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DEPTH PROFILE EXPLANATION

Profiles of earthquake and volcano
locations are constructed from the
mapped data. Locations of the profile
intersection with the surface are drawn in
the map and labeled to coincide with the
profile label. Box defines extent of
earthquakes included in the profile.
Length of the profile graphic is the same
as in the map. Distance in kilometers
from the trench axis is indicated in the X
direction, depth in kilometers is indicated
in the Y direction. There is no vertical
exaggeration. See Explanation at side for
color key. Not all earth layers,
earthquake depths or magnitude, are
visible on every profile.
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TECTONIC SUMMARY

This map shows details of the Kuril-Kamchatka arc not visible in an earlier publication (Tarr and others, 2010). The arc
extends about 2,100 km from Hokkaido, Japan, along the Kuril Islands and the Pacific coast of the Kamchatka, Russia,
peninsula to its intersection with the Aleutian arc near the Commander Islands, Russia. It marks the region where the
Pacific plate subducts into the mantle beneath the Okhotsk microplate, a part of the larger North America plate. This
subduction is responsible for the generation of the Kuril Islands chain and the deep offshore Kuril-Kamchatka trench.
Relative to a fixed North America plate, the Pacific plate is moving northwest at a rate that decreases from 83 mm per
year at the arc's southern end to 75 mm per year near its northern edge.

Subduction zones such as the Kuril-Kamchatka arc are geologically complex and produce numerous earthquakes from
multiple sources. Deformation of the overriding North America plate generates shallow crustal earthquakes, whereas
slip at the interface of the plates generates interplate earthquakes that extend from near the base of the trench to depths
of 40 to 60 km. At greater depths, Kuril-Kamchatka arc earthquakes occur within the subducting Pacific plate and can
reach depths of nearly 700 km. Since 1900, eight great earthquakes have occurred; their location, size, and references
are in the table below.

Several relevant tectonic elements, plate boundaries and active volcanoes, provide a context for the seismicity presented
on the main map panel. The plate boundaries (Bird, 2003) are defined most accurately along the axis of the Kuril-
Kamchatka trench and are more diffuse or speculative in the western Sea of Okhotsk and Sakhalin Island, Russia. The
active volcanic arc (Siebert and Simkin, 2002) follows the Kuril Islands chain and the eastern edge of the Kamchatka
Peninsula, parallel to the Kuril-Kamchatka trench .

DATA SOURCES
The earthquakes portrayed on the main map and the depth profiles are taken from two sources: (a) the Centennial
earthquake catalog (Engdahl and Villaseñor, 2002) and annual supplements for the interval 1900–2007, where the
magnitude floor is 5.5 globally, and (b) a catalog of earthquakes having high-quality depth determinations for the period
1964–2002 and a magnitude range of 5.0≤M≤5.4 (Engdahl, personal comm. 2003)

The nucleation points of great earthquakes (M≥8.3) are designated with a label showing the year of occurrence.  Their
rupture areas are shown as pale yellow polygons.  Major earthquakes (7.5≤M≤8.2) are labeled with the year of
occurrence. Slab contours are from Hayes and Wald (2010).

The Seismic Hazard and Relative Plate Motion panel displays the generalized seismic hazard of the region (Giardini and
others, 1999) and representative relative plate motion vectors using the NUVEL-1A model (DeMets, and others, 1994.)

Pre-instrumental seismicity for the Kuril-Kamchatka arc was obtained from the NOAA National Geophysical Data
Center (2010) database of significant earthquakes; locations are approximate, based on macro-seismic reports and field
investigations. We selected for earthquakes with associated reports of moderate to major damage, 10 or more deaths, an
estimated magnitude of 7.5 or greater, Modified Mercalli Intensity at least X, or tsunami generation.

Base map data sources include GEBCO 2008,  Volcanoes of the World dataset (Siebert and Simkin, 2002), plate
boundaries (Bird, 2003), Digital Chart of the World, and ESRI (2002).

REFERENCES
Beck, S.L., and Ruff, L.J., 1987, Rupture process of the great 1963 Kuril Islands earthquake sequence—Asperity interaction
.

and multiple event rupture: Journal of Geophysical Research, v. 92, no. B13, p. 14123–14138.
Bird, Peter, 2003, An updated digital model of plate boundaries: Geochemistry Geophysics Geosystems, v. 4, no. 3, 52 p.
DeMets, C., Gordon, R.G., Argus, D.F., and Stein, S., 1994, Effects of recent revisions to the geomagnetic time scale on estimates
.

of current plate motions: Geophysical Research Letters, v. 21, p. 2191–2194.
Engdahl, E.R., and Villaseñor, Antonio, 2002, Global seismicity 1900–1999, in Lee, W.H.K., Jennings, P., Kisslinger, C., and
.

Kanamori, H., eds,  International Handbook of Earthquake and Engineering Seismology, v. 81(A), chap. 41, p. 1–26.
ESRI, 2002, ESRI Data and Maps: ESRI, Redlands, CA.
GEBCO, 2008, The GEBCO_08_Grid, ver. 20091120, accessed January 8, 2010 at http://www.gebco.net/.
Giardini, D., Grünthal, G., Shedlock, K., Zhang, P., and Global Seismic Hazards Program, 1999, Global Seismic Hazards Map,
.

accessed January 9, 2007 at http://www.seismo.ethz.ch/GSHAP.
Hayes, Gavin, and Wald, David, 2010, Slab models for subduction  zones:  U.S. Geological Survey Earthquake Hazards Program,
.

accessed February 23, 2010 at http://earthquake.usgs.gov/research/data/slab/.
Johnson, J.M., and Satake, Kenji, 1999, Asperity distribution of the 1952 great Kamchatka earthquake and its relation to future
.

earthquake potential in Kamchatka: Pure and Applied Geophysics, v. 154, no. 34, p. 541–553.
Kawakatsu, Hitoshi, and Seno, Tetsuzo, 1983, Triple seismic zone and the regional variation of seismicity along the northern
.

Honshu arc: Journal of Geophysical Research, v. 88, no. B5, p. 4215–4230.
Kikuchi, Matsayuki, and Kanamori, Hiroo, 1995, The Shikotan earthquake of October 4, 1994—Lithospheric earthquake:
.

Geophysical Research Letters, v. 22, no. 9, p. 1025–1028.
Miyazaki, Shin’ichi, Segall, Paul, Fukuda, Jun’ichi, and Kato, Teruyuki, 2004, Space time distribution of afterslip following
.

the 2003 Tokachi-oki earthquake— Implications for variations in fault zone frictional properties: Geophysical Research
.

Letters, v. 31, no. L06623, p. 1–4.
NOAA National Geophysical Data Center, 2010: U.S. Dept of Commerce, accessed March 31, 2010 at
.

http://www.ngdc.noaa.gov/hazards.
Siebert, L., and Simkin, T., 2002, Volcanoes of the world—An illustrated catalog of Holocene volcanoes and their eruptions:
.

Smithsonian Institution, Global Volcanism Program Digital Information series, GVP-3,  accessed January 9, 2007 at
.

http://www.volcano.si.edu/world/.
Tarr, A.C., Villaseñor, Antonio, Furlong, K.P., Rhea, Susan, and Benz, H.M., 2010, Seismicity of the Earth 1900–2007:  U.S.
.

Geological Survey Scientific Investigations Map 3064, scale 1:25,000,000.

X'X

A A'

C C'

B B'

Magnitude of nucleation points of great earthquakes

Year/Mo/Dy  Place                  Mag   Mag Source

1923/02/03  Kamchatka, Russia      8.4   Johnson and Satake (1999)
1933/03/02  Sanriku-oki, Japan     8.6   Kawakatsu and Seno (1983)
1952/11/04  Kamchatka, Russia      9     Johnson and Satake (1999)
1958/11/06  Kuril Islands, Russia  8.4   Tarr and others (2010)
1963/10/13  Kuril Islands, Russia  8.5   Beck and Ruff (1987)
1994/10/04  Kuril Islands, Russia  8.3   Kikuchi and Kanamori (1995)
2003/09/25  Hokkaido, Japan        8.3   Miyazaki and others (2004)
2006/11/15  Kuril Islands, Russia  8.3   Tarr and others (2010)
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