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Anorthosite and associated gabbronorite plutons of Barabar hills in Chotanagpur granite 
gneiss complex (CGGC), eastern India: Estimation of parental melt for gabbronorite 

using equilibrium distribution method (EDM)
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Introduction

Fig.(a) Simplified geological map of India showing the location of CGGC of eastern India (modified after Pradhan et al., 2009) (b) Map of study area (Courtesy from GSI Report).

 Anorthosite and gabbronorite plutons have been reported from the Barabar hill of the Chotanagpur granite gneiss complex.

 CGGC is considered as the part of CITZ that marks the suture zone between northern and southern Indian blocks.

 Anorthosites of study area occurs as small plutons and they are mainly exist in the association of gabbronorite.

 Understanding the petrogenesis of these rocks will help to gain insights into the link between supercontinent cyclicity witnessed by

the Indian land mass and its relation to anorthosite genesis.
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Field and petrographic observation  

Fig. (a, b) Anorthosites exposures in the study area (C) Outcrop of gabbronorite.
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Fig. (a) Photomicrographs of anorthosite showing mineral assemblage of plagioclase (> 95%) +
Ca- amphibole (> 5%). (b) anorthosite, mineral assemblage plagioclase (> 98%) (c)
Gabbronorite, showing laths of plagioclase associated with orthopyroxene (b) Clinopyroxene as
interstitial mineral between plagioclase orthopyroxene , mineral assemblage plagioclase (> 55
%) + Opx ( >40 %) + Cpx (< 10%).
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Mineral chemical observation of anorthosite and gabbronorite
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Fig. (a) A triangular plot showing the composition of
pyroxene in terms of end-members from the
gabbronorite of Barabar hill, CGGC. (modified after
Morimoto et al., 1988). (b) Plagioclase composition of
the rocks on the Or-Ab-An triangle diagram showing
anorthite contains anorthosite, gabbronorite. (modified
after Deer et al.1979).

Fig (c) The plot of Si versus Na + Ca + K to discriminate
igneous and metamorphic amphiboles (Sial et al., 1998).
(d) Amphiboles from Anorthosite, Gabbronorite (after
Hawthorne et al., 2012). Nomenclature of amphiboles
from the anorthosite and associated gabbronorite from
the Barabar hill (after Leake et al., 1997).
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Fig. (a) Pyroxene quadrilateral diagrams (Morimoto et al.
1988) with temperature contours for 5 kbar pressure, using the
graphical thermometer of Lindsley (1983). Data are plotted in
this diagram, the temperatures of Cpx are 1000−700 °C. Lower
temperatures of diopside (< 700 °C) may be due to late-stage
re-equilibration during cooling.

Clinopyroxene thermobarometry 

(b) Estimated temperature (°C), pressure (kbar) and depth (km)
of gabbronorite of Barabar hill calculated based on
clinopyroxene only thermo-barometer of Putirka (2008b).
Simple linear temperature-depth trends for subduction,
continental crust and magmatic arc environments are from
Spear (1993).



Geochemical signature of anorthosite

Fig. Multiple element diagrams for anorthosite from Barabar hills compared with the Bengal anorthosites and Anorthosites from
Eastern Ghat, India (a) Chondrite-normalized rare earth element trends. (b) Primitive mantle normalized incompatible trace
element trends. (Normalization value are after Sun and McDonough,1989 and massif and layered anorthosite fields in the
background are from Piaia et al., 2017)
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Geochemical signatures of gabbronorite

Fig. Chondrite normalized REE diagram of gabbronorite. Plotted
for comparison are data of gabbros reported from Singhbhum
craton found in association with anorthosites.

Fig. Primitive mantle normalized spider diagram of gabbronorite.
Plotted for comparison are data of gabbros reported from
Singhbhum craton found in association with anorthosites.



Parental melt calculations using the equilibrium distribution method

0.1

1

10

100

1000

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

R
oc

k/
C

ho
nd

ri
te

5%10%
20%
30%

DMM

N-MORB

Parental liquid of gabbronorite:
EDM
CR ( Cmelt= Ccpx /D)

(a)

0.01

0.1

1

10

100

1000

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

C
px

/C
ho

nd
ri

te

5%
10%

20%
30% DMM

0%

(b)

Fig. Chondrite-normalized diagram showing trapped melt and clinopyroxene rare earth element (REE) compositions for samples (a) BR11 and. REE
compositions of the clinopyroxenes have been calculated using the equilibrium distribution method (EDM) model of Bédard (1994), assuming a trapped
melt fraction (TMF) of 0%, 5%, 10%, 20%, and 30%. Measured clinopyroxene data of the gabbronorite are also shown. The clinopyroxene-melt
partition coefficient is taken from Bédard (2014). Clinopyroxene composition of the depleted MORB mantle (DMM) (Workman and Hart 2005), N-
MORB (Gale et al. 2013), and average abyssal peridotite (Niu 2004) are also shown for comparison. Normalization values from Sun and McDonough
(1989). Whole-rock chondrite-normalized diagram showing trapped melt and REE compositions for samples (b) BR 11 Melt compositions have been
calculated using the EDM model of Bédard (1994, 2001), assuming TMF of 0%, 5%, 10%, 20%, and 30%. The whole-rock composition of DMM
(Workman and Hart 2005), N-MORB (Gale et al. 2013), and typical abyssal peridotite (Niu 2004) are also shown for comparison.
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Fig. Cartoon illustrating the plausible formation of the gabbronorite and anorthosite from the Barabar
hill , Chotanagpur granite gneiss complex (CGGC)

Model for generation of gabbronorite- anorthosite



Conclusions

 Petrographically the Barabar hill anorthosite consist of plagioclase ( > 95%), hornblende ( > 5%) and ilmenite occur in the interstics

of plagioclase grains as a intercumulus, anorthosite with no mafic content completely consist of plagioclase (> 98% ) with no mafic

mineral .

 For the anorthosites plagioclases have An60-100, amphiboles are tschermakite, ferro-tschermakite, magnesio-hornblende and ferro-

hornblende). In gabbronorites plagioclases have An30-70 pyroxenes are augite), orthopyroxene are enstatite.

 Geochemically anorthosites show enrichment of LREE with flat to depleted trend for HREE [(La/Yb)N=2.79-15.29] and typifies

massif type anorthosites and the gabbronorite also show enrichment of LREE but with a flat to slightly enriched trend for HREE.

 The EDM modelling of the gabbronorite shows that the whole rock melt curves display near – parallel and increasing trend from Gd

to La with negative Eu anomaly. The parental melt calculated by EDM for gabbronorite correspond to liquid at TMF =30%. It is

also supported by the composition of parental melt estimated by the concentration method.

 Geochemical and mineralogical signatures suggest that the gabbronorite and anorthosite are possibly formed from the same magma

source at the depth of 3-10 kbar.

 Geochemical signatures suggest origin of anorthosites and associated gabbros in a subduction zone. The area where these rocks

occur geologically marks the suturing of the Northern and Southern Indian blocks during the Nuna Supercontinent amalgamation

during the Palaeoproterozoic Era.
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