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lu-tiTo^oni'itN in tin' iMf niantli-. New approaLlu-s to KNCMN ik-tci - 

iniiiation iH-neaih I.ASA arc dcscrllifil. NORSAK short-(XTKHI data 

arc discussed extensively. Properties of signals and noise at I.ASA, 

NORSAR and Al.PA are tfiven. Network approaches ID improved detec- 

tion capahilitv on a >;iol«l lusis are outlined. 
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TI'U< i« HH »i-vfiHiMMlh s< nn.iiiiiiiil  Ifrhi.ti .il Siiiiun.ir\ ■•( il»- "»i-riiii   IJI-< I IIIIIII.IIIMII l.nHipi 

• •f I in. ■•In I .il ..r i|.'r\.    It ila*->« rilu- • rr-,, (iri h .i-«.« imtut *illi UM ttwef')   «ml pi " tk ■ ■■• '!• '• • iii>ii, 

liM-ulinn mill iili-imii. .iimn "l f.irlhuii.iKi'- ami id^rgriHiml fXiilnMon-.,    I'.irliruliir ••ni|ilia-<i    i 

|I|.II fil on ihr roll- that iliuiial il..ia jn.» f.*<int! anil largg arras ti-i Iinii|iii-i |>la', in MHk Workt 

A Mliulv has l.rrn lliaili- »( siimr iinil.-nal rvrlils In   \   ii wim h tall,   ..r alm.i-l fail.   Ihr M     III. 
t* Il 

■ Il-i Mtnlliant.      PIMM COWtHUto a  -.inall Iml not MgUgttil« |ir'i|Hirli m of rvnit-, in thai  rrunin.    dm- 

rvrnt has i ausnl |ial'tli'iila|- illltli ullv,    »llh all a|i|iai'rllt ilrplh | liasr lull rvrrv otllrr as|iiTt ul all 

rX|iliisioi .     A ralalofiir cif |iri<s>iini<il I'X|I|IIS|IIIIS in Ihr SII\IH   I  MKHi .i\\a\   Irnii' thr rriiular Ir.-^t 

•lt»l IH prrsrntril.     A limr ilnmain analysis of srisiimniams Ironi a larfB SilMiiali rail(i(|iiakr 

has hrrn mailr.      This rvrnt ha-;  spnial  iplrrrst,   lirmy  in a  rruiun of (Nlly lllllil srisiim il\ .     { rf- 

tam iraiurrs in UM deconvolved record niggeel that rupture dimenaioia ami velocity cu be rx- 

tractcd li'iim thr s\iilr of rnmils.     Ihr qtteetlon of Ihr caiisr of «lisrnminalinn is rrdprnrd with 

I (lisiMissmn of CmclueiORa that i an be drawn Iruin rarthqiiakrs of a|)|)arrrillv very small dmirii- 

■tlooa which dlecrlminate with rasr.   \\r eaacluda tiiat ibe pertition of energy between P"wevoi 

and Rayleigh waves iray be the central cauae«   A study has hrrn rdmplrtrd of H   phasea from 

cratertng and tally contained exploaiona in Nevada.   We found thai explosions that break surface 

are richer in R     than fully contained events. 
ii 

Kxtensive work has been done at Lincoln on the mult ipathint" ul  Rayleigh waves,   and now a 

ray-tracing program has been used on a globe with continent/ocean distinctions.    The results 

show striking agreement with observation, and open up the possibility that we can more adequately 

predict expected surface wave magnitudes from hypothetical sources on a real earth.   Travel« 

time studies up to the present have had to make assumptions about near source heterogeneities 

which may not be valid.     We have therefore conducted a I'-wave travel-time study which usi 

only deep-focus earthquakes.    A r: Hier surprising result emerges,    Kays which have penetrated 

the deepest mantle show very systematic deviations from standard travel-time tables of up to 

±1 sec.    This result is of interest in characterizing regions of the deep mantle and alsoin attempts 

to predict the value of seismic observatories at distances beyond 90°,    A cognate result has been 

found from recent array studies of dT/dA and azimuth anomalies.    It appears inevitable that there 

are large- and small-scale lateral variations of significant amplitude throughout the whole mantle, 

but p.M'ticularly near the core-mantle boundary. 

Work continues on describing the structure beneath I.ASA,   both in terms of a Chernov-type 

approach in which the amplitude and phase fluctuations observed at individual seismometers are 

related by a model in which the earth beneath l.ASA is a randomly varying medium with small 

variations in refractive index,   and also by an analysis of S-waves generated near the surface by 

interfaces such as the sediment/basement boundary.    A routine technique is proposed for quality 

control of I.ASA,   or any other digital seismic data,  by use of pseudo-random input to the cali- 

bration coil and spectral analysis of the resulting output tape. 

The increasing availability of NORSAR data and the interchange of scientists with the NORSAR 

rlata renter lead to an increasing amount of research into NORSAR capabilities.   Studies of NORSAR 

signal amplitudes have concentrated on the degree of coherence in short -period data across the 

array,   and  contrasts  are made   rtth amplitude scatter at  I.ASA.    We find that NORSAR body wave 
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SCIfMIC   DISCftlMIKATIOtt 

I.   THE SriSMIC WfW » 

A.    SOME INTERESTING CENTRAL ASIAN EVENTS ON THE Hj*^ DIACRAM 

S»i«mir dmcriiniwiuon brtwren rtrthnumk** «nrt MplHlMI »• mmfih.^ird hy ihm abtrnralHM 

of occ«iUon»i »venl* *Uh ranfli.lin« Ht«rnmiiwuon »«ramHrr-     In fMrtinitar. «hr WH»«! «l^lf 

■Mi .Ji-rrimin.nl. the V^m,, .•««r.rn. ctot.lfl« • ***» n«mN.r a» r-rthqa.^- - ****•*'** 

«for i-wmplr. pmliTj a few of Ihr r-rlhqu.l.M orrurr.n« in Ihr Ugum »la.ta .n-l Nrv«*.- 

Arizona NflMM of the MM »ale-.1 an.l retainly Iwo of ihr evrni« «luHird herrl.    Furlhrr 

compllratlon« arlar when the -urfare wave« from an explosion are ma-ked bv the -urfare »aw* 

.,f a large earthquake, or when the bo.ly wave* of an explosion are perturbed to rea#mble ahort- 

penod oarthnuako radiation through the detonation of aeveral enplonlona over a «hort lime «pan. 

Hero,  the existenre of «ome Tibetan and «outhern Ruxnlan event- that have anomalou-lv low 

surface-wave-to-body-wave maRnitude ratio- are documented.    ! urther. one of the «outhem 

Hussian event- (event KA in Table 1-1 Ms u-ed to illu-trate the problem- that arl-e when an mter- 

ferir.g event is present and when multiple detonation- are ron-idered pos-lble.    Mar-hall and 

Basham2 have previously determined the general behavior of M,!«^ for Central AH,.-,, atvl their 

relationship is used for purposes of comparison. 

TABLE 1-1 

EVENTS USED IN THIS STUDY (CGS LOCATIONS) 

Event 
Symbol Day 

Origin 
Time (GMT) 

Latitude 
CN) 

Lonitude 

CD Depth "b 
M* 

> 

KA 5-1-69 04:00:08.7 44.0 77.9 53 4.9 2.4 

KB 12-9-69 13:41:09.0 40.1 70.7 N 4 9 3.6 

KC 7-1-68 19:14:54.7 44.0 79.3 N 4.8 3.6 

KD 7-20-69 04:34:14.9 39.8 77.8 N 4.9 4.2 

TA 7-15-68 05:09:05.9 30.3 95.0 22 4.8 2.9 

TB 7-14-68 18:12:40.9 30.3 94.8 22 4.9 3.3 

TC 7-13-68 05:05:54.2 30.3 94.6 N 5.0 3.4 

*Eac: M value is based on the results from at least four individui ]l stations. 

Tue location of the stations and events used in this study are plotted on a map of Kurasia la 

Fig. l-l.    These data are a subset of data being used In a network study of Central Asian scis- 

micity(SATS,   31 December 1971,   DDC AD-737092);  station data are given in that report.    The 

four events starting with a  K are located in the southeastern corner of Kazakh.   USSR.    They 



lt,,·att- within t cr· of t'<H'h other. Tlw o'her three <'Vt'nts discussed are C'losPI,Y grouped in an area 

,,f Tib£'t ahout 100 km nnrthl'nst of tlw eap1tal, Lhasa. They ur·e prl'fiXI'd by tht• lc>tter T. All 

7 t'\'t'nts l:.l':t' :lpprnxim;•tPiy thl' sam<' bod~· wavl' magnitudl', 4.9 ± 0.1, and are listPd as shallow 

fo,·us l'ar!'· ,·nkes in tiw :'\:OS bulletin (that is, thP.V nr!' assigned focal depths hetwePn 20 and 

7Pkn• i· .''" !'Ill-: t•atalngl. Epk<'ntr:ll data dt'lermined by ;\lOS arP givt•n in TahlP 1-L Tlw 

Kl;';lkh 1 -.,•nt l11• ''n ti:i' t.•,r·dpr of asl'isn:it· ('c·ntral Asia. Plowshare-t.vpe explosio.;; have lwPn 

!t•' ,.. · ''\this at•f>a (s<'l' evC'nt dated 1 0-21·(,(, in Table I-ll. Tl>e Soviet test site at Semi-

palatinsk is .d•nut f.' ;n thP nor·th. The Tibc•tan events are part of an isolated cluster of sl'ismif' 

ad i vi h·. 

:\1 \'ahtPs wt•t'P eakulated using the scale propos,·d by 1\l::J.rshaP and Basham
2

: 
s 

,!11· r·•aximum amplitudl' of the vertical corrponent of t 11C Ba_,·lei~~h wave at the period 

.•n Ppict>ntra I di stancl' b.. P(T) corrC'cts for dispersion; and B' (.6) eorr·ects for 

th(' aVPI':tt!P pft't•ds of s<'attf'ring, geometrical spreading, \ate;·al refrac·tion an;l anPlastic atten­

u:ltinn nf ltlyl•·i!d' w:l\'PS, ThP :\Is v:llltPs fror thP 7 events arc included in TnhlP 1-1, and rangP 

ft·"m 2.·1 up to ·1.2. Tints, l'vPn though mh varies h.v only 0.2, Ms varies by LR. Baspd nn the 

I'Pt!innal seismit·it_,. of 1-\ir~hiz for ev<'nts with mb.,. 4.'1 (see Hef. 3), the 4 events in that region 

\':•lllld r<'pre.spnt approximatclv 10 perc<'nt of the total population that would be observed over a 

comparable period of time. Figure 1-2 shows how the events plot on an 1\1 : m 1 diagram. The two . s ) 
lirll'.' rlrawr. nn the ~raph ((('note the trends of earthquake ar:d explosion population for Central .., 
,\..:ia.'"' lhta usPd to ca!f'ulate the trend lines wPre obtained from the same stations and analyz<'d 

in tr.,· ~:l'tlf' ma:m<'r as tltP data us~·d hPre. i'\on<' of th<: earthqual<cs us<'d in that study with an 

rn
11 

: 4. <1 scatterPd to the !C'ft nf tlw evPnt KIt Furthermore, the inclusion of our events would 

n1)t ca usC' tlw t r<·nd I inC's to he a pprec ia h ly altered. The events toea ted in Kaza kh (denoted by 

IO:H and 1-\C'), along with th<' Tibetan c•vpnts ('I'B and TC), could not\)(' cl::lssificd as PilLer arti­

f:.·i:ll nr n;.<tural on tl11• basis nf :\ls:n1h alnrw. Tlw P\'Pnts 1-\A and TA C'lcarl.v fall into tiH' explo­

..;t'l!l pnpulation. 'Pte thr.-.e Tilh~tan PV<'nts are prPsumahl,v earthquakes. Tlw.v occur in an un.· 

lt~.I'IV ~eograpitic loc-ati<m for explosion,·, and ha\'1' the ;;hod-period cnmplexit.v and T.g: P <'nergy 

!·.1tin,.; charact(•ristic of PartltquakPs. :\lnr •over·, man:-· similar evPnt;., have occurred historical!.'' 

within a riPgi'!'P nr sn nf t IH'ir Ppit•entPrs. Tlu• h:a;akh ~'VPnls, with til<' C'Xc<:'ption of I,A, havP 

,.;hor·t-pPr·iorl ,.,.,.,n·ds t,vpiral of e:u·tltq;takPs, 

:\ rliffer<'rl<'P in magnitud(• of l.fl •·nrTPsponcls to an amplitude ratio of apprnximat('\_v r,o, or 

~;rill. Stwh lat'l';P amplitwlP varintinns for· tlwsP PVPnts, having thP sanw body \\':1\'C' magnit 1 trl<', 

:1r·e i lltt~tratPrl in Fig. 1- ~. Th<' rPc·or·ds rn·esPnt<'d in the figure arc at f!:-tins and {'picentra I dis­

tanc·c·,.; that rnak•· th(~lll dir•e..tl_v cntnparahh•. :\s SPP!l in Fig. 1- ~. llw SPismngram;; arP t,vpi(·al of 

first- and sf•c·nnrl-;">!le cnntirwntal l!a_y!Pigh \\':lV!'S fr·nm slmllnw sourcPs. The l!a.vleigh \\'a\'<' for 

f••:r•nt 1-\:\ is irnmPI'Sf'rl in a Ha_v]Pigh wa•;p front an ParthquakP in Tnnl~a. Figttrl' 1-4 shows tlw 

tl>r•''' 1.1' •·ntnJl!Hl!'llts for• this P\'Pnt as t'Pc·or·dPrl at tltP \\'\\'SS~ oh,.;p r·vatnt'.\' at Ka l>:r I. Tl1e prPs­

··rw•· nf tit" lla,vlt•ll:h wav•· ft•orn tltP snutltt•t'll lllls,~l:t ••vc•nt is t•lt•ar•ly visihiP hP<':IIIS<' nf its hil!ll­

fr·•·qti!'IH'.V na tu t'P t'P Ia t i VP tn lllf• low- frP<IIlP!l<'.Y n:tlut'P of the i nt•·rfet•i n.l! !'Vl'nt. It is i nt.PrPsl i ng 

t" nntP that tlw 1-\a;oakh f'VI'Ill wnulrl not have h•·Pn Pxtr·ar·tahl<:' if tit<' rpcor<t llad hPP!l produce'<~ b,v 

.~ : ~\S,\ typ•• lnng-pr•r•ind 'll' a l.:t!ll'lllt ()gd<'nsl>urg-typ" instrlllll<'lll, o..:in<·f' (,-,..;('r' f'nPrgy (lltf' 



Section I 

dtlminant period of the Kaz;,ikh f'Vent) is down in amplitudC' by more than an order of magnitude 

from 40-Sl'C ('lll'rgy (the dominant pl'riod of the Ton~a event). Fortunately, WWSSN long-pc>riod 

in~trumcnts arc ratlwr broadb::111d: 6- and 40-sec Pncrgy have the Rame magnification whic-h is 

only a fal'tor of two IC'ss than t hc> peak magni lication that occurs near 2 0 see (see fh·f. 4 ). 

The 7 evt'nts lisl£'d as earthquakes by NOS have been shown to span the earthquake and ex­

phlsi,ln popui<Hion:'; on the Ms: mb diagram. The Tibetan events which we take to be earthquakes 

lit' 1\C'UN'r th£' e:~plosion population. The Kazakh event that lies within 100 km of the city of Alma 

Ata and whieh \Wl'Urred on 1 l\tav 1969 at ~400 GMT would be presumed to be an explosion on the 

ba>~is of l\1
8

: mb. However, the event is travel-time constrained to a depth of 53 km in th£' NOS 

bull l't in. 

To pxamine tlw behavior of trr· tin1e residu:J.ls as a function of depth, thirteen widcspr~.:<<i 

\\'\\'SS:'\ ~tations where first arrival tin~t!s for the event 1\A could be precisely determined were 

u~l'd to recon~pute a hypocenter. Table l-2 gives various hypocentral charac,eristics hasC'd on 

thl'se picks. I·:vl'n though the minimum standard deviation (as determined by our location oro­

gram l OC('ttrs for a depth of 3<'~,1 km at 04:00:06 Gl\tT, t:1e error for a surface focus at 04:00:00 

G\tT i~ not significantly difft<rcnt. The cpict•ntcrs corresponding to the various h.\·pocentcrs 

differ by IN;s tiwn 3 km. T;ltls, it is as likely that the event occurred at the sut·facc on the hour 

as at 40-km depth at 6 sec after the hour. 

TABLE 1-2 

HYPOCENTRAL TES~ -:HARACTERISTICS FOR EVENT KA 

latitude longitude GMT Standard 
(oN) ( OE) Depth Time Deviation 

44. 10 77.84 0 04:00:00 0.61 

44.09 77.83 20 04:00:03 0.58 

44.09 77.82 I 39. 1 04:00:06 0.57 

44.09 77.132 I 40 04:00:06 0.57 

44.08 77.80 I 60 04:00:08 0.59 

Thi--: I'Vr>nt exhibits othe>r short-period charadC'ri~tks that are more typic:1l of expl0sinns 

than f'arthquakPs hut arc not strong evidence> l'itlwr way. It has compressional first arr:vals 

whf'r·c firo>t motion can he clearly scC'n. The first cyc!C' of motion has a dominnnt pe>riod nf 

o.R. (<', :-tnd thf' amplitur 1 r~:tio of tlw first dilatational pPal< to the first compressional pPak is 

alvHrt 'i tn I. The sf'ismograms also have f'Xi)lnsion-likf' cornplPxity. One first-zon<' rpc·ord 

.:110'>'-'ing l.g was availablf' at 1-.:ahul. It had an amplitude> slightly les,, than the inithl arrival. Such 

a ratin is nnt definitive as to either a natural or an artificial source. 

Thus far, the sum nf the f'Videnef' nn f'\'C'Ilt KA points to its being an C'xplosion. HowevPr, 

this evPnt's short-pl'riod records contain an nppar<•nt depth phase. · Fi,gurf' !-'> pt·e,;;Pnts tiH' shnrt.­

pr>riorl rccords frf''ll JASA and the arrays Ye>llowknif<' (YKA) and \\'arcamunga (WHA). Thc ar­

rival at 7. 'i sec after I' app<'n1·s ln hr pi'; it sPrms tn he invcrted ~Htrl to havf' thc sarn0 \\'rtvr 

:if,~qw. The arrival at I .\SA at about 1 ~ SC'l' aftC'r I' llla,V he .s P. pi'- I' tim<• puts tl"· focus :1t 



20 to 2S km;   sI'-pP time puts the focus at iS to 45 km.    With the exception of this phase,  event 

KA should be classified as an explosion.    If the event were an explosion,  a possible explanation 

Of the second arrival would be a second event.    Multiple-explosion experiments have been con- 

ducted in the Russian Plowshare program.     It seems possible that the second arrival could have 

been produced in such a manner.    If the event is an earthquake,   it most likely belongs in the 

high stress drop - small source dimension class of events which occasionally occur in western 

North America   and possibly in Tibet.    In either case,  the problem of discrimination for Cen- 

tral Asia is made more difficult by the existence of such . vnnts. 

I would like to express gratitude to Peter Marshall for a prepublication copy of the paper2 

he co-authored. 
T. Landers 

B. SOME  PRESUMED EXPLOSIONS IN THE SOVIET UNION 

Table 1- ? lists events which may prove helpful in discrimination studies.    All events on this 

list are believed to be genuine,  although down at the very low magnitude end only LASA has con- 

tributed.    Care has been taken to eliminate PP phases.    Several of the events are indicated by 

the Ms:mb discriminant to be explosions,  and certain events can be associated with experiments 

described in the literature. '     Others are simply events in aseismic regions.    The list should 

not be regarded either as exclusively containing explosions nor as a comprehensive listing of 

explosions away from the two regular test sites - Semipalatinsk and Novaya Zemlya. 

D. Davies 

C. DECONVOLUTION AND THE SOURCE OF A SIBERIAN EARTHQUAKE 

The interpretation of seismograms in order to infer the nature of the seismic source is made 

more confidently if the effects of wave propagation and the recording instrument are considered. 

Current trends in source studies apply corrections for these effects in the frequency domain,  and 

the subsequent interpretation is based on the resulting spectrum.    Although in some respects the 

spectral approach is preferred,  the details of the time history of the source are lost upon trans- 

formation,   e.g.,  the earthquane could either begin or end with high-frequency motion and yield 

the same amplitude spectrum in either case.    Propagation and recording effects can be removed 

by well-established time-domain techniques,  and in what follows we describe an attempt to apply 

these techniques to a specific Asian earthquake. 

If P(t) represents the ground motion at a station due to an incident compressional (P) wave, 

the seismogram S(t) can be represented symbolically as a convolution 

P(t)* Kt) - S(t) (M, 

where I(t) is the displacement impulse response of the recording instrument.    The method of de- 

convolution,  or inverting Eq. (1-1) in order to gain P(t),   is well ..nown.7   An alternate method 

may be used to save time if many seismograms recorded on similar instruments arc to he do- 

convolved.    If the inverse of I(t),   1    (t),   is , omputed such that 

f^t) * Kt) - 6(t) (1-2) 

where ß(t) is the delta function,  then P{t) may be computed by the convolution 

P(t) =r1(t) *  S(t)      . (1-3) 
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The advantage of the second method is obvious - only one inversion is required,  and S(t) fro-n 

like instruments may b' deconvolved through a convolution with I    (t). 

These techniques are demonstrated in Figs. 1-6 and 1-7.    K.gure l-Ma) shows the unpulse 

response of a long-period seismometer used in the WWSSN - this would be l.U.    /'igure 1-Mu) 

shows the function fUt) computed by inverting Kq. (1-2),  and Fig. l-MO slows the result of ■ 
convolution of the functions l(t) and f^t).    If the inversion process were exact.   Fig. 1-Mc) would 

be a delta function,  and it is seen that this is not strictly the case.    Although Fig. l-MO is sharply 

peaked,  the net area under this curve   s probably closer to 0 than 1 because Fig. l-f.(b) is essen- 

tially a differentiator;   it enhances hif'h frequency motion lost through the instrumeni but.  because 

of its short length,   is not as effective in correcting the long-period motion.    Figure l-7(a) is the 

trace of a P-wave recorded on a WWSSX long-period instrument - this would be S(t).    Figure l-7(b) 

shows the result of computing I'(t) using Kq. (I- i%  i.e.,  a convolution of Fig. 1-Mb) with l-7(a). 

In this case,   the filter [**»} was 2S points long and S{t) consisted of 1 JS samples.    Figure l-7(c) 

shows the function P(t) gained by invertit- Kq. (1-1) directly.    It is clear that althougl   Figs. l-7(b) 

and (c) are similar in detail,   the latter has reiained relatively more long-per.od mot.on. 

At present,   we are using these techniques to deionvolve l'-waves recorded on long-period 

instruments of the WWSSN in an attempt to gain some insight into active faulting processes.    We 

magnify the 7n-mm films of 'he original WWSSN records by successively using a viewer-printer 

and a coving machine charged with transparent sheets.    The transparent slieets are then in- 

serted into the viewer-printer and.  finally,  ti.e phase of interest is digitized.    The entire process 

before digitization yields a gain of about 10 from the original paper records.    A digitization rate 

of 6 samples/sec is realizable;  however,   half that rate is found adequate for routine use.    Suit- 

able instrument constants are gained by matching the Heaviside acceleration response given by 

the calibration pulses found on the original records. 
Figure 1-H shows the location and fault plane solution of a large earthquake that  iccurred in 

eastern Siberia ot) 18 May l'»71.    The Karthquake Uita Keport gives the following parameters for 

this event: 

Origin time 22:■»4:4 4.8 

latitude f>?.9V'N 

longitude 1 4M 1 r K 

Depth Normal 

Magnitudes (stations) mb     S.8(2M,   Ms     6.6(9) 

In Fig. 1-8,   the base map and "main deep faults" are due to Yanshin."   The fault plane solution, 

based on long-period first-motion polarities,   is consistent with a left-lateral,  vertical rtrikc 

slip fault striking at an azimuth of IIS*.    Although this azimuth is roughly parallel to the fault 

traces given on the map,  the latter shows relative motion on nearby faults as right-lateral.    In 

spite of this discrepancy,   we take the northwest-southeast  plane to represent the faulting surface. 

In rif. I-'),  we show the deconvolved vertical long-period   P records.   Pit),  computed using 

the second method [ Fqs. (1-2) and (1- 4)1 described above.    The traces from 28 stations are ar- 

ranged at the appropriate azimuth relative hi the fault plane.    These traces represent ground 

motion al the station with no corrections being made for path propagation.     However,   differences 

in station ga.ns have been accounted for so that the relative amplitudes are correct.    The reader 
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Section I 

must remember that since epicentral distances here are in the teieseismic range (28° < A < 89° ), 

we are actually sampling the compressional motion from a rather restricted solid angle of the 

lower foci.l hemisphere.    In spite of these r«'    rictions,  there are two features of interest evident 

in Kig. 1-9.    The first is that the initial motion is usually emergent,  of low amplitude and long 

period relative IT a sharp,  high-frequency motion arriving later.    It is not clear to us yet whether 

this high-amplitude motion represents a stopping phase of the fault rupture or a breakout phase 

generated when the faulting reaches the earth's surface.    The second feature of interest is also 

related to this high-amplitude motion.    It may clearly be seen in the right-hand column of trrces 

in Fig. 1-9 that the position of this phase changes as a monotonic function of azimuth.    Although 

this feature is not as clear on the traces on the left,  we take it as an indication that the source 

of this earthquake propagated from the southeast to the northwest.    In Fig. 1-10,  we compare the 

deconvolved trace at BRK with a similar trace (inverted) at ATU.    The precise estimation of the 

elongation of the trace at YiKS with respect to ATU is difficult,  but is taken to be about 2 to J sec. 

If O   is the azimuth to a station measured clockwise from the direction of fault propagation,  then 
0ATU T 34t'° anfl 0nKS * 1050>    Using these values of O,  a P-phaso velocity of 16 km/sec,  and 
the assumption that the late-arriving high-amplituie phase represents a stopping phase occurring 

at the end of fault propagation,  we would estimate the fault length to be between 30 to SO km. 

This result is also based on the assumption of horizontal propagation of rupture on a vertical 

fault.    Kstimating the velocity of rupture depends entirely on an accurate determination of the 

duration of motion at any given station.    If,  from Fig. I-10,  we take the major motion to endure 

for 8 to 10 sec at BRK,  a rupture velocity of 4 to S km/sec is implied.    This value is higher than 

the Mayleigh-wave velocity,  the maximum rupture velocity predicted by various crack propagation 

theories.    I/inger estimates of the duration of motion will yield lower rupture velocities. 

J. Filson 
C. Frasier 

D.    WHAT CAUSES DISCRIMINATION? 

It has been known for several years that it is possible to discriminate between explosions 

and shallo.v focus earthquakes at least at levels where signal-to-noise ratio causes no problems. 

The M :m.   discriminant has been by far the most reliable technique - in essence,  explosions 

generate at least an order-of-magnitude-smaller Rayleigh waves (at 20-st    period) than do 

earthquakes of the same body wave magnitude (at 1-sec period).    The reason why is important, 

as it may be possible to predict the behavior of the discriminant to low magnitudes.    Yet the 

cause of discrimination is poorly understood.    Several explanations have been advanced and these 

may be divided into two categories:   those that attempt to explain discrimination by spectral dif- 

ferences between sources at 1 and 20 sec, and those that attempt to explain di^crimination by 

differences in partitioning of energy between body waves and Rayleigh waves fcr different sources. 

There has been extensive discussion of source spectra - the energy partitioning problem has re- 

ceived less attention,  probably because it is rather difficult to describe an earthquake mathemat- 

ically.    I propose to present some evidence which,   I believe,  makes invalid any argument that 

source dimensions or a source-time function alone are the cause of discrimination. 

In several previous SATS,   I have remarked that core reflections such as PcPand PKiKP 

offer an important viu'w of the seismic source.    There appear to be several reasons for this.   The 
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core boundary seems to be a clean reflector of seismic energy.    Seismic rays do not have to 

bottom in a vertically or late-ally heterogeneous region.    Regions of multiple P-wave arnvals 

are avoided     Plates and other near- source structure are left rapidly by near-vertical rays. 

S-to-P conversion near source by transmission througn (on average) horizontal layering ll shgl.t. 

For a good view of core phases, the directional capability of an array is highly desirable,  but 

it is possible that PKP may also prove valuable in some epicentral ranges. 

The striking thing to be noticed about the use of core pha.es is how o/ten they sharpen up 

the short-period view of the source when all these effects mentioned in the last paragraph are 

minimized     Figure Ml shows such a case.    The duration of radiation of short-period energy, 

apparently many seconds for P,  reduces drastically for PcP.    In fact.   PcP 'rrm I^ngshot. with 

a comparable body wave magnitude,  and from a relatively nearby region lasts as long as.   if not 

longer than.   PcP from this earthquake.    It may be argued9 that,  with certain provisos,  the fault 

zone for this earthquake has a maximum half-dimension of l.S k.n.    We make the assumpt.on 

that the start and stop of the earthquake are all included within the initial P-wave and the source's 

radiation is described by Savage's10 model.    If this is so. and since the event discnm.nates 
(M    =SS    M   forl.ongshot:: 4.0).  we cannot invoke either source dimensions or an elongated 

source-time function as leading to discrimination.    We could,  of course,  have a radically differ- 

ent source-time function between the two events, such as a step for an earthquake B id an .mpulse 

for an explosion, but nowhere in the literatuie is there any good evidence that explosions are dom- 

inantly impulsive in d^placement.   Indeed, it appears that when many exaosions have been studied 

as a suite11   it has been impossible to make a rlear-cut statement about source-time fum-Uons. as 

some appear to have small Impulsive terms while others appear to be simple steps.    (Filson and 

Lande reached a similar conclusion in the SATS dated SI Oecember 1970,   DIX  An-718971. )  All 

discriminate easily, however.    I conclude, therefore,  that it would be diUicult to sustain .n argu- 

me. ' that source-time functions or source dimensions control discrimination. 

D. Davies 

E.    THE R    PHASE FROM EXPLOSIONS AT NEAR DISTANCES 

An observational study of the R   phase has been made using two stations within 300 km of 

explosive sources at the Nevada Test Site.    Rg is taken to represent a high-frequency Rayleigh- 

type motion which propagates in crustal wave guides.    The chief purpose of the exponmeat wa. 

to determine if R   could be used to discriminate between contained underground explosions and 

those used for excavation purposes.    The maximum amplitude of this phase was measured on 

short-period vertical instruments at Mina.   Nevada (MN-NV.  A » 240 km) and Kanab.   Utah 

(KN-UT   A = 290 km) from explosions detonated under various conditions.    This maximum am- 

plitude i's usually recorded 35 to 50 sec following the initial P-wave arrival at these distances, 

and is not a well-defined phase but consists of a series of high-frequency excursions of larger 

amplitude than the preceding motion.    The amplitudes (peak to trough) of the initial (first full 

cycle) P arrival (P ) and the long-period fundamental mode Rayleigh-wave motion (LR) were 

also measured for comparison with the R   measurements.    The amplitude measurements were 

corrected for instrument response and the average using the two stations computed directly. 

Only explosions with source conditions listed by Springer and Kinnaman     were used in this study. 
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In Fig. 1-12,   the avorage surfa .e wave amplitudes EL are p'itted against 1^  for some 

24 explosions-  various symbols are used to denote the source medium and location.    The ex- 
12 

plosions termed "Plowshare excavation" by Springer and Kinnaman      are circled;   the explosion 

described as a "Plowshare experiment" is enclosed in a square.    Given the scatter of the data 

in Fig. 1-12,  there is nothing remarkable to define the excavations except that their surface wave 

amplitudes may be larger,   relative to P ,  than some of the contained explosions.    In Fig. 1-1 i, 

we 1,^, ti<| ll   vs L...    Here,  IT^ for at least one of the excavations (named Sedan,   detonated 

in alluvium at Yucca Flat) is significantly lower relative to I.R;  however, the same is true for 

the explosions named Palanquin and Scroll,  not specifically described as excavations.    H    for 

the other excavation event Schooner is low but not greatly so.    The most interesting aspect of 

Fig. 1-1 i is the apparent difference in dependence i)l H   upon L_ when compared with Fig. 1-12 

(There the data may be roughly approximated by a line with a slope of 0.7 while a less steep line 

WOu.-. .        re-u''' the data of Fig. 1-1 i.    If we take L., to be a measurement of relative yield,   .ve 

must conclude mat explosions of larger yield do not generate as n uch H    relative to  P as do 

smaller ones,   due either to their size or their greater deptl. 

In Fig. 1-14,  we test the latter hypothesis by slotting the ratio y (wdiere y -  L^/H   ) vs 

source depth.    It is clear from this figure that y increases with depth,   the deeper events being 

relatively more efficient in coupling energy into I,(, than into R .    Additionally,  the excavation 

explosions are now clearly separated fi im the contained explosions at the same depth;   however. 

Palanquin and Scroll have y values nearer the excavation explosions than to the contained events. 

We cannot assume Palanquin was an excavation device,  being described only as a "Plowshare 

experiment" in the source list.    The source medium of Scroll is described as "tuff (volcanic ash)," 

which may account for its high value of ~. 

Of course,   in a relevant application of those empirical results.   UM depth of the explosion 

will be unknown.    In Fig. I-IS we have plotted f vs P ,  both quantities which are measureable 

from a seismogram.    Here Schooner,  the Pahute Mesa excavation In tuff,  plots only slightly 

higher than explosions contained in tuff at Yucca Flat;   however,  the value of y for Sedan is about 

an order-of-magnitude greater than a contained alluvium explosion with the same I*   value.   Again, 

y for Scroll is high and in this case that of Palanquin is not anomalous. 

To summarize and conclude briefly,   we have measured the amplitudes of P .   R  ,  and 1.^ 

at two stations within 300km of 24 explosions.    The ratio 'q^/R   appears to increase with depth, 

and excavation explosions show a value of this ratio greater than those of contained explosions 

at a similar depth.    This ratio,   relative to P   amplitude,   is markedly higher for an excavation 

explosion in alluvium compared with contained explosions at the same site.    The excavation ex- 

plosion in tuff docs not ;ihow this feature fo such an extent;  however,   no data for a contained tuff 

event of the same P   amplitude have been considered thus far. 
n .1.  Filson 

K  lande 
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W-- 

CENTERED AT «O'N   77 s'E  l«4l 

Fig. 1-1. Mop of Eurasia showing locjMons of 12 WWSSN stations (squares) employed 
to anolyze 7 events (crosses) studied in this SATS. Refer to Table 1-1 for event data. 
Great circle paths between events and stations are approximately straight lines. 
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Secfion I 

Fig. 1-2. MjOTj, relationship for all events, mi, values are those computed by NOS. Mj values 
were computed using scheme proposed by Marshall and Basham.' Trend lines represent least-square 
linear behavior of Eurasian explosions and earthquakes as determined in aforementioned paper. All 
events s'udied here were listed as shallow focus earthquakes in NOS bulletin. 
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Secfion I 

tvEN' liAIN        m    HI 
STATION A 

KO        KBL       b«   9*   4 94 2 

KB        KBL      «k   S*   4 9 } 6 

---vVWy^/VVvvAA«A^vv«-wv^ 

TB        SML       3»   5*    4 9 3 3 
^ »N^vwy^* 

TB CMG      3li   I?*    4933 
■   ^1 ^»n HI I«      <^/>rf*^V^i^—■■ 

KA        KBL      6k   "•    4 9 2 4- 

RAYLEIGM FROM TONOA 

Fig. I--' Vcifical components of Rayleigh waves from events KA, TB, KB, and KD at comparable 
distances and gains. KD's seismogram has amplitudes that are slightly smaller than average con- 
tinental  Eurasian earthquake with same mjj.    High-frequency  Rayleigh wave from event KA rides 
atop interfering low-frequency Rayleigh wave from event in Tonga (m,   = 6.0). 

b 

U— Imm —►! |1|-M»»M| 

VWWWX/WN/ 

5 34km/««c      277km/«tc 

EVENT   KA  5  1-69 AT KBL 6t 

,'-■'"• 

Fig. 1-4. Three components of surface waves generated by event KA as recoided by Kabul. 
Energy arriving with group velocity of 3.34 km/sec may be either Love or higher-mode 
Rayleigh waves. 
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'~*\r~/vW\r^ 

YKC 

WRA 

Fig. 1-5.    Short-period signals from event KA as recorded by arrays at LASA, Yellowknife, 
and Warramunga, showing appaient depth phase and waveform simplicity. 

IMMOSML 

10 MC 

(al (b) 

Fig. 1-6. (a) l(t), the impulse response of long-period seismometer, (b) I (t), the inverse 
impulse response computed using Eq.(l-2). (c) Result of H(t) * l(t). If computation 
of M(t) were exact, this should be a delta function. 
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nrnwwi 

" —vyK^K^r^r 

Fi9- 1-7.   W A long-period P-wave as recorded, S(0.   (b) Ground motion P(t) computed 
" (0 * s(0.   (c) Ground motion P(t) computed by direct inversion using Eq.(l-3), i.e., I 

ofEq.(l-l). 
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Section 

Fig. 1-10. Deconvolved P-v»(ives at ATU 
andBKS showlnn e'ono'jtion at BKS taken 
to be result of fjult propagation. 

BKS 

»TU 

II-?-I«I;| 

e^oi' 

B•349« 

j i 

TIME   (MC) 

Fig. 1-11. Short-period LASA P-wave signals from seismic events 
in Aleutians; (a) and (b) traces are P and PcPfrom Komandorsky 
event of 20 January 1969, and (c) trace is PcP from Longshot. 
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Fig. 1-12.    Average of f-   amplitude at MN-NV and KN-UT plotted vs average L_ amplitude, 
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Fig. 1-13.    Average maximum R   amplitude plotted vs average Lp amplitude. 
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Fig. 1-14.    Average value of y, where y ■ L./R  , plotted vs depth of explosion. 
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II.   PROPAGATION 

A.    THF  EFFECT OF LATEHAL HETEROGENEITY 
UPON SURFACE WAVE  PROPAGATION 

In MVwal recent SATS,   the problem of body  wave propagation in laterally heterogeneous 

earth models has been considereil,  with a view to predlettnj» how variations in the earth may 

distort seismic observations and complicate the di ;crimination prohlem.    We found that pro- 

nounced focusing and defocusin« (or ahadowinn) of energy can occur and will introduce systematic 

errors into measurements of body wave maumtude.    Our knowledge of the earth's internal struc- 

ture is,  however,  not yet «ood enough to enable us to make quantitative predictions of these ef- 

fects in general,  although we can probably predict shadow locations for sources in island arcs 
with reasonable accuracy 

I or surface waves,   similar propagation effects occur,  and they are more amenable to nu- 

merical calculation and prediction,  since surface wave velocities are functions of two spatial 

coord'nates,  rather than three, and are correlated with known gMlogfa and tectonic features. 

furthermore,   ;<ur seismic discriminatio:i capability  is currently limited by the surface wave 

detection threshold,   so reliable path corrections would be of «reat value.     The abilit>- to reliably 

calculate projianation effects miuht,   in fact,  lower the surface wave detection threshold by 

facilitating the design of matched filters. 

To analyze surface wave propagation, we have used n '«»nietrical ray theory - much as is 

commonly done for body waves.    I'or surface waves,  howi ver,  some additional complicaticiis 

ar ise because of dispersion.    In particular,   in a heterogen    us dispersive medium the (•roup 

and phase velocities do not generally have the same diroctii a.    Hy considcrini; the interference 

of two plane waves with slightly different frequencies u   am. wavenumber vectors k,   it can be 

neen that the uroup slowness is niven by 

E     — 
(1       «Ju. 

Since k  is a function of the initial parameters of a ray and u,  a.   well as the observation point, 

the calculation of either the macnitude or the direction of (he |roi.p slowness is not easy.    How- 
ever,  since for anv jjivon source 

Mr, u)    Mr, u-im^u.) 

where n  is a unit vector normal to -.he phase wavefronts, and r  is tin- position vector, we have 

dk <)k _ .an r— -.— n • k t— üu        du du 

Since n is a unit ve<t"r dtn/du) • ii     (' and 

dk      _      . k 
■^— • n     •— du du 

This result says that althoui>h the actual «roup  ilowness vector is difficult to »ale date.   UM com- 

ponent in the ray direction is the conventional (and easily calculable) eroup slovneai for a homo- 

(•eneous medium.     The «roup ilelay could be obtained by inteuratinc the «roup si   »ness  .it,, 

any path,  but for the phase rav [Mth,  this task is greatly simplified. 

Preceding page blank 
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Suction II 

On« Of the most strikiiu; pitce« of eviilence lliat hiti.-ral heterogeneity ligniflean ly affects 

surface wave propagation is thr . iscovery by Capon1 that Kay'.c^h waves observed at l.ASA often 

tl ..'•!  in .lirerlions ureatlv .iifforent from tlie grMt Olrclfl a/imuth to the event that generated 

them.     Ptgar« II-t,   f .i- example,   shows the paths inferred hy Capon to have been followed by 

the RayUlgfa waves from an earth(|uake m the l-.nnl Islan Is.    Capon fell that most of the observa- 

tions he mad.' COUU be explained by refraction and/or reflection at continental mar^ms.    In order 

to check this assertion,  a retiionali/e.l earth model consisting only of continents and oceans was 

constructed and used for rav-tracin« calculation ;,     i he phftM velocities for oceans and c •itinents 

were assumed tO be  |,S0 and   5.')K km/sec at  lO-MC perb.d; .   and die model was  opecifici  in terms 

of numerical values aa 1 S» X »• latitud.-lon^itude grid.    'I he -esultitn: rav paths,   shown in 

Kiy. ll-Z.   \oo\ remarkablv similar to those inlVrred by Capon,   and strikingly lonfirm the Imp» P- 

tancc of eontkMntnl marftal wh*. h,   ba this case,  have detlected the ravs by total internal reflec- 

tion.    ( urrently.   work is beitu'   lone m increas.. the amount of detail in the mod. I,   to see how 

well propagation effect» can be predi  te I .luantilatively. 

H. K. .lulian 

B.    TRAVFL-TIME Snr)Y USING DEKP FARTHQl AKES 
AM) LATERAL HETEROGENEITIES IN TMK DEEP MANTLE 

An  ittempt ha . been ;. a le to refine the tr ivel-ume curve for teleseismic I'-waves us ng 

data from dcep-focu» curthquaKe.-.      I his ap(..oach was used in order to minimi/.e the biM intro- 

.luce«! int.. 'i.iv.l times l.v later il h.tcroi .ncitie.s m the upper mantle,  which an   fxirfirularly 

»evfi .■ ne.,!  island arc«, where seismic activity i« concentrated.    The raw data used (nearly 

i  '     ■•rival time« from *><* earthquake«) were taken from bnlletms of the International Sets- 

n o| ..leal ( etiln  and the Vatl.mal Ocean Survey )\OS(,   and were winnowed to eliminate |rOM 

err... nifwrint; data for sevi-r.il WUrtflfl .-, ,,. .■,. ., ,,,l: , ,. ,.,., ,,,n.    ,\n iterative procedure 

of reluiatuiL MM ••\.'iits,  m.Klifvini! the travel-time curve and station con ecu..   -.  relocating 

the evicts,  etc. was then used to tetermine finally the average travcUtime curve and i set of 

■fetiM «..ne, M.ms.     I .he meth.Hl will be descnU-d in detail in a paper n.»     emg prepared. 

I ii-tir.   11- 1 sh iws the travel-time curve derived for a focal depth of "^     m.    An amblcuity 

still remains with rerard la MM ahs,>Iuie value» .if the time«. «Ince the orlgta times of the , arth- 

quake« cannot be  leiermim-1 in hq^nlentlv.    We I ave iiHed data frcim \evaila Test Site explosions, 

where BM -.tru, ture uf the upis-r mantle i« fairly well known, to MtlmnU HUH "li.( . nnwipwil." 

'"    '   '■'    ■'■•, «••»''He«  should IK- H.II.H .,. ted from the value« in Eig. II-».    This i« the value win« h 
would applv |o i dfep-fi..iiH earthquaki- in \. \ .   . 

I It«- . ma nl -d..! f  .ur «urve i« similar to those fouml l.v other worker« le.«., Herrin, 

SllL ) «lihouth .»ur ahsoluip time« are alxiut I lo |.f set laier than Herrin«.    Hev..nd HS . how- 

ever, fhetr« •. ir enrvn li Ineto« fly difNrwt Cron most oliMrn tad« marMrar. H sui.ie. i 

" ' "   •   ' ••«> < " 'aii'*i-      the m. r<>a«ed «catler «>f the  l.il.i liev«md «S    If .-videni in I If, 11-V 

We MgfMl that th,. .If«-, i || . .<M)-.I fag rej-Lmal varlatioiiH in the Htm. '!»«• of MM d-ep maii'l. 

siiiisMral ii-HtH esuhlish «|.»il. •>..,•   i,.- vartalKmH an- Nvsleniaii«, n»l i lado«, «il 

•      .'      • nor wlnrh it.iib1 b.   H.r.*uU dlsLin,.-d.-i«endent is .^.- ..ms.-! i,-.  , .i i.i-        •    , 

me ix.lti.n.inr iK.miH ..f the ray«.    FffHt 0-4 fliMmi r« •   • .•. : l..w ve|..<- 

Hies in the   I-. |i man'le.    ^IIIIIIJI  analvsl« wa hH«lidi. ). 

cam variation., eoul I • Work I« cur r ••nil. i .tin     1,.,..,. 
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Section II 

to obtain coveraße of more of the earth,  and to Include other properties HUCII as shear velocity 

and attenuation. 
li. H. Julian 
M. K. Sen Gupta 

C. THE ARRAY LOCATION PROBLEM 

The standard technique for locating with an array such as LASA is to fit a least-squares 

plane vave to the arrival times at many sensors and hence to determine dT/dA and azimuth for 

the incoming wave.    We soon realized that this approach was unsatisfactory in that the signal 

arrival times often did not lie close to the plane predicted for earthquakes from known locations. 

Two separate components may be identified for this misfit.    An Incoming plane wav.- is unlikely 

to traverse the crust beneath LASA without some degree of corrugation being acquired from 

small-scale geological heterogeneities.    On the other hand,  the best-fitting least-squares plane 

wave,   in which we attempt to average out these corrugations,  may also have a dip (or dT/dA) 

and azimuth different from that predicted by standard travel-time tables.    It is this effect which 

we consider here.    Of course,   routine operation of the array for bulletin production purposes 

circumvents the scientific problem,  since empirical corrections may be applied.    However,   when 

an event in a new area has to be examined,  it may be impossible to interpolate corrections ade- 

quately.    Thus,  wo need to have a good understanding of the cause of array mislocation. 

Throe causes may be considered: 

(1) If there is broad-scale structure beneath I .ASA,  such as a dip of the 
\Iulio,   there will be a smooth bias in the mislocation.    This has been 
cxlcnsiveiv studied,   notablv by Greenfield and Sheppard^ and by 
Kngdahl and Felix.^ 

(2) If the reference dT/dA tables (Jeffreys-Mullen) were incorrect at 
suMie distances,   the dip (but not the azimuth) of the planes would be 
affected for all events at these distances. 

( J'    If there is lateral heterogeneity in the earth,  rays will not necessarily 
trace great circle paths,  and dT/dA and azimuth anomalies will be 
equally likelv.     The scale of these anomalies may be inferred from 
I,ASA data.    Near-source structure falls within this category. 

in order to attempt to isolate these three ertects,   we show in  Fig, II-5 an "array diagram." 

Ihe radial tunrdinate is dT/dA,   the azimuthal coordinate is azimuth.     Lach event studied is 

rcpre.Hent -d by .in arrow,   the head of which indicates the expected position on the diagram if the 

N( )S I'na'icin were ror reel,   if the .1-1', tables for dT/.IA were accurate,   if there were no lateral 

■i. Ni-.u'.Ticiiv.  arid if there were no varying structure under tiie array.     The tail of each arrow 

i riiii-,i>iii . the n'easured dT'dAand azimuth (hoping that corrugations on the wave front will 

itiiriHJuce nn uniisual bias).     Thus,  the arrow lenuih and direction indicate the extent  to which 

•■li- OOOditionul i laust s above are satisfied. 

Tin  array diagram ulurincd BOflMWiwt) is lor- a larije population of events recorded al  I.ASA 

fturri 1947 thrmiili  t '*.'.    U <■ emphasi/.e thai Bopdor . i vrreel ions have been made in thedT/dA 

it     azimuth mWIHirtlllWl        tlMM *ri I'M data.    The problem is to isnlale Ihe different causes 

fur arrows not io be of ,'<-r<> leni'th     U <• shall assume at the outset that the NOS location is 

■   ■ .        wrni h '-i prol.alil'.  an a' I apl lUl  is.-iriiption at tin' oreiision to which we are working, 

reriiairimt   MUrCM "' i    .        •       ffa i th«   c   • I   rant wi  ■iottu-what dilierent ways. 
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Sec'ion II 

A smooth didtribulion of arrows, all approximately of equal length and all pointing in the 

same direction would characterize bias introduced beneath th" array.    A distribution of arrows 

i'/i which radial terms dominated and were of equal magnitude at all azimuths would characterize 

ias arising from use of an incorrect (globally) dT/dt!  curv».    A distribution of greater complexity 

would point to near-source or propagation path bias,   including equally azimuthal and dT/dA 

anomalies. 

It is clear from Fig. 11-5 that the situation in immensely complex. Can we extract even a 

simple su j?ture beneath the array from this? We show in Fig. II-6 the distribution of arrow 

lengths and directions, and to the extent that this is a random sampling we may conclude that 

there is a mean bias to the north of 0.25 sec/deg. We tentatively associate this bias with the 

smooth effects that would be introduced by structure beneath the array and which would move 

the tail of each arrow 0.25 unit south. 

The arguments for the relative merits of heterogeneity near source and along propagation 

path are complicated and will be listed at length in a forthcoming publication.    The array struc- 

ture bias is smooth and we are discussing rapid fluctuations in the array diagram.    Thus,  we 

are confident that our assertions are truly about the source and propagation path.    We see no 

compelling evidence that there is a global dT/dA anomaly shown by the array.    As a result of 

detailed analysis of Fig. II-5,  we conclude: 

(1) There is lateral heterogeneity in the earth's mantle with good 
indications that near the core mantle boundary there may be 
horizontal structures of 100-km extent or less. 

(2) The amplitude of these anomalies suggests velocity Uuctuations 
of perhaps 5 percent,  but a full interpretation will be very 
difficult with a data set restricted by seismicity. 

('/)   Kegions of marked lateral variation near the core boundary 
include areas beneath Hawaii,  the Galapagos and the mid-Atlantic 
Ridge north of Iceland.    This result may be of use in examining 
Morgan's5 hot-spot hypothesis. 

(4) Lateral heterogeneity is by no means confined to the deepest 
mantle.    There is some evidence that sub-continent and sub-ocean 
structural differences may be detectable. 

(5) Many anomalies remain to be understood.   ..articularly in the 
north-west quadrant as Chinnery^1 has described. 

(6) In any study using arrays to examine the velocity structure of 
the earth,  it is imperative to see both dT/dA and azimuth jf 
incoming signals,  as azimuth deviations can be as great as 10° 
and bear as much useful information as dT/dA anomalies - indeed, 
the two cannot be separated in a heterogeneous earth. 

From an operational point of view, we remark that the location of an event in a new and 

aseismic area will present problems not necessarily alleviated by extrapolation of existing 

results.    We are nr .v starting to examine NORSAH in a similar way. 

H. Davies 
K. M. Sheppard 
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Flg. IM,   Royleigh-wave propagation paths for earthquakes in Kuril Islands 
inferred by Capon' from observations made using LASA. 
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100 

Fig. 11-2.   20-sec Rayleigh-wave paths to LASA calculated from simple regionnlized model 
containing only oceans and continents. 
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Fig. 11-3 P-wave travel-time cu.ve derived in this 

itudy, expressed in terms of systematic deviation 

from values in Jeffreys-;iullen tab es (focal depth : 

550 km). Mean values and standard errors of 'nean 
(vertical bars) in 2° intervals are shown, as are 

smoothed values at 5° intervals (squarcj. 5 

F 

60 

DISTANCE   (dsg) 

Fig. 11-4.    Su    ested regions of low (L) and high (H) compressional velocities in deep mantle (2600 km     dep'h 

'  2900 km).    ■, jy paths used .hinned) are shown. 
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Fig. 11-5.   Array diagram for LASA.    Oufer ring has radius of 10 sec/deg.    Core data are not considered 
in this study. 

30 



Section II 

EEsSn. 

Fig. 11-6.   Distribution of vectors in Fig. 11-5, with mean equivoient to southerly shift 
of tail of 0. 25 sec/deg.   Radius of circle is equivalent to 1 sec/deg for purely radial 

anomaly. 
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A      ASM.VM.s C»r  I» »AVI   A/IM» Til  AMi «Um^l w« AMMtAUT« 
WITHIN SUfURIIAYf AT LAM 

H m wvll »t.,«n IIMI iiir I*«««*» Mgiwto «i IAMA. 

un^d limp,  «r»   ••4«?»»»! la M^rfT «Mifrtllw«» ««4 |MHI«* O* l<«*Ml 

bctwwn Ihr wrim.« ««tbtirr«^* »l tAHA.   «Nl» llw> »MfMII—i    •»•»»,• * 

ar» rvlativH« minor    NM*M rwH* tram «NUMN >«4I««I» »wi ••»*> H*« 

moi-v «rvrrp «l IIMI mrntf Urn* mi IA»A     A* ♦••, ttrr»i 

ronrvmin« « |»»«ili|r «irvi ivr» «illu* Uw «wflilt «Melt «awW ( 

lo abUtn data thai «IM<M |r»4 |a «w k •« •^H—   %*m, II» !*■«««• 

wcrr mni»uml «111111« ttämmfm M MM     Tlww» liuniiiLriii null ««II 

Thv hifih-rrMiluiiiwt iMK' «•««•■MWr «Mih«* 
and «lowiMM« «imnuili«» .««ihr l*««««^* «I /« 

. v.M.. 4» «rll am I'M' |«t**c« rmm «1 

of SI srlr of m«<««urvnvrM* «rrr «MI 

«'ibarray« ronMinrd in llir A>. B-. «nd I ■»««♦« «1 I A**     li«w». « WMI Msl «I ft« 1 

Hon.. «rnr l«li. -n.   Thr «Inu mn> ii>ii>nn< on M» «•»«« >»»nMI •«««••» I «»»WWHMMV« «I I AM. 

The fr« j.,rm > nutrj in ll.» IMMUarMMal OTM CtHt. •• MM tt» 1 

abnui lOkm, a«iiwmt'       «r «»»nii» ««(•«^«'••«««»•l ««InfMy M( 
Thr n-xli* aM«inrd frum i,w UN ««■»■»KII >^f awl««» «» — 

.'• 1 '' trngf I Ü* in fctirm K«*«Ui »r» 4^K«MI H 11** III>IMI 1 

M     HI.   .1110 114.   rr«t*r«l|vrh     TWrrarfw    -4 rm. f««. % ^ih*r I 

•t «ulMrray« Ao. c*l. Ct, tl. «tOt ta«. »or «tmplitMt. «M« «I» 
prvnrni,  1       Thr dl*pU% <•! Ihr nwiH« III N<S  lli>lt*>4> I« 

Thr ronlour« of < onatanl fw«. r «r« dl^td««««*. •• durlfc»!« 

mrni» ..f i .Hi (r»ni 0 lo »dll.    Tlr.«. Ik« lot «IHM of ttm |n«Ml l«l->W « «411 «ill 

«/uiiMl |i«wr vrl™ ii   anH Ihr atmir «^ «m«wl of Ih« |*«m«* «HI«*. M» . 

A« an rxamplr. In u« ratwidvr I if lll-lt«l.   t1»> r»4ul itm m %m* ildMf* i« «MW* «I a« 1 

of 157 * rnrrr»twindinc In Ihr «ppfmimalr ««UN«lll *» Ihr rf«r<«-«» Iwr UM« «Mal      Tl« rlf* If >' 

Ihi» RfM« i* ih.- IM I «avrtMinhrr« r irrmniliMt fc» a %«larNt «f UMM/WV. alHch I« ••« 
numirvtl hrtn'or.Ml t>l<<*<* «H«» lit ihal «««Id br r%|M«ff>4 Air Ite I* aaM id I 

fr«»i«i ■ M '>l »i^mUrd MM« '»r an «fdrvMrr-ftvlAM 4i«uwr «f «ha«! M 

k  (tn . \< I.   knu I« rrlalrd I» Ihr trloriu   |   un km/aatl h» Ihr i[||jj|lill ft - I ^.  atwfi  t la M» 

frfqiiiiu v ind la «qual m 0 a lit.   TIM«. il ihrrr ««r» tm aaaMah. it« |MIM lutlid «dM m 

I If, lll-ll,ii *nil«l l|r at Ihr IMi r*it li<«v ..I «hr r lit |r «Ml ihr r^dMl liM        |h»«yi«f.  ||H^ i« «M 

• •■•>MI.I|\ and wr   •>.. thai ihr arimoih nf «m«-«l 1* ahn«! HI' ir t Ihr harmai,i| iMu .   1. t   11 - •• 

about likm/ar«.   Thu«, in ihi» | «»r. ihr P>««vv la arrma« fraa« a faarv a»ai«H» «IfWllnb 

and with .1 lower vrbn ll>. Ihaii rtfirrlrd,   im ihr olh«r IMWI. Ih« ru -II- I« Tl« III l(Ad dtaw MM 

l>-wavc arnviruf frtwi a morr «aalrrl« dirm imn, «nd «tth « htghpr «rlntn«. UM* t>|aHid     t^ 

ri>itiillH in lle«. IM-li »••<i m %r»\f dramalir «hm •« fnwMd»r ihal ih« Api n^j - at ii« |i*r«i>« at 

l.\s\ m rinl\ 20km.   Wr «h™>id »|no mmlloo UMI ih««« rm iwila ar« a«a «ad m*rm aNatard 4>« 
to <h<-  1v.11l.1l.1l1l'   of Ihf l.\S\ lUM and Ihr HH «.<>n«ltdarr Mal«*«* 

Preceding pafi Mail 
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We now wish to define the basic quantities,  derived from the HH analysis,  which are impor- 

tant In the Interpretation of the P-wave anomaly data.    These quantities are the azimuth devia- 

tion (AZDEV),  the slowness correction (SLOCOR),  and the relative power expressed in decibels 

(PDBR).   The definition for AZDEV is 

AZDEV = MEASURED AZIMUTH - TRUE AZIMUTH 

The true azimuth is assumed to be that obtained from the CGS location for the epicenter of the 

event, ina definition for SLOCOR is taken to be consistent with that given by Niazi.5 The def- 
inition for SI OCOR is 

STOrOR -    ^'-OWNESS  IN  MANTLE 
SLOWNESS AT  SURFACE 

where the slowness at the surface is the reciprocal of the horizontal phase velocity obtained as 

discussed previously from the 1IR analysis, and 

SLOWNESS  IN  MANTLE -- sin (LJ/8.2 

where 8.2km/sec is the assumed coi   pressional velocity in the mantle,   and L, is the angle of 

incidence of the P-wave in the mantle.    The angle L, is obtained from Appendix V of Richter,6 

using the appropriate epicenter-to-1 ASA distance for the event and noting that a cruet-to-mantle 

conversion must be made of the angles tabulated by Richter. 

The definition for PDBR is 

PDBR » 10 log10 (PMAX/POWER) 

Where POWER is the power (in my. /llzi measured using the IIR method,  and PMAX is the max- 

imum power measured (in xw^/Wz) among the 9 subarrays,   for each event.    It should be stressed 

that there will be 279 independent measurements for AZDEV,  SLOCOR,  and PDBR.    That is, 

there ar<   .1 events for which these quantities have been measured within the 9 subarrays com- 

prising the A-, B-, C-rings at IASA. 

A graphic  illustration of the data for AZDEV and SLOCOR is given in   Fig, 111-2 for the 

26 February 1967 Eastern Kazakh event.    In this figure, the diameters and locations of the circles 

represent the apertures and locations of the various subarrays,  and the diameters of the circles 

are drawn along the true azimuth of the event.    The arrows point in the direction of propag. i,ion 

of the wave,  and the length of the arrow is proportional to SLOCOR,  at the various subarrays. 

The strikingly large changes in AZDEV and SLOCOR between subarrays which are located within 

about one wavelength of the P-wave from each other should be noted.    This fact is extremely 

important in the interpretation of the data in terms of a possible structure within the earth which 

could produce such anomalies, 

it is instructive to plot the data for AZDEV,   SLOCOR,  and PDBR as a function of the true 

azimuth of the epicenter of the event,  as depicted in Pigs. m-3(al through (c),   respectively.    In 

these fi; ures,  an average curve is drawn which represents the average of the data,  for the 9 sub- 

arrays,  at each azimuth or,   equivalently,   for each event,    It should be noted that SLOCOR and 

PDBR have been limited to be less than 3.0 and IS.Odfi,   respectively.    The relatively large 

values for AZDEV and SLOCOR that occur in Figs, tll-l(a) and (b),   respectively,  are for the 

core phases which wore used in the analysis.     Phis is to be expected,   since the angle of incidence 
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for these phases ts small,  so that the AZDEV and SLOCOR for them should be large,  cf, Nlazi. 

An interesting < bservation to make at this point is that the average curves for AZDEV and SLOCOR 

in l-'igs. III-3(a) and (b),  respectively,  appear to vary about zero and unity,   respectively,  with a 

certain amount of regularity.    For example,  in Fig, lll-3(a) the average curve for AZDEV appear." 

to be negative for azimuths between 150° and 330° and positive otherwise;   that is,   the average 

curve In the figure makes a transition between negative and positive values at an azimuth of 3 50°. 

In addition,   the average curve for SFOC'OK in Fig. in-3(b) appears to be less than unity for az- 

imuths between 60° and 240° and is greater than unity otherwise.    .According to the results of 

Niazi,   this type of behavior is highly suggestive of the effect Introduced by a plane-dipping inter- 

face across which there is a change in compressional velocity. 

We attempted to find the dip and direction of strike of a plane-dipping Interface that would 

provide a best least-squares fit to the AZDEV and SLOCOR data.   A velocity ratio of 0.75 was as- 

sumed and the procedure given by Nlazi    was employed to compute the AZDEV and SLOCOR, for 

an assumed plane interface,   for each event.    We found that the dip angle of such an interface was 

1 1    and that the azimuth of the strike direction was1 60°.    This agrees quite well with the average 
7 

dip angle and direction of strike of the corrugated surface proposed by Greenfield and Sheppard 

to explain the P-wave time anomaly data at 1ASA.    Additional work has been done to determine 

a structure within the earth to explain the P-wave anomaly data,  and the results will be presented 
Q 

in a forthcoming publication.     A brief discussion of some of these results will now be presented. 

A model has been proposed to explain the cause of the P-wave anomaly data, in which the 

crust and upper mantle structure under I.ASA can be characterized as a random, or Chernov- 

type,   medium.     A statistical analysis of the data for the phase and amplitude fluctuations of the 
Q 

P-wave has been made which,  along with some theoretical results due to Chernov,   was used to 

determine the properties of the random medium.    We found that the correlation distance of the 

random medium is 12 km and that the standard deviation of the index of refraction is 1.9 percent. 

These random inhomogeneitles exist in the crust and upper mantle of the earth down to a depth 

of about 1 36 km. 

It is important to point out that a single,   or multiple,   corrugated interface cannot be used 

to explain the source of the P-wave anomalies because such a structure would lead,   according 

to Chernov's theory,   to a high correlation between the amplitude and phase fluctuations,  and to 

a value of amplitude-relative-to-phase fluctuation power ratio close to zero,    These conditions 

are not found to be true in the statistical analysis of the data.    Hence,  a model involving a single, 

or multiple,  corrugated interface is inadequate to explain the observations.    It should be men- 

recently b 

.1. Capon 

tioned that a similar approach to this problem has been considered recently by Aki. 

B.    CRUSTAL SCATTERED S-WAVES UNDER LASA 

The nature of the laterally heterogeneous structure of the crust and upper mantle beneath 

lASA that causes the first-order time, amplitude, and waveform anomalies associated with 

short-period teh seismic P-wavos is being investigated by observing the scattered S-waves from 

emerging P-waves. Such a study is presently confined to data obtained from the 3-component, 

short-period, digitally recorded seismograph at subarray D2 (see lief. 11). [The data are re- 

corded on all standard high-rate format LASA tapes in record words 10 (Vertical), 40 (.North), 

and 61 (East) after 26 .lune l'»6H.] 

35 
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\ J.-i -\ 
l'revmu.s Investigators  "        have used only the short-period P-wave motion recorded on the 

vertical Instruments.    To obtain a model based on such data,  one must know the first-order 

P-wave velocity Structure beneath the array.    Observing the total motion has several distinct 

advantages,    The S-veloclty as a function of depth is not as well known as the P-velocity function; 

however,   the locution of a source of S will be more accurate when determined by the first-order 

S-P tune measurement than when derived by travel-time residuals alone.    Further,   since  S and 

P   ' ientially normally polarized,   a simple coordinate rotation separates them.    The rela- 

tive amplitude and frequency content of the two waves provide   Information on the Impedance 

contrast and sharpness of any boundary acting as an apparent source.     The same functions de- 

termined over various distances and azimuths determine the strike and dip of the converting 

boundary. .Moreover, the Shape of a converted S-wave will essenlialb be the same as that of 

tin exciting P-wave, thus the observed differences between the S- and P-waveforms are con- 

Sti •(! to be the result of a process occurring between the apparent source and the receiver. 

Consequently,   lial part of the seismogram due to cruHta] reverberation should be separable from 

the source component, 

Data from a typical event are shown in Fig. 111--).    The raw date   n the first three traces 

show   P  and plJ from an event located in the North Atlanta   at a distance of 68'  and an azimuth 

of 62°,    The bottom two traces show the rotated components containing SV and Sll motion.    The 

P-component is approximately the same as the V-component     At a lag of t to Zaec behind P 

and pP is an S-wave arrival.    Such an offset  constrains the apparent  source of  S  to lie at a depth 

of about  5 km, the boundary between the sediments and basement at I.A.SA.       The fact that the 

S-wave from pP has not been completely polarized at the same angle as the s-wave from  P in- 

dicates that   P  and pP are emerging from different azimuths.     Re] itiVB particle motion on the SV 

ami Sll components of the s-wave due to pi' determine that the apparent asimutti of pP is about 

20°N of the apparent azimuth of   1'.      file  frequency content  and amplitude of the S-waves (0, 5r> of 

the P-wave amplitude) are consistent with a tectonic—sedimentär} boundary that Is planar, sharp, 

and has a high impedance contrast I refract ion studies    show a velocity contrast of about Z for this 

boundary; however,  no conclusion on the sharpness or uniformity ol the boundarj can be obtained 

from  refraction datal.    The strike and dip of this boundary can be determined bv observnu; the 

S-waves it scatters for differ' nt azimuths and Incidence an [lea.     Figure [II-5 shows records for 

6 events that cover all azim.'tlis.    The S-waves from the Sedimentary basement vanish for the 

event coming from an azimuth of  '.!•)    and a distance o|  B9 ,   indicating normal incidence of the 

P-wave at the boundary.    An H'1    distant event emerges at  about   U    from the normal m a 6-lun/ 

sec medium; thus, the boundary dips to the southeast beneath subarraj n.!.   Other ■■vents with 

approximately the same' distance and azimuths show the same e\l m tiou of the S-wave,   leading 

to the same boundary configuration.   Such a geomeirs is jn agreement with the genera] trend 

determined bj a recent retraction survey, 

Several other interesting observations can be made froi     these data,     fiyure 111-6 shows 

the event, from Az       1 SO    and A      58    wit h the .S\ -eomponent  Shifted 1.SSec to tho left SO that 

the  S-wave scattered  from  the sedimentary   boundary  lies  direc t|\   belie.illi the eMitme  l'-wave. 

Pi pi', and sP all clearly show a correaiKmdlng scattered S,   The LASA bulletin, basedonjtwl 
vertical   recordings at  the array,   listed the si' as pi'.     (WWSSN data agree with the   )-eomponent 

data./    The pi" phase was chosen on the basis of (111 consistent si' lime,   and (^i a corresp. ndiiiL' 

U. 



Section III 

■cattersd 8-wave tor both pP and si- with appropriate amplttud« ratioa (tin- s trom pP sii.uihi 

tiavc tha aame ampUtud« ratio to pP as th« 8-to-P amplltud« ratio, whlla th« 8 trom iP ibouM 
have a awnewhat larger ratio aim:« aP la Incldan! at a larger an^e).   1',. marks the ar Iwl whose 
time and correapoodlog lack of a baaement S-wave Indicate that it la probably a crusts] rswbst»- 
lion rather than a part of the Uieoinllll aource waveform.    pS^ niarkH the S-wave thai was sea - 

tered al the Moho.   it cornea In about Base after P.   The same arrival can be eonfirmsd on UM 

various traces in Fig, ill-"1 by otamlnlng the S-motion near Bsec after P (or PeP, or ans pri- 
mary P motion),   Such a time dels) Indlcatea a depth between 60 and TOkm tor the Moho bsasath 

1)^.    Similar conalatent effects can be seen from the Other events in Ftg, III-»'. 
in summarv, a brief analysis of l-componsnl seismic motion has shown promise in h«l|dn| 

to delineate local structure and m eeparating th« effects of the structure from the lncomin| smircs 

waveform,   As the ttr«ture probably varies considerably over the array, knowledge of hon/ «- 
Uli motion a(  the other SUbarrayS would prove extremely valuable in tur. Rg the array SO as to 
achieve Its maximum gain. As only a singls station experiment, knowledge of the s-waves s.-at- 
tered at major discontinuities enhances the asimuth determination and phase identification capa- 

bilities of the array. y   |..uidei-s 

C.    LASA SHORT-PFHIOD INSTRUMFNT RFSPONSFS 

fo det. rmine time-domain aource characteristics from a seismognun. It Is often necessary 
i.i remove the effect of the seismometer and examine the motion of the ground at the seismometer 
site.     For example,   !■ rasier'7 was aide to show that  pi' phases from a mimher of NTS explosions 

were observable at NORSAR by removing the theoretical Impulse rMpoass fron, the data,   in this 

S\ IS, 1 Uaon and Fraaier have been able to remove the responses from i number of WWSSN rec- 

ords and deternme the direction ..f propagation of ruplUl f S CMtral Asian earthquake. 

At i..\SA, differences In signal charaeteristh s are always ubasrvod from site to site, even 

within a subarr.v.    Some of these differences   ire probibh l  . ISSd bv BCSttSTtllg Of ths ineoniini; 

seisma aignal, while the remainder tr I by - oavoluticm of the signal with differeiit dis- 

plaeemeiit   impulse  response-, of the instruments.     To be aid.- to separate these two rffeetK and 

obtain a more truthful picture of the Inooming Signal,   it is olmoush ne< essarv to he able to re- 

move the individual responses from the data.    Since tin   res|K.nse of each instrument will proh- 

d.lv etengS sllfhtly With time,   an up-to-dat.« measurement of each response WlU 1"   required 

whenever the data need to be deconvolved. 
In  I96*,l>  we .leveloped a  bro idband ca libral e ci     .stem  for th«' short-piri'id IllSt rum.•Ills 

which has never been used to obtain the response of a Hinnle instrument to an impulse m «iispla.e- 

menl.    As shown here.   Uns is dune eisilv and can be done .it any time to obtain the present im- 

pulse responses of all the short-period se.smomelers. 

The , ahbration . OlMiStS Ol applying  • known pseud—ramlom s,..,,,.-!!. e of voltaye steps to the 

, ,1,1.1- ition -oil oi .1 ■ismon.rier and measurint; the simiil:,.iii-..us srisinom.-tiT oulpul     If the 

rise lime for UM development of 111.- Inaunell. fl«-M pr.KJ.i. .-d bv the cilibf Hlon coll IS short coin- 

par .1 with o.nsse. nhe ■•mpUiig rats of the datal. ■ step in vottags applied to UM cell is equiva- 

lent to . itep m ai -. br .tion .pph d to Ik i Rnemelsr.   In other words, if UM known input 

vol age to the .  ■Iibration . oil i    VW,  and the measure«! output 01 UM s.-ism-.m.-l.-r is Siti.  th«- 

J7 
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rulatioiiship ln-twoi'ti S(t) and V(t) IH 

S(t) ■ \      V(T) K(t - T) .IT llll-l) 
• _ ■ 

wlu-r»' Kdl i^ »hi' rcsiHinsc uf the si-isiii'nni-U-r to .in itiiptil»«1 in ttrouiul .111 i-lcr.itioti.     Ph.- firMl 

iliTivativf of t - «IK/Ut - is ihi' Mismonietcr ri-spunsi' (o .in impulHi- m uroiind vrloiity.   whil«- 

the sci-ond dtTivative of T - d   l'/dt    - is ilu- si'ismi.nu'li-r n-spunsc to an impulsf in ground dis- 

platcmi-nl.     riirrofori-,   tu (ilit.nn iTl' dl    knowini> \lt)aiidSUI,   it IH oniv nccoHnarv to .nd-. •- 

Kq. (Ill-t) for l(ti  ind to diffcn-ntritc it twu «•. 

A calibration of suharrav Hi was inad«- on H .lanuar.v l'»<2.    Tho psi-injo-random voltap' 

input was applied simultatu-ously to all the M« stit>rt-period iintruments for alMiut S niiniiteH lie- 

(,'inniim J' ^' :07:0l),   the n pi'' <-ii|ta«e and Heisniometer nut pins bei in; n-* .»rded on tape.     Klß- 

nre il|-?(a-i I is .1 sample of the voltage input and output reeorded l>\  si i^nionieter I       \  le,.'»l- 

sipiares apprnxmi.ition to I'ltl was ohtamed for enh of the I»- niHtr imentH and tin- suUirrav s> m 
I ■ 

uiint; l.evinson's method      anil solvink> the etpialioiis 

M 

-    '•■„'••VV<"-T» r V^T'      forv      0. J M (Q1.II 
n=0 

where 

^.,.<T> 

\-T 

7,   "««»i 
VV N - T 

N-T 

5    SfrS 

\      Sit 

M = 49 

Some of the impulse PMpSMM Kit» an- shown in fig. Ill-I»,  whlli- the result of i nnviilvlnn '•"■ 'W 

olitnineil for -ndsmometer I with the input voltage is shown in Fig, lll-7in-r>.    In no ruse was the 

normalised ims dlfferenra hetwei-n the measured output anil the result o| eoOW^Vtag ihe • i mi puled 

rcHpoiiHe with Ihe input t-reater Hum O.'IT. 

Illfferenti ation of ea« h "if Hie 17 .n , •li-rilion impulse N^OOMI was rarrled out in the fre- 

(|ueni y domain usinß the followmc relation-- 

f( . i      \       IM» v'**1 dl 
•    _   # 

K(tl ^     \ flal   .->''      I 

"i;,;»'! ^y^Mu.^d« . MII-I. 

IX 
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, hf v. i ■• ,1%       i •Implii« •iiii-fii ini|»il)>i- n-tipunm-n of IMMIU- «if xhvuv u.'rumvnt* »rr ith<iwn tn 

Fig. 111-«.    For i»»limn»mel«T I.  Iht» amplitud   and pham« np^tn for .«11 Ihrer im|mU«  rcup^ni«»» 

ar« Mhown in Fig, lll-tu-d). 

Flam Fiu  lll-M,  it can be «ern easily Iful ihf reiiptiniio» of Ihr diffrrwil »vinniono 

more mmiUr 4l hiiih Uwn at lo* frequem-ie»    HM ililfin-m e* in the at-i HeraMon impuU-   . i - 

•ponae« arc more obvioua than lho»e in diapl.i' emenl im'.ulae reaiionaea.    The m.ij..r ilifferencea 

api>ear lo »>e in gain,   all Iheae reiponaea Iwvc been drawn to be the aame alte; the true relative 

amplitudeH .ir«- written !>>■ the aide of each reaponae.    The amplifier at the output of eaih aeiamum- 

eler IN moat aenaitive to low-frequencv i hangea.    It would aeem. therefore, that ihe eaaieat way 

to check the adjuatment of amplifier gain and aeiamometer damping would l.e i<» OMMII lit»,  the 

... . i|. r iii". ii. |. .1».   r.H|i..iiH. .  l.\  ^..Uiiii   l.|  illl-ii for «MI h •ililT.iiioi 

Since it la now poaaible to perform a aimilar calibration c»f thi- long-period inatrumentn. 

I p.-. omniend tl. il a full . alibration be made of all the Hi-iamometera at IAS.\ om e a month and 

thai ihe reaulta be available on tape for anyone requiring lo know the reaponaea for IM month. 

A. ^lolkowaki 

Jl 
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,... 

K 
^ /lIMi/w« 

H 

..._ 

/ntmnm 

oJ 

«I V'l   11 

• ■fautw ■ ott» 

Flg. IM-l(o-d).   Anolyiii of P-wove ozlmuth and tiowneu cnomolle» within B-ring at LASA 
for 26 Fabruary 1967 Eastern Kazokl evanl. 
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Fig. 111-2.   Graphic dUplay of P-wave ozimufh deviation! and slowness 
corrections within C-ring at LMSA for 26 February 1967 Eastern Kazakh 

event. 
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Fig. Ill-3(a-c).   Azimuth deviation, slowness correction and relative powei vs true azimuth 
for P-wave signals of 31 events measured within C-ring at LASA, 
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Section III 

Fig. 111-4. (Vertical, {N)orth, and (Elast, and rotated SV and SH short-period 

seismograms recorded at suborray D2 showing P and PcP phases and corresponding 

crystal scatter;d S-waves from North Atlantic earthquake. 
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Section III 

Fig. 111-5. 3-component data from six events 
from various azimuths and distances. Note 
extinction of S-wave scattered from sedimen- 
tary section - tectonic basement boundary for 
event from Az = 314° and A = 89°. 
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Section III 

fn-M0ii'| 

Fia   111-6     P-motion and shifted S-motion from event from Az - 150 
and t = 58» showing arrivals of P, pP, and sP, and their correspond- 
ing basement boundary scattered S-woves.   Pr U crustal reve^erat.on, 

pSM is P scattered S-wave from Moho. 

|llM05;«| 

(a) 

(b) 

Fiq 111-7 (a)Pseudo-random voltage applied to calibration coil V(t); 

(b)'observed output at seismometer 1; and (c) computed output, convo- 

lution of F(t)with V(t). 
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Fig. 111-8.    Impuls« rctpont«« of »om« »hoU-p« igd wi«nam«l*n Oi I? on 24 Jonuarr IW. 
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Section 

(a) 

|1M-I0»0| 

(b) 

(0 

(d) 

-2» 

Fig. 111-9. Amplitude ond phase spectra for B3 
seismometer 1 (horizontal scale is frequency in 
Heriz). (a) Amplitude spectrum of F(t), accel- 
eration impulse response; (b) amplitude spectrum 
of d|F(t)|/dt, velocity impulse response; (c) am- 
plitude spectrum of d^ IFIOI/Jt?, displacement 
impulse response; and (d) phase spectrum of dis- 
placement impulse response. Phase spectra for 
velocity and acceleration responses have same 
shape but differ by -ii/2 and -it, respectively. 
All vertical and horizontal scales are linear. 
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IV.    EVALUATION OF NORSAR 

A.    SHORT-PERIOD AMPLITUDE VARIATIONS AND COHERENCY AT NORSAR 

The amplitudes of steered short-period NORSAR subarrays have been measured for S8 

events distributed over 16 small regions.     Figure 1V-1 shows the location of the regions in 

inverse velocity space relative to NORSAR,    The amplitudes measured were maximum peak- 

to-peak excursions of Ü.9- to 3.0-Hz filte. cd , ubarray beams generated by the Kvent Processor 

at NOKSAH.    Onlv events with large signai-to-noise ratios (SNli) were used in order to avoid 

errors introduced by background noise.    The amplitude of each event was normalized by the 

geometric mean of the amplitudes of all the subarrays,  and the average within each region was 

calculated.    The number of events within each region ranged from 2 to 6.    The standard devia- 

tion of the anomalies within each region v,as also calculated for each subarray.    The same cal- 

culations were done for all S ■< events together and for the 16 average normalized amplitudes 

from the different regions.     The resulis for four regions and for the global data are shown in 

Table IV-1. 

Table IV-1 is only part of the data,  but it is representative and several observationt can be 

made.    For a fixed region,   the amplitude variations are large and generally quite repea'able for 

different events.    However',   the amplitude at a subarray depends strongly upon the region - an 

amplitude good for one region can be quite poor for another.    This is verified by the global results 

which display less variation of average gain between subarrays and show larger standard v.cwu 

tions relative to the average gain. 

The amplitude measurements were made after new NOKSAH station corrections were intro- 

duced in early February 1172     It is worth noting that the observed beam amplitude,  filtered 

0.9 to 3." Hz,  was on average equal to the average subarray amplitude,  which is about as good 

as could be expected.    An unfillered beam was an average 3 to 4dH larger than the filtered 

beam,   but the SNH was worst for the unfiltered data.    Also,  one would expect the signal loss from 

filtering to be less for smaller event! as their higher frequency content is more centrally in the 

passband of the filter. 

The short-period amplitude scatter at NOKSAH is larger than that at I,ASA,  but this does 

not mean that LASA is relatively free of scatter and that NOKSAH has an order-of-magnitude 

more scatter.    The true situation is indicated by the data on Figs. IV-2(a) and (b).    For each 

subarray at NORSAR,  the minimum,   maximum,  and median normalized gain over all 16 regions 

was obtained and is plotted in Fig. IV-2(a);   13 of these regions are third zone to I.ASA.    The 

LASA normalized gains for a single instrument in each subarray were available for these regions. 

Minimum,   maximum,  and medians were calculated and are shown in Fig, IV-2(b).    This com- 

parison of I.ASA and NOKSAH scatter i.^ somewhat qualitative und is between single instruments 

and subarrays,  but the larger scatter at NORSAR is quite evident. 

It is worth noting that even subarrays which show somewhat low amplitudes on average can 

be quite significant in particular cases.    Note NOKSAH subarrays 4H and bV in particular.    On 

average,  they tend to have somewhat low amplitudes.    However,  the maximum gains of 1.9 and 

2.8 shown on Fig, IV-2(a) are for presumed explosions at the Eastern Kazakh test site.    For 

those events,  site 6C' is the best site in NOKSAH,  and 4H is one of the better sites. 
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Section IV 

In addition to thu amplitudf study dlMMMd above,  we have investiyaied the variation in 

waveform lietween indivulual NOHSAH subarrays hv coni|>arin« the coherency of individual auh- 

array beams with respect to the full array beam.     Two approaches were taken within the coher- 

ency study    a small-population study,  where /.ero-lan coherencies were computed bv aliunlnj; 

the subarray beams and the full array beam by eye usin« the analysis console, and a larte- 

population study,  where coherencies computed by the NOKSAK l.vent Processor were used. 

In the sinall-population study,  the zero-lay coherencv  )»   was computed usin« the sliort- 

period I'-wave data from 1} events at tcleseismic distances.    Once the i     subarrav beam x 
n 

and the full array beam  v   have been aliened by eye.p   is defined as 

1    x.  v. 
i o   'J-l 

v i (. y i-o * i 

1/2 

where  I  is e()uivalent to S sec of data.     I he averaue ,)   at the j     subarray was computed over 

the |] events and the results are plotted as a solid line in Fig, IV-J where it is seen that the 

average value of ,)   is fairly stable,  fluctuatinu between 0.7S and 0.19,     I bus,   in spite of the 

fact that certain subarrav beams of certain events may demonstrate a remarkably low coherence 

((J < 0.}) with respect to the full array beam,  based on this data set,  the subarrav beams are 

about equally coherent on the avcraye. 

In the larye-population study,  use was made of the NOKSAK event tape covering the parted 

IS Kebruarv to IS March I9?l.    .Xmon« other parameters automatk-ally measured from the 

short-period waveforms by the l.vent Processor are the coherencies between subarray beams 

and a full array beam.    These are maximum coherencies on which the delays used in machine 

locations are based.    Although they are no* directly comparable to the »)   of thf? previous experi- 

ment,   they do represent a large body of data concerning the coherencv of short-period wave- 

forms on the subarray beams.    To elaborate,  many of the events on the event tape are small 

with small SNKs;  thus,  we should expect a lower average coherency at a given subarray if the 

average is based on a large,  comprehensive population.    Ue see that this is the case in I ig   IV»J 

where plotted as a dashed line are the average coherencies of the individual subarray beams 

with respect to the full array beam,   the average being taken over 406 processed "events" 

occurring during the l-month time period.    Again we must conclude,  with one exception,   that 

on the average the subarray coherencies are quite stable.    The one exception is so remarkably 

low compared with its neighbors,  we might suspect it was deleted from the coherency measure- 

ments for some extraneous reason during this period.    It does not appear as anomalous in the 

small-population study. 

No geographic restriction was placed on the 406 events used above.    When we restricted 

the events of the largo population to 0' to 120" azimuth from NOKSAK,  the average coherency 

results remained essentially unchanged.    Thus,  to summarize the main point,  although certain 

subarrays may be poorly correlated with the beams for a given event,  they all appear to yield 

roughly equivalent correlation values on the average. 

K. T. I.acoss 
J,  I'ilson 
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.•clioM IV 

H.    KVALVATION OF SHOKT-PKRIor) NOMSAH DATA 

Mu<l" wuve nim.tiilu.leM of uvudulili* n-niral Asian «•vent« In itio, reronleil by the Inii-ntu 

\<>USAK arra>. hav* l>een Htu-lic«! ax jiurt of thr \<»HS,\K «•valuation program.    I hi- intfrim 

array ronnirtt«»! nf Htnulf .trnitorH from niofii 4»f tin* \<»|(s\l( suliarravH. ami ilie 'lata were 

IU'Uize<l at to||z.     \ Hlnnlr pn-mimtil THirWIflll m MUN  1''71 \H also uu luHe«!.    Thin event wu.s 

recunle-l hs the full \«>l{^\l( i>l 1 \t seisrno lets,  with a samplinj; rate of 2011*.    Theiie full- 

arrav <lata are now lieconimi: available ami will provi le a more complelc,  hetter quaiilv ilata 

liase for t ie evaluation of NOKIAS« 

A Imt of the events is kjiven in  ladle \\ -1,  ami the event lotations are ilisplaved in the map 

>'f I'i«. I\ -4      lour of ;he event.i are presumetl Soviet exploHton.s from the Soviel lest site near 

Se nipalatiiixk in Kaatern Kazakh. 

Array heams were formed for each event liy almnin« the first motiom» l»v eye     The observed 

peak-to.peak digital amplitude of earh beam was «orreiled for the \<»US.\U rceordin« system 

ami < onverled to magnitude.    Hoth the cumputed ami NoAA mayniunles for each event are uiven 

in Table l\ -2. 

In I ii;   IV-S,  the difference between NOAA and NoKSAIt magnitudes is shown as a f1.::-.; ;i..ii 

of epu entral distam e from NOHSAK     liKure l\ -fi contains the same mauillude differences 

plotted vs the period of I'-wave beam     Althoiu-h the ilata base is too small for statistical analysis, 

the impression is that NOKSAH maunitudes are about '».Sunii lower than \OA.\ magnitudes. 

inde|>endent of the parted and distance of the central Asian event.     This seems to be verified 

bv event detections from all u/iimnhs published in the weekly NOUSAK Seismic l.vent Summary. 

'•II the other hand,   I.acoss   has shown that I.ASA body wave tnacniluiles are equal or sliyht'y 

larger than NOAA maLTiitudes,  <>n the avoraue.    Such NOMAII and I.ASA magnitude differences 

(an be [wrtially aciounted for by siation corrections     A P-wave arrivim; at the surface has an 

energy density flux which is proportional to »u. ii n), where () and (.   arc the density and com- 

pressional veloci'v,  respectively, of the surface rock, and lid) is the yround velocity recorded 

bv the seismometer,    l-'or a I'-wav? of niven eneruv 'i.e.,  mat;nitiidel,  the velocity is proportional 

to I»»'I"        at the station site.    ThUM,  liatd mck sues,  such as \( iHSAK,  should measure lower 

amplitudes (hence maunitudes) tha.i sites sucii as I.ASA.  which is situated on low velocity,  sedi- 

mentary rock.    I sini; typical values of ,> and  '■   at \nHSAH and I.ASA,  we find that LASA 

amplitudes should be about 1.7 limes laruer than NoKSAK amplitudes.    This would cause I.ASA 

maunitudes to be at least 0,2 unit laruer than .V>HSAI{ magnitudes.    Such an effect is observed 

in the limited data shown. 
( . rrasier 

C.    VARIATIONS OF  FALSE-ALARM RATES AT NORSAR 

Th" basic detection aluoriilim is the same at I.ASA and NORSAR.    The steps are:   (1) Linear 

prcd*t*et ion filtering ioioobltea band Wlthiiood S\K,   (2)full wave rectification, I 3) ralcutetiafl 

of a short-term average (STA) and loiu'-ierm averaye ILTA) liv averauint; rectified outputs for 

short (typically  I. S sec) and Ion« (typically  Jd s«) periods of l ime,  and,   finally,  (t)   leclare a 

detection if STA/LTA exceeds a preselected threshold.     The process can be applied at sendor, 

subarray,  or array beam levels.    It is clear that the detection capability of such a system must 

decrease if the noise level increases.    Also,  if   lie noise level increases with no change of 

spectrum,  the false-alarm rate will be unchanged as lony as the detection threshold for STA/LTA 

is unchanized. 
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Section IV 

It. fa.t,   Ihe falHt-aUrm rule at NOHSAK «OM vary cm.si.leral.ly with bMkflNMMi noise 

(ml.   whid. is seen quite clearly in ngg, U .7(a) ami (I,).    The I.TA is quite stable and repre- 

tmmtW of noise level at the output of the prerectification filter.    The variation in I.TA over 

two time periods with sightly different prerectification filters is shown.    Intervals contaminated 

by obvious events have been removed.    Also shown is the number of detections per day,  the 

number of events on the NOHSAK bullet»,, and the difference of these two.    In general.' the latter 

should be a reasonable estimate o. false alarms per day,  althout-h some real events which were 

never studied by an analyst minht be included.    The d«l«Ctka threshold for both time intervals 

was the same,  but note that the false-alarm rate is significantly less for the hluher-frequ.-.u v 

prerectification filter.    Its worst conditions correspond roughly to the best conditions of the 
lower-frequency filter 

An idealized conceptual model has been formulated to help understand these false-alarm 

fluctuations and to predict certain trade-offs.     I i.st,   it is assumed that the output of the pre- 

rectification filter has a landpass spectrum characterized by a bandwidth,  center frequei cy,  and 

mean square noise level.     It is also assumed that the shirt-term fluctuations of STA/l.TA are 

due to those of the STA.  and that the I.TA can be assumed equal to the average STA value.    The 

calculation of the STA fron, the rectifter output is conceived of as a simple linear filtering opera- 

tion.    It has been impossible to obtain the probability distribution of the STA,   but its stability 

can be characterized l-v the rat... of the square of its mean to its variance,    l-or a «iven threshold, 

.1 .s rooooMM« t., ospae« UM „,.. loioo-olora rota w.n bo ■ monotone laeroootai tmeikm of 
this ratio.    Thus,   by noting the changes in this ratio for different prerectification spectra and 

postrectification filters,   it is possible to predict if false-alarm rates wtll increase or decrease, 

linally,   idealized spectra of seismic noise an.l ualn functions of prerectification filters have 

been used to get the bandwidth and center frequency of the rectifier input under various noise 

conditions,  and to predict combinations of seismic noise level an.l prerectification filter low- 
frequency cutoff which will result In equivalent false-alarm rates. 

At least for short periods of time,  the bandpass input to the rectifier cat, be thought of as 

U amplitude-modulated sine wave Alt) siM^t | ,„,   where f,, is the center frequency,  o   is 

a random phase, and Alt) Is a low-pass process with bandwidth   B equal to that of the rectifier 

input.    Alt) is also assumed to be non   .egative,   so its spectrum contains an impulse at f     0 

with area e., «I to the square of the average value of Alt).    I^ure IV-H shows the power spectral 

density of the rectifier output under these assumptions.    The size of the sidebands go as l/f4n2 -   I)2 

where n   is the sidebar.! number.    The portion between     ffl an.l *   is |U.st the spectrum of Alt) 

multiplied by 4/n .    If M/2 > f,,.  tK- picture is slightly changed due to pseudo-aliasing since,   in 

fact,   the rectified spee'rum is an inlinit.  weighted sum of the spectrum of Alt) shifted by 2nf, . 

The envelope Alt) would be reproduced exactly,  within a factor of 2/ r,  by fdtering the 

rectifier output with a perfect low-pass filter passing frequencies from - f   to « f       The mean 

square value of this,   using Parseval's theorem,   is (a2 I b2|')4/.2 and Ihe mean value is a. 

Thus.  thO OtabUtiy as measured by the ratio of the square of the mean to the variance is 

r'     a  /I, B.     Hut the envelope may be considered to be Kayleigh distributed,   for which we have 
r        t/li -   n).    Thus.   a2/b        I  r/(J -  %,, 

The actual filter used to ob ain STA from the rectifier is not ideal from - f   to * f  .    It is 

.. >t even perfect low pass,   but assume for the moment thai it is and has tl.e passband shown In 

fit- IV-K.    Taking the product of the rectifier output spectrum and the square of the STA filter. 
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we .u'ain can find the mean üquare value of ST-\ NSHU' I'arseval'M thenrem -   it m |(a    * h  )/TH/ ir . 
2       2/2 22 The ütahility measure is then r.      a 'I'/b .    Sub.siit'jtinc fur a  ,'l)    m term» (if the harulwidth tt 

the input to the rectifier «ives 

r.2      r^rW MV-11 

for this ideal case when the postreclification snuMithin« dOM not pick up anv sidehaml em .•»;>• 

which would reduce the staliilitv.    Note that,  all other factors heini: eijual,   the siilehaml effe«-i 

will be less severe for larjje f-. 

To complete our model,   it is necessary to connidi'r the effective bandwidth and center 

frequencv at the rectifier input for typical seismic noise and prcrectiflcation filt»rs used in 

N'OHSAK.    l'iyure I\-^  shows three  jxiwer spei tral  densities  for noise at   \OHSAH,    Tney 

correspond to noisy,  typical,  and quiet conditions.    No correction lias been made for instrument 

response.    If  V  is the loy of frequency and   P is the number of decibels oown from the most 

extreme case to some spectral peak,  we see that lapproximately) P     - (!•' I 0.7)100     ()n \o\\ 

paper,   straight lines from this point to (-1.2,  -6Si and (1.0,   -OS) give reasonable approxlma- 

tions to the actual seismic spectrum.     The prereclification filters in use are l)and|>a.ss but,   for 

present purposes,   considering the ranges of all relevant variables we characteri/e them as 

high-puss filters with rolloff fcodM per decade and corner frequency f,.    l-igure IV-lo shows the 

idealized outfHit spectra from these filters for different noise conditions. 

The center frequency and Itundpass of ideal filtered spectra can be obtained by simple 

geometry.    I'onsider the lo-dl) bandwidth and center freq lency.     In tliat case, 

I!     fc<H<»') (l\-2) 

where 

fn  fc0in »v.« 

CgfW    I"«''lotdM- log^p^^r, (1V-4) 

C0(P|    |l1.g'tio((i') . log'1, i^j^0 (IV-s) 

1 '     (loop i 6Son) uv  ''' 

I'igure IV-11 is a p'ot of ('.. and ('    vs   P.    They are roughly the same shape,  and C,       1. J2{' 

is a 1 rast-squarr .it of XC'    to C.   using sampleij of  P at n, - 10,  - ;.0,  and - J0. 

1 he false-alarm rate is determined by B and f   and is indepenilent of the absolute power 

level.    However,   if f.     f ('  ( P) is constant on a lino in the f , P plane,   then so is   M since ('.. 0      c   o c       ' B 
i.iZC«.    I''igure 1\'-12 is a contour plot of f«.    Kor example note that,   if f        1.1 and   P     - 5, 

we should have the same false-alarm rate as f       0.9,   P     - ?n.     That is.  the false-alarm rate 

under best noise conditions with a 0.9-llz corner should be the same as for worst noise condi- 

tions and a 1.2-llz filter.    This seems to be corroborated 'jy the data in l-'ig. IV-V.    Also note 

that large f. implies smaller false-alarm rate since sideljand leakage will be reduced and |see 

Kq.dV-l)] bandwidth will be increased. 

ss 



Stctlun IV 

Suppose we con-ider fc     1.1.   1.4.    Th« Ihi tftetto prerectificalkm han.lwi.lths, assunnn, 

- 2n. .re 2.0J Md | MM« acc(,r.linK to Kqa.dV-^), (IV-4).  and (IV-6).    The latter mav he a 

few tenth« hi«h .lue to the hi^.w^uency c-utoff of the actual filter used,  hut that will he ipu.red 

W.withT     IS,   i:q. m-IUivesr,2      M.-andr,2      1 .. 7 for the two filters,  respectively 
'»hserve.1 values on a heam .luring a relatively ^uiet !,eriod on day 76 of W?| were 10.7 and' M 7 

such M.O.1 agreement .s of course chance,  since so many approximations have heen made;  hut 

the p»M I« that the idealiEed „.o.lel.  which does no, consider sldehands.  does predict the correct 
order for atahilitv. 

As mentioned earlier,   it has not heen poMildt to determine theoretically .he prohahil.iy 

distribution of STA values.    Kxperimentally i, la obse-ved to be quite skew and clearly not 

«iaussia, , and „ also ,s .dearlv no, Haylei.h.    I, can be quite well fit by a lo«normal distribution 

ILat .s.  mlSTA) is approxima-elv normal wuh non.ero n.ean  |i and standard deviation a.    Values 

of n     4.67 and 9     0. } were es,ima,ed from STA values of a coheren, beam at NOltSAK.    The 
sample distribution of the normalized variable 

In (STA)-K 

<r (IV-7) 

is shown in PI«, I\ -H     Also shown are a few selected poin,s on ,he (laussian distribution to 
in<lica,e die good agreement. 

If STA is lonnormal,   it is now simple l„ estimate expected numbers of false alarms per 

dav on each beam.    Suppose  I.  is the decision threshold in decibels.    That is,  a detection is 

declared if twenty times the base ten lo, of the ratio of STA to its long-term average is greater 

than   I.,    Let ^ be the lont-term average of STA,    Then,  ■ Jetection is declared if 

H.llSI.   •    IIIK     -    || 
y ^ —■  - ü (IV-«) 

where y  is (laussian with zero mean and unit standard deviation.    Since a   will be large,  we 
can use the approximation 

I'rfy^l   -J-  JN/V exp(-2o2A) ~-Lexpl-2o2/M (IV-9) 

I sing 1.     Id.s,     pi md  ,r «iven above,  and ^     1H.6.   estimated from data,  we obtain the 

probab-lity of false alarm for an observatum as 1.1 x in-S.    \y has been verified fro» the 

sampled correlation function of STA values,  which are calculated every 0.5 sec at NOKSAH, 

that only every third value is approximately indepenocn;.    Thus,  there are about 0.57 x 105' 

independent STA observations on each beam every day and the expected number of false alarms 

per day,   per beam is 0.65.     This is,  of course,  for noise conditions on the particular day (day 
76) 1972. 

In fact,   on    lay   76 we  estimated   42  false alarms   (see fig. rV-7).    There  are  about 

300 beams used,  and with 0.65 false alarm „er beam this would be 1H5 false alarms if false 

alarms were independent on all beams.    It would appear that we must assume only 65 independent 

beams to obtain agreement with observat.ons for false alarms.    A check of STAs during detections 

on day 76 should indicate how many hum»,  on average,  exceeded the threshold for each false 
alarm,  but it has not been possible to check this. 
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D.    COMPARISON OF SHORT-PERIOD MICROSE1SMIC NOISE 
AT LASA AND NORP\R 

We have found that the P-wave signals at NOHSAH tend to have much of their energy con- 

centrated in the relatively high-frequency range of 1.5 to Z.Sllz.    This situation is quite different 

from that at LASA where the P-wave signal energy is concentrated primarily in the 0.6- to 1,5-Hz 

range.    The relatively high-frequency content,  and thus shorter wavelengths,   of the P-wave 

signal at NOKSAU has led to some difficulties due to loss of signal coherence.    In order to 

achieve the same short-period detection threshold level at NOHSAR as at LASA,   it might be 

possible to filter the NOKSAU sig..als so that their dominant energy is in the 0.6- to l.S-Hss 

range.    To do this,   it is necessary to know both about the signal and noise levels In this band 

for both LASA and NOKSAK.    The noise problem was considered first and the results of the 

analysis will not be presented. 

The frequency-wavenumber spectra,  as well as power spectra and coherence,  were measured 

for the short-period microseismic noise,   in the 0.1- to 5-Ilz range,  at the Oyer subarray at 

NOKSAK,  as well as at LASA.    The Oyer subarray consists of 12 short-period vertical seis- 

mometers located -ithin an aperture of about 18 km.    The high-resolution method    was used in 

the measurement with a block length of 25 sec,  leading to a frequency resolution of 0. 04 1lz,  and 

with 36 blocks which yields 90 percent confidence limits of about *1.4dB,    In addition,  the 

coherence measurement level for uncorrelated noise is about 0.2,  using the coherence (as well 
4 

as power spectra) estimation procedures described previously. 

Some typical power spectra for the noise at LASA and NOKSAK are shown in Pigs. IV-14(a) 

and (b),  respectively.    The result for NOKSAK shown In Fig. IV-14(b) is typical of six measure- 

ments which were made every other month during a 1-year period.    The frequency-wavenumber 

spectrum for the noise sample given In Fig. IV-i- b) was presented previously.     It was found 

that at 0.2 and 0.4 Ilz the noise consisted prlmarl v of -urface waves propagating from the north- 

east direction,  with a phase velocity of about 3. 5 km/sec.    The measurements at other frequencies 

in the 0.2- to 1.0-Ilz band indicati.d that there were large amounts of nonpropagatlng noise,  rela- 

tive to the amount of propagating noise.    The coherence of this short-period noise sample vs 

frequency Is- shown in Figs. IV-15(a) and (b) for spatial lags of about 1 and 3km,   respectively. 

The coherence data In Fig. rV-19(a) ^how that the 1- to 2-sec mlcroseisms consist of a nonprop- 

agatlng as well as a propa; ating component.    This propagating component of the noise has a 

frequency-wavenumber spectrum whose structure has been found to be highly diffuse In wave- 

number space,  as indicated by the coherence data In Fig. IV-15(b).    These results at NOKSAK 

are also typical of those found at LASA for short-period noise. 
The data in Fig. IV-15(a) show that the coherence, for a spatial lag of 1 km,   increases from 

1.5 to 4.0 11z.    In addition,  the results of Fig. IV-15(b) also indicate that the coherence,  for a 

spatial lag of 3 km,  Increases in this frequency range,  but not to as large a value as that for 

1 km.    These data Indicate that there Is propagating noise in this frequency range and that the 

relative amount of such noise Increases as the frequency Increases.    In addition, the data show 

that this moderate coherence at high frequencies is definitely due to ground motion and not to 

other effects such as system noise. 
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The power spectra in Figs. IV-14(a) and (b) show that the noise levels at LASA and NORSAR, 

at 1 Hz, are approximately 1 and 8 dB relatr e to 1 m^ /Hz at i Hz, respectively.    This implies 

that there is more noise energy at NORSAR 4t 1 Hz than at LASA.   A probable cause for this is 

the closer proximity of NORSAR to a coa' tline than LASA.   There is thus a loss of about 7dB, 

relative to LASA, that would be inciM-ed if the low-frequency signal components at NORSAR were 

to be used for tue purposes of P-wave signal detection even if the signal spectra were identical. 

However,  '.ie signal spectra at NORSAR often increase with frequency up to 1.5 Hz.    In 

addition,  it is shown by Frasier fi.i Sec. IV-B that NORSAR signal magnitudes from Eurasia are 

smaller than those at LASA by an average of approximately 10 dB.    It is thus clearly undesirable, 

both from signal and noise considerations, to use a band centered o:' 1 Hz for Eurasian events. 

J. Capon 
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Fij. IV-1.   Loco^ion in inverse velocity, relative to NORSAR, of 16 regions used in short-period 
amplitude study. 
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Fig.lV-2.   Minimum, maximum, and median subarroy relative amplitudes for (a) 16 regions 
measured at NORSAR, and (b) 13 of same regions measured at LASA. 
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Fig. IV-3.   Maximum coherencies of «ubarray beams with respect to full array beam. 
Solid line -small-population study; dashed line - large-papulallon study. 

61 



Section IV 

Fig. IV-4.   Map showing location of NORSAR and events studied.   Open circles 
are presumed explosions and filled circles are earthquakes. 
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Fig. IV-6.   Difference between NOAA and NORSAR 1%, plotted vs period of P-wave. 

63 



Section IV 

""["'«-g-iowl 

l\ p    \ JS    \ O o 

•     (05-dB DETECTIONS 
 LTA 
-O—NO BULLETIN EVENTS 

J _L 

- ♦- NO DP DETECTIONS MINUS 
NO. BULLETIN EVENTS 

320 525 }30 

DAYS OF YEAR 

(0) 

DAYS OF YEAR 

(D) 

Fig. IV-7. Noiso level from full wave rectifier (LTA), number of bulletin events, and estimated number 

of false alarms at NORSAR for (a) 1 7 November to 13 December 1971 with 0.9- to 3. 5-Hz detection 

filter, and (b) 20 February to 19 March 1972 with 1.2- to 3. 2-Hz detection filter. 

hi 



Sec Hon IV 

^ 8(0 

IDEfiLIZFD   POWER   SPECTRAL 
DENSITY 

i ■—1—- 1    1    1 1 1 ,1          II,     , \ .     |    . 

•1/T- 

IDEftL.   GAIN   FUNCTION 

' = SHORT-TERM   aVERÄGE 
SMOOTHING  TIME 

FREQUENCY   (Hz) 

Fig.lV-8.    Idealized power spectral density of filtered and rectified band-limited noise, 
and ideal gain function of postrectification smoothing filter. 
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Fig. IV-10.   Idealized NORSAR noise spectrq before and after filtering with high-pass 
filter with corner frequency fc and 60-dB/decade rolloff. 
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Fig. IV-11. Scale factors between bandwidth of rectifier input Cg times filter corner 
fc, and between center frequency of rectifier input C0 times fc as function of peak 
unfiltered noise power P.. 
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Fig. IV-12.   Contour map of rectifier input center frequenc, a- function of unfiltered 
peak noise power and prefilter low-frequency cutoff. 
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Fig. IV-13.   Cumulative distribution of log of short-term average of NORSAR beam. 
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Fig. IV-14.   Typical power spectra for short-period microseismic noise 
ot (a) LASA and (b) NORSAR. 
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Fig.lV-15(a-b).   Coherence vs spatial lag for short-period microseismic noise at NORSAR. 
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V.   SIGNALS AND NOISE 

A.    NONPROPAGATING NOISE AND ATMOSPHERIC LOADING 

In the last SATS,   I investigated the possibility of predicting and removing some of the non- 

propagating noise measured at LASA by long-period seismometers using the information provided 

by a nearby microbarograph.    This seemed a reasonable thing to do as there is often a high coher- 

ence between the outputs of a microbarograph and a seismometer at the same site at times when 

the level of nonpropagating noise is high.     The process of measuring coherence is a linear one; 

it would therefore be expected that in the time-domain a transfer    ^nction could be computed which 

could be convolved with the microbarograph ouiput to produce thai component of the seismic noise 

which was coherent.    Such a transfer function was computed for a particular noise sample and 

did,   indeed,  predict all the coherent noise when convolved with the microbarograph output.    When 

this noise was subtracted from the observed noise,  the noise level was substantially reduced.    If 

the predictable component of the noise had been largely '        s/"y effects in the seismometer,  one 

would have expected the same transfer function convolveo ,   -i.   he output from the same micro- 

barograph to have predicted at least some of the noise in the same seismometer on another occa- 

sion vhen the coherence between this microbarograph-seismometer pair was again high.    That 

this did not prove to be the case was taken as evidence tha* buoyancy effects were negligible and 

that most of the observed nonpropagating seismic noise was caused by atmospheric deformation 
of the ground. 

Unce nonpropagating noise is incoherent over distances greater than a few kilometers and 

does not correlate from seismometer to seismometer at LASA,   and since so much of it can be 

removed by merely subtracting that component which is correlated with the microbarograph at 

the same site,  it is clearly the result of ground deformation caused by atmospheric pressure 

changes in the near vicinity of the seismometer.    Any far-field atmospheric loading effects must 

be quite insignificant.    In describing the loading process,  therefore,  we would expect an elastic 

half-space to be an adequate model for the earth,  and,   since wind speeds are two or three orders 

of magnitude less than the speeds of seismic waves,  negligible error wou!d be incurred in con- 

sidering the elastic deformation to be static. 

If the surface of the half-space is taken to be the xy-plane and  z  is positive into the medium, 

the vertical displacement u    at the point (0, 0, z) to a pressure load P(x, y) is given by3 

where 

z'0' 0, z) ■r. r 3   •J—ao V \ 

k2z
2 

+       3 
r    / 

r = (x2 
</< *2) 1/2 

kl 

k 

1 - 

1 1 

V 

E 

V 

-)p(x, y) dxdy (V-l) 

2       2;rE 

v - Poisson's ratio 

E = Young's modulus 
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If the expectation of uz  is calculated from Eq. (V-l) assuming P(x, y) to be white and random in 

two dimensions,  we find 

^.2J-J0"^^)is{P2] 
2\ I 

■> 

rdr      . (V-2) 

then the resulting vertical displacement is 

This integral diverges at the upper limit and at the lower limit when z = 0.    In other words,  we 

would expect to obtain infinite noise from such a model.    Since this is not observed,  there is 

something wrong with the model. 
4 

Haubrich   considered the same model but with discrete pressure cells,  each of the .same area 

and with the same average pressure load.    The integral becomes a summation which,  again,  does 

not converge.    This means,  however,  that many pressure cells are included;  those which are not 

included always contribute infinitely more to the expected noise.    The problem is clear once wo 

go into the wavenurnber domain. 

If the applied pressure at the surface is 

a    ■ V(a,^) COSUTTöX 4 if   ) cos (2;r^y \ (p  ) (V-3) 

uz=  Z^Xc [2(1 " "> t2*"le"atrcZ (V-4) 

where c = (a     * ß)  '  ,  and ^  is the shear modulus.    It is clear that whenever c = 0    u   is infi- 
z 

nite.    This corresponds to the divergence of the integral (V-2) at the upper limit and is iust a 

function of choosing a half-space as the model.    If we had chosen a spherical earth,  this would 

not have happened.    Since we are sure that the curvature of the earth is irrelevant to this prob- 

lem,  we can filter out this D.C. effect by multiplying the right-hand side of Eq. (V-4) by (1 - o"ycl. 

The divergence at the lower limit of the integral (V-2) is caused by including in.initely high wave- 

numbers.    This is equivalent to modeling the pressure distribution P(x, y) with an infinite number 

of point forces which will always produce infinite displacement at the surf-.r e.    Since point forces 

are not physical,   we can filter out that effect by applying a factor [e'T,cl to the right-hand side 

of Eq. (V-4).    With these additional factors,  the integral (V-2) can be made to converge. 

Examination of Eq. (V-4) provides an explanation for the failure of the transfer function,  ()• 

scribed above,  to remain stable from one noise sample to another.    At any particular wavenui.   ■ i . 

the displacement u    is proportional to the wavelength l/c.    If we make the firtt-order assumption 

thnt,  at a given frequency,  the wavelength is proportional to the wind speed,   we should be able to 

find a stable transfer function using the product of the atmospheric pressure and wind speed. 

Since the instrument responses of the microbarograph and anemometer are entirely different, 

these will have to be removed before the product of their outputs can be made. 

1 am currently testint *his hypothesis. .    _, „ 
A. Ziolkowski 

B.    RAYLEIGH-WAVE DETECTION CAPABILITIES OF LONG-PERIOD ALPA 
AND LAMONT SEISMOMETERS 

A study of the surface wave detection capabilities of individual long-period seismometers 

of the ALPA and NORSAH arrays has been initiated.    The purpose is to evaluate the detection 
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capabilities for sensors installed at various sites of the arrays,  and to compare them with analog 

data obtained by the :iigh-gain Lamont seismometers installed at the nearby stations in Fairbanks, 

Alaska (FBK) and   .t Kongsberg,   Norway (KON).    Preliminary results obtained at the AKPA and 

FBK sites for M August 1971 are summarized below.    Twenty-four hour coverage of digital data 

from several sites of the ALPA array and analog film data for the FUK site were available for 

this day. 

Figure V-l(a-b) illustrates the relative frequency responses of the A1.PA components and the 

vertical components of the system at station FBK. '      The relative response of the ALPA compo- 

nents peak at about 27 sec and the relative ^ains of the Lamont vertical components peak at a gain 

of 7.7 k at 25 sec for the low-gain (ZLO) component and at a gam of 106 k at ^Z sec for the high- 
u 

gain (/.HI) components.    The ZHI response approximates that of Pomeroy,  et al. 

As a guide to the probable origin of events detected on the ALPA and FBK records,   bulletins 

issued by NOS and SAAC were consulted.    Origin times,   locations,   and body-wave magnitudes 

are given by both bulletins.    The NOS bulletin also reports focal depüis.    Distances from,  and 

apyoximate surface wave arrival times at FBK were calculated for all events listed in the bul- 

letins assuming a Rayleigh-wave velocity of 3.5 km/sec.    Table V-l  lists arriv, Is for 12 NOS 

events,   and Table V-2 lists arrivals for 32 SAAC  events.    Some events   ippear on both tables. 

Examination of the ALPA and FBK records showed indications of at least 11  surface wave arrivals 

(hereafter referred to as ALPA/FBK events),   some of which were clearly discernible on both 

ZLO ant   ZHI traces at FBK as well as most channels of ALPA.    The set of ALPA/FBK event« 

includes some threshold events which wore not detected on either of the FBK records,  but for 

which there was some indication of their presence on one or more channels of the ALPA records; 

10 of these 11 LP events could be associated with events on the NOS or SAAC bulletins.    Table V-3 

summarizes the approximate time   of arrival for the ALPA/FBK events estimated from the data 

and probable identification with events listed in either the NOS or SAAC! bulletins.    It should be 

noted that the list of events selected for discussion in this report do not include B number of very 

marginal detections which a more careful examination of the records might confirm,    hi the case 

of ALPA,   increased detection probability through beamforming can be expected,   and for FBK 

some improvement might hv effected through digital processing. 

As an illustration of th* relative detection capabilities of the ALPA and FBK systems. 

Figs. V-2(a) through (f) present a series of traces of data recorded by the two systems for 6 of 

the ALPA/FBK events.    For each event,   two traces are shown for the '^LO and ZHI analog FBK 

film data.    Th? traces from selected vertical channels of the ALPA sites are also shown.    It 

should be noted that these traces comprise short sections of the recording for the entire day and, 

as such,   are not strictly representative of the general appearance of the da     when examined over 

longer time periods.    For example,  the long-term fluctuations in background noise,  particularly 

for the ZHl/FBK instrument,   are not always fairly represented in the examples shown. 

In Figs. V-2(a-f),   traces from the FBK film records have the same relative magnification 

for all events.    The amplitudes of the ALPA traces vary fo^ different sites,  and the gains have 

been adjusted for convenience in presentation. 

Acomparison of thedetection capabilities of the ALPA and FBK systems on these data can be 

made by examination of the events shown in Figs. V-2(a-f).    A brief discussion of the individual 

events is presented in the following paragraphs. 
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TABLE V-3 

EVENT IDENTIFICATION FOR SURFACE WAVE DFTECTIONS AT ALPA AND FBK 
31 AUGUST 1971 

ALPA/FBK 
Events 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Arrival 
Time 

(hours) 

0043 

0235 

0621 

0818 

1114 

ISiT 

1526 

1856 

2009 

2157 

2326 

Identifications and Local ions 

NOS/1 - New Ireland 

NOS/2 - Hindu Kush Region 

No I.D. 

No i.D. 

NOS/5-Jujuy Province, Argentina 

NOS/6 - Near Coast Northern Chile 

No I.D. 

No I.D. 

NOS/8- Nfar Coast Central Chile 

NOS/10 - Tonga Islands Region 

NOS/11 — Guerrero, Mexico 

No I.D. 

SAAC/4 - Afghanistan 

SAAC/7- North Atlantic Ocean 

SAAC/13 - North Atlantic Ocean 

SAAC/15- Salta Province, Argentina 

SAAC/16-Northern Chile 

SAAC/20 - Kuriie Islands Region 

No I.D. 

SAAC/26 - Near Coast Central Chile 

SAAC/29 - Tonga Islands Region 

SAAC/31 -Guerrero, Mexico 

The extended coda of a relatively large magnltudi- event (mb ■ 5.^) from the Chih- His.- which 

arrives at station FBK at 2335 on 30 August obscures several possible arrivals,  from relatively 

close distances,  of low magnitude events located by SAAC during the first hour of M August. 

Note SAAC/l from the Aleutian Islands Region. 

Event 1 [Fig. V-2(a)] appears as a pronounced increase in amplitude at about OP >   hours 

[about a factor of 2 for ZLO,   and a factor of 4 for ZI1I in the FHK records (a factor oi 4 for the 

ALPA records)).    There is also an increase in the dominant period from about 25 to 35 see at 

this time.    Event 1 has been identified from the NOS bulletin as the arrival from an m.   4.5 event 

at a distance of 81.7°.    The SAAC bulletin did not list this event. 

Event 2 [Fig. V-<'.(b)J has been identified from both the NOS and SAAC bulletins as a surface 

wave from the Hindu Kush/Afghanistan region of a magnitude 4.0 to 4. i earthquake and has an 

estimated arrival time of 02 32 hours.    It is first visible on the FBK records at about 02 35 ;,nd 

on the single ALPA record at about 0233.    Maximum signal amplitude on either set of records 

occurs between 0237 and 02 38.    Large-scale fluctuations in the background,  both in amplitude 

and period (of the order of 1 minute or more),   make the ZH1 records difficult to interpret for 
small-amplitude signals. 

Event 3 [Fig. V-2(c)] has been identified from the SAAC bulletin as the arrival from o 3.7 

magnitude event in the North Atlantic Ocean at a distance of M".    The event is detectable on both 

the FBK and ALPA sensors.    No identification is supplied by NOS. 

Event 4 [Fig. V-2(d)| is also identified from SAAC bulletin as a magnitude 3.7 event from the 

North Atlantic Ocean at a distance of about 47°.    NOS does not list this event.    As was the ease 

for Event 3,  it is clearly detectable on all sensors.    Since both events have been estimated to 

76 



Section V 

have the same magnitude and aimilur locationn,  their records should he compared for similar 

characteristic features. 

Event 6 [Fig. V-2(e)] has been identified from NOS and SAAC bulletins as a 4.5 to 4.« magni- 

tude event from Northern Chile. 

Event 10 [Fig. V-2(f)] has been identified as arriving from a 4.6 magnitude earthquake origi- 

nating in the Tonga Islands Region.    Both NOS and SAAC   lulletins list this event.    The approximate 

arrfval time was computed to be 2200 hours.    This event occurred at a normal depth of 33 km. 

As a result of this preliminary study of the ALPA and FBK systems,   it can be tentatively 

concluded that the surface wave detectk.    capability of a single ALPA sensor is comparable to 

that of the present FBK system.    However,  it should be noted that the date chosen for comparison 

of the two systems was not ideal in that neither of the systems was necessarily operating at its 

best.    Further study is required before a firm statement can be made. 

E. Ashley 
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Fig. V-1. Frequency responses of long-period ALPA and F:K seismomefers. (a) Relative 
amplitude response of single component of ALPA system vs period; (b) magnification as 
function of period of vertical low-gain (Zl.O)and high-gain (ZHI) system at station FBK. 
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Fig. V-2(a-f). Lony-period vertical motion records for six surface wave events detected 
at stations FBK and ALPA; in each figure, first two traces are ZLO and ZHI components 
at FBK.    Lower traces are vertical component records for one or more LP ALPA sites. 
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Fig. V-2(a-f).   Continued. 

80 



i 

T 

Section V 

|ia-M0i)r| 

'v/Vv>—nf* 

i 
ZLO m- 

r 
T 

ALPA 

(ll   EVENTS 

ZM^o1^^A^^V/VW\/W\/^^W^:vVl 
2200 2205 

FSK 

MI-MOHIJ 

3-2!   '^^~^-<JVv>AAj\f\f\A/Wy^ 

-i 
2200 

ALPA 

( f 1    EVENT 10 

Fig. V-2(a-f).    Continued. 

HI 



VI.   NETWORK CAPABILITY 

A.    SHORT-PERIOD NETWORK CAPABILITY 

A preliminary investigation into producing a small-magnitude-event bulletin has been 

completed.    Tho aim of the investigation was to produce a seismic events bulletin of low mag- 

nitude,   mb :> 3.5,  based on available data from NOS,  the LASA-SAAC bulletin,  and the LASA 

detection log.    The time period from t to 9 January 1970 was chosen as the investigation interval 

since it would be so far removed from the present as not to cause a problem in obtaining NOS 

or WWSSN film chip data. 

In compiling the event list,  the epicenters reported by NOS were accepted as locations that 

needed no verification.    However,   locations obtained from NOS data that were not published on 

the PDE listings,  due to large residuals or poor locations,  were examined and verification of 

the event was required.    Epicenters obtained from the LASA-SAAC bulletin that were not listed 

by NOS were also considered questionable and therefore in need of verification.    The third and 

largest source i.■ questionable events was the LASA detection log.    The process of event verifica- 

tion meant that any questionable event must be seen by at least two of the stations in the selected 

list of WWSSN stations used for this study (see Table Vl-1).    Also,  the relocation of the event 

must fall in near proximity to the location given by the bulletin   or the detection log. 

During this time period,   NOS-PDE listings reported 140 events,   of which 111 were listed 

by the I.ASA detection log.    Examination of the NOS unreported events produced 8S verified epi- 

centers,   40 of which were listed on the LASA detection log.    Those NOS events not listed In the 

detection log occurred during LASA down 'ime or were located in the core shadow to LAbA,    A 

few NOS events that were not in the detection log were very small and reported only by a few 

near-regional stations or local networks.    The LASA-SAAC bulletin reported a total of 151  events, 

66 of which were reported in the PDE listings. 

During the 9-day period,  the LASA detection lo > listed 1208 group detections,  that is,   a 

group of steered beams detecting a signal within a 10- to 15-sec period.    In order to reduce the 

number of false alarms and noise detections,   group detections of less than 5 beams were not 

evaluated.    This left a population of 691 detections that were considered possible events,   or 

phases in need of verification.    The NOS data verified 151 of these;   the remaining detections 

were considered to be actual events if the signal could be seen on two or more of the selected 

WWSSN stations.    In this manner,   the detection log added 209 events to the event list.    The re- 

maining ■?■?!  unverified detections were not necessarily false alarms since over 20 percent of 

them turned out to be phases such as PcP,   PP,   PKKP,  etc.    Several other detections were in 

fact real events and could be seen on stations not in the selected list of stations. 

A swarm of events from Yunnan Province,  China,  occurred during the time period of the 

investigation.    From viewing film chips of station CHG,   Chiengmai,   Thailand,  an additional 

34 events were detected based on signal character alone,  i.e.,   separation of Pn,   P ,   Pg,  and 

Lg phases,  and were added to the events list. 

During the 9-day period of the investigation, a total of 475 events wore verified, an average 

of 53 per day. Figure Vl-1 shows the relative performance of each station used in the verifica- 

tion of the final event list. R   ,,,_ Ne0fiham 

R. M. Sheppard 
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TABLE VI-1 

STATIONS USED FOR VERIFICATION PURPOSES 
IN THE NETWORK CAPABILITY STUDY 

WWSSN Stations 

Code Station Region 

Gain 
(in thousands) 

SP LP 

AFI Afiamalu Samoa 12.5 0.750 

ARE Arequipa Peru 50.0 1.500 

A TU Athens University Greece 12.5 1.500 

BUL Bulawayo So, Rhodesia 100.0 1.500 

CHG Chiengmai Thailand 200.0 3.000 

COL College Outpost Alaska 100.0 1.500 

EIL Eilat Israel 200.0 3.000 

KBL Kabul Afghanistan 400.0 6.000 

MAT Matsushiro Honshu 100.0 3.000 

PMG Port Moresby New Guinea 50.0 3.000 

PRE Pretoria South Africa 50.0 1.500 

QUt Quetta Pakistan 200.0 6.000 

SJG San Juan Puerto Rico 50.0 0.750 

SPA South Pole Antarctica 100.0 0.375 

TAU University of Tasmania Tasmania 25.0 0.750 

TRN Trinidad West Indies 25.0 1.500 

TUC Tucson Arizona 200.0 1.500 

Stations Other Than WWSSN Stations 

LAO Lasa Array Montana 

MBC Mould Bay NW Territory 100.0 5.000 
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B.    INTERNATIONAL SEISMIC MONTH 

An effort is under way to produce a very comprehensive seismic bulletin for the period of 

20 February through 19 March 1972 for the purpose of evaluating some of the large-scale seismic 

systems that have recently become operational,     The cooperation of several other agencies (see 

below) was enlisted in order to support the International Seismic Month (ISM) effort.    Lincoln 

Laboratory is acting as host for the experiment.    The first phase of the ISM effort is to produce 

as complete a list of epicenters as is possible using the detection logs from both LASA and 

NORSAR,  and arrays at Hagfors,  Gauribidanur,  Warramunga and Yellowknife.    These detection 

logs,  coupled with analyst reports from the single station in the Canadian network and selected 

WWSSN sites,  are providing the basic data for the ISM bulletin.    Progress on the bulletin has 

been promising thus far,  and full use has not yet been made of I.ASA and NORSAR detection logs. 

Even so,  the number of events in the bulletin is well over a thousand.    We expect that,  upon 

completion of the bulletin,  the total number of events will approach two thousand.    At various 

stages during compilation of the bulletin,   listings are being supplied to those cooperating in the 

study. 
The preparation of the bulletin is only one phase of the ISM.    Insofar as possible,  detailed 

measurements of long- and short-period data and potential discriminants will be accumulated to 

form the complete data base.    All participants will then have full access to these data to evaluate 

detection and discrimination capabilities of individual sites,   subsystems,  and the overall system, 

which can be conceived of as the current deployed capability.    Presumably,   some of the sites 

used (or similar ones) could be incorporated into a system,   if that were required.    The study- 

should also indicate how current capability is deficient. 

The following organizaiions are participating: 

Department of Energy,   Mines,  and Resources,  Canada 

l.amont-Doherty Geological Observatory 

National Earthquake Information Center,  Houlder,  Colorado 

NORSAR,   Norway 

Kosearch Institute of National Defense,  Sweden 

Texas Instruments,   Alexandria,  Virginia 

t'nited Kingdom Atomic Energy Authority,   England 

SAAC,   Alexandria,   Virginia 

M.I.T.   Lincoln Laboratory 

H. M. Sheppard 
R. E, Needham 
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Fig. Vl-l.    Number of events reported by individual stations in network study. 
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