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Shear-wave splitting in a critical crust: III -
anisotropy in crustal relaxation after stress release
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The range of observed stress-aligned shear-wave splitting suggests that fluid-
saturated grain-boundary cracks and low aspect-ratio pores in most rocks in the
crust are so closely spaced that they verge on fracture-criticality and failure.
This implies that the cracked crust is a critical system with self-organised
criticality, whose response to changes can be modelled, calculated, and in
optimum cases predicted, with anisotropic poro-elasticity (APE)[1,2]. We
present observations of the response of shear-wave splitting to crustal relaxation
following the release of low level tectonic stress.

In situ rocks are remote and difficult to assess. Two previous results are
relevant and consistent with APE: the successful stress-forecast of the time and
magnitude of a M5 earthquake in SW Iceland from observations of the stress
build-up monitored by shear-wave splitting above small earthquakes[3]; and
the exact prediction (with hindsight) of the response of a fractured carbonate
reservoir to two CO2-injection pressures (one an overpressure)[2]. Here, we
report a third result. Observations of the response of shear-wave splitting
propagating horizontally at ~500M-depth between boreholes 315m apart to
crustal relaxation following release of tectonic stress at ~70km distance.

Thirteen days of near continuous recording at the EC-funded SMSITES
Stress-Monitoring Site[4] in northern Iceland, where sweeps of the Downhole
Orbital Vibrator (DOV) were repeated every 20s and stacked every 100 sweeps,
gave resolution in travel times better than 20µs. This was in a direction parallel
to the Húsavík-Flatey Fault (HFF) in the Tjörnes Frac-ture Zone of the North-

Atlantic Ridge.
LHS shows SH-
and SV-travel
times (SH faster)
showing well-
observed “S”-
shaped relax-
ation curves
(2ms, ~1%,

amplitudes; ~72hour time constants) following small-scale seismicity at ~70km
from SMSITES (total energy release equivalent to one ~M4 event). RHS shows
correlations between (red) shear-wave splitting time-delays (from LHS);
(black) histogram of (≤M2.8) seismicity within 100km of SMSITES; and (blue)
1m (~1bar) drop in water level in a well immediately over the HHF, ~20km
from SMSITES.

This is a further demonstration that rocks in the crust are compliant critical
systems, where detailed behaviour varies from place to place and from time to
time and is calculable by APE. This suggests that conventional reservoir
characterisation is not appropriate for detailed resolution: the response as
production proceeds can be calculated, and monitored, and in optimum cases (as
in [2]) predicted by analysing shear-waves in single-well imaging situations.
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