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Abstract. The rheologies and deformation mechanisms of
natural and hot-pressed synthetic amphibolite have been
investigated at 0.5-1.5 GPa confining pressure, 650-
950°C, and 104-107 s-1 strain rate in Griggs-Blacic solid
medium apparatus. The natural amphibolite failed and then
slid stably along sample-scale fault zones at every pressure,
temperature, and strain rate investigated. In contrast, the
synthetic samples deformed along sample-scale fault zones
only at fast strain rates and low temperatures, and were
ductile at slower strain rates and higher temperatures. This
ductility was apparently caused by defects introduced
throughout the synthetic samples during the hot pressing.
The fault zones in the natural rock exhibited a transition
from crystal-plastic to cataclastic deformation coincident
with the onset of melting. Fault zones developed at
subsolidus conditions contain plastically deformed crystals,
whereas fault zones developed at hypersolidus conditions
contain glass and cataclastically deformed crystals.

INTRODUCTION

Although rocks of basaltic composition are common in
oceanic crust and lower continental crust, their mechanical
properties are poorly understood because experimentalists
have devoted most of their efforts toward investigating
peridotite, marble, and quartzite. Basaltic rocks vary
systematically in their phase proportions and compositions
(solid, liquid, and vapor) with pressure and temperature, and
consequently, their mechanical behavior should change with
conditions of metamorphism. Enhanced deformability during
phase transformations may be significant in basaltic
metamorphic rocks [Brodie and Rutter, 1985], just as phase
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transformations in gypsum [Heard and Rubey, 1966; Murrell
and Ismail, 1976), serpentinite [Raleigh and Paterson, 1965;
Riecker and Rooney, 1966; Murrell and Ismail, 1976; Rutter
and Brodie, 1988), and chloritite [Murrell and Ismail, 1976]
have profound effects on the nature and extent of their
deformability.

This paper presents mechanical and microstructural data
collected during an experimental investigation of the
deformation and metamorphism of natural and synthetic
amphibole-plagioclase rocks; the metamorphic changes are
described in another paper. One objective of the study was
to investigate the brittle/ductile transition in a relatively
fine-grained (=300 pm) natural amphibolite, but the rock was
brittle over the whole range of accessible experimental
conditions. A finer grained synthetic amphibolite (75-100
um), formed by hot pressing powder of the same material,
was deformed over the same range of conditions and
exhibited a brittle/ductile transition. In this paper, “brittle”
and “ductile” refer to macroscopic deformation style—
whether the deformation is spatially concentrated or
homogeneous, and “cataclasis” and “plasticity” are grain-
scale deformation mechanisms referring to cracking and
sliding or the movement of dislocations, respectively.

SLIP AND TWINNING MECHANISMS IN AMPHIBOLE AND PLAGIOCLASE

Amphibole

Amphiboles have very restricted slip and twinning
systems. The observed mechanical twinning systems in
clinoamphibole are (a) K;=(101), n,=[101]; K5=(100),
n,=[001]; and (b) K;=(100), n;=[001]; and K,=(101),
n2=[—1_0_1-] [Kirby and Christie, 1977] referred to the
conventional C2/m setting. The composition planes are
(101) and (100), hence the twins are reciprocal. By analogy
with clinopyroxene, both types of twin should form by
movement of 3{001] partial dislocations in (100) octahedral
layers. The propagation of (100) twins should occur by the
glide of partial dislocations in a manner analogous to the
glide of unit dislocations to produce simple shear of a single
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