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INTRODUCTION

Magmatic volatile species may occur as components dis-
solved in melts, in a separate ß uid phase, or as essential structural 
constituents in minerals such as biotite, amphibole, and apatite. 
The effect of volatile components extends from their inß uence 
on magma eruptive behavior to their links with major changes in 
the physical properties and phase equilibria of magmas (e.g., see 
reviews in Carroll and Holloway 1994). In most evolved magma 
types, water is the dominant volatile component, although felsic, 
alkaline magmas may also be enriched in CO2 and halogens rela-
tive to the felsic members of the calc-alkaline series (Bailey and 
McDonald 1987). Efforts to understand the genesis and evolution 
of evolved, volatile-enriched magmas depend critically on our 
ability to use studies of samples of natural materials to estimate 
the activities of different magmatic volatile species. Work on melt 
inclusions trapped in phenocrysts can help to achieve this objec-
tive, but not all natural samples contain such samples of trapped, 
undergassed melt. In addition, the presence of melt inclusions is 
not a demonstration of crystal-liquid equilibrium.

In this paper, we present the results of new experimental work 
designed to evaluate the use of the biotite�magnetite�sanidine 
equilibrium for estimating water fugacity (�H2O) in hydrous 
phonolitic magmas. The utility of this equilibrium for evaluating 
magmatic �H2O was Þ rst realized by Wones and Eugster (1965). 
The reaction was then calibrated in a subsequent study by Wones 

(1972), with this calibration further modiÞ ed by Czamanske and 
Wones (1973). We brieß y present the theoretical basis for using 
the biotite-magnetite-sanidine equilibrium to estimate �H2O, as 
well as new experimental data on phonolitic melts saturated 
with biotite�magnetite�sanidine at water fugacities of 50 to 
250 MPa.

The new experimental data allow us to evaluate which of the 
proposed annite activity models most accurately predicts H2O 
fugacities in our experiments. The results are used to evaluate 
pre-eruptive water fugacities in two phonolitic magma series 
from the island of Tenerife, Canary Islands.

THEORETICAL BACKGROUND

Wones and Eugster (1965) observed that the compositions 
of coexisting biotite, magnetite, and sanidine (K-feldspar) could 
be used to infer magmatic �H2O during crystallization according 
to the reaction:

KAlSi3O8 + Fe3O4 + H2O = KFe3AlSi3O10(OH)2 + 0.5O2. 
(1)
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Reaction 1 was calibrated by Wones (1972) and modiÞ ed by 
Czamanske and Wones (1973) to yield the empirical relation-
ship:
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where T is the temperature in Kelvins, X is the mole fraction of 
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ABSTRACT

New experimental data are presented that allows the biotite�magnetite�sanidine equilibrium to be 
used for estimating water fugacity (�H2O) in hydrous phonolitic magmas. It is also demonstrated that 
the partly ionic model gives the best estimate for the annite activity (aannite). Crystallization experi-
ments were carried out on a representative sample of peralkaline, phonolitic obsidian of Montaña 
Blanca (MB) pumice deposit, Tenerife, Canary Islands. Experiments were performed from 720�810 
°C and 50�250 MPa. Redox conditions were varied between NNO (nickel + nickel oxide) + 1 (±0.2) 
and FMQ (fayalite + magnetite + quartz). The majority of the experiments were done under H2O 
saturation conditions (Pwater = Ptotal). Several experiments were done using a mixed H2O-CO2 ß uid 
phase whereas in other experiments 10 or 20 wt% powdered alkali feldspar was added to the starting 
material. The pre-eruptive �H2O of the Montaña Blanca magma is estimated at 676 ± 200 bars. The 
pre-eruptive �H2O for the Fish Canyon tuff (753�2978 bars) and Bishop tuff rhyolite (1065�2440 bars) 
were also calculated, as well as �H2O for metamorphic biotite from Au Sable Forks (≈ 130 bars). The 
results of this study suggest that this geohygrometer can be used in any magmatic system in which 
biotite�magnetite�sanidine is a stable assemblage.
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