
power consumption of the toroidal field 
coils, is not really relevant, since a prac- 
tical fusion reactor would almost cer- 
tainly use superconducting coils. Thus, 
when viewed in context, our definition of 
Qp appears reasonable for judging the 
proximity to reactor conditions, taking 
into account the fact that an economical 
pure fusion reactor would need to oper- 
ate at Qp > 10, to compensate for the 

30 percent efficiency in -converting 
neutron energy to electricity. 

Conclusion 

Using neutral beam injectors devel- 
opin'g a total power of as much as 2.4 
MW, we reached central ion temper- 
atures as high as 6.5 keV and central 
electron temperatures > 4:0 keV, both 
the highest yet achieved in a tokamak de- 
vice. During DO injection into a D+ 
plasma, the equivalent D-T energy gain 
factor Qp reached 0.02, the maximum 
reached in a controlled fusion experi- 
ment. At the highest temperatures and 
lowest densities, the ion collisionality 
parameter, vi*, reached a minimum of 
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- 0.02 and was below 0.1 over much of 
the plasma, for the first time well into the 
collisionless regime relevant to reactors, 
yet the ion thermal conductivity ap- 
peared consistent with neoclassical theo- 
ry within our uncertainties of a factor of 
3 to 5. Indeed, the temperatures reached 
would not have been possible with the 
available injection power had the direst 
predictions of anomalous transport theo- 
ries obtained. Agreeably, and somewhat 
surprisingly, the electron thermal con- 
ductivity appeared to be suppressed in 
the central plasma during high-power in- 
jection. Under some conditions, impu- 
rity radiation seriously degraded the 
electron energy confinement, but the se- 
verity of the impurity problem was sub- 
stantially reduced by the use of graphite 
limiters. Unbalanced injection engen- 
dered rotation of the plasma core, and 
new density fluctuations were observed 
at the lower collisionalities (correspond- 
ing to higher values of Pb/ne), but neither 
phenomenon appeared to deleteriously 
affect stability or energy containment. 
Without exception, these findings are en- 
couraging regarding the practicality of 
fusion as a power source. 
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One of the world's major earthquake 
belts (Fig. 1) follows the boundary be- 
tween the Pacific and North American 
plates from offshore British Columbia to 
southern Alaska and thence to the Aleu- 
tian island arc. Most of the movement 
between the two plates occurs during 
great earthquakes-events of surface 
wave magnitude, Ms, greater than 7.8. 
The repeat time of great shocks along 
some of the major plate boundaries of 
the world varies from about 40 to 500 
years. Since much of the plate boundary 
in Fig. 1 ruptured in large shocks during 
the last 40 years, most of it appears to 
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have a low potential for large shocks dur- 
ing the next few decades. 

Nevertheless, Tobin and Sykes (1), Kel- 
leher (2), and Sykes (3) identified four 
segments of this plate boundary that had 
not been the locations of large earth- 
quakes for many decades. They con- 
cluded that these segments, which they 
called seismic gaps, were some of the 
most likely sites of future large shocks. 
One of the gaps they delimited ruptured 
in 1972 during the large southeast Alaska 
earthquake of magnitude 7.6 (Fig. 1). 

The locations and magnitudes of at 
least 12 large earthquakes along some of 
the simple plate boundaries of the world 
have been successfully forecast (4-6) 
since Fedotov (7) introduced the concept 
of the seismic gap' in 1965. The gap con- 
cept by itself, however, does not permit 
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an estimate of the time of occurrence of a 
future large shock that is precise enough 
to be called a prediction, which we take 
to involve precise estimation of time of 
occurrence, place, and size. Only a small 
part of the gap in southern Alaska, 
shown in Fig. 1 near 60?N, 143?W, rup- 
tured during the recent Saint Elias earth- 
quake of Ms 7.7 on 28 February 1479 (8). 
The remaining area, here called the 
Yakataga seismic gap, its seismic his- 
tory, and its potential for a future shock 
are the main focus of this article. 

Repeat Times of Large Earthquakes 

In southeast Alaska and along offshore 
British Columbia, motion between the 
Pacific and North American plates is ac- 
commodated by right-lateral strike-slip 
motion (1) such that the Pacific plate 
moves in a N15?W direction (heavy ar- 
rows in Fig. 1) with respect to North 
America (1, 9, 10). Farther west, the Pa- 
cific plate is thrust (subducted) beneath 
the North American plate along the 
Aleutian trench. The Yakataga gap is lo- 
cated in a transition zone between these 
two regimes of plate interaction. 

In southern Alaska the computed rate 
of plate movement is about 6 centimeters 
per year (9, 10). Thus, about 5 meters of 
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potential slip may have accumulated in 
the gap since the last great earthquake 
occurred in the area in 1899 if seismic 
slip is not a significant fraction of the to- 
tal plate movement and if the main plate 
boundary, in fact, passes through the 
gap. As discussed later, we conclude 
that a zone about 250 kilometers long 
and extending about 100 kilometers 
downward and parallel to the dip rup- 
tured during two great earthquakes in 
1899. Using an estimated seismic mo- 
ment of 2 x 1028 dyne-cm (II) for each 

by at least 10 percent, the seismic mo- 
ments may be uncertain by a factor of 
1.5, and deformation is undoubtedly spa- 
tially complex near the junction of the 
subduction and strike-slip regimes. 

The repeat time of great shocks in the 
Yakataga area may well be much less 
than that for the areas involved in the 
great Chilean and Alaskan earthquakes 
of 1960 and 1964, in which the average 
slip was much greater-about 20 m (12). 
The 1960 and 1964 earthquakes are also 
characterized by rupture zones that are 

Summary. A 250-kilometer-long seismic gap in southern Alaska, which is situated 
along the boundary between the North American and Pacific plates, ruptured in two 
great earthquakes in 1899. Within the gap, earthquakes of moderate size form a ring 
of activity around a region of very low seismicity. The number of shocks of magnitude 
6 or larger in this ring appears to have increased significantly since the 1958 earth- 
quake, which occurred on the adjacent part of the plate boundary. This space-time 
pattern is similar to long-term patterns that preceded several large earthquakes in 
Japan. A shock of magnitude 7.7 on 28 February 1979 ruptured only a small part of 
the seismic gap. The remaining part, which already may have stored sufficient strain 
to generate a great shock, warrants intensive study to evaluate its potential for such 
an event. 

of the two events, we calculate an aver- 
age slip of about 5 m. Thus, the comput- 
ed average slip in the events of 1899 is 

comparable to the potential slip that ap- 
pears to have been built up during the 
last 80 years by plate motion. Although 
only preliminary estimates are available 
for the seismic moment of the earth- 

quake of 28 February 1979, values of 1 x 
1027 to 7 x 1027 dyne-cm, a rupture area 
of 50 by 60 km (8), and a rigidity of 3.4 x 
1011 dyne/cm2 yield an average slip of 
about 1 to 7 m. Repeat times calculated 
from simple plate tectonic considera- 
tions should not be taken too literally, 
since the rate of plate motion is uncertain 
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very long (700 to 1000 km) and wide (120 
to 290 km downdip), by very large seis- 
mic moments, and by magnitudes on 
Kanamori's scale (Mw) of 9.2 to 9.5 (13). 
Very great shocks of this type appear to 
occur only on long, linear sections of 
subduction zones. Another requirement 
appears to be a shallow dip and hence a 
long zone of plate interaction from the 
surface to a depth of about 40 km (14). 
Earthquakes located near major changes 
in the style and geometry of plate move- 
ments, as in the Yakataga region, how- 
ever, appear to be typified by rupture 
zones that are not more than about 75 to 
150 km long, by magnitudes less than 8.1 
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N442a3 

to 8.5, and by an average slip of a few 
meters. Since earthquakes like the 1899 
sequence are associated with slip of only 
a few meters, repeat times of 50 to 100 
years are calculated from the rate of 
plate movement. The repeat time for the 
rupture zone of the 1964 Alaskan earth- 
quake, as calculated from the seismic 
moment (13) and rate of plate movement, 
is about 220 years. Similarly, earth- 
quakes along the southwest coast of 
Mexico, where the rate of underthrusting 
appears to change markedly along the 
arc, are characterized by magnitudes 
less than 8.1, lengths less than 100 km, 
average slip of a few meters, and repeat 
times of about 30 to 100 years. 

Hence, the repeat time of a large 
shock at a given place along a plate 
boundary is a function not only of the av- 
erage rate of plate movement but also of 
the amount of slip in large earthquakes. 
The average slip in large shocks and their 
maximum size appear to be strongly cor- 
related with the downdip length of plate 
contact and with tectonic heterogeneity 
on a scale of tens to hundreds of kilome- 
ters. The latter does not seem to be un- 
reasonable, since marked changes in the 
strike, rate, or style of deformation along 
a plate boundary can lead to stress con- 
centrations that would trigger shocks 
sooner than on a more linear and homo- 
geneous plate boundary. 

Small and moderate-size shocks i 
southern Alaska from 1964 to 1979 are 
shown in Fig. 2. The region between 141? 
and 145?W has been nearly quiescent for 
small shocks since at least 1964. This 
doughnut-like distribution of shocks sur- 
rounding a region of near quiescence is 
similar to patterns observed before sev- 
eral large earthquakes (15, 16). These 
facts, as well as the occurrence of the 
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Fig. 1. Rupture zones (hatched areas) of large, shallow earthquakes from 1930 to 1979 and seismic gaps along plate boundary in southern Alaska, 
the Aleutians, and British Columbia (3-5). Note that the earthquake of 28 February 1979 of Ms 7.7 ruptured only a portion of the seismic gap near 
60?N, 143?W. Heavy arrows denote motion of the Pacific plate with respect to the North American plate (9, 10). The 2000-fathom contour is 
shown. The magnitude scales M, and Mw are described by Kanamori (3). 
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large shock on 28 February 1979, led us 
to make a more detailed investigation of 
the history of large earthquakes and the 
seismic potential of this region. 

Tectonics of Southeast Alaska 

Focal mechanism solutions I to 4 in 
Fig. 3 and the observed surface breakage 
during the southeast Alaska earthquake 
of 1958 (17) indicate a predominance of 
right-lateral strike-slip motion along the 
Queen Charlotte-Fairweather fault sys- 
tem as far north as Yakutat Bay. All of 
the other mechanism solutions in Fig. 3 
indicate a predominance of thrust fault- 
ing. The mechanism solutions and the 
tectonics of this area are described more 
fully by Perez and Jacob (18). 

Plafker et al. (17) indicate that the 
Fairweather fault has taken up most of 
the motion between the North American 
and Pacific plates for at least the last 
100,000 years. We take the main plate 
boundary to follow the Fairweather fault 
and the rupture zones of the large earth- 
quakes of 1899, 1958, 1964, and 1979 (see 
Fig. 1). We conclude that the main plate 
boundary from Yakutat Bay to Prince 
William Sound is located between 59'/2? 
and 61?N. This is based on our inter- 
pretation of the rupture zones of great 

I I X 
i I ' 

I . . 

X ; I , : 1964-197 

' ? _~~~~~~~~~~ 

~~~~~~~~~~i 

L_ ? ::. I j 

:~~~~~~~~~~~~~i 1 t df ' 
__ 

' ̂  
T 
^ 
'^. ^ " ' 

U ̂̂ f-^T^~ it ,:lc i , ^g^ ?*., 

9 ISC 1964-1976 
PDE 1977-1979 

63?N 

60? 

148?W 146 
57?N 144? I 

Fig. 2 (top). Earthquakes in southern Alaska 
(136? to 148?W, 57? to 64?N) from January 
1964 to 31 January 1979, reported by various 
agencies. The dashes surround a region that 
has been nearly quiescent for events above 
magnitude 4.0 since 1964. The filled circle and 
hatched region denote the epicenter and rup- 
ture zone of the large shock of 28 February 
1979. Symbols denote magnitudes as fol- 
lows: (+) mi) < 4.0, (o) 4 < ntb) < 5, (X) 
5 - In, < 6, (*) in -> 6, where mIln is the 
body-wave magnitude. The concentration of 
activity west of about 145?W represents the 
easternmost part of the aftershock zone of the 
great 1964 earthquake. Fig. 3 (bottom). Fo- 
cal mechanisms (18) and major faults (29) in 
southern and southeast Alaska and in adjacent 
parts of Canada (18). Shaded areas in the focal 
mechanisms represent compressional first mo- 
tion; P and T denote inferred axes of maximum 
and minimum principal stress. The triangle and 
hatched area indicate the epicenter and rup- 
ture zone (8) of the earthquake of 28 February 
1979. The Pamplona fault zone (PZ) is denoted 
by the stippled area between small arrows. The 
Yakutat block (Y) is bounded by the Pamplona 
zone, the long stippled area trending north- 
west, and the Fairweather fault (F-F). Other 
areas are Kls, Kayak Island; YAK, Yakataga 
district; IB, Icy Bay; YB, Yakutat Bay; S, 
Sitka; PWS, Prince William Sound; and CS, 
Cross Sound. Asterisks denote Wrangell vol- 
canoes (WV) of Quaternary age. Faults are 
D-F, Denali; T-F, Totschunda; CH-STE-F, 
Chugach-Saint Elias; CH-ST-F, Chatham 
Strait; and QCH-F, Queen Charlotte. The 
heavy arrow represents motion of the Pacific 
plate with respect to the North American plate 
(9, 10). Submarine contours are in meters. 
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Chugach-Fairweather faull 

General movement of oceanic crust 

Fig. 4. Schematic structural cross section of plate convergence in the Gulf of Alaska ( 
large open arrows indicate the sense of relative motion of the Pacific and North A 
plates. As the Pacific plate is subducted beneath the North American plate, a series of ii 
reverse faults develop in upper plate in a decollement-style of deformation. 

shocks in 1899, as discussed below, and 
the agreement of the focal mechanism 
solutions in this region (Fig. 3) with the 
calculated directions of plate movement 
(9, 10). 

The Yakutat block (Fig. 3) is moving 
at nearly the same relative velocity as 
the Pacific plate. Nevertheless, marine 
seismic reflection data (19) and earth- 
quakes 5 to 7 in Fig. 3 indicate that some 
deformation is occurring along the conti- 
nental margin between events 5 and 12 
(18). While some deformation may occur 
along the Totschunda and Denali faults 
farther north, they have not been the 
locus of great earthquakes. They do not 
appear to take up the major plate move- 
ment (18). 

Mechanisms 8 and 9 (Fig. 3) are for 
two earthquakes of M - 5.7 that oc- 
curred in 1965 and 1971 near the edges of 
the rupture zone of the earthquake of 28 
February 1979. These solutions, as well 
as that for the 1979 event (8), indicate ei- 
ther motion along high-angle reverse 
faults dipping about 80? to the south or 
northerly oriented thrust motion along 
shallow dipping faults. The first possi- 

bility, however, is not consiste 
the sense of vertical motion infe 
have occurred in Yakutat Bay (2 
ing great earthquakes of 1899 or v 
sense of vertical motion on the Ch 
Saint Elias and nearby fault syst( 
these cases (20-22) the northern I 
uplifted with respect to the south, 
as the focal mechanisms indicate 
posite sense of vertical motion 
steeply dipping nodal plane. The 
we select the shallow dipping 
plane as the fault plane. This ch 
nodal planes is consistent with th 
ic plate being underthrust I 
Alaska in a direction about N15 
calculated from global plate mot 
10). 

The focal mechanism solutions 
bution of earthquakes, and geolol 
are consistent with the tectonic 
pretation of Stoneley (21), wl 
shown in Fig. 4 as a generalize 
section for the Gulf of Alaska. As 
4, the Pamplona zone, the Ch 
Saint Elias fault, and other majo 
may be interpreted as imbricate 
faults within the upper plate wh 

intains becomes shallower at great depth. Thus, 
Sea level one or more shallow-dipping thrust faults 

that constitute the main plate boundary 
now appear to be nearly quiescent for 
moderate-size shocks (Fig. 2). We infer 
that the zone of shallow thrusting moved 

7 km during the earthquakes of 1899. It is not 
unreasonable to expect that as stresses 
build up for another great earthquake, 

'21) The stress concentrations, and hence moder- 

,merican ate-size earthquakes, would occur along 
mbricate some imbricate faults, such as the Pam- 

plona zone. 
The style of deformation in Fig. 4 ap- 

pears to be similar to that which oc- 
nt with curred during the 1964 earthquake far- 
irred to ther west. Motion during that event in- 
?0) dur- volved shallow thrusting accompanied 
vith the by high-angle reverse faulting along the 
iugach- Patton Bay fault on Montague Island (/2, 
ems. In 23). Similarly, the reverse faulting that 
block is was inferred to have occurred in Yakutat 
where- Bay during the great shock of 10 Septem- 
the op- ber 1899 (20) can be interpreted as mo- 
for the tion along one or more high-angle re- 
erefore, verse faults that accompanied shallow- 

nodal angle thrust faulting at depth. The ob- 
oice of served surface displacements in Yakutat 
e Pacif- Bay in 1899 (20), even if they extended to 
beneath a depth of 30 km, contribute only a small 
5?W, as fraction to the seismic moment (11) for 
ions (9, that shock. Thus, slippage during that 

event must have been much more exten- 
,distri- sive areally than reported by Tarr and 
gic data Martin (20). The maximum deformation 
c inter- of 14 m observed in Yakutat Bay (20) is 
hich is highly localized and may represent a 
d cross stress concentration, which may have 
; in Fig. been stored over several seismic cycles. 
lugach- It is unlikely that each imbricate fault in 
r faults Fig. 4 moves during each great earth- 
reverse quake that affects the main zone of shal- 
ose dip low thrusting at depth. 

Fig. 5. Macroseismic effects inferred from the report of Tarr and Martin (20) for three great earthquakes in 1899 and 1900. Roman numerals 
indicate intensities on the modified Mercalli scale for shocks on (a) 4 September and (b) 10 September 1899. Arabic numerals in (b) denote 
intensities for the shock in 1900. Also indicated are observed uplift in meters, local sea waves (S), and aftershock (A); the size of the symbol 
qualitatively indicates numbers and strengths of aftershocks reported. Note the extensive region along the coast affected by the earthquake of 4 
September 1899. Stippling denotes the region of strongest observed shaking, which is taken to approximate the rupture zone of the shock. The 
earthquake on 10 September 1899 appears to have ruptured an area to the east of that broken on 4 September. Events of 4 and 10 September 
appear to have ruptured most or all of seismic gap between the rupture zones of the 1958 and 1964 earthquakes. The shock of 9 October 1900 (b) 
appears to have occurred near Kodiak Island. 

Edge of 
continental shelf 
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Seismic History of Southeast Alaska 

Richter (24) locates three great earth- 

quakes in 1899 and 1900 in the region 
near Yakataga and Yakutat Bay (Fig. 3). 
Figure 5 shows our interpretation of the 
modified Mercalli intensity inferred from 
reports in Tarr and Martin (20) for vari- 
ous positions throughout southern 
Alaska. It should be remembered thai 
this region was very sparsely populated 
in 1899, and inferences about rupture 
zones may well be biased by this as wel 
as by site conditions. Our results are ir 
general agreement with the intensities in- 
ferred by Meyers et al. (25) with some 
significant exceptions. The highest in 
tensities, which are found along the 
coast, appear to us to be. lower thar 
those inferred by them. These differ- 
ences, however, do not change our inter 
pretation of the regions that were mos 
strongly affected by those great earth 
quakes. 

The first shock (Ms 8.5) occurred on < 

September 1899 (3 September, loca 
time) and was felt most strongly from lo 
calities west of Kayak Island to Yaka 
taga, a distance of about 180 km. From < 

ship offshore (20) large avalanches were 
observed in the mountains betweer 
Icy Bay and Kayak Island (Fig. 3). Thi: 
region and the zone of highest observec 
intensities are shaded in Fig. 5a. Man) 
aftershocks were reported from the 
western end of the shaded area; fev 
were reported from Yakutat Bay (20) 
One meter of uplift was reported a 
Yakataga (20). Since coseismic uplift: 
are generally smaller than horizontal mo 
tions during great earthquakes along sub 
duction zones (/2), the average slip or 
the plate boundary during this event wa: 
probably several meters, which agree 
with that inferred earlier from the seis 
mic moment. In previous studies, in 
tensities near VIII have been successful 
ly used as a guide to delimit the approxi 
mate zone of rupture (4, 26). The higheJ 
intensities, uplift, and distribution of af 
tershocks clearly associated with the L 
September event indicate that ruptur 
probably extended along much of wha 
is now the Yakataga seismic gap. 

Another great (Ms 8.4) earthquake oc 
curred in southern Alaska on 10 Septem 
ber 1899. It was preceded by a large (M 
7.8) foreshock (24) and was followed b) 
aftershocks that were strongly felt nea: 
Yakutat Bay (Fig. 5b). Coseismic uplift 
which locally measured as much as 15 m 
was observed (20) near Yakutat Bay 
Significant deformation may have ex 
tended to the west of Yakutat Bay int( 
an area of large glaciers that was no 
studied by Tarr and Martin (20). Since 

21 MARCH 1980 

the intensities in Fig. 5b drop off rapidly 
to the southeast of Yakutat Bay, the rup- 
ture zone of the earthquake of 10 Sep- 
tember may have extended more to the 
west of Yakutat Bay than to the south- 
east. 

1 The rupture zone of the large shock of 
- 10 July 1958 may have extended as far 

west as 140.3?W (Fig. 6). Hence, the 
t 1958 shock may have reruptured a por- 
I tion of the zone that broke in 1899. Al- 

though most of the rupture zone of the 
1 1958 earthquake involved strike-slip mo- 

tion, several aftershocks at its northern 
- end (3) delineate an east-west trend 

from 139.5? to 140.3?W along 60.3?N. 
- The aftershock zone of the 1979 earth- 

quake abuts the western end of this 
zone. 

- Richter (24) locates a great earthquake 
- on 9 October 1900 near Yakataga. Thatch- 
t er and Plafker (1 ) assign it a magni- 
- tude of 8. 1. The strongest intensities and 

the only reports of aftershocks, how- 
4 ever, are from the vicinity of Kodiak Is- 
1 land (Fig. 5b) (20). Hence, this event ap- 

-pears to be located several hundred ki- 
- lometers to the southwest of the Yakataga 
a gap and appears to have no direct con- 
e nection with the shocks of 1899. The his- 
n torical record does indicate that the two 
s great earthquakes of 1899 probably rup- 
1 tured much or all of the plate boundary 
y between the rupture zones of the 1964 
e and 1958 earthquakes. Thatcher and 
v Plafker (//) reach a similar conclusion 
. from a study of the seismic moments of 
t the shocks of 1899. 
s 

- Fig. 6. Earthquakes 
of magnitude 5.9 or 150 

larger near the Yaka- 64?N / 
S taga seismic gap from 
s January 1958 to Feb- 
_ ruary 1979. Note that 

seven of these events 
are situated at the 
edges of the zone of 62 ,1964 

-near quiescence for 9.2 
r small shocks (heavy < 

solid line) shown in 
Fig. 2. Large circles ,',' 
denote the epicenters 
of main shocks of 60? 

t large events in 1958 /// ,,/ // 
and 1979; small cir- , 6'/ 
cles, aftershocks of / 
the 1958 earthquake; 7 

-triangles, shocks of 
s magnitude 5.9 to 7.0. 58?- 

y Faults are from (29). 
rInferred lengths of the 

rupture zones of two 
great earthquakes in 

, 1899 are indicated. 
Hatching indicates 
the rupture zones of 
the 1958 and 1964 
earthquakes. Num- 

t bers below dates are 
e magnitudes. 

Seismic Potential of the 

Yakataga Seismic Gap 

In a study of several great earthquakes 
near Japan, Mogi (15) finds that large 
(Ms > 6) shocks tend to cluster in a ring 
surrounding the rupture zone of the com- 
ing great shock for 10 to 20 years prior to 
its occurrence. The rupture zone itself 
tends to become quiescent for large 
shocks (but not necessarily for smaller 
shocks) during the same period. Kelleher 
and Savino (16) report a similar dough- 
nut pattern but find that the region interi- 
or to the ring of higher activity tends to 
be quiescent for several decades before 
great earthquakes. They find that activi- 
ty is also concentrated near the epicenter 
of the coming earthquake. 

The patterns of activity in southern 
Alaska resemble in many ways those de- 
scribed above. During the past 21 years, 
six shocks of magnitude 5.9 or greater 
have occurred (Fig. 6) around the periph- 
ery of the zone of near quiescence shown 
in Fig. 2. One of these (1970) was of mag- 
nitude 7.0. The 1958 and 1964 earth- 
quakes bound the eastern and western 
sides of the gap (Figs. I and 6). Also, the 
event of 28 February 1979 is located 
along the eastern side of the doughnut 
pattern. No shocks of magnitude 6 or 
larger, however, are reported in standard 
catalogs in the gap between the 1958 and 
1964 earthquakes for the 25-year period 
from 1933 through 1957. These catalogs 
are probably complete for MS ' 7 for 
that period and for Ms, 6 since about 
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1946. Thus, a marked increase in the 
number of shocks of magnitude 6 or 
larger appears to have occurred about 
1958 within the ring of higher activity 
that surrounds the zone of near quies- 
cence in Fig. 2. It should be noted, how- 
ever, that no events of that size are re- 
ported in standard catalogs within the 
zone of quiescence itself from 1908 
through 1978. We find no evidence of a 
change in activity with time for events 
larger than magnitude 5 in the quiescent 
zone. 

It is difficult to ascertain whether a 
change in activity for events smaller than 
magnitude 5 occurred in the Yakataga 
gap around 1958, since detection may 
not have been complete for events of 
that size before 1964. A surge of seismic 
activity occurred both on the periphery 
and within the zone of quiescence (Fig. 
2) in the Yakataga gap following the 
great earthquake on the adjacent part of 
the plate boundary in 1964 (Fig. 1). 
These shocks appear to lie outside the af- 
tershock zone of the 1964 event. Uplift 
associated with that earthquake (23) di- 
minishes rapidly along the coast to the 
east of Prince William Sound (Fig. 3) and 
is less than I m to the east of Kayak Is- 
land. Hence, the Yakataga gap does not 
appear to have ruptured significantly 
during the 1964 earthquake; the surge in 
seismic activity in the gap in 1964 ap- 
pears to have been triggered by the near- 
by great earthquake. A shock of magni- 
tude 6.2 occurred in the Pamplona zone 3 
months after the large 1958 earthquake. 
These surges in activity following the 
1958 and 1964 shocks may be indicative 
of high stress concentrations on the pe- 
riphery of and perhaps within the zone of 
near quiescence. 

We found several other surges of seis- 
mic activity that occurred within 1 year 
of several great earthquakes and were lo- 
cated 100 to a few hundred kilometers 
from the nearest parts of the aftershock 
zones. These surges coincided with re- 
gions that in turn were parts of doughnut 
patterns that preceded great shocks 
which followed the surges by about 10 to 
20 years. For example, the great earth- 
quake (iM, 8.1) off northern Japan in 
1952 was followed within I year by a 
surge of shocks about 200 km away in 
what became the southern end of the 
rupture zone of the great earthquake (M, 
8.2) of 1968. The location of this surge 
was also the site of a large (M 7.5) earth- 
quake in 1960. 

Seismic activity in the Yakataga gap 
was not distributed evenly in time during 
the last 15 years. The period 1964 to 1968 

was characterized by rapidly decreasing ceded several great earthquakes (15, 16). 
activity for moderate-size events follow- The spatial and temporal changes that 
ing the 1964 Alaska earthquake; after we observe within the Yakataga gap, 
1966 much of the gap was nearly quies- however, do not permit us to estimate 
cent for events above magnitude 4.0. In precisely the time of occurrence of a fu- 
1970, however, the Pamplona zone was ture great shock that would rupture the 
the source of a swarm of earthquakes, gap. Intensified field studies are needed 
the largest of Ms 7.0. After 1971 no to identify effects that may be precursory 
events above magnitude 5 occurred in to such an event. Nevertheless, the ob- 
the Yakataga gap prior to the large (MI servation that this region ruptured in a 
7.7) earthquake on 28 February 1979. In series of large shocks in 1899, the calcu- 
1976 a few events with magnitudes near lation of a repeat time of about 80 years, 
4.5 occurred near the rupture zone of the and the occurrence of a large earthquake 
1979 event. Since 1958 the observed tem- in the area in 1979 suggest that the Yaka- 
poral pattern of seismicity in the Yaka- taga gap is likely to be the site of a great 
taga gap has consisted of bursts or earthquake within the next 10 to 20 
swarms of activity with intervening peri- years. 
ods of lower activity around the perime- 
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