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ABSTRACT

n Amchitka Island. - Fre*Fetord indicat_es that the Aleutian Arc

oy
thiseattiiquake=activity is

nnAdey

rence and spafial distribution. Recent evidence |

o,

ris may originate along a major thrust

The historical earthquake record has-been«examined=in-detailp-relativesto...,

nuclearstesting:

is an area of high seiSmjc activity ..Furthermores

highly variable in rate of ocC

indicates large earthquakes and. tsin
fault which passes under the Aleutian R1 e, On"the*ﬂba:si'sz@f;:a‘l»lwayai-la-bleldata»,g._
—hewevezs no large earthqua«kés are belie\(:i&t}ﬁave occurred albng this fault

directly under Amchitka Island.y

won gyt P

¢ To-determifie-the-natural-earthquake-patternsyrand-the*possiblyradverse

effects?ﬁ“"/lear detonations in the Aleutla’n 1814048, " part1cu1ar1y* in=thes.
ka

,Is].andrlze.g.iqn,mmegAE.Gwes'tablui:sh-edj“'«lﬁa-s;t&’fspriné a network of highly

-
‘-

S nsmve seismic stations to monitor, contmuously the seismic activity,ssFhis™ -

e, LRt

Amchi k

i v AT A e,

e
f&tWoxrk has signi_flg ntTy improved the capab111ty to detect and locate earth-
Puy e

quakes in the regio F@«H&wmg MILROW/, /; data obtamed_tﬁa:.-@mﬁthlisanetwarkm

were compared with the historical record and pre-MILROW monitoring. Except
_in the immediate vicinity of ground zero, there was no evidence fora temporal
or spatial change in the pattern of natural earthquake occurrence in the

Aleutian Islands.



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. Thisv activity términétedg_brtiptly 37 hours la"ter.at' the time of

the MILROW cavity collapse. Thé .largeislt of these earthquékes were more than
100 times .s.mallev'r than the exploéién, inhterrﬁs of energy release. The occur-
rence of these small seismic events 1is' not unusual and has been noted following
nuclear tests in Nevada. Manj of the events are believed to be adjustments with-
in the cavity region., Since tfley are vé.ry‘ small, of short dura‘v.tion, and occur
in the immediate vicinity of the explosion, théy do not constitute a hazard to the

major fault zone under Amchitka Island.




| 'MILROW SEISMIC EFFECTS

The Aleutian Arc is one of the more di_stinctive island erc struc‘tures of
| the circum-~Pacific belt. In Figure 1 are shownl bathymetric‘vdetails for a portion:
of the Arc eehtered on Am_,t:hitka Islandt T he Bowers Ridge is a singularly
prominent feature, but has little or no seismicity. An offset in the Aleutian
terrace, not readlly ev1dent 1n pianar view, 1nd1cates other strlrctural changes
close to Amchltka Severe cuts in the ridge \hlll he shown te be areas of h1gh
seismic activity. The tectonics represented in this schematic are subject ’.to

reinterpretation.

Thegeneral.ized spatial distribution end focal mechanism solutions of earth- |
quakes alohg the Aleutian Arc were examined using hypocenter determinations
for the per10d 1961-1969 and short-period P and PKP first-motion data from
1963 —1966. in Figure 2, first-motion data within a glven 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 determmed The results are
displayed on‘the iower hemisphere-of a focal sphere. Quadrants of d11atat10na1
f1rst motions are shaded and the ratio of consistent f1rst motions indicated.
Regions of ‘seismic activity along the trench demonstrate tensional foci of the
type discussed by Stauderf ) Shallow—focus earthquakes eccurring under the
ridge are interpreted as underthrusting by an oceanic plate, in conjunction

.

with left-lateral strike~slip block movements.
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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 F igure 3-

focal depths determined from 1961 to 1969 along the- Arc are plotted asa function
of distance to the trench axis and compared to the bathymetrlc profile across ,
Amchitka Island. Symbols are scaled. according to the magnitude. In this prof11e,
an intense amount of seismic activity appears to be concentrated ina zone'about ’ |
50 km thick under the ridge proper. In teri'ns of plate tectonics, tne Aleutian

Arc is not as well defined in focal depth.'_vdistribution as other regions, such as

the Kurils. | It is unique, however,“ in the considerable numbers of shocks locat‘ed
in and near the trench. Better definition of this section will be made possible by
continued analysis of data from the local network. |

3

- 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 se1smometers ‘OB5;

) OB6 and OBS, will probably prov1de useful” data to the program.

. : The C&GS land stati ons are high gain, high frequency systems, particularly

i

) su1ted for the detection of nearby mlcroearthquakes In Figure 5, the response

©of the filtered NGC-ZI _system 1.s_compared to -thatrof_ the Lamont system.
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Operating gains within 18 db of the ma'xim,um éhbwn here were achieved over v'the

B period'b.f th1s invesfigation.
With the exception of shallow eveﬁts 6ccurringj’;in the immediate vicinity of

MILROW, the set of events located from August 7 through Novémber 8, 1969,
using C&GS network data 1s plotted.l in F iéure 6. . Pre -MILROW e:'Vents. are
indicated by solid circles, post-MILROW by solid triangles. The world. tele- |

‘ seismic netvx;ork, .which hés a threjéhold magnitude of e;bout 4.0 for the

1 Aleutian Arc, did not detect most of the. events shown‘in F igqre 6 The cap¥

‘ e ability of the loéal network drops off markedly at about ISOjlqn distance from
Amchitka, OWing to the insti‘umentafion' éharacteristics, décreased lqcatioﬁ

capabjlity, -and the fact that this areé represents the approximate PG-PN cross-

over point for the region.

The accuracy of .-these eﬁicenters isa fuﬁctipn of the network clpnfigura':iion
* and arfi'\ral-time daté for eéé’:h event. | I_ﬁl‘g:enerél, the:;e is rﬁore cdnfidené_g ig
.epicenféfs Whic‘:h are close té: or éncléé_éd -byvtﬁe _netWoi‘k géorirl_etry;."‘ Using |
‘édd‘iti.o'nall data from the oceaﬁ bottorri §eismor.n:eters, re.:éomput'a.ti.dn of 'evénté
in the Sd-houf‘peﬁod following' MILROW did ﬁot cha‘.ngéi thé o'rigiriéli “epié;;ente'rs
by more than 5 km. Gross e_1_'"rors in the Hypocentra.l paramete"'rs'é._re also :
kept to a mim‘.mum by the use of both P'and‘ S data _in the compﬁtatiéngl proée-

) dure.
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The correlation of plotted epiCent'_ers 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 thé
west, the eastern region is more aétivé seismically. On the other hand, the .
western region was a source of intense activity at the time of the 1965 Rat “
Islahds aftershock sequence. The genefél distribution of ep_iceﬁters, 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 é Stgr to the west of the region ). A con-
siderable amount 6f activity was ‘detlected in the vicinity of Amchitka Pass and

~south of th_\e Délarof Islands, which were the source of several large eafth-
quakes and aftershqéks in Septéfﬁber ";ilvld.vig"t'e‘ October 1969. 'fhe Algutian

| terrace is notably qﬁiet,- vs;hich conflrms _ari xi_’ndicat‘idr; frqm the hi;storical
record that this region has é relativél;% low i;ate of seismic.afztivity. In
géneral, focal depths on and to the south éf the ridge are within :50 km Qf the
surface. To the nortﬁ of the ridge, earthqueikes may occur as deep as 200 km.
The pattern of these foci in v:relatiqn to a éfoés-section’ bf the arc m.ay provide

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




S

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 smal_l, 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 lé,rges't of these aftershocks were more than 100 times smaller than the
i | explosion, in terms of energy release, and none was detected télese_ismically.
The distribution of aftershock epicentefs.is shown in Figﬁre 8 by X's. The
largest of these events were located near ground zero, and are probably related
to cavity adjustments; however, ;hel aéymmétric_: radiation pattern, general
trend, and relation to nearby:faults suggest a‘tector;ié origin for maﬁy of these
aftershocks. Small, shallow-focuseé.i'thquakes wer‘é also detected 6Vervt'his
period and are indicated by open ;ﬁirclgs and triénglgs in Figure 8 It is highly
relevant to the question of "éri_ggeréing'.‘ that there waé no épparent chénge in the
digtribution or fate of occurrence of these 'Sh"ocks,' é;ien though‘t:his'acti\fr.ity is.
orily 3 km or less from grqﬁhd zerbg Only -Jcompre\s.sioﬁél first motions were '
obseﬁed at the tripartite stations ( ASB, ASC, ASD) _foxj thése natural ever;‘_fs,_'
in acc;ord with a dip-slip source of the sense shoWn by 'na.tural‘ faﬁlts in this

n

region. Also significant are the ].ocatidn and focal d'epths of eai‘,thquakes which
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6
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 this 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
o'f clearly defined P and S arrivals at thé tripartite stations, are locatéd ap-
proximately in the zone of aftershock epic;enfers shown in Figure 8. Except for
a few si.gna‘.vls‘ of the éame c_héracter s'e‘v'e‘ral days later, the"aﬁfters’hock activity'

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

- The greatest number.of a,ft_ershocks occurred shortly after the explosion and

immediatély befoi‘é the collépse to the degree that individualvievents were not
distinguishable. ‘In genera]., the _first half of the activity waé chai‘acterized _
by a sharpness in phase arrivals, as opposed to "thé more emergenf behavior
of signals before_the cbllapée. 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 daily numbers of events ( many of which were not located

because of insufficient data ) are compiled over the period of observation..
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"f‘his distribution shown also reflects, of course, the variable capability of the
network due to weather conditions and opératiénal .data drdpout. The 382
events following MILROW é.re predominéntly aftershocks of the type previously
discussed. Outside this phenomenon, the_re is Iitfle in the frequency of natural
earthquake activity following MILROW to distinguish it from the pre-MILROW

monitoring.

In an alternative attempt to interpret these vdata, 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 th¢ 0- to 10-km class,

which includes the shallow aftershock activity ( the generally lower numbers

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