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INTRODUCTION

Stable Isotope comparisons of peraluminous granites and associated pegmatites have been the focus
of recent studies (Nabelek et. al. 1992; Taylor et at. 1992; France-Lanord et al 1988, Taylor et al. 1979), in
part to gain a better understanding of the processes that have produced the rare element pegmatites. The
Sebago Batholith in southwestern Maine, provides an excellent setting in which to study the fluid/rock
systems that generate pegmatites. Previous studies of the Sebago Batholith and associated pegmatites have
focused on either the general petrology of the batholith (DeYoreo et al. 1989), or defailed descriptions of the
mineralogy of the pegmatites (Francis et al. 1993). None of the previous investigations have examined
fluid transport or fluid/rock interactions.

Stable isotope data can provide information essential to understanding of the processes involved in
the generation, transport, and emplacement of pegmatite fluids associated with the Sebago Batholith. In
particular, the ubiguitous cocurrence of tourmaline (a hydrous boro-silicate) in the pegmatites, batholith,
and metamorphic country rock, make this mineral one of the most useful sources of information for
defining this complex fluid/rock system. In addition to its abundance, the chemical stability of tourmaline
throughout a wide range of petrologic conditions suggests that it should preserve the stable isotope
composition of the pegmatite generating fluid (Henry and Dutrow 1996; Kotzer et al. 1993; Taylor et al.
1992).

In this study, stable isotope compositions of tourmaline from the pegmatites and country rock
associated with the Sebago Batholith have been determined. The nature and role of fluids related to
pegmatite petrogenesis are discussed.

ANALYTICAL TECHNIQUES

Tourmaline-bearing whole rock samples were collected from various locations throughout
southwestern Maine for analysis. Samples were crushed and ground in acetone using mortar a pestle, and
grains were hand picked to 99% purity. All samples were analyzed for oxygen and hydrogen isotope
compositions. A subset of samples were prepared for Particle Induced Gamma-ray Emission (PIGE)
speciroscopy.

Hydrogen and Oxygen isotopic compositions of tourmaline were determined using standand
procedizes (e.g. (Bigeleisen et al. 1952; Clayton and Mayeda 1963; Borthwick and Harmon 1982). A
method for volumetric measurement of water vapor extracted from silicates was nsed to catculate the weight
percent of structural water in tourmaiine following Holdaway et al. (1986). Estimates of analytical error are
+0.2%00 for 5180 and +2%0o0 for 8D. All isotope data are reported in the standard 'delta’ notation as per
mi}l (C/00) units.

Major and minor elemental compositions were determined using a JEOL 8600 Superprobe with
Noran (Tracor Northern) astomation. Analytical esrors are + 10 - 20% for minor clements and + 0.5 - 2.0%
for major elements. Boron concentrations were determined by Particle Induced Gamma-ray Emission (PIGE)
speciroscopy. Methods for the analysis of geological samples are described by Lappalainen et al. (1985),
Brissaud et al. (1986), and Dyar et al. (1994).

RESULTS

New stable isotope data and elemental chemical data arc presented for tourmaline samples from
simple (White Cap Mountain, Streaked Mountain, Whispering Pines Quarry, and Windham Quarry) and
complex (Mt Mica and Black Mountain) pegmatites. Simple pegamatites are considered together because of
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the overall coherent chemical behavior noied for tourmaline from these locations (Acosta and Carmichael,
1997). All of these pegmatites are spatially and temporally associated with the Sebago Batholith. Data
from the study of Dyar et al. (1994) for tourmaline samples from southwestemn Maine are also evaluated
here.

Stable isotope data for tourmaline from the complex pegmatites, contact zone metamorphic rocks,
and some of the simple pegmatites appear to define an array trending away from metamorphic water towards
more depleted 8D values at a range of ~20%c0 in 80 (Figure 1) forming a possible vapor fractionation
trend. It is significant to note that the Black Mountain country rock contact Zone (open squares) and both
Mt Mica contact and pegmatite sanples (open and closed circles) define this trend. This suggests the
derivation of pegmatite fluids from the partial melting of a metasedimentary source (London ct al. 1996).
There is a slight trend towards higher 8D in the Black Mountain samples as the water content increases
(Figure 2). However tourmaline from the other localities, including the Mt Mica complex pegmatite, do
not follow this trend. With the exception of two of the simple pegmatites, oxygen remains fairly constant
as water increases.

When considered along with the water content, stable isotope data for tourmaline from the different
localities is not consistent with a single vapor fractionation trend or fluid source. Boron data further show
that fluids in the two complex pegmatites behave differently (Figure 2c) and may have different sources.
Black Mountain pegmatite tourmaline has a boron content that appears to have evolved from the Sebago
Batholith, whereas Mt Mica pegmatite tourmaline shows a relationship to both contact zone and simple
pegmatite tourmaline compositions (Figure 2c and Figure 3).

DISCUSSION

It has been hypothesized that the Sebago Batholith is a reasonable source for pegmatite generating
fluids in southwestern Maine (Wise and Francis, personal communication). Peraluminous granites generated
by the partial melting of a metasedimentary source commonly do have associated pegmatites (France-Lanord
et al. 1988: Nabelek et al. 1992; London et al. 1996). Stable isotope and boron data for towrmaline from
Black Mountain support this hypothesis for the origin of pegmatite generating fluids. Contact zone
tourmaline has a distinctly different boron concentration than pegmatite core tourmaline, but a similar 5D
composition, suggesting that the boron source was in situ (e.g. boron-rich micas), apd touwrmaline
crystallization may have been catalyzed by the infiltration of hydrothermal pegmatite waters. ,

Conversely, at Mt Mica, daia for both contact zone and pegmatite tourmaline suggests interaction of
the couniry rock with pegmatite fluids. As noted by Core and Wearn (1997) country rock structure at Mt
Mica has prevented pervasive exchange of pegmatite fluids with the country rock, causing tourmaline o be
present only in the proximal contact zone. Yet the fluid intcraction that has occurred at Mt Mica appears to
control the composition of tourmaline formed there, and is dominated by the pegmatite component.

Tourmaline from simple pegmatites show stable isotope and boron compositions similar to contact
zone country rocks from Black Mountain. This may be interpreted to suggest that tourmaline in simple
pegmatites has an origin analogous to contact zone pegmatites. The overall chemistey of simple pegmatite
tourmaline appears to support this conclusion (Acosta and Carmichael 1957).

CONCLUSIONS

Tourmaline forming fluids for the Black Mountain Pegmatite show the most direct chemical
correlation with the Sebago Batholith. Mt Mica may have a different source, or may simply show a unique
trend in fluid evolution given very different structural and emplacement circumstances. Isctopic and
elemental data for tourmaline from the simple pegmatites indicate that their {luid evolution is dominated by
the enclosing country rock.
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