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Observation of Underwater Earthquakes by Using
a Hydroacoustic Monitoring System

Won Sang LEE

Substantial advances in seismograph technology enable us
to precisely and extensively monitor earthquakes occurring
everywhere in the world, yet underwater tectonic events
have remained insufficiently studied due to a dearth of
seismic networks in the oceans. Hydroacoustic monitoring
allows the detection and the precise location of small sub-
marine earthquakes and volcanic activity. Furthermore,
through hydroacoustic observation, we are able to exam-
ine cryogenic signals, which are closely associated with
changes in the polar environment, baleen whale calls, and

catastrophic tsunamis.
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Fig. 1. Global seismicity map. Mostly occurred along the Circum-
Pacific seismic belt (so called ‘Pacific Ring of Fire’). Even lots of
earthquakes occurred along the plate boundaries, which locate
in the oceans, their locations are not well determined due to a
dearth of seismic networks in the oceans.
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Fig. 2. Tectonic seismicity recorded by land-based seismic networks
and SOSUS(Sound Surveillance System). (Left) Observed by USGS,
PGC, UW, UC-B seismic networks. 1,792 Juan de Fuca Plate events.
(Right) Observed by NOAA/OSU SOSUS hydrophone array. 21,958
Juan de Fuca Plate events (from NOAA/PMEL website).

el et SHAlT Aol A B she AR =S A
B 1), ¥GAF(plate boundaries)”7} tlF& AF3xH
9 o 71%E AASAL e gl fASAL o LTt EF
B ot E7RA] ohet e AZlo] wie- WIsHA R e
Rev, A7 Be-ohe 2y #EHHY AR s
I 9A 2 R 2P AR o2 Lt SSH dr
OJAF s FollA WA= ATEEES BS] A =
Aol &5kl Qe ARAI9 riRZ AR sA A A3 XA
£ AA)5lo] 2-83k= 3|4 A %14 (Ocean Bottom Seismograph,
OBS) #5#% 39 +55&AA (hydrophone)E AA] 5}
AXBRZHE HEE HF TS ASE TH5IY #S5she
o]l gy o84
& HFA 7ol BT
AXPY] AHE %EO] 74&77]-1] s 28 —’F ne A

Qo Y A
85h M Fa@ 24

a2 fA8=

A A€ 7‘]2]73]-4 7]% ARE AT E
It °]§— AR #S2 7HE ] =34sk= Pot
2 =335l ST Secondary wave)
o] Al WA (Tertiary)2 4] A7t A=A EFsh=
Fxo] BRHEY o2 g T st A T
o] diAE Yurd oz A AR as 52 A
A A Balel At FESYHE A ¢
41 2k 1,000 m Zo]oll SOFAR(SOund Fixing And Ranging)
Adolghs ALEEZ 28] H2 dux] A= v | A
& EHHoE Aottt G THE ol & F5oFHS
2 & ARGA AHSHFE NLAGAA v ofEw

P oA LT AREESY AXZZd E =

F3 5. 39 AR ARBRIAA 23
e

(Primary wave), 1 TH3 2.2

& THE o] &35l dojd AUz W& A|(T-phase radia-
tor locations) 278 2xH=  km oW Z GuHARl AAZ
FE E5f o Ao} viua] & W B FIGG HXE
23S & ¢ Qlrhel, Fox et al, 2001%).

Tolstoy and Ewing (1950)°-& A2 A7l <) 243}
o 7159 G T #F H2Y A= 2 #3H4 A&
A A8t 3, Dietz and Sheehy (1954)%= sjAstte] <))
ANE 52T 2SS A2 ARFI9OH, HEYF 24
oA WAslE AP P SHHEES Johnson et al (1963)"
o] X Az FE5F #SYE B TEskTh 1991
dReE v sl o ZAHAY SOSUS 55 5
T A57F AR FoREdA S4E7] A1F6t, Fox et al

f

REFERENCES

[1] D. Linehan, Trans. Amer. Geophys. 21, 229 (1940).

[2] M. Park, R. I. Odom and D. J. Soukup, Geophys. Res. Lett.
28, 3401 (2001).

[3] J. Talandier and E. A. Okal, Bull. Seism. Soc. Am. 88, 621
(1998).

[4] C. G. Fox, H. Matsumoto and T. K. A. Lau, J. Geophys.
Res. 106, 4183 (2001).

[5] I. Tolstoy and W. M. Ewing, Bull. Seism. Soc. Am. 40, 25
(1950).

[6] R. S. Dietz and M. J. Sheehy, Bull. Geol. Soc. Am. 65, 941
(1954).

[7]1 R. H. Johnson, J. Northrop and R. Eppley, J. Geophys. Res.
68, 4251 (1963).

July/August 2011 3



(1995)%l1 5l Hz9 AN $F5E5F S
of SPGBl AT AT Vs ES BS6IAT ol F
0] =3) g 7] g (National Oceanographic and Atmospheric
Administration, NOAA)¢] Pacific Marine Environmental
Laboratory(PMEL)7} #Wl@3ll, East Pacific Rise, Lau Basin
A AFE AE FE55FESY(Autonomous Underwater
Hydrophone Array)s A3 w-¢ tdst ARG S5
2 Y T8 55 BSaeh 53] A2 50 o= FAAT
29t A FEATE FFEE IF 2 FaFAof s Yol
Z9FRZFL AF31d(2005-2010) EAALE H]FEA
(Bransfield Back-arc Basin)olX¢] AFx2&&< TEHA
i, Q1o A B sk WARH A5 A B/ 2T
FEeFHESE A IZHIAL A X7 FHCompre-
hensive Nuclear Test Ban Treaty Organization, CTBTO)
o YSIA EFH = FAFSA| 2" (International Mon-
itoring System, IMS)ell &Jsix= 5] o] FoR]aL it
TeEHS 9d IMSE Tdske I Ve, Al #
Z(seismic monitoring), %45 353#Z(Infrasound mon-
itoring) 2 W53 EZ(Radionuclide monitoring) 5] 81
t}. CTBTOY A¥ 44 4714 B35 7484 BF §4 9
3 AL #SFol 12 FHoIAW, 53] HZ 5o a3l
A9 AAF S AY AAE FFIL Ao, AFALE #5 9
2 Z

1485 283 AR

°

o] FelAe AARE Y TS
¢ SOSUS % CTBTO IMS FZ&3d#3dvh:= 29
NOAA/PMEL ¥ gt= SAATL7F &3t Sle AR
2l Ag +55FH=dHAutonomous Underwater Hydro-
phone array)oll &3l 7Hes] A#H 3z} ok

AFY 7 A2 F52FBSE2 A BAES °1&
ate] 8EE #ZY(el, SOSUS)ETE ZAZQ FHA
B2 o2& Hol A 53 dF 52 4 S2=FH 2y
ol AFY HA ATz AARL BFS S&ME
&33] 2 siAAlEe] 25 Hed ole W B2
&4 FEol mER olge 2f ARE FEeduST
dste A9 dad 7zt 5 354 AFES ok, 9F
717kl Avtal yd A7EHd w43 fAE WgsHA
U &2 37 #350] 272 Fele wiEg 2 A
S WAF F A AfFot] L&A ok AFE d5T2
ol FAA, AFEA Y WM w2 ZFHol UAT,

S
o
i)
o
=
o
iy
N
>

(a) Ihydrophone— BT batteries | data |

interface con. Mitanium pressure caSe
} 1.8m

% A7 - }:ﬁ

Fig. 3. (a) Diagram of the NOAA/PMEL autonomous hydrophone
system.™ (b) Recovery of a hydrophone in the Bransfield Strait,
Antarctica.
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Fig. 4. Diagram of the mooring configuration used to place the
hydrophones within the SOFAR channel. The length of cable is
matched with the water depth and position of the sound chan-
nel at each location.™
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Fig. 6. Earthquake occurred near the South Sandwich Islands on
August 20, 2006. Red and blue arrows indicate P wave and
oceanic T wave, respectively. Waveforms (white traces) are
shown in time domain windows. Time elapses from bottom to
top. Spectral characteristics corresponding to each signal are
shown at the right panels of each wave trace. A total of 7 hy-
drophones deployed nearby the Antarctic Peninsula and the
Drake Passage, Antarctica.

Fig. 7. Cryogenic acoustic signal(blue arrow). It shows a broad-
band frequency characteristic in a frequency domain and an im-
pulsive behavior in a time domain.

2. 9 (floating iceberg) HE HZF, 3. WPyl T <3|
vtk Z2o2 FEuie7baA, 52 Yido] sFE dsf olF

stk ale] Fe Aol E-ste] A7l: 71ANTY w

July/August 2011

(b)

Fig. 9. (a) Location of CTBTO IMS hydroacoustic arrays (HO3, H10,
H11) marked by triangles. Focal mechanism of the earthquake
represented by a beach ball (thrust fault). (b) (top) P wave
generated by the earthquake is detected by HO3. Amplitude of
P wave is immediately saturated since the shake is too big to
be recorded. The station has been shut down just right after
the quake. (bottom) Hydroacoustic observation by H10 and H11.
T wave is not able to reach the H10 station since the South
America blocks wave propagation, while H11 clearly detected T
waves generated by the quake.
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Fig. 10. T waves generated by the 2011 Tohoku earthquake
were detected by H11. A lot of aftershocks associated with the
quake subsequently occurred and were recorded.
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