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Abstract To investigate the role of grain boundary sliding during dislocation creep of dunite, a series of deformation experiments
were carried out under anhydrous conditions on fine-grained samples synthesized from powdered San Carlos olivine. Triaxial
compressive creep tests were conducted under a temperature of 1473 K and confining pressures of 200 and 400 MPa using a high-
resolution gas-medium deformation apparatus. Each sample was deformed at several levels of differential stress between 100 and 250
MPa to yield strain rates of 10 ™ to 10 ™® s ™'. With increasing differential stress, a transition from diffusion creep to dislocation creep
regime in which motion on the easy slip system is accommodated by grain boundary sliding ( GBS) occurs at ~50 MPa for samples with
a grain size of 15um. This grain size sensitive creep regime is characterized by a stress exponent of 3.2 + 0.1, and a grain size
exponent of 1.8 £0. 2. Comparison of our flow law for dislocation creep accommodated by grain boundary sliding with those for diffusion
creep and dislocation creep in which motion of dislocations on the hard slip system is accommodated by dislocation activity on the easy
slip system reveals that the present flow law is important for flow of rocks with grain sizes of <100wm at differential stresses >20 MPa.
Hence, GBS-accommodated dislocation creep is likely to be the dominant deformation mechanism in deep-rooted, highly localized shear
zones in the lithospheric upper mantle.
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Fig. 1
MORB ( PI-725), MORB is distributed in triple-junctions

and grain boundaries

Reflective optical micrograph of olivine + 2%

a-In starting sample, average grain size is about 13pm; b-In

deformed sample, average grain size is about 19.4un
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Fig.2 SEM micrograph for the deformed sample of olivine +

2 vol% MORB (PI1-725). Melt on the grain boundary and multi-

grain junctions are shown in the graph
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Fig.3 Plot of strain rate verse stress on log-log axes for an
olivine aggregate (PI-725) deformed at 1473 K and 400—
200—400—200 MPa. A systematic strengthening with time
of the data points is attributed 1o grain growth during the

deformation experiment
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Fig.4 Plot of strain rate verse stress on log-log axes for an
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200—400 —200 MPa after strain rate is corrected to and

grain size normalized to 15um
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Fig.5 A plot for the comparison of different flow laws of
olivine

The solid lines were based on the present flow law for GBS-
accommodated dislocation creep in olivine. The dashed line
corresponds to a diffusion flow law by Hirth and Kohlstedt (2002) ,
and the dotted broken line is based on a flow law determined by
Chopra and Paterson ( 1984 ) and modified by Hirth and Kohlstedt

(1996) for dislocation creep in coarse grained olivine
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