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INTRODUCTION

The chemical differentiation of the upper crust is, to a large
degree, related to partial melting of metapelitic rocks. A conse-
quence of partial melting of metapelites is the production of
leucogranites and pegmatites, which may be highly enriched
in B, Li, Cs, Be, and other large-ion-lithophile (LIL) elements.
Elevated concentrations of B and Li lead to stabilization of
tourmaline, spodumene, lepidolite, and other B- and Li-con-
taining minerals. In addition, these elements can affect the
physical properties of magmas and their liquidus relationships
(Pichavant 1987; Holtz et al. 1993; Dingwell et al. 1996). How-
ever, the source of these elements and their solubility in gra-
nitic melts are still controversial. For example, experiments
suggest a broad range of concentrations (~0.5–2.5 wt% in B2O3)
for saturation of silicate melts in tourmaline (e.g., Bénard et al.
1985; London et al. 1994; London and Manning 1995; Wolf
and London 1997), and Holtz and Johannes (1991) dissolved
up to 6 wt% of tourmaline during experimental melting of a
natural biotite-bearing gneiss. Thus, some of these studies ap-
pear to imply that the saturation levels of B before tourmaline
becomes stable are exceedingly high, even in peraluminous
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ABSTRACT

The abundance and distribution of B and Li in metasedimentary rocks and in the Harney Peak
Granite (HPG) in the Black Hills, South Dakota, U.S.A., elucidate the behavior of these two ele-
ments during (1) regional metamorphism that began at ~1760 Ma; (2) subsequent contact metamor-
phism associated with emplacement of the HPG and associated pegmatites at ~1715 Ma; and (3)
anatexis leading to production of the granite. There is no clear evidence for changes in B and Li
concentrations with progressive regional metamorphism of the metapelites from chlorite-biotite grade
up to staurolite grade. Rocks outside the pegmatite aureole that surround the HPG have average B
contents of ~80 ppm. There is no correlation of B with other elements in the pelitic schists, which
indicates that none of the major phases is the dominant host for B. Boron content is mainly con-
trolled by small amounts of randomly distributed tourmaline that was identified in alpha-track maps
of thin sections. In the aureole of the granite, B concentrations are depleted in many samples. The
depletion is attributed to consumption of tourmaline during interaction of the rocks with alkalic
fluids. The average Li contents in metapelites far away from the HPG are also ~80 ppm. Near the
HPG, Li concentrations reach roughly 190 ppm, indicating significant metasomatism by fluids that
emanated from the granite and pegmatites.

The concentrations of B and Li in the low-grade metapelites are sufficient to explain their abun-
dances in the HPG, if the granite formed by partial melting of the metapelites and if there was total
breakdown of tourmaline. Stabilization of tourmaline in leucogranites is not necessarily related to
sources enriched in B, but may be related to its competition for Fe and Mg with biotite.

granites (e.g., London 1999). Yet, metapelitic rocks, which are
regarded as the most plausible source rocks for leucogranites,
contain on average only ~100 ppm of B (Harder 1970). There-
fore, partial melts should not have much more than 1000 ppm
B, assuming 10% partial melting. Thus, a contribution of B
from evaporites or other B-enriched rocks into partial
leucogranite melts may seem to be required if B saturation lev-
els are higher than that (London et al. 1996). However, evapor-
ites are not very likely to reach anatectic metamorphic
conditions, and B and O isotopic compositions of granitic rocks
usually do not indicate any contribution from evaporites (Palmer
and Swihart 1996; Nabelek et al. 1992b). Alternatively, Scaillet
et al. (1995) and Pichavant et al. (1996) suggested that an in-
crease in fO2 during crystallization of leucogranitic magmas may
lead to stabilization of tourmaline relative to biotite.

In this paper, we use bulk B and Li contents and alpha-track
images of their distribution in a suite of Proterozoic metapelites
and metagraywackes in the Black Hills, South Dakota, to de-
termine the fate of these elements during regional metamor-
phism and subsequent contact-metamorphic overprint by the
Harney Peak Granite (HPG). The HPG is a leucogranite lo-
cated in the southern, highest-grade part of the Proterozoic
metamorphic terrane (Fig. 1). It is surrounded by an extensive
field of rare-element-bearing pegmatites (Norton and Redden


