
‘~D AO53 NOD NAVY ELECTRONICS LAB SA N DIEGO CALIF l’s 17/1SOME 51614*4.5 OF SEISMIC O1IGIN RECEIVED At PACIFIC SOFa STAY IO— efl C(ij )

uNcLAsnFzw :emen i

_

I:ImhI~..,flhIIIIII

41



U
II _______ ~ ~ 3 2  HII2~

2

I.’ ~ lllO~0

Hulk25 hula.4 uhIt~
.o

MICROCOPY RESOLUTION TES T CHART
N~ 1~~N’ I BUR E A U  SIUN! U4 U. A



_ 
*

/ ~~~~ 
- I~ MOST E~roJect — 

N E 1202 2 1

P R O B L E M  N E L  Z A I 1

\ 
S U B T A S K  1

INTERN AL T E C H N I C A L  M E M O R A N D U M  No. 62

( .  J ~~~~~~~~~ Ma~~~~~~~~5 3j

• 1 ’

_ _ _ _ _ _ _ _ _ _  

—.

‘~~ -1 SOME SIGNALS OF SEISMIC ~
‘RIGIN RECEIVED AT

• Ie  j  S

-
~~~ L ~~ACIFIC SOFAR STATIONS~~ —~~~~~~~

pM. J.frheeh
Y )

• — C..D ; ‘b D C~) 
~~~~~~

PN A TI ON AL SECURI TY INF ORMAT ION U MAR 21 1978

PUr~aUthOrjZ~~ 
Disclosure Subject to Criminal

T 1 13 ~~~~~~~~~ ~~~~~~~~~~ r H~;
P~~~~ YJ~tL OPi~:IO~ OF ~~~ ~~ I

OF I~~j~JN OF 
F~~/LECT 

~~~~~~~~~prepared for the inform ation of other members of the NEL staff

U, S. NAVY EL ECT R ON ICS LAB ORAT ORY SAN DiEGO 52. CA LI f ORN IA
[iISTRIBU flONsTA .~~ ’r A

Appioved for public re1ea~.~DiatributioD Unli m ited 
347//it

4O~~o~ ca
a,L q-2 i

— 

I NO NIt 4 ’ ?  
~~~~~ ~~~~%4 7 ~~ 

~ 53 ~~~~~ ~j—r~ ~-



INTiWOU . TION

‘tt is not unusual for Sof~r stations to receive signals fr~ ,t sou rces other
tha n ~ofa r bombs, and it is well—known that some of these signals arise from
seis~tic disturbances. The purpose of this melttorandul4 i~~ not to discuss aU of
the signal.. ceived ~t ~of1ir statie’ns ~nf1cñb~n or b~lieved to be due to seis .~icevents , but rat~io o present the data on signals from three recent disturbances
which had somewhat unique features. Theic three events were ~~~ the ~eptember
1952 eruption of Myojin ~~~~ a marine v~.~lc~no located approximately 200 nautical.
miles south of Tokyo; ~-2Ythe Tulare Valley earthquake 21 July 1952, and 4~33~ an
earthquake of similar magnitude which occurred of f the coast of uregon on 20 ~ugust
1952. ,, ~~~ detailed report of the ~1yojin eruption , which will contain 4ata drawn from
visuar ’qbservations and tsuna~ti recorders as well as from the Sofar 4tations, is
l.eing prepared by Dr. ~t. 5. ~)ietz and the author. The present momorandwi is con-
cerned entirely with the Sofar data .

THE ~iTOJIN RJ•EF E~UJPT t ON, Septe~ber 1952

~‘n the 18th of Scpt~~sber 1952 the U • ~ . Navy Sofar Stations at Point Siw
and Point a~renaS on the coast of ~alifornJ.a received a series of signals of
high intensity and particularly long duration. They were not received at the
Kaneohe station, and consequently only a line of position for the source could
be obtained. This line passed across the northern Pacific Ocean and through a
point about 200 nautical nd.les south of rokyo . .~iince the Kaneohe station had
not received the signals , It was evident that the source had been somewhere west
of the 180th meridian.

A few days later it was learnod from L.t . 0. . Flickinger, Officer—in--charge
dt t he Point ~ur station , that the signals bad sounded like a serie s of closely—
spaced distant explosions , and that sbaU.ar signals, although of lower intensity
.~nd shorter duration , were still being received. aince nothing like these par—
ticu lar Ly large signals had ever been recorded at the ~ofar stations befor e, we
could only hazard guesses and start mak ing official. inquiries as to the source
of them . ithin a few days, however~ press re leasec ~~~~~~~~~~~~~~~~~~~~~ that
a J apanese fishing b .at hod observed a. now marine volcano in eruption about 200
miles south of J ap an on 17 September. 4t was evident that this volcano was the
source of the unusua l signals . This is believed to be the first time any signals
received at Sofar stations have been identified as being of volcanic origin .

Because of his interest in seismic phenomena , the signals were brou ght to
the attention of Dr . L S. iictz , Ni L oceanographer, who wrote to ~r. K. .~uda ,
Chief of the Japanese Uydrographic office, to get more detailed inforuation on
the location of the volcano and on any observed eruption tines. Later press
storie s carried further information about the event , along with the news that _________

the J apanese flydrographic survey Ship No. 5, the Ka Iyo ~Iaru, had been lost withen, ,.cs.
all hands aboard while on a trip to observe the phenomenon. Life iaga sine of •n s..e.. a
13 “ctober carried a pictorial story of the activity.

Dr. Suda kindly repli ed to Diets ’ a letter giving the location of the _________
volcano as j l°56.7’N , 140°00.5’E, and naming it lIl lyoj in ~teef” in recognition
of the Japanese fishing boat which had first sighted the eruptions on 17
September. He also enclosed a J apanese press release which mentioned that
the ~aiyo ~iaru had secured radio camsunicatio n at 8 p.~i. Tokyo time on the ~ S~~C~~

________ _______ - 
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23rd , oind had not been hoard fr om thcre .ftcr , Since dead reckoning wouldplace the ship at the scenc a~~ zt ncon ci~ th~ 24th, i)r. Suda believed thatthe eruption which took the lives of the 31 ‘non, including Drs. ~t. Tayama andT. Nakwniya, leading J ipanese oceanogr~phers, must have occurred shortly
the reafter.

Dr . Dietz and the auth or made a detailed survey of the Sófaz, data in anatte~pt to fix the beginning and end of the activity, to determine the time ofthe fatal eruption, and in general to get an idea of the life kiistoxy of suchan event . Before going into this discussion, however, it may be worthw*iileto digress for a moment in order to describe some features of a Sofar installa-’tion for the benefit of those u~ifamiuiar with the subject e

A Pacific .~ofar inst illition consists basically of a group of cry stal hydro..phones mounted in a stainless—steel cage and situated on ti~o ocean floor at adepth of 350 to 400 fathoms. Several miles of U. ~~. Navy type liSp aubnarinecable are used to connect the uydrop~onea to recording eqId.~Iftent on shore . atthe shore end of the cable, the incoming signsils are ampl ified, passed througha 500 cpa 3.owpasa filter , rectified, logaritIr~tica.Uy compressed, and then recordedas power levels on a large sheet of paper mounted on a revolving dr~z1. A timingtrace is recorded adjacent t the signal trace and calibrated daily againstofficial radio time signals in. order to make possible the accurate detonainationof Signal arrivel times. un the reproductions of recordings in this i~*emorandaiithe timing trace appears beneath the signal trace, and the th4ng ma rks are oneSecond apart . i~acb horizontal trace on the recordings follows the proceeding oneby slightly more than 7 minutes. The signals arc also routed to a loudspeakerfor purposes of aural monitoring

The tran.~~1teejon of underwater explosive signals over long distances ismade possible by the nature ct t~ie vertical. sound velocity distribution inthe deep ocean. The velocity decreases with depth until a .ini~tu. i value
is reached (at a depth of approxbontely 400 fathoms in the $4—latitude
regi ons of the Pac ific), and then increases with depth fr om this point to thebottom. This velocity structure results in the ~ound encrgr being refract.wI
in such a manner that, a certain portion of it is transmitted over deep oceanpaths without suffering losses at either the surZace or bottom. ~boaJ. regionsalong the path, caused by sea.~oimts, continental slopes, etc., will, of course
intercept some of the enorgr and thereby affect the shape and intensity of the
received signal.

Thø intensity of this “channelled” sound decreases only as tac first p~~,rof the range, plus an absorption factor. $ncc the absorption in tue low—fre-
quency region is small, it is possible to detect an explosive signal in the ocean
at great distance s.

~eturning now to the survey of the Sofar data, if we allow for a travel timeof 1 hour 37 rLlinutes 32 seconds train the source to the Point bIfl station, based
on an assaoed average horizontal velocity of 483O~ ft/sec aixi a computed distanceof 4650 nautical miles, the time of the first largs eruption can be placed at
* A v~luc of 48~0 ft/ sec is used for triangulation purposes in the Ni~ PacificSofar Network . A lower value has been assumed hore since the major portion

‘ of the trave l path lies in the northern part of the Pacif ic where the velocity
at the sound chan nel axis vari es from about 481.0 to 4840 ft/s.c.
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OOL~ ~~i on i~ ~~~~~ ~~~ ~ ~~~ ~~~~~~~~~ i ~~~~~we. ker signal originated at 1540 L~ T on 15 ~cptembor, and there may have
boOn r~zab1ings prior tà this that were teo weak to ie detect ed at the dis-
tant ofo r stations . The major activi ty, as far as detection at the Sofar
stati,one was concerned , ended on 26 ~eptember with a large eru ption at 0334
GOT.

Figure 1 is a plot of the approximate signal intensity at the Point ~ w
station as a function of the timc the signals were received. The intensity
Scale used here is a qualitative and rather crude one based sI~;q,1y on a. visual
J5 tinbte of the aij~n~il—to—noj se ratio. value of 1 indicates a signal- to..
nOis0 ratio of less than 1.0 db, 2 indicates the ratio was estimated to be 10—
20 db, 3 20.40 db, 4 30-40 db , and S represents a sigual—to..noise ratio
gre~trn’ than 40 db. ~1thuu~Ji only 66 lines are 5howfl on fI gure 1, we.U over
400 signals were received at the stations, since many of the points shown on
the figure indloate a series of from 2 to 50 signals occurring during inter-
vals as long as 90 minutes. unly those signals are shown that couLd be
i4ontjfied on the records at both the I’oint .ur and k olnt .reiw stations,

A fairly complete history of the volcania activity can be obtained from
Fi~..ure 1. The activity probably began with some small eruptio n., only
one of which, on 15 ~epteiater , was strong enough to be detected at the ~ofar
statIons, The 16th saw the outb reak of the i~ajor eruptions and was followed
by ~~, quiet interval on the $ Lorntng of the 17th. heginning avout 1200 J~T, LI
September , there oconrrod a 12—hour per iod of rather heavy activity which in
turn was followed by a ~out 9.-W hours of quiet. This interlude was broken
by a series of tremendous explosions which initiated a 2$-hour period during
which the volcano ~ ,ts in almost continuous eruption. The atgn~i1s received
during the periods 0950-1015 and 1.22,5—1350 GC~ on the 18th were the ones
that first caught our attention and are shown on Figures 2 and 3. The can.
btnntion of high intensi ty and long duration makes those signals totally un.
like any’ over received before ~t the Sofa r stattona .

.~fter a relatively quiet 15..hour j *riod, there followed an interval
of a1~ost equal length during which there were many large eruptions. egin’
fling on the 21st the explosions, although still large, began to be less fre-quent, and finally, after a 48-hour period during which only four eruptions
Oo4urred, the major activity ended with a large explosion. It is quite
Possible, of course, that there was some minor activity on succeeding dq’a.No i.~ire signals were detect ed, however , until 2 October when uo~terate sizedSignals were received at 1245 G~T ~nd 1921. OCT. No activity ra s evident
after 2 OCtober

From the st4-ind’,oint of total energy, the signal starting at 1250 OCT, 18
September (see Figure 3), and lasting for 33 minutes is the largest ever
teceivod at a Pacific Sofar station. The peak sound level of the eign&i was

• 13 db above 1 microbar, tfld, a.lthough signals of higher sound level have been
received, none have ever approached this one in duration. dough compi~tation.
indicate that the sound energy in the 20—500 cpa frequency bane released to
the water during this interval was of the order of at least 1.016 erga.

Un the baste of the data shown on Figure 1, the eruption which apparsntl.y
destroyed the Kaiyo Maru took place at 0320 OCT on the 24th. This would be
1220 p.m. Tokyo time, and thus bears out Dr. ~uda ’s belief as to whoa the
catastrophe occurred. This eruption did not produce an unusually large
acoustic signal (intensity 3 on the scale used here), but the Liyo Haru
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was evidentl y ver ~T.oso to th.~ v’i cano ~t •;he time ef the explosion . ~. C~~il—
~lUnication ircmi Dv. i~ictz , who is in J~pa~ c~ the time of this writing, statelthat volcanic rock was found ci~bedded in some of the pl~n¼e of the Kaiyo l4aruwhich were later recovered. oince this explosion had been preceded by a periodOf several hours during which no explosions occurred, it was probab ly thought$af~ to make a. close approach to the ?olcan~.

According to Life ~‘L~gazino of 13 October, the now islet was 100 feet
above water , 500 feet long and 350 wide on 18 Septowber, and was pouring
molten rook into the sea around it. L ife further stated that the volcanic
peak apparently blow into bits and subsided back into the sea on 23 ~eptenber,
and it wee implied that the Katyc daru had been sunk on this date by one of
the last explosions of the volcano, The evidence fran the ~ofar data is that
the disaster occurred on 24 September, Tokyo time (still the 23 rd in the U.S.),
and the volcano was certainly active on the 25th and 26th of ~eptember.

The suCceSs of the Sofar stations in getting as complete a record of the
life of the volcano as that shown on 1iguro 1 leads naturally to specul ation
a.$ tø aow useful such installations may be for detecting similar act ivity in
the future. Cortainly the signals shown on Figure 2 and 3 are very unusual
end distinctive, end if sip4-l~r ai giwls are ever received ag 4q it might
reasonably be supposed that a marine volcano is in eruption somewhere within
the limit, of reception of the station. If three stations received the signal.
the locatio n of the source could of course be determined.

Mai~y of the signal s received from the ~Lyojin volcano, however, wore not so
‘ different from some other types of aign l~ as to be r.a d~Uy recogniv.tble. 7—phasesfrom earthqu akes, for example, have feat ures in cannon with some of the signals

received fr om lyojin, and some of the weaker flyojin signals resembled ~ofatSignals originating in the high norther n lat itudes. The Kaneohe sttticn fr*quently receives signals very slna4-lnr to some of the )lyojia ones, but the sour cesof theni are still undcterr~iined since it has not been possible to correlate them
~4th any reported seismic or explosive disturbances. It may be, however, that
tey are associated with underground or undersea ruablings in the )Im,autan
Island region.

It is also worth noting in this regard that it was not possible to correlateany stgn~ls at Kaneohe with known eruptions of the ~an ~enedicto T~1and volcano(see Life flagazine, 29 September 1952, p. 37, or Time tM ~gaaiae , 29 sptember LV52p. 70), for pictorial storie s of this event) . 11ai~~ unidentifi ed s4.gi~a11 were
received at the Kaneobe station during the period of eruption, and same of thase
may have b.’en caused uy the volcano. let, on the very few occasion. when
er uption times were known, no signals were discernible. The observed eruptions
may not have put sufficient energy into the sea to be detected at a distant
Sofar station, or there may be a soamount between ~an Benedioto I~~~aI and1~anegthe which prevents transmission to Kameohe, In any case, however, it
would seem premature at the present time to use Sofar stations as the alerting
agency of marine volcanic activi ty unless signals nearly as distinctive as
these Of Figures 2 and 3 were received. ~‘Lore information on the characteristics
of volcanic signals, and how they differ from T’ph*aes, etc., seem. necessary. 4
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~11U~ a~~E ~~~~~~ 1~~I~~~ CL ~l

Turning now- to another sei&tic event, a ~nich pubuicizod earthquake occqrred
in So*the ra Calif orn.ta at 1152t1L 5 Gi.~T, 21 J uly 1952. It has been referred to
10 the press as the ?.hachapi quake, but (k5U6CS Pre3.1mip~ry Dqterr4nation of
Epicenter Card No. 9742 designates it the Tulare Valley quake and gives the epi.
Qentra]. location as 35.l°~(, 118.9% . It was of magnitude 7 1/2., and caused con—
siderable property damage in the Kern county area .

The .,ofat stations at Point ~ur and Kaneohe both received signals from
this quske. The Point ~ur h)droph000s are located 320 kilometers froi~ the
e~fcenter and the signal w~s reosivod at 1152:58.7. .)ince no watet path is in—
~rolved hors, this 4ves a travel velocity through the earth of 6.86 km/sec. which
agrees well with Ui.~ ~aluo or! about 6.5 km/eec. given by ~s. Gutenberg for vel9~itiss
oX longittaitnal waves in Southern calif ornia at a depth of about 6 kilometers.
The signal recorded by the bydrophone at point aur at a depth of 400 fathoms is
shown in Figure 4. It lw.e a peak sound , level. of —14 ~b vs 1 4crobar.

The signal received at Kane alto, a total distance of 4C~59 kilometers from the
epicenter, is shown in Figure 5. It reached a peak sound lsvel of .19 db vs 1
,d erobor and was judged ;o be f irst discernible above background noiae at 1236s01.2
~CT. Using tnis aa the tijae of atrival, a .aean velocity of 4855 ft/sec., which
unpublished ~cork here indicates is tiLe best value for dsep..sound-cliannel tt ~r,p%js..~
sian in the mU-latitude regions of the PacifiC, and a velocity of 686 km/soc for
the lam! path, results in a calculated land path of 213 kilometers. This takes us
to th~ region of the 400.-fathea contour on the great tircie path from the epicenter
to Kineohe, and indicates, as was suggested by i~olstoy and iMng29. that the sound
energy is coupled into the ocean along the continental slope . The ~j~~~l received
at Kaneohe is, of coutse, a Taphaso, discussions of v~ich have been 4ven by r~wing
and others .3,4.

The signal received at Point ~ur was not noticod by the station operator at
thc time. This can be taken to mean either that it sounded little different
from sane of th. other anomalous noisos received at such stations, or that the sig-
nal energy ~ias pr1mari1~r In the frequency region below 60 cycles per second and
as therefore n ~ reproduced by the loudspe aker system. The signal~ reosived at

1. 13. Gutenberg, “%~aYoa frota slants ~tecordod ln Southern California,” Trans.
•‘&*r , Geop~rystca1 IMion, V-el 33, No. 3, pp 427 June 1952.

2, I. Tolstoy, and ~i. ~wing, “The f—Phase of ahaUqw4’ocus ~~rtb~uakes,e 
~U).1,

Seisnologi~al soc. ~. .er. Vol 40, No. 1, p~ 25, Jan 1950.

3. i.. ~wing, F. Press , and J . I.. ~orzo1, “Further study of the 7—Phase ,” Dull.
SeiaLologLoal Soc. thier. Vol 42, No. 1, p 37, Jan 1952.

4. 1. ). Lest, D. Linchan~ and P. B.rger, “Investig ation of the 7—Phase, ” Dull .
~eis~iologica1 Soc. Abaer. Vol 41, No. 1, p 123, Jan 1951.
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Kane ohe was noticed by the station op erato r, and Figure 5 shows tha t be re-p
corded at the time that it was in~uidib1e. This is good evidence that the signal
energy lay in the low-audio, or perhaps upper sub—audio , frequency region. ~naU
?—phase signals are frequently inaudible on the stat ion loudspevkers, and this
may provide a distinguishing feature between small T-phaaes and small ~4 j~na1~from eruptions of marine volcanee

The location of this earthquake, the ratio of’ land—to- water velocity, and
the configuration of the ¶vost coast all combine to provide an interesting feature
in regard to the sig~tnl received at Kanecho. 1~1ergy could have travelled from the
epicenter to points along the west coast from Point Conception to Cape Meudocino,
and thence been reradiated so as to arrive at the Kaneche station within ~ total.
interval, of less than 30 feconda. For example, the total travel time along the
path from the epicenter to Point Conception to Kanealte is 2636 seconds, that from
the epicenter to Cake Mondocino to Kaneche is 2625 seconds, and that from the epi-
center to Point Arena to Kaneche is 2613 seconds. Thus, to a receiver located at
Kanacke, this entire 800 kilometer str etch of the west coast would seota to be the
source • Had it not been for this airctzastance, a nuzch ~reeker sign’l might hare
been received at knocks.

~hethor or not a signal was received at the Point ~trona station is somewhat
uncertain. The hydrophones are located 618 kilometers from the epicenter so, cm
the basia of a 6.86 kir,/soc.lzuid velocity, the si’~””1 should have arrived at
1153:41.6. A miinlj sign &l, see Figure. 6, was received 1 ou t. 2 seas, earlier ,
and 4t may be that an error of 1 minute vas made by the station operator in logging
the time oft the data Sheets • ~UCII errors, although rare, hats been known to occur.
On the other hand, thb sign i shown on Figur e 6 may have been caused by an anomalous
hurs t of noise of different origin.

$everal aftershocks of this earthquake r*’~g4.iag in mngni-tude from S to 64 were
recorded by seismological, stations, but an inspection or! the Sofar records reveal-
ed no clear-ant sig~v’l* from ai~ of these aftershocks. (.~ertuinly no signals vex,
received from shocks of magnitude 6 or loss, and in the case of the ~ ro shocks of
aagnituds e~ (0703:45 DC? 29 Ju]~y and 1209:00 OCT 31 July), no signal, vex’s rscsiv’-
ad at Point arena or Kaneohe, whil, at Point Sur equipeent difficulties vex’s being
.zperienced at the time of the first of these shocks, and only the faintest izxLtca—
tien of a aigpx~l was discernible at the predicted tine of arrival of a a1r”'~1 f~~~the second shook. It is not at all unlikely that this latt er “sign ift was mar.17
A small noise burst that happened to occur near the pre dicted signal-arrival time.

Considering the level of the signt ilii received at Point Sux’ and Kaneoks from
the main quake, Figures 4 end 5, it is not surprising that sigil~l* from aftershocks
tiers not detected, since a one unit decrease in earthquake “~g~itude signifies a
63-fold decrea se in ener~~~ This would result in the sipal from a ~~gnitu&e 64
aftershock being 18 db lover than that of th. mAgnitude 7* main shock. ~vsn a
slight increase in the background noise could prevent suck a S 4f’-l being detected.

5 Princix,los L1oder3jin~ ~~~ Interor,tatton ~~ ~Seisnoar~~ by F. N i ~ tiwi,
U.~i. Coast & Geodetic Survey Special ~iiI iication No. 254, p 33 (1951).
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Th~ 1~AETHQUAKE OFF THE CQAST OF OW,~0ON 0N 20 AUGUST 1.952

The finL’~J. ~~isi iic e~~nt t o be discu3ced here Ia includ ed pr iim~rily for cur
pari son with the sign4 of Figure 5. The signal shown at tile top of Figure 7 was
received at the Kaneohe Sofa r .~tation from a magnitude 7—74 earthquake occurring
at 430N, l2?°~.T at 1524:59 G~T 20 i ugust 19526. This location is off the coast of
uregon, 3619 kilometers fr~~ Kaneohc, and sane 350 kilometers north of the Men—
docino esc€ir ptae nt . It is uuvious fran Figures 5 and 7 that , although the magni-
tudes of the initial disturbances t;ere comparable , a. far greater amount of energy
was coupled into the water from the earthquake of 20 ugust than fran that of
21 J uly . Fr om the standpoint of the coinl ination of peak sound level and duration
(14 db vs one - ticroba r and U~ uinutes), the signal on Figure i is the largest
T—phase ever recorded at a Pacific Sofar station.

The total. trave l time to t ie be~ir’ning of the signal of Figure 7 is 2451
seconds, and the range from the epicente r to Kaneohe is 3619 Kilometers. This
gives an average velocity of 1.477 kn/scc (4846 ft/see), and indicates that the
major portion of the energy entered the water at the site of the quake without
firs t tra velling t~irough a horizontal land path and thus sufferi ng considerable
attenuation . auth a situation is quite possible , since, according to hydrographic
Office Chart No 5486, the epicenter is beneath a br ead sloping plateau which
constitutes part of the cont inenta l slope . This plat eau drop s gently in a west-
ward direction fr om 1400 fathoms to the deep gcean floor, and culuinates to the
south at tile edge of the Mend~cino escarp ient ’. nnergy from a shallow—focus earth-
quake could thus have been radiated as acoustic ener gy in the ocean in the vicinity
of the site . Had the quake occurred beneath a flat ocean bottom, howeXer , it is
unlikely that uuch energy would have been propagated through the ocean°.

No signal was received at the Point ~ur station because the site of the quake
was outside the arc of reception of the station. ~ signal was received at the
Point ~.rena station , however , and is shown on Figure 8. (The blank spaces in the
sign~’l channels on the right—hand side of this figure were caused by a temporary
flaw in the recording apparatus.) The peak sound level was —16 db vs 1. microbar,
and the arrival t ime was taken to be 1530:49.6 G~T. since the range from the site
of the quake to the station is 522 kilometers , this gives an average velocity of
1.489 km/sec , or 4885 ft/sec indicating again that the tota l. tretvel was by maana
of the water path.

The lower sound level of the signal at i~oint Arena compared to that at Kaneohe
Cai n be tLccounted for by the nature of the respective travel paths involved. The
sound energy travelled to Kaneohe by an ent irely deep water path , greater than 1700
fathoms all the way. The onergy was thus pro ’~agate d with art average horisontal
velocity charac teristic of deep sound channel transmission , and without suffering
much from losses due to bott om reflections . The route to Point arena is a dtf-.
ferent ~satt er , however. ;~ promiin ’te]y the first two—thirds of the path is over an
almost flat bott om with the water depth averagi ng about 1600—fathoms . The bottom

6. 
- Scbd~ ?relbiiinary Dete~ nination of I~picenter Card No. 111.52, 21 Aug t952. -

7. Ii. .~. ~enard and L ~ . Diets, “Uendocino aiihn~rine ~scar pment, Jour . of
Geology, Vol 60, No. 3, p. 266, kay 1952.

p
8. Frank Press, ~aurice i~ving, and Ivan Tolstoy, “The 4x’y Phase of Shallow—Focus

Subnarine ~arthquakeA ’ Bull. deisnological dog. Mieer. 1 Vol 40, p.111, 1950.
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then risos at the shoreward end of the escar~iacnt , ~i~d ti le remainder of the pathconsists of a slantwiso trav erse up the continental slope . The initial flatness
of the bottom in the direction toward Point ~rena would not be conduciv e to coup-
ling energy into the ocean, and what ener gy was trLuQ dxted toward Point Arena
would suffer fran bott om reflections while crossing the cont inenta l slope. The
eff ect of a ~1oping bott om on the duration and intensity of Sofar signals trans—
nu tted in the deep sound channel has been discus sed in detail elsewhere 9.

The great variation shown here in the duratio n and intensity of T-phases
recorded at Sofar stations fran comparable earthquakes make s it clear that such
signals cannot be used at present to give a reliable estimate of earth quake
magnit ude. The duratio n and intensity of th e T—pbases depend markedly on the
location of the earth quake , and on the nature of the travel path to the receiver;
much more so appa rently than on the magnitude pf the quake.

9. 7. P. Condron , “The J~ffect of Sound Channel Structure and Bottom Topography 
—on Sofar Signals,” IJSNEL LI.eport No. 233, 19 April 1951
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