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INTRODUCTION

Recent studies have signiÞ cantly increased our knowledge 
of Li isotope geochemistry by documenting the Li isotopic 
variations in different geological reservoirs, and illuminating the 
processes that may produce these variations (see recent reviews 
by Chan 2004; Elliott et al. 2004; Tomascak 2004). These stud-
ies have shown that Li isotopes in the outer layers of the Earth 
(hydrosphere, crust, and lithospheric mantle) can be strongly 
fractionated, with observed Li isotope fractionation in the near-
surface environment of >60� (Tomascak 2004).

Lithium isotopic fractionation has been documented in a 
variety of geological processes, such as weathering (Huh et al. 
2004; Kisakurek et al. 2004; Pistiner and Henderson 2003; Rud-
nick et al. 2004), hydrothermal alteration (Bouman et al. 2004; 
Chan and Kastner 2000; Chan et al. 1992, 1993, 1994, 2002; 

Foustoukos et al. 2004; James et al. 2003; Seyfried et al. 1998; 
Williams and Hervig 2005), metamorphic dehydration (Benton 
et al. 2004; Teng et al. 2004b, 2006b; Zack et al. 2003), and dif-
fusion (Lundstrom et al. 2005; Richter et al. 2003; Teng et al. 
2006a). In contrast, little isotopic fractionation is inferred to occur 
during high-temperature igneous differentiation, be it in basaltic 
(Tomascak et al. 1999) or granitic (Bryant et al. 2004; Teng et al. 
2004a; Tomascak et al. 1995) systems. However, large Li isotopic 
fractionations (up to 20�) between minerals and hydrothermal 
ß uids may occur in aqueous ß uid-rich granitic pegmatite systems 
at relatively low temperatures (Lynton et al. 2005).

To further examine Li isotope fractionation in evolved granitic 
systems, including relatively wet, low-temperature pegmatites, 
we studied well-characterized samples of the highly differenti-
ated Harney Peak Granite, the spatially associated, Li-rich Tin 
Mountain pegmatite, and metasedimentary country rocks from 
the Black Hills, South Dakota. The goals of this study were to 
study Li isotopic fractionation during granite differentiation and * E-mail: tfz@geol.umd.edu
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ABSTRACT

To study Li isotopic fractionation during granite differentiation and late-stage pegmatite evolu-
tion, Li isotopic compositions and concentrations have been measured for the S-type Harney Peak 
Granite, the spatially associated Tin Mountain pegmatite, and possible metasedimentary source rocks 
in the Black Hills, South Dakota. The Harney Peak Granite is isotopically heterogeneous, with δ7Li 
varying from �3.1 to +6.6. The δ7Li values of Proterozoic metasedimentary rocks that are possible 
sources of the Harney Peak Granite range from �3.1 to +2.5 and overlap with post-Archean shales 
and the Harney Peak Granite. For the granite suite, there is no correlation between δ7Li and elements 
indicative of degrees of granite differentiation (SiO2, Li, Rb, etc.). The Li isotopic composition of the 
Harney Peak Granite, therefore, appears to reß ect the source composition.

Minerals from the zoned Tin Mountain pegmatite have extremely high Li contents and heavier Li 
isotopic compositions than the granite or surrounding Black Hills metasedimentary rocks. The heavier 
compositions may reß ect Li isotopic fractionation resulting from extensive crystal-melt fractionation. 
Lithium concentrations decrease in the order: spodumene (~3.7 wt%), muscovite (0.2 to 2.0 wt%), 
plagioclase (100�1100 ppm), quartz (30�140 ppm). Plagioclase, muscovite, and spodumene in all zones 
display a relatively narrow range in δ7Li of +7.9 to +11.4. In contrast, quartz is isotopically heavier 
and more variable (+14.7 to +21.3), with δ7Li showing an inverse correlation with Li concentration. 
This correlation reß ects the mixing of isotopically heavy Li in quartz and lighter Li in ß uid inclusions, 
as documented by ß uid inclusion compositions (δ7Li = +8.1 to +13.4 and Li of 280 to 3960 ppm). 
Extrapolation of this trend to an estimated intrinsic Li concentration in quartz of <30 ppm, yields 
an inferred δ7Li for ß uid inclusion-free quartz of >+21. The large difference in δ7Li between quartz 
and other minerals may reß ect 7Li preference for less highly coordinated sites, which have higher 
bond-energies (i.e., the two- or fourfold site in quartz vs. higher coordination number sites in other 
minerals). Comparison of the Li isotopic composition of ß uid inclusions with that of the wall zone 
of the Tin Mountain pegmatite suggests ~4� isotopic fractionation during ß uid exsolution, which 
agrees with the results derived from studies of hydrothermal alteration of basalts.
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