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TECFINICNA SU?vLSIARY 

lrlvustigatiorls arid RcsulLs. l)ctailed rnonit,orirlg of t.he seismicity wit.hin the 

seismic  zone covt-rr:d by t h e  h d a k  network cur~t,inllcs to  b e  t h e  rr i i~in  r.out.inr: task 

u n d e r  th is  projcct .  S t . a n d n r d  proct:dl.:r-es a r c  rlurv dcvclo;)c:d for- r-r:j)i:l Incatiun of 

all detectahls  local t:arthquakes, t h e  level  of det.et:t.abiliiy r l eper id in~  prirrlar.iiy 

o n  the wcnt,hcr cundit.ions. Various analyses  s h o w  t h a t  t h e  catillognf: of hdiik 

eiirt,hquakes cornpiled sirice August, 1974 is cornp1et.r: doivii t.o coda-durat ion 

m a g n i t u d e  of 2.2.  The association of Lhc spiit.ial distribut.ion of t.he srnall t,o 

m o d c r a t e  e a r t l ~ q u a k e s  wilt1 t.hc tec tonic  f e a t i ~ r c s  or t.11~ islclrlrl-arc - sul~d~ict . ior i  

zone s y s t e m  is now reasonably well-defined, b u t  t h e  qut:stion remains of t h e  

in te r re la t ion  of t h e  small active scisrnic s o u r c e  regions dur ing a large  event.. 

Terr~poral variations in t h e  p a t t e r n s  of o c c u r r e n c e  of srriall eartklc~uakes and 

premoni to ry  changes  in the orient.ntion of the i r  focal m e c h a n i s m s  a p p e a r  t o  be 

t h e  m o s t  prorriising i r ~ d i c a t o r s  of t h e  approach  of a lar-gt:r event.  In o r d e r  t.n 

m o n i t o r  the: former ,  r r~onthly  n i a p s  of t h e  s e i s n ~ i c i t y  a n d  plot,s of t h e  cumulativr: 

n u m b e r  of earthqiinkes in cacti sub-region arc n o w  heirlg prepared as s t a n d a r d  

pr-odur:t,s of t h e  ar~alys is  procedure .  The eart,liquake count,s ar-e also displayed 

f u r  various r r ~ a g r ~ i l u d e  bands ,  because  changes  within l imited ranges  of magni-  

tude,  r:quivalent to c:hariges i r i  "b-value." have bcerr secn  t o  b e  diagnostic of a n  

i m p e r ~ d i n g  ea r thquake  in some o t h s r  s tudies .  

1'-wo ir~dcpenrient. appro; ic l~cs  t.o de te rmin ing  local  n lcchnr~ i s r r~s  nf t.he srriall 

eart .hquakes.  i n  spi te  uf  t.ht: lit-11itnt.ioris imposed by L t - I E  insdt:rlunt,c a z i ~ n u t l ~ i t l  

coveraxe o f  t,ho observations i r r~posed by the geography of t.hc region,  have  beer1 

developed ancl applicd. O n c  of these compares t.he observed first motion polari- 

ties with i i I 1  of the rr~attlet~l:itir:ally possible combinat ions  t h a t  could be proriuced 

by the 13 s ta t ions  of t h e  rletwork and objr:ctivt:ly classifies the  s e t  (usually corl- 

tairling fewer t h a n  13 obscrv;itions) for e a c h  eart,t;quaku. Thr: rc?su l t s  t.o daLe 



have produced rnect l i~nism t,ypcs t h a t  a re  physically, as wcll a s  nialtlerrlatically. 

possible and shuw changes  in t i m e  of t h e  prodorrlinar~t. oricntatiorl of t t ~ e  fault  

plctnes, even t,hnugh reliable focal rnecflanisrn solut.inns cannot  be  der ived f rom 

t h e  observ;it.ions. The o t h e r  method uses t h e  distr ibutiun of SV t.o P wave am.pli- 

tude  r;it.ios a t  s t a t ions  of the  riet.wor-k as input  to  a p r o c e d u r e  for solvir~g far 

fciull. s t r ike ,  d ip  arid slip d i rec t io r~ .  This t,cchniquc shorvs pronlise c)f pr-oviclir~g 

m o r e  focal rnt:chanism soiutions f rom the  d a t a ,  now t h a t  digit.al scjsrnograms 

a r e  available for anlpli tudc analysis. 

Observation? of gravity have now beer)  rnade t w i c r  a t  ali of tile ~ e i s r n o g r ~ ~ p h  

s ta t ion  locations, as  well a s  a t  a n e t  of point,s on Adak Island. These art :  spaced  

one year a p a r t ,  t ied t o  the annual  major  main tenance  t r ip ,  and will be repeated 

in the future .  More-frequently spaced vbservat.ions a r e  ve ry  des i rable  for 

dett:cting secu la r  elevation changes ,  b u t  a r e  no t  feasible u n d e r  t h e  current, 

mode of oper-ation. 

The tiltrrleters iri t h e  Adak nct,work are working well, with their- stabil i ty 

irnprovcd by b e t t e r  installations. Recen t  resu l t s  show slow tilt  changes  on  two 

ad jacen t  inst.rurner~t.s t h a t  t r a c k  very well over m a n y  months .  The possible t ec -  

tonic: significancc of t,hcse t,ilts is not yet  known. 

Tcchuical Advances.  Slow b u t  s t e a d y  prugrcss  has bcen  made toward t h e  

cunvers ior~ of t h e  se i smogram analysis t o  a fully aut.omatic systerrl using digital 

dnt.n and the PDP 11/70 cornputcr-. Analogue FM tapes frorrl Adilk arc  played , 

b a c k  a t  four t imes  t h e  origir~al  r-ccor-ding speed t.hrough a syst.c:rn des igned and 

built by the project, events arc autnrnntically detected and a digital seismogram 

t a p e  writ ten for use in fur t ,hcr  analysis. This first p a r t  of t h e  p r o c e d u r e  is car- 

ried ou t  on t h e  PDP 11/34. 'I'hr: digital t a p e s  a r e  t11t.n used as  iriput to t h e  111112 

11/70. Kvents d e t e c t e d  a r e  displilyed a n d  r~ur l -ear thquakes  a r e  discarded.  Usirig 

softwarc developed a t  the  1Jrliversit.y of Was1lingt.0~1, tlie o p e r a t o r  c a n  t h c n  rcad 



t.he tirncs of arrival of phases  fr-or11 a CRT d~spl; ly and d locatlorl for t.he event  is  

rapidly calctilatecf. This  ent.irc analysis  cap(1b11il.y c a m e  orl-l i : ir :  only a t  I,hu e n d  

of thr: contract per-loci. 

The  priricipi~l remaining problem 1s with t h e  ust: nf t he  everit dctcutirig illgo- 

r i thrn.  W O ~ K  is in p rogress  to  i n s u r e  thitt all rcndabie r:vcnts a re  picked for 

s to rage  on t he  dlgitdl cvcnt  tapes,  w i t h  t h e  n u i n b e r  o l  rion-sclsrri~c: t r iggers  

reduced to  a minimum. 



INTIEODUCTION 

This is the final report on Contract No. 14-Ot3-0001-16716. entitled "A Field 

Study of Earthquake Prediction Mettiods in the Central Aleutidn Islands." 'I'he 

present  contract  h a s  providcd for continuatiun and extension of research tha t  

began in 1974. Hecause a new contract,  No. 14-09-OO01-19272, h a s  been awarded 

to  the Urlivcrslt,y of Colorado for  t h e  continuation of research on the sarne sub-  

jects and continued operation of the Adak Scismic Network, the conterlls of this 

repor t  a re  mostly a summary of achievements under t.he contract, during t.he 

past, six rnoniils, i April - 30 Septeniber 19MG. 

The principal goals of the  research a re  t o  establish t h e  distribution in t ime 

and space  of the  seismicity within the zone monitored by the network, to relate  

the seismicity t o  regional t.cctonics a n d  geological features, and to  scs rch  for 

and test premonitory phcnomcna associated with large earthquakes in this typi- 

cal island-arc subduction zone. Other basic studies relevant to  achieving tllese 

goals are also carr ied out under  the  contract .  

Because of thc constraints imposed by the island-arc setting, seismo1ogir:al 

data recorded by the Adak network frorr~ t h e  large rlurnber of small-to-moderate 

earthquakes arc the  prirlcipnl source of input to  the prediction studies. In addi- 

tion, a n  effort, has beer1 underway for several years to use t i l tmeters to detect 

crustal  deformations tha t  rriight result from the  subduction process or the  

preparation of the source region for a large earthquake. Although a grt:at deal 

has becn learned about  thr: t.cchniques for installing and operating thc  tiltme- 

ters, no da t a  of clear tectonic significance havc ye t  been acquired. A modest 

program of repea ted  gravity r n e a s ~ ~ r e m e n t s  was  initiated in 1979, with one 

repeti t ion of the observations in 1980. Of necessity, these observations are tied 

to  the arlrlual surrirrier rnair~turlnricc trip. Mort: frequent rneasurernents tha t  are 

required for detectirlg possible premorritory gravity chariges are rlot yet  feasible 



u n d e r  the  prcscnt  rnode of o p c r a t ~ o n  (arid funding) .  Re1,iiivr: grav1t.y tias I,r:r:n 

read a t  12 of the se~srnogropti s t a t tons  arld s ix  other  points  on o c n t r a l  Adak 

Island. A l l  of these readlrlgs a re  t.icd to  benchmarks a t  t t ir  a i rpor t s  at Adak and 

Anchorage. 

The ob:eotlves of the r e s e a r c h  related to  prrdictlorl clcdrly r r q u i r e  a long- 

te rm cffor-t drld viewpoint.  Basellne da ta  sultable for r e v u a l l r : ~  chanqes  related 

t o  an irnperidirig grea t  earthqudkt:  a r e  being accumulated and systerr~~t , lcal ly  

synthesized,  b u t  orily t h e  occurrence of a great ear thquake in due  tirnt: c;tn 

estahiish thtt value these obscrvatioris a n d  rnetliotis of anaiqsis. ?/[car:iviiilc, 

every modera te  e a r t h q u a k e  rrithln ttie gr:ographic scope of tht: nctwork is [:arc- 

fully s c ru t in~zed  f o r  the occurrer ice  of precursors detectable wlth the existing 

observational network.  



NETWORK STA'I'US 

The 1990 summer  field trip, f rom mid-July to mid-August, was a success. 

Using a helicopter provided at. no  cost to the  project by the  Natiorlal Oceanic arld 

Atrrlosphcric Admi~is t ra t ion  (NOAA) as pa r t  of  t,he Outer Cnrltinerlt.nl Ehclf 

Environmental Assessment Program (OCSRAP), all of thr! seisrnorrlet.er stations 

were  servicer! du r ing  an  11 day period a n d  made ready for a t  least another  12 

rnonths  of operation. In addit ion,  the  work at. thc seisrrlic sites progresscti 

rapidly enough tha t  we w e r e  able t o  release the helicopter during this period t.o 

t ransport  Cornell University g c o l ~ g i s t s  on  Adak lsland to and from their field s i lc  

on T a r ~ a g a  Island, to  t ransport  personnel from the Fish and  Wildlife Division or1 

Adak to  several sites of interest  to  them, and t o  t ransport  N O M  personnel t o  

and from the NOAA ship Surveyor t o  s i tes  on southern Adak and on southern 

Tanaga so that  they could install and later  remove transponders t.o aid in their 

mapping of Adak Canyon. 

During the summer  field trip, the  scisrnometers a t  site AK4 (Bobrof Island) 

w e r e  rrloved severnl hundred feet to rnorr: solid soil, and the background noise a t  

th is  station is now rnuc:h less. Ncw amplifiers and voltage-controlled oscillators 

were  added t o  the seismorrleters a t  site ADK and  the  data from this site a r e  now 

being recorded on analogue magnetic tapes,  along with the data frorrl t h e  r e s t  of 

the network (which we s t a r t ed  recording in the summer of 1979). A 30 ft.  t o w e r  

was e rec ted  lo hold the  receiver antennaes,  replacing the installation of these 

anterlrlaes u n  t he  s t ru t s  of the White Alice microwave dishcs .  The value of grav- 

ity was read  again this year a t  12 of t he  seisrrlomatcr sites a r ~ d  a t  six additional 

sites established in 1979 on Adak Island near the  Navy base. Mctcorological 

. instrumentation packages were installed a t  several of the  tiltrrieter sites, the 

vault tiltrnctcr w a s  moved tn ii new borehole a t  the  west tilt.metcr site. a n d  

tiltrnetcrs at  the  north and sr)uttl sites w e r e  re-installed. A rnini-computer was 



inst.alled a t  t he  Adak Observatory to record t,hc t i l tnleter and rrleteorologicnl 

dnt.a digit.ally on floppy disks. A more cornplctc descriptiun of the 19HO summer  

field work is bcing prcparcd as  a special technical report  by S. Morrissey. 

Ttle seisrrlic da ta ,  consist.11ng of two Ueve1uc:crdcr filrrls per. two days dnd Gri t :  

a n a l o g u ~  magnetic tape  ppr 12 hours, are s e n t  to CIRES by rnail a b o ~ l t  once ?act! 

t en  days. Thus,  a rn~r l imurn delay of two weeks in the availability of the data for 

analysis results. Ilelays of up to  one rncnth in the transmittti1 o f  thc  magnctic 

tapes  sometimes occur because of poor postal service. Such delays car) bt: 

accepted w h ~ l e  t,hc work is in a resenrc'n mode, b u t  a rc  clearly unacceptrtble i f  

the  work progresses t o  the point tha t  real-time analysis for the  purpose of pred- 

iction becomes necessary. The routine processing f n r  event locations carried 

out a t  CIRES has been greatly expedited by the  careful work of the U.S.G.S. 

scientist  at. Adak, who has been doing the initial scan of the  seismograms for 

occurrence of cvents. 

The goal of fully automated event  processing. based on the capabi l~ ty  of 

producing digital seisrrlograrns, has beer1 vigorously pursued in thc past six 

months,  but not ye t  realized. The primary data source for the hypocenter loca- 

tion procedure is still the Develocorder film. However. ever1 this procedure was  

made much rnore efficient by the  installation of a Lermir~al a t  the filr11-reader in  

thc spring of 1979, allowirlg direct. ~ n p u t  of the readings to the PDP 11/70. All 

eartl lquakes in the s t u d y  r e g i o r ~  thruugtl July, 1980 have been 1or:ated and filed in 

cor r~putcr  storage, with par t s  of Augus t  and Sept.ernber also cvrnplctcd. 

'Ihe routine productiurl of drgitnl event tapes frorn the analogue ficld tapes 

came on-line a t  the  end  of September,  1980. Rapid progrcss toward converting 

the ent ire  location procedure to the use of the digital d a t a  was being made at  

the  e n d  uf the cont rac t  pc r~od .  



111C~lT11L JIrlTA A N A L Y S I S  

The corivursiun frorn t,he usr:  of the  analogue (Develocvrrlcr) film 

records to arlalogue rnaqnetic tapes  as the base tlnt,a form for the  Adnk 

project is contiriuirig. Thcre a r e  two st;-iges in t.he pror:t:ssing of the 

magnetic tape data .  First., digital event tapes a re  5ener.at.ed from thc 

continuously recorded annloguc: tapcs .  Sec:vnd, off-lir~e internct.ivc 

digital processing and a gr i~phics  display terminal alloh'- Adak  project, 

personnel t o  discrirr1inat.c bet.wccn real  arid s p ~ ~ r i o u s  ever it.^, t,o pick 

phase arrival t imes and to  Inc:atc hypocentt:rs. After-  these proccssing 

s teps ,  several archive files a r e  genera ted ,  storing (I.) hypocentral  infor- 

mation, (2) tlypocentral informatior1 augmented  by arrival t ime read- 

ings, characterization of the quality of the phase arrivals, etc. ,  and (3) 

digital seisrnograrns. The over-all pror:essing scher r~e  is shown in Fig- 

ure  1. The first two archive fi1t:s were established las t  year  arid arc: 

documented in the  previous Serni-tZrlrlua1 Tcchrilcal Report,. This 

chapter  deals with the two s tages  of processir~g oF the  analogue mag- 

net,ic tape data.  

Analogue-to-digit.al proccssing. Durirlg ttir: surnnler r l f  3979, a 

tape-recording systerr~ based on two 'l'E:AC 33-4 autiio tape rec:ordcrs 

was inst.allcd a t  t he  Adak Observatory to record on  analogue magnetic 

tape thr: F ' . M .  carr iers  telemetereri  from the  seismic stations. A tape 

reproduce system was iristallcd in the CIRES corriputing facility in 

March 1900. Both t h e  recvrci and  reproduce systcrns were designed, 

built and  installed by S. T. Morrisscy of St.  Louis University. The repro- 

duce  system ( s u e  "Spr:cial Technical Report: The Adr-lk - CIRES 32 chan- 

nel Seisrnic Telemetry 1,irle") includes two 1'EAU 33-4 audio recut-dcrs, a 

tape spccd frequerlcy-corripcns;~tiori syst.cm and a bank of signal 



Figure 1. Flow chart  representing rliita arlalysis. The pr imary da ta  form for the 
project is still Develocorder film (right side of Figure), periding satisfactory 
implementation of t h e  triggering algorithm. 



discriminators which cxtr-act the  seisrriic signal frorn the demodulated 

carriers recorded un the analogue tapes.  The ficld tapes  a r e  p l~ryed  

back  a t  four  t,irncs the  original reading speed. The r-esult.ing analogue 

seismic data  are then fed int.0 a PDP 11/34 cornputi:r ,  \rfiicti c:nnverts 

t,he da ta  int.0 digital forrn, detects  events, and  !.hen writes digital event. 

tapes, using software which was developed by S .  !iialvne and liis (301- 

leagues a t  the  University of Wasfiing!,on. 

The w e a k  link in the  ser ies  of operations currerit.ly is event detec-  

tion. W e  have just s tar ted to  experiment using different sets of 

"triggering" stations t o  discover the s e t  which maxirrlizes t he  detect ion 

of real  seismic everits while minimizing the  number of spurious everits 

detected, We are developirlg software t o  display values of triggering 

variables (average pvwcr on iridividual da ta  channels in sclccted t ime  

intervals) during pr.ocessing s o  that. wr: can evaluate t he  s y s t e r r ~ ' ~  pe r -  

for-marice while i t  is running. This s h o u l d  allow us  t o  make rriore intelli- 

gent trigger refinements. Urltil our use of the  triggering algnrit,hrn is 

satisfactory, we will corit.inue to rely primarily uporJ t.hc film records  

for routine analysis. 

Other desirable irnproverrlents in the first s tage of d a t a  processing 

include increasing the sarrlpling rate .  RIF: central  processirig prograrrl 

responsible lor the A/D cunversion, directing thc trigger,  and writing 

evcn t s  to  digital tapes presently limits the sample r a t e  t o  250 Hz,  

wh ich  is 66 samples per second in real clock time. Higher sample ra\.es 

cause the  program to crasli ungracefully. We a re  trying to  eliminate 

disk l /O dur ing  processing to speed u p  the cor-c program arld allow use 

of higher sarriplc rates.  

By fur ther  au tomat ing  t h c  reproduce: systern,  w e  arc trying t o  



r r~ in i~ r~ ize  rnac t~ i r~c  arid ~ p e r ~ i t o r -  tlrne rcqulrcd for routine data pro- 

ccsslrig. We a r e  develvpirlg s:)it.ivar-f: to control thc 'I'EAC reproduce: 

systern from t h e  computer .  The PDP 11/:34 wlll then be dblc to  

dutnrr~aticdlly queuc. dr~aloguu t apes  a t  the b e g ~ ~ ~ r i i n g  nf onc tdpc and 

s w i l u t l  the  tape decks on  rid off at, appropriate tirncs, alln~ving t he  pro- 

cessing of 24 hour s' datd in slx hours w i t h  vrle vper;itlorl. 

Digital evcnt processing. T1-lis section describes off-linc digital 

event processing operations for the Adak seisnlir: network. While ttie 

CIiiES on-line processir~g of d a t a  from the Lleve!ncorder films has been 

in operation for some time (Semi-annual technical report,  April, 1980). 

the capability t o  locate and  arlalyzc local eartflquakes with digital da t a  

was acliicved only a t  tflc end of t h e  cur ren t  cont.ract period. The CIHE;S 

digital event processing systern is based on a code written by S. Malone 

and collcngues a t  the  1Jniver:;i.t~ of Washington. 

Since t.he r ~ e t . w o r k  w a s  in~t.it.uted in 1974, all hypocenter locations 

have bcerl done rrianually by rneasuring arrival times from ncvelo- 

corder  records.  In additiori t.o being slow and sub jec t  to e r ro r s  in da t a  

cnt.ry, t.his technique was oftcn less than satisfactory for more funda- 

rricntal reasons. Adjacent t races  frequent.ly overlapped, rriaking phase 

ideritification difficult .  First rrlotion and amplitude det.ermirlat.ions 

were handic:apped by the corldcnsed tirr~e scr~lr:  arid t.he lirnited 

dynarr~ic range of photographic I-ecording. wtlich prodlices very faint 

traces when g rou r~d  motion is rapid. I.ong hours of peering a t  the filrri 

viewer generated eye-strain and  l o w  rriorale arnong users of the old sys- 

tem. 'The digital even t  processirig syst.cm eliminates all of these prob- 

1e111s as  w e l l  as  providirig r ~ e w  cnpilbilitjcs for the investigation of 

scisrriic h a z a r d s  in the Aleutians. 



Figure 2 shows a seisrriogrnrn €1-vrri a local eart.hrluakt: ret:ordcd a t  

s t a t ion  .4K1%. The t r a c e  is not  obst.ructud by adjacent  channels ,  h a s  

clearly riefincd P a r ~ d  S arrivals a n d  a s h a r p  first. motion. Since this  

stlitiorl is rnor-t. d i s t an t  Frorn the  t~ypncent .er  than mos t  of t h e  r e s t  of 

t h e  nc:t.wnrk, i111d since this e v e r ~ t  r esu l t ed  in fairly high-arnplitudc: 

traces, ttic Develucorder r e c o r d  of t.tlis s ta t ion was Inrgeiy obsu~rc :d .  

l 'hc o p e r a t o r  of the digital event systerrl tias f ~ l l l  contr.ol ovr:r hor- 

izontal arid vert,ical scaling, t.racc positioriing, and  t r a c e  sclr?(:t.iori. The 

opera to r  may, for example ,  -rvist~ to 'zoom in' on a scct iun of the  t . racc 

t o  aid in phase  identification. Figure 3 shows expanded  sect ions  of 

se ismogranis  a t  s t a t ion  A K l .  Thc u p p e r  p a r t  of t h e  figure shows t h e  P- 

wave arrival  on  the  vert ical  corriponcnt with the  t ime  scale  expanded 

by a factor  of four over  the previous figure.  The di rect ion of first 

mot ion is ir~irnediat~ely apparr:nt a t  th is  scale,  and  should rernilir: fairly 

c loar  even on noisy days.  The l o ~ v e r  figurc il1ust.rnt.c~ t h e  S-nrave arrival  

or1 l.he hnrizontal  component of t h e  same st.ation. Sincc: S-wave arrivals 

often a r e  characterized by lower f requencies ,  judicious rnnnipulatior~ of 

t h e  relative horiznntal  and  ver t ica l  scales  shou ld  impr.nvo a c c u r a c y  or 

S-wave arrival  t imes ,  result ing in improved dept,h dcterrninat.ions. 

Expansion of t r a c e s  car1 (t . t~eorctically) be contirlued tc) extrernu.  

Thus t h e  precision to w h i c h  phasr: arrivals c a n  be picked is l imited only 

by t.he tligitizirig rnt.c. Our eflcct.ive digitizing r a t e  is about. fj6 

sarnplcs /sccor~d,  so arrivals car1 bc routinely rcad to  w i t l - ~ i r l  0.015 

second,  where the data perrni t  t h e  o n s e t  to bc picked w i l l  confidence. 

Dcvelocordcr recor*ds can scldonl bc rcad to  b e t t e r  than  0.05 sur:ond 

precision. 

, I h e  . oporatiori uf t tic digltal phase-picking sys tem is rcl;it.ivt?ly sirri- 



Figure 2. Seismogram from a typical, srnall (m<-2.5) local ea r thquake  
rccurdcd on the vertical cornporrent of stittion A K I .  This record is r.eproduced a t  
approximately 1/3 the size it would appcilr on the Tektronix graphics display 
trrniinal. The first port.ion uf Lhis record is shown  in cxparlded scale in Figure 3. 



Figure 3. Expnndcd scctioris of seisrnogr~ltrrls from st,ation AKI  Cor the  sarnc 
evurit as in Figure 2.  IIvrizontal scale (tirrlc) is cxpnndcd by n fac;t,or+ uf fou r .  
Vertical scalc is the same as in Figure 2. I'hc upper record sliows the onset  of 
the  P wave on the vertical cor~lponcnt,. The l o w e r  st:ct.ion shows the  S arrival or1 
the horizontal (east-west) corriporient, approxirrlatcly 12 s c c r ~ n d s  after the  P 
arrival. 



plu. and locations can  bt: accornpl~shed very rapidly. Errors  srluh as 

incorrectly read t ~ m e  codes should bc clirriinated wtieri the software to  

read the IfZIG tirne code is fin~sklcd shortly. It is reasonable t o  expcr.t 

tha t  t h c  Lirrle spen t  in 1or:atirlg a glverl nurriber nf earthqu;ikes w ~ l l  be 

c u t  in half with the n e w  system, cvcn dur ing  the in~t ia l  pcriod of opern- 

tor incxperienee. 

Digital data has rnany advant,ages over and abovc rapid locat inr l  of 

earthquakes. The cu r rcn t  system allows for fast filt,eriilg of t.t-~e t r ace  

data.  Figure 4 shows the snrne t r ace  ( A K l Z )  as  the previous figurr: 

filtered into very narrow frequency bands. Although these data w e r e  

p rnduced  w i t h  a s tandard  Butterworth filter, virtually any kind of filter- 

ing can be produced.  T h ~ s  rapld filtering may provide a method for 

routine monitoring of t he  f requer~cy  content of Adak scismograrns, 

enabl~ng us  to  look fur precursory changcs in spectral  content .  

A few experiments  have demr~ns t ra ted  t h a t  the  digital seismo- 

g r ams  will provide far  more observations of SV and P amplitudes, as 

well as  first rnotior~ directions, for use in focal rnechanisrn determir.la- 

tions, than  have been readable frnrn the film seismograms. The 

improvement resul ts  primarily frorn the separat.ion of the  otherwise 

overlapping traces and not.. unfortunately, froni a basic increase irl 

dynamic-: range. Bccause the: scisrriogr;~nis are  digitized from the dcrno- 

dulatccl ITM s ig r~a l s  arid not at  ttic seisrnornctnrs, t hc  p rob lcn~  of clip- 

ping a t  rnar~y of the  s\.ations [or ever1t.s bigger than about  mb 2.5 per- 

sists. Nevertheless, t h e  digital da t a  should provide ttlc input  necdcd 

for many niorc reliable focal nlechanisrns. Thcsa are  irnport,ant for 

t,heir irr~plications with rcgilrd t.o t h u  regiorlal tcctoriics iind, especially 

sigriific;int, as promising precursors  for larger carthqunkcs in this 



Figure 4. The e v e n t  of Figure 2 bandpass-fi l tered through four hands .  Tlie 
arrival t imes of P and S arc shown (vt!rticnl 1i11t:s) for corriparisur~. Re la t ive  spec- 
tral amplitudes de te rmined  in this w a y  may provide a quick way of evaluntirlg 
changes  in earthquake spectra. 



seisrxlic zone. 

Thought is being glven t o  using t h e  network In rl 'br:,lrn-for:ri~r~g' 

mode. This t e c h n ~ q u e  rnight ,111otv m o r i ~ t o r ~ n g  of the  seisrr~icrty r n t c   ti 

a given region w i t h o u t  t h e  rleccssity of ~ u c u r ~ l t c l y  lucn t i r lg  t:;:ctl r:nrt,h- 

quake. This procedure,  which is p r e o t ~ c a l  only wit ,h d i g i ~ a i  d d t a ,  w o u l u  

not in te r fe re  wjt,h t he  routirle cperatinri  of the nct,a-ork. 



COMPUTERIZED SEIShtICI7"r' ANAI,Y SlS 

Since t h e  Adak nel.work w a s  instcllled in  197.1, a totril uf riearly t i ,OOn e a r t h -  

quiikus have been  located.  'l'hr: locations itnd origin tlrrlcs of cvcrits s ince  J;iriu- 

a ry ,  1979, along wi th  magni tude and o t h e r  iriformatiun, a r c  pctrmanently s to red  

on disk  files in  tphe CIRES PDP 11/70 coniputer .  Earlier- events  a r e  on magnetic 

tape,  and have n c t  y e t  been refor*rrlat,t.cd arid conlbined wit.h t he  datit o n  d i s k  

files. Copies of locatiorls wit.h t h e  t i r r~cs  of P and S arriv;il at, each  st.ntiorl a r c  

also kept, on rrliignetic tapr:s. Sever-iil progri-lrns have been  developetl a t  CIRKS 

within t h e  l a s t  few rrlunths t o  allow rapid  access  to  and  analysis  o f  t,l-]is I&-gc da ta  

se t .  

All seismicity analysis p r o g r a m s  writ ten for the  Adak project  use input in a 

s t a n d a r d  fo rmat .  This fo rmat  is ident ical  to t h a t  u s e d  in writing tkc so-called 

'header cards' f o r  e a c h  event.  These ' h e a d e r  ca rds '  (actually card images  011 

d i s k  files) include t h e  type of the  solutiori (fixed o r  f ree  ricpth), t,hc epicenter 

locatiorl, ttio d c p t k ,  t t ~ c  rnagriitudc, and inforrri~~tiori  about t.hc p d t t ~ r n  of first 

motloris across t h e  network. 'She c a r d s  also contain coded infor-rriat.inn idcntify- 

ing t h e  geographic  subregion of  t h e  edr thquake ,  and I l ngs  indicating t,he quality 

of t.tlr: solutiori a n d  dny unusual frbatur.es of the  event .  Hcadr:r c a r d s  frorn t h e  

n i a s t c r  file may be sor ted  by region,  rriagnitutie, dep th ,  solution type,  o r  any 

othcr s t u r e d  pararneter b y  usr: of the  progr-arn GEOSORT. Outyi~L fro111 CEO- 

SUHT is therl a v a i l a b l ~  in t h e  c o r r e c t  fo rmat  f o r  use  in any  nf a nurnber  of 

analysis p rograms .  Execution of C E O S U H T  requircs  less ttiiin 5 minutes for a 

scarcl i  Lhrough thr: en t i re  Adnk data base. 

Programs MAPfT and  /'LOTIT plot, t.he locations of events  in the i r  input files 

on to  t h e  Ilewlett-Packdrd four-color p lo t t e r  o r  t h e  Tektrorlix graphics  terrninnl, 

respectively.  Sarriple ou tpu t  from F'1,07'/T produccd or1 i-t Versatcc printer is 

sho~vn  in  Figure 5, where the inpu t  tile was t.ht-: s e t  of all l ooa tcd  event.5 i n  1979. 





Prograrrls PI,(JT/T and MAPIT  require only a f e w  minutes of execution t.ime, 

once input files a r c  prepared using GEOSOII'I ' .  

Numerous authors have suggested variations r r l  t,he rdte  of scisrnlcity as an  

ear thquake precursor .  The ra te  of selsrnicity is converiicntly r~loriitorud by plut- 

Ling the  currlulntive nuniber of events. The program ACCLIM w a s  designed For 

this purpose. Like the othcr  analysis prograrns it. is designed to work from a 

s tandard  iriput file, so cumulative rlurnbcr plots by region,  or sorted by magni- 

t u d e  band are immediately available. Figure 6 shows output of ACCIJI1.I for all 

events in thc, year  1979, broken down b y  arbi t rary rnagnltudc bands. The 

apparent  i r~crease  in the ra te  of earthquake occurrences in July, 1979 is the 

result  of the restoratiorl of the full network during the surrlmer rnaintenancc 

trip. About half the network was taken out by a severe wind s torm in October, 

1977. While the larger  events a r c  locatable most of the time (their ra te  curve is 

esseritially flat), smaller events can be consisterltly located orily w ~ t h  the  full 

network. This plot seems to cor~firm the  gencral appraisal t h a t  thc hdak catalo- 

gue is complete for ever1t.s with magnitudes above 2.2. The levellirlg ofi of t h e  

curve  lor smaller events after September,  1979 was !.he result of the t e ~ n p n r a r y  

loss of th ree  stations and t he  onset of winter weather, with acconlpanying 

increased noise. 

The purtrnynl of se i s rn i~ i t~y  pa t te rns  which change in bot,h time and  space is 

a dif icul t  problem. One approach is thc use of space-t.irne plots, in which one 

axis is tirrie of occurrenr:c and  one axis I S  a spatial coordinate. Figure 7 shows 

out.put from prograni SPA'f'IM which plots t ime  vs. lungitude of events. Rcldtive 

sizes (magnitude) of events a r c  shown by circles of diflering radii. ' h i s  figure 

shows events from January 19713 th ror~gh the first qur-lrter of 1980. Notc the 

large gap at  the  lower left hand edge  of Ltie plot. This 'gdp' is thc rcsult  of t h e  

partial  nutwork outage descrrbed abovc:, lcading t,o n decreased capability t.o 



Figure 6. I'lot. o f  cumulative number of ear thquakes a s  a funct.ir)n nf time, bro- 
ken dowri by a r b i t r a r y  r ~ ~ a g n i t u d c  ba rd s .  All data from the rlctwork in 1979 is 
included. See  text f o r  explarlat ior~ of apparent, jump i n  activity ra te  in July.  197.9. 



Figurr: 7. Plot of lnngitude of seisrrlic events  versus  occurrerice (late. Plot  - includes all scisrrlicity recorded by t h c  network durirlg 1979 a n d  the first quart.c:r 
of 1900. Circle sizcs a r c  scaled t o  magnitude: small  circles for m<3.0; medium-  
sizutl circles for 3.0~7n<4.0: and large circles for 4.05m<5.0. N o  event,s 
occurred du r ing  this tirrlc w i l t 1  m25 .0 .  St.atinn names are rnarkt:d at. the 
appropriatr: longitude for  refercncu.  



adcquatcly rccord cvcnts in t he  wester.11 pdrt of the  riet-rvurk rlarly In 1979. This 

problem disappears in July, when the surnrner field trip restored thc  wcstern 

part, of the network to  operation. This figure also shows intensified activity a t  

about  176" W, through most of the tirne perlod shorvrl. This a r ea  is the aft- 

ershock zone of t he  November 1977 earthquake, wh~ct i  has been act.ivr: ever 

since tha t  event. This 'clustering' also shows up u n  the sr:~srnicit,y map, Flgure 5. 

illustrating the  way in which these  plots cumplirr~ent one another .  SPA TIM,!? is a 

very versatile prograrn w h ~ c h  car1 also be used to  plot variation in latitude, 

depth,  or first motion pa t te rn  with tirne. 

The se t  of programs described here a re  all intended to compliment one 

another  and to  be fast  and easy t o  use.  A variety of studies a r e  possible with 

very little effort. A user  may. for example, wish to  s tudy those events within the 

network which a r e  poorly located. GEOSORT can be used to  find events with 

large travel-time residuals, then  MAPIT t o  examine t h e  locations of those 

cvents. It rnay be possible to  looate areas of unusual velocity chnractcristics in 

this fashion. Alternately a user  may notice a change in the  seismicity r a t e  in a 

given magnitude band by examining the output of A C C U M .  The user  could t.hen 

use SPATIAM only on cvents in t ha t  magnitude band to  examirle t.he spatio- 

temporal variation a n d  use PLOTIT to  map out the locatioris of t.hose events. 

Additional arlalysis programs are  currently bcing developed. 

Monttlly seismicity maps  for the  first quarter  of 1980 a r e  show11 i r i  Figur r :~  8. 

Such maps a r e  run  as  s tandard product  of the data processirig proccdure. 



LEGEND 

= 2.2 and below 
ADAIC SEIShlICITY - JANUARY 1980 

UNIVERSAL TRANSVERSE MERCATOR PROJECTION 
= 2.3 to 3.0 

Figure 8a. Seismicity map for January 1980. Epicenters located by the Adak 
network. The islands shown are as in Figure 5. 



LEGEND ADAIC SEISRIICITY - FEBRUARY 1980 
= 2.2 and below UNIVERSAL TRANSVERSE MERCATOR PROJECTION 

A = 2.3 t o  3.0 

0 = 3.1 to 3.9 
101 EVENTS * = 4.0 to 4.9 

Figure Ub. Scisrnicity map for February 1980. Epicenters located by the Adak 
. network. Thc islands shown are  as in Figure 5. 



LEGEND AD:\I1= SEIShlICITY - hlXRCH 1880 
= 2.2 and balow UNIVERSAL TRANSVERSE MERCATOR PROJECTION 

A - = 2.3 to 3.0 

0 = 3.1 to 3.9 
108 EVENTS * = 4.0 to 4.9 

Figurr: tlc. Seismicity map for March 19RO. Epicenters located by the Adak n c t -  
work.  The islands s h o w r l  are as in  b'igut-e 5. 



FOCAL MECI-IANISM STU lllES 

Variatioris in the Mechanism of Small Earthquakes before tbe  04 

November 1977 ,lls 6.7 Earthquake. A study has been corr~pletcd of the  rrlechnn- 

ism of smal l  e a r t t l q ~ ~ n k e s  in the source region of the 04 Novcmber 1977 :Zfs 6.7 

earthquakc,  which occur red  lri t he  southeast,ern region rrf the Addk rletwork cov-  

erage.  A manuscript  describing t.he study and i ts  results has been  subrnit.ted for 

publication in the Fourth $;wing Syrnposiurn Volume. l'tie study depcrided upon 

t h c  devcloprrier~t of a rnclhod to  nbjectively generate  cornpositr: foc:al nlechan- 

ism solutions using P-rvnvc first rnotior. data  from 13 local stations of t.hc .4dak 

net.  The method itself is based on a correlation b~ t r r ee r i  t he  observed first 

motion da ta  for a s e t  of eartllquakes and each of thc  213 mathematically possible 

pa t te rns  of P-wave first motions for a network of 13 stations. A detailed discus- 

sion of the method,  the da ta  used,  and the results for the  small saurce  region 

which w e  t,errrl SE2 is presented in previous Semi-Annual Tecknlcal ltcpnrts. 

Therefore the emphasis of thls report wlll be on a cornparisor1 of results from 

t h e  five small source regions in  the southeastern region o f  Adak rletwork covcr- 

age for which the  n~t:thvd was S ~ I C C ~ S S ~ U ~ .  

F'igurc: 9 is a map of the region of interest for this study. Circles un the 

map are epicent.ers of events with duratlon magnitude of 2.2 or g rea t e r  which 

occurred from August 1974 througtl June 1978. The epicenter  of the Novemher 

1977 mainshock is shown 3s a solid square; it is located on thc  buundary 

between t.hc srriall source reginns which w e  term SF22 and SK4. Aftershocks of 

the Ms 6.7 earthquake occurred only in the regions w e  t e r m  SEZ, SE4, and SEE. 

Data for  this study were obtained by careful re-read~ng of the P-wave first 

motions for all rrf the 357 ovcnts shown in Figure 9 from X)evc:Ioc:order records  of 

13 vertical corriporierit seismornett:rs of the Adak network. 

The smiall source reginns shown as rectangles on the m a p  w e r e  u s e d  to dcl- 



Figure 9. Map view of sr:ismicity in the  snutk~eastern portiorl of the nctwork cov- 
erage a rea  for the time period from August 1974 through Junc 1979. Circles 
ma rk  cvar~ts  wit.h d~rrnt.ion magnitude (mb)  greater  than or  equal to 2.2 (or 
body-wave rnagr~ilurle greater than or  equal t o  a b o u t  2.7). The filled square is 
t he  epicenter of the  Noverrtbcr 4 ,  197 main shock. Epicenters of ever1t.s wilh m b  

greater Lhari or equal to 4.5 which occurred before t he  main shock are marked 
by filled circles: those which occurred after thr: main shock a re  marked by 
heavy open circles. One 7nb  5.0 earthquake, which probably occurrcd in the map 
area in August 1976, is r ~ o t  shown; it occurred whet1 onc of the t w o  nevelocorders 
was off and the galvar~orncter t races  on  thc other were beirig int.erc:hangecl. The 
strnight line segmcnts  define small regions used by Adak personriel t o  classify 
seismicity occurrirlg i r i  small spatial  clusters. 



irriit the  events cor~sidered together In the analysis. The r ~ ~ e t h o d  has  been 

applied to  each of the regions showri nn the  rnap, rind has successfr~lly selected 

pa t te rns  of first  motion which f i t  t h e  observed data for the regtons w h ~ c h  wc 

terrn SKI, SE2. SE3, SG4, and SI55. These  few s p e c ~ ~ i l  pa t te rns  for each reglun 

a re  compatible with  physically plausible focal rnechariisrn solut~oris, and  

different se t s  of events are associated with each of the dlfilferent special patterns 

for edch region.  Generally, the da ta  for t:ach of the f e w  spccial pdtterrls a r e  

insuficicnt to  uriiqucly determine a solution, but  it can clearly be shown tha t  

the  different special pat terns of first rrlotinns represent dlflerent mechanisms. 

The analysis of the da t a  in the reglon we terrn SEB was n o t  successful, because 

the rcglon is relatively large, becduse there were very f c w  edrthquakes nccur- 

rlrlg in the  region before November 1977. and because of the grea te r  distance 

frorn this rcgion to  the network. 

Since d~f l e ren t  se t s  of events a r c  associated wlth each of the f e w  speoidl 

 pattern^, a n  immediate output  of t h ~ s  rncthod is obviously a sorting of evcnts 

according to the focal rncchanlsrn with which they a r e  associated. Sorting 

events within small regions by rnechanisrn allows a search for  possible variations 

in rnecharlisrn a s  a furiction of time. For example, tlrrie-space plots of evcnts 

with different rncchar~isms in ttie SElO reg lor^ a r c  st~own in Figure 2. The left 

column showns the distribution in t ime of all of the events in the SE:2 region 

which have body-wave magnitude of about 2.7 or grea te r  (duration rriagr~itude of 

2.2 or .greater). The other  four colurnns In Figure 10 each  stiuw a subset  of these 

evcnts. The middle three  crllumns show the temporal distribution of events 

associatcd with the three  special pa t te rns  of first rnotion determined for the SE2 

region, a r ~ d  the  column on the right includes a11 events In SE2 which w e r e  not 

nssnc~ated  w1t.h any pnrticulilr patterri or  lo(:;-11 meot~anisnl.  Sirnllar t~rne-space 

plots fnr  regions SKI. SE3,  SE4, a r ~ d  SE5 a re  shuwr l  in F'igure 11. 



ALL DILATATI 0P.I PATTERN PATTERN ALL OTPE2 
EVENTS PATTERN S E 2 - A  S E 2 - E  EVENTS 

Figurc: 10, Five t ime-space plots fo r  even t s  located in  tfic SEZ region. ?'he vert i-  
cal axis is tirrle f rom August 1974- through June 1978. Each of t h e  horizontal  
axvs is dist.ance fror-n west on t h e  lcft to  e a s t  on t h e  right.  The tiorizontal s t r ipe  
irl ear ly  1976 repruseri ts  a t i r r~e  period in which no  d a t a  w e r e  collected d u e  t o  a 
lightning s t r ike .  The t ime-space plot in  t h e  left colurr~n shows all events  in SE2 
with rnb of about  2.7 o r  g rea tx r .  The rriiddlc t h r e e  colurrins show subsets  of 
even t s  in SEZ, corresponding t o  t h e  first motiorl p a t t e r n s  with which the event,s 
are associated. Thr: open c i rc les  show cvents which might be associated w i t h  
e i the r  of p a t t e r n s  SE2-A or  SE2-E. The colurnn on t h e  right, shows everlts which 
fit none uf the  t h r e e  special first motion p a t t e r n s .  The stippled region shows the  
tirric period in which t h e  mechan ism of rnost even t s  in the  SE2 region changed  
f rom the  typical  background rnechanisrr~ (dil;ltation paI.ter-n) t.u difierent, 
rnechdr~isrrls (pattc:rns A a n d  n) .  St,sLiorls which are  cri t ical  for- delcrrnining pat- 
t e rn  SE2-A w o r e  no t  inslallud until t h e  surnrner  of 1975, s o  t h a t  t h e  lack uf evunt.s 
w i t h  this pntt .ern durin:: t.hv f i r s t  year  of t.tle tirnc-spacr: plot. is not. meaningful.  



Figure 11. Time-space plots f n r  even t s  located in the  (a) SEl. (b) 5153, (c) SE4. 
arid (d)  SE5 regions. The cap t ion  to  Figure 10 descr ibes  t h e  plots. Sta t ions  
which are cri t ical  for deterrnirlirig p a t t e r n s  SE1-A and SE3-E were not instal led 
until the  summer of 1975, so t h a t  t h e  lack of events  w i t h  t h e s e  pat terns dur ing 
the f i rs t  year of the tirne-spaou plots is not meaningful. 



The first pa t te rn  of in te res t  for each rcgir~n is the dilatation pa t te rn  

becausc orily dilatatiorlal first rriotions a r e  rccorded a t  the  local network for the  

events associated with this pa t te rn .  The pat te rn  is corrlpntillr: with the  thrus t  

met-:hanisrn expected from the  directior~ of corlvergericr: of the 1~'acific and North 

hnierican lithospheric plates and  wit,h ttir: th rus t  mechanism solutions deter-  

mined t.eleseismically for larger  earthquakes in the cent.ra1 Aleutians. For each 

region, events which fit the dilatation pa t te rn  were t reated separately from thr: 

res t  of ttic events; the events shown in the three colurrins or1 the right of r ' g  1 1  ures  

10 and  11 were sorted by thc  method a f t e r  t he  removal of t.he dilatational-type 

events from the  da t a  s e t s  for each region. 

Events in the SE2 region (Figure 10) which fit the dilatation patkern occur  

from the beginning and t o  the  end of the t ime period of tkie sturiy. In contrast ,  

events associated with the t w o  other  special pa t te rns  found in t.t~r: SE2 regiori 

a r e  seen to occur  mostly af ter  the  beginrling of 1977. During this same t ime 

period, there is a n  unusua l  lack of events which have the background dilatation 

pat tern.  These corriparisons show tha t  starting about. 10 1/2 months before t h e  

Noverrtbcr 1977 ear thquake,  the  rnechanisrn nf most srrinll to  modcrate-sized 

events in the SE2 region changed. Moreover, starting about G 1/2 months  before 

thr: mainshock, there also appears  to be a change in the mechanism of earth- 

quakes  i n  thr! SE4 region (Figure l l c )  from the  background dilat,atiorl pat tern.  

There is clearly no evidence of a change in local mect-ianisrn in t h e  SE5 regiori 

(Figure l l d )  during, say, the yea r  preceding Lhc Novcmber 1977 mainshock, rlor 

is there conclusive evidericc for such a charlgc in the SFX3 region (Figurc l l b ) .  

Thc only other place and time in which a change in the mechanism of ear th-  

quakes is observed is in the S E l  region (Figure l l a )  during ttlc: first six rnonths 

of 1977. This period, in which  orily unusual mechanisms occurrerl, w a s  t.er- 

minatod by an ear thquake of mb 5.0 in the S E 1  region. 



To surriniarizc t h c  variat ions seer1 in the  tirric-space plots,  rio chiirlgt: in 

rnechanisnl  assot:i<itcd wrth  t h e  November 4. 1977 MS 6.7 ear thquake  is s e e n  In 

rcgiorls S E l ,  SE3, or  SE5. Nnnc of ttiesc regioris was l a t e r  p a r t  of t h e  after-shock 

zoiie. A c lca r  chdrige in t h e  mechan ism of r r~os t  srnall t o  mvdt:rnt ,c-si~ed (:art!]- 

quakes is seen in the SE2 region berore  the  rnainshock, and  also p e r h a p s  ln thc  

SL4 region. Aftershocks t o  the  November 11377 e a r t h q u a k e  occurred only in t h e  

SE2, SE4, a n d  SE6 regions. This suggests  that, t h e  zoce  over w h i c h  the  rrler:hnn- 

ism of ear thr luakcs  charlged bcfore t h e  November 1977 ea r thquake  rriight be tht: 

s a m e  area as t h e  eventual  afterstrock zone. 

The nnt.ure of t h e  change  in mechan ism is seen by lonking a t  the  f irst  

mot ion d a t a  for  each of t h e  special  p a t t e r n s  f o r  regions S E l  th rough  SE5 on 

lower  h e m i s p h e r e  projections of t h e  fncal  sphere (E'igure 12). For  any one of the 

special p a t t e r n s  of f irst  rrlnt.ions, t h e r e  a r e  insufficient d a t a  t o  uniquely det.cr- 

mine  a fncal mechan ism solutiun. IIowever, t h e  dilatation pat,terrl for e a c h  of 

the  regions apparerl t ly r c p r e s e n t , ~  t h e  s ame  mechan ism,  which is probably a 

t h r u s t  mechanism similar  t o  the composi te  focal mechanisrri deterrr-lirlcd t leese-  

isrrlically by LaForge a n d  Erlgdahl (19713) for ea r thquukcs  in t.hc Adak C:anyori 

a rea .  Also, al l  of the  even t s  associated with t.hc various pat . terns  labcled E 

apparent ly  hnvc an  o t h e r  fncal rnechanisrn. The E p a t t e r n s  ttlerriselves differ- 

from region tn region,  of course ,  br:cause tlir: azinlulh a n d  take-off angles  t o  t,he 

statiorls of t h e  netwclrk dilIer f rom region to  reginn. 

Unc possiblr: interpret.at,ion of e a c h  of t h e  first rrlotion pat,terns is shown in 

Figure 12 by t h e  dashed nodal p1anr:s. This in terpreta t ior i  nf t h e  mechan ism 

rcpreser l ted  by p a t t e r n  E cornpares  well to  a n o t h c r  tc~eseisrnically de te rmined  

compusitt: focal rr~cchanisrrl solut ior~ by Tl:~~gdatil and  1,aForge (1979). Moreover, 

this intcrpr-etation of thc  f irst  rr~otion d a t a  is sirrliliir both 1.0 t h e  (countorclock-  

wisc) 65" ro ta t ion  o f  thc s t r i k e  of t h e  ttlr+ust plarics obsor-vcd for srrlall cart.h- 



Figure 12. Lower herriispherc projections of the focal sphere for hypothetical 
hypoccntcrs locnt.ed in the rniddle regions S E l  - SE5. Datd are  P-wave first 
motions of the special first motlor1 pnt tcrns  deterrnlned by the melhods of 
objectively cornpositirlg da ta  for focal rnechdriisrns The specidl pnt tcrns  a r e  
liibelled by le t te rs  corresponding to  pa t tc rn  names in Flgures 11. 'Che sub- 
scripts indicate the  rlurrlber of cver~l.s associated wilh each patterri. For the few 
cases in which a n  event could be associated with ei ther  of the special pa t te rns  A 
(or F3) or Pi, subscripts in parentheses ~ritlicnte dlffercnt possible irrterpretatlons 
of the rlurnber of even t s  associatcri with each pat tern.  Plus-symbols are dilatd- 
tional P-wave first rnotior~s a t  statioris of the local scisrriugra~>tllc network; black 
dots a r e  r:ornpressional first rnot~ons.  To airi l r i  t hc  corrlparlson of these data  
with telescisrniunlly rfcterm~riud composite focal tnr:chanisr~is for other  ear th-  
quakes in the Adak artw (last row; from Lnl'orge and  E;rlgdahl. 1979). t h e  
compressional quadrant  has been hdtctied for a few of the  focal s p t ~ u r c s .  The 
nodal planes drawn as dashed  lines r ep re su r~ t  only ont: of the possible focal 
rnuchanism solutions allowed by the  first rnotion d a t a .  



quakes  bcfore dn n a b  5.0 ear t t iquake (F:ngdahl and Kissllngcr, 1977) in t h e  Adak 

region and  t o  thc  rotnt ion of nodal p lanes  betwet:n foreshocks  and  aftr:rstlocks 

observed by Lirldh e t  al. ( 1 9 7 ~ )  in Cal~fornia .  

Focal Mechanisms from Network Amplitude Data. The tcchniquc f o r  d e t c r -  

rnirlirlg t h e  focal rnectianism of an e a r t h q u a k c  f rom the  dist.rihutior1 of t h e  rat.io 

of the vertical. corr~pnrlcnt  of S V  t o  t h e  ver t ica l  component. of P, (SV/P), , a t  the 

s ta t ions  of a regional network,  h a s  b e e n  developed and  a papcr describing t.he 

method published in August., 1980 issue of t h e  Bulletin of the Seisrriological 

Society of America. A computer  p r o g r a m  for executing t h e  p rocedure  automati- 

cally has  been wri t ten  a n d  is uridcr test,. Input  t o  the  p r o g r a m  corisists of t h e  

hypoceriter  location, the azimuth and take-off arlglc t o  e a c h  s ta t ion  a n d  t h e  

observed value of log ( S V / P ) , .  A decisiorl is made on t h e  basis of a combinat ion 

of available first-rr~otion infurmation and krlowledge of the local t ec ton ics  as t o  

whcther  ttic focal rncchanisrn is expec ted  to  be fundarrit:nt,ally str ike-sl ip of d ip  

slip. The program t h e n  finds t h c  solution of t.hat kind (i.e., t.hc s t r ike  a n d  dip of 

the  fault) tha t  gives t h e  bes t  fit t.o the  observations. This sr>lutiori is t h e n  used  

as the  start.ing solution irl a leas t -squares  iterative procedure in which the  

s t r ike ,  dip and slip di rect ion a r e  f ree  p a r a m e t e r s ,  a n d  the  bcst fitting solution in  

t h e  least.-squares sensr: is produr:ed. 

The search for p recursory  variat ions of t.he focal rr~echanisrrls of smal l  

earthquakes has  been l imi ted in t h e  past t o  e x a r n i n a t i ~ n  of the  waveforms 

recorded  on t.he Benioff irist.rumerlt a t  s t a t ion  ADK. The chief r eason  for th is  is 

t h a t  i t  is very difficult to  irripossible t o  t a k c  consisterrt ampl i tude  informatiorl, 

especially for S-waves, f rom t h e  Develocorder films. Although the  observat ions  

at  ADK have been diagnost,ic in one well-documented case ,  t h e  theoret ica l  distr i-  

buLior.1 w i t h  az i r r~uth  of the  arr~pl i tude ra t io  shows tha t  for focal rriechanisrrls typ- 

ical of the  Addk region, t h c r e  is a very wide range  of fault  s t r ikes  for which no 



significant change in the ratio will be seer1 at  any one st,ation. 

Tests  of two events using t h e  digital seismograms s l inws  t h a t  much b e t t e r  

data will be available for srrlall magnitude (less t h a n  about: m b 2 )  events. We are 

c~ptimistic t ha t  routirie production of focal mechanisms will br: a pract.ica1 pro- 

ccdure once the  digitai da ta  ar-e available on  a regular  basis. 



ADAK TILTM E'TER DATA 

The Adak shallow borchole t i l t ,n~etcr a r r ~ i y  has undergone marly char lgcs  

since the first few til tnieters werc ~ r~s t a l l ed  in the surrlrricr of 197Ei. Thc 

cnnfigurdtinn of t h c  arrdy frorri t he  xurnrner of 1379 to the Fumrrit=r of 19RII 1s 

sho~yn in Figure 13. 1rr:prt)ven~ent in irlstallat,inn techniqurls and rric~d~ficnt ions i r i  

electronics has led t,o a significant, reduction of short turrn mett.ornlog~cnl . 

effects from t e n s  of rnicroradinns to only il few rrlicrorad~ans during t i e n c y  rdlri- 

falls. Short  tern1 effects  lasting hours t.o days have been found to  bc> associat,ed 

w ~ t h  rainfall, barometr ic  prescure,  and t e m p c r a t i ~ r f  vnriatlons, T h e s e  effects 

over Lhc long t e r m  appear  t o  recover to  a baseline which shows an  annual cycle. 

There is found to  be little coherence a t  frequencies above tidal frequeneics. 

Thc domirlant slgnal on all the t i l tmeters  is the M 2  semidiurnal tide which has an 

amplitude of approximately 0.25 microradians. The observed M z  tidr: agrees 

with the  cornblr~ed theoretical solid ear th  and ocean load tide. Strnrlg diurnal 

thermal  irifluences reported from other  shallow borehole sitxs around t.he world 

arc not found on properly functionirlg Adak t,iltmeters. 

In order to  exarriinc long t,errri secular tilt, one year of rligltal da ta ,  from 14 

August. 1978 - 14 August 1979, has  been processed and plotted in Figures 14 nrld 15. 

Met.corologica1 rrleasurerncnts made over the sarne tirnr: period a r e  plotted i r ~  

Figure 16. l'hc digital cassc t te  dat,a obtained durirlg this int.ervil1, sir~r:~: corlncr- 

tion to  ttic unirlterrupt.able power supply, have been remarkably f r ee  of gaps o r  

timing prohlc H I S .  

The most  s table  tiltrricters over the long terrn a r e  t.hc cast  tiltrncter at thc  

west. side (W-E) and the  east  t i l tmeter  a t  the south site (5-E). Tflt! W-14: t~l tn~rl t ,er  

shows a clear yearly cyclr: with amplitude of 5 Lo 8 rr~icrorddians. '1'11e s a m e  

cyclr: w a s  observed on lhc  W-F: \.iltmet.t:r the previous yt:ar (not plotted). 'I'hc x- 

cornponenl of the  S-E 1iltnletr:r shows arl alrnost   den tical yearly cycle but In the 



Figure 13.  Map of the Adak t i l tmetcr a r ray ,  from the s u m m e r  of 1979 t.n the  surn- 
mer of 1980; and rnajor topographic funt.ures. The arrows shows the locations of 
the tiltrrleters, which are identified by st.at.ion code. The irldividt~al instrurncnts 
a t  each of t h e  north (N-W, N-E), w e s t  (W-W, W-E), and  south  (5-W,  S-L') sites are 10 
rnet.er-s dpiirt.  The seismometer  v a ~ l l t  (V) corltairls one of t h e  tilLrnct.et-s i3nd is 
t h e  site o f  the rr~etuorologiual instrurr~r:rlts. Thc sile of tilt: h d a k  Obsurvnt,nry is 
stiown by an  0. The sweeper  Cove tide gauge  is shown by  a 7'. Major c n n t o u r s  a r e  
givcn in rrietcrs and  a fine contour irltervnl oF 20 meters  is shown in the vir:inity 
of the ti l tmeter si tes.  
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Figure 14. Adilk secular tilt  from 14 A u g i ~ s L  1979 LO I4 August.  1980, riorth-south ( y )  
componcn ts. 
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Figure 15. Adak secular tilt. east-west (x)  components.  



Adak Meteorology 
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Figure 16. Adak meteorology over the same time interval as in Figures 14 arid 
15. 



opposite direction of the x-cornponerit of the W-fi: tiltrnetcr. This yearly cycle 

also closoly m a t c t ~ e s  the seasonal chariges in te r r~pera lure  and rainfall i i s  sug- 

gested by Widemari, 197.1. It is interesting to  notr: that this tilt. signal is also in 

ptiase w i t h  the yc:;~rly strain signal (amplitude previously observcd b y  Wide- 

man. !974, witti shallow strain m e t e r s  on .Adak. It rernains urlcertairl whcther it 

is rainfall, terx1pt:rature. or both  which afTects t he  tiltrrieter, producing the  

annual cycle. Xew rneteornlogical measurerrients rriay help t,o identify the 

cause. 

The tiltrrlet,er a t  the eas t  site and the x-corr?ponent of t.he west tiltnlet.t:r a t  

the w e s t  site (W-W) are rlwt nearly as s t a b l ~  over the long te rm.  The y- 

component of the W-W t i l tmeter  generally follows the y-r:ornponent of the W-E 

tiltrrieter with the  exception of a larger  urlexplairled drift after t h rec  months.  

The y-cornpunent of the W-W t i l tmeter  also shows ttie least oontamirlation to 

rainfall. Rainfall effects orr t.he other  t i l tnleters appear  as  spikes or s teps  on 

thcse  plots. A third tiltmeter- w a s  added to the  west site in t.hc sunirncr of 19fl0 

witti the tiopes tha t  t.he relat,ively good long-term stability of the W-l;: t.iltmel.cr 

and the irisensitivity of the \Y-W tiltrneter Lo meteorologicnl e f lec t .~  car] be 

achieved with th is  new deeper W-S tiltmeter. 

1980 Sr~nlrrlcr k'iclrl Work. During thc  1 9 H O  field season, our digital dat.8 

capabilities rvt:r-c greatly increased. S .  Morrisscy a t  St. Louis llniversity (S.L.11.) 

dcsigned t,he dat.a acquisition system which uses a modified h.U. Jlata Systems 

datalogger a t  t.hc suul.ti, north,  west and vault sites. Four chnrinels of 8 bit da t a  

and  10 ctianncls uf I2 bil da ta  are transrrliLt.cd from ear11 site to  a S~nokesignal  

microprocessor localed at the observatory and are  then writ.t.cn onto floppy 

disks with a specially packed format.  Thc floppy disks art: present.ly sent  to  

S .L .U.  w h e t - t !  the da ta  arc  r e a d  using matchirig mioroprooessor- syst.cm and are 

rewritten orlto a Uriix conipiitiblc 9 t rack tap(: usirig the S.I,.IJ. 11/70 corriput.cr. 



The 9 t rack  tapes will be s en t  t,n CIRES where tht: data  can  t hen  be rapidly 

acr:csscd arid processed using the CIRES 11/70 computer  and the lnteractivr: pro- 

grams brought up by TI. Agnew. These programs a re  successfully being uscd to  

edit and arlalyzc the Adak 12-chanrlel casset te  data. 

In addition t o  the new da ta  logglrlg system, riew meter~rologicdl ir~st,rumerit.s 

were added and some tiltrrieters w e r e  re-installed. The vault tilt.rrletcr .rv,ls 

installed in a new hmlc at the  west. site. The new W-S pit is appr+oxirrlately 2 

me tc r s  deep with the actual  t i l tmeter  hole drillcd into solid rock. The tiltrric t,er 

settled down rapidly a n d  appears  t,u be quite stable over the  first, mor1t.h of 

record. The t i l tmeters  a t  the north site were found to  be loose in a liquefied 

sand pack and were  re-installed using a bonding agent in the sand. The old S-W 

t i l tmcter  was faulty and completely rcplaced with a new tiltmet.er. 

Since all the t i l tmeters  are only buried halfway into the sandpack,  a plastic 

pipe w ~ t h  base plate w a s  slipped o v e r  thy exposed pipe and  was then  covered 

with 25 to  30 crn of soil. This should scrve to pro tec t  a n d  insulate the upper pipe 

yet  still isolate the tiltrrieter from the previously observed expcrirnental plpe 

bendlng effects which occur  whcn the pipe is complet.ely buried.  I t  will be 

intercsting t o  see if this reduces the  short  terrn rainfall effects. 

To fur ther  understand and then possibly rcmovc meteorological effects, a n  

exterisive meteorological package w a s  developed and installed. Newly added  

were terripcrature probes a t  t hc  bottom of all the tilt.mcter pits and solar 

radinrncters a t  two of the  sites. F'rcsentcd in Tablu 1 1s a list of all thr: meteuro- 

logical instrurrients and t i l tmetcrs  connected to  the new digital recording sys- 

t e rn  and the Farrell datalogger. 

The continual improvement in iristallatior~ t.cchriiqucs hils resulted in 

incredsed long tcrni stability and reduction of rncteorolng~cal oontarnir~atiori. 

?'he possibility of earthquake-related tilting rt:rnairls untested a t  Ariiik since no 



I Table I. Digital Ilata Acquisition Syst.em I 
Channel Unit 31 South Site Unit  32 North Sit,c 

rain gauge 
solar radiometer 
wind speed 
w i n d  direction 

S-E x tilt 
S-E y tilt 

S-W ti1 t 
S-W y tilt 
S-E borehole ternp. 
S-W borehole temp. 
Surface temp. 
1.35 volt tes t  
.1 tirnes system voltage 
wirid direction 

.60R volt test. 
microbarurnet.cr 
wind speed 
wind directiorl 
N-E x tilt 
N-F; y tilt 
N-W x tilt 
N-W x tilt 
N-E br~rchole t,t:mp. 
N-W boreholc ternp. 
short 
1.35 volt t es t  
.1 t imes system volt,age 
microbarorneter (same as c11. 2 )  

1 Unit 33 West Site Unit 34 Vault, 

not used 
not  used 
not used 
not. used 
* W-J< x tilt 
* W-E y tilt 
* W-W x tilt 
* W-'W y ti1 t 
W-S  y tilt 
W - S  y tilt 
W-E borehole t.emp. 
W-W borehole ternp. 
W-S borehole temp. 
surface temp 

* rain g a u g e  
solar radioniet.er 
wind speed 
wind direction 
* East x tilt 
* East y tilt 

microbarorncter (from Obsr:rvatory) 
* oceari tide gauge  
solar radiometer (same :is ch. 2) 
wind specd ( s a m e  as ch. 3) 
wind direction (same i-1s ch. 4) 
1.35 volt t es t  
vault terrlp. 
* surface temp.  

Note: Channels 1-4 are O-bit, channels 5-14 are 12 bit. 
* Also recorded on Farrell 12-bit Cassette: Datalogger. 



e a r t h q u a k e s  larger t h a n  magni tude 4-.5 have oor:urred withir-i 100 krn of the 

array since the  stat)ility of the tilLrriet.crs w a s  improved wit.11 reinstallat,ion in 

1978. The finite elerrierit rriodel of Wahr and  Wyss (1900)  cilri be used to  show 

t h a t  e a r t h q u a k e s  of th is  rriagriitude or lcss would p roduce  tilts \\,it.ti less ampli -  
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and d a t a l o ~ g i n g  capacity will a l low cietiiilcd comparisons  between t i l t m e t e r s  and 

with meteorological  effects.  
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