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Google Earth Image and cross-cutting field relationships of distinct Paleoproterozoic mafic dykes from
south of Devarakonda area in the Eastern Dharwar Craton has been studied to establish relative emplace-
ment ages. The Devarakonda, covering an area of ~700 km?, shows spectacular cross-cutting field rela-
tionships between different generations of mafic dykes, and is therefore selected for the present study.
Although some recent radiometric age data are available for distinct Paleoproterozoic mafic dykes from
the Eastern Dharwar Craton, there is no analogous age data available for the study area. Therefore, rela-
tive age relationships of distinct mafic dykes have been established for the study area using cross-cutting
field relationships and GIS techniques, which shows slightly different picture than other parts of the
Eastern Dharwar Craton. It is suggested that NE-SW trending mafic dykes are youngest in age (proba-
bly belong to ~1.89 Ga dyke swarm), whereas NNW-SSE trending mafic dykes have oldest emplacement
age. Further, the NNW-SSE mafic dykes are older to the other two identified mafic dyke swarms, i.e.,
WNW-ESE (~2.18 Ga) and N-8 trending (~2.21 Ga) mafic dyke swarms, as dykes of these two swarms
cross-cut a NNW-SSE dyke. It provides an evidence for existence of a new set of mafic dykes that is older
to the ~2.21 Ga and probably younger to the ~2.37 Ga swarm. Present study also supports existence
of two mafic dyke swarms having similar trend (ENE-WSW to NE-SW) but emplaced in two different
ages (one is ~2.37 Ga and other ~1.89 Ga).

1. Introduction

Systematic study of mafic dyke swarms act as
a tool to understand Precambrian terrains and
their relative ages help to identify large igneous
provinces (LIPs) of that period (Coffin and
Eldholm 2005; Bryan and Ernst 2008; Ernst and
Srivastava 2008; Srivastava et al. 2010, 2014a,
b, ¢). Ultimately, this could be used to compare

different crustal blocks and reconstruct their con-
nections in past continents and supercontinents
(e.g., Ernst and Buchan 1997, 2001; Bleeker
2003, 2004; Bleeker and Ernst 2006; Ernst and
Bleeker 2010). Different Precambrian terrains of
the Indian shield also comprise distinct Paleo-
proterozoic mafic dyke swarms (Murty et al
1987; Ernst and Srivastava 2008; Srivastava et al.
2008; Chalapathi Rao and Srivastava 2012). It is
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particularly conspicuous in the Eastern Dharwar
Craton, which has been studied systematically by a
number of researchers for its detailed geochemistry
and petrogenesis (Murthy 1995; Halls et al. 2007;
Radhakrishana et al. 2007; French and Heaman
2010; Kumar et al. 2012a, b; Srivastava et al. 2014a,
b, ¢ and references therein; see figure 1). However,
a limited radiometric age data are available for
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these distinct mafic dyke swarms (Halls et al. 2007;
French and Heaman 2010; Srivastava et al. 2011,
2014b; Kumar et al. 2012a, b).

In general, it is believed that dykes with similar
trends possibly have analogous emplacement ages,
however, there are exceptions that suggest differ-
ent emplacement ages for mafic dykes with simi-
lar trends (e.g., Srivastava 2006a, b; Srivastava and
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Figure 1. Simplified geological map of the Dharwar Craton showing the principal distribution of Paleoproterozoic mafic
dykes (modified after French and Heaman 2010; Srivastava et al. 2014c). Detailed mafic dyke map of the studied region,
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Gautam 2008, 2009; Srivastava et al. 2014a). It
is customary that radiometric ages obtained for a
couple of dykes of a particular swarm are assigned
to all the dykes of that swarm. However, it fails in
many cases; many times mafic dykes having similar
trends and compositions may have been emplaced
in different ages. The present work is an attempt
to understand this issue on the basis of cross-
cutting field relationships between different Paleo-
proterozoic mafic dykes from Devarakonda area of
the Eastern Dharwar Craton (see figures 2 and 3).
ArcGIS technique is also used during these exer-
cises. Although, dyke maps for many regions of
the Indian shield are available (Halls 1982; Murthy
1987; Ramachandra et al. 1995; French et al.
2008), however, most of them are based on satellite
Landsat imageries and, therefore, missing many
important features; for example, either many dykes
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are not traced or dykes are marked but actu-
ally do not exist. Therefore, perhaps this is the
first genuine attempt to introduce mafic dyke map
using ArcGIS technique for any region of India. It
would also be constructive to understand relative
emplacement ages of different generations of mafic
dyke swarms of the study area.

2. Geological setting

Indian shield comprises of seven Archaean cratons,
amongst which Dharwar Craton has been studied, in
detail, by several researchers (Naqvi and Rogers1987;
Ramakrishnan and Vaidyanadhan 2010 and refer-
ences therein). Based on lithological and metamor-
phic patterns, ages of crustal provinces and crustal
thickness, the Dharwar Craton is further divided into
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Figure 2. Map showing Paleoproterozoic mafic dykes of northern parts of the Eastern Dharwar Craton based on published
dyke maps (e.g., Halls 1982; Murthy 1987; Radhakrishana et al. 2007, 2013; French et al. 2008; French and Heaman 2010),
field data, Google Earth Image and ArcGIS. Blue colour: NE-SW; Yellow: WNW-ESE; Red: N-S; Black: NW-SE.



Amiya K Samal et al.

1078

HS—MN PRl ‘SN POY ‘HSH-AMNM MO[PA *MS—HN n0[0d opding SHOIY pue dSew] qiaey] o[500D) “©Iep PPY ‘(€107 1P 12 RUUSLRYPLY ‘(0107 UeWedH pue
PULIL ‘800g 1P 72 YPusl *§-9) sdewr oyAp paystqnd uo peseq UOYRI)) IeMIRT(] UIdSeH ‘UOTSDI BPUONRIRAJ(] oY) JO SOSAP ofewr olozorsjoidoare Suimoys dey ‘¢ omSrg

3.0.26.8L 3.0€.9¥.8L

3.0€.26.8L

N.0€.9€.9} N.0€.9€.91

N.0.2v.9}

3.0€.26.8L 3.0.26.8L 3.0€.9¢.8L



ArcGIS studies of mafic dykes, Dharwar Craton

eastern and western cratons (Jayananda et al. 2006,
2013a, b; Chardon et al. 2008; Mahadevan 2008).
This division is geologically well visible as a promi-
nent wide mylonitic shear zone represented by the
Chitradurga fault (see figure 1; Mahadevan 2008).
The detailed geology of the Dharwar Craton is avail-
able elsewhere in the literature (Chardon et al. 2008,
2011; Ramakrishnan and Vaidyanadhan 2010;
Jayananda et al. 2013a, b and references therein).
Paleoproterozoic mafic dykes of different com-
positions, ages and trends are well exposed all
over the Dharwar Craton, however, they are more
spectacular in the Eastern Dharwar Craton (Halls
et al. 2007; Radhakrishana et al. 2007; French
and Heaman 2010; Srivastava et al. 2014a, b, ¢
and references therein; see figures 2 and 3). Mafic
dykes exposed in south of the Devarakonda region
(covering an area of ~700 km?) in the north-
ern part of the Eastern Dharwar Craton (see
figure 3) are of special interest for the present study
as they represent four different trends and show
spectacular cross-cut field relationships with each
other. These Paleoproterozoic mafic dykes intrude
Archaean supracrustals, Archaean and Proterozoic
granitoids. They vary in length from few meters to
tens of kilometres, whereas width varies between
1 and 400 m. With the help of available U-Pb
radiometric age data on the mafic dykes of the
Eastern Dharwar Craton at least three discrete
Paleoproterozoic large igneous provinces (LIPs)
have been identified, which include ~2.37 Ga Ban-
galore LIP [consisting of mostly ENE-WSW to
NE-SW trending Bangalore dyke swarm (Halls
et al. 2007; French and Heaman 2010; Kumar
et al. 2012a)], ~2.21 to ~2.18 Ga Pan-Dharwar
LIP [consisting of NW-SE to WNW-ESE trend-
ing ~2.18 Ga Mahbubnagar swarm (French and
Heaman 2010) and N-S to NNW-SSE trending
~2.21 Ga Kunigal swarm (Srivastava et al. 2011,
2014c)] and E-W to ENE-WSW trending dyke
swarm associated with ~1.89 Ga Bastar—Dharwar
LIP (French et al. 2008; Srivastava et al. 2014a).

3. Methods

The Google Earth Image provides free usage of
satellite imagery of entire Earth’s surface with high
spatial resolution, which can be used as a potential
tool for regional land use/cover mapping. It has
been successfully used for regions with high hetero-
geneous landscapes (e.g., Almeer 2012; Hu et al.
2013). For the present study, the Google Earth
Images (6.0.3.2197) captured between March 2,
2012 and June 1, 2014 were used.

A Geographic Information System (GIS) is used
for the manipulation and management of digital
spatial (geographic) and related attribute data for
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mapping (Huisman and By Rolf 2001). ArcGIS is
a geographic information system (GIS) for working
with maps and geographic information over a wide
range of applications (Legg 1994; Rajesh 2004).
For the present study, an ArcGIS advanced version
10.0 (ArcInfo) was used for the preparation of dyke
map. Mafic dykes of different generations and their
trends of the selected area are digitized manually
with the help of Google Earth Image for the prepa-
ration of mafic dyke map. Mafic dykes can easily be
delineated from surrounding Archaean/Proterozoic
granitoids, i.e., country rocks by their contrasting
colours, tones and textures. Granitoids are signifi-
cantly light coloured as compared to mafic dykes,
which show deep brown to black colour. In gen-
eral, dykes appeared as long serrated ridges, such
as linearly arranged hills. Such data was saved as
‘KML’ file which is later converted into ‘layer’ file
with the help of ArcGIS software for preparation
of final map.

Detailed field studies were carried out to substan-
tiate and cross-check the data garnered through the
Google Earth Image and the ArcGIS. Cross-cutting
field relationships between different generations of
mafic dykes and country rocks together with radio-
metric ages have been used as such studies could be
the best elements to interpret their relative ages. At
some places, a slight displacement is noticed, which
is thought to be due to later intrusion of mafic
dykes. No radiometric age data is available for mafic
dykes of the study area except a couple of Paleomag-
netic ages (Radhakrishna et al. 2013). The selected
area contains four major mafic dyke swarms of dif-
ferent trends and show cross-cutting relationships.
Based on different trends and available radiomet-
ric age data for the mafic dykes of similar trends
(exposed in other parts of the Eastern Dharwar
Craton), these four dyke swarms are recognized as
D1 (NE-SW), D2 (WNW-ESE), D3 (N-S), and
D4 (NNW-SSE). Field data are collected from
different locations that include Gonaboinapally,
Gonakole, Bogguladona, Gondlatipparthi Varipalle,
Bogguladonagudi Thanda, Kutubshapur, Burhanpur,
etc. At most of these places, mafic dykes of different
trends offset each other with a prominent displace-
ment (see figure 5). Figure 4 shows field photographs
of cross-cutting relationships between D1 and D3
near the village Gundlatipparthi Varipalle.

4. Discussion

Cross-cutting field relationships, Google Earth
Image, and available radiometric ages altogether
provide an excellent tool in preparing a mafic
dyke map of an area, which ultimately helps to
construct relative ages of the dykes emplaced in
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that region. Using such techniques together with
ArcGIS analyses, a mafic dyke map for northern
parts of the Eastern Dharwar Craton (figure 2) and
comprehensive similar map for the Devarakonda
area (figure 3) were prepared. Most of the published
geological maps showing distribution of mafic dykes
of the selected area were also taken into consider-
ation (Halls 1982; Murthy 1987; Radhakrishana et al.
2007, 2013; French et al. 2008; French and Heaman
2010 and references therein).

4.1 Relationships between D3 and D4
(Location 1; figure 5)

West to the village Kutubshapur, a N-S D3 mafic
dyke cross-cuts NW-SE D4 mafic dyke, which
suggests that D4 is older than D3. Available
U-Pb age for the N-S mafic dykes are ~2.21-
2.22 Ga (Srivastava et al. 2011, 2014b). There-
fore, age of NNW-SSE mafic dyke is older than
~2.21 Ga.

4.2 Relationships between D1, D2 and D}
(Location 2; figure 5)

Near the village Burhanpur, mafic dykes show com-
plex cross-cutting relationship between WNW-ESE
D2, and NNW-SSE D4. At this point, D2 cross-cuts
D4, which indicates that D4 is older than D2. Avail-
able U-Pb age for the WNW-ESE mafic dykes are
~2.18 Ga (French and Heaman 2010; Srivastava
et al. 2011, 2014b). These remarkable field obser-
vations and available U-Pb ages for D2, and D3
sets of mafic dykes (Halls et al. 2007; French and
Heaman 2010; Srivastava et al. 2011, 2014a) clearly
suggest emplacement of D4 mafic dyke prior to
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the ~2.21-2.22 Ga. It is difficult to interpret any
cross-cutting relationship between D1 and D2 due
to complex field relationship with D4. A similar
picture is also observed at south of the village
Gonakole (Location 4).

4.3 Relationships between D1 and D3
(Locations 3 and 5; figure 5)

At many places, N-S trending mafic dyke (D3)
is clearly offset by NE-SW mafic dyke. It is well
observed near the village Gondlatipparthi Varipalle
(Location 3) and north of the village Gonakole
(Location 5). A displacement is noticed in D3,
which probably happened during emplacement of
D1 magmatic phase. From this cross-cutting rela-
tionship one can easily conclude that D3 is older
than D1.

It is important to mention that the D1 dykes
[densely distributed all across the Eastern Dharwar
Craton (see figure 1)] are thought to be an integral
part of the ~2.37 Ga Bangalore Dyke swarm (Halls
et al. 2007; Radhakrishana et al. 2007; French and
Heaman 2010; Kumar et al. 2012a b). However,
recently Srivastava et al. (2014a) have suggested
that some of the NE-SW trending mafic dykes
belong to younger phase of mafic magmatism, par-
ticularly ~1.89 Ga. This assumption is based on
contrasting geochemical characteristics observed
from ENE-WSW to NE-SW trending mafic dykes
which clearly suggests existence of two magmatic
events; one at ~2.37 Ga and other at ~1.89 Ga
(Srivastava et al. 2014a). On the other hand, D3
dyke phase is a part of N-S trending ~2.21-2.22 Ga
Kunigal mafic dyke swarm (Ernst and Srivastava
2008; French and Heaman 2010; Srivastava et al.
2011, 2014b and references therein).

Figure 4. Field photographs showing cross-cut field relationships between D1 and D3 mafic dykes near the village Gund-
latipparthi Varipalle (see Location 3; figure 5). In both photographs, a N—S mafic dyke (D3; red in colour) cuts NE-SW

trending mafic dyke (D1; blue in colour).
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4.4 Relationship between D2 and D3
(Location 4; figure 5)

In the south of the village Gonakole (Location 4),
a N=S D3 mafic dyke is offset by WNW-ESE D2
mafic dyke. This clearly suggests that D3 mafic
dyke is older than D2 mafic dyke. D3 mafic dykes
are a part of ~2.21-2.22 Ga Kunigal mafic dyke
swarm, whereas D2 mafic dykes are a part of ~2.18
Ga Mahbubnagar dyke swarm (e.g., French and
Heaman 2010; Srivastava et al. 2011, 2014b).
Observed cross-cutting relationships between D2
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and D3 corroborates available geochronological age
data, which signifies two closely spaced yet distinct
periods of short-lived dyke emplacement (French
and Heaman 2010).

From these field settings of D2, D3 and D4, avail-
able geochronological age data and geochemical
characteristics, it is concluded that all the NE-SW
trending mafic dykes are not co-genetic and are fed
from two different magmas at different ages; one at
~2.37 Ga and the other at ~1.89 Ga. This conclusion
is well supported by their distinct geochemical
characteristics; older mafic dykes (~2.37 Ga) are

Location:-4

«Google

Location:-5

Figure 5. Google Earth Imagery of different locations near Devarakonda area showing cross-cut relationships between
distinct Paleoproterozoic mafic dykes. Different emplacement trends and radiometric ages of mafic dykes are defined by
different colours. Blue: D1 (NE-SW); Yellow: D2 (WNW-ESE); Red: D3 (N-S); Black: D4 (NW-SE). Location 1: D3 cuts
D4; Location 2: D2 cuts D4; Location 3: D1 cuts D3; Location 4: D2 cuts D3 and D4; Location 5: D1 cuts D3.
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derived from a depleted mantle source, whereas
the younger set of mafic dykes (~1.89 Ga) shows
its derivation from a comparatively enriched man-
tle source (cf. Piipsa et al. 2011; Srivastava et al.
2014a). Further, N-S trending mafic dyke (D3)
is older than NE-SW trending mafic dyke (D1)
that perhaps belongs to ~1.89 Ga swarm; assign-
ing ~2.37 Ga age to this NE-SW mafic dyke is
not justified. Based on these observations and well
established radiometric ages for N-S and NE-SW
mafic dyke swarms, two different assumptions can
be drawn; either N=S dyke of this region has differ-
ent age (older to ~2.37 Ga) than the established
age of 2.21-2.22 Ga or NW-SE mafic dykes of this
area are definitely emplaced at ~1.89 Ga (Locations
3 and b5; figure 5). However, observed field data is
not supportive to the first assumption. Therefore,
this clearly establishes that the D1 mafic dyke must
be younger to the ~2.18 Ga mafic dyke.

Therefore, it is suggested that the Devarakonda
area contains spectacular cross-cutting relation-
ships between different generations of Paleopro-
terozoic mafic dykes. A set of NE-SW D1 mafic
dykes can be established as a unit of youngest mafic
magmatic event which is emplaced at ~1.89 Ga.
Present work clearly supports the idea of Srivastava
et al. (2014a) that all the mafic dykes trending in
NE-SW are not emplaced at ~2.37 Ga but few
are emplaced at ~1.89 Ga. Based on field-setting,
it is also seen that NW-SE D4 mafic dyke swarm
was emplaced first in the studied region; prior to
~2.21 Ga swarm but perhaps younger to ~2.37 Ga
swarm. It is an important observation for two main
reasons: (1) A new set of mafic dykes trending in
NNW-SSE is identified, which shows oldest mafic
magmatic activity in this region, and (2) a pos-
sible absence of mafic dykes related to ~2.37 Ga
mafic magmatic event. However, more radiomet-
ric ages and field data are required to establish a
complete picture for the study area in particular
and the Eastern Dharwar Craton in general.

5. Conclusions

® Based on cross-cutting field relationships, Google
Earth Image, and available radiometric ages
together with ArcGIS analyses, a detailed Paleo-
proterozoic mafic dyke map of the Devarakonda
region has been presented, which excellently pro-
vided distribution of mafic dykes, their trends
and relative ages.

e Four sets of Paleoproterozoic mafic dykes, which
include (i) ~1.89 Ga NE—SW mafic dykes,
(ii) ~2.18 Ga WNW-ESE mafic dykes, (iii)
~2.21-2.22 Ga N-S mafic dykes, and (iv)
NNW-SSE mafic dykes have been identified.
NNW-SSE mafic dykes have an age older to
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the ~2.21 Ga and perhaps younger to ~2.37 Ga,
therefore, identified as a new Paleoproterozoic
mafic dyke swarm in the present study. Accord-
ingly, it is established that ~1.89 Ga NE—SW
mafic dykes are youngest and NNW—SSE trend-
ing mafic dykes are the oldest in the studied
region.

® Present study also corroborates existence of
two mafic dyke swarms having similar trends
(NE—SW) but emplaced at two different ages
(oneis at ~2.37 Ga and other at ~1.89 Ga), which
endorses findings of Srivastava et al. (2014a).
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