Reports

Rupture Zones of Great Earthquakes in the
Alaska-Aleutian Arc, 1784 to 1980

Abstract. Historical documents indicate that great earthquakes ruptured at least a
500-kilometer-long segment of the plate boundary near the Alaska Peninsula in 1788
and 1847. At least half of a major seismic gap in the Shumagin Islands ruptured
during those shocks but has not experienced a great earthquake for at least 77 years.
Large shocks along this and other plate boundaries occur in bursts followed by sev-
eral decades during which there is very little energy release.

The Alaska-Aleutian arc is one of the
world’s most active earthquake belts (/).
Even for great earthquakes (magnitude
M > 7.7), the historic record for the arc
was thought to be very short and in-
.complete and very little information was
available on repeat times of large shocks
(I, 2). A better knowledge of repeat
times is needed if one is to estimate seis-
mic hazards more accurately, under-
stand the subduction process, and make
progress toward earthquake prediction.
We translated a number of documents
from Russian that contain material on
earthquakes along the arc prior to the ad-
vent of an instrumental record in 1897.
These descriptions together with more
recent instrumental data now make it
possible for us to map (Fig. 1) the rup-
ture zones of great earthquakes for near-
ly the past 200 years in a segment of the
arc near the Alaska Peninsula. These and
more recent data indicate an average re-
peat time for great shocks of about 50 to
75 years. Earthquake prediction, seismic
hazards, and the historic documents are
discussed in more detail in 3, 4).

Sykes (/) mapped the rupture zones of
large earthquakes from 1925 to 1971
along the plate boundary in southern
Alaska and the Aleutians by relocating
aftershocks (Fig. 1a) of those events.
The inferred rupture zones of all known
shocks of M = 7.4 from 1784 to 1980 are
indicated in Fig. 1b. Rupture zones of
events of M < 7.4 do not exceed about
30 km, a dimension small as compared
with those of great events. Shocks of
M = 7.4 account for most of the slip that
occurs seismically between large litho-
spheric plates. Since 1938, nine large
earthquakes ruptured much of the length
of the plate boundary of Fig. 1.

Catalogs in the English language of
earthquakes in Alaska and the Aleutians
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for the period of Russian settlement from
1784 to 1867 contain primarily third- and
fourthhand accounts. The important pa-
per by Doroshin (5) and other early
sources (6-9) contain invaluable qualita-
tive descriptions from which we infer ap-
proximate rupture dimensions. Reports
of the great earthquake of 1788 and its
tsunami are available from Unga in the
Shumagin Islands, Sanak Island, Kodiak
Island, and the Alaska Peninsula. Most
of the descriptions of earthquakes during
the period of Russian control come from
either that 1000-km-long segment of the
arc, the westernmost Aleutians, or the
region near Sitka in southeastern Alaska.
The absence of shocks in other areas is
attributed to the lack of a historic record
prior to 1897.

We take two or more of the following
as indicative of an earthquake that rup-
tured a considerable (> 100 km) portion
of the arc: shaking of intensity IX (10) or
more at two or more separated localities
(11), shaking lasting a minute or more,
permanent changes in sea level, an asso-
ciated sea wave (tsunami), ground break-
age, landslides, or aftershocks lasting for
weeks to months. Localities experi-
encing such effects are taken to have
been near the rupture zone.

Descriptions of these types for 22 July
1788 (12) led us to associate them with a
great shock that ruptured at least a 600-
km segment of the plate boundary. Mer-

kul’ev (6) described strong shaking on

Kodiak Island, an intense flood (tsu-
nami) consisting of a series of waves, af-
tershocks every day for a month or long-
er, and a permanent change in sea level.
Davydov (7) also mentioned landslides
on Kodiak Island and observed that the
sea first withdrew from shore and then
carried a vessel onto the top of a cabin.
Veniaminov (8) described strong shak-
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ing, landslides, and a ‘‘horrible flood’’ on
Unga on the same date. He referred to
another flood on Unga 16 days later in
which the water rose to 50 sazhens,
about 91 m. It is not clear, however, if 91
m is the vertical height of the water or
the distance the waves ran up the beach.
“The tradition of Aleuts . .. reports
that during the flood which took place on
Sanak around the year 1790 the water
preceded as strong and infrequent large
waves’’ (8). Neither the date of the flood
on Sanak Island nor the occurrence of an
earthquake on 7 August is mentioned in
any of the older Russian documents we
examined. Dall (I3), a secondary source,
reports tsunami damage to Sanak Island
on the date (I12) of the second flood on
Unga. Although the evidence that an
earthquake on 22 July ruptured the zone
from Kodiak Island to Unga is quite
strong, we are forced to rely on Dall’s
account to infer that a second large
shock appears to have ruptured the west-
ern half of the Shumagin Gap 16 days lat-
er.

Doroshin (5) described ground crack-
ing, landslides, shaking continuing for
about 4 hours, and aftershocks lasting
about 5 weeks on Ukamok (Chirikof Is-
land, C in Fig. 1a) in association with a
large earthquake in 1847. He stated that
it was impossible to remain standing on
Unga during the earthquake and that
shocks were felt several times on the
Alaska Peninsula. He also described an-
other large shock on Chirikof Island in
1848. We infer that at least a 500-km seg-
ment of the plate boundary ruptured in
1847 and 1848. This sequence is particu-
larly significant since that segment broke
60 years earlier. This is probably the best
documented repeat time obtained thus
far for the arc. Although the effects de-
scribed by Doroshin are similar to those
reported for the 1788 event, he does not
mention a tsunami accompanying the
event of 1847. From similar reports (5, 7)
we infer that large earthquakes also oc-
curred somewhere near Kodiak Island in
1792, 1844, and 1854; the dimensions of
the rupture zones, however, cannot be
ascertained. Other historic shocks are
mentioned in (14).

A large earthquake occurred off the
Alaska Peninsula on 28 September 1880,
‘as indicated by the following effects ob-
served on Chirikof Island (I5): after-
shocks continuing for 19 days, numerous
deep fissures, strong shaking lasting
about 20 minutes, extensive damage to a
log house, several sea waves that travel-
ed about S5 m onshore, and permanent
changes in sea level. Moore (/6) con-
cluded that a vertical displacement of 2
m occurred at that time along a north-
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east-striking fault that crosses the island.

Sykes (I) pointed out three segments
of the plate boundary in Fig. 1 that had
not been the sites of large shocks for
many decades and called them seismic
gaps. The historical data are particularly
relevant in estimating the potential for
areas near the Alaska Peninsula to be the
sites of future great earthquakes. Recent
work (3) on the aftershocks, the source
region of the tsunami, and the rupture
area inferred from the seismic moment
indicate that the 1938 event did not rup-
ture into what is called the Shumagin Gap
in Fig. 1. Likewise, the generating area
of the large sea wave from the 1946
earthquake appears to have been largely
confined to its small aftershock area. The
rupture zone of the 1948 shock is smali
and is located farther from the trench
than most shallow events of the thrust
type. The computed depths (44 and 48
km) of the two largest aftershocks sug-
gest that it may not have ruptured the

plate boundary at shallow depths.
Hence, a major seismic gap exists be-
tween the rupture zones of the shocks of
1946 and 1938.

The record of great (M > 7.7) shocks
appears to be complete or nearly com-
plete since 1898. The quiescence for
great shocks along the entire arc from
1907 to 1938 is remarkable. A sequence
of 14 shocks (M = 7.4) ruptured large
parts of the plate boundary from 1898 to
1907. This sequence of large shocks and
that from 1938 to 1965 encompassed time
intervals that are short as compared to
the repeat time of great shocks at a given
place. Much of the North Anatolian fault
ruptured in a series of large earthquakes
from 1939 to 1943 (10); the entire plate
boundary off northern Japan and the
southern Kuril Islands broke between
1952 and 1973 (17). Thus, a strong tem-
poral clustering of large events appears
to be a common feature of several plate
boundaries.

It is difficult to estimate the extent of
rupture during the events of 1897
through 1907 in the Aleutians. The ap-
parent absence of large tsunamis (I8, 19)
may be attributed to the distribution of
rupture among several large shocks
rather than in a few very great events.
An event of M = 8.1 on 9 October 1900
appears to have been centered near Ko-
diak Island (20, 21). A shock of M = 8.3
on 2 June 1903 (10) may have ruptured
the Shumagin Gap or the 1938 zone or
may have been of deeper focus. A shock
on 14 July 1899 of M = 7.7 was felt on
Unalaska and Unga (21). Whether the
Shumagin Gap or the rupture zones of
the 1938 and 1957 earthquakes broke be-
tween 1899 and 1903 cannot be resolved
at present.

The great shocks of 1788 and 1847 ap-
pear to have ruptured the entire portion
of the arc that broke in 1938. Since it is
not clear if that segment also ruptured
between 1899 and 1903, an average re-
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Fig. 1. (a) Rupture zones of earthquakes of magnitude M = 7.4 from 1925 to 1971 as delineated by their aftershocks along the plate boundary in
the Aleutians, southern Alaska, and offshore British Columbia [after (/)]. Contours are in fathoms. Various symbols denote individual aftershock
sequences; C = Chirikof Island. (b) Space-time diagram showing the lengths of the rupture zones, magnitudes (/0, 24-27), and locations of main
shocks for known events of M = 7.4 from 1784 to 1980. Dashes denote uncertainties in the size of the rupture zones. Magnitudes pertain to
surface wave scale, M, unless otherwise indicated; M,, is the ultralong-period magnitude (25); M, is the tsunami magnitude (/8). Large shocks in
1929 and 1965 are omitted that are not on the plate interface and that involve normal faulting in the trench (28). The St. Elias shock (M = 7.2) of

1979 filled only part of the gap between rupture zones of the great earthquakes of 1958 and 1964.
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peat time of 50 to 75 years is obtained if
one divides 150 years (1788 to 1938) by
either two or three earthquake cycles. A
repeat time of 91 years (1847 to 1938) is
obtained if that zone did not rupture in
1880 or between 1897 and 1903. The east-
ern half of the Shumagin Gap also broke
in 1788 and 1847. The gap has not been
the site of a great shock since at least
1903. Although the interval that has
elapsed since 1903 is somewhat greater
than 50 to 75 years, repeat times of his-
toric events along the Nankai trough of
southwestern Japan vary by about a fac-
tor of 2 (22). The repeat time, however,
appears to be proportional to the size of
the rupture zone and the displacement in
the preceding large earthquake (23).
Since the shocks of 1938 and 1899 to
1903 near the Alaska Peninsula appear to
have shorter rupture lengths than those
of 1788 and 1847, the experience from Ja-
pan suggests that the interval between
the last major event and a future large
shock will be at the shorter end of the
spectrum of repeat times for both the
Shumagin Gap and the 1938 zone. Thus,
it seems likely that one or more large
earthquakes will rupture the Shumagin
Gap sometime in the next 10 to 20 years.
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A Temperature and Precipitation Record of the
Past 16,000 Years in Southern Chile

Abstract. Regression equations relating pollen taxa from surface samples to tem-
perature and precipitation are applied to a radiocarbon-dated pollen sequence in a
lake core from Alerce. The resulting curves are a measure of the fluctuations of these
climatic variables and show similarities to other late Quaternary records from the

Southern Hemisphere.

The climate of the Southern Hemi-
sphere is primarily controlled by Antarc-
tica and its vast ice sheet (I, 2). Nearby
continents in the belt of the southern
westerlies are cooled by outbreaks of po-
lar air and by the Humboldt and Bengue-
la currents, which transport polar water
equatorward along the west coasts of
South America and Africa. Our under-
standing of the timing and nature of cli-
matic changes in the Southern Hemi-
sphere during the Quaternary comes
largely from the marine record (3) and
from glacial (4-6) and palynological (7-9)
studies in the temperate latitudes of Aus-
tralia, New Zealand, and South Ameri-
ca; oxygen isotope measurements in the
Byrd Station ice core have provided
most of the information on climatic
events in Antarctica (/0). Apparent in
these data is the need to quantify in de-
tail the variations in temperature and
précipitation. We attempted this by ap-
plying multivariate statistics to a 16,000-
year pollen sequence in southern Chile.

We first derived a pair of regression
equations relating taxa of the modern
pollen rain to mean January (summer)
temperature and annual precipitation, as
estimated from meteorological records at
stations distributed over some 14° of lati-
tude (Fig. 1) (I11). At 26 composite sites
20 taxa were tied to temperature and at
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24 sites to precipitation (12). The equa-
tions were then applied to the fossil pol-
len in a lake core at Alerce (41°25'S,
72°54’W), just south of the Chilean lake
district at the northern extreme of the
Valdivian rain forest (/3). Sediments in
the lake were deposited after the wastage
of ice of the Llanquihue Glaciation (9).

To remove the effect of sample size,
pollen data are expressed in terms of the
relative frequency of the 20 taxa. Mul-
tiple forward stepwise regression shows
that 11 taxa explain 91 percent of the var-
iance ‘in the temperature data, with a
standard error of estimate of 0.99°C (15
percent of the range of the surface tem-
peratures). Likewise, 11 taxa explain 94
percent of the variance in mean annual
precipitation, with a standard error of es-
timate of 509 mm (14 percent of the range
of the surface values).

We further transformed the surface
data set before performing the regression
in order to give each variable a mean of
zero and a standard deviation of unity.
The same result can be obtained from
analogous equations in which unscaled
percentage data are used as the predictor
variable; however, when data for lower
parts of the core are expressed in terms
of deviation from surface means, it is
easier to identify significant departures
from the surface data set. Although tem-

1345



	Cover Page
	Article Contents
	p. 1343
	p. 1344
	p. 1345

	Issue Table of Contents
	Science, Vol. 210, No. 4476, Dec. 19, 1980, pp. 1291-1392+i-xii+1393-1394
	Volume Information [pp. i-x]
	Front Matter [pp. 1291-1312]
	Letters
	Bad News: Is it True? [pp. 1296-1308]

	World Energy in Transition [p. 1311]
	Total Eclipses of the Sun [pp. 1313-1319]
	Toward a Unified Theory: Threads in a Tapestry [pp. 1319-1323]
	The Geopolitics of Oil [pp. 1324-1327]
	News and Comment
	Science Finds a Place in the Transition [pp. 1328-1329]
	Senator Schmitt, New Science Power [pp. 1329-1331]
	Simon Ramo's Prescriptions for Innovation [pp. 1331-1332]

	Briefing
	For NIH, Business as Usual [pp. 1332-1333]
	Primate Center Attempts Bailout through Congress [p. 1333]
	New Watchdog Group Ponders Scientific Freedom [p. 1333]

	Research News
	Gene Transfer Moves Ahead [pp. 1334-1336]
	Physics Journals Adopt New Policy [p. 1337]

	AAAS Annual Meeting: Toronto 3-8 January 1981 [p. 1338]
	Book Reviews
	Reconstructing a Migration [pp. 1339-1340]
	Hazard Mitigation in China [pp. 1340-1341]
	Glaciology [pp. 1341-1342]
	Biological Membranes [p. 1342]

	Reports
	Rupture Zones of Great Earthquakes in the Alaska-Aleutian Arc, 1784 to 1980 [pp. 1343-1345]
	A Temperature and Precipitation Record of the past 16,000 Years in Southern Chile [pp. 1345-1347]
	``Atmospheric'' Epoxidation of Benzo[a]pyrene by Ozone: Formation of the Metabolite Benzo[a]pyrene-4,5-oxide [pp. 1347-1349]
	Possible Fluid Dynamical Interpretation of Some Reported Features in the Jovian Atmosphere [pp. 1350-1351]
	Lightning on Jupiter: Rate, Energetics, and Effects [pp. 1351-1352]
	Fluoride Distribution and Biological Availability in the Fallout from Mount St. Helens, 18 to 21 May 1980 [pp. 1352-1354]
	Deforestation and Increased Flooding of the Upper Amazon [pp. 1354-1356]
	Chemical Species in Fly Ash from Coal-Burning Power Plants [pp. 1356-1358]
	Resonance Raman Effect of Carbonyl Group as a Probe of Its π -Electron State [pp. 1358-1360]
	Comparison of the Nucleic Acid Sequence of Anglerfish and Mammalian Insulin mRNA's from Cloned cDNA's [pp. 1360-1363]
	Modulation of Epidermal Growth Factor Receptors on 3T3 Cells by Platelet-Derived Growth Factor [pp. 1363-1365]
	Ratoon Stunting Disease of Sugarcane: Isolation of the Causal Bacterium [pp. 1365-1367]
	Functional Development of Grafted Vasopressin Neurons [pp. 1367-1369]
	Mental Symptoms in Huntington's Disease and a Possible Primary Aminergic Neuron Lesion [pp. 1369-1371]
	Pineal Melatonin Rhythm: Reduction in Aging Syrian Hamsters [pp. 1372-1373]
	Neural Organization Predicts Stimulus Specificity for a Retained Associative Behavioral Change [pp. 1373-1375]
	Membrane Depolarization Accumulates during Acquisition of an Associative Behavioral Change [pp. 1375-1376]
	Arginine Vasopressin in Extracts of Bovine Pituitary [p. 1377]

	Back Matter [pp. 1342-1394]





