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Abstract

The NW-SE trending mafic dykes intrude theAmgaon gneisses and Dongargarh granite in Wairagarh area of the Western Bastar Craton (WBC). These

dykes consist of mainly the clinopyroxene, plagioclase feldspar and minor amphiboles and titano-magnetite. These are metamorphosed to green schist facies.

The mafic dykes show tholeiitic trend on multivariate geochemical plots and moderate range of variation in SiO (50.15 to 52.84 wt.%), MgO (5.13 to 7.64

wt.%), Fe O (12.97 to 15.08 wt.%), Al O (12.74 to 14.48 wt.%) and the Mg value ranges from 37.74 to 51.21. Strong positive correlation of Sr, Th, Hf, U,

Ga, Ta, Pb, Cs, Rb and HREEs negate the effect of post magmatic alteration. Negative Nb, Ta and Ti with positive Zr and Hf anomalies suggest the effect of

assimilation and crustal contamination, which is also supported by Ce/Nb (0.23-0.33) equivalent to the crustal value. Negative ΔNb value suggests depleted

mantle source for the mafic dykes of the WBC. Restricted range of (Gd/Yb) (1.05-1.67), (Dy/Yb) (0.94-1.25) and (Sm/Yb) (1.22-2.26) advocate that these

mafic dykes were derived from spinel lherzolite source. About 5-15% degrees of partial melting of depleted mantle source is envisaged for the generation of

the mafic dykes. The field and geochemical evidences suggest that the mafic dykes of Wairagarh area, WBC were emplaced within continental rift

environment.

Mafic dykes, Geochemistry, Wairagarh, Bastar Craton, Central India.
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Introduction

Geochemical investigation of mafic dyke swarms provide an

adequate information about tectonic setting, their age of

emplacement, depth of origin, (Rogers and Santosh, 2002;

Srivastava and Gautam, 2012, 2015; Srivastava , 2019).

Emplacement of mafic dykes are related to mantle plume

magmatism and associated continental rifting events (Halls, 1987;

LeCheminant and Heaman, 1989; Ernst and Buchan, 1997; Bleeker

and Ernst, 2006; Pearce, 2008; Ernst and Bleeker, 2010; Srivastava,

2011; Srivastava and Samal, 2019, Hazarika , 2020). Mafic

dykes intruded within the Archean cratons are studied by many

workers (Murthy, 1987; Devaraju, 1995; Srivastava, 2008;

Srivastava , 2011).

Varieties of mafic dykes with their different geochemical

characteristics were emplaced in varying geological time within the

south, central as well as northern Bastar craton (Srivastava ,

1996; Srivastava and Singh, 2004; Srivastava, 2006; Subba Rao

, 2007, 2008; Gautam and Srivastava, 2011; Srivastava and

Gautam, 2008, 2012, 2015; Chalapathi Rao and Srivastava, 2009;

Ratre , 2010; Das , 2011; Chalapathi Rao , 2011;

Pisarevsky , 2013; Srivastava , 2016; Shellnutt ,

etc

et al.

et al.

et al.

et al.

et

al.

et al. et al. et al.

et al. et al. et al.

2018; Samal , 2019; Liao , 2019). However, the

geochemical data on mafic dykes of the Central Bastar craton

(Ramachandra , 1995) and WBC (Alam , 2009; Hazarika

, 2019, 2020) are scanty and are not studied in detail.

Present investigation is aimed to understand the geochemical

nature, origin and evolution of NW-SE trending mafic dyke swarms

exposed in and around the Wairagarh area of WBC that involves

field relationship, petrography, geochemical features, tectonic

setting and petrogenesis.

The Bastar craton covers an area of 1,30,000 km and is

bounded by the Godavari graben in the south, Mahanadi graben in

the north-east, Central Indian Tectonic Zone (CITZ) forming part of

the Satpuda mobile belt in the north, Eastern Ghats Mobile Belt

(EGMB) in the east and Deccan Trap cover in the west. The

triangular shaped Bastar craton covers parts of Chhattisgarh and

Maharashtra States of Central India. The study area is located

around Wairagarh area of Gadchiroli district, Maharashtra within

Western Bastar Craton (Fig.1). The WBC includes all the litho

tectonic components exposed west of Dongargarh granite

batholiths (Table 1) comprising the Archean granulites, Neo-

Archean to Palaeo-Proterozoic Bailadila and Bengpal groups,

Amgaon gneisses and supracrustals, Dongargarh Supergroup,

et al. et al.

et al. et al.

et al.
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Fig.2. Sample location of study area.
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Sakoli Group, Wairagarh meta-sediments and younger sedimentary

cover rocks of Meso-Proterozoic Pakhal Group (Sarkar , 1990;

Yellappa , 2012).

TheAmgaon Granitic Gneisses Complex (AGC) is the oldest

lithological unit in the study area. These are pink to pinkish-white or

greyish-white in colour, fine to coarse grained and are composed of

resinous pink feldspar, quartz, amphibole and green mica. In the

study area, the Amgaon gneisses are overlain by the quartzite of the

AGC and underlain by the metabasalts of Bailadila Group.

Metarhyolites of Nandgaon (Bijli) Group are unconformably

overlain by the metabasalts of Bailadila Group and underlain by the

Dongargarh Granite (GSI, 2001).

The Dongargarh Supergroup comprises the granite

intrusives, dolerite dykes and quartz veins in major part of the study

area. The granites intruded the Amgaon gneisses and Bijli rhyolites

of the Nandgaon Group. The granites are composed of quartz,

feldspar, hornblende and biotite. These are medium to coarse

grained and grey to pink in colour. Mafic dyke swarms constitute a

prominent cluster in the central part of the study area. Numerous

intrusives such as dolerite and gabbro intrude within gneisses and

granite. Generally, these bodies have a NW-SE to WNW-ESE trend.

In the study area, the NW-SE to N-S trending mafic dyke swarms

(Fig.1-2) of Wairagarh area extends from 200 m to 8 km in length,

et al.

et al.

with the width of 20-100 m. The mafic dykes cut across the

Dongargarh granite with sharp contact. These dykes are doleritic,

massive, hard and compact, grey to greenish black, fine to medium-

grained and holocrystalline. Grain size varies from medium to

coarse grained in the central part of the dyke rocks to relatively fine

grained at the margins (Fig. 3a-b). The NW-SE trending quartz

veins are well exposed in the south-eastern part of the study area

near Uradi village, varying from 4 to 5 m in width and 10 m in length

(GSI, 2001).

The Nandgaon Group is unconformably overlain by the

Sakoli Group of rocks that consists of weakly metamorphosed

sedimentary rocks comprising lenses of polymictic conglomerates,

meta-arkose, thin quartzite and thin ferruginous quartzite bands.

Together they have been termed as Wairagarh meta-sediments

(Shashidharan , 2002).

The major minerals observed in the mafic dykes are

clinopyroxene (augite) and plagioclase feldspar (albite). Subhedral

to anhedral mineral grains of augite enclosing the laths of

plagioclase partly or completely indicate sub-ophitic to ophitic

texture (Fig. 3c-d). The glomeroporphyritic texture can also be

identified (Fig. 3e). The average modal percentages of minerals are

plagioclase feldspar: 30-50%, augite: 20-35%, hornblende: 3-5%,

opaque (magnetite, ilmenite, chalcopyrite and pyrite): 2-4% and 1%

of other minerals. Chlorite, actinolite and clinozoisite are found in

the form of aphanitic matrix as secondary minerals (Fig.3d, e-f).

et al.

Petrography

Fig. 1a.
b.

Generalized regional geological map of the Bastar Craton (
Yellappa et al. 2012); Geological map of study area (

DRM, GSI, 2001).
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Table 1: Stratigraphic succession of study area (GSI, 2001)

Groups (Age) Litho-Units

Sakoli (1800-2000 Ma) Phyllite Conglomerate
Dongargarh ( 2300 Ma) Quartz Veins Doleritic Dykes Granite
Nandgaon (Bijli) ( 2400 Ma) Meta Rhyolite
Bailadila (2500-2600 Ma) Metabasalt
Amgaon ( 3000 Ma) Quartzite Granitic Gneisses



JGSR, 135pVol. 8, No.2, July 2023 Geochemical Characteristics of Mafic Dykes from Wairagarh Area

Sericitization, uralitization and saussuritization are also evident

within these dykes. Secondary minerals such as sericitized feldspar,

uralitized pyroxene, amphiboles and chlorite are observed.

These secondary minerals represent low to medium grade

metamorphism of the mafic dykes.

Atotal seventy-seven dyke rock samples were collected from

the study area. Sampling was done in the middle portion of the dyke

to avoid altered samples. Out of which twelve fresh (unaltered)

samples are selected for whole rock geochemical investigation (Fig.

2). Samples were powdered to -250 mesh size. The geochemical

analyses were carried at CSIR-National Geophysical Research

Institute (NGRI) Hyderabad. Major elements were analysed by

Philips MAGIX PRO Model 2440 X-ray fluorescence spectrometry

(XRF). Trace elements and REE were analysed using a Perkin

Elmer SCIEX ELAN DRC II High Resolution-Inductive Coupled

Plasma Mass-Spectrometry (HR-ICP-MS). International standard

BHVO-1 was used as reference materials (Balaram and Naneshwar

Rao, 2003).

The SiO shows variation from 50.15 to 52.84wt.% and TiO

varies from 0.47 to 0.96wt.%. Al O varies from 12.74 to

14.48wt.%. Fe O from 12.97 to 15.08wt.%, MnO from 0.17 to

0.19wt.%, whereas MgO shows a wide variation from 5.13 to

7.64wt.%. CaO varies from 9.08 to 10.85wt.%, Na O from 1.83 to

2.34wt.%, K O from 0.49 to 1.17wt.% and P O show variation

between 0.13 and 0.28wt.%. Mg varies from 37.74 to 51.21. Mg is

moderate to low indicating evolved nature of dykes (Table 2).

The studied mafic dyke can be classified as sub-alkaline

etc

Results and Discussion
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Fig. 3a-b.
c.
d. e.

f.
.

Field photographs of mafic dykes within study area;
Photomicrographs showing development of opaque minerals (opq) (PPL);
Opaque minerals (opq) (XL); Photomicrographs showing clinopyroxene

(cpx), plagioclase (pl) and clusters of Pl that have developed a
glomeroporphyritic texture (XL); Small Pl laths penetrating cpx, reflecting
their ophitic relationship and hornblende (hbl) (XL)

basalt and basaltic andesite in terms of total alkali silica (TAS)

components (Fig.4a; Le Bas , 1986). In the AFM diagram

(Irvine and Baragar, 1971), all dykes clustered in the tholeiitc field

(Fig.4b). The dykes fall in the field of high-iron tholeiite (HFT) on

cation parameters of Jensen (1976; Fig.4c).

Mg shows negative correlation with Fe O , TiO and P O

(Fig.5a). All the other oxides show no correlation with Mg . The

trace elements such as Co and Ni show negative correlation with

Mg but other trace elements show scatter (Fig.5b). All the REEs

show negative correlation with Mg , except for the Nd, Tm, Yb and

Lu (Fig.5b). Based on the observed positive correlation of major

oxides, trace elements and REEs it is suggested that most of the

elements are found to be immobile during post magmatic alteration,

and hence these immobile elements are used for further

petrogenetic inference.

Mafic dykes in comparison with volcanic rocks are found to

be least contaminated, however contamination of extruding magma

with crustal material cannot be negated (Mohr, 1987; Tarney and

Weaver, 1987). The multielement spidergram of mafic dykes

reflects negative Nb, Ta, Th and Ti anomalies (Fig.6a), whereas Zr

and Hf show positive anomalies that indicating crustal

contamination (Zhao and Zhou, 2007; Cai , 2010). The LREEs

are fractionated and show enriched pattern as compared to the

MREEs and HREEs, which show flat pattern (Fig.6b). Negative Nb

and Ta anomalies with enriched LREEs indicate crustal

contamination, whereas in some mantle derived high-Mg

derivatives negative Nb and Ta anomalies are observed that counter

the crustal contamination (Cameron , 1983; Hall and Hughes,

1987; Poidevin, 1994; Smithies, 2002; Srivastava, 2006, 2008).

However, Nb/La (0.52-0.74) and Nb/Ce (0.23-0.33) of the mafic

dykes are found to be close to the average crustal values (Nb/La =

0.46 and Nb/Ce = 0.23) (Weaver and Tarney, 1984), which relates

these mafic dykes to have undergone the crustal contamination

(Table 3).

The mafic dykes of WBC were originated from the spinel

lherzolite field of depleted mantle source (Lassiter and DePaolo,

1997; Fig.7a,b). The negative trend in (La/Sm) vs. (Nb/La)

(Fig.7c), (La/Sm) vs. (Nb/Th) (Fig.7d) and Zr/Y vs. (Nb/Th)

(Fig.7f) plots, clearly reflects the crustal mixing of magma that was

derived from a relatively depleted mantle source. In a Nd vs. Ce

variation plot (Fig.7e), the trend line of studied dyke sample

et al.

et al.

et al.

#

#

#

#
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N N

N N N

Fig. 4a. b.
c.

Total-alkali silica (TAS) diagram ( Le Bas et al., 1986); AFM
triangular plot ( Irvine and Baragar, 1971); Triangular cationic plot (
Jensen, 1976).
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Fig. 6a.

b.

Primordial mantle-normalized multi-element spider-diagrams
(normalising values taken from McDonough , 1992 and Evensen ,
1978); Chondrite-normalized rare-earth element patterns for the mafic dykes
from the WBC.

et al. et al.

Fig.5a. b.Harker variation diagram for Mg wt.% Oxides; Harker variation

diagram for Mg . Trace elements.

#

#

vs

vs

Fig. 7a

b.
c.

d. e.

f.

Sm/Yb . La/Sm plot of mafic dykes in WBC; PM: Primitive Mantle;
DMM: Depleted MORB mantle; CLM: Continental lithospheric mantle; UC:
Upper crust; CC: Bulk continental crust; LC: Lower crust. ( Lassiter
and DePaolo, 1997); La/Nb . La/Sm plot of mafic dykes in WBC; fields are
those of Lassiter and DePaolo (1997); (La/Sm) . (Nb/La) plot of mafic

dykes in WBC; (La/Sm) . (Nb/Th) plot of mafic dykes in WBC; Nd .

Ce plot of mafic dykes in WBC ( Horan , 1987); Zr/Y . (Nb/Th)

plot of mafic dykes in WBC.

vs

fields after
vs

vs

vs vs

after et al. vs

N N

N N

N

intersect the Nd axis above the chondrite value, which indicate that

the crustal contamination and assimilation-cum-fractional

crystallization (AFC) were dominant processes during the origin

and extrusion of these mafic dykes (Ahmed and Tarney, 1991).

Moreover, the relatively low values of Nb/Th, Nb/La and high Zr/Y,

La/Sm ratios of the mafic dykes indicate dominant role of crustal

contamination during their extrusion. These ratios further indicate

low pressure melting of the continental crust by the incoming heat

of underplated basaltic magma (Arndt and Jenner, 1986; Puchtel

, 1997, 1998).

It is difficult to distinguish the possible occurrences of rift or

arc tectonic environment (Crawford, 1989; Hatton and Sharpe,

1989; Piercey , 2001; Asthana , 2018). A wide range of

chemical composition is observed for island arc basalt (IAB) due to

the mixture of three components , basaltic oceanic crust, a

wedge of upper mantle and subducted sediments (Neogi ,

1996; Ellam and Hawkesworth, 1988; McDermott , 1993).

Moreover, the mafic dykes of Southern Bastar craton (SBC)

et

al.

et al. et al.

viz.

et al.

et al.

(Shrivastava and Singh, 2004) and rocks from the Gulf of California

were perfectly rift related rocks but show IAB and continental arc

signatures (Paz Moreno and Demant, 1999). Various incompatible

trace elements of mafic dykes are used to interpret tectonic setting
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Fig.8. a. b.Tectonic Discriminate plots: Zr Ti plot ( Pearce, 1982); Zr .
Zr/Yplot ( Pearce and Norry, 1979).

vs after vs
after

Fig. 9a.
b.

Zr . Nb plot of mafic dykes in WBC ( Ahmed and Tarney, 1991);
SiO . (Dy/Yb) plot of mafic dykes in WBC.

vs after
vs2 N

Fig.10. Ni Ce plot of mafic dykes in WBC ( Vijaya Kumar , 2018).vs after et al.

of WBC. The Zr Ti plot (Fig.8a) show that all the dykes plot

within plate or close to the within plate field, whereas the Zr Zr/Y

plot (Fig.8b) shows that all dykes plot within the continental plate

field (Pearce and Norry, 1979). This indicates that the mafic dykes

of WBC were emplaced within the continental rift tectonic

environment.

The LILEs and LREEs are found to be enriched in magma

due to their interaction with enriched components of crust (Arndt

and Jenner, 1986; Fitton , 1997; Hawkesworth and Gallager,

1993; Puchtel , 1997, 1998). Whereas, the highly incompatible

elements are least affected by the contamination and more likely

indicate a feature of source (Albarede, 1996). Therefore, highly

incompatible HFSE (Nb) and trace element (U) are used to study the

source-melt characteristics. The Nb/U ratio of the mafic dyke

ranges from 6.41 to 17.22 and Zr Nb plot (Fig.9a) represents the

depleted mantle source for the origin of the mafic dykes of WBC.

According to Fitton (1997) ΔNb is considered to be

most robust and diagnostic tool than the isotopic ratios for

identifying the mantle source of varying degrees of altered and

contaminated basalts. It is immobile during variable degrees of

partial melting, crustal contamination and post magmatic alteration

(Fitton , 1997; Kent and Fitton, 2000). The calculated ΔNb of

mafic dykes of WBC ranges from - 0.30 to - 1.16, which indicate

depleted mantle source for the origin of mafic dykes of the study

area.

The observed restricted range of ratios Gd/Yb (1.05-1.67),

Dy/Yb (0.94-1.25) and Sm/Yb (1.22-2.26) are indicative of

absence of garnet in the mantle source. The Sm/Yb vs. La/Sm plot

(Fig.7a) shows the composition of mantle source as spinel lherzolite

(Haase, 1996; Lassiter and DePaolo, 1997).

The magma with low value of (Dy/Yb) (1.05-1.67) and high

SiO (48.78-52.84) is generated at low pressure of melting (Green,

1971; Frey , 1978; Haase, 1996; Geldmacher , 1998;

Fig.9b). The average pressure estimates ( Haase, 1996) at

which the mafic dykes instigate was ~10.36 Kbar, which indicate

that the mafic dykes in the WBC were originated at low pressures

(shallower depth equivalent ~ 35 to ~ 45 km) of mantle melting in

the spinel lherzolite field (Haggerty, 1995).

The degree and depth of melting and AFC creates huge

impact on the content of major elements, especially on trace

elements of dyke magma. Incongruous behaviour of Ni

(compatible) and Ce (incompatible) is used to identify the melting

and crystallization processes (Allègre and Minster, 1978) on Ni

Ce plot (Fig.10; Vijaya Kumar , 2018). The mantle source

assumed for the batch melting calculations has 1900 ppm Ni and 1.6

ppm Ce with the bulk distribution coefficient (D) for Ni is 4 and

0.0015 for Ce. Similarly, the 'D' values for the FC and AFC

calculations are 6 and 0.02 for Ni and Ce, respectively. It is observed

that the primary melts for mafic dykes of WBC should have been

formed by around ~5 to ~15% degrees of partial melting of a mantle

vs

vs

et al.

et al.

vs

et al.

et al.

et al. et al.

after

vs

et al.

N

N N

N

2

Table 3: Elemental ratios of litologies of Bastar craton, primordial mantle and
crust

Source Nb/La Nb/Ce (La/Sm)N Reference

Mafic Dykes, WBC 0.52-0.74 0.23-0.33 1.82-2.47 Present Work

Granitoids, SBC 0.36 0.23 5.75 Hsean (2003)

Primordial Mantle 1.01 0.39 1 McDonough et al.
(1992)

Crust 0.46 0.23 4.25 Weaver and Tarney
(1984)

et al.

sources (Fig.10). These estimated degree of partial melting can be

correlated very well with average estimate melting range of rift

related basaltic magma (5-10%; Herzberg, 1992, 1995; Geldmacher

, 1998).

Mafic dykes from Western Bastar Craton are classified as

basalt and basaltic andesite of sub-alkaline series. It can be

characterized as low MgO and Cr with flat HREE pattern. Trace

including the REE distribution patterns of mafic dykes suggest

fractionation of magma derived from depleted mantle source (-ΔNb

values). Low range of Mg with negative Nb, Ta and Ti anomalies

and positive Zr, Hf anomaly indicates crustal contamination. The

mafic dykes of WBC show within continental plate rift tectonic

setting during its origin and extrusion. The mafic dykes of WBC can

be generated by ~5 to ~15% partial melting of a spinel lherzolite

mantle sources at ~10.36 Kbar pressure analogous to shallower

depth equivalent of ~ 35 to ~ 45 km.

et al.

Conclusions

#
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