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The Singhbhum grani te  ba tho l i th  complex covers an area i n  
excess of 10,000 sq.km. on the border of the s ta te r  of Bihar 
and Orissa i n  Eastern Ind ia  (1). The oldest plutonic rock-units 
recognized w i th in  the complex are gneissic remnants, ranging i n  
composition from b io t i t e - tona l i t e  t o  granodiorite. The gneissic 
remnants are qui te numerous, and may be up t o  1000 sq.km. i n  
area. These t o n a l i t i c  and granodior i t ic  gneisses are assigned 
t o  the OMG (older metamorphic group), together w i t h  the 
mrtasedimentr and metabaricr i n t o  which they were 
synkinematicelly intruded (1). 

Basu e t  a1 (1) have reported a Sm-Nd whole-rock isochron 
date of 3775 +/- 89 Ma on OMG t o n a l i t i c  and granodior i t ic  
gneiss samples from two separate areas w i t h i n  the Singhbhum 
grani te  ba tho l i th  complex, near Champua and Onlajori. Their 
r e s u l t  is the oldest age yet claimed f o r  rocks from the Indian 
sub-continent, and i s  amongst the oldest ages claimed fo r  any 
t e r r e s t r i a l  rock-unit. Basu e t  a1 (1) also reported an i n i t i a l  
143-Nd/144-Nd r a t i o  of  0.50798 +/- 0.00007 f o r  the OM0 
gneisses, corresponding t o  an i n i t i a l  E(Nd) value of +3.3 +/- 
0.9 units (2 sigma errors), unusually high i n  comparison w i t h  
most other ear ly  Archaean cases (21, although an ident ica l  
i n i t i a l  E(Nd) value has been reported f o r  3.5 Ga amphibolites 
from Qianan County, eastern Hebei, China (3). 

The claim of an ear ly  Archaean age f o r  the OMG gneisses i s  
c lea r l y  a very important development, and a high i n i t i a l  €(Nd) 
value i n  ear ly  Archaean rocks has major implications bearing on 
the geochemical evolut ion of  the crust-mantle system: a source 
for the OMG gneisses w i t h  a h i s to ry  of long-term LREE-depletion 
pre-3.8 Ga would be indicated, and also the existence of a 
1 ong-1 i ved complementary reservoir w i t h  LREE-enriched 
character. [See re f .  (3) f o r  a discussion of the implications of  
high pos i t i ve  €(Nd) values i n  ear ly  Archaean rock-units.J It i s  
therefore important t o  seek evidence t o  confirm the resu l t s  and 
in terpretat ions put forward by Basu e t  a1 (1). 

F i rs t ,  a review of  the published Sm-Nd data on the OMG 
gneiss samples used t o  construct the 3775 Ma isochron (1) can 
be made by examining the Nd isotopic evolut ion of ind iv idual  
samples i n  a diagram of €(Nd) versus Time. Seven of  the nine 
OM13 samples, those w i t h  the lowest Sm/Nd rat ios,  have Nd 
isotopic evolution l i n e s  which in tersect  DePaolo’s (4) 
empirical depleted mantle LDMI  growth curve over a very small 
age range from 3.52 Ga t o  3.45 0e Ci.e. they have 1-DM model 
ages (4) of  3.52 t o  3.45 Ga.J The two other samples are less 
enriched i n  LREE, and they have lower T-DM model ages of 3.27 



EARLY PRECAMBRIAN I N  EASTERN INDIA. 
ORIGINAL PAGE IS 
OF POOa QUALfTY 

Moorbath 8. & Taylor P.N. 107 

and 3.30 Ga. This di f ference suggests e i ther  tha t  these two 
samples may be younger phases, e n t i r e l y  unrelated t o  the main 
group, or perhaps more l i k e l y ,  tha t  they are re la ted  rocks, but 
w i t h  l a t e r  added component(s). It could be s ign i f i can t  t ha t  
both the Onlajar i  and Champua t o n a l i t i c  gneisses have been 
invaded by abundant perthite-muscovite pegmatite5 (1). On 
e i ther  of these interpretat ions,  there are grounds f o r  concern 
tha t  the 3775 Ma l i n e  might be an ar te fac t  resu l t i ng  from 
combining materials o f  d i f f e ren t  ages f o r  an isochron 
determination. The Sm-Nd model ages ET-DMI strongly suggest 
t ha t  none of the analysed OMG gneisses i s  ac tua l l y  as o ld  as 
3775 Ma. 

Three addi t ional  samples of OMG gneisses from other 
l o c a l i t i e s  w i th in  the Singhbhum grani te  ba tho l i t h  complex 
[k ind ly  made avai lable t o  us by S.N.Sarkar and A.K.Saha3 give 
1-DM model ages of 3.41, 3.39, and 3-35 Ga, s l i g h t l y  younger 
than the model ages discussed above. Two samples of the 
Singhbhum grani te  [also supplied by S.N.Sarkar & A.K.Saha3 g ive 
essent ia l ly  iden t ica l  T-DM model ages of 3.36 and 3.40 Gam From 
t h i o  we conclude tha t  the crusta l  residence ages of OMG 
gneisses and the main i n t rus i ve  phases of the Singhbhum grani te  
are very s imi lar .  

The d ispar i ty  between the 3775 Ma Sm-Nd OMG gneiss 
isochron r e s u l t  and the ca. 3200 Ma Rb-Sr whole-rock isochron 
reeu l t  reported by Sarkar e t  a1 ( 5 )  f o r  the same s u i t e  of 
samples also meri ts attention. Basu e t  a l .  (1) offered two 
possible explanations: i n  t h e i r  preferred model, formation of 
the OMG occurred a t  ca. 3800 Ma, followed by metamorphic 
rese t t ing  of  Rb-Sr whole-rock systems a t  ca. 3200 Ma. However, 
i f  the T-DM model ages above are accepted as e r e l i a b l e  
constraint  on the crusta l  residence age of the OMG gneisses, 
the discrepancy between Sm-Nd and Rb-Sr age estimates i s  
great ly  diminished. The low i n i t i a l  87-Sr/86-Sr r a t i o  of ca. 
0.7018 f o r  the OMG gneisses i n  the Champua area (1,JI can also 
be considered as evidence against long c rus ta l  residence p r i o r  
to 3200 Ma +or the precursors 04 these rocks. 

I n  a study of OMG gneisses provided by S.N.Sarkar & 
A.K.Sahe, we have also obtained a Rb-Sr whole-rock isochron age 
of 3280 +/- 150 Ma, together wi th  an i n i t i a l  87-Sr/86-Sr r a t i o  
of 0.701 +/- 0.001 12 sigma errors; 7-point isochron w i t h  MSWD 
3.71 (Oxford unpublished data; 6 ) .  fi Pb/Pb whole-rock isochron 
f o r  the OMG gneisser gives an age of 3378 +/- 98 Ma, and a 
model pi value of 8.01 t7-point isochron wi th  MSWD 1.11 ( 6 ) .  
Thus, comparison of Sm-Nd model ages ET-DMI, and Rb-Sr and 
Pb/Pb whole-rock isochron ages for  the OMG gneisses analysed a t  
Oxford shows good agreement, wi th in  the l i m i t s  of analy t ica l  
error. Furthermore, the low i n i t i a l  87-Sr/86-Sr r a t i o  of 0.701, 
the model pl value [source 238-U/204-Pb r a t i o 1  of 8.01 f o r  
these rocks, and t h e i r  Nd isotopic compositions a t  ca. 3.35 - 
3.4 Ga, t yp i ca l  of e depleted mantle source a t  tha t  time, a l l  
strongly suggest t ha t  the OMG gneisses represent continental 
crust  newly generated a t  ca. 3.35 - 3.4 Ga. 

For the Singhbhum granite, a Pb/Pb isochron y ie lds  an age 
of 3292 +I- 51 Ma and a model pl  value of 7.97 18-point 
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isochron w i t h  MSWD 2.53 ( 6 ) .  The T-DM model a es C3.36 & 3.40 

were extracted from the mantle a t  the same time as OMG 
gneisses. The Pb/Pb isochron ages of Singhbhum grani te  and OMG 
gneisses are also c losely  s imi lar .  Thus the chronology of  
events i n  the development of the Singhbhum grani te ba tho l i t h  
complex is not yet adequately resolved by isotopic  dating. A t  
t h i s  stage i t  m u s t  depend p r i n c i p a l l y  on c r i t i c a l  f i e l d  
observations of s t ruc tu ra l  and in t rus i ve  relat ionships between 
the consti tuent rock bodies of the complex. What i s  c lear from 
the isotopic  evidence i s  tha t  the i n te rva l  of time separating 
the formation of the e a r l i e s t  recognized plutonic phases of 
the Singhbhum grani te ba tho l i t h  from the main phases of grani te  
in t rus ion  was not great: Sm-Nd model ages ind icate up t o  ca. 
150 Ma, not ca. 600 Ma as previously suggested (1). 

The Singhbhum grani te  and i t s  included gneissic remnants 
do const i tu te  some of the oldest continental crust  yet 
recognized w i th in  India. CGneisses of  s im i la r  age are known 
from the Gorur - Hassan area i n  the Karnataka Craton of South 
India. (7) & R.D.Beckinsale, pers. comm.3 However, the claim of 
an age as great as 3775 Ma m u s t  be regarded with very serious 
reservations. Furthermore, the high i n i t i a l  E(Nd1 value of +3.3 
from the OM6 Sm-Nd study (1) should not  be used in support of 
very ear ly  separation of LREE-enriched Ccontinental?l crust  
from the upper mantle, or as evidence of a complementary ear ly  
LREE-depletion of the mantle. The i n i t i a l  E(Nd) value from the 
OMG "isochron" i s  most probably, l i k e  the high apparent age of  
3775 Ma, an ar te fact  resu l t i ng  from the inc lus ion i n  the 
isochron r e t  of two samples containing younger component(s) 
less enriched i n  LREE than the main group of OMG gneisses. 

Gal f o r  Singhbhum grani te  samples imply t h a t  9 he i r  p r o t o l i t h r  
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