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IDENTIFICATION OF LOW-MAGNITUDE SEISMIC DISTURBANCES USING
REGIONAL OBSERVATIONS IN THE KARA/BARENTS SEA REGION

David Bowers, AWE Blacknest
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ABSTRACT

Earthquakes have been identified successfully by demonstrating that the P-seismograms, observed at long
range (>3000 km), are consistent with the radiation pattern expected from a double-couple moment tensor.
However, for small seismic disturbances, the only signals available will be those recorded at local and
regional distances (<3000 km). Seismograms recorded at regional distances are generally difficult to
interpret as the propagation path through the heterogeneous crust and upper mantle results in complex
signals. Thus, the radiation pattern can rarely, if ever, be inferred from regional observations. We have
calculated mean P and S amplitude spectra by stacking the spectra at each element of the array at SPITS
(Spitsbergen, Norway, distance 1270 km) using signals from the 16 August 1997 seismic disturbance in the
Kara Sea (OT 02:10:59.7 UTC, 3.2mb, PDE). The spectra show clear signal-above-noise in the frequency
range 2 to above 15 Hz. Assuming an ω -2 source spectrum, the spectra show a slower fall-off with
frequency than that predicted by “shield” regional attenuation models for Pn, such as those determined by
Sereno et al. (1988) for Scandinavia [who assume frequency-independent geometrical spreading, with
QPn(f) = 325 f 0.48], and by Chun et al. (1989) for the Canadian Shield [who assume both attenuation and
geometrical spreading are frequency dependent, with Pn amplitude decaying as ∆ -n, where n = 2.17 +
0.022 f ]. Thus, attenuation across the Barents Sea is much lower than for these models. We obtain a
reasonable fit to the observed spectra, using frequency-independent Q values of Q = 9000, and Q =
4000. We have also examined the spectra of P and S recorded at KEV (Kevo, Finland) from the 16 August
disturbance and find that attenuation is also low for this path. Pn and Sn on the vertical, radial, and
transverse components at SPITS, KEV and AMD (Amderma) show weak cross-component scattering.
Thus, P and S propagate efficiently in the Kara/Barents Sea region, suggesting that the radiation pattern
may be inferred for the 16 August 1997 disturbance. We apply a grid-search method to identify moment
tensors that are consistent with the observed three-component seismograms at SPITS, KEV and AMD, and
with the P-seismograms observed at the array stations HFS (Hagfors, Sweden) and NORES (Norway). We
conclude that the observed relative S-amplitudes (SV/SH) and P first-motions (positive at HFS and
NORES) are consistent with a double-couple moment tensor.
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