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Abstract
Tourmaline is a common mineral in granites and metamorphic rocks in collisional orogens. This 

paper describes graphite-bearing, metasomatic tourmalinites in sillimanite-zone schists of the Pro-
terozoic Black Hills Orogen, South Dakota. The tourmalinites bound quartz veins and beyond about 
1 m grade into schists with disseminated tourmaline, and ultimately tourmaline becomes only a trace, 
intrinsic phase in the schists. Next to the quartz veins, tourmaline has almost completely replaced schist 
minerals, including biotite, muscovite, and plagioclase. The tourmaline is generally anhedral and fol-
lows the original foliation direction of the schist. However, tourmaline is euhedral in quartz veinlets 
cutting through the tourmalinites. Tourmaline is compositionally zoned from having about 22 to 2% 
of apparent Al occupancy on the Y sites. There are very good negative correlations of Y(Fe2++Mg2+), 
XCa2+, and YTi4+ with YAl3+, and a very good positive correlation of X-site vacancies with YAl3+. Mg# 
[molar Mg2+/(Mg2++Fe2+)] is fairly invariant at approximately 0.5, which is somewhat higher than that 
in the precursor biotite. This is in contrast to tourmaline in the neighboring peraluminous Harney Peak 
leucogranite where the range of Y site occupancy of Al is small at about 20%, but the Mg# ranges 
from 0.12 to 0.5. 

The compositional trends in the metasomatic tourmaline are dominated by the exchange Xo + 4 
YAl3+ = XCa2+ + 3 Y(Fe2++Mg2+) + YTi4+. Mass-balance calculations suggest the metasomatizing fluid 
brought in H+ and B(OH)3 and removed K+, SiO2, and some Fe2+ during tourmalinization. Other ele-
ments in the tourmaline largely reflect the bulk composition of the replaced schist. The calculations 
show that silica in the quartz veins was locally derived, not brought in by the metasomatizing fluid. 
Interstitial graphite in the tourmalinites shows precipitation of carbon from the methane-bearing fluid. 
The study demonstrates an important effect of boron transfer by fluids during metamorphism and 
magmatism in the Earth’s crust.
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Introduction
Relatively high abundances of boron and its common 

mineral host, tourmaline, are frequent features of collisional 
granites and metapelites (Henry and Guidotti 1985; Nabelek 
et al. 1992a; Guillot and Le Fort 1995; Nabelek and Bartlett 
1998; Nabelek 2019). High abundances of B in metapelites 
stem from its incorporation into ocean floor sediments (Lee-
man and Sisson 1996). Boron may be conserved in metapelites 
during prograde metamorphism if it is contained by tourmaline 
(Henry and Dutrow 1996; Wilke et al. 2002), but if instead the 
bulk of it resides in micas, some of it may be lost from rocks 
by aqueous fluids produced by mica-consuming metamorphic 
reactions (Nabelek et al. 1990; Moran et al. 1992; Leeman and 
Sisson 1996). Ultimately, when all muscovite is consumed from 
schists during partial melting, most B is incorporated into the 
melts, although a portion may be retained in residual sillimanite 
(Grew and Hinthorne 1983). An important feature of B is that it 
is highly mobile in aqueous fluids as is evident by experiments 
(Pichavant 1981), frequent association of tourmaline with veins 
of hydrothermal origin, either as a replacement mineral or a 
primary mineral (Slack 1996), and by frequent enrichments of 

B in aureoles of granitic pegmatites, either within micas or in 
newly formed tourmaline (Shearer et al. 1984, 1986; Duke 1995; 
Wilke et al. 2002).

This contribution describes a tourmalinite next to a quartz 
vein in a sillimanite-grade schist in the aureole of the Harney 
Peak Granite (HPG) in the Black Hills, South Dakota, U.S.A. 
(Figs. 1 and 2). The granite, associated pegmatites, schists, and 
metagraywackes occur within the Proterozoic core of the Black 
Hills. The core is a classic orogenic sedimentary wedge that 
became deformed and metamorphosed during the Proterozoic 
Black Hills orogeny that was a consequence of the collision of 
the Archean Wyoming and Superior cratonic blocks. Tourmaline 
characterizes large portions of the HPG and some pegmatites and 
is a common metasomatic phase in the metamorphic aureoles that 
affect the surrounding metapelitic rocks. Although Slack (1996) 
defined tourmalinite as a metasomatized rock with more than 
15% tourmaline, at the locality described here, metasomatism 
was unusually intense, with tourmaline effectively completely 
replacing a quartz-mica schist. Such tourmalinites also occur at 
other localities in the western aureole of the HPG. The tourma-
linites include interstitial graphite and occur next to quartz veins.

The focus of this contribution is on the crystal-chemistry of 
tourmaline as a recorder of the tourmalinization process and com-
position of the metasomatizing fluid. Compositions of tourmaline 
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