THE PLATE SUBDUCTION UNDER KAMCHATKA: «SEISMIC» SPEED, SLOW EVENTS, DEFORMATION VELOCITY
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Some results concerning subduction process of the Pacific plate under Kamchatka and related phenomena are presented.


Estimates of seismic component of the velocity V of the subducting plate by CMT mechanisms and series of great earthquake in Kamchatka are obtained. 


The interface boundary between subducting plate and Kamchatka (the continental plate) at depths 30-70 km is supposed to be a rectangle with strike 37°+180° and dip angle DIP. The rectangle location and DIP value are determined from analysis of CMT of earthquakes (1976-2003 yy) with Mw>5.5. The rectangle location is determined by CMT hypocenters cloud (DIP=25°). It turns out that the planes of CMT dipping under Kamchatka have the same dip angle 25°.


For the velocity V value we have estimates: in south zone (south of c. Shipunsky): V=0.9 cm/y; in central zone (from c. Shipunsky to c. Kronotsky): V=1.4 cm/y.


We have information about great Kamchatka earthquakes since 1737 year. In south zone there are 3 earthquakes with Mw>8.5 (moment magnitude estimates by (Gusev, Shumilina, 2004)). In central zone there are 2 earthquakes.


We suppose that after an earthquake like the Kamchatka earthquake 1952 (Mw=9.0) the seismic slip deficit is realized completely. So that we estimate the velocity V by pairs of great earthquakes.


We suppose that the source of a great earthquake occupies the whole interface zone with area S. If M0 is the scalar seismic moment of an earthquake then the slip value equals to D=M0/(μS) (μ is the shear module). Seismic component of the velocity of the subducting plate is determined by the formula: V=D/T, where T is the interval between to successive earthquake. As a result we obtain: in south zone V=6.6-7.1 cm/y (by two pairs); in central zone V=6.6 cm/y. As the oceanic plate moves with the velocity 8 cm/y, aseismic movement of the subducting plate has about 10% of the total velocity. Because of some uncertainties that attend the estimations, the final quantity of the aseismic velocity is 5-15%.

Slow preseismic movements in Kamchatka were found by GPS observations before Kronotsky earthquake (5 Dec. 1997, Mw=7.8) (Gordeev et. al.). In this study we divide preseismic period of five days before the main shock into two intervals (Fig. 1). For each interval an extended source is determine which interpreted as a slow event. We use a model souce in the form of a rectangular shear dislocation. As displacement jumps for these intervals have opposite signs, the corresponding mechanisms are opposite (Fig.1). The sources are located in the vicinity of the main shock region. They show opposite in sign movements indicating the complicated nature of the preseismic movements. Since all GPS stations are situated in the far field of the sources region other solutions are possible. So the interpretation is not unique.


To estimate the deformation velocity of Kamchatka caused by the moving oceanic plate we consider GPS observations over the period 1997-2003 yy. The component of displacement along the plate movement direction was considered. The average velocities of displacements (with respect to PETP) and variations of the velocities about averages are determined (Fig.2). Velocities are determined by linear regression in a moving window of a certain duration.
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Figure 1. Sources of slow events D1 and D2. In
the inset the SN component of GPS
displacement at station KLU (with respect to
PETP) is shown. The time intervals are marked
within which the slow events occurred (DO
corresponds to the main shock). (The
accompanying curves show the accuracy of the
observational points). The values of the slow
event source parameters are:

D1: azimuth Az=290°, dip=75°, length L=140
km, width W=50 km, depth of the center h=60
km, Mw=8.1;

D2: Az=50°, dip=35°, L=120 km, W=50 km,
h=60 km, Mw=7.8.

The arrows at the stations represent observed
and calculated horizontal displacements for D1
(with respect to PETP). The asterisk denotes
the center of the main shock rectangle. The
values of the main shock parameters are:
Az=220°, dip=25°, L=180 km, W=50 km,
h=25 km, Mw=7.8 (Levina et. al., 2003).

Figure 2. Variations of velocities of approach of GPS
stations BKI and KLU. Velocities were determined along
the axis directed across Kamchatka (azimuth 37°+90°).
This direction of displacement is predominant. Velocities
were determined within the moving window with
duration of one year. The average value of the approach
velocity is 52.3 mm/y.
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