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One of the possible mechanisms responsible for deep-focus earthquakes occurring at depths below 350
km is faulting induced or triggered by phase transformation from metastable olivine to its
high-pressure phases (wadsleyite and ringwoodite, both are related to the general spinel structure)
in the mantle transition zone. We have studied transformational faulting from olivine to spinel in
Mg2GeO4, a close analog of the silicate olivine (Mg,Fe)2SiO4, using a high-pressure deformation
apparatus in conjunction with in-situ acoustic emission (AE) monitoring [1]. Synchrotron X-ray
microtomography (XMT) [2] was used to image the samples recovered from high-pressure deformation
experiments, with spatial resolution of ~0.005 mm. In this study, we establish spatial correlations
between AE events observed during in-situ deformation experiments and faults imaged by XMT
post-mortem. The nature of high-pressure experiments limits the sample size to the order of 2 mm in
linear dimensions, and the acoustic system we used has a maximum sampling rate of 50 MHz (i.e., 20
ns between adjacent sampling points), which limits spatial resolution of AE locations to about 0.3
mm. This makes it difficult to locate AE events accurately. A well-developed double-difference
cross-correlation (CC) algorithm (hypoDD –[3]) developed for seismological studies has been
successfully adapted in the analysis of AE locations, improving AE allocation spatial resolution by
a factor of ~10. This algorithm also helps separate events with various waveforms, which are
related to different fault planes and faulting directions. The CC algorithm classifies AE events
into various groups. Events within each group share common characteristics and may be considered
occurring within the same faulting mechanism. These groups of events display excellent correlations
with faults imaged by XMT, with two major groups of AE events correlating well with two conjugated
faults in XMT images. Furthermore, time sequence of AE events can be examined to investigate
details of formation of macroscopic faults from the micro AE events. These results help understand
the dynamic process of transformational faulting. 
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