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ABSTRACT

Massif-type chamockites of the Eastern Ghats belt, India. are products of partial melting of mafic
rocks at lower crustal depths; mafic crustal xenoliths represent the precucsor plume-derived basaltic
magma. A short time interval between formation of hasaltic lower continental crust and partial
melting under granulite condition can explain the Fe-poor and intermediate composition of the
Archacan (3.0 Ga) lower continental crust, now represented by the massiftype charnockites.
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INTRODUCTION

Mantle plume tectonics should notmally zenerate
basaltic and Fe-rich lower continental crust. But
Archaean lower crust is generally Fe-poor, hence if
plume tectonics operated well in the Archean, the
question of Fe-depletion in the Archaean lower
continental crust becomes a major issue of the early
evolution of continental crust. One method could
be partial melting shortly fi ollowing the formation
ofthe lower crust {Abbott et al., 2001),

From the high-grade Eastern Ghats belt, India
we presenl evidence which corroborates the hyy-
pothesis of partial melting shortly following the
formation of the lower crust,

DISCUSSION

TTG's of Archaean cratons are distinctive in their
trace element compositions : they are enriched in
incompatible trace elements and some recent melt-
ing experiments suggest partial melting of a mafic

crust as their mode of origin (Patino Douce and
Beard, 1995; Rapp and Watson, 1995 Springer and
Seck, 1997), However, Rudnick {1995} pointed out
that it is difficult to constrain the depth of melting.
[f the melting occurred within the lower crust, the
problem remains that voluminous mafic residues
are not present in either the lower crust or in the
uppermost mantle below Archacan cratons (Treland
etal., 1994,

Seviral massifitype chamockite bodies, a fow
kilometers in length and upto a kilometer in width,
are exposed in the high-grade Eastern Ghats belt,
along the east coast of India (Fig. 1). The presence
oFhomblende-bearing mafic granulite xenoliths with
primary hornblende: common oscil latory zoning in
plagioclase in the charnockite: and distinctive pla-
gioclase (less anorthitic) and orthopyroxene (Jess
magnesian} compositions in the charockite in com-
parison to those in the mafic pranulite residues {Kar
etal., 2003; Bhattacharya, 20037, are consistent with
hornblende-dehydration melting experimens (Pating
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Fig. 1. Generalised geologicel map of the Eastern Ghats

Granulite Belt, India.

Douce and Beard, 1993; Rapp and Watson, 1995;
Springer and $eck, 1997). Charnockite-massifs
{zeochemically equivalent to TTG magma) are thus
demenstrably product of hormblende-dehydration

melting in a mafic crust and the presence of crystal-
line orthopyroxens indicates crystallisation at lower
crustal depths (Kramers and Ridley, 1989). More-
over, garmst-granulite residues are actually present
as cognate xenoliths (Bhattacharya et al., 2001; Kar
et. al., 2003), unlike the TTG’s of Archagan cratons.

Two examples of massif-type charnockite are
described here. These are of tonalitic to
trondjhemitic chemistry and are Fe-poor (1 to 5%
Fe,0,) relative to the Archean mantle estimates of
9.0% to 9.3% (Bickle etal | 1977 Sun and Neshitt,
1977) and much depleted refative (o the mafic granu-
lite residues (8 to 15% Fe,0.). The comparative trace
element contents of the massif-tvpe chamockites
and mafic granulite residues further corroborate the
hypothesis of partial melting origin of the massif-
type charnockites, which represent the lower con-
tinental crust (pressure estimates - 9.0 kilobar) in
this high-grade belt. These spidergrams (Figs. 2 &
3), show depletion of Ti, Mi, Znand ¥ and enrich-
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Fig 2. Multi-clement spider plots of the chamockites and homblende-bearing mafic granulites of the Jenapore suite.

Omssa, India. (Lecation 2 in figure 1)
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Fig. 3. Multi-element spider plots of the charnockites and horeblende-bearing mafic granulites of the Jaypur suite,
Orissa, India. (Location 9 in figure 1.
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Fig 4. Multi-clement primitive mantle-normalised spider plots of the mafic crustal xenoliths, from the Eastern Gharts
Belt, [ndia
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Table 1
Isotopic data from the charnockite suite of Jaypur, Orissa, Eastern Ghats belt.
J-533 Plippm) Li{ppm) AEPREHP PRl Ll Gl B L oy WIPhPERE  Ase
(Ma)
258.25 367.63 3778 63 0584574427 33305417 {.289145=77 3413
J-31 Smippm}  Mdippm) "“Sm/MNd Error (20) HINIdM R Error {20} Tt Ma) B
10 32.00 1168 oG04 0.51076 0.oo0or? 3673 -36.41

Isotopic data from the charnockite suite of Janepore, Orissa. Eastern Ghats belt.

1-69 Phippm} LIi{ppm) g 1l 1
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(Ma) 5
3428 37.65 142313 0493068 14,9308+ 16 021456062 2976
20068 Smippm)  Ndippm) WSmA*Nd  Eror (25)  NAO®Nd  Fror (20) T, (Ma) st
19.28 a3l Q1217 00006 0.AlLInds 0.00an1s 3370 =310

Reference values used in caleulations : CHUR(C ““aDNd = 0.512638; DO "WRaPHMa = 05131 14; CHUR (0] 7Sm/
N = 96T DMUO) FEmHNG = (k222 decay constant A = 6,54 = 107350

206PW204Pb corrected for spike and fractionation; *7Ph==U, **Po28U and *"Ph**Pb comected for spike, blank, frac-
tionation and initial common Ph. Errors are 2d. Decay constant are @ 300 = [35125 = 1) 290 = S.8485 = 19"

ment of incompatible elements Rb, Ba and Srrela-
tive to the mafic granulite residues. Marked Y deple-
tion also sugpests plagioclase involvement in the
melting reaction along with hornblende.

The hornblende-bearing mafic granulite xeno-
liths, the precurser of basaltic magmatism show
geochemical signature of plume derived magmatism.
Several authors have argued that island arc type
rocks are not important components in the lower
continental crust, on the evidence that lower crustal
xenoliths {also the present samples from the East-
ern Ghats, India) contain too much of Ni, Cr and
Co, for an arc source (Rudnick, 1992; Abbott, 1996;
Condie, 1997). Moreover the lack of Tiand Mbnega-
tive anomalies ona primitive mantle-normalised plot
(Fig. 4), argues against crustal contamination
{ Tomilson et. al., 1999).

Nd model ages suggest the formation or accre-
tion of the basaltic crust, the protolith of the
charnockite massifs between 3.4 and 3.6 Ga (Table

1. On the other hand, *™Pb / **Fb zircon ages be-
tween 3.0 and 3.4 Ga from these charnockite mas-
sifs could represent the melting and / or
crystallisation of the charnockite magma at the
lower crustal depths (Table 1).

CONCLUSION

These geochemical and isotopic data from the high-
grade Eastern Ghats belt, India are consistent with
the hwpothesis of partial melting shortly after the
formation of the continental crust, which explains
the Fe-poor and intermediate composition of the
lower contimental crust,
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