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Hydrogen deficiency in mantle-derived phlogopites
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ABSTRACT
The substitution mechanisms of Fe and Ti have been determined in phlogopite megacrysts from
an ultramafic lamprophyre dyke from the Okenyenya igneous complex, northwestern Namibia. Mica
separates were heat-treated from 800 to 900 °C, 1 atm to 10 kbar, and fH2 from that of the IQF solidstate buffer to that of air. Iron oxidation states and H2O contents of the run products were determined
using 57Fe Mössbauer spectroscopy and a vacuum fusion, U-furnace manometry system, respectively.
The least-squares fit between the univalent anion content (OH + F) and molar Fe3+ atoms per
formula unit (apfu) has a negative slope with a high correlation coefficient and, at the 95% confidence level, is consistent with the Fe-oxy reaction,
Fe2+ + OH– = Fe3+ + O2– + 1/2 H2
By adding O2– to the univalent anion content in 2:1 molar proportions to the Ti, the total anion
content in the OH site of the natural phlogopite is, at the 95% confidence level, close to the theoretical value of 4.0 (O = 24 apfu) for the mica structure. It is proposed that the total H deficiency in the
natural phlogopite can be explained by both Fe- and Ti-oxy substitution mechanisms. Principal Components Analysis carried out on exchange components for the experimentally treated phlogopite
confirms the operation of the oxy-substitution mechanisms.
Both oxy-substitutions dominate in the compositions of natural igneous micas from a variety of
tectonic environments. The dehydrogenation of Fe oxy-components in micas from silicic lavas may
be a source of water that can be liberated into crustal melts and play an important role in the mechanism for initiating volcanic eruptions.

INTRODUCTION
Phlogopite and other varieties of mica are common phenocryst phases in a variety of volcanic rocks and also occur in
mantle-derived xenoliths associated with alkalic lavas. Such
hydrous phases have been used to evaluate magmatic intensive
variables, fH2 and fH2O but only for specific mineral assemblages
in siliceous, crustal magmas (Speer 1984). An alternative approach to obtain information on these variables for lavas
(Merzbacher and Eggler 1984; Rutherford 1993; Johnston et
al. 1994) has been to conduct hydrothermal experiments as a
function of P, T, fO2, and XH2O, and to compare the experimental
supersolidus mineral assemblages and their compositions with
the natural phases. In this approach, a match between the experimental results and the natural systems can yield a unique
set of intensive and extensive parameters. However, this approach, in principle, is applicable only to the compositions of
those multicomponent systems for which phase equilibria have
been carried out.
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Recently, Popp et al. (1995a, 1995b) studied the subsolidus
phase equilibria of a natural kaersutite megacryst as a function
of P,T, and fH2. They showed that the oxidation state of Fe in
kaersutitic amphibole is controlled by the Fe-oxy reaction,
Fe2+ + OH– = Fe3+ + O2– + 1/2 H2

(1)

and is systematically related to fH2, P, and T. They further showed
that if the equilibration temperature, pressure, and oxygen
fugacity can be determined by independent techniques, then
the fugacity of H2O and water solubilities in the magma that
coexists with the kaersutite can be calculated (e.g., Mysen et
al. 1998). Because phlogopites and other micas contain variable Fe3+ and Fe2+ as well as variable hydroxyl contents, the Fe
oxidation equilibrium in these phases, when calibrated as a
function of intensive variables, might be used as a hydrogen
barometer and potentially as a geohygrometer. Such barometers can be applied to a broad variety of crustal magmas and
mantle-derived mineral assemblages.
However, in literature studies, a variety of possible ionic
substitutions have been proposed to explain the substitution

