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ABSTRACT

We describe an experimental apparatus used to perform deformation experiments relevant to the 
volcanological sciences. The apparatus supports low-load, high-temperature deformation experiments 
under dry and wet conditions on natural and synthetic samples. The experiments recover the transient 
rheology of complex (melt  ±  porosity  ±  solids) volcanic materials during uniaxial deformation. The 
key component to this apparatus is a steel cell designed for high-temperature deformation experiments 
under controlled water pressure. Experiments are run under constant displacement rates or constant 
loads; the range of accessible experimental conditions include: 25–1100 °C, load stresses 0 to 150 MPa, 
strain rates 10–6 to 10–2 1/s, and fluid pressures 0–150 MPa. The apparatus is calibrated against standard 
values of viscosity using constant-load experiments on cores of NIST (NBS) 717a borosilicate glass. 
We also report results of constant-displacement rate (~10–6 m/s) experiments on porous (~70%) sintered 
cores of ash from the Rattlesnake Tuff. The cores of volcanic ash were deformed in experiments under 
ambient (“dry”) and elevated water pressures (“wet”). Dry experiments at ~870 °C show an increase 
in effective viscosity (109.5 to 1010.4 Pa·s) with increasing strain (~30%) due to porosity reduction dur-
ing compaction. Experiments under ~1–3 MPa PH2O recover lower values of apparent viscosity (109.2 
to 109.4 Pa·s) despite being run at lower temperatures (640–665 °C). The wet experiments also do not 
show a rise in viscosity with increased strain (decreasing porosity) as observed in dry experiments. 
Rather, the presence of an H2O fluid phase expands the window of viscous deformation and delays 
the onset of strain hardening that normally accompanies porosity reduction. 
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INTRODUCTION

Experimental volcanology is an expanding field driven by 
new methods for exploring volcanic processes through high-
temperature experimentation (Dingwell 1998; Gardner et al. 
1999; Tinker et al. 2004; Quane et al. 2004; Grunder et al. 
2005). High-temperature experiments are used to retrieve data 
on the rheological behavior of natural melts (e.g., Dingwell et 
al. 1993; Dingwell 1998; Richet and Bottinga 1995; Giordano et 
al. 2004), the properties of pyroclastic materials (e.g., Friedman 
et al. 1963; Bierwirth 1982; Quane et al. 2004, 2005; Giordano 
et al. 2005), the conditions attending explosive collapse of lava 
and domes (e.g., Spieler et al. 2004), and the mechanisms of 
fragmentation processes in volcanic conduits (Tuffen et al. 2003; 
Kennedy et al. 2005).

The explosive or effusive behavior of volcanic systems 
is governed by magma rheology, which largely reflects the 
abundance and nature (e.g., dissolved vs. exsolved) of volatile 

components. However, the rheological properties of volcanic 
materials in the presence of a fluid phase as ubiquitous as water 
in volcanic systems remain poorly known (Bagdassarov and 
Dingwell 1992; Lejeune et al. 1999; Stein and Spera 1992). 
This gap in knowledge results from the technical difficulties in 
designing and running the appropriate experiments. Establishing 
the rheology of hydrous volcanic materials, therefore, remains 
one of the principal challenges in volcanology (Grunder and 
Russell 2005).

The purpose of this paper is twofold. First, we describe a new 
experimental cell for high-temperature deformation experiments 
of samples under controlled fluid pressures. The “fluid cell” can 
be used with the Volcanology-Deformation-Rig (VDR; Quane 
et al. 2004) for rheological studies of volcanic materials (e.g., 
pumice, ash, lava) over T-PH2O conditions pertinent to volcano-
logical processes. Second, we report on a series of experiments 
used to (1) calibrate the apparatus, and (2) explore the proper-
ties (e.g., viscosity) of natural pyroclastic materials at volcanic 
T-PH2O conditions. These data are critical for the understanding 
of a variety of volcanic processes such as: welding and compac-
tion of ignimbrites; fragmentation and annealing of magma in 


