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Determination of molar absorptivities for infrared absorption bands of H2O in andesitic
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ABSTRACT
We have determined infrared molar absorptivities for water absorption bands in Fe-bearing and
Fe-free andesitic glasses. Water dissolves in andesitic glasses as both hydroxyl groups and molecular water as observed in other silicate glasses. Concentrations of molecular water and hydroxyl species are a strong function of total water content. IR molar absorptivities for Fe-bearing andesite are
e3570 = 62.32 ± 0.42 L/mol·cm, e4500 = 0.79 ± 0.07 L/mol·cm, e5200 = 1.07 ± 0.07 L/mol·cm, and e1630 =
42.34 ± 2.77 L/mol·cm. Molar absorptivities for Fe-free andesite are 69.21 ± 0.52 L/mol·cm for e3570,
0.89 ± 0.07 L/mol·cm for e4500, 1.46 ± 0.07 L/mol·cm for e5200, and 52.05 ± 2.85 L/mol·cm for e1630.
Molar absorptivities show significant compositional dependencies that can be predicted based on
tetrahedral cation (Si+4, Al+3)/total cation fraction.

INTRODUCTION
Andesites are one of the most common magma types on
Earth, and may be widespread on Mars (Gill 1981; Grove and
Kinzler 1986; Wilson 1989; McSween and Murchie 1999;
Bandfield et al. 2000). Water is typically the most abundant
dissolved volatile in these magmas (Hamilton et al. 1964; Eggler
and Burnham 1973, Gill 1981; Kinzler et al. 2000). Previous
Fourier transform infrared (FTIR) spectroscopic studies have
focussed largely on water dissolution and speciation in silicic
melts (Stolper 1982a, 1982b, 1989; Newman et al. 1986; Silver et al. 1990; Zhang et al. 1997; Nowak and Behrens 1995;
Nowak and Behrens 1997; Sowerby and Keppler 1999; Zhang
1999) or mafic melts (Pandya et al. 1992; Stolper and Newman
1994; Dixon et al. 1995, Yamashita et al. 1997; Sisson and
Bronto 1998; Newman et al. 2000). Molar absorptivity data for
intermediate composition melts have been sparse (e.g., Silver
et al. 1990; Jakobsson 1997; Yamashita et al. 1997) but the
database for andesitic glasses is growing as a result of this study
and those of King (1999) and Ohlhorst et al. (2001). Refinement of partition coefficient data for other dissolved volatiles
(e.g., S, Cl, CO2) that strongly partition into H2O-rich vapor,
studies of hydrous mineral stabilities within, and development
of viscosity models for andesitic magmas, requires accurate
measurements of dissolved water in andesitic glasses.
In this paper, we present new linear molar absorptivity data
for infrared absorption bands of water for two different andesitic compositions (Fe-bearing andesite and Fe-free andesite)
based on room-temperature transmittance IR measurements of
quenched experimental run products, and we confirm that there
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are significant compositional dependencies of extinction coefficients for water absorption bands in andesitic glasses.

EXPERIMENTAL AND ANALYTICAL TECHNIQUES
Iron-bearing andesitic glasses (Runs 9, 84, 100, and 101;
Table 1) were prepared by mixing two natural rock powders
(KRA-025 a basaltic andesite from Krakatau, and KRA-076
an evolved andesite from Krakatau, Mandeville et al. 1996) in
60:40 mass proportion to generate an average medium-K andesitic composition similar to the most-primitive glass inclusions
observed in Krakatau 1883 tephra. Mixed rock powder (200–
500 mg for runs 84, 100, and 101, and 1.06 grams for run 9)
was loaded into 0.6 cm outside diameter Au or Ag75Pd25 capsules with one end welded shut along with a weighed amount
of H2O, and then the upper end was crimped and welded shut.
Capsule lengths ranged from 1.5 to 3.0 cm. Capsules were
checked for weight loss following welding of the upper end.
Single capsules were loaded into Titanium Zirconium Molybdenum (TZM) vessels pressurized with Argon gas and 3–4 bars
of methane and lowered into a Deltech furnace. Temperature
was controlled by a Eurotherm temperature controller to within
±10 ∞C. Run durations were 24–48 hours. Pressure was monitored with a Heise gauge. Synthetic andesitic powders for Runs
10, 12, 58a, 68, and 106 (Table 1) were prepared from pure
oxide powders (SiO2, FeO, MgO, CaO, and TiO2) and carbonates. FeO was prepared by reducing Fe2O3 in a ceramic sample
boat loaded into a muffle furnace at 700 ∞C through which a
stream of CH4 was passed for a period of several hours. Na2O
and K2O were prepared by decarbonating Na2CO3 and K2CO3
at 700 ∞C for two hours in a 1 atm furnace. Al2O3 was prepared
by heating aluminum chloride hexahydrate (AlCl3·6H2O) over
an intense Bunsen burner flame in a fume hood to produce gAl2O3 as described in Spulber and Rutherford (1983). Fe-free

