DEEP STRUCTURE OF KAMCHATKA NORTHERN VOLCANIC GROUP:

SEISMICITY, 3D VELOCITY STRUCTURE, AND MAGMA SOURCES

L. Gontovaya1, I. Nizkous2, E. Kissling3, S. Senyukov4, I. Sanina2, A. Khrenov5
1 Institute of Volcanology and Seismology Far East Division RAS, Russia

2 Institute of Geospheres Dynamics RAS, Russia

3 Institute of Geophysics, Zurich, Switzerland

4 Kamchatka EMSD GS RAS, Russia

5 IGEM RAS, Russia
       The northern volcanic group (NVG) of Kamchatka is the largest volcanic center of active continental margin zones of the Earth. Certainly, such unusual activity must be linked to (deep) lithosphere and subduction processes. Here we present new results of a tomography study of the velocity structure from the surface to 200 km depth using P and S waves arrival times from 2386 local volcano-tectonic (VT) earthquakes that occurred during period of 1986-2001 and were registered at 11 seismic stations within NVG. In a first step a P and S wave minimum 1D models with station delays were calculated applying VELEST program to selected well-locatable 643 events. These models serve for high-precision hypocenter location and as initial reference model for subsequent three-dimensional (3D) tomography. The local 3D tomographic model is embedded in a regional velocity model reported in another presentation at this conference (Nizkous et al. 2004).  

      Beneath Central Kamchatka depression, the newly derived 3D regional velocity model shows the main deep structural blocks and based on characteristics of velocity anomalies, allows the correlation of surface and shallow crustal structure with deep lithosphere structure of the Pacific and continental plates collision zone. Beneath the trough, north from Kronotskyi peninsula, lithosphere and asthenosphere lateral velocity heterogeneities are noticed, namely a significant uplift of upper asthenosphere boundary to depths of about 70km to 80km and at the same time pronounced step of the Moho at depth of about 35 km were found (according to deep seismic sounding data). The center of mantle low velocity anomaly is located near the latitude of Tolbachinskyi cones. Its lower boundary corresponds to 130km to 140km depth with a P-wave velocity reduction of 4% to 5%. Presumably this anomaly corresponds to a mantle magma source, though no asthenospheric wedge was found at depth. 

While the most pronounced and extensive low P-velocity anomaly (from –10% to –12%) is observed south of the Klyuchevskoi volcanoes group (KVG) – beneath Tolbachinskyi cones, Klyuchevskoi volcano is located at the periphery of a crustal anomaly that exhibits a strong lateral velocity gradient, with velocity variation in upper crust up to 20%, while in the mantle below still 8% to 10% are observed. The low velocity anomaly in the lower crust beneath Tolbachinskyi cones directly connects with an anomaly of the same sign but lesser intensity beneath KVG, and likely they may be referred to as an intermediate crustal magma chamber. Beneath Tolbachinskyi cones, however, this anomaly has no evident connection with deeper magma source. Deep structure directly beneath Klyuchevskoi volcano has been studied in more details using P- and S-waves arrival time data from VT earthquakes. Observed crustal structure and local velocity heterogeneities allow to construct a scheme of liquid magma displacement to the surface (to the central cone and the side breaks) and to establish connection with an intermediate source.

Obtained tomographic results together with other geological-geophysical field analysis, in particular with the gravity field, electroconductivity structure, material composition data, and assessment of possible thermodynamic conditions of its formation, lead to a more complete assessment and understanding of deep geodynamic processes in Kuril-Kamchatkan and Aleutial arcs junction area.

