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INTRODUCTION

"It is not unusual for Sofar stations to receive signals frou sources other
than Sofar bombs, and it is well-known that sauc of thesc signals arise from
seisuic disturbances. The purpose of this meworandust is>not to discuss all of
the signal; geceived «t Sofur stations und known or believed to bLe due to seis.dc
events, but rathe™to present the data on signals from three recent disturbonces
which had somewhat unique feutures. These three events were (X)" the septenber
1952 eruption of Myojin Reef, a marine volcuno located approximately 200 nautical
miles south of Tokyo; (-2’)‘/:he Tulare Valley carthquake 21 july 1952, and (3) an
earthquake of similar magnitude which occurred off the coast of uregon on 20 ..ugust
1952.. A detailed report of the Myojin eruption, which will contain Aata drawn from
visual ‘observations and tsuna:ti recorders as well as from the Sofar stations, is
teing prepared by Dr. R. S. vietz and the author. The present mcmorandum is con-
cerned entirely with the Sofar data.

THE NYOJIN RELF ERUPTION, Septe.ber 1952

un the 18th of Scptember 1952 the U. 5. Navy Sofar Stations at Point Sur
and Point /rena on the coast of California 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 miles south of Tokyo. Since 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 learned from Lt. G. \'. Flickinger, Officer-in-charge
4t the Point our station, that the signals had sounded like a series of closely-
spaced distaont explosions, and that similar signals, although of lower intensity
ond shorter duration, were still being received. oince nothing like these par-
ticularly large signals had ever been recorded at the Sofar stations before, we
could only hazard guesses and start making official inquiries as to the source
of them. uithin a few days, however. press releaser ~nfomar+jon that
a Japanese fishing b:oat had observed 2 new marine volcano in eruption about 200
miles south of Japan on 17 September. it was evident that this volcano was the
source of the unusual signals. Tiis is believed to be tie 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 brought to
the attention of Dr. k. S. dDictz, Nilk oceanographer, who wrote to Or. h. suda,
Chief of the Japanese itydrographic office, to get more detailed information on
the location of the volcano and on any observed eruption times. Later press
stories carried further information about the event, along with the news that
the Japanese liydrographic Survey Ship No. 5, the Kaiyo Maru, had been lost withum sectiee
all hands aboard while on a trip to observe the phenomenon. Life fagazine of ursutin [
13 VYctober carried a pictorial story of the activity. o

Dr. Suda kindly replied to Dietz's letter giving the location of the
volcano as 31°56.7'N, 140°00.5'E, and naming it "™iyojin Reef™ in recognition
of the Japancse fishing boat which had first sighted the eruptions om 17 = --ff
September. He also enclosed a Japanese press release which mentioned that
the Raiyo raru had secured radio comnunication at 8 p... Tokyo time on the
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23rd, and had not been hoard fram thereafter. Since dead reckoning would
place the ship at the scene about ncon on ths 24th, Or. sSuda believed that
the cruption which took the lives of the 31 men, including Drs. K. Tayaua and
T. Nakamiya, leading Jupanese oceanographers, must have occurred shortly
therecafter.

Ur. Dietz and the author wuwade a detailed survey of the Sofar data in an
atteupt to fix the beginning and end of the activity, to doteruine the time of
the fatal eruption, and in gencral to get an idea of the life idstory of such
an event. Lefore going into this discussion, however, it way be wortiwhile
to digress for a moment in order to describe some features of a sofur installaw
tion for the bepefit of those wifaniliar with the subject.

A Pgcific Jofar installation comsists basically of a group of crystal hydro-
phones mounted in a stainless-steel cage and situated on tie ocean floor at a
depth of 350 to 400 fathoms. Several miles of U. 3. Navy Type 115P submarine
cable are used to commect the i nones to recording equipment on shore. At
the shore end of the cable, the incoming signals are amplified, passed through
a 500 cps lowpass filter, rectified, logaritimically compressed, and then recorded
28 power levels on a large sheet of paper mounted on a revolving druiu. A timing
trace is recorded adjacent to the signal trace and calibrated daoily against
official radio time signals in order to make possible the accurate determination
of signal arrival times, uUn the reproductions of recordings in tiis .emorandun
the timing trace appears beneath the signal trace, end the tiuing marks are one
Second apart. ZLach iorizontal truce on the recordings follows tie preceeding one
by slightly more than 7 winutes. The signals arc also routed to a loudspeaker
for purposes of aural monitoring. d

The tronsmission of underwater explosive signals over long distances is
made possible by the mature of the verticel sound velocity distribution in
the deep ocean. The velocity decreases with depth until 2 .intuua valuve
is reached (at a depth of approximetaly 400 fathous in the uid-latitude
regions of the Pacific), and tiien incrouses with deptht frow this peint to the
Lotton. This velocity structure results in the sound energy being refracted
in such a manner that a cortain portion of it is transmitted over deep ocean
paths without suffering losses at either the surface or bottom. sioal regions
along the pathy caused by sea.ounts, continental slopes, etc. » will of course
intercept some of the energy and thereby affect the shape and intensity of the
received signal.

The intensity of this "channclled" sound decreases only as the first power
of the range, plus an absorption factor. oince the absorption in tue low=fre-
quency region is small, it is possible to detect un explosive signal in the ocean
at great distances.

deturning now to the survey of the Sofur data, if we allow for a travel time
of 1 hour 37 minutes 32 seconds from the source to the Point sur station, based
on an assuned ave horizontal velocity of 4830% ft/sec, and a computed distance
of 4650 nauticel miles, the time of the first tion can be placed at
# A vilue of 0 sec 1s ugsed for triangulation purposes : Pacific

Sofar Network. A lower vulue has been assumed hore since the major portion

of the travel path lies in the northern part of the Pacific where the velocity
at the sound channel axis varies from about 4810 to 4840 ft/sec.
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0012 uuTl on 16 Septewber, This would be 0912 aaa. Yokyo tiue. i wauch

we ker signal originated at 1540 GUT on 15 september, and there may have
beén rwablings prior to this that were too weak to ve Jdetected at the dis-
* tant Jofar statioms, The major activity, as far as detection at the Sofar
stations was concerned, ended on 26 september with a large eruption at 0334
GuTe

Fizure 1 is a plot of the approximate signal intensity at the Point sSur
station as a function of the time the signuls were received. The intensity
Scale used here is a qualitative and rather crude one based sinply on a visual
cstimate of the signal-to-noise ratio. . value of 1 indicates a signal-to
noise rotio of less than 10 db, 2 indicates the ratio was estimated to be 10-
20 dby 3 20-40 db, 4 30-40 db, and 5 represents a sigual-toenoise ratio
greater than 40 dbs .lthough only 66 lines are shown on Figure 1, well over
400 signels werc recelved at the stations, since many of the points shown on
the figurce indicete a series of from 2 to 50 signals occurring during inter-
vals as long as 90 minutes, unly those signuls are siown that could be
ddentified on the records at both the Point sur and Point ..renc statioms.

A foirly camplete history of the volcanie activity can be obtained from
Firure I. The activity probubly begen with some suwall eruptions, only
one of which, on 15 septemler, was strong onough to be detested at the sSofar
stations, The 16th saw the outireak of tiic najor cruptions and was followed
by a quiet interval on the .orning of the 17th, Legimming aibout 1200 6T, 17
Septemier, there occurred o 12-hour perdod of rather heavy activity which in
turn wvas followed Ly a.out 9-10 hours of quiet. This interlude was broken
by a series of tremendous explosions which initfated a 23~hour period during
which the volcano wus in almest continuous eruption. The sfgnals received
during the periods 0950-1015 and 1225-1350 GCT on the 18th were the ones
that first caught our attention and are shown on Figures 2 and 3. The come
bination of high intensity znd long duration mukes these signals totally wune
like ony ever received before at the Sofer stationms.

after a relatively quiet 15-hour period, thore followed an interval
of aliost equal length during which there were many large eruptions. egine
ning on the 2lst the explosions, although still large, began to be less free
quent, and finelly, after a 48-hour period during which only four eruptions
Ocdurred, the major activity ended with a large explosion. It is quite
possible, of course, that there was some minor activity on sucoeeding days,
No u:are signals wers detected, however, until 2 Uctober when nolerate sised
signals were received at 1245 GuT «nd 1921 GCT. No activity vas cvident
aftor 2 October,

From the standpoint of total energy, the signzl starting at 1250 oCcT, 18
Septeuber (see Figure 3), and lasting for 33 minutes is the largest ever
Feceived at a Pacific Sofar station. The peak sound lovel of the signal was
13 db above 1 microbar, and, altiough signels of higher sound level have been
Feceived, none have ever approached this one in duration. Rough computations
indicate that the sound énergy in the 20-500 cps frequency released to
the water during this interval was of the order of at least 1046 ergs.

Un the basis of the data shown on Figure 1, the eruption which apparently
destroyed the Kaiyo Maru took place at 0320 GCT on the 24th. This would be
1220 p.w. Tokyo time, and thus bears out Dr. suda's belief as to when the
catastrophe occurred. This cruption did not produce an unusually large
acoustic signal (intensity 3 on the scale used here), but the Kaiyo Maru
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was cvidently very close to the volcano ot the time of the explosion. 4 com~
Aunication trom Ur. iets, who is in Jopam at the time of this writing, states
that voloanic rock was found cubedded in some of the planks of the Kaiyo Maru
vhich were later recovered. oince this explosion had been preceded by a period
of several hours during which no explosions occurred, it was probably thought
safa to make a close approach to the volcano.

A¢cording to Life Magazine of 13 October, the new islet was 100 feet
above water, 500 feet long and 350 wide on 18 September, znd was pouring
molten rock into the Sea around it. Life further stated that the volcunic
peak apparently blew into bits and subsided back into the sea on 23 september,
and it wes implied that the Kaiyo ifaru had been sunk on this date by one of
the last explosions of the volcano. The evidence from the Sofar data is that
the disaster occurred on 24 Septomber, Tokyo time (still the 23 rd in the Ud.S.),
and the volcano was certainly active on the 25th and 26th of sSeptember.

The success of the Sofar statious in getting as camplete a record of the
life of the volcano as that shown on Figure 1 leads maturally to speculation
as to aow useful such installations uway be for detecting similar activity in
the future. Cortainly the signals shown on Figure 2 and 3 are very unusual
and distinctive, end if similar signuls ere ever received agein, it might
reasonably be supposed that a marine volcano is in eruption somewhere within
the lianits of reception of the stution. If three statioms received the signals
the location of the source could of course be determined.

Many of the signals received from the ifyojin volcano, however, were not so
different from some other types of signals as to be readily recognizable. T-phases
fron earthquakes, for example, have features in coumon with some of the signals
received from ityojin, and soue of the weaker iiyojin signals resembled Sofar
signals originating in the high northern latitudes. The Kaneche station fre-
quently receives signals very similar to same of the Myojin ones, but the sources
of them are still undeternined since it has not been possible to correlate them
with sny reported seismic or explosive disturbances. It may be, however, that
they are associated with underground or undersea rumblings in the Hawaifan

region.

It is also worth noting in this rogard that it was not possille to correlate
any signals at Kaneche with known eruptions of the San benedicto Island volcane
(see Life Magazine, 29 September 1952, p. 37, or Time iogazine, 29 september 1952
P. 70), for pictorial stories of this event), Many unidentified signals were
recaived at the Kaneohe station during the peried of eruption, and some of these
may have been caused vy the volcano. Yet, on the very few occasions when
eruption times were known, no signals were discernible. The observed eruptions
may not have put sufficient emergy into the sea to be detected at a distant
Sofar station, or there may be a seamount between San Bemedicto Island and
Kaneohe which prevents transmission to Kancohe, In any case, however, it
would seemt premature at the present time to use Sofar stations as the alerting
agency of marine volcanic activity unless signals nearly as distinctive as
these of Figures 2 and 3 were received. ilore information on the characteristics
of volcanic signels, and liow they differ from T-phises, etc., scoms mecessary.
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Turning now to another scismic event, & wuuch publicized earthquake occurred
in Southerm California at 1152:1l.5 GUT, 21 July 1952, It has been referred to
10 the press as the Tehachapi quake, but USCLGS Prelimipary Detemiination of
Epicenter Card No. 97-52 designates it the Tulare Valley quake and gives the epie
central location as 35.1°N, 118.9%. It was of magnitude 7 1/2, and caused con-
siderable property damage in the Kern County area.

The sofap stations at Point Sur and Kaneohe both received signals from
this quake. The Point our hydrophones are located 320 kilometers from the
epfcenter ond the signal wes received at 1152:58.7. oince no water path is in-
volved here, this gives a travel velocity through the carth of 6.86 km/soc. which
gfreen well with the valuc of about 6.5 km/sec. given Ly B. Gutenberg for velogities
longitudinal waves in Southern valifornia at a depth of about 6 kilometers.
The signal recorded by the hydrophone at Point sur at a depth of 400 fathous is
shown in Figure 4. It h2s a peak sound level of ~14 db vs 1 wjcrobar.

The sigmal received at Kaneohe, a total distance of 4059 kilometers from the
opicenter, is shown in Figure S. I% reached a peak sound level of «19 db vs 1
mierober and was julged ¢o be first discernible above background noise at 1236301.2
GCT. Using this as the tine of arrival, 2 :wean velocity of 4855 ft/sec., which
unpublished trork here indicates is tiie best value for deep~sound-channel transmis-
sion in the mid~latitude regions of the Pacific, and a velocity of 6.86 kw/sec for
the land path, results in a calculated land path of 213 kilometers. This takes us
to the region of the 400-fathaa contour on the great ¢ircle path fran the epiceater
to Kaneche, and indicates, as was suggested by Tolstoy and r.\dngz,. that the sound
energy is coupled into the ocean along the continental slope. The signal received
at Kaneoluoig,‘of course, a Tephase, discussions of which have been given by cwing
and others+«»%:%,

The signal received at Point Sur was not noticed by the station operator at
the time. This can be taken to mean either that it sounded little different
fron sene of the other anomalous noises received at such stations, or that the sig-
nal energy was primarily in the frequency region below 60 cycles per second and
;a8 therefore n ¢ reproduced by the loudspeaker system, The signal received at

1. _ B. Gutenberg, Wjaves Frou blasts Recorded in Soutiern California,” Trans.
Juer, Geophysical Union, Vol 33, No. 3, pp 427 June 1952,

2, I. Tolstoy, and hi. .wing, "The T-Phase of Shallow~Focus sorthhuakes, ™ Bull.
bﬁilnnlbgi.cal Soc. a.ers Vol 40’ No. l’ Pe 25. Jan 1950.

3. i.. fwing, F. Press, end J. L. .erzel, "Furtber Study of the T-Phase," Bull.
Seisuologioal soc. .\mer. Vol 42, No. 1, p 37, Jan 1952,

4. L. D. Leet, D. Linchan, and P. Derger, "Investigation of the T-fhase," Dull.
Seisiological Soc. .vsers Vol 41, No. 1, p 123, Jan 1951.




Kaneohe was noticed by the station onerator, and Figure 5 shows that he re-
corded at the time that it was inaudible. This is good evidence that the signal
energy lay in the low-audio, or perhaps upper sub-audio, frequency region. Small
T-phase signels are frequently inaudible on the station loudspeckers, and this
may provide a distinguisihing feature botween small Tephases and small signals
from eruptions of marine volcanes,

The location of this earthquake, the ratio of land-to-water velocity, and
the configuration of the west coast all cambine to provide en interesting feature
in regard to the signal received at Kaneohe. Lnergy could have travelled from the
cpicenter to points along the west coast fram Point Conception to Cape lMendocine,
and thence been reradiated so as to arrive at the Kaneche stution within a total
interval of less than 30 sgeconds. For example, the total trovel time along the
path from the epicenter to Point Conception to Kaneche is 2636 seconds, that from
the epicenter to Cake tendocino to Kuneobe is 2625 seconds, and that from the epi~
center to Point Arena to Kaneohe is 2613 seconds. Thus, to a receiver located at
Kangohe, this entire 800 kilometer stretch of the west coast would seem to be the
source., iad it not been for this circumstance, z much weaker signal might have
been received at Kaneohe.

Whether or not a signal was received at the Point arena station is somowhat
uncertain. The hydrophones are located 618 kiloueters from the epicenter so, on
the basis of a 6.86 kn/sec.land velocity, the signal should have arrived at
1153:41,6. A =mall signal, see Figure 6, was received 1 min. 2 secs, earlder,
and 4t mav be that an error of 1 minute was made by the station operator in logging
the time on the data sheets. sSuch errors, although rare, have been known to occur.
On the other hand, the signal shown on Fizure 6 may have been caused Ly an anomalous
Lurst of noise of different origin.

Several aftershocks of this earthquake renging in magnitude from 5 to 64 were
recorded by seismological statioms, but an inspection of the Sofar records reveal-
ed no clear-cut signals from any of these aftershocks. Certainly no signals
received from shocks of magnitude 6 or less, and in the case of the two shocks
magnitude 6% (0703245 GCT 29 July and 1209:08 GCT 31 july), no signals were
ed at Point irena or Kaneche, while at Point Sur equipment difficulties were be
experienced at the time of the first of these shocks, and only the faintest indica-
tion of a signal was discernible at the predicted time of arrival of a signal from
the second shock. It is not at all unlikely that this lattor "signal" was merely

@ small nodsc burst that heppened to occur nour the predicted signal~-arrivel time.

Considering the level of the signals received at Point Sur and Kaneohe from
the main quoke, Figures 4 and 5, it is not surprising that signals from aftershocks
were not detected, since a_one unit decrease in earthquake magnitude signifies a
63~fold decrease in encrgy”. This would result in the s fron a magnitude
aftershock being 18 db lower than that of the magnitude main shock. Lven a
slight increase in the buckground noise could prevent such a signal being detected.

5 Piﬂos I the g:_n%;%ﬁt;ge SOEH by F. Neumamn,
.5. Coast otic Survey Spe Pu lﬁa on No. » p 33 (1951).
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Itiu EARTHQUAKE OFF THE COAST OF ORIEGON ON 20 AUGUST 1952

The final seismic event to be discussed here is included primarily for com-
parison with the signal of Figure 5. The signal shown at tie top of Figure 7 was
received at the Kaneohe Sofer Station frou a_magnitude 7-7; earthquake occurring
at 439N, 127% at 1524:59 CCT 20 august 1952°. This location is off the coast of
Uregon, 3619 kilometers frow Kaneohe, and some 350 kilometers north of the Men-
docino escarpuent. It is ovvious fron Figures 5 and 7 that, although the magni-
tudes of the initial disturbances were comparable, a far greater anount of cnergy
was coupled into the water from the earthguake of 20 :ugust than from that of
21 July. From the standpoint of the combination of peak sound level and duration
(14 db vs one nuicrobar and 1143L ninutes), the signal on Figure 7 is the largest
T-phase ever recorded at a Pacific Sofar station,

The total travel time to the begimning of the signal of Figure 7 is 2451
seconds, and the range from the epicenter to Kaneohe is 3619 Kilometers. This
gives an average velocity of 1.477 ku/scc (4846 ft/sec), and indicates that the
major sortion of the energy entered the water at the site of the quake without
first trevelling turough a horizontal land path and thus suffering considerable
attenuation. oJuch a situation is quite possible, since, according to iiydrographic
Office Chart No 5486, the epicenter is beneath a brecad sloping plateau which
constitutes part of the continental slope. This plateau drops gently in a west-
wvard direction from 1400 fathoms to the deep gcean floor, and culiiinates to the
south at the ecdge of the ilendocino escaorpment‘. tnergy from a shallow-focus earthe-
quake could thus have been radiated as acoustic energy in the ocean in the vicinity
of the site. Had the quake occurred beneath a flat ocean bottan, hweger, it is
unlikely that much energy would have been propagated through the ocean®.

No signal was received at the Point sur station because the site of the quake
was outside the arc of reception of the station. A signal was received at the
Point Arena stotion, lLiowever, and is si.own on Figure 8, (The blank spaces in the
signal channels on the right-hand side of this figure were cwused by a temporary
flaw in the recording upparatus.) The peak sound level was -16 db vs 1 microbar,
and the arrival time was taken to be 1530:49.6 GuT. oince the range from the site
of the quake to the station is 522 kilometers, this gives an average velocity of
1.489 lan/sec, or 4385 ft/scc, indicating again that the total travel was by means
of the water path.

The lower sound level of the signal at loint irena compared to that at Kaneche
cin be uaccounted for by the nature of the respective travel paths involved. The
sound energy travelled to Kaneohe by an entirely deep water path, greater than 1700
fathoms all the way. The cnergy was thus projagated with an average horisontal
velocity characteristic of deep sound channel transmission, and without suffering
much from losses due to bottom reflections. The route to Point .urena ig a dif-
ferent matter, however. . proximately the first two=thirds of the path is over an
alunost flat bottom with the water depth averaging about 1600-fathoms. The bettom

B, USCHOS Preliminary Detenmination of Lpicenter Card No. 111-52, 21 aug 1932,

7. H. w. wepard and R. S. Dietz, "lendocino Submarine Lscarpment,” Jour. of
Geology, Vol 60, No. 3, p. 266, tiay 1952.

8. Frank Press, iaurice lwing, and Ivan Tolstoy, "The .iiry Phase of Shallow~Focus
Submarine iarthquakes! Bull. Seismological Soc. Amer., Vol 40, p.lll, 1950.
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then rises at the shoreward end of the escarpucnt, and the remainder of the path
consists of a sluntwise traverse up the continental slopc. The initial flatness
of the bottou in the direction toward Point .irena would not be conducive to coup~
ling energy into the ocean, and what cnergy was trinsaitted toward Point Arena
would suffer from bottou reflections while crossing the continental slope. The
effect of a sloping bLottom on the duration and intensity of Sofar signals trans-
mitted in the deep sound channel has been discussed in detail elsewhere?.

The great variation shovm here in the duration and intensity of T~phases
recorded at Sofar stations from comparable earthquakes makes it clear that such
signals cannot be used at present to give a reliable estimate of earthquake
magnitude. The duration and intensity of the T-phases depend markedly on the
location of the earthquoke, and on the naturc of the travel path to the receiver;
much more so apparently than on the magnitude of the quake.

9. T. P. Condron, "The Lffect of Sound Channel Structure and Bottom Topography
on Sofar Signals," USNEL Report No. 233, 19 April 1951.
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