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                               DISCLAIMER

Base map data, such as place names and political
boundaries, are the best available but may not be 
current or may contain inaccuracies and therefore
should not be regarded as having official significance.

M7.8 Rat Islands, Alaska Earthquake of 17 November 2003
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RAT ISLANDS, ALASKA

17 November 2003  06:43:06 UTC
51.333° N., 178.641° E.
Depth 33 km 
Mw  = 7.8 (HRV)
                                                                                                               
The earthquake was felt at Shemya but there were no reports of damage.
A small tsunami was observed at Shemya (50 cm height) and Adak (12 cm);
a 10-cm wave was observed on Chichijima in the Japanese Ogasawara 
Islands.

                                  DISCUSSION

The Aleutian arc extends about 3,000 km from the Gulf 
of Alaska to Kamchatka. It marks the region where the 
Pacific plate subducts into the mantle beneath the North 
American plate. This subduction is responsible for the 
generation of the Aleutian Islands and the deep offshore 
Aleutian Trench. Relative to a fixed North American 
plate, the Pacific plate is moving north-west at a rate 
that increases from 6.6 cm per year in the arc's eastern 
region to 8.6 cm per year near its western edge. In the 
east, the convergence of the plates is nearly perpen-
dicular to the plate boundary. However, because of the 
boundary's curvature, as one travels westward along 
the arc, the subduction becomes more and more oblique 
to the boundary until the relative plate motion becomes 
almost parallel to the boundary at its western edge. 

Subduction zones such as the Aleutian Arc are geologically 
complex and produce numerous earthquakes from multiple 
sources. Deformation of the overriding North American 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 or 
60 km. At greater depths, Aleutian arc earthquakes occur 
within the subducting Pacific plate and can reach depths 
of 300 km. 

The depth and thrust mechanism of the 17 November event 
are consistent with those of an interplate earthquake. The 
Aleutian subduction zone produced four great interplate 
earthquakes in the last century: the 1965 magnitude 8.7 
Rat Island earthquake, the 1957 magnitude 9.1 Andreanof 
earthquake, the 1938 magnitude 8.2 earthquake that oc-
curred off the Alaska Peninsula, and the 1964 magnitude 
9.2 Gulf of Alaska earthquake that caused $311 million in 
property damage and took 125 lives. 

       RELATIVE PLATE MOTIONS

The relative motion of adjacent tectonic
plates is depicted on the map by short 
vectors located at selected locations
on the plate boundary. In this present-
ation, one plate is assumed to be rigid 
and fixed. The vector therefore repre-
sents the direction of the moving plate
relative to the fixed plate.  The rate of 
relative motion is labelled next to
the vector.

The components of the vector perpen-
dicular and parallel to the plate margin 
approximate convergent/divergent and 
transverse direction of motion between 
the plates, respectively. As viewed from 
the fixed plate, an inward directed com-
ponent suggests convergence at and 
near the plate boundary that may be ex-
pressed as crustal folding, uplift, thrust
faulting, or plate subduction. Similarly, 
an outward directed component sug-
gests plate divergence such as would 
be expected at a zone of crustal spread-
ing. Transcurrent or transform faulting
would be expected when the predom-
inant vector component is parallel to the
plate margin. 

170°

175°

    180°

    175°

    170°
    165°     160°     155°

    150°

    145°

    140°

    135°

    130°

170°

175°

    180°

    175°
    170°

    165°     160°     155°
    150°

    145°

    140°

    135°

    130°

    50°

    55°

    60°

    65°

    70°

    50°

    55°

    60°

    65°

    70°

Generalized Seismic Hazard

Fairbanks

Anchorage
Juneau

Nome

DETAILED MAP

C H U K CH I   S E A

BEAUFORT   SEA

B E R I N G   S E A

P A C I F I C   O C E A N

A  l  e  u  t  i  a  n      I  s  l  a  n  d  s

B r o o k s   R a n g e

A
 l 

a 
s k

 a   R
 a n g e

RUSSIA

USA

C
A
N

A
D

A

U
S
A

GULF OF

ALASKA

NORTH AMERICAN
PLATE

PACIFIC PLATE

St. Lawrence I.

St. Matthew I.

Nunivak I.

Queen
Charlotte
Islands

Alexander
Arch.

Norton Sound

Kotzebue
Sound

Bristol
Bay

Gulf of
Anadyr

Kodiak I.

Ala
sk

a 
Pe

n.

C h u k c h i   R a n g e

K o r y a k   R a.

N o r t h   S l o p e

Chukchi

Alaska

NW
Terr.

Yukon
Territory

BC

EXPLANATION
Main Shock

17 November 2003

Aftershocks

17 - 18 November 2003

Magnitude Classes

5.5 - 5.9

6.0 - 6.9

7.0 - 7.9

8.0 - 8.9

9.0 - 10.0

Depth (km)

0 - 69 

70 - 299

Amount of Slip

0 cm

30

60

90

120

150

180

210

Volcanoes

Populated Places

Nikolski

Roads

Paved

Unpaved

Airfields

Civil

Military

Other

0 200 400 600 800100

Kilometers

SCALE 1:18,000,000
Albers Equal - Area Projection

LARGEST EARTHQUAKES 1900 - 2003 M GE 7.0
            ALEUTIAN ISLANDS

  YR  MO DY   LAT     LONG    DEPTH  MAG

 1901 12 31  52.000 -177.000    0.0  7.1
 1902  1  1  55.000 -165.000    0.0  7.0
 1903  1 17  50.000 -170.000    0.0  7.0
 1905  2 14  53.000 -178.000    0.0  7.2
 1905  3 22  50.000  180.000    0.0  7.0
 1906  8 17  51.000  179.000    0.0  7.8
 1907  9  2  52.000  173.000    0.0  7.3
 1909  4 10  52.000  175.000    0.0  7.0
 1909  9  8  52.500 -169.000   90.0  7.0
 1910  9  9  51.500 -176.000   25.0  7.0
 1911  9 17  51.000  180.000    0.0  7.1
 1912 10 18  54.600  179.200   60.0  7.1
 1916  4 18  53.250 -170.000  170.0  7.4
 1926 10 13  51.771 -175.361   35.0  7.0
 1929  3  7  50.786 -169.524   25.0  7.8
 1929  7  5  51.424 -178.136   35.0  7.0
 1929  7  7  51.347 -177.910   35.0  7.2
 1929 12 17  53.783  171.512   35.0  7.7
 1935  2 22  53.273  175.017   35.0  7.1
 1937  9  3  52.447 -177.398   35.0  7.2
 1940  4 16  52.818  173.345   35.0  7.1
 1940  7 14  52.117  178.159   35.0  7.4
 1940  8 22  53.000 -165.500   60.0  7.0
 1944  7 27  54.000 -165.500   70.0  7.1
 1946  4  1  52.750 -163.500    0.0  7.3
 1946 11  1  51.500 -174.500   40.0  7.0
 1948  5 14  54.500 -161.000    0.0  7.3
 1953  1  5  53.582  171.202   17.3  7.2
 1957  3  9  52.501 -169.430   48.6  7.2
 1957  3  9  51.556 -175.392   30.0  9.1
 1957  3 11  52.535 -168.904   30.0  7.1
 1957  3 12  51.678 -176.627   35.0  7.1
 1957  3 14  51.298 -176.644   35.0  7.2
 1957  3 16  51.519 -178.765   35.0  7.1
 1957  3 22  53.678 -165.681   45.2  7.1
 1965  2  4  51.209  178.499   30.1  8.7
 1965  2  4  51.397  179.560    8.2  7.8
 1965  3 30  50.314  177.935   20.0  7.7
 1966  7  4  51.824  179.875   13.4  7.3
 1969  5 14  51.278 -179.856   14.0  7.0
 1971  5  2  51.433 -177.248   21.0  7.1
 1975  2  2  53.036  173.595   13.1  7.1
 1980  3 24  52.946 -167.708   36.2  7.0
 1981  1 30  51.835  176.183   35.3  7.0
 1986  5  7  51.557 -174.813   28.2  8.0
 1991  5 30  54.550 -161.741   28.0  7.0
 1996  6 10  51.613 -177.615   28.0  7.9
 1996  6 10  51.415 -176.887   27.5  7.3
 2003  3 17  51.400  177.939   33.0  7.0
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as peak ground acceleration
(PGA) on rock or firm soil,
in meters/sec², expected 
in a 50-yr period with a 
probability of 10 percent.

    100 km     50 km     0 km     50 km     100 km     150 km

    100 km     50 km     0 km     50 km     100 km     150 km

    200 km

    150 km

    100 km

    50 km

    0 km

    200 km

    150 km

    100 km

    50 km

    0 km

A A'
Depth Profile A- A'

1906

1965
19402003

EXPLANATION
Amount of Slip

0 cm

30

60

90

120

150

180

210

0 20 40 60 8010

Kilometers

                  FINITE FAULT MODEL
       (C. Ji, California Institute of Technology)

Distribution of the amplitude and direction of slip 
for subfault elements (small rectangles) of the fault 
rupture model are determined from the inversion of 
teleseismic body waveforms. Arrows indicate the 
amplitude and direction of slip (of the hanging wall
with respect to the foot wall); the slip amount is also 
color-coded as shown. The view is from above, per-
pendicular to the fault plane.

The fact that the orientation of the finite fault plane 
may differ from the corresponding best double couple 
nodal plane depicted in the focal mechanism diagram 
on the main map reflects differing methods of analysis
and data sets.

The strike of the fault rupture plane is N84°W and the 
dip is 13°.  The dimensions of the subfault elements
are 10 km in the strike direction and 12 km in the dip
direction.
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