for these models as like earlier models (Figure 2). From
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tipper magnitude and profile tipper section we have got
that again tipper magnitude is more than 1 for both models
but its value is different for each model. We have found
that tipper magnitude is 1.3 for model 2a when thickness
is 50m and 1.1 for model 2b when thickness is 100m (Figure 2) and when thickness is 400m we have got earlier the
tipper magnitude for model 1a is 1.00. It shows with the
increase of the thickness of the conductivity zone the value
of tipper magnitude reduces. From the profile tipper
sections are showing similar behaviour as tipper values
are reducing when we are going farther away from
anomalous conducting body.
In the third type of model, conductive body has been
taken at different depths (50m, 100m) and resistivity is same
as like earlier model (model 1a); conductive body of
resistivity 0.1 Ωm and formation of resistivity 100Ωm;
thickness and width are 400m. Again from tipper magnitude
and profile tipper sections we got that tipper magnitude is
not more than 1 for both the models and estimated tipper
magnitudes are 0.80 & 0.60 for model 3a (conductive body
at 50m depth) and model 3b (conductive body at 100m
depth) respectively (Figure 3) and from the earlier model
1a for which conductive body is at the earth surface we have
got the tipper value equal to 1.00. It shows with the increase
in the depth of the anomalous zone the tipper magnitude
decreases and is even less than 1.0. Profile tipper sections
are showing similar trend as like all earlier models.

Model 2a

Model 2b

Fig. 2. Type 2 Models (model 2a and model 2b; left) with varying thicknesses (50m, 100m) of
anomalous conducting body (pink color); blue color represents formation of resistivity 100 Ωm,
Tipper magnitude Sections are shown for in the middle respective models and corresponding
profile tipper sections are shown in the right.
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Model 3a

Model 3b

Fig. 3. Type 3 Models (model 3a & model 3b; left) with varying depth (50m, 100m) of anomalous
conducting body (pink color); green color represents formation of resistivity 100 Ωm, Tipper
magnitude Sections are shown for in the middle respective models and corresponding profile tipper
sections are shown in the right.
Table.1 Maximum Tipper Magnitude for different types of Models
Type of Model Thickness Depth conducting zone Formation Frequency
Max.
model
resistivity
Resistivity
(m)
(m)
(Hz)
Tipper
( W -m)
Magnitude
( W -m)
Type 1
(coductivi
ty varies)

Type 2
(thickness
varies)

Type 3
(depth
varies)

1a

400

0

0.1

100

10000

1.00

1b

400

0

0.01

100

10000

1.40

1c

400

0

0.001

100

10000

1.75

2a

50

0

0.1

100

10000

1.30

2b

100

0

0.1

100

10000

1.10

3a

400

50

0.1

100

30

0.80

3b

400

100

0.1

100

30

0.60

Conclusions
Vertical MT transfer function (Tipper Magnitude

1.0)

is an indicator of lateral anomalous conducting body. Type
1 models shows that with the increase of the conductivity of
the anomalous zone the value of tipper increases. Type 2
models shows with the increase of the thickness of the
conductivity zone the value of tipper magnitude reduces.

Type 3 models shows with the increase in the depth of the
anomalous zone the tipper magnitude decreases (table 1).
Tipper magnitude decreases when we are moving farther
away from anomalous conducting zone.
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:

Qualifications*

:

Experience*

:

Research Interest*

:

Publications*

:

Membership of any other Association, Society, Academy, etc.
·

Attach a separate sheet, if necessary

Fax :

Sponsor for Life Membership
Name & Designation

:

Organisation

:

Address
Member of AEG

:
:

Yes / No

I am satisfied that the applicant is worthy of becoming a Life member of the Association of
Exploration Geophysicists and I recommend the applicant for Life membership.
Date

Signature of Sponsor

Student Membership
Student Applicants must give information on the status and time scale of their studies, countersigned
by their Professor. The duration of Student Membership is valid only till the period of their study.
Date expected to Graduate

Degree

Signature of Professor

University

Membership Fees (to be enclosed along with the Application form)
Life Membership
Student Membership

:
:

Rs. 2,500/- (US $ 250 for Foreign Members)
Rs. 100/- for admission and Rs.10 as annual subscription every year.

Payments are to be made by Demand Drafts drawn in favor of the Secretary, AEG, Hyderabad.
Details of Bank Account of AEG for sending the amount directly through Electronic Transfer
a. Account Holder Name: Association of Exploration Geophysicists
b. Bank Name: State Bank of Hyderabad, Osmania University Branch, Hyderabad
c. Bank Account of Number: 52198268342
d. MICR Code: 500004044
e. Indian Financial System Code (IFSC) : SBHY0020071
q Fee Enclosed

D.D. / Cheque No. :

Date :

Amount :

DECLARATION BY THE APPLICANT

I hereby certify that the information given above is true to the best of my knowledge. I fully
subscribe to the aims and objectives of the AEG and undertake to abide by the rules and regulations
of the Association, in case I am declared a Life Member / Student Member of the Association.
Date

Signature of Applicant
(FOR OFFICE USE)

The Applicant is Granted/Refused admission to the AEG as a Life Member / Student Member.
Reasons in case of non-admission of the applicant.......................................................................................
....................................................................................................................................................................
Membership No.
Date

Receipt No.

Date
Secretary/Treasurer

for Rs.

Year

