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Katpal in Mesoarchaean Sukinda UltramaBc Complex (SUC) hosts chromitites within the ultramaBc
rocks emplaced in the Tomka–Daitari–Mahagiri greenstone belt, Singhbhum Craton. Chromite deposits
occur as seams, lenses or pockets in ultramaBc–maBc rocks mainly comprising serpentinised dunite,
peridotite and gabbro. Chromite deposits at Kalrangi, Kaliapani and its precincts in SUC are currently
being exploited by M/s. Odisha Mining Corporation (OMC), whereas their continuity is elusive in the
subsurface in the Katpal area, Sukinda, Odisha. High-resolution electrical resistivity tomography (ERT)
was carried out in quarry-G of M/s. OMC in Katpal on four proBles each with a proBle length 400 m and
each of them is separated at an interval of *100 m to capture and visualise a maximum anomaly
variation within the host rock. The objectives of this study are to understand the behaviour of chromite

seams vis-a-vis
with a high-resolution electric potential signal with depths and to evolve a method to
discriminate chromitites from the host rock both in horizontal and vertical directions with depths, which
can be used to locate the extension of chromite seams around the study area. The interpretation of the
ERT models revealed interesting resistivity anomalies, which is inferred as chromite associated with the
ultramaBc host rock in the area. Exploratory borehole data of the area conBrmed the subsurface occurrence of chromitites within 22–40 m depths as lensoidal bodies within the maBc–ultramaBc rocks. The
chromite ore is mapped as low-resistive zones with a resistivity of *35–200 X m and extended up to a
depth of 170 m within the high-resistive ([500 X m) host rocks. Two distinct chromite bands were
identiBed at different depths: 20–40 and 90–110 m based on the speciBc resistivity contrast and were
validated using the existing shallow borehole data. The second band is highly folded whereas the Brst
band resembles sill-like feature within the host rock. The electrical tomography technique can be aptly
applied in an unknown area in SUC to establish the extension of the chromite ore body, its resistive
signature and their variation with depths within the host rock for future resource prospecting and
exploitation in the given geological setting of the area.
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1. Introduction
Chromite (Cr2O3) ores are widely used in metallurgical industries for manufacturing ferro-alloys
and are a source of revenue as India exports over
72,000 tons to China and Japan (IBM 2018).
Sukinda Massif in Singhbhum Craton hosts the
largest (*98%) chromite deposit in India, which
is emplaced in the Archaean Tomka–Daitari–
Mahagiri greenstone belt (Banerjee 1972; Chakraborty and Chakraborty 1984; Page et al. 1985; Raju
et al. 2007). The Sukinda Massif consists of an
elongated layered ultramaBc unit, which comprises
serpentinised dunite, orthopyroxenite and chromitite. There are reportedly six chromitite seams,
which are present within the serpentinised dunite.
All ultramaBc rocks are extensively weathered and
capped by laterites (&30 m thick). In the Katpal
area, which is in the southwestern (SW) part of the
Sukinda Massif, the chromitite seams and the host
ultramaBc rocks are fragmented, forming breccias
cemented by gabbroic to granodioritic rocks
(Mondal et al. 2019 and references therein). The
NE–SW trending thrust fault traced by Damsal
Nala in the southern fringe of Sukinda Massif has
dislocated the chromitite seams and the continuity
of these seams in the Katpal areas towards the
southeastern (SE) fringe is debated and is not well
established. An integrated study involving detailed
high-resolution geophysical and geological investigations was carried out to understand the response
of chromite seams to electrical resistivity tomography (ERT) and to validate its occurrence in
depths through the high-resolution geophysical
results as well as the available borehole lithology
from the area and to assess the continuity of
chromite seams in the Katpal area, Odisha. Chromite is one of the early crystallised magmatic
minerals associated with ultramaBc rocks.
Chromitite, a mono-minerallic rock of chromite, is
found in abundant as pockets and lenses hosted in
ultramaBc rocks. A chromite exploration strategy
basically involves locating the host and identifying
the domains of chromitite lenses. The electrical
resistivity characteristics of felsic, maBc and
chromitites are distinguishable, enabling delineation of the chromite-mineralised zone. Mohanty
et al. (2011) reported that based on DC resistivity,
sounding the resistivity of maBc/ultramaBc rock
and granite (or quartzofeldspathic gneiss) is indistinguishable, with a value of more than 1000 X m
whereas the high-gravity anomaly zone has a
resistivity value ranging between 20 and 60 X m,
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which is attributed to chromite mineralisation
within the maBc and ultramaBc rocks (Mohanty
et al. 2011).
Gravity and electrical resistivity sounding are
the most suitable methods to identify and delineate
the chromite mineralisation zone (Mohanty et al.
2011). Recently, an integrated geological and geophysical study for delineation of laterite-covered
chromiferous ultramaBc bodies around Bhuban,
SW part of Sukinda UltramaBc Complex (SUC),
Odisha was carried out using gravity and magnetic
joint study (Arasada et al. 2020). Two main types
of ore bodies are recognised in SUC; the Brst type is
orthomagmatic stratiform bodies, whose contacts
tend to be less well deBned, due to their disseminated character of mineralisation, whereas the
second is late magmatic lenticular, vein or podiform bodies of compact to massive mineralisation,
which occur as veins, lenses or lumps, in sharp
contact with the country rock (Mohamed-Ali et al.
2017a, b). There are unexplored blocks where
chromite occurrences have been reported through
research and development (R&D) studies within
Sukinda valley, whereas the extension of chromite
seams remained a mystery. The objective of the
present integrated study is to establish the continuity of chromite deposits within the host in the
Katpal area, Odisha from high-resolution resistivity tomography results in lateral and vertical
directions with depths. Delineating the anomalous
zone(s) and continuity of chromite in Katpal and
other areas of SUC have not been carried out or
reported earlier, which gives high-resolution resistivity distribution of the subsurface rock strata
along with the associated mineralisation much
more precisely (Zhang et al. 2015). Keeping this in
mind, a state-of-the-art high-resolution electrical
resistivity tomography (HR-ERT) survey was
carried out at quarry-G in the Katpal area in
Mesoarchaean Sukinda Massif where M/s. Odisha
Mining Corporation (OMC), Bhubaneswar (India),
has earlier taken up the exploratory work for future
chromite mining and prospecting. HR-ERT was
carried out essentially to understand the distribution of chromite seams (as an anomalous zone
within the host rock) in terms of its continuity as
well as mapping the detailed subsurface rocks
associated with chromite with depths and its
resistivity signature with a high-resolution subsurface electric potential signal (Kumar 2012). The
geophysical proBles for carrying out the ERT survey were identiBed, on the basis of geological Beld
work and unpublished reports of M/s. OMC, in and
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around quarry-G for detailed mapping of the subsurface rock strata and the chromite occurrences in
the study area.
The application of ERT technique was not carried out in Indian geology especially for chromite
exploration. One case study on chromite exploration using ERT in Ingessana Hill, Blue Nile
State, Sudan was successfully carried out and
mapped the contacts between the granite and the
ultramaBcs and delineated that the low-resistivity
anomalies in the range of 25–90 X m are probably
recognised as potential chromite mineralisation
zones (Mohamed-Ali et al. 2017a, b). ERT surveys
were employed for mineral exploration at Chifeng
in Inner Mongolia, China. The inverted image
clearly describes the metalliferous vein strike and
its behaviour down to 200 m in depth in the prospect area and is consistent with the results of
drilling data (Zhang et al. 2015). Thus, it is keen
to investigate using the ERT technique, and to
acquire the real-time Beld data and achieve the
results through high-resolution inverse-resistivity
models to look closely at the variability in the true
resistivity values of the continuous rock strata
along with chromite from the near surface layers to
depths [100 m.
2. Geological setting
The Singhbhum Archaean nucleus is the oldest
cratonic nuclei of Indian shield in the eastern part
of India (Mukhopadhyay et al. 2008) surrounding
by the Singhbhum Orogen to the north, Eastern
Ghats Mobile Belt in southeast and Bastar Craton
in the south. The craton has recorded a prolonged
geological history of volcanism, tectonism, sedimentation and metallogeny from Hadean to
Mesoproterozoic (Saha 1994; Mishra et al. 1999;
Nelson et al. 2014; Chaudhuri 2020). There are
three major Archaean greenstone belts in Singhbhum Craton, namely Jamda–Koira–Noamundi,
Gorumahishani–Badampahar and Tomka–Daitari
(Bgure 1a). These Archaean greenstone belts contain sill-like-layered ultramaBc bodies with chromite ores, which are mainly present in the Nuasahi,
Sukinda and Jojohatu areas (Mondal 2008, 2009;
Bgure 1b). The study area Katpal is situated in the
SW part of the Sukinda Massif, which is located in
the southern part of the Singhbhum Craton bounded by the Singhbhum shear zone to the north and
by the Sukinda thrust to the south. SUC occurs
within the iron ore group (IOG) of rocks (3.5 Ga)
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and distributed over 40 km2 in the NE–SW direction from Tomka (east) to the Katpal (west) region
(Bgure 1a). SUC is a syncline and chromitite layers
are co-folded with the older IOG rocks indicating
pre-folding intrusion of the chromite-bearing
ultramaBcs. Katpal ultramaBc complex (Bgure 1b)
is extensively fragmented, forming a tectonic
breccia. The detailed geology along with the location of boreholes and ERT proBles are given in
Bgure 1(c). Chromite deposits occur as layers,
lenses or pockets (dimension) in the ultramaBc–maBc rocks mainly comprising serpentinised
dunite, peridotite and gabbro (Bgure 2a–d). The
ore bodies are discontinuous and randomly oriented into small lenses. Both podiform and stratiform origins of chromite deposits are found
(Banerjee 1972; Chakraborty and Chakraborty
1984; Raju et al. 2007). The location of the twodimensional (2D) resistivity tomography proBles in
the study area is shown in Bgure 3.
3. Materials and methods
ERT technique is a unique and essential geophysical tool for groundwater (G€okt€
urkler et al.
2008a, b; Kumar et al. 2014, 2016b, 2020a, b) and
mineral exploration (Zhang et al. 2015; Kumar
et al. 2016b, 2017; Arjwech et al. 2020), geological
and structural mapping (Cheng et al. 2019), engineering problems (G€okt€
urkler et al. 2008a, b) and
environmental site investigations (Rosales et al.
2012). ERT surveys can provide high-resolution
images of subsurface resistivity distribution for
larger areas as compared to other geo-exploration
methods. It is a rapid, eAective and economical
method for mineral exploration (Zhang et al. 2015).
The high-resolution state-of-the-art electrical
resistivity and induced polarisation (IP) tomography technique acquires the large data density in a
survey for a better and a reliable interpretation of
the subsurface geology, hydrogeology, geological
structural features and mineralised zones (Kumar
2012; Kumar et al. 2014, 2016a, b, 2017, 2020a, b).
The resistivity images/models are created by
inverting the measured dataset of hundreds to
thousands of individual resistivity and IP measurements recorded within an optimal span of time.
The inversion of the measured apparent dataset
resulted in subsurface true resistivity and chargeability variations with depths. The inverted resistivity/chargeability models helped in knowing the
host rock characteristics and the subsurface
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Figure 1. (a) Geological map of SUC (after Basu et al. 1997) with an inset showing the location of study area in India.
(b) Geological map of Katpal chromite mine area, Odisha (after Sen and Mohanty 2005). (c) Study area showing the location of
boreholes and ERT proBles.

geological structural scenario as well as mapped
the subsurface anomalies (of interest) especially
for mineralised ore body and metallic minerals
(Zhang et al. 2015; Kumar et al. 2016b, 2017).
These anomalies having significant resistivity and
chargeability contrast with respect to the host rock
of the area, which ultimately decide the conductive
or resistivity subsurface of a mineralised body. The
advantages and eDcacy of electrical resistivity and
IP tomography to provide detailed continuous

resistivity and chargeability maps of the subsurface
geology, mineralised zones, identifying the different lithologies, delineating contact and shear zones,
fault mapping and measuring the thickness of the
weathered geological formations/regolith, make
this technique a very useful and latest tool for
mineral exploration in any type of geological setting. ERT mapping in the Katpal area was planned
systematically by observing the accessibility of the
layout of the proBles as well as taking special care
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Figure 1. (Continued.)

Figure 2. Field photographs showing (a) outcrop of serpentinised dunite, (b) chromitite occurrences on the surface, (c) closely
spaced thin chromite bands alternating with disseminated felsic layer, and (d) thick chromite bands spaced with sufBcient width
within the Katpal study area, Odisha.
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Figure 3. Map showing the study area in Dhenkanal district, and the location of four 2D resistivity proBles along with proBle
number and direction in and around quarry-G, Katpal area, Odisha.

to target the ore body and its orientation so that
the layout of the electrical proBles in the area of
study was made as practically as possible perpendicular to the strike of the mineralisation of the ore
body. The electrical resistivity proBles were carried
out at four locations in and around quarry-G in
the Katpal area (Bgure 3). The proBles were laid
almost perpendicular to the strike of the mineralisation associated with the host rock in the
study area. In the present survey, a total of
1040 9 3 = 3120 and 848 apparent resistivity fullwaveform data points were collected using the
state-of-the-art four-channel ABEM Terrameter
LS system (ABEM 2012) by planting 36 and 41
electrodes, respectively, depending on the availability of space in the Beld area. The maximum
electrode spacing used in the survey is 10 m and all
these electrodes were planted at one stretch in a
straight line with a minimum of 10–15 cm vertically below the surface in a multi-electrode mode
for a complete data acquisition set for each of the
four locations. The length of the tomography proBle varies between 350 and 400 m at all these four
locations with an electrode spacing of 10 m and
acquired large data density coverage at shallow
and deeper depths using both gradient and poledipole arrays, respectively. Due to constraints of

full linear space in the Beld area for laying high
strength and heavy-weight cables on the ground
and to achieve the target of maximum deeper
depths – we focused on pole–dipole array tomography survey in the study area, which is the best
solution for multichannel data acquisition. The
advantage of the pole–dipole conBguration is that
it oAers a good resolution of geological structures as
well as gives a larger depth penetration within a
limited electrode spread (Loke 2012a; Kumar et al.
2020a) and a relatively good horizontal coverage on
the ground. This array has significantly a higher
signal strength compared to a dipole–dipole array.
However, it requires a remote electrode, the current (C2) electrode, which must be placed at far oA
distance away from the survey line. At the same
time, the pole–dipole array is less aAected by the
C2 remote electrode compared to the pole–pole
array (Loke 2012a; Kumar et al. 2020a). More
focused data acquisition was made possible for the
pole–dipole array due to its speciBc advantage in
the study area and due to limited availability of
space and thus acquired data could achieve deeper
depths. This was made possible by using 250 W
high wattage of the ABEM Terrameter LSÒ
(ABEM 2012). Utmost care was taken for far oA
current (C2) electrode as well as the connecting
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TeCon-coated wire, which is away from the survey
line of measurement. The electrical tomography
data have been collected in the resistivity mode for
a detailed understanding of the overall resistivity
variation of the subsurface rocks and mineralisation with depths within the host rocks. The measured 2D apparent resistivity dataset was Brst
analysed and later processed for eliminating any
noisy or bad data points (viz., minimum 5 to
maximum 19 in the present study) in the acquired
dataset. Thereafter, the processed and Bltered
dataset (ranging from 843 to 1021 quadruples) was
inverted for true resistivity using a least squares
inverse approach with smoothness constrained
(Sasaki 1992; Loke 1997, 2012b) and with a standard Gauss–Newton optimisation technique using
version 3.71 RES2DINV inversion code (Loke and
Dahlin 2002). An evaluation of inverse modelling
has pointed out the importance of dense data
sampling (Dahlin and Loke 1998). In the 2D
inversion of resistivity data, Dahlin and Loke
(1998) have found that the areas with a large
resistivity contrast the Gauss–Newton leastsquares inversion method leading to significantly
more accurate results compared to the quasiNewton method (Loke and Barker 1996).
The detailed analysis, processing, inverse modelling and interpretation of the ERT models
resulted and revealed interesting and clear-cut
anomalies with respect to the chromite mineral and
its association with the host rock. Here, we are
presenting in detail the results of all the four
resistivity tomography models with significant
Bndings from the work in the Katpal area. Nevertheless, *10 shallow boreholes (Bgure 4a) were
drilled by M/s. OMC in and around quarry-G,
whose locations coincide with the electrical resistivity topography proBles (Bgure 1c) and hence
provides an opportunity to validate the results of
the resistivity model with depths. A summarised
lithology from these boreholes is given in
Bgure 4(b), which indicated the occurrence of
chromitite bands at various depths, viz., at 22–25,
30–35 and 38–40 m.

total measured signal at the ground surface (Roy
and Apparao 1971). We can still deBne the DOI
unambiguously as that depth, which contributes
most to the total signal measured on the ground
surface. The DOI in any electrode system is
determined by the positions of both the current
and the potential electrodes and not by the current
penetration or distribution alone (Roy and Apparao 1971). It generally varies between 1/3 and 1/5
of the array length (i.e., the maximum length of the
transmitting current, AB electrodes) in a geophysical survey. It also highly depends on the
geology of the area (i.e., resistivity or conductivity
of the subsurface geological formations), the
acquisition array geometry and of course data error
if any (Oldenburg and Li 1999).
4.1 Parameters controlling the DOI
The larger the length of the transmitting current
(AB) electrodes, the deeper the penetration of the
current; the farther the M, N receiving potential
electrodes from the AB, the more representative
the potential measured on the surface of the
ground, of the resistivity of deep layers (Bernard
2003). Practically, the DOI also depends on the
measurability of the potential VMN, which can be
expressed as VMN = q 9 IAB/K. For large investigation depths, the electrodes (AB) have to be far
away from each other, K is the geometrical coefBcient of the array, q is the resistivity and IAB is the
current, the potential VMN signal becomes small for
deeper depths, which can be overcome by using a
high current transmission for optimal output power
transmitted into the ground; here, in our present
study we use 250 W powerful equipment ABEM
Terrameter LS (ABEM). We used a pole–dipole
array in the present survey for deeper investigation
(Loke 2012b), which has a good resolution of geological structure from a multi-channel data acquisition system (ABEM).

5. Results

4. Depth of investigation (DOI) analysis

5.1 Interpretation of 2D resistivity tomography
models

The DOI in any direct current resistivity method of
surface geophysical prospecting is deBned, following Evjen (1938), as that depth at which a thin
horizontal (parallel to ground surface) layer of
ground contributes the maximum amount to the

The results of the 2D electrical resistivity model
from the pole–dipole array are shown in Bgure 5
from quarry-G revealed contrasting subsurface
geological formations with resistivity varying
between \10 and as high as 5500 X m from near
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Figure 4. (a) Outline of quarry-G in Katpal chromite mine area showing borehole locations by M/s. OMC, Odisha. (b) Lithology
of a borehole, which is located along one of the HR-ERT proBles in the Katpal area, Odisha.

surface layer to 131 m depth. The low-resistivity
anomaly ranging between 35 and 200 X m is the
characteristics of the chromite mineral associated
with the weathered host rock as revealed towards
the SW direction between 20 and 40 m depths
(Bgure 5a). On the contrary, the high resistivity of
[1000 X m characterises ultrabasic rock in the
present geological setting (Bgure 5a). The signature
of high-resistivity values depicts the structural
pattern of the ultramaBc rocks (peridotite and
pyroxenite) along with the chromite mineralisation
within the host rocks, which exhibits a low-resistivity signature. The inverted resistivity model
(Bgure 5a) shows a variation in low-resistivity and
low-resistivity linear anomaly towards the SW side
of the model as compared to the NE side of the
model (Bgure 5a). The basement rock is shallow in
the NE part of the model as compared to the result
of the SW side of the resistivity model. It appears
that the variations in the high-resistivity values
within the ultramaBc rock is due to the presence of
association of stringers of chromium-bearing minerals within as well as surrounding the host rocks,
which indicated the different grades of chromite
mineralisation with depths. Another high-resolution

electrical resistivity 2D model from the pole–dipole
array as depicted in Bgure 6(a), which is *100 m
away towards right from the Brst central proBle
(viz., quarry-G, refer Bgure 3), inferred the extension of chromite as revealed from light green to the
yellow-resistivity bands in terms of variation in
resistivity (Bgure 6a), which is associated with the
ultramaBc host rock from shallow to deeper ranging between 35 and 70 m depths. The near-surface
layer is presumed to be highly weathered chromite
(refer to exposed rock in Bgure 2), which shows a
resistivity value of \50 X m from surface to
*30 m depths. Nevertheless, at the deeper depths
of [100 m, the resistivity of the order of between
*2000 and *10,000 X is the highest resistivity
mapped, which is inferred as the felsic part of the
basement rock. These rocks are clearly mapped all
along the proBle at deeper depths and appear in the
form of a boat-shaped pattern in the present geological setting of the study area, which depicted the
structure aspect of the geological setting of the
ultramaBc host rock.
To the left of the centre proBle (refer to Bgure 3),
the inverted resistivity model revealed a stratiBed
layer in the subsurface rock with a contrasting

J. Earth Syst. Sci. (2022)131:29

Page 9 of 15 29
Anomaly over the Chromite mineral
and its extension. Resistivity 35 – 200 Ohm.m

a
SW

NE

b

Figure 5. (a) 2D inverted resistivity model at quarry-G showing low-resistive thin chromite bands amongst resistive
maBc–ultramaBc rocks. The resistivity of chromite band varies from 35 to 200 X m. (b) Conceptual geological model constructed
based on integrated understanding from geology, borehole lithology and resistivity contrast from results of resistivity
tomography model in Katpal, Odisha.

resistivity variation from near-surface to the deeper 169 m depths (Bgure 7). The near-surface layer
depicted a weathered/laterite soil resistivity of
\50 X m, followed by light green to the yellow
band inferred to be chromite layer with a resistivity of between 75 and 250 X m at a depth of
between 35 and 50 m. Afterwards, a substantial
increase in resistivity is observed from the resistivity model (Bgure 7) from *50 to until 169 m
depth. The gradual increase in resistivity from
550 X m to the highest value of *9000 X m at the
deeper depth is inferred as the maBc, ultramaBc
rock (Bgure 7). The resistivity model also depicted
the folding of the rock strata as revealed from the
deeper part of the rock setting of the studied area
(Bgure 7).
The last resistivity tomography proBle is laid
cutting across all the three parallel proBles in the
SE to NW direction (Bgure 3). The inverted resistivity model depicted a weathered soil in the nearsurface layer followed by chromite bands as
demarcated by light green and the yellow band

with a resistivity of between 75 and 250 X m at a
depth of between 25 and 45 m at shallow depths,
and the same bands of chromite is clearly observed
and continuing from the shallower to the deeper
depths (Bgure 8). In between the shallower and
deeper depths, the high-resistivity host rock is
mapped with a resistivity varying between 550 and
*9000 X m (Bgure 8) and it signiBes the maBc and
ultramaBc rocks in the present geological setting of
the area. It also revealed as an intrusive body (i.e.,
igneous intrusion) from NW to the SE direction
and its thickness becomes thinner as it moves
towards the SE direction (Bgure 8).

6. Conceptual geological models
Based on the results of resistivity from ERT
models obtained from near-surface layers to
*170 m depth as well as from the existing shallow
borehole lithology information up to 60 m depths,
the subsurface geological models were constructed
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a
SW

NE

The light green to yellow band inferred as the extension of Chromite mineral along with the Ultrabasic host rock

b

Figure 6. (a) 2D inverted resistivity model at a distance of *100 m away from quarry-G showing continuous low-resistive thin
chromite bands at a depth varying between 30 and 70 m concurring with the borehole data. (b) Conceptual geological model
constructed based on integrated understanding from geology, borehole lithology and resistivity contrast from results of resistivity
tomography model in Katpal, Odisha.
Profile-2: Pole-Dipole-2

SW

NE

The light green to yellow band inferred as the extension of Chromite mineral along with the Ultrabasic host rock

Figure 7. 2D inverted resistivity model at quarry-G showing low-resistive thin chromite bands associated with the high-resistive
ultramaBc rocks. The resistivity of chromite band varies from 75 to 250 X m.

for two locations (viz., for ERT proBles 1 and 3)
at quarry-G. The detailed conceptual geological
model is presented in Bgures 5(b) and 6(b). The
integrated study revealed that the chromite ore
body mainly occurs as lenses and sill-type deposits.
These lenses are found to be associated with serpentinised and siliciBed dunite–peridotite rocks.
Serpentinite rocks are dominant in the study area;
they form in the process of conversion of anhydrous ferromagnesian silicate minerals (olivine and
pyroxene) into hydrous silicate minerals [Serpentine] (Prasad 2012). At quarry-G (ERT proBle-3,

Bgure 6b), it is observed that all the layers of rocks
are nearly horizontally oriented structures from
SW to the NE direction all along the ERT proBle.
The geological model depicted a weathered laterite
soil cover from surface layer to *26 m depth followed by semi-weathered rock material up to 52 m
depth. At 78 m depth, gabbro is seen and then the
chromite layer/band up to 80 m depth (Bgure 6b),
which is sandwiched between gabbro and maBc
rock and is found over the maBc rock in an undulating fashion and maintaining its continuity all
along the proBle (Bgure 6b). Subsequently, the
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Profile-4: Pole-Dipole-4

SE

NW

The light green to yellow band inferred as the extension of Chromite mineral along with the Ultrabasic host rock

Figure 8. 2D inverted resistivity model at quarry-G showing low-resistive thin chromite bands associated all along the highresistive ultramaBc rocks both at shallower and deeper depths. The resistivity of the chromite band varies from 75 to 250 X m.

ultramaBc rock lies beyond 100 and up to *170 m
depth, which is depicted as the basement rock
structure. However, at ERT proBle-1 (Bgure 5b), it
is observed that the subsurface geological formation is heterogeneous in nature where chromite ore
is deposited in the form of lenses and stratiform
as well, below which at *40 and until 131 m depth
down, a high-resistivity body is visualised, which
is mainly considered as an ultramaBc rock surrounded by gabbro and semi-weathered rock
(Bgure 5b). Nevertheless, a thin band of chromite
ore spotted all along the top layer of the ultramaBc
rock as well as near the bottom part as observed
in Bgure 5(b), which is associated and enveloped
around the ultramaBc host rock is characteristic of
the continuity of the chromitite band in the present
geological scenario of the Katpal area.

7. Discussion
Katpal area represents one of the tectonically
aAected regions in the Sukinda valley, which has
displaced chromitite bands leading to progressive
discontinuity. Several existing boreholes by M/s.
OMC have identiBed chromite seams at shallow
and deep depths, whereas the continuity of these
seams remained elusive. Borehole lithology shows
occurrences of thin chromite bands of 3–5 m thick
at the depths of 22, 30 and 38 m (Bgure 4b),
whereas Raju et al. (2007) reported the occurrence
of lumpy chromite at a depth of *90 m in the
Katpal area, Odisha. At Katpal, up to *120 m the
stratigraphic sequence with an increasing depth is
laterite and soil cover, followed by serpentinised
dunite with chromitite and metapyroxenite with
chromitite (Raju et al. 2007). The HR-ERT studies
indicated the occurrence of chromite bands at
shallow (\100 m) and deeper depths between 100

and 170 m. The chromite seam occurring at the
depths of *110–120 m appears to be folded compared to those in the 30–60 m depths (Bgures 5 and
6). On a regional scale, the ultramaBc intrusion
with chromite bands occurs as SW plunging synformal body within the fold sequences of the
Tomka–Daitari greenstone belt (Banerjee 1972) in
which two horizons of metabasalts have been
traced – one at the base of the ultramaBc unit in
the east and the other at the synformal core in the
west (Basu et al. 1997). Serpentinised dunite,
altered peridotite, orthopyroxenite and chromitite
are the major rocks of the ultramaBc unit in the
geological setting of the area. The chromite occurs
as discontinuous bands, lenses, pockets and is
mostly brecciated in the Katpal area (Basu et al.
1997; Raju et al. 2007), which is clearly mapped
from resistivity tomography results.
The integrated geological and high-resolution
geophysical study revealed contrasting resistivity
anomalies with respect to the ultrabasic host rocks.
The detailed geological study indicated the presence of chromitite bands at various depths within
the study area and they are of various grades and
quality. The presence of grades of chromite mineralisation and its quality is clearly observed from
the results of electrical resistivity and the associated resistivity contrast, which vary between 35
and 200 X m within the study area. This result is
totally dependent on the disposition of the chromite within the host rock and its association with
the contact layer of rock, grain size and the chromite proportion in the sheared matrix. The same is
equally observed from the fence diagram as depicted in Bgure 9. This fence diagram is prepared
using the result of the inverse-resistivity models
of all the four sites conducted in and around
quarry-G. It is achieved by a lateral blending
method using an interpolation technique. It
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Figure 9. Fence diagram obtained from inverse-resistivity models showing distribution of litho-units along with disposition of
chromite in and around quarry-G of the study area, Katpal Odisha.

provides the conceptual understanding of the
geology and chromite ore within the host rock and
mainly shows spatial visualisation in all the three
coordinates, i.e., latitude, longitude and elevation
(amsl). Based on the detailed interpretation of the
resistivity tomography models of all the four sites
mainly in terms of variations in thickness and
resistivity of the sub-surface geology as well as the
detailed geological information, the lithology is
inferred and Bnally incorporated into the fence
diagram of the study area for a precise lithological
variation of chromite ore along with the host rock
of the studied area (Bgure 9). The detailed spatial
visualisation of the various rock units along with
the disposition of chromite is shown in Bgure 9. The
characteristic geological band of continuous colour,
particularly light green to the yellow-resistivity
band (Bgures 5 and 6) as revealed from the resistivity tomography models, is representative of the
extension of the chromite mineral within the host
rock, which reports about the continuity of the
chromitite bands. In the near surface layers and up
to 26 m depth, the model resistivity revealed highly
weathered rock, which is characteristics of laterite
soil on the surface whose resistivity is low on the
order of \30 X m. This was also evidenced during
the geological and geophysical Beld survey; the
presence of light red to deep colour surface soil is
indicative of laterite in the area of the study. But,
the range of low resistivity of \30 X m when correlated with the borehole lithology between near
surface and *30 m depth revealed weathered
serpentinite or peridotite and other rock materials.
The conceptual geological models evolved in

association with the results of high-resolution
resistivity model described the subsurface scenario
of the ultramaBc rocks and the chromite mineralisation and their pattern of deposits in the present
geological setting.

8. Conclusions
The ERT models clearly emphasize and map the
extension of the chromite ore and the ultramaBc
host rock in a varied and distorted geological setting of the Katpal area, Odisha. It clearly discriminated the presence of the chromitite seam
and the ultrabasic host with a significant resistivity
contrast. The chromite ore is mapped as a lowresistivity signature and its extension is delineated
as a low-resistivity anomaly between 35 and
200 X m associated with the host rock. The electrical resistivity models clearly revealed the lowresistivity signature as a chromite mineral and its
extension in and around quarry-G, as well as
mapped the high-resistivity ultramaBc rock *500
to *10,000 X m within the Katpal area up to a
depth of *170 m. The distinct light green up to
the yellow-resistivity band as revealed from the
inverted resistivity models inferred as the extension/continuity of chromite ore body associated
with the host rock, which is characteristics of the
various grades of mineralisation associated with
the host rock between 40 and 170 m depths.
However, the evolution of the conceptual geological
models and fence diagram based on the integrated
study clearly depicted chromite deposits in various
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forms, namely pocket, lenses and continuous band.
This is well corroborated with the characteristic
resistivity continuous band from the resistivity
models. It is, thus, concluded that the ERT technique established and proved in mapping in the
known chromite ore deposits within the ultrabasic
host rock in the present study area. The said
technique is aptly applied in unknown areas of
Katpal and Kalarangi, Odisha to establish the
extension of chromite ore body, evaluate resistive
signature and its variation with depths within the
host rock for exploitation, prospecting and development of the chromite mineral resources for
future mining.
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