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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, aor
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thersof.
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ABSTRACT

Befined hypocenter locations bemeath the Shumagin Islands seismic
network of the eastern Aleutisn arve, Alaska, provide for the firat time
concludive evidence for a dJouble-shested dipping seismic {(Benioff) zone in
thia are., This refined seismicity structure was obtained in rthe are
section cenmtered on the Shumagin seismic gap., A thorough review of three
geismic gaps in the eascern Aleutian azrc shows 4 high potential for great
earthquakes within che next ome to two dacades in the Shumagin and Yakataga
selsmic gape, and a less certain porencial for a large or great earthguake
iz the posaible Unalzska gap. A tilt reversazl was geodetically cbhaserved to
have occurred in 1978/79 in the forearc region of the Shumagin gap and
could indicate the onset of a precursoery strain relief episode prior to a
greak quake. A comparative z¢udy of the Pavief velcane seismiciby with
that of other recently active volcanoes {i.e. Mt. St. Helens) indicaktes
that island-arc (explosive-type) wvolcznoes vespond to small ambient,
periodic stress chenges (i.e. tides)., Stress drop measurements from
esrthquakes on the mein thrust zooe indicate high stress drops within the
geivmic gap regicons of rthe Aleutian arc and lew stress drops cutside the

E2P TeELoE.

INTRODUCTION

Thia report describes completed research and related cechoical
efforts carried out by Lamont-Dohetty Geological Observatery during the
first eight months, and outlines work in progress for the remaining four

montha of the contract period Mazch 1, 1980 to February 28, 198l, of a




btoad=baged, comprahensive seismotectonic atudy of the eastern Alautian
are and irg volcamic syartems. The ragion coverad by this study is
tectonically characterized by the osccurrence of very large thrust earth-
quakes along a subduccion zome and associated volcanic arc. The region
studied requires atteantion from at least threg poings of view: (1)
vedecazch on the biaic tectonic and seismic processes ab a convergent plate
margin; {2) evaluation of eaergy resvurces in this tecteonic environment
which are potentially present as (a) hydrocarbon reassurces in the shelf
regions, (b} gecthermal resourses associated wirth the wvolcanic are, and
(e} dispersed coal deposits; (3) avaluation of peslogic hezards to the
devalopment of rhese resources. While this study focuses clearly oo the
firat topic (basic seismolopic and tectonic processes ar a wajor segment of &
convergent plate margin) the results described in this report directly
affact the ather twe, more applied objecrives {i.e. resources and

.

hazards), ,

This project is aimed to provide both a broed overview of the seismi~
city and tectonics of a fypiecal active gubduckion zone 2od associated
volcanic are as well as a detailed in—depech study of the microsarthquake-
activity and crustal deformation im this arc and of itz associated volcauic
gystama. TFor the in-depth atudy we operste 2 regional celemetrawred network
of some 30 seismic stations covering a 600 km long ave segment: this
network includes a subarray of eleven stations densaly spaced on 2nd aTound
vavlef Volcane on the western portion of the Alaske Peninsula, for
monitoring the seismicity associated with the magwmatic procasses in and
beneath one of the most active volecances of the Aleutian arc. The Pavloi
study is aimed towarda basic volcanic research which will comtribute to

rezlistically evaluate the gecthermal potencial of scme Aleutizn

volcanoes.




The cost for operating the ecastern Aloutian seismic network is sharad
batwean this DOE=-supported reszearveh program and & 2logely cogrdinatad
gtudy under the Alaska Outer Continencal Shelf Environmencal Assaeagmant
Program (OGSEAP) administered by NDAA. OCSEAP urgently needs seismic
hazardys infoermation for development of hydeocarbon respurces an the vast
Alaska shelf regions. The difficult 1ugin£ic 2nd climatic condicion=s and
the vast expanse even of this small segment of the Aleutian axc (600 km
long) vequire a level of effort both 1in wmanpower, logistic, aﬁEJ#F
Einancial support which would by far exceed the fiscal limitations =set for
aither of the twoe complimentary programs. It is therefore fortunats that
both grojects rely on the same s¢iswological data base and hence can sharve

the high cast for network mainterance amd techmicial realizatfion.
RESEARCH HIGHLIGHTS

Hiphlights in research apnd technical rasults during cthe past concract

pericd include:

- Identification of the fine structure within the dipping seismic
zone beneath the Shumagin Islands (including identification of a
double=-sheeted Beniof{f-zone from seismic network data).

- Quantization of the seiswmic potentizl in three seismic gaps in
the Alaska- eastern Aleutiam are (Shomagin, Yakataga, Unalaska
seismi¢ gaps).

- An opportunity to compare results from ocur study of seismicity
of Pavlef volcane with that of Mt. S5c. Helems; both studies have
gevere implications for mapma transport in explozive-type

voloanorsg.



- Inprovements in seismic field installationa and their impact on
digital data analysis.

Other supporting or related research efforcs prodused regulbts on stress-—

drop assgociated with woderate-szized events in the eastern Alentians and

confirmation of an apparent reversal in polarity of crustal deformation in

the Shumagin gap region that apparantly occurred in 1978/79. The latter

may be an indicator of the imminence of a great earthqueke in the Shumagin—""

seismic gap.

A wmajor breskihrough was achieved [Reyners and Coles, 1980; and in
preparacion] by refining the structures assoclated with selsmic activity
beneath che Shumagin Islands., First a highly scrutinized =set of seismic
netwerk hypocenter locatieons was ugsed to show that at depths between aﬁ;ut
60 amd 120 km a doudle—sheeted dipping seismic (Benioff) zome exists.
Second, Revners and Coles cbtzined composite fault plane solutions from
events within the two sejamic bands and showad that they represent
diffaring stress regimes. Thirdly, they used converted phases originaring
from the cop of the subducting sleb to constrain ita exact depth and the
velocity contrast across it. Only in Japan and Hew Zealsnd has it hereco-
fore bean posaible to resolve such details in the seiamicity of subduccing
slaba.

Probably one of the mest powerful tocls vhich recently has been
devglopad for understanding the timing snd cccurrence of great subduction
zone earthquakea i3 Che ¢oncept of Seismic Gapa [Sykes, 1971; Relleher,
1971y MeCann et al., 1979], Wa have compiated a thovough survey of all
historie and instrumental seismic data in the Alaska-gastern Aleutian axe
regions and identified two well defined seismic gaps and a possible third

gap. Thesa resulrs are now aither published, in press, cor submitted for




gublication in a series of papers which concern, vespectively, the entire
Alaska~-Aleutian arc [Sykes et al., 1380G; Sykes ot al., 1921], the Shumagin
Gap {Davies et al., 1941], the Yakataga Gap [Mc¢Cann et al., 1980; Perez and
Jacob, 1980a, 1980b], and che poasible Unalaska gap [House et al., 1980].
Furthermore the study of seismic gaps and of histovies of great earthquakes
strongly contributed to improve the undaratanding of recurrencsa times for
great marthquakes aleng any major pliate boundary as a fumetion of rate and
direction of plate motion, ratio of seismic to aseismic energy releass,
plate boundaty pgeometry and variation in atress drops [Sykes and
Quittmeyer, 1980, 1981]. The result ¢f this study will b¢ instrumencal for
teducing the uncertainty in the racurrence times of fobture great
earthquakes.

The explosive eruptiona of Mt. St. Helems wvolcano, Washingtom,
provided a timely opportunity to apply recent rvesules of McHutt [197%] from
hia study of the Aleutian volecano Pavlof to a generalization of processes
asspciaced with magma tranaport in explosive—type volcanoes. MeNutt uses
volcanic seismicity as an indicator of volcanic activity and finds that
exterior stress variacions (tidal forces) can ephance both extensional and
comtractional phases during eruptive activity, but at different times.
This comparative vglcano seiswicitcy atudy is still in progress.

Several major improvements were achieved in the rechoical atatus of
the eastern Aleutian seismic network operated by Lamont-Doherty. Eveﬁt-
detecting analog-tape recording sysiems were ipstalled apd zre cperative
in Dutch Harbor {(Unalaska Is.) and in Sand Point (Shumagin Is.). A digital
recording 9ystem has been built for installation at 35snd Peint in

Decembar 1980. Satellite precision ¢locks ware instziled in all three




central recording aites (Dutch Harbor, Sand Point, Saint Paul} and

synchronize the i bases at thess three sites withio L/1000 sec, Bix new
strong motion recording sites were established in the Skmagin Islands
vith supplemental funding by the U.5. Geolsgical Survey. These and other
techpnical improvemsents particularly tumed towards digically processing the
netuwork data will have 3 major impact on the spead of analysis end quality
of research to be carried out in future years. Major impasts of thase
technical improvements concarn time vesolution in studying seismic delaya
caused by magpee chambers beneath Paviof volcano, accuracy of hypocenter
locacions, and seiswic wave—form analysis for source, attenuvation and
strong-motion studies.

The following patragraphs provide research wesults and technical

information in greater detail for each rvessazch topice,

RESEABRCH RESULTS AMD PROGRESS

Evaluation of Seismic Potential in Two Seismic Gaps Completed:

Shumagin Islends Gap. Using the new compilations of historic and

instrumental data gn seismicicy of che entire Alaska Aleutian are [Sykes et
al., 1980; Sykes et al., 1581), Davies et al. [1981] have completed a
thorough acnalysis of the Shumagin geismic gap. Their majer resulta ars:
The Shumagin seismic gap (Figure 1), a segment of the plate boundary
along the eastern Aleutian arc, has not ruptured during a great sarthquake
since at leasc 1899=1903. Becausa at least 77 years have elapsed since the
Shumagin Gap iast ruptured in a great earthquake and repeat times for the .
1939 rupturs zone and part of the Shumagin Gap are estimaced to be S50 eo 90

years, a high probability exises for a grest sarchquake to osceur within the
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Figure 1. Aftershock areas of earthquakes of amgnitude > 7.4 in che Aleutlans, scuthern Aleska and offchore
Britiah Columbla Erom 1938 co 1974, afcer Sykes (1971) and HeConn et al, {198Q). Heavy arrows dencte motlon
of Pacific plate with respect to Horth Americsm plate as calculated by Chase (1978} aund Minster and Jordan

(1978). Two chousand Eathom contour 15 shown for Aleutian trench. Wz and My depste wmagnitude scales deecri-
bed by Kanamoxrl (1977), Shumagin Cap 1s in center of figure,
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Shumagin Gap during the next one to two decades, Beconsideration of the
tupture zenes of the Aleubisn earthquakes of 1938, 19468 and 1948 suggests
that those events did notf break the interplate boundary beneath the
Shumagin Islanda. Thus, the Shumagin seismic gap extends from the westarn
end of the 1935 roupture zone to che eastern end of that of 1946, Theas
boundaries alao coincide with transverse structural features, At least
the eastern half of the Shumagin Gap broke in great esarthquakes in 1788 and
1847 and possibly in 1898-1903 {Figure 2}. The Shumegin Gap is probably
not the result of aseismic zlip; rather, plate motion ia accommodated therg
seismically and episzodically and can be expected to produse lavge earth-
quakes in the future. Although there i2 no definitive evidence of long-
term precursors of a pozzibla fubure earchquake, geveral obszervations
suggesat that tche Shuamgin Gap iz in an advanced stage of the earthguake
cycle, Both taleseismic amd local nerwork daca indicatse & near absence af
seismic activity {H 2 1) above a depth of 30 kw along the main=-thrust zone
within the gap; this is in strong contrast o adjacent pertions of the arc
wihere selsmic activity is scattered across mest of the main-thrust zone.
Twoc earthquakes with high stress—-drops (600-30 bars), which occurred at
the base of the main—thruut gone, may indicate the accumulation of a
considerable amount of strain energy within the gap. A poszible seismic
gap at the zastern and of the aftershock zone of the Alautian earthquake of
1957 has bean identifiaed nesr Unalaska Islaed. An <arthquake cthat
nucleates in the Shumagin Gap could alse rupture the possible Unalaska Gap
to che west, the 1938 aftershock zome to the eazst, ¢r both, with resulcant
magnitude up to M, = 9.0. Alternatively, the Shumagin Gap alona, or in ona
af the above cowbinations could rupture in 2 geries of very largs earth-

quakes inztead of a single preat shock. Past Alaska-Aleutrian earthquakes,
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Latge shocka in 1929 and 1965 that involvé ooreal faulbing #n ciench axe omiceed. Absence Of ghocks hafora
1849& along savarsl portions of plate bousndsry cefteces lack of on blstoric cocord of earchquakew for thoma
aresu. Mapoliudes s€rer Eichier (1956), Ranamori {1977}, Kundorakowya dud Shebalin (19773, Kooaword amd
Abu {1979} and Purer and Jacch {1980).
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ineluding thase of 1788, 1938, 1944, 1957, 1964, and 1965, have penerated
very large tsunamis (Figure 3). Future large earthquakes in the Shumagin
Izslands region ¢ould generace wave heights of severzl tens of meters along
sherelings neay the rupturs areas. The Shumagin Gap iz one of two major
gaps alang the United Scates portion of the Alaska-Aleutian place boundary
and is one of the few areas in the United 5tates where prn:aaaeé leading to
& great earthquake are likely to be cobsetrved within a yeasonable apan of
tima.

Yakataga Seismic Gap. Mecroseismic data for the great earthquakes of

4 and 10 September 1899 in the sastearn GCulf of Alaska (Figure 2) indiecate
that much of the place boundary betwesn the 1958 and 1964 earchqoakes
ruptured at. that time. The potential 2lip that may have been built up in
the region from 18%% to the present is similar te the average alip
associated with the 1899 events. Focal wechanism sglugions nd geologic
studies indicate thae coovergent plate motion in the region is
accommodated in shallow thrust planes, as in the zeme to the west that
ruptuted in the 1964 Alaska sarthguake. A large portion of this thrust
Zone has been nearly quisscent for eavents as amall a8 mpgaicnde 4.0 for the
lagt 15 years. This zone of near quiescence is surroundad by a ring of
activiety. The numbaer of larger sarthquakes in the ring appears to have
increased significantly since the 1958 earthquake on the adjacent plate
boundary. Thia doughnut~like pattern resembles in many ways the spatiasl-
temporal patterns that preceded several great earthquakes. The spatial
and temporal changes that we obasgrved within the Yskataga gap, however, do
noet permit us te estimace precisely the time of occurrence of a fucure
great shock that would rupture the gap. Intensified field studies are

nesded to identify effects that may be precursory to asuch an event. HNaver-




Figure 3, Dlagram of carthquakes and tsunami of 1788, afrer Solov’iev (1968), 1- -hjrpnl:hetical location
of vupture zome; 2 = posftdve knom places of appearance of csunaml, 3 - probable places of appearance of
teunamly 4 - approxinare helght of teunaml in mecers.
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ZONE OF
QUIESCENCE

Figure 4. Earthquakex of magnitude 5,9 or larger near the Yakataga safsmic gap from
January 1958 to February 1979, HNace chac zeven of these =vencs are situsfed at che
edges of the zope of near quiescence for small shoeka (heavy solid line) showm in
Flgure 2, Large ecircles denota the apicencters of main shocks of large eveats in 1958
and 1979; small eirelas, afrershacks of the I958 earthquake: trianglas, shooks of map=
nltude 5.9 to 7.9. Faults are from King (1967). Infarred lengths of the rtupture zomes
of twe great earthquakes ia 1899 ave indicated. Hatching indicates the rupture zomes of
the 1958 and 1964 sarthduakes. Numbers below dates are magnirudes.
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theless, the observation that this region Tuptured in a series of large
shocka in 1399, the calculation of a repeat time of about 80 yenrs, and the
occurrence of a large earthquake in the area in 1979 suggest that the
Yakatapga gap is likely to be the site of a great earthquake within the next

10 ko 20 years.

Identification of a Possible Seismic Gap Near Unalaska Island, Eastern

Alsuriana, Alaska

This study focuses on the esastermmost (200 ka long) portion of the
1200 ko long aftershock zone of the great, K = 9.1, Andreanof-Fox Islands
sarthquake of 1957, TFigure 2 illustrates the aftershock zeone of this
earthquaks and ite relacion to several other great (M > 7.8) earthquakes
that have broksen portionz of the Alaska-Aleutian plate margin in the past
100-200 years. By sfudying both seismiciry anﬁ taunsmi data, we concluda
that the sastermmost 200 km {the Unzlasks segment) of the 13957 aftershock
zona underwent deformation in &4 manner quite different from the remaining
1000 km long zone and may not have ruptured in 1557. If it did not rupture
in 1957, it could have significant impact om the evaluation of seismic and
tsunami hazards in the easterz Aleutians.

Seigmicity Data, Figure 5 i3 a map view of the 2astern Aleutians and

illustrates the location of the 1957 mainshock (shaded) and aftershocks
that cccurred within one year after the main shock, The distribution of
afeershocks iz fairly heterogeneous, yet, betwesn about 180°W and 166°W,
afeershocks occur over a zome szoms BO lwm wida, measured normal to the
gtrike of the arc. In contrast, those aftarshocks within the =astermmosr

200 ¥ of ‘the 1957 aftershock zone align only at the arcvard (northern)
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edge of the aftershock zone. We terw thiz easternmost 240 km loog povtion
the Upalaska segment aod tChe remaining 1000 km zone, the mzin segment.
Hote also (Figure 5) the lack of aftershocks beneath the portion of the
trench seaward of the Unalaska segment. From the time history of seis-
mi¢ity that ccéuwrred beneath the trench between about 163°W and 1809°W,
House &t al {198l]) conclude that such activaty (Figure 5) rcepresents
avenes that wers stimalated by the 1957 main shock. The lack of activity
hen=ath the trench sgeaward of tha TUnzlasks segment suggests that the
Unalaska segment may not have broien in 1957,

The distribotion of seismic activicy prior co the 1957 main shock
(Figure 6) reinforces the initial impressions obtained from the aftershock
diastribucion. Two notable cluacers of activity ogcurred in the 11 years
prigr to theg 1957 main sheek. The locacion of ¢ne, near 180°W, coincides
with the western extent of aftershock aczivify, A more intemse ¢luster
occurred near the eastarn end of the main segment of the 1957 aftershock
zone (about 168°W). In a simple intarpretation, thess clusters may have
resuleed from precursory fracture or slip along the two enda of the
impending rupture zone,

Tsunami Data. The good agresment between rhe afrershock aredg and the
tsunami source areas of major underthrust~-type zarthquakes [Harori, 1970;
Hishenkc and McCanm, 1979) provides another way of c¢onstraining the
rupturs arez of the 1957 earthquake. Ordinarily, tsunami wevefront
diagrams are drawn that represent taunawi Etravel rimes along various
patha, Tsupamni speeda are wall represented by the simple Eormula
g = ah)lfz, where g is the accelecation due o gravity (9.8 nfsz} and h
is the depth, in metf¢rs. From the observed tsunami travel times to tide

gauges locaked at various szimiths from the earthquake, the tsunami source
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area can be locaced. Using this approach, and the travel times of the 1957
Csunami Lo tide gauges o Lhe west coast of Worth and South America, widely
scattered estimates are obtained of the eastern extent of the 1957 tsunami
gource area [L.R, Sykes, unpublished data, 197%]). These scatterad
estimates make it impossible to distinguish whether the source area of che
195? tsunami included anly the main segment of the aftershock zone or
whether it excended castward and included the Tnalagks segment.

Te obtain a wore precise location of the sastern extent of
the tsunami source area of the I957 earthquake we locaced ic relacive co
that of another nezrby earthquake. Thiz method minimizes the affect of
srrors in the calsulated cravel times, since the only travel times thac
need to be calculated are those for the differsnce in the travel path
berween the reference avent and the 1957 source area.

An earthquake located nearby that oscurred in 19486 generated a large
taupami [Green, l%46; Shepard et al., 1950; Zykes, 1971; FKanamorvi, 1972;
Tukae, 1979). Davies et 21. [1981] find that the aftershock and tsunami
gensrating areas of the 1946 shock are nearly idemtisal. Thus, it provides
a good reference from which to loecate the source of the 1957 tsunami. 4
total af six tide gauges recorded the tsunamis of both the 1946 and the
1957 earthquakes. From the differential travel times to these =zix cide
gauges, we obtained five astimstas of the esstern axrent of the 1957
tsunami source area (locations froum two of the tide gauges coincidel.
Figure 7 shows these estimates and their relation to the distribution of
foreghock aod aftershock activicy.

We conclude that in 195}, the Unalaska sepment must have deformed in a
manper very different frow thet of the main segwent of the 1957 aftershock

zone, If the Unalaska segment ruptured in 1957 it must have done =0 in one
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of two ﬂi?ﬂ; 1: may have ruptured as a normal rupture that was delayed
gufficiently velative to the ;ain earthquake rupture that its seismic and
tsunami affacts were indistinguishable from rthe coda of tha main rupture.
Altarnatively, ond more plausibly, the Unalsska segment could haﬁe.
rupturad in an event that was so slow that it took 100's of seconds, This
type of rupture would ke an inefficient aource of a tsunami, and wight be
smeokth encugh not to generate aftershocks. Kanamori and Stewart [1979]
term such an event & alow earthquaka. |
It i3 also possible, however, that the Unalaska segment did not
rupturs in 1957, Tf it did not, it could pose significant seismic and
tsunami hazard to the eestern Alevtians. Although historic information
does not indicate that the pessible Unalaska gap has genarated a grest
earthquake in rthe paat, nearby portions of the Alaska-Alautian plats
margin definitely have [Davies et al., 1981; Sykes er al., 1981)., It would
seem unwise, therefore, to consider the possibla Unalasks Gap incapable of
producing a great earthquake, Such an earthquake, if it were Lo Tupture
the entire area of rthe pauaih}e Unalaska Gap, c¢ould be a& large as

megnitode <Hw} 8.

Fine Structure of the Dipping Seismic Zong in the Shumagin Islands

4v abiding problem ie the analysis of microearthquake datz from the
Shumagin array is the rather incomplata kmowledge we have of local crustal
structure. HNo deep seismic sounding experiments have been undertaken in
the area, and the grustal structure model routinely us;ed for hypocenter
_datemimtim iz a aynthesis of mdelsl determined by Matumoto and Page

[1968] for the Cook Inlet ar=a of Alaska, and Rowlett and Jacoh [peraonal
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communicacion, 1974]) for the centrel and zastern Alesutian Islands. The
horizontally-layered crustal model used is clearly but a first zpproxima-
tion, given the rather large varistionz in stracture one might expecc at a
converging place boundary. In order te chtain a sample af hypocenters
relatively free of model errcrs, hypocenters not critically dapendent on
tha adopted velocity medel havae besn grouped together. In pratice, Cthis
has baen achieved by requiring that the epicentral distance Lo the nearest
station uvasd in % hypocenter determination is less than or squal to cwice
the hypocentral depth. 3uch a procedure snsures good hypecentral depth
confirol, =3 arrivals toc the closet stations are interpreted a3 direct
arrivals, the travel times of vhich are less prone to errors {due to an
inadequate cruatal sttucture wodel) than eritically refracted arrivals,
which may arrive firat if the ratio of epicentral distance to hypocentral
dapth is large.

& depth section of well-determined hypocenters satisfying the abave
condition and oecurring during the one and a half year period from
July 1978 to December 1979 iz shown in Figure 8. The section is oriented
at N30*W, perpendicular to the strike of the arci it has a width of 400 km
and is centered ¢on the Shymagin array. A H30°W orientation of che sectiom
gives the best definiticn of the dipping seiswmlc zome. This definition is
noticeably degraded if the section i3 rokated by as little a 2® in either
directicn. The dipping seismiec zone ahown in Figure 8 appears double-
planed. The upper plane dips at 32* from 45 te 100 wm depth, whers it
exhibits a knee=like bend below the volcanic front. The lower plane bagina
at about &5 km depth, where it is ssparated from the upper plane by scme
25 wm, and converges with the upper plane af about 125 km depth. This

lower plane appears to be real, and not related to lateral sepmentation of
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the subducted plate, since the microearthquakes comprising it are evenly
spread along the strike of the'are. This is illustrated in Figure 9, which
shows the lower plane hypocenters in map view, Indeed, the cleax
gepatation of the btwo planes of the dipping se=ismic zone evident in the
400 km~wide gaction shown im Figueve § sttests to the wnifermity of the
aubdueted Pacifiec plate along the strike of the arc in the region of the
Shumagin array.

Double-planed seismic zones have recently been found in other areas
‘gf subduction, including the Kurile Islands [Veicth, 19741, the Central
ﬁleutiag Islands [Engdahl and 35chelz, 19771 and northeastern Japan
[Hasegawa et al., 1978a,b]. WVarious explanations have been proposed for
such Zones, including elaatic unbending of the suybducced alab [Engdahl and
Sc¢hols, 1977], phase changes in the slab [Veith, 1974] and sagging of the
dlab vnder its owm weight [Sleep, 1979]. Composite fault-plane solutions
of the microearthquakes comprising the twe planes of the seismic 20me in
the Shumagin Islands will provide constraints om the mechanism producing
the double zome, and deteérmination of sueh fault=-plane solutions ia
curreéntly underway.

A feature of the depth section shown in Figure B is the comcentrated
microearcthquake activicy in the 25-45 km depth range. The dip of this zone
of aetivicy is approximacely 41%, scme 9% steeper than that cf the upper
plane of the double-planed portiom of the dipping seismi¢ zone, lending
credence to speculakicn that the double-planed poztion of the zone repra—
sents elastic unbending of the subducted plate. A composite fault-plane
solution indicates cthet Lhe 2545 km deep activity represents thrust
faulting. As can be seen in Figure 10, the P axis of this composite fault-

plane solution is near-horizoncal, and its azismth (330°) is very aimilar




Figure 9. A map view of the hypocenters (crosses) comprising the lower rlane of the doubla seismic
cone evident In Flgure 8, 3o0lid triangles show selsmic network scations,




Fifure 10¢. Upper-hemisphere, aqual-srea stereograms of first-motion dirsctions
far two groups of microassrthquakes: (A) thosa comprising the dipping zone of
consantratad activity 4in the 25«45 km depth range and (B}* those in the overlying
plate landward of tha group A avents. Z£olid circles rapresent compressional
arrivals; open, dilatarional. P and T dencte the axes of compression and tenaion,
tespactively. The dashed plane in faulec-plane solution A shews the orfancation
of cthe dipping zone defined by the mjcroearthquakes coeprising the solutiom.

*(BY shown on next pags.




Figure 10 continued
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te the azimuth of plate convergenee predicted by the BM2 model of Minster
and Jordan (1978] Eor the region of the Shumsgin array {(3299). 1Im
addition, one nodal plane of the solution is subparallel to the dipping
zone dafined by the 25=45 km desp aceivity. Landward of this aetivity,
nicrﬂearthquakas-in the gverlying Rerth American plate show a strike-slip
mechanism {(gee Figure 10), with the P-axis =2gain near-horizontal and
oriented in the direction of plate convergence. This result is consistent
with the interpretation that the plate interface in the region of the
Shumagin Iszlands is currently locked, with stresses due Lo plate conver—

gence being transmicted to the overlying plate.

Pavlof/Me. St. Helens Scismicity

During the past year we made progress in ocur stodies of the seismic
behavior of active volcanoes in the following fields: 1} Several
addirional monthg worth of Paviof geismicity data (belicorder raecorda)
have been reduced; 2) cthe earth tide study has been completed and is being
prepared for publicacion; 3) fraquency analyses of some volcano seismic
signals has been carried out; 4) tapes from our new event-detecting analog
recording systesm have been played back and digirized For the magma chamber
study; 5) to test Pavlof volcano rgsults for their compatibility with other
subduet ion=zone=related volcanoces we started a comparative study; for this
purpose we initizted the following steps: (a) an investigation of short-
tern patterns of saismicicy at Fuego and Pacaya Volcanoes (Guatemala}, (b)
preliminary b-values for the ME. 5t, Helens earthquake sequemce have basn
calculated. Thesa araas will be described in detail in the following

paragraphs.
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As the recent eruptive activity of Mt, $%t., Helens has ahown,
subduction-zone related volcanoes can be quite uppredictable in their
habits. Baasic volesnic processes are only poorly understood, sc an assess-—
ment of geothermzl poiential and voleanic hazardes muest of necessity be
cgutiouy until 2 data-based assessment can be established. We have
expanded the acops of cur voleane atudies during the past year to include
Both Fuego and Pacaya (Guatemzla) and Mt. 'St. Helens (Washington)) Cthe
former in cooperation with David Harlow of the US8S and the latter in
cogperation with the University of Washingtom Geophysics program. Qur
studies of Pavief wvolcano will strongly benefit from such cowparative
studies of these other volcanoes. We have continuved fo investigate and
quantify details of eruption proceszses and cyeles uwsing seismic
informakion. Thisz integrated, broad-based approach will best allow us ko
understand the bagic physical processez in explosive voleances in general
and of Pavlof's geothermal potential in parricular.

A. Volcanic Seismicity Plats Based on Helicordar Records. Figure 11

shows a map of Pavlof volcano and vicinity with station locations. Records
from the PVYY station are nearly contimwous from Octcber 1973 to the
present. These data were collected in ccoperation with Juerger Kisnle of
the Daiversity of Alaska. AL Lamont-Doherty we have made a summary of Zthe
number of volcanic earthquakes per day for che firat seven mouth's of the
atation's operscion (15 Qccober 1973 = 15 April 1974), for the pericd
1l September 1974 = 30 April 1975, and for cthe wonth of Septambar 1975, WHe
are continuing this count up to the present time.

Histograms showing the number of events of Efour different (ypes
occurring during each 2 hour interval are also being routinely preparsd for

Pavief Volcano. To date, helicorder wTecords for the time period
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1 September 1974 cthrough 30 April 1975 and September 1975 have been
systematically reduced. Wumber and aize of b-type wolcanic earthquakes,
oceurrence of air shocks, incidence and duraticn of harmonic tremar, and
cicurrence af high-frequency tremor have been catalogued for each 2 hour
interval for the entire period, Figure 12 shows a sample of the data.

B, #arth Tide Study. The main rasultez of the zarth tide study are

given in the abstract (Appendix 1) of a talk given at the Fall 1979 PHAGU
Meeting. Figure 12 shows a portion cof the data for which a corralation
between esarthquakass and tides is obsarved. Additionally, Figur= 13 shows
a gschemacic diagram illustrating our interpretation of the dats. Thia work
is presently being prepared for publication,

C. Frequency inalysis of Harmonic Tremwor from Pavlef Volcauno,
Harmoni¢ Cremor signals from Pavlef wolcano are observed on sgismic
records of aruptions. Signals resembling harmooic tremer are alao
abserved on seismograms from stationa near Tarbels dam and reservoir in
Pokiatan. Frequency analyses have been performed on both the Paviof and
Tarbela signals because we suspect 4 similar physical excitation process,
i.e. intermittent high=-velociey flow in a conduit. Two methods were used:
Digerate Fast Fourier Transform and Burg maximm sntropy. The Tarbala dam
gignalas are showm to be argan pipe resonances in the ourflow tunnala, with
both even and odd harmonics present (i.a. X = (/5% , 1/28 , 3/4t , 2 ,
5/4%, etc.). The observed apectra (Figure l4) change with Llocation
around the reservoir and with the size of the outflow opening, which ia
gate controlled.

We infer that the Pavlef harmonic tremor signala are alse organ pipe
resonances, presumably of a magma-filled conduit. The spectra {(Figure 14)

exhibit well-recorded higher frequencies, represesnting overiones such as
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7i4, 3f2, 9/4, 5/2, etc., but poorly recorded lower frequencies (including
the Fundawental modes), Ue infer that the source excites predominantly
higher frequancy modes.

Several mechanisms are suggested for exciting cecillations within the
conduit that cause harmonic tremor: 1) imtermictent flow of magma through
the pipe, 2) comduit extension/contraction, and/or 3) oearly continuous
explosions. The inferred length of tha tube depends on the wvelocity of
P—waves in magma; reported valuaa of 0.3-2.0 km/sec yield valves for the
conduit length of 0.5-3.2 km. -

D. Mapma Chamber Study. Some new data have been obtained for the

study to determine the aize of a magma chamber under Pavlef volcano., The
study invelves tha detaction of travel time residuals and amplitude
attenuation for ray paths of carthquake waves vhich travel through the Toot
zone of Pavlef. A aimilar rype of acady by Iyers [1979] showed the
prasence of 2 low wvelocity zone under Yellowatrone Fark., The installacion
of our new, event~triggered tape recording systenm whose analog records can
be dipitized in an antomized processy has gresatly enhanced this study. The
resolugcion of P and § phases is much higher op the new recording syscem,
and the timing system is much more accurate (1/1G0 sec). Preliminary
results of several large (N 3-4) earthquakes in the Shumagin lslands
region indeed show gystematic travel time residuals for ray paths which
travel through the roof zone of Pavlof. We are now awaiting a gufficient
amount of such high-aceuracy data from the new gyatem to "X=vay" a laege

srustal volime bepaach Paviaf volsanpo.

E. Fuego and Pacays Volcanoes. FPacaya volcano, Guatesmalz, iz quite
similar to Pavlef in its eruptive bshavior [Eggers, 19791, while Fuago is

more like Mr, 5S¢, Halens. The former have mild explosions and scrombalian




aruptive behavior, while the latter have mainly Plinian eruptions. We are

studying the short term cyclas of seismic aceivity at &ach of these
volcanoes uzing standard seismological methods, such a5 histograms of
peismieity, earth tidal ¢nrreiatinn gstndiea, calculartion of b-*nues, and
frequency analfses. We expect an integrated approach to volcano
seigmicity will allow us to datect the common features of subduction zone
vnléanueu ;nd their geothermal potential and hszardous properties.

F. Mt. 5%, Helens b-values. Figures 15 and '1& show examples of
b-value plots calculated for twe subzets of the Mt. St. Helens sarthquake
sequence. Theae plots demonstrate that several physical mechanisna are
;:ting to produce earthquake gignala. Further details of this atudy are
given in the abstract (Appendix I1) of a talk given at the fall 1980 PHAGU

- Meating.

Stress Drope

Eatimates of stress drops of earthquakes are iwpartant bacanse the
ground acceleration produced by an earthquake of a given momenc is depen-—
dent upon cthe stress drop [Hanka and Jehnaon, 1974]. Alse if one can
asaume high atress drop earthquakes are an inéicntnr of a high level of
regiomal atress, the location of these earthquakes should help in
identifying areas under high tectonic stress, and thus likely sices of
great earthquakes in the near future.

Last yazr we reported scurca parameters for four anrthqﬁak&s in the
Eastarn Aleuriang. Using the methods described in last yaar'’a rnpurt,.we
estimeted rthe atress drop for 1D more moderate 2arthquaikes in the zame

region (Figure 17). The data used were short=peripd WWSSN film chips and
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The distinck
break inm alope on the hiph [requency plot {(1eft) da& iocerprered aa indicating that two physical mechaniams are
acting; the break ln slope xeprescnta a kind of threshold value®,

Verrical axesa on both plore are cumulative
nunber of eventa, horizontal axes are log peak o peak algnal amplitude,

*Low frequency events for this cime perled do mot show a statlstlcally reliable break in slope,
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records from a broadband instrument located in Palisades, MNew York. Oma
Factor which was mot taksn ints account last year was attenuation, More
recently we assumed that anelastic attenuation was represented in

frequency domain by

iwe®

Qlw} = axp [—wt* + 7

{ln ET - 2)1
wvhere w is the angular f{requency, w' is the Wyguist frequency, and t* iz a
measure of the energy loss per cycle [Carpenter, 1966]. Then on¢ can form
an inverse Q oparator, transform it into time domain, and apply it to the
data to take out the effeccs of attenvation. Figure L8 shows the ploce of
valocity and velocity convoelved with the inverse ( operator for the data
used in analyzing event 9. Om@ mnotices that the convolution is very
unstable ro noise end completely destroys much of the shape. Butc the
inicial "rupture phase" ataysa coherent, and since it iz the alope of rhis
Yrupturs phase™ which is used to calculate dynamic strass drop, the poise
later on in the signel should not offsst cur sstimates of stress dzeop.
The t* used in this study was taken to be 0.6 for all the events.
Published values of t* range from 0.1 te 1.0 [Der and McElfresh, 1975;
Anderson and Hare, 1978; Sommerville ar al., 1976]. A different t* could
change the abgolute value of atreaa deop by a factor of 2 oxr 3, but iE would
not change the relative waluas obcained for cha sarchquakas in this study.
The dynamic stress drops calculated for the 14 events are tabulated in
Table |. Demspite the acattar in the data, there are significant differences
in the dynamic stress drops among Cchese ezrthquakes. The scatter in the
resulcs could parcly be due to local condicions at the site znd receiver.

The shallow aarthgquakes occur in aregs which are probably more complex
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Flgure 18, Deconvolvad welocicy plots for event 9 are shown in the first columm.
The secend ¢olum is & comvolution of the velocliy plots with an inverse {] opera-
tor {T* = 3,6). MNote that the rupture phase stays coharent despite all the noisa
in the healing phase, The vertical scale for the second colum is three times
grzatar than the first colmm 20 that che comvrolutlon with the inverse { operacor
increagsesz the amplitude of the& rupture phase by about a Eactor of 3.




TABLE 1
Evanc 1 /20769 becth ¥ km m = 5.8
DuG 81 bars
HDI 55 bars
PTO 93 bars
5NG 105 bars
Pal 50 bars
Evanr 2 10/13/72 Depth % km m, = 6.0
 r} 1] 42 bars
W1 178 bars
PIC 115 bars
1ET 161 bars
GOL 38 bars
Evant b 11/12/6% Danth 50 wm T, * 5.5
miG 13 bars
WO I 18 hars
TUL 6 bars
GOL 6 bars
Euapt 7 7iefa? Deprh 49 km o = 5.9
IO 47 bars
15T 44 bars
TRI 31 bars
Fal, 26 bars
Evenc £ 5429773 Dapth 17 km mp = 8.1
ouG 152 bars
NDI 256 bars
PTO 22) bars
SNz 109 bars
TIC 240 bars
sTu 286 bars
LOW j94 marcs
GAL 250 hars
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TABLE 1 {con't,)

Event 9 416174 Depth 40 kn
HDI 117 bars
PTO 154 bars
ENG 150 bars
ME 102 bars
TAN 179 bars
IST 37 bars
FaL 102 bars
SHK 212 bars

Event 10 2/13/7% Depth 24 km
PAL &5 bars

Evene 11 276764 Desth 15 km
PAL 167 bars

Bvant 13 12722764 Depch &0 km

PAL 85 bars
Event L& 11725771 Depch 136- km

KIG 47 bars

GOL 44 bars

G5C 18 bars
Event 17 6/10/68 Depch 170 ka

G 2& bars

T 50 bars

LON 23 bars

GOL 77 bars

QUE 17 bars




TABLE 1 (com'c.)
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Event 18 9/4/71 pepth 115 km m, = 5.7
oG Z1 bars
HDI 73 bars
FIC T3 bars
¥EBS 84 bares
UME 45 bars
PG 30 hars
Event 19 4r21/72 Dapth 100 km oy = 5.3
NDL 12 bars
PTO 27 bars
KT 14 bars
Event 20 845771 Deprh 150 km e = 53,8
BRI 4T hars
SHG 68 bars
RTG 16 bazs
mE &0 bars

—_——




structurally. This may account for the mere complex pulse shapes of tha
shallow events. WNo correctiona were wmade for structures at the scurce,
such asz the dipping alab {Figure B) which could significantly offset shape
and amplitude of the waveform [Daviss et al,, 1980].

Figure 19 i= a ploc of dynamis stress drop versws depth. Lines
connect points wiich represent scaticms used in analyzing the same svent.
Alcnough cthis data set iz toc small to represent a fair statistical
sampling, we believe it indicates that differencea in streas drop oceur as
a functicn of lecation. At depth of 100-200 km where no great sarthquakes
are known &o occur the stress drops of these moderate sarthquakes fall in
the range of 10=?5 bars. The very shallow normal-faulting earthquakes
near the trench seem to have in the average somewhat higher dynamic stress
drops than the Benioff zone avents. Whether thia high atreas iz a local
fraturse of chis particular arc segment or occurs consistently alenpg the
anfire arec is not known az this stage of Cthe study.

The earthquakes within the main=thrusc=-zene {(depth 15 ko 50 km) zhow
the greatest variation in dynamic stress drop along the arc. This faer iz
illustrated in Figura 20. {icte that the two low-atress sarthquakes ia this
category fall within the aftershock zone of the 1957 evenk; slso the
earthquake which appears to have che highest scress drep 15 the one which
occurted 4t the edge of the 1964 rupture zone and one month prior to the
1964 event, Event 7 is located in the 1938 aftershock zome, and accurred
at times sufficiently long after the great 1938 avent so that the inter=
ediate value of stress drog may repressnt the stress accummlatioms of an
area nidway in the davelopment of an earthquake cyecle., These spparently
congistent stress wvariationa for wmoderate—size sarthquakez in the main

thruat zona suggeat that dymamic stress—-drop estimates from sueh svents
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Figure 1%. Plot wm dynanic stTess drop versus depth. Hote the wide range of
streas drops For the sarthguakes at depths of 13-30 m.
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Figure 20. Dynamic stress drop plotted agzinst longitude. The lowest stress
drop msrthquakes are located within the 1957 ruptur= area. High stress drop

earthquakes are located within or at the edges of gaps.




nay provide some indication of the level of stress that has been attained

within different segments of a subduction zeme. Higher stress drops are
obgserved for regions that appear in time close to the occurrence of a great
earthquake. In addition it appaars that shallow intarplate parthquakes
apd intermediate-depth intraplta earthquakes (within the subducting slah)
have distinctly different scress drops.

Conclusions. We have shown that thare is a difference in atress drops
of earthquakesa in thie region. This difference is important in idencifrving
areas which may be under high tectonic scress and thas likely sites of
large or grest earthquakes in the near future. The breaking of high stress
asperities may also bde a4 part of the rupture procesas in all earihquakes, ao
the distribution of high and low atress drop events is iwmportent in

predicting strong pround motion from eazthquakes of all aizes.

Crustal Deformation

The work on crustal deformation in the Shumagin Islands presantcly
takes rwo forms: (1) annual lavelling of short level linea, and (2} anmual
distsnce measurements using laser instrumencs.

l. Cruseal tilring. We now have eight level lines (Pigure 21} ac

various leocaticns in the islands, rangiog in length from 500 m to 1200 =.
Ll and L5 have bean measured since 1472, LZ since 1977, L& aince 1978, L3
since 1979 and L6, 7 and 8 were installed in 1980. In Figure 22 we show the
results from lines L1, 2, 3, and &. L5 iz not considered because of
problems with unstables benchmark installaticns. Figura 22 shows the
height diffarsnce between the ends of each line a3 a fumction of time.

Each 1line is oriented spproximately WW=SE, perpendicular to the Alantcian
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L~—LEVEL LINE

Eipy R S

Figure 21, The Shumagin Islands showing out prasemt network of levelling lines,
Lines L1 and L5 were installed im 1972; 12 in 1977: L4 in L575: L3 in 19793 and L6,
L7 and L8 ia 1380. The spproximate position and azimuth of che lines is showm,
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Pipure 22. Levelling results since 1971, 7The graphs show the height diffarsnca he-
tueen the ands of each line as a funerion of time. The location and lsngch of the
line are shown at the boctom lef: of each graph. A falling tvend representcs cileding
dovn to the SE; a risiag trend, tilting down to the MW, The cwo measursments shown

for sach year represent rhe forvard and backward runs of levelling. The arror hars

areé L standard daviation basad on tha scactar in tha readings to che lavelling shafts.
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trench axiz, The praphs are dravn such that 2 falling trend with cioe
raprasents tilting ;nun ts the SE and a rising trend tiltimg down to the
NW. HMote that the praphs are noi nermalized ro che length of the level
line; if they were, the trend om the praphs of the shorter lines would be
relatively sceepened. Two points are pormally shown for sach year - these
tepresent the forwerd and backwiard rms errors of leveling. The errors as
shown are those for one standard deviation, based om the scatter in the
readings of the levelling staffs along che line.

We peint out the apprent agreement between the crends oa lines L1, 2,
and 6 beiween 1978 and 1980, Though none of the trends are sigrificant at
a high confidence lavel when tsien individually, taken togethar they da
give eredencs to tha trend baing raal {cilting down towards HW). The
disapreement on line L3 rennot be quantified = the line was omessured in
only one directiom ir 1979 so there iz no way ta check whether this
measurement might have been in error.

The chaage of trend on line L1 between 1972-8 (3% down) and 1978-80
{34 up} 13 weakly supported by the similar change on line L2, If we assume
the chaage in tilt polarity ia raal, it might be explained by a alip event
propagting along the upper surface of the sinking slab beneath the islanda.
The tilting down towards the trench between 1972 and 1978 represents a
phage of loading of the upper plate by the sinking aslab. The slip avent
then causea the upper plate to beccue unloaded and thus recover scme of the
berding in tha upper plate which toak place duoring tha loading phasa,
This, of course, is only one, highly speculatcive, interpretatiom of the
data.

2. Trilateration measuremants. At our instigariom, Dr. Joho Savage of

the USG5 starced in 1980 a network of high precision geodolire distance

- — ———— —p—. o
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measurements between the #ariuus islands and the mainland, This network
will be repeated and extended next year,and will eventually éive a mesaure
ef the long~wavelength strain field accumulating in the regicom.

We have also measured four smali-scale quadrilaterals, having sides
between 1 and 8 kilometars in the inner Shumaging. We uge a laser ranger
which gives-a pracision of several millimeters, and we can thus expect to
geg strain changes of order IG'E or larger: this will mosr likely be useful
in. determining coseismic deformatior, 'but may also be useful in a

predictive mode if large premonitory straims occur.

Technical Accomplishments

1. Hetwork Status, August 1980 {(following summer fieldwork)

There arge now thres networks operated by L-DGD iz the ¢asfern Algutian
arg-Pribilef Islands region (Fizu;a 233t the Pribilaf Hetwﬁrk; recorded
at St. Paul (ENP): the Unataska Wetwork, recorded at Dutch Harbor (DOT):
and the Shumagin Network, recorded at Sand Foint {SAN). Tha Pribilof and
Unalaska Hertworks have besn esteblished largely with the support of the
HOAA/BLM OCSEA Program for the purpose of seismic hazards evaluation. The
Shymagin Hetwork &nd its subarray on favlaf ‘Velecano was esztablished
largely with support from the DOE and acme initial equipment from the U3GS.
The origingl purpnsé of the Shumagin Necrwork was to provide daca for
tactonic.s:udies with some geothermal studies being added when the Pavief
subarray was instzlled, The data from sll of thase networks cam, of
¢ﬂu£$&, be used fur.bnth hazards and teetonic studies; indged, there is 2

synergistic benefit in ¢arrying out these studiss simultameously.
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The Pribilof Hetwork (Figure 24} consists of two remote stations and

the local statiom at 5c. Pawl. The sensors at the local station (5HP)
cenaisc of a shore= and 4 long—period vertical seismometer. The sensors at
the Lwo remote stations are short-period vertical seismometers.

The Unalaska Network (Figure 25) comsists of three remote seismic

stations, one repester station and the lacal zcatiom at Puich Harbor. The
sensors at the local station (DUT) consiat of three orthogonal shore-
period seismometers, a long-period vertical ssismometer apnd an orthegonal
set of strong-motionm accelercmeters. The saismomaters ak the remote
stations are all short—period vertical instruments.

The Shumagin Wetwork (Figure 26) comsists of 13 remote stacions plus

10 scations in the Pavlef Volcano subarray, threes repeater atations end che
local statiom at Sand Point (SAN). Each remote station has a single,
short-pericd vertical seismometer except Chernabura (CNB) which is now a
three—component station. Within the regicn of the Shurzgin Hetwork there
are now wine strong-motion acceleveographs (see Figure 26 and the
discuaaion below), six of vhich are co~located with remote stationa of the
network. Sensora local to the recording center at Sand Point (SAN) congist
cf orthogonal sets of short= and leng~period seismometer, and strong=-
norion sccelerometars.

The three component station st Chernabura was established following a
decision to begin & program of upgrading a subset of the neework by adding
horizontai geismomecers. The horizontal components yield important infor=-
mition that is not obtainable from a single, verticgl cowponent regarding
the arrival times of the shear and convercted waves (see section by Reyners
apd Colea); these errival times can stromgly conmstrain the location of the

hypocenters of earthquakes within the network and provide an almostc unique
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Figure 24. Previously propoaed (to BOAA/BLMY Pribilof Islands Network (see Figure 23
for location). Inscalled this summer were EHH and PLH. The three short-period zeis=
wic zignals from HEH, FLH and 3WP are recorded on a eriple-drum helical recordsr in che
WWS obsarvatory om 5t. Paul Island.
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Figure 15. Unelaska Hecwork (oac¢ Figura 23 Eor location}. Remocs sintlons (HAK, SDK, AKA} are #liowm by a £1)lad
elreles, stationa plenned but not dnstallad (TGD and WOHL) dus to westhar snd seclunical problems ars shown by the
e¢ircles anctosing o dog, Tha two fllled cleclew jo the uppep pight corner ace Lhe starions Falees Fose (FPS) and
Sanak Lleland {SHK] af thz Sowmagin Hetwork, Tla cecording centar for cle Unelavkns Habtwork 1a 1o Dutch Hayxbor {DUT)}
shoco by o filled hoxagon. The sénkor st cach of the rocmote storlons 1s o slogle, vecklcal selimomcier of 1 Yz
REtursl fregumaocy, AL PF chare are three arphapensal gejgnosetars ot 1 bg, one vartlcal ac 15 pec pod & FKlnemebrica
SHA-1 sccong=morlon sccelevograph (indlcaced by the heavy llne undér Lhe desdgnator ¢coda DUT). 1n addicioo to the
usual ahurc-period mode, the orithogaisl er 1e sleo recordad im ao inloroedisle perlod modge which 18 desigeed o
wpan Bk band foowm 20 Lo (25 sacondi perdcd and B0 be inléomediore fn magntPloselon habwien the short perled and the
BLrOng-worion gyorems, All af ehe signabs {oxcepl Chowe cf the iMA-1} aye evant-dececied ond rvecorded oun analog
Ewgnetic tapk. Two halicorder vecsrds are cadé b0 continuously sonitor cha aysres, The mamecic tapen avs dlgl-
tleed and procegund ac L-DO0 uskng phe N8GE BPP 11770 daca analyels eyres.
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data set for interpreting first-orvder velucit} discontinuities below the
nak. The location and nuture_ of rthese discontinuities ar= important
elements of a zeismotectonic analysis of the subdutien process in th#
Shumagin region.

Siyx pew stromg-motion accelerographs were installed this summer,

bringing the total in the region to nine {plus one at DUT}. These are all
Einemetrics lg SMA-1's. Five of them {see Figure 26) are connected to the
telemetry syatem so that a trigger signal a]léwa'us to know the exact time
at which the SMA begen recording @ given sarthquaks. Most of the suppoTt
- far theas instruments came fiom a USES cootract. This asyatem has already
| recorded one m = 5,2 event just SW of Hagai {MEI).

Helicoptar suppotrt was provided by the NOAA/BLYM QCSEA Program. This

support would cost about F100,000 from a privata contractor and is vital to
the maintenance of the numnbar of stations in the Shumagin and Upalaska
Hetworks. Maintensnee of the remote stations requires about 30 days for =
five person crew. The central recu?ding stations require about two weeks

of maintenance, three times per vear by a {wo man crew,

2. Improvements made at the Central Becording Staticms

Universal time receivers for the standard time broadcast wiaz

satellite have been installed at all three of the recording centers. These
vecaivers provide local rime automscically synchronized to Coordinated
Universal Time to within a2 few milliseconds. Thia obviates the need to
maintgin time corrections for the data collected at a particular site and,
more importantly, eliminates the néed to collect rime=correction infor-

mation (like the date) from the local station operators, removing the

et = ——————— —— ———— | — -
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ssesmingly inevitable confusion between local and CUT time. A separate,
local clock {T5250, eg.) is maintained at cach recording center in case the
racgiver or the satellite fail.

Intermediate period geismographs were installed at Sand Point and

Dutch Harbor. Tweo three-component uetsluf Baby-Benicff seismometars (1 Hz
natural Ersquency) were provided by L-DGO ta the Alaska=Aleutian project:
pne set each was installed in the vaults at SAN and DUT. The asignals from
these inatruments are conditioned by two-chanuel filter-amplifier=VCo
units newly buil¢ by the L=DGO seismology growp. One chamnel provides &
standard short—period ocucput (am and fm) and the other, an intermediate
pericd (IP) output (am and fw}. The IP output is designed to cover the
range 20 to .25 sec and to ba intermediate in gain between the short period
and strong motion systeams (see Figure 27), The IP system iz intended to
provide dacta critical to the stress—drop and waveform studies described
abowe by J. Mori., The amplitude=modulated (sm) ocutputs san be recordad on
the Devalocorder or on 2 Helicerder, whereas rhe frequency-modulated {fm)
outputas are mixed onto the eavent-deteccing magnetic tape recorder
described below.

Event-detecting, magnetic rapes recording systems were inmstalled at

both S3and Point and Ductch Harbor. The event-detector consists of one te

eight signal-detector modules and a legic unit which is baszed on a
programmabl¢-regd-only-mewmory {(PROM) chip. The aignal-detzctors switch to
an "on" state whenever the short-term average {(3TA) cf the signal exceeds
the long-term average (LTA) by some selectable level. The PROM can be
progratmed 2o Lhat any lopgical combination of states of the signal=
datectors can causa tha event—detactor to declare an evant snd switeh on

the tape recorder (Figure 28). Two four=-channel TEAC audio tape recorders
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Figura 17, Comparison of tha tatermedizre—pariod system oo ocher pelseographa.
Rasponis iunctioqa {magnification, ¥, we. frequency} ave shown For various seds-
aographa; (1) the "cypicsl 1 Hz op” syotem is sxesplifisd by the shorb—period
stacion CHE {Figurs 24} a9 racorded on n Helicovder: {2} the "leu gain” epscen

is nec presently employad io che Alsska-Alsutisn neCworks, L# ia wea in the L~DL0G
Toktogel Harwork in che U58R; (31} the "Sand Folok 1P syscem im chd neuly iostallaed
inceaymediate~pericd seiomegraph 4t AN {and OUT; aew Figuzes 25 and 16} aa vecor=
ded an a Halicoedazr: (4} zhe "10 TMA=1" ayafam i3 che Kinemecrics SdA=l scrong-
motiom accelecogoaph vich gemsdcivicy such thar ie wlll record on scala, acaldve~
rims up Fo 1g. Nece chac che IF gystesm it dncerediste in g=in DECwEn che
ghort=pezricd system and the stromg-eocion syacem.
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TRIGEER LOGIC FUNCTIONS
SAND POINT EVENT DETECTOR
1980 MARCH -

FUNCTION 1: ANY ONE GROUP

FUNCTION 2: ANY TWQO GROUPS

FUNCTION 3: ANY THREE GROUPS

FUNCTION 4: ANY FQUR GROUPS

FUNCTION 5: "STRONG EVENT'; ANY THREE GROUPS EXGEPT (FiG.H)

FUNCTION 6: "WEAK EVENTY; ANY TWO CONTIGUQUS GROUBS, I1.E.:
MEFT ACFBRC+FDIWE+*DF ¥ 0Oilg + D + Fug +
GiH + FiH

FUNCTION 7: SAME AS B EXCLUDING PAVLOF, 1.E, FiG + GiH +
F.H OMITTED

FUNCTION 8: 00D STATIONY!: SIGMAL DETECTOR A OR SIGNAL DETEC-
Tq&_ﬁ QR ANY CONTIGUOUS GROUPS ON OTHER SIGNAL,
DETECTOR

-

Figura 28a. Table showing tha eipght (switch=selectabls) logie functioms stored in
the FROM (programmable=resd-only=pemory) of tha 3and Point event datactor. The
"eroups” referred to I{n this table arm secs of stations enclosad by the heavy lines
in part (b} of this figure. TFor the event datector "group" mesns the signal detec=
tor represEnting a given group of =tations; for example, io group F the signal {rom
station 2GB iz input to signal deteccor F, that frea MGI to G, and sc on for the
remalning groups of stations. 1If g0 event wera to cause only signal-detectoers F
and ¢ to switch "om" it would be recorded by the cape recovdar omly if me of legic
Functions 1, 2, 5, or 8 had baen salected.
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Figuce 28b. Map showing the ataclon prowpings veferved to im part (a). Wirhin esach growp the aignal from the
undetlined station ia input to tha signal-detector For chat group.
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~ate used: one in a continuous=loop mode te provide a ctwenty second pra-
event "mewory', and the other in a standard, Teel-to-reel mode to record
the data. Frequency-modulated tones: from the remote and local sensors are

mixed onto the four channels alomg with an IRIG time code and 2 frequency-

compensation tone (see Figure 29). Eight to ten signals can be mixed onto

three of the channels and five can ba mixad with the 1000 Hz time code, so
that a eotal of about 32 sigonals can be recorded. In addition to the tones
from the seismic stations, 400 Hz tones from the SMA trigger units are also
recorded, Whenever one of these tomes ia detecced the tape reqorder is

always turned on, s0 that the on~ and cif-times of the SMA's can be

determined. The magnetic tapﬁs are demodulaced, digitized and processed

at L-DGO {s¢e discussicn under Playback below).

Unintertuptible power—supply {(UPS) svstems will be ipatazlled at DUT

nqd SAN, The battery-back-up portion of the syskem will be installed in
Pecember 1980 and the propane powered alternator units will be instzlled
in the spring or summer af 1981. The battery-backup is designed to provide
4 to B hours of unintarruptad pover for the entire station should the toun
pnﬁtr system f2il. The propane powared alterntor units are designed to
autnm;ticnlly start aftar about 80X of the battery capacity has been used
and to tun for abour one week without refueling.

The Dutch Harbor recording station amd vault were relocated from the

old sice adjaciné to the airport to a concrete bunker on Standard 0il Hill.
. The old site suffered from proximity $¢ & powerful radic transmitter and
the prospect that if would be demolished beaagsa it 13 too close to the
lapding strip. We have pegeotiated a reseonable annuval lease with the

native corperation for use of the new building and power. This summer's

field perty at Dutch Harbar speat about two weeks refurbishing

{ingulating, wiring, atc.)} the bunker and relocating the equipment there.
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3. Switch to a Wew Data Analvsis Svatem

The L=-DE0 version of the USGS~PDP 11/70 seismic data analysis system
is about 73 pefnent operational. The hardware and most of the software is
now installed. We expect delivery of the goftware to estahiish a4 data base
management system to handle the large libracies uf-digital selsmograms
that will be created once the new analyais sycem is in routine operation.
We can now digitize the demedulated cutput from the TEAC tape recorders and
"pick™ the arrival times on a digital seismogram displaved on a fast
graphics terminali the arrival times can then sutomatically beacome input
to a hypocenter location program and the resulbtant epicenter be plotted cn
4 map. Evan mora important than the improved speed and coovenience that
this system offers is the potsatial for far more sophisticated waveform
analysis. It will be possiblae, for example, to write programs to analyze
converted phases by exzmining the particle wmovian recorded by three-
component stationa, or to make routine estimatas of the stress—drop from
the szhape of the firat cycle of cthe P-wave,

Anocther advamtage of digitizing the seismcgrams {rom wmagnecic tape
{or better, digitizing the seismic output) is that during large avents,
large axcursions on the recordar dom'c overlap onts adjaszent channels
obscuring information that may oCherwisze have been available. An example
of tha sort of improvement that is possible is shown in Figure 30 (a and

B,

£3
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Figure 30a. Sample Develocorder recovd from 15:36 day 221, 1980, Tracings show the totsl amount of usable inFfor-
marion from thia event: the waveforms beyond the firsi few cyclea of the P-wave are either clippad or obzcurad by
the adjscent Lraces,
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