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INTRODUCTION

Fluid�rock interaction plays a crucial role in transporting 
mass and energy in a variety of geologic settings (Walther and 
Wood 1986). In an open or partially open system, compositions 
of inÞ ltrating ß uids often are not in equilibrium with the host 
rocks. Consequently, a change in bulk and isotopic composition 
of the host rocks is induced during the ß uid-rock interaction, 
which depends upon the extent of disequilibrium between the 
two and the magnitude of ß uid-rock ratio (Ferry and Dipple 1991; 
Gerdes and Valley 1994). Several rock-forming minerals (e.g., 
mica, garnet, amphibole, and feldspar) change their compositions 
during ß uid-rock interaction and, hence, are important tools for 
constraining the P-T-ß uid regime of metamorphic events.

Major-element concentrations and the isotopic signatures of 

metasomatic rocks and their unaltered equivalents also have been 
utilized to constrain the compositions of the inÞ ltrating ß uids and 
the time-integrated ß uid ß ux (Cartwright and Buick 1995). Mo-
bile minor and trace elements (including B), although potentially 
valuable, have been utilized only in a few studies (Slack 1996; 
Dutrow et al. 1999; Kretz et al. 1989). Many polymetamorphic 
terranes record evidence of repeated inÞ ltration of ß uids of di-
verse compositions (Harley and Buick 1992; Buick et al. 1994). 
Quantitative information about different pulses of ß uid ingress in 
these terranes cannot be obtained easily through chemical model-
ing of major- and minor-element concentrations or isotopic data, 
because the effects of younger ß uid activity partially obliterate 
the signatures of earlier ß uid regimes. Volume diffusion of ele-
ments in common rock-forming minerals provides an additional 
constraint for these calculations.

Several studies have demonstrated that B can be transported 
easily by metamorphic/hydrothermal ß uid and hence this element * E-mail: pulaksg@vsnl.com
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ABSTRACT

Frozen-in reaction textures combined with mineral chemistry of tourmaline-bearing metamorphic 
assemblages provide valuable information about ß uid-rock interaction during orogenesis. Tourma-
line occurs in four distinct mineralogical associations in the Singhbhum Shear Zone (SSZ) of the 
Precambrian East Indian craton. The tourmaline-bearing rocks are associated intimately with pelitic 
to psammopelitic and quartzofeldspasthic rocks, including meta-granite. The rocks were affected by 
two sets of folding (F1 and F2) and ductile shearing associated with F1 during ca. 1.6�1.8 Ga tectonic 
activity in this belt. Quantitative geothermobarometry and the stability relations of the metamorphic 
assemblages developed in the pelitic rocks establish the presence of two episodes of metamorphism; 
a prograde M1 event that culminated at 480 ± 40 °C, 6.4 ± 0.4 kbar, and an M2 event that caused 
retrogression of the M1 assemblages.

Field and petrographic observations in combination with data on chemical composition of tourmaline 
indicate three stages of tourmaline growth. The earliest stage is represented by pre-tectonic (pre-metamor-
phic) greenish-yellow tourmaline cores in the tourmalinite from the Surda area (Association A). The textural 
relations demonstrate that in the second stage, greenish-yellow cores of oscillatory zoned tourmaline in the 
metagranite (albite + quartz + biotite + chlorite ± muscovite ± apatite ± magnetite, Association C), very 
Þ ne tourmaline grains in muscovite schist (muscovite ± quartz, Association B) and greenish yellow cores 
of tourmaline in biotite-muscovite schist (biotite + muscovite + magnetite + chlorite + apatite+ quartz, 
Association D) crystallized during the F1-M1 events. Post-tectonic, greenish-blue tourmaline, belonging to 
the third stage, replaces the earlier tourmaline grains along their margins and cracks.

Compositionally, tourmalines of all four associations fall in the alkali group. Most of the data fall 
in the dravite Þ eld with a few analyses straddling the boundary between schorl and dravite. An abrupt 
compositional change was noted across the different color zones in the tourmaline grains. This change 
is explained by one or more of the coupled substitutions, ■■Al(NaR)-1, CaR(NaAl)-1, and Mg(Fe)-1, 
where R = Mg + Fe2+ + Mn. Integrating the Þ eld, petrographic, and phase-compositional data, it has 
been demonstrated that tourmaline growth in the second and third stages was induced by inÞ ltration-
driven, B metasomatism during prograde metamorphism of the rocks. Deep-seated magma was the 
source of the B-bearing hydrothermal ß uid.


