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ABSTRACT
A method of determining the boric acid (H3BO3) concentration in fluid inclusions and volatilerich glasses using laser Raman microprobe spectroscopy is described. The H3BO3 content of melt
and fluid inclusions is determined with good accuracy and precision in the concentration range of 0
to 20 wt%, and with a minimum detection limit (mdl) of 0.05 wt% H3BO3. The method is applicable
to complex solutions that contain components such as NaCl, KCl, RbCl, or CsCl, which do not form
stable hydrated borates with boric acid at room temperature.
This Raman study demonstrates that boric acid is an abundant component in volatile-rich melt
inclusions and in genetically linked primary and pseudosecondary fluid inclusions, particularly in
tourmaline-bearing granites and boron-rich pegmatites. In quenched pegmatite melt boron occurs
predominantly as a trigonal coordinated B(OH)3 complex. The analytical method is applied to a
series of melt and fluid inclusions from different localities and geological environments; namely
hydrothermal tin and tungsten deposits, granite pegmatites, and rhyolites. Special emphasis is given
to the analysis of fluorine-, phosphorus-, and boron-rich pegmatites of the Variscan Ehrenfriedersdorf
complex (Central Erzgebirge, Germany). In this pegmatite system, boron in combination with water,
fluorine, and phosphorous is responsible for immiscibility of two coexisting silicate melts, a silicate-rich H2O-poor melt and a silicate-poor H2O-rich melt accompanied by strong element fractionation between the two. Boron fractionates into the water-rich silicate melt by factors between 1.8 at
500 °C and 1.0 at 712 °C. If, at low pressure, a vapor phase is additionally formed, boron is partitioned into the vapor phase. The utility of the developed method was also quantitatively tested by
experiments with a hydrothermal diamond anvil cell.

INTRODUCTION
1

Boron is a widespread constituent of crustal rocks. The
average in the upper continental crust is about 15 ppm, and a
value of only 0.6 ppm B is estimated for the primitive mantle
(Anovitz and Grew 1996). The mean concentration of B in open
seawater is about 4.5 ppm (Leeman and Sisson 1996).
However, boron is enriched to very high concentrations in
some special geological environments. The boron content in
granite and pegmatite melts may exceed values of 0.5 wt% B2O3
(Dingwell et al. 1996; London et al. 1996). At high concentrations, boron modifies the properties of acid melts by strongly
reducing liquidus and solidus temperatures, decreasing viscosity, and increasing the solubility of water (Pichavant 1981;
Pichavant and Manning 1984; London 1997). Therefore, knowledge about the distribution of boron during magmatic fractionation processes and postmagmatic hydrothermal activity is
important.
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A detailed account of the mineralogy, petrology, and geochemistry of the boron is given in Grew and Anovitz (1996).
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Boron belongs to the lithophile element group, is incompatible in most common rock-forming minerals and tends to
be preferentially enriched in late stage granite and pegmatite
melts, and in late exsolved volatile-rich fluids. The enrichment
of boron in residual melts and solutions is attributed to its small
ionic radius and by its pronounced hydrophilic character (Strunz
1939). Because of the ability to form highly volatile compounds,
e.g., HBO 2 (metaborite), H 3BO 3 (sassolite), BF 3, NaBF 4
(ferruccite), KBF4 (avogadrite, mostly with Cs), and CsBF4
(Gmelin 1954, 1983), boron has generally escaped from most
magmatic rocks. In special granitic systems, tourmaline is the
most important mineralogical sink for B (London 1997). The
enrichment of boron in the pegmatitic phase results in formation of tourmaline pegmatites, as well as the formation of rare
B-bearing minerals as hambergite and rhodizite that appear in
some boron-rich pegmatites from Madagascar, California, and
Afganistan. Furthermore, boron is often enriched in late-stage
magmatic processes, which causes tourmaline to be present in
tin-tungsten and molybdenum hydrothermal-pneumatolytic
deposits (e.g., Slack 1996). In silicate melts, boron is thought
to form B(OH)3 complexes at low pressure. According to the
pressure-coordination rule, the coordination number generally
increases with increasing pressure (Schreyer and Werding
1997). In this way, tetrahedrally coordinated boron may pre-

