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Abstract
Devitrification of silicic volcanic rocks is a relatively common process, resulting in the production
of microcrystalline silica and feldspar components. Here we investigate how the products of pervasive
devitrification may be characterized using the combined techniques of X‑ray powder diffraction,
electron microprobe analysis, and X‑ray fluorescence analysis to provide a new calibrated approach
to calculating the crystallinity and mineral modes in both glassy vitrophyre and devitrified volcanics.
Using the integrated areas of the X‑ray diffraction peaks associated with both the crystalline and
amorphous components, the relative proportions of groundmass crystallites and amorphous material
from both glassy and devitrified material can be calculated. A detailed calibration indicates a linear
relationship among the ratio of the integrated counts and bulk crystallinity. Mineral proportions are
also calculated from X‑ray fluorescence measurements of whole-rock and groundmass separates and
are well correlated to crystallinities calculated from both X‑ray diffraction and electron microprobe
image analysis for vitrophyre samples. Devitrification products in a pervasively devitrified sample
are tridymite, quartz, sanidine, and a Ca-rich aluminosilicate component. Mineral analysis and X‑ray
mapping by electron microprobe analysis indicates that the Ca-rich aluminosilicate component appears
to be the dominant metastable or amorphous phase in the devitrified sample with proportions calculated
from X‑ray mapping (~32%) in reasonable agreement with the calculated proportion of amorphous
material determined by means of X‑ray diffraction (~38%). These results demonstrate the robustness
of this combined X‑ray diffraction and electron microprobe imagery technique for quantifying and
characterizing crystallization in complex samples.
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Introduction
Glasses are a ubiquitous product of both effusive and explosive volcanic eruptions from all tectonic settings and have been
produced from at least the Archean (Yamagishi and Dimroth
1985) to the recent (Swanson et al. 1989; Castro and Dingwell
2009). Volcanic glasses record the full spectrum of erupted compositions from basaltic (e.g., Pick and Tauxe 1993) to rhyolitic
(e.g., Ross and Smith 1955) and more alkaline compositions
(Pantellerite; Noble 1968). The products of explosive volcanic
eruptions may accumulate significantly rapidly such that the
pyroclasts remain hot (and thus ductile), as later-erupted material
is added to the top of the deposit. In response to this load, the
deposit develops a foliation (eutaxitic fabric) as the originally
rounded to sub-rounded pumice clasts are flattened, in a process
termed “load welding” (Wolff and Wright 1981; Freundt 1998).
In cases where the pyroclasts are exceptionally hot, and accumulation sufficiently rapid, welding occurs synchronously with
deposition (Branney et al. 2004; Andrews and Branney 2011)
and the individual particles manage to fully coalesce at some
distance from the vent and begin flowing like a silicic lava in a
process referred to as rheomorphism (Wolff and Wright 1981).
Intensely welded ignimbrites have a characteristic profile of
glassy (predominantly amorphous groundmass with occasional
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phenocrysts and microphenocrysts) margins at the bottom and
top of the ignimbrite where the hot pyroclasts chilled rapidly
against the ground and air, respectively, and a microcrystalline
groundmass (consisting of crystalline phases predominantly <10
μm), and lithoidal interior where cooling progressed more slowly.
The process by which the originally glassy material becomes
microcrystalline is referred to as devitrification.
Devitrification leads to the formation of secondary minerals
from a silicate glass and, given that this process most commonly
occurs in more evolved compositions, the secondary minerals
typically include quartz (or SiO2 polymorphs cristobalite and
tridymite) and potassic feldspar (e.g., Lofgren 1971). The interior of thick lavas and rheomorphic ignimbrites may remain at
temperatures above the glass transition (typically >550 °C for
a rhyolite) for as much as two years following deposition (Andrews and Branney 2011), promoting devitrification. In many
cases, devitrification may be incipient, occurring radially from
point sources to produce spherulites (e.g., Watkins et al. 2009).
Where this occurs, the expulsion of water from the crystallizing anhydrous phases has subsequent effects not only on the
distribution of water throughout the material (e.g., Castro et al.
2008) but also on the oxidation state of the surrounding glass
(Castro et al. 2009). Spherulites are commonly found at transitional zones between rapidly chilled vitrophyric material and
pervasively devitrified microcrystalline centers of large silicic
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