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Abstract
To aid current work on the genesis of pantelleritic magmas, and the desire to use IR spectroscopy 

to measure water contents in natural (e.g., melt inclusions) and experimental glasses of pantelleritic 
composition, we have determined molar absorptivities for near-infrared (NIR) absorption bands related 
to molecular water (5200 cm–1) and OH groups (4500 cm–1) in synthetic hydrous pantelleritic glasses, 
with compositions similar to natural pantellerites from the Eburru complex of the Kenya Rift Valley. 
The experiments were conducted at P = 30 to 150 MPa and T = 850–900 °C using a synthetic pantel-
leritic starting composition with (wt%) SiO2 = 76.60, Al2O3 = 8.48, FeO* = 5.48, K2O = 3.68, Na2O = 
4.72, and with molar ratio (Na+K)/Al = 1.38. The experiments were H2O undersaturated (~1.1 to 6.5 
wt% H2O), and the run products were analyzed by Karl-Fischer Titration (KFT) for total dissolved H2O 
abundance. Different combinations of baseline types (GG or TT) and intensity measurements (peak 
height and peak area) were applied to measure both hydroxyl group (OH) and molecular water (H2O) 
in the experimental samples. For instance, evaluating the peak heights and using the TT baseline e4500 
results to be equal to 0.98(4) (L mol-1cm–1) and e5200 to 1.92(2) (L mol-1 cm–1); these values differ by 
~20 to 50% from published values for metaluminous rhyolitic compositions.
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Introduction
Pantellerites are strongly peralkaline rhyolites characterized 

by alkali/alumina molar ratios [(Na2O+K2O)/Al2O3] higher 
than the unity. Pantellerites are usually richer in Na and Fe and 
poorer in Al (see the trend in Macdonald 1974) than the often 
associated, less strongly peralkaline comendites (e.g., Scaillet 
and Macdonald 2003). Both occur mainly in extensional tectonic 
settings, from oceanic islands (Ascension Island) to continental 
rift zones, as for example the Sicily channel rift zone (Pantelleria 
Island), the Kenyan and Ethiopian Rift Valleys, and Mayor Island 
(NZ-Taupo Volcanic Zone). 

The excess of alkalies over alumina and the higher halogen 
contents affect the rheological properties of peralkaline magmas, 
resulting in viscosities that are lower than those of metalumi-
nous silicic magmas. Pantelleritic volcanism can produce large 
magma volumes and be associated with various eruptive styles, 
from lava effusion to Plinian activity (Lowenstern and Mahood 
1991). Although peralkaline rhyolites were once thought to be 
relatively H2O poor (Bailey and Macdonald 1987), more recent 
studies indicate magma water contents as high as 5–6 wt% H2O 
(e.g., Kovalenko et al. 1988; Webster et al. 1993; Wilding et al. 
1993; Barclay et al. 1996), suggesting that melt water contents 
are relevant to understanding the pantellerite origins, the depth 
of magma storage and ascent and eruption dynamics.

In fact, overall volatile content, and most importantly water 
abundance, in rhyolitic magma can influence magma physical 

properties and crystallization behavior (e.g., Hammer 2004; 
Gualda et al. 2012) and in turn rheological properties and mecha-
nisms, styles, and tempo of eruptions (Roggensack et al. 1997; 
Huppert and Woods 2002; Sparks 2003; Cashman 2004; Aiuppa 
et al. 2007; Edmonds et al. 2008; Stock et al. 2018; Stabile and 
Carroll 2020). A large number of studies have been devoted to 
investigating water abundance in different silicate melt com-
positions, but only a few experimental studies document water 
abundances in strongly peralkaline rhyolites and Fe-rich, pantel-
leritic compositions (e.g., Scaillet and McDonald 2001; Schmidt 
and Behrens 2008; Di Carlo et al. 2010; Stabile et al. 2018).

To infer quantitative information on volatiles, microanalytical 
techniques are commonly used on MI trapped in phenocrysts. In 
particular, near-infrared (NIR) spectroscopy is widely applied 
to quantify water content in silicate melts and glasses by using 
the combination bands at 4500 and 5200 cm–1, respectively as-
signed to OH groups and molecular H2O. The absorption peak 
heights of these bands obey the Lambert-Beer law (e.g., Stolper 
1982; Silver et al. 1990), but knowledge of absorption coef-
ficients and density-water content relation is necessary. Both 
are dependent on the anhydrous glass compositions (Silver et 
al. 1990; Behrens et al. 1996) but, while the density of the glass 
can be easily estimated by using experimental determination 
or empirical calculations, absorption coefficients are known 
mainly for selected melt compositions (from basalt to rhyolite; 
see Ohlhorst et al. 2001) and cannot be extrapolated outside of 
their experimental calibration. Thus, the determination of water 
content in glass compositions for which the absorption coef-
ficients have not been specifically calibrated may involve large 
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