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fludeatE*testi,n gn Amchitka Island_..;Rirrece,id indicated' at the Aleutian Arc./A.,-M.13is an area of
high s c activity.-Fu-r=thetr:  p, tlimearthquakewarttvity' is-,                                      .                                Mt/69

highly variable in rate of ochrrence and sRatial distribution./j/Recent evidence

indicates large earthquakes a n a R.i may originate along a major thrust

fault which passes under the Aleu6an Ri;lke . On-the-ba'si's-ef-al-1-avai-lable*data-,-

-=heweive-pr. no large
earth rk   re believ

e   a c ed

along this fault

directly under Amchitkf Island.11 -1 \
- To-dete*rmifie    the»natual·»,ea:rthquake :patterns'ra6nd.the'lFO.8 8 113ly,Dadv.erse

effects .71211 ard'etonation.s....". Al'.=if nvdrd:5   Ularly,'in.rther..

i.
Amcht ka Island.region,_the AE(2:establ·ishedalast*'spring -a network of highly

la

»Ve SeiSIniC St:atiOnS tO Inonitoll,£8891 uously the seisrnic activity,.  Ts»«
·h 4,             -   :-„........  «7...#...:

r."S„..«'»,„ ...'-=„--I-*.....#'„.-        *//

ad#Fam-k has signifi ;mr'M ; Zd
the capability to detect and locate earth-

POJ« 'A
.-

quakes in the regio    13¤Bewing MILROW,/ data 01368*13;e  eR*la*S elIW03;k=

were compared with the historical record and pre-MILROW monitoring. Except

in the immediate vicinity of ground zero, there was no evidence for a temporal

7            or spatial change in the pattern of natural earthquake occurrence in the

Aleutian Islands.
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The exception was a swarm of hundreds of very small earthquakes, occurring

immediately after detonation in a zone not more than 3 miles in radius from

ground zero. This activity terminated abruptly 37 hours later at the time of

the MILROW cavity collapse. The largest of these earthquakes were more than

100 times smaller than the explosion, in terms of energy release. The occur-

1 renee of these small seismic events is' not unusual and has been noted following

nuclear tests in Nevada.     Many  of the events are believed  to be adjustments  with -

in the cavity region. Since they are very small, of short duration, and occur

in the immediate vicinity of the explosion, they do not constitute a hazard to the

- major fault zone under Amchitka Island.
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MILROW SEISMIC EFFECTS

The Aleutian Arc is one of the more distinctive island arc structures of

the circum-Pacific belt. In Figure 1 are shown bathymetric details for a portion

of the Arc centered on Amchitka Island. The Bowers Ridge is a singularly

prominent feature, but has little or no seismicity. An offset in the Aleutian

terrace, not readily evident in planar view, indicates other structural changes

close to Amchitka. Severe cuts in the ridge will be shown to be areas of high .

seismic activity. The tectonics represented  in this schematic are subject  to

reinterpretation.

The generalized spatial distribution and focal mechanism solutions of earth-

*-7/67... quakes along the Aleutian Arc were examined using hypocenter determinations

" for the period 1961-1969 and short-period P and PKP first-motion data from

1963 -1966. In Figure 2, first-motion data within a given encircled region are

treated as a single event,  and the nodal plane orientation for which there are a

maximum number of consistent first motions was determined. The results are

displayed on the lower hemisphere of a focal sphere. Quadrants of dilatational

- first motions are shaded and the ratio of consistent first motions indicated.
1

Regions of'seismic activity along the trench demonstrate tensional foci of the

type discussed by Stauder. Shallow-focus earl:hquakes occurring under the

ridge are interpreted as underth:rusting by an oceanic plate, in conjunction

with left-lateral strike-slip block movements.

1                             1
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Focal depth distribution is- an important factor for understanding the tectonics

of the Aleutian Arc in terms of underthrusting by an oceanic plate. In Figure 3,

focal depths determined from 1961 to 1969 klong the Arc are plotted as a function

of distance to the trench axis and compared to the bathymetric profile across

Amchitka Island. Symbols are scaled according to the magnitude.  In this profile,

an intense amount of seismic activity appears to be concentrated in a zone about

50 km thick under the ridge proper. In terms of plate tectonics, the Aleutian

Arc is not as well defined in focal depth distribution as other regions, such as

the  Kurils.     It is unique, however,   in the considerable numbers of shocks located

in and near the trench. Better definition of this section will be made possible by

continued analysis of data from the local network.
»

2-4                                                                                          L

Instrumentation for the MILROW seismic program ( shown in Figure 4 )

consisted of seven land-based stations, in continual operation since July 1969,

and ten ocean bottom stations which operated during the approximate period

September  26 to October 19. Three  of the ocean bottom seismometers,    OBS,

OB6, and OB8, will probably provide useful'data to the program.

The  (&GS land stati ons are high-gain, high-frequency systems, particularly

suited for the detection of nearby microearthquakes. In Figure  5, the response

of the filtered NGC-21 system is compar  to thatfof the Lamont system.

4
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Operating gains within 18 db of the maximum shown here were achieved over the

period of this investigation.

With the exception of shallow events occurring'tin the immediate vicinity of

MILROW, the set of events located from August 7 through November 8, 1969,

using C&GS network data is plotted in Figure 6. Pre-MILROW events are

indicated by solid circles, post-MILROW by solid triangles. The world tele-

seismic network, which has a thresh'old magnitude of about 4.0 for the

Aleutian Arc, did not detect most of the events shown in Figure 6.  The cap-

-·               ability of the local network drops off markedly at about 150-km distance from

Amchitka, owing to the instrumentation characteristics, decreased location

capability,   and  the fact that  this area represents the approximate  PG -PN cross -

over point for the region.

The accuracy of these epicenters is a function of the network configuration

and arrival-time data for each event. In general, there is more confidence in

epicenters which are close  to or enclosed  by the netwo rk geometry. Using

additional data from the ocean bottom seismometers, recomputation of events

in the 50-hour period following MILROW did not change the original'epicenters

by more than 5 km. Gross errors in the hypocentra.1 parameters are also i

kept  to a minimum  by  the  use  of  both  P and  S  data  in the computational proce -

dure.
\-  I
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The correlation of plotted epicenters to structural patterns makes a strong

case  for the internal consistency of these  data.

The concentration of epicenters to the east of Amchitka for this time period

suggests simply that, excluding the possibility of extreme attenuation to the

west, the eastern region  is more active seismically.      On the other  hand,   the

western region was a source of intense activity at the time of the 1965 Rat

Islands aftershock sequence. The general distribution of epicenters, partic -

ularly near Amchitka, seems to correlate well with bathymetric features

indicative of deeper structure. Seymour Canyon located just south of Amchitka,

for example, is quite active and may be the true source area for the 1965 Rat

Islands main shock ( indicated by a star to the west of the region ).  A con-

siderable amount of activity was detected in the vicinity of Amchitka Pass and

south of the Delarof Islands, which were the source of several large earth-

quakes and aftershocks in September ·and late October 1969. The Aleutian

terrace is notably quiet, which confirms an indication from the historical

record that this region has a relatively low rate of seismic activity.  In

general, focal depths on and to the south of the ridge are within 50 km of the

surface.  To the north of the ridge, earthquakes may occur as deep as 200 km.

The  pattern of these foci in relation  to a cross -section  of  the  arc may provide

important clues   as to the dimensions and configuration of plates or blocks

4
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in motion in the region. In Figure 7, the relationship of epicenters south of

Amchitka to structural features is shown in more detail.

Following MILROW, hundreds of small, shallow -focus earthquakes occurred

within a zone not more than 5 km in radius from ground zero. This activity

terminated abruptly 37 hours later,   at  the  time  of the MILROW cavity collapse.

The largest of these aftershocks were more than 100 times smaller than the

explosion, in terms of energy release, and none was detected teleseismically.

The distribution of aftershock epicenters is shown in Figure 8 by X's.  The

largest of these events were located near ground zero, and are probably related

to cavity adjustments; however, the asymmetric radiation pattern, general

trend, and relation to nearby faults suggest a tectonic origin for many of these

aftershocks. Small, shallow-focus earthquakes were also detected over this

period  and are indicated  by open circles and triangles in Figure  8.     It is highly

relevant to the question of "triggering" that there was no apparent change in the

distribution or rate of occurrence of these shocks, even though this activity is

only  31<m  or less from ground zero. Only compressional first motions were

observed at the tripartite stations ( ASB, ASC, ASD) for these natural events,

in accord with a dip-slip source of the sense shown by natural faults in this
'S

region. Also significant are the location and focal depths of ear,thquakes which

1 -
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may be related to movements along major tectonic blocks in close proximity

to ground zero. The epicenters and focal depths of earthquakes in this category

are  shown in Figure  8 by solid circles and triangles. The focal depths  are  re -

markably similar and indicate movements along a fault very close to 28 km under

Amchitka.   That this depth constitutes the location of a major thrust fault

passing under the ridge  at  thi s point is highly likely.

The frequency of occurrence of aftershocks following MILROW is shown in

Figure 9. Identified aftershocks are defined as those events which, on the basis

of clearly defined P and S arrivals at the tripartite stations, are located ap-

proximately in the zone of a.ftershock epicenters shown in Figure 8. Except for

a few signals of the same character several days later, the aftershock activity

effectively terminated 37 hours after MILROW at the time of the cavity collapse.

The greatest number of aftershocks occurred shortly after the explosion and

immediately before the collapse to the degree that individual events were not

distinguishable. In genera]., the first half:of the activity was characterized

by a sharpness in phase arrivals, as opposed to the more emergent behavior

of signals before the collapse. The possibility that the activity occurring just

before the cavity collapse was, in effect, small collapse phenomena and the

earlier activity mainly tectonic must be considered.

In Figure 10,  the dai]y numbers of events ( many of which were not located

because of insufficient data ) are compiled over the period of observation.
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This distribution shown also reflects, of course, the variable capability of the

network due to weather conditions and operational data dropout.   The 382

events following M[LROW are predominantly aftershocks of the type previously

discussed. Outside this phenomenon, there is little in the frequency of natural

earthquake activity following MILROW to distinguish it from the pre-MILROW

monitoring.

In an alternative attempt to interpret these data, frequency of occurrence

was compiled as a function of distance to MILROW for events located by the

network ( Figure 11 ). Again, pre-MILROW seismicity is not greatly different

from post-MILROW seismicity, with the exception of the 0- to 10-km class,

which includes the shallow aftershock activity ( the generally lower numbers

             of post-MILROW events reflect the shorter period of observation).
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