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DISCUSSION

The Benioff zone beneath southwestern Alaska and the Aleutian Islands is a zone of convergence of
the North American and Pacific plates and is characterized by earthquakes and volcanic activity. The
western Aleutian Islands, a region of oblique convergence, are not included in this study. Espinosa and
Rukstales (1986) developed a method to determine the geometry of the subducted part of the Pacific
plate by calculating a set of best-fit, second-order equations for numerous cross sections containing
earthquake hypocenters. The updated seismicity data base (Espinosa, 1984) contains teleseismic,
instrumentally determined hypocenters for earthquakes having magnitudes (my, or M) equal to or
greater than 4.5, reported by ten or more stations, from the years 1964 through 1986. Each hypocentral
cross section has the following characteristics: (1) represents an earth slice 40 km wide, 650 km long
along the surface of the earth, and extending to a depth of 300 km below the surface of the earth; (2) has
its reference point near the oceanic trench; (3) is parallel to the direction of relative plate motion; and
(4) is contiguous with another cross section. The hypocenters within each cross section are projected
onto a plane defined by the length and depth of the cross section. A second order equation is fit to the
hypocenters contained within each cross section. The set of equations is used to generate, using a finite-
difference technique, a large space-matrix that represents the mean surface of the subducted
lithospheric plate. The application of this methodology directly affects other areas of research such as
(1) seismic-hazards mitigation, (2) seismic zonation in a subduction region, (3) determination of the
geometry and attitude of convergent plates, (4) seismic-wave velocity-depth distribution in a subduction
zone, (5) seismic-potential and vulnerability studies, (6) seismic-wave-attenuation studies, and (7) three-
dimensional modeling of plate-subduction processes in earthquake-active regions.

Figure 1 is a map of southwestern Alaska, the Aleutian Islands, and neighboring areas. Shown
within the rectangle that outlines the study area are contours, at 25 km intervals, of depth to the mean
surface of the subducting Pacific plate, which has an average thickness of 50 km as determined in this
study. The gray arrows show the direction of relative motion of the Pacific plate with respect to the North
American plate (NAP) (Minster and Jordan, 1978). The depth of seismic activity varies along the lateral
extent of the subducting plate; maximum depth of seismic activity is about 225 km. The contours
beneath Alaska terminate where deep seismic activity is absent; the westward-trending contours
beneath the Aleutian Islands are limited to the spatial extent of our model of the Benioff zone.
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Figures 2-5 are connected by blue vertical lines indicating the region under study as viewed from
about latitude 75° N. at an inclination angle of 20°. Figure 2 shows the location of the same rectangular
study area shown in figure 1, but from a different perspective. The perspective of figure 2 is used in
figures 3-5 in order to depict a three-dimensional representation of the mean surface of the Pacific plate
in the Benioff zone.

Figure 3 shows the locations of volcanoes that have been active in Holocene time (Simkin and others,
1981); the three most recently active ones are identified with their names and the dates of their last
eruptions. The location of the volcanic chain in this region correlates with the isodepth line of about 100
km.

Figures 4 and 5 show the contortions the Pacific plate is undergoing as it collides with the North
American plate. They also show a bend of the subducting plate beneath eastern Alaska that penetrates to
a depth of about 75 km. The volcanoes located to the east of this bend, which have been active in
Holocene time, must be a byproduct of the interaction between the Pacific plate, which is dipping
northeastward, and the North American plate. Figure 5 shows the contours of depth to the mean surface
of the Pacific plate in the Benioff zone, as is shown on figure 1, but in three dimensions and at a 10 km
contour interval.

Four different modes of subduction are clearly illustrated in figures 1, 4, and 5. Between long. 142°
and 146° W., the mode of subduction is shown by a relatively very gentle dip of 20° in a northeastward
direction. At about long. 146° to 152° W., the mode of subduction is defined by a gentle dip angle in a
northwestward direction. From about long. 152° to 156° W., the mode of subduction is defined by a
steeper and more westward dip, and from about long. 156° to 179° W. the dip of the plate becomes very
steep (about 50°). The small undulations that appear in the Benioff zone at about long. 169°to 179° W.
are due to the quality of the data and should not be interpreted as small corrugations of the plate.

There are several quiescent seismic gaps at different depth intervals where earthquakes with
magnitudes equal to or greater than 4.5 did not occur from 1964 through 1986, and these are located
(1) between long. 155° and 157° W. at depths of 33-50 km, (2) between long. 158° and 160° W. at
depths of 51-65 km, (3) several at depths of 66-80 km and at depths of 81-100 km, and (4) between
long. 158° and 160° W. for earthquakes with hypocenters at depths greater than 100 km. The
earthquake potential due to the rupture of one of these seismic gaps in Alaska and neighboring regions is
a threat to urban areas in this part of the world.
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