
Significance of tridymite distribution during cooling and vapor-phase alteration of 
ignimbrites

Yuli Heled1, Michael C. Rowe1,*, Isabelle Chambefort2, and Colin J.N. Wilson3

1School of Environment, University of Auckland, Auckland 1142, New Zealand
2GNS Science, Wairakei Research Centre, Taupo 3384, New Zealand

3School of Geography, Environment and Earth Sciences, Victoria University of Wellington, Wellington 6140, New Zealand

Abstract
Thick sequences of silicic ignimbrites contain complex emplacement and cooling histories, often 

masking contacts between ignimbrite flow packages. Mineralogical and textural variations in these 
sequences are primarily a function of emplacement temperature and cooling time. Here, we focus on the 
use of the silica polymorph tridymite to understand the association of vapor-phase crystallization and 
devitrification within ignimbrite flow packages. As opposed to the common occurrence of cristobalite, the 
restricted domains in which we observe tridymite may provide more relevant constraints for interpreting 
post-emplacement devitrification and vapor-phase alteration. This study examines sections through the 
Whakamaru (New Zealand), Bishop (U.S.A.), and Grey’s Landing (U.S.A.) ignimbrites by combining 
textural observations with measurements of density, groundmass crystallinity, and the distribution and 
proportion of tridymite to cristobalite. The rheomorphic Grey’s Landing ignimbrite represents a high-
temperature end-member scenario, with widely distributed tridymite (up to 20%) resulting from a high-
magmatic temperature and rapid devitrification in a low-porosity deposit. In the welded Whakamaru 
and Bishop ignimbrites, metastable tridymite (up to 13%) is concentrated along boundaries between 
flow packages. Here tridymite is interpreted to crystallize in transient permeable zones, forming during 
vapor-phase alteration prior to compaction, where upper denser-welded flow materials serve as vapor 
seals. Our results suggest that tridymite may link the initial cooling and welding history of ignimbrites 
to vapor-phase alteration and devitrification, and may serve as a potential mineralogical fingerprint of 
depositional contacts, important for consideration of lateral transport of fluids in geothermal reservoirs.
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Introduction
Ignimbrites, the deposits of concentrated pyroclastic flows, 

show a great range in lithological characteristics linked to their 
emplacement and cooling histories. These characteristics relate 
to both the mechanical processes involved in flow emplacement 
and the consequent thermal characteristics of the resulting de-
posits (e.g., Smith 1960a, 1960b; Ross and Smith 1961; Streck 
and Grunder 1995; Grunder and Russell 2005; Quane and Rus-
sell 2005; Branney et al. 2008; Wright and Cashman 2014). In 
particular, ignimbrite welding textures correlate to emplacement 
temperatures (reflected in the rock density; Wilson and Hildreth 
2003), varying from non-welded (low temperature; McClelland 
et al. 2004) to densely welded with rheomorphic flow (high tem-
perature; Branney et al. 2008).

In parallel with the variations in thermal histories seen in 
density/welding intensity, there is frequently a transformation 
of the amorphous glass phase by devitrification and vapor-phase 
alteration (Smith 1960; Streck and Grunder 1995; Keating 2005; 
Wright et al. 2011). Here we adopt simple definitions of devit-
rification and vapor-phase alteration following prior work on 
the Whakamaru ignimbrite by Briggs (1976a). Devitrification, 

the crystallization of the amorphous glass phase, occurs below 
the glass transition temperature (Lofgren 1971). Vapor-phase 
alteration in contrast is associated with crystals forming in voids 
or open spaces (Briggs 1976a). The timing and extent of vapor-
phase alteration depends on temperature changes, and the source 
and availability of volatiles (Sheridan 1970; Keith 1991). Field 
investigations have documented the relative timing and relation-
ship between devitrification and vapor-phase alteration, whereby 
in many cases volatiles released from glass during devitrification 
promote vapor-phase alteration in the mid- to upper levels of the 
ignimbrite (Sheridan 1970; Streck and Grunder 1995).

This study focuses primarily on the relationship between 
post-depositional crystallization and emplacement history of the 
Whakamaru (New Zealand) and Bishop (U.S.A.) ignimbrites. 
The Grey’s Landing ignimbrite (Andrews and Branney 2011), 
a high-temperature Snake-River Plain (SRP)-type ignimbrite, 
provides a textural and mineralogical end-member (Ellis et al. 
2015), where crystallization patterns reflect devitrification in a 
low-porosity deposit with little pore space available for vapor-
phase crystallization.

The mineralogical changes accompanying devitrification 
and vapor-phase alteration provide insights into post-eruptive 
processes such as cooling, crystallization, and degassing. These 
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