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SECTION I 

INTRODUCTION 

-re operated ^J^'^Ä^ ff«-"' (MAP, 8y8tems 

(CPO, array i„ order to enhance th'tele?"11"1^0 ***** Observatory 
surface-wave noise.    Outputs of^sli"18"" P"WaVeS relative to 

seismometers were recorded in an!!n P;OCeSsor8 a"d * the individual 
Photographic m«.    SubsequeatTv    thr'r ma8netiC ^ ^ 
-ere digitized for COmpST^'^*'£•****• * ^ected recordings 
resampling of Ensembles II and IU at 100        ^ lnterval8. -ith later 
are 4 min long,  wuh start times cho  en. T'' J^ tran8crib^ «cords 
at the center of the record. " SO ** the P on*<* * approximately 

reject low-velo^ ^e 1^^::" ^'^ PrOCe880r8 de8^ed * 
dependence on azimuth.    The Lputs con^ i^1^ 8ignal8 With a minimal 
signals,   since the processors at^te both"       ^ ^ ^^ 
generated noise (energy scatter^    T ambient noise and signal- 

the receiver,.    L Z\^t£££?£LZ1n' * ** ^ - 
correlation,  deconvolution aL pP dlpth iT      qUeS SUCh M aUt0- 

* representative event,  the C^S^V^^ÄX 

te)eseisms.    B^ifr^Ä^ 2 ^V^ ^^^ °< 
processor IP-88 which H dUrin8 the 0P"ation of 
experimentally ^^ J^Äff^'J^f ^ «^ -odel and an 

frequency filter for elimination TUcr^J*???!'******* * low-cut 

Processor TIP or IP-l6' 7 l«!      "llC
u
r08ei8m8 ^h 6-sec period. 

Since a theoretical noise mLel üatr fo ^f^ ^ En8embl* I"- 
in the design.   TIP was less e^  tave iZp  8      ^'^ — used 
actually encountered at CPO; therefor^   th t Ejecting the noise 
are generally of better quality S^^S^^««- « -d II 

U this report. ^^Sl^^*^* will be presented 
Technical Reports prepared by Te^s wt     ^      r"^ in Semiannual 
Force Technical Application« rT    In8trUment8 Incorporated for Air 

Applicatxons Center under Contract AF 33(657,-12747   10 

•ol«no* ••rvlc«. division 



PROCESSOR OUTPUT 

-—— SEISMOMETER MIO 

FREQUENCY (CPS) 

Figure 1.    s/N Ratios Computed for r*nt„ c  ■ 
Output (Event n-5) Seismometer and Processor 

Table 1 

DESCRIPTION OF CPO TELESEISM ENSEMBLES 

Total Number of 
Events Digitized 

Number of Events 
Used in Computer 
Analysis 

 Ensemble I 

196 

Ensemble II 

71 

Geographic 
Distribution 

73 

Ensemble ITT 

150 

Time of 
Recording 

Kurile Islands 
Region Only 

60 

September, 
October 1963 

Processor in 
Operation 

"Experimental" 
IP-8 

Worldwide Except 
Kurile Islands 
Region 

September, 
October 1963 

119 

Worldwide 

"Experimental" 
IP-8 

February- 
May 1963 

"Theoretical" 
IP-1 

c 

I 
I 
t 
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SECTION II 

CONVENTIONAL ANALYSIS OF TELESEISM RECORDINGS 

Event parameters measured from the film records are 
compared in Table 2 with values published by the United States Coast and 
Geodetic Survey (USC&GS) in Preliminary Determination of Epicenters 
(PDE) bulletins.    The tabulated values rf the probable errors are the 
ranges within which 50 percent of the individual observations lay. 

Observed arrival times were compared with arrival times 
computed from Jeff teys-Bullen5 travel-time tables and PDE-published 
origin times and eptcentral coordinates.    The greater scatter of residuals 
observed for the worldwide ensembles,  as compared to Ensemble I, 
suggests that the station correction may depend upon azimuth and/or 
range.    The average delay of 0.3 sec for the Kurile Islands ensemble 
is clearly not typical of all observed events.    Azimuthal variations of 
station residuals have been observed by Cleary and Hales. '   An alternative 
explanation is that source corrections and PDE errors are probably more 
variable in the worldwide ensembles because of the greater differences in 
source environment and in station coverage used to define PDE values. 
It is obviously not possible to define a universal CPO station correction 
from these results. 

Magnitudes were computed from the USC&GS formula 

where 

mb = log  ~    + Q + S 

m     = magnitude 

A      = maximum amplitude (microns) of the first few cycles of P 

T      = apparent period at the time corresponding to A 

S       = station correction factor (assumed zero) 
2 

Q      = attenuation factor depending upon range and focal depth 

Computed magnitudes averaged 0. 2 units lower than those 
published by USC&GS.    At least part of this effect is probably due to signal 
degradation by the MAP system at some frequencies.    Station-to-station 
variations in crustal transmission properties require station magnitude 
corrections as large as the observed discrepancy; therefore, the value 
0. 2 must oe regarded as a magnitudp correction for the combined effects 
of station environment and processor. 

•ci*nc« ••rvlc*s division 



Table 2 

RESULTS OF CONVENTIONAL ANALYSIS 
OF CPO TELESEISM ENSEMBLES 

Observed Minus USC&GS Pre- 
dicted P Arrival Times (sec) 

Observed Minus USC&GS Pub- 
lished Magnitudes (mj 

-~ ■—' EL  

(P - pP) Depth of Focus Minus 
USC&GS Published Depth (km) — 
Including Uncertain pP 
Observations 

(P - pP) Depth of Focus Minus 
USC&GS Published Depth (km)— 
Probable pP Observations Only 

Detectability of pP Phase — 
Probable and Uncertain 
Observations 

Detectability of pP Phase — 
Probable Observations Only 

Ensemble I Ensemble II 

0.3 ± 0.4 
(185 events) 

-0.3 ±0.2 
(183 events) 

0. 1 ± 0. 9 
(68 events) 

-3 ± 5 
(147 events) 

-0.3 ±0.3 
(59 events) 

1.9 ± 5. 1 
(120 events) 

150 of 196 

-2 ± 7 
(32 events) 

1.9± 5.7 
(6 events) 

125 of 196 

32 of 71 

Ensemble III 

-0.3 ±0.9 
(150 events) 

-0. 1 ± 0.4 
(136 events) 

-3 ± 10 
(53 events) 

-5. 1 ± 9.6 
(17 events) 

60 of 174 

13 of 71 24 of 174 

Phases pP or pPKP were sought and the existence of an 
observable surface-reflected phase on each record was evaluated as 
probable",  "uncertain" or "negative".    For each event for which pP 

(or FPKP, could be identified, focal depth was computed from the time 
difference between P and pP (or PKF and pPKP).    When all observations 
were included,  these depths averaged 3 km shallower than USCfcGS- 
published values for all eusemble«-a result which suggests that the 
USC&GS method of epicenter determination may be biased slightly toward 
deep focal depth.    The analysis was repeated using only "probable" 
reflected phases and eliminating all events with the published depth of 33 
km.  since this value usually implies that no satisfactory estimate oi focal 
depth could be obtained from travel times.    An average discrepancy of 
2 km remained. ' 

•oi*nc* lo»« division 



SECTION III 

CRUSTAL REVERBERATION DECONVOLUTION 

An impulsive P-wave signal emerging from the mantle 
encounters a öeries of reflecting interfaces.    The result of combining the 
signal reverberations is equivalent to the effect of a frequency filter which 
converts the impulse into a wavelet of theoretically infinite duration. 
In practice,  the wavelet's time span is finite since the amplitude cannot 
remain indefinitely above detection threshold.    It is desirable to design an 
inverse filter which operates on the observed signal in such a way as to 
remove crustal effects by transforming the waveform back to an impuNe. 

If deconvolution filters are designed from experimentally 
observed signals, the nature of the filters will depend upon the signal spectra 
at the receiving station.    In general,  such spectra will depend on crustal 
effects to a much lesser degree than on signal spectra incident at the 
bottom of the crust; these incident signal spectra depend on both source 
spectra and mantle transmission effects (including anelastic absorption). 
Thus, the major effect of a deconvolution filter is to compensate for the 
incident signal spectrum,which is probably severely band-limited and 
probably does not exhibit fine structure.    If the filter is sufficiently long, 
however, compensation may be made for the fine structure produced by 
crustal effects. 

For computational economy and real-time processing 
applications,  it is desirable to design an "average" filter which will 
deconvolve an "average" teleseismic signal.    The usefulness of such 
a filter depends upon the variability of signal spectra.    All sources 
do not have the same characteristics, and transmission effects vary as 
functions of source-to-rec iver travel path; unless the span of the deconvo- 
lution filter is more than a few seconds,  however, it appears that differ- 
ences in emergence angle will be unimportant.    For example,  Figure 2 
shows the persistence of some fine structure (probably associated with 
Moho reflections) even when power spectra for 60 teleseisms of worldwide 
origin were averaged. 

Figures 3 and 4 show the results of deconvolving five 
selected records. For each event, three deconvolution filters were 
designed from 

• The autocorrelation function computed from a portion 
containing the P- phase of the record being filtered 
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• The average of autocorrelation functions for a 
subensemble of about 15 to 20 evente (including the T 
event to be filtered) having similar source-to-receiver 
distances 

• The average of autocorrelation fanctions for all 
events in the appropriate ensemble 

Trv,     , Table 3 UBt:{ "ource iniorrr.ation for the five events Ä«:rn':^ 5
the ——-s. ^^00 fUter. " 

r- 
I. Table 3 

DESCRIPTIONS OF TELESEISMS DISPLAYED IN 
DECONVOLUTION STUDY 

Event 
No. 

Source 
Region 

Distance 
(0) 

Depth 
(km) 

Azimuth n Magnitude 
(mb) 

1-4 Kurile Is. 85.99 50 324.0 4.8 

11-39 Aleutian Is. 64,33 33 314. 7 5.3 

11-43 Chile 70.65 101 166.3 5. 1 

III-81 Chile 69.31 33 164.5 4.3 

111-92 Greece 79.51 78 48. 7 4.8 

7   7 ,•   ..    .j
De""voluti°n """ length, «ere 5.4 ,.c.  except for the 

2. 7 ..c (.nd.v,duel deconvdution) .„d I. 95 .ec (en.emhle-.ve^ge, of 

G 
I 
I 
I 

~u       j Although tome crustal dereverberation was probably 
achxeved.  deconvolution's most important effect was compensation for 
the mcxdent sxgnal spectrum.    Since the signal-to-ncnse ratxo wl, 
generally poor wherever signal power was low. this compe^aT^ ' ' j 

t8aeinnerBl
yodtended

1
trmPlify n0i8e m0re than 81«nal-    In orde^Vo^ain- tam a good sxgnal-to-noise ratio    the data shown in Figures 3 and 4 were 

hxgh-cut-filtered at 1. 5 cps in the playback operation     ThV nl.   K    U filters poS8 8mooth frequency /^^^ ^--n.^ TH    P ^ ak , 

Therefore    xt is reasonable to assume that any compensation by the 
deconvolution process for fine structure introduced by crustal re verb. r H 

.hould not b. affected in the passband by the frequenc'y nitlrtg " 

Mii— division n 
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^'^Iliilllli'lilillllliliiillllllllllllllllllllllllllllllllllilll, 
MAP OUTPUT 

IND. OECON. 

EVENTn-J»< 

SUI-£NS. OECON 

S    Bty otam. 

EVENT D - « <; 

EVENT ni-il<J 

SUB-ENS. OECON. 

S        ENS. OECON 

MAP OUTPUT 

INT. OECON. 

EVENT ni-«< 

^.ifc^iiufl.iiäiiaiHiJHA^iji.a^aLatA.jüjd.jiii^iiii 
f^ia stci-^ 

Figure 4.   Origin.1 .„d Deconvolved Recording, of Four Event. ,1. 5.cp. 
High-^ut Playback Filter ApplU-rn 
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TIME (SECS) 

F'8tt" ^   ÄiV""- * E"—'"-Av.r.g. D.convolu..on 
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ASSIS at Ä^tss: t •"—" 
 ,„ .njhd'.^ro!r,

c
i"ce

b
o'"" "'.hit"in', """•u <|i«i^« 

contracted .om.wh«    bu   u"       ,'!.*" ""' P-"""o™' •" g.ncraUy 

Although th. pP arrivar,rmäd. T CrU'tal "'""«"'ioo affect.. 
InpPde.ecUhUUva.a r:sTurfdeeoP„er,m,80me """■ "° '-»««—• 
little difference can LyÜ^-r-**?.***1*1- ■" ol>"rved.   In general. 
average and *n.*rllV."Zt?TA ,"SUl" f. '""'"^L  »uh.ne.mhl.. 
oh.er..tion augge.t, that ran'   H;0" 0' '•*•'*««»»•    This 
and tha, a aingle"«««" d.'r    T"''"' ""*"• a" "ot "»» important 

ave.age f Ut.r. deacr" hed ah^ve 'ere d."u„ed     "'V'f "•    The """""«• 
■Utiatic. and „er. appU.d on.   To dLc. pg"elr   ' fr0m P-pha" 
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SECTION IV 

DEPTH-OF-FOCUS DETERMINATION 

Ä "8umed ,hi, ma"-mide'"- --! - "S"'.^;;' 

method depends ^nth"d«.ren"V'    ai"'Va: "me8 ^ P-    A" >""— 
a-id pP.    The (DP - P.   ° T^r       ' i? »Served arrival time, of P 

r PPP be ohred^dmrd^^^Lob:^^^^r"acThrea,;•Ibu,Jt "'"""■ 

«he output     fee ^LcPO;0re'imeS ^ PO"ibla t0 "'"^ 'P * 
eingle-eeiemometel :ecrrdS

P    I„ o8therrWc       " 7' "0t ^'""^ '" 

arrive alter'p ^ SS^Ärr^rÄr ^ ^ 

PP <i..ectahiIity
I,hyadebcrvo5rvUrt,hed "'" " mi8ht ^ POS8ibl•' t0 ™Pr<»" 

puting au.ocorryelay.ior;or ^i.^r .j;:":^"^ 'r0'" " bV "-- 

autocorrelatioo^t^eVe^w^^r" 8jc
n;:d'o,0dthit " 'j ,ha 

^ thV^r it'-rSoM-to tJF""" Ä.-sr 
might provide . »^Ä^Ä^i'Sl a,"r0rrelation '-«"- 
which reliable WeotUicatio": c^dVot /. „fade'frl^   eVe"B '" 
In most cases, however    it was n^        " ,made from »• se.smoRrams. 
delay from thä autlorr^ütions rfef.h.8 t0 det"mi"' "" * " 1*1 
(Figure 6). even when oP VöuM K   !,       raW °r *««•■»•«»•< ""rds 
•eifmogrL.    ^^^^«fiS^I '" "" """PO"<"». 
average in order to facilitate interoreJtVon b y ,       PO'nt mOV",8 

noise.) mterpretation hy removing high-frequency 
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The failure of deconvolution and autocorrelation methods to 
improve the detectability of pP ia attributed to differences between the 
waveforms of P and pP from the same events.    Some shaping of pP is to be 

fXr* ,KUrinJ! lt8 Pa88age thrOUgh the Cril8t above the 90ur".  but it is 
felt that this effect is of minor importance; otherwise, the travel paths 

and pP are essentially the same.    A more reasonable explanation is 
asymmetry of the radiation pattern of the source so that the original 
waveform of the signal traversing the P tra-el path is substantially 
different from that following the pP path. 

It must be concluded that (pP - P) analysis is of limited 
value in focal depth estimation for earthquake/explosion discrimination. 
A well-documented pP phase offers excellent proof that focal depth 

rusclrs1"^^!." kLl0meter8; however'  "-^l deep-focus events 
(USC&GS-estimated depth > 100 km) did not produce observable pP 
arrivals.    A possible explanation has been suggested above.    Regardless 
of the reasons,  it must be concluded that pP absence cannot now be 
accepted as evidence of near-surface origin. 

15/16 
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SECTION V 

STUDY OF CPO CRUSTAL STRUCTURE 

deduce the e J^ÄT^Ä^^^t^ 7^ ^ records. "," ,"^u froni the analysis of tel 
consid-red when trying to 

eseismic 

r oi W.«^ L. no miral: PO;r.LUnc"s0enor^^1)
i;0;i

th'"»P''- 
from a small ranae of disfan^.«       J      • ensemble I,  73 events 

seven different sl^ttTZlo^^^ *" aVailable-    ^ formi** 
(Figure 7,.  it i8 SST^^^fCSf: T^T^113 

which are interpreted as evident   ?• a^ocorrelation functions 

Such -events" no linger appeared     ^^ "^^ h0riZOn8 below CPO. were averaged. aPPeared when ensembles of worldwide origin 

response functioro^^e%r7htv8PhICvterab Can ^ ^'^ - crustal 
content of the ordinal si/n.l !, " corre^-d '•« spectral 
reason.  ^^J*?^**** the b-e of the crust.    For this 

as the inverse'of the' TrVsZ^Zt iTZ^T T*" ^^ ^ 
"events- could be observed Jlver*!      T     meanin8fl11-    No significant 
of Ensembles II and lU    even when ^    aif CO"elati'-* of subensembles 
as small as 10°.    EW^nce of reflecr   SUbgrOUP8 Cove"d distance ranges 
probably because of deferences fn",8 "" CanCelled bey0nd ^"gnftion. 
great diversity observed in teleseisX   8PeCtra-    FigUre 8 il1**^* the 
Power spectra have been comn!ZT      «T a 8ma11 "^ of ^stances. 
and 30°.    It can ea!ilv be C°mpUte,d for 18 E^emble II events between 20° 
associated wiJh the sLals   T^    "^ that theSe diffe"nces are 
for intervals just pVec^ ^J^TJ^ "f {Fi^ « C™^ 
It is believed that the r^T^il^'L'SSr ^V******. 
distance away may be explain °Hh gnal, at nearly the «ame 
possible to averagVout^se effecyt8

n?r"80UrCe effeCt8-    » Should be 

numbers of teleseisms. ^ 80me eXtent ^ the U8e of large 

concentration ^oTT^ZrTZ'*   '* ^ P088ible t0 0bta- -ch a 
eliminating source e fects mLh. K ^    .     mOSt effeCtive method * 
As an example. pLer    pecTra for .1°     T^ ^ Sha11—^cus events. 

17 
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5 . .    t        !2        16       20       24 
1    '    '    '    '    '    '    I    I    I    I «4 

MA/^/VW/WV\^^VW 
EVENTS 

0 

0 

15 STRONG EVENTS 

26 MEDIUM EVENTS 

30 WEAK EVENTS 

30 EVENTS 

V\A/\/W- 

42 EVENTS 

73 EVENTS 

 i i i i 
4 8 12 16        ?0        24 

TIME (sec) 

Figure 7.    AveraSe Autocorrelaticma of Subgroups cr Ensemble I Events 
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iREQ'JLNCY (CPS) 

Figure 8.    Signal Power Spectra of 1C Ensemble II E 
and 30 

vents Between 20' 

19 
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FREQUENCY (CPS) 

Figure 9.   Noise Power Spectra As 
Between 20° and 30° 

socUted with 18 Ensemble II Events 

20 



FREQUENCY (CPS) 

I^gure 10. Signal Power Spectra of Seven Deep-Focus Events Between 30° 
and 31.3 

21 
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LAG (SECONDS) 

Figur* "• srrss^s^-rt-!--« —• ** ■» the Colombia-Venezuela Border 

22 

thquakes 
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i!2    LV!ü       Whlch are reProduciWe thrrughout the set.    A thorough 
2Ä K   t*^^016 '^ ^-^^ely has'failed to tarn   up any o'her 
sets whxchdxsplay such similarities.    The four earthquakes which 
conmbuted to Figure 11 occurred at distances of 30.9°.  30. ^31.33°. 
and 31.01      with azimuths bei.veen 155. 1° and 155.6° and focal depths 
between 140 and 176 km.    Thi. was the only available set of deep focus 
earthquakes from such a small area. P 

oower 8n.rtM A ?aJOr df iCulty in interpreting the autocorrelations and 
wüh JT        in   "K"18 0f CrU8tal 8tructu" "i8" i*«* the limited band- 
wxd h of the sxgnals being studied.    Since most signals have useful band- 
width, of about 1 cp».  the finest resolution obtainable is about 1 sec of time 

CPU   s'reoZ6'";^^- .A rgg"ted model for ** «tructue under 
Entire,  H/" FlgUre ^      SinCe the 2 "^ **** *™ through 
imno      M a^ent"y 8ection «• «my I« 05 sec for this model,  it is 
vTrv diff      UZT" anything abOUt detailed fracture in the sediments and 
very difft.ult to determme even their total thickness.    Ideally, autocorrelation 
funcuons should exhibit peaks at t.me lags corresponding to the difer 

in FigurVs""^ 'iT" T 222 ^ reflCCted 8i8nal9-    The correlations 
?2  IZ/*      ,1        "VT^'o fr0m 8ignal8 With ***** velocities of 
tn  ^he71/f   e       "I08*  85 ' ^ 12-6 km/— (Colombia-Venezuela, 

fn tie a^crr'eÜrns1" ^ VelOCitie8 '^ "^ ^ *< ^ Ä 

to co„*ai ^0me eVent,' that are multiply-reflected and are most likely 
to con.am sxgmf^ant energy are illustrated in Figure 13.    The time lags 
erf these events,  relative to the direct P-wave. are given m Table 4 for the c       ul     ^ ^ Figure 12     Some ^^^^ ^ ^ autoc Ja

e
b a

e
tfo

for 

been selected as evidence of reflected arrivals,  but it is difficult to dec.de 
upon the proper lag times which should be assigned to such features. 

l^Z'tu  "' eCted arrival 8hould «ive rise to a reproduction of the center 

catered aetathe0Cla
0rr

t
elati0,;: S" r**r*d^™ *** »* -y-metrical and centered at the lag time of the arrival.    Therefore,  it is preferable to seek 

"veMs'T TZ' than 0n8et time,, ^ thC ,,eVent8- "   Si"« -ost L the 
TZIMJ >   are a8ymmetrica1' "»ter time, are difficult to estimate. 

Je^utn Ä^Ti^ 8i8nal ^^ ^ ^ ^^ 
6  0 sec anH in ^8timated time8 for ^e fir.t two "event." in Figure 7 are 
7?  ,111, :    8eC-    The8e Probably represent events B and A with 
tfmes^I H Pha8e VelOCily- " thi8 ^"^i-tion is correct and The lag 
times have been estimated accurately, then the depths of the Conrad and 
Mohorovacic di.continuitie. a. given in Figure 12 Le too large by about 2 km 
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Figure 12.    Mcdel of Crustal Str 
ucture Near McMinnville,  Tennes see 
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Table 4 

COMPUTED LAG TIMES OF REFLECTED ARRIVALS 

Signal 
Phase 

Velocity 
(km/sec) 

Lag Time (aec) 

Arrival A Arrival B Arrival C Arrival D Arrival E Arrival F 
12.6 10.0 6.0 4.0 9.0 5.0 14.0 
22.5 11.0 6.5 4.5 10.9 5.5 15.5 
« 11.5 6.8 4.7               10.4 5.7 16.2 

However, the dominant near-.urlace reflector could be an interface within 

arr.v.1.   The ambiguity m inteppr.ution r.main.. .inc. th. appar.nt -ror 

d.«h. ÖTr"       r*mTd ,""," by <""""■>« ** Conrad a„dt.„"/„'. c" 

In Figure 11, ••event." have been found at 4. 2 and 12 9 »*r 

n0^* rz" c7 ^ Ü t ^'^    ^ ^ ^* * **£   • ocZ at 
lee     The^ff PB'  lmPulym8 * reflectin8 »T^« with a lag time of 3.6 
«ec     The difference, m the Ug time, found for 22. 5 and 12. 6 km/.ec are 

nZ   ^T ^r WOUld ^ eXpeCted lUÜe" diff"-t reflec iniTn ^fac": 
predormnate m the two ca.e..    It i. difficult to conceive how ^'1 

FZTU 
W

S 
FTe

f 
lz could give **to only ** "•-"." Sit Figure 11     Since the four earthquake, contributing to Figure 11 were .o 

model for TPO1" 8UTmary' the re8ult» »"gg"* »hat the a..umed cru.Ul 
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SECTION VI 

INVESTIGATION OF PROPAGATION MECHANISMS 

»-cords from itCpTurJ^ Tt t0 S *" hi*h-^*y telesei8m 

absorption^the e   rth'«     ^ ^^^ "^ SUbJeCt8 ^ anela8tic 

on source ^J^TZ^^^™* "^ " — 
were cho.en from Ens.mbl.» 11 ,nrf nr        u    ?      ""' 8rouP8 of 6v«"ts 

depth,  magnitude. «TSS^tlS^!^^^ ?T' "imUth- ,<'"1 

exami™tio„ ^th." diulr.i"i
8ld

d
ef:?d"Ce ha8 b"" '"•"""'•  '"'■ 

which c.„ b. .how„ to v„   1    . rn UP '"U'"" 1 ch.ract.ri.tic. 

involved (.. g. . foc.1 dfoth    „ .     "!"      *" 1"8e nUmb" ot »""hie. 
receiver di.Uice and .Tmoth    8ra,P        ' 1<>Ca"0n ^ """"■  '»-ce-to- 
•pectrun,. ^^T. "Z^y^'Z^Z1—' """" 
path,  eoorce radiation pattern   etc  1 ^..        ?       .      "■ly part of tt*v°l 

i. too .mall to provide ^.fT^H',    t,he "umb" " »vailable recording. 

•eparat. .ource e«ect. uL traf.m       önTff""^ ^'T"™' '" 

•rra, recording .ign.,. ...ogl.ted ^IV^ZZ "'^  '"" 

for .obgroup. i EnV.mWe"™'."t"8! 'm00thecl P0»" «P«'" "-"P-'ed 
rang, ot .ource-to-rTeiver^'i.,        "^f""? " "'"Pri.ed o( a particular 

gref. circle).   For -1«:^, le.Tth'an UO^'tb' l SSÜ* " "C '1°*' a 

.pectrum i. characteri.ed b/a gräd^! .hift' Sl^ST * th' """'^ 

M.5 db, o. *aJ!^VZZS£^StX^»~z* 
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12 EVENTS, 

FREQUENCY (CPS) 

Figure 14. Smoothed Average Power Spectra of Ensemble III Events 
Grouped According to Distance 

28 •olenoe ••rvloes division 



The subgroups of Ficure  M «,..-=    u 
seven subensembles contain direct PnV ChOSen SO that the fir8t 

diffracted P and onePP    s^"'^?^868'  s^^rnble 8 contains one 

3ubensemble 10 conta^ ^Z^lZTZ PKP^ ^!^ ^ 
15   for a definition of these phases in „t . eVent8-    (See Fi^r^ 
lack of low-frequen.v enerffv an" > T' ^ '*' Path8- >    The observed 
studied, a unique ^UtT^LrTZL * ^ lea8t ^ the en8emble ^i 
diffracted P.  or PP events. P '  81nCe " i8 not ob«"ved in P.        8 

^ »u * i8 Possible that the observed efferf rv,a    u 
erf the source region or of the azunuth of arHva   It CPo'    Th  CharaCteri8tic 

the cxrcum-Pacific seismic zone between Alaska and f H' P
J
ürtl0n 0f 

deviate very much from a great circle nL«^ Indones^ does not 
and PKIKP events observed    80 olrcenf 8   hrOUgh CPO-    « the *** 
belt and had azimuths b Jwe'en 2^5 and L^81"^60 * ^ *********** 
the P arrivals are ^ssocZZ^lt ' Wherea8 ^Y ^ percent of 

are associated with azimuths between 295 and 340°. 

events,  each su^^:^^f V^l^^^ 3^r0^ *< 
All event, with afimuths o^ts'de fhe r     * Tnt" '****<* 80urce ^cations, 
-ated (Table 5).    TSZS^^I^I        J* ^    haVe been elim- 
circum-Pacific earthquakes are rn      /"ü ln     igUre 14 per8i8t when o^Y 
obvious because of p^U^^^L^S?' ^ are aom™^ *— 
-imilar displays for other a^muths    JLZSf? ^^^ t0 PrePa- 
Therefore,  it is not possibl^;:^^    ^^ ^ ^ "f available, 
a general one or simplv a oualifu nf 

w^ her the observed effect is 
at the CPO station     ^     q ' 0f Clrcum-Pacific earthquakes as seen 

in the publi.hcri0itPerreatrUeS tT^lV^ phen— ^ been found, 
-tated that frequencies greater thin 05 cos' n*"' Gutenber8 — dichter4 

only in the purely compressional phas'es P    PP* ^"^^^^ 
was used to designate bc.h PKP and diffrac'ted^ T\      '    ^ Bymbo1 P' 
indicated that the "diffracted P' (A <lA°V      f.*,. In ^rtjc^^  it was 
prevalence of high frequencies- *,l„l . ^„^»"g^hed by a marked * ^ iea> whereas,  the "trn» DI /A ^ i^oo... 
contains much high-frequencv ener^v    Hü!   . (A > 142  )" seldom 
being about 0. 1 cps. wUh ä number ^ o  ? 

m08t COmm0n ob8"ved peaks 
0. 5 cps.    On the S^f STSStif T ?' ^ a few ***** " 
^KIKP^PKP^ Peak frequencies 

Before the recognition of the efferf «f ik. 

with increa.ing diaunc.. andVKKP  "lY, w,",aSe deCa>'8 "*«» 
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M j  u a   diffracted P 

 PK P 

P K I K P 

Figure 15.    Ray Paths of Compressional Waves in the Earth's Core 
and Mantle 

Gutenberg (1959, p.   Ill)    states thatj, at epicentral distances 
between about 125° and 140Ot waves with frequencies of 1 to 2 cps arrive 
about 10 to 20 sec earlier than the definite PKIKP impulse with frequencies 
of about 0.5 cps or less.    This dispersion   effect cannot be used to explain 
the observed lack of low-frequency energy since the power spectia were 
computed from data samples sufficiently long (3 min) to include late- 
arriving energy and since Gutenberg states that the high-frequency part 
of the PKIKP is generally very weak compared to the low-frequency part. 

At this time, no explanation can be suggested for the lack 
erf low-frequency energy in the core phases.    Because the difference between 
P-phase spectra and core-phase spectra is so striking,  it should follow 
that a single deconvolution filter cannot be appropriate for both direct P 
events ^nd events transmitted through the core. 
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FREQUENCY (CPS) 

Figure 16.    Smoothed Average Power Spectra of Circum-Pacific Events 
 Grouped According to Source Region 
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Table 5 

CIRCUM-PACIFIC EARTHQUAKES 

Subgroup 
No. Location 

Range of 
Distances (0) 

lUuge of 
Azimuths (   ) 

Even,: Numbers Min. Max. Min. Max. 

1 Alaska 46, I 49.5 316.9 326.5 45.46,48,49.54 

2 Kodiak Pen. 
and Inner 
Aleutian Is. 

54.1 59.2 314.5 316.4 60.61,62,63,66 

3 Outer 
Aleutian Is. 

62.7 66.7 315.4 316.9 71,72.73,75,76 

4 Kamchatka 
and Northern 
Kurile Is. 

71.8 83.0 322.7 326.8 83,85,86,96,97 

5 Southern 
Kurile Is. 
and Japan 

86.5 99.1 325.4 329.6 102,103,104.105.107 

6 Philippine 
Is. 

120.4 126.9 319.0 331.2 110.111,112 

7 Indonesia 141.7 148.7 305.8 356.4 116,117,118,119 

1 1 i 

1 
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SECTION VII 

COMPARISON OF PROCESSORS AT CPO 

i...» K.*        »u   ^ Fi8ure8 3 and 4'  «ample. oL seismic noise occurrin« 
ust before the F onset have been preserved.    Visual examination of   ' 

the.e recording, and of other events not displayed in this report 
permit, a qualitative evaluation of the performances of processor. 

IP-1 Dermitted^.r6" S 52 reL0rdin88 of Ensemble III events, the processor 
put     TheTetet Jt^ ^ t ^ 8Urface-wa- **" to pass into the out- 

from tlace to trfce     ^VX^ t0 Vary OVer a ran2e * more tha" »« ** 
evZmV 1 > hxgh noise power observed on some records,  e.g.. 
event III-18..  suggests intermittent microseismic storms. 

By contrast,   the noise observed on the Ensemble II reccrds 
s remarkably time-stationary, as is shown by the noise power spectrl 

m Figure 9.    It is hypothesized that, because IP-8 and the low-cut niters 
were so much more efficient at rejecting surface-wave noise^e no    / 

^hisTack ^^V0^08611 mainly * P—8 — the intensS 
of this background of P-wave noise did not fluctuate much.    These results 
imply that a detector employing decision-making equipment Jhould be 
a^leto operate effectively on the output oi an array processor such as 
IP-8 which i. capable of rejecting surface-wave noise efficienüy 
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SECTION VIII 

CONCLUSIONS 

......ic. ^SSTÄTÄSÄi^ "Perlen« .igMl 

'>.l..v.d .hat Ik. p,lmiry ^/.c, o,"!"'  ,ri
0m «"" P-Pha...).    £ i. 

'**"*'""■«««»«a. of SIHLSSÄ!
-
 

rem<>va'of cru«*1 

Detectability of later nKa 

"«.proved ^ Convolution filter  " ^V1       " PP *C™r*"y wa. not 
evidence of p? ta autocorrelation fun *. n0t P0881We to find 
after deconvolution.    Theflil'reLtl 

COmPuted «ither before or 
identification (and hence deph." 1c anaIytiCal ^^niques for pP 
differences between the P a„d DP '       ! e8tlmatio") U attributed to 
-diatlon patterns.    Therefore, ft ITS^J^ by a^-tric source 
«vents as of definite near-surLl      lmP088lbie at this time to deriHnate 
observable pP phase **** 0rigln 0n the ^asis of absence^ i^' 

recorded J^t^S^^1^^ POWer SpeCtra COmW *** 

pccira were unsuccess- 

which ^ ^Ä^it^ss rter8y wa8 ob8—d »• ^p- 
accou.      g for this effect has not been fn^'    "' * ProPa«ation mechanism 
variations in transmission effects ^"e mat. ^K"" COnCluded that 8^tlT 
source characteristics.    Source eff?ct!        ^ by large variations in 
of several receiver ^^fTZ^^t^] be OV"«>™ by the use 
events. recording signals produced by the same 
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