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INTRODUCTION

Experimental methods for studying deformation processes in 
rocks at elevated temperatures (T) and high confining pressures 
(P) are well-established (e.g., Handin et al. 1972; Tullis and Tul-
lis 1986). In particular, rock deformation presses have provided 
an effective means of studying mechanisms of flow in both 
crustal (e.g., Rutter 1993) and mantle (e.g., Karato et al. 1998) 
environments. Despite the importance of rheology to volcanic 
processes (e.g., Bagdassarov et al. 1994; Dingwell 1998), with 
few exceptions, these experimental techniques have not been 
exploited by the volcanological sciences. High-T deformation 
experiments can supply data pertinent to the formation and col-
lapse of lava flows and domes (e.g., Spieler 2003), the transport 
and fragmentation of magma in conduits (Tuffen et al. 2003), 
or the high-T rheology of pyroclastic material (e.g., Boyd 1961; 
Friedman et al. 1963; Yagi 1966; Bierwirth 1982; Quane et al. 
2002, 2003; Grunder et al. 2003).

The purpose of this paper is threefold. First, we introduce 
the volcanology deformation rig (VDR), which is designed for 
high-T, unconfined, low-load deformation experiments (Quane et 
al. 2002, 2003). The range of experimental conditions available 
to this apparatus make it ideal for replicating conditions associ-
ated with volcanic processes (e.g., T, load, strain rate). Second, 
we demonstrate its capacity for reproducible experiments that 
return real material properties. Lastly, we demonstrate the data 
that can be collected using a series of constant displacement 
rate experiments on cores of glass beads, volcanic ash, and 
pumice. Welding of pyroclastic deposits is an ideal process for 
experimental study because the conditions attending welding 
in natural systems, including timescales, stresses, strain rates, 
total strain, and temperature, are all attainable experimentally. 

Consequently, the experimental results can be applied directly 
to natural processes.

EXPERIMENTAL APPARATUS
The base unit of the VDR (Fig. 1) is a LoadTrac II loadframe manufactured 

by Geocomp Corporation. The unit performs both constant displacement rate and 
constant load tests. Displacement is achieved by controlling the position of the 
bottom platen using an electronic stepper motor with a displacement speed range 
from 5 × 10–6 to 2.5 × 10–2 cm/s and measured using a built-in linear variable dif-
ferential transformer (LVDT) displacement transducer with a 7.6 cm travel range 
and 0.00013 cm resolution. Load is measured using an S-type load cell attached 
to a fixed crossarm (Fig. 1). Samples can be loaded at rates from zero to 1.9 kg/s, 
and the maximum attainable load is 1136 kg with 0.086 kg resolution. The unit is 
factory calibrated for apparatus distortion during loading. An internal processor 
applies calibration factors for displacement (determined using a gauge block) and 
load (determined using a proving ring), thereby converting raw data into corrected 
output. Experimental output (e.g., measurements) can be collected every 0.01 s 
throughout the experiment. This stand-alone base unit has been modified to allow for 
running deformational experiments at magmatic temperatures on both consolidated 
and unconsolidated material. 

Sample assembly
The piston and sample assembly have been constructed to facilitate high-T 

experiments (e.g., >500 up to 1100 °C; Fig. 1) on large samples. The VDR accom-
modates cylindrical samples having maximum diameters and lengths of 4.95 and 10 
cm, respectively (Fig. 1). The upper piston is machined from Rescor 960 alumina 
(diameter = 4.95 cm; length = 17.75 cm) and is suspended from the load cell by a 
2.5 cm length stainless steel threaded spacer. The lower piston is identical but shorter 
(10.16 cm in length). The alumina is insulating and retains its high compressive 
strengths (415 MPa) at temperatures up to 1650 °C. A tapered hole was machined 
through the center of the lower piston to accommodate a type-K stainless steel 
sheathed thermocouple. The lower piston is seated on a 15.25 cm diameter, 10 cm 
high, stainless steel cylinder that has a notch for the thermocouple wire.

The experiments in this study were performed on non-jacketed cores of coher-
ent material (e.g., pumice blocks), however, the VDR can be used to experiment on 
unconsolidated materials, such as unsintered volcanic ash. Unconsolidated material 
is wrapped tightly in a jacket of 0.25 mm steel foil. Additionally, to ensure only 
volume strain during the experiment (e.g., no bulging) the sample can be inserted 
into a graphite-lubricated, type L copper tube.* E-mail: squane@eos.ubc.ca
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ABSTRACT

We describe a new experimental apparatus designed to perform high-temperature, low-load (<1136 
kg) deformation experiments relevant to volcanology. The apparatus accommodates samples that 
are up to 7.5 cm in diameter and 10 cm long, and can be used to run constant displacement rate and 
constant load experiments. The rig is ideal for volcanological studies because it uses experimental 
conditions that closely match those found in volcanic processes: temperature (25 to 1100 °C), stress (0 
to >50 MPa), strain rates (10–6 to 10–2s), and total strains of 0 to >100%. We present experimental data 
that show how total strain (εT) is distributed in pyroclastic material during welding. Our experiments 
use cores of analogue (glass beads) and natural (ash and pumice) materials. Coaxial deformation of 
the glass beads involves equal amounts of axial (εa; volume strain) and radial (εr; pure shear strain) 
strain until 40% strain where porosity is reduced to less than 10%. Radial strain dominates at this 
point. Natural materials show a different pattern because both the matrix and clasts are porous. High 
ratios of εa to εr are maintained until all porosity is lost (εT ≈ 80%). The implication is that welding 
in pumiceous pyroclastic deposits proceeds mainly by volume strain; in natural materials, pure shear 
strain is minimal except in special circumstances. 


