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In the BundeIkhand terrain of Uttar Pradesh (U.P.) 
grey and pink granites are the dominant rock types and 
their petrography and chemistry have been earlier 
studied by others (Mishra and Sharma, 1974; Sharma, 
1982; Basu, 1986; Rahman and Zainuddin, 1993; Sarkar 
and Miller, 1996; Pati and Mamgain, 1996). These 
granites intrude gneisses, migmatites, banded iron 
formation and metasediments. Based on cross cutting 
relationships and xenoliths in younger granites, Rahman 
and Zainuddin (1993) recognized five types of granites. 
Geochemistry of granites revealed subduction related 
magmatism (Mondal and Zainuddin, 1997).This note 
presents field, petrographic and chemical characters as 
well as genetic aspects of the mafic, felsic enclaves and 
their host granites in the southwestern parts of the 
Bundelkhand massif around Talbahat, Lalitpur District, 
U.P. 

Geology 

The area around Talbahat consrsts of pink porphyrttic 
medium to coarse-grained granite and it IS surrounded by 
grey porphyritic gran~te The grey granlte is fol~ated due to 
preferred o r ~ e n t a t ~ o n  of quartz, feldspar and b io t~ te  
Pegmat~tes are less and mafic enclaves are common in thls 
granlte The plnk granite 1s med~um to coarse grained and 
porphyrrtic Pegmatite is common and the p ~ n k  granrte 
contalns felsic enclaves It shows cross cutting relat~onsh~p 
wrth grey granite The contact of p ~ n k  and grey gran~te is 
generally sharp and at places dlffused and appears that the 
p ~ n k  granlte intrudes grey granlte The gran~tes are criss- 
crossed by the N-S, NE-SW and NNW-SSE trending quartz 
veins and rnafrc and felslc dykes of drfferent dtmensions 
are also common The locations of the samples are given 
in Fig 1 

M a f ~ c  m~crogranular enclaves (MME) in the grey 
gran~tes are fine gra~ned, dark and composed of mostly 
biotrte They range in slze from 25 cm to 1 m in length and 
subrounded, lobate to elongate rn shape The contact of 
MME w~th  the grey granite rs sharp and d~ffusive at places 

w~th  serrated and wlspy bounda~~es  The enclaves trend 
parallel to the host granlte foltation, N-S, ENE-WSW and 
are encountered all over the study area (Fig 2a) Millimeter 
slze clots of ferro-magnesium minerals are the constant 
feature in the MME Fels~c microgranular enclaves (FME) 
in the pink granites are rnedlum to coarse gt ained, angular 
in shape and vary in size (up to 10 cm) and l~ned by fine- 
gra~ned biotite The contact of FME wlth the p~nk granite 
IS generally sharp and at places, ch~lled mdrglns ale also 
observed Both the enclaves show translt~ons Into the~r 
surroundxng granite up to few cm in width and appear to be 

Fig.1. Geological map of the area around Talbahat, Lalltpur and 
Jhansl dtstrlcts U P 
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moh~ficatlons of the enclaves Metasedirnents occur as rafts 
In the granltes but these have no relat~onshlp with MME 
and FME 

Flve representative samples each of grey and pink granite 
and five samples each of MME and FME are studred for 
petrology The major elements are analysed by wet chemical 
method and the selective trace elements are analysed by the 
~ t o r n i c  absorption spectroscopy The REE, Y, Sc, Th, Zr, 
Sr, are determined by the ICPMS The analytical preclsions 
calculated form the replicate analys~s of standard is 4% 
for major eIements and 10% for tl ace elements and the data 
are summarized In Table 1 

Petrography and Chemistry of the Granites and Enclaves 

Under the rnrcroscope, MME In grey granite vary In size 
(0 3 mm to 1 2 mm) in shape and are subangular to rounded 
(Fig 2b) They are frner than the matrix and contain core 
and a rlrn The core cons~sts of fine-grained biotite with a 
rim of quartzo-feldspath~c matter Some enclaves occur as 
detached bodles over gramtic matter and some are traversed 
by it The host grey granltes are composed of K-feldspar, 
plagloclase, quartz and blot1 te W I  th zlrcon, apdtl te and 
~lmenlte These are peralumlnous wtth norrnatlve corundum 
of 2 to 4% and NCNK ratlo of 1 2 In QAP dlagrarn, the 

Table 1 Maror and trace elements analvses of granltes and enclaves from Talbahat area 

SampleNo R 4  R 9  RlO 132 JBR7 PWI R I  R5 R6  R 8  R12 R13 
Serral No 1 2 3 4 5 6 7 8 9 10 1 1  12 

sro, 
TlO, 
AI"0, 

Fe90, 
Feo 
CaO 

MgO 
MnO 

Na,O 

K 2 0  

p70, 
LO1 

AICNK 
N1 
Co 
Cu 
v 
Rb 

%a 

Sr 
Nb 

La 
Ce 

Nd 
Sm 

Eu 
Tb 

Yb 
Lu 
Y 

K/Rb 

RbISr 

S No 1 to 5 are grey b~otlte granltes with llrnen~te and zlrcon, S No 6 IS mafic enclave contalnlng fine gamed b~ottte and 
quartz0 feldspath~c mater~al S No 7 to 1 I are plnk coloured potash feldspar gran~tes with apatrte and xenotlme S No 12 is 
fels~c enclave conta~nlng potash feldspar and fine-grained btotlte 
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Fig.2. (a) fIf1E In 2 1 c j  g ~ ~ i n ~ ~ o ~ c f  .ilourld T~ lhaha t  Biol~tc \how+ flow $tl.iicLure ( 1 ) )  LIL~i i c  glanulal c ~ \ c l a \ c  In SIC! gtanite ( c )  ['cl\lc* 
microgranular enclave In p ~ n k  gl anltc (d) Rcsor hcd q u a  tr  phcnocryst In I'cls~c enclavc (e) Juxtapo\i~lcln ol I ~ n c  91 ~ ~ n c d  ma1 ~c 
matter and coarsc g r a~ncd  t'cls~c rnzlttcr - t'lrst stage. (f) Development of K-kldspar hcrncl In the rnaf'ic Itlatter - second \tagc 
(g) Dcvcloprnent of K-fcld5par kcrncl into phcnocrysts - third stage. (h) Well devclopcd K-feldspar phenocrysts ~41th h ~ c ~ l i t c  
nm - fourth slagc. Under PPL 
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grey granltes plot In the granlte field (Fig 3) The MME are 
chemically slmrlar to the grey granites (Table 1) 

FME In plnk granlte vary In size (0 1 rnm to 1 7 mm) 
and are angular in shape (Flg 2c) They consist of quartz 
and K-feldspar phknocrys ts, whlch occur in the core 
surrounded by frne-gralned biotite as rlm Moreover, 
reactlon rlms and resorbed phenocrysts (Fig 2d) are also 
observed The host 'gran~te is composed of K-feldspar, 
plagroclase, quartz along with xenotrme and apatlte These 
are metalurn~nous w~th  0 25 to 5% normat~ve d~opslde and 
AICNK ratlo of 0 93 to 0 97 In QAP dxagram the 
p ~ n k  granltes plot in the a lka l~  feldspar grantte field 
(Fig 3) The FME are chemically similar to pink granltes 

F1g.3. QAP dlagrarn 

Stages of Development of Enclaves 

Magmatlc textures (porphyntlc and perthltic), graphlc 
and myrmekltlc Intergrowths are observed in both the 
gram tes From the petrography, four stages of development 
of enclaves are dec~phered In the first stage, juxtaposltlon 
of fine gralned mafic and feslic matter is noticed w~th  marked 
boundaries (Fig 2e) In the second stage, the grain size of 
both mafic and felslc end members have become un~form 
(fine gra~ned) and kernels of K-feldspar are developed 
amldst the mafic matter (Fig 2f) In the thlrd stage, the K- 
feldspar kernels are developed into phenocrysts and at the 
end the felslc matter has rn~ngled with the mafic matter 
(Fig 2g) The well-developed enclaves (K-feldspar 
phenocrysts wrth mafic borders) mark the fourth stage 
(Flg 2h) It is notrced that during t h ~ s  process, fine-gralned 
nature of the rnafic matter is never lost and it IS the felslc 
matter that changed its grain s u e  

The enclaves and granites are developed under magmatrc 

condltlons as evidenced by preferred orlentation of the 
rn~nerals, magmatlc textures, K- feldspar, quartz phenocrysts 
wlth rlms of brotite, change In the gram size of felsic matter 
as deplcted (F~gs 2e-h), and hlgh K/Rb ratlos The core 
and the rim of the felsic enclaves can be expla~ned as 
during the crystalllzatlon of magma blotite crystallzes 
first, followed by plagloctase, quartz and K feldspar The 
growlng K-feldspar pushes asrde or incorporates the small 
crystals of b~otite, plagloclase and quartz The K-feldspar 
phenocrysts in the enclaves rndrcate that growth of alkali 
feldspar rap~dly reaches a maxlmum and then declines due 
to drop in temperature (Swason, 1977) 

The orlgin of the MME rn the Intruslve granltoids has 
been debated and f ~ v e  d~fferent models were proposed 
(Barbarln, 1991) These are (1) Restltes (2) Xenoliths, 
(3) Fragments of the early formed mafic margrns of the 
pluton itself, (4) Mafic segregations of the early crystallizing 
phases and (5) Pillows of mantle derlved mafic magmas 
m~ngled or partially mixed with felsic crustal magmas 

The textures and compositions of the restites are totally 
d~stlnct form those of MME, and there are no lndtcatlons of 
transformat~on of restites Into MME where~n restites occur 
besides MME These observations excludes flrst two 
models MME are not fragments of early formed mafic 
marglns of the pluton itself (third model) because reversely 
zoned plutons that have felsrc fine gra~ned maigins instead 
of mafic margins, also contarn MME The fourth model 
(autollths) IS consistent wlth the m~neraloglcal slmllarrty of 
enclaves and granltes, are however, lncompatlble w~th  grain 
size and the fine grarned rnargln of the MME The 
mrcrostructural evidence in suppoit of fifth model rs that 
quartz and K-feldspar rnegacrysts that indlcate gratns of 
these rnrnerals enter the more mafic magma from part~ally 
crystallrzed granit~c melt in a zone of mlxrng, (probably 
before entra~nment of globules of the resulting mixed 
magma) as enclaves The spatla1 association of baslc and 
ac~dlc dykes w~thin Bundelkhand granltes polnts towards 
thls possibllrty The chernlcal sim~larlty and homogeneous 
mineralogy of these enclaves and granites indlcate 
cogenet~c nature The f ~ n e  grained texture, chllled marglns 
of the MME, and their elongation parallel to the host gran~tes 
suggests that MME was crystallized from mafic magma 
that WLLS coeval wlth the felslc magma 

The MME w~thin the grey granite and FME withtn p~nk  
granite belong to two dlstrnct eplsodes of granitic magmattsm 
in the Bundelkhand area The f~e ld ,  petrographic and 
chern~cal aspects of the enclaves and gran~tes rndlcate 
mlngl~ng or mixing of basic matte1 wlth the granltlc magma 
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