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Abstract

There are many small scale ridges known to:be running from: NE to SW or from ENE to
WSW in echelon arrangement in the Izu-Ogasawara Ridge.

Based on data obtained by the survey of the basic map of the continental shelf made
during 1974 ‘to 1978, displacement of small scale ridges: changing direction from NE-SW to
ENE-WSW near the Zenisu Bank was found. Following tectonic movements were inferred in the
Northern part of Nisi-sitito Ridge;

The Zenisu Ridge has moved along left lateral fault parallel to axis of the Nisi-sitito
Ridge, and has turned clockwise about 10° near the Zenisu Bank. These were caused by a spread-
ing of the area between the Nisi-sitito and Sitito Ridge. The age of this activity was considered as

being after the deposition of the Yugasima Group correlatives in the Miocene Epoch.

1. FLhE , B
PENERBEROVENEHRC LR ORERE « e DA NEBL Y » ¥ (ridge) EE X H v, NE-SW oL
ENE-WSWHEICHETEFI LT b 2 LB T3 (8K, 1968 ; Twabuchi and Mogi, 1973 5 B, 1972;

* WIEF  Surveying Division
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Figure 1  Submarine topography of the northern part of the Izu-Ogasawara Ridge and distribution of

small ridges originated from volcano. Bathymetry is from HD, MSA (1979).

1 : Sitito Ridge 2 : Nisi-sitito Ridge 3 : Zenisu Ridge 4 : Niizima Rise* 5 : Hatizyo Rise*
6 : Mikura Basin 7 : Hatizyo Basin 8 : Nisihatizyo Basin®* 9 : Zenisu Submarine Canyon
K; : Osima (island) Kz : Omurodasi (bank) Ks: Kurose (bank) K, : Hatizyozima (island)
Ks : Watarise (bank) Kg: Zenisu (bank included some reef) XKy : Inanba (island) Ks: Inanba

Knolls Ky : Hatizyonisinose Knolls Kio : Ensyunadaoki Sea Mount, # shows tentative name.
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Figure 3 Tectonic movement of the Sitito Ridge (SR)/small ridge system and the Nisi-sitito Ridge (NSR)/
small ridge one. If the Nisi-sitito Ridge turn about 10° anti-clockwise arround near by the Zenisu
Bank, the east and the westside small ridges would be set approximately on a line.
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Figure 4 Distribution of major fractures in the northern part of the Nisi-sitito Ridge.
Thick line shows the fractures in the Tertiary correlatives and broken line
is a small fault in the Quaternary correlatives.
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Figure 5 Large scale submarine topography of the Nisi-sitito Ridge. Bathymetry is
from Hydrographic Department M.S.A. (1966).
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GEOMAGNETIC ANOMALY ANALYSIS ON THE SEAMOUNTS DAIITI-KASIMA
AND KATORI, OFF KASIMANADA AROUND THE SOUTHERN PART -
OF JAPAN TRENCH

WITH SPECIAL REFERENCE TO SUBDUCTION PROCESS
OF SEAMOUNT DAIITI-KASHIMA

Yoshio Ueda

Received 1981 August 4

Abstract

As a part of “Basic Sea Map” project, and partly of the “Earthquake Prediction Plan”,
the detailed geomagnetic, hydrographic, geological, and gravifational survey, was carried out by the
Hydrographic Department, Maritime Safety Agency of Japan, at sea in the southern part of Japan
Trench from 1976 to 1977,

Making use of some of these results, the geomagnetic anomalies of both the Daiiti-Kasima
and Katori seamounts were analyzed by means of the Talwanis method, with special reference to
the subduction hypothesis of the Daiiti-Kasima seamount. Throughout these results, the following
features were apparent.

1) The breakdown of the western half of Daiiti-Kasima seamount, which was proposed
by Mogi and Nishizawa (1980a), may be considered as the depression of the magnetic body
to the extent of more than 1000 m in line with the Japan Trench axis. The further con-
sideration of its geomagnetic structure suggests us that the Daiiti-Kasima seamount has
been suffering from ‘“accretion process” during the subduction of the Pacific Plate.

2) A large amount of the uplift (3600m to 5250 m) of the Daiiti-Kasima seamount
is nonmagnetic as a whole, and the rest (5250m to 7000 m) has a magnetization vector
defined by dec==—12.0°, inc==20.1°, /J/=1072 X 10-2Am-1.

3) For the Katori seamount, the magnetization vector of the top portion (4200m to
4750 m) is dec= —15.2°, inc==18.3°, /]/=1390 X 10-2Am-1, and the rest (4750 m to 7500 m)
is dec=170.0°, inc=19.5°, /J/=520x 10-2Am~1, This shows that the Katori seamount has

a memory of successive normal and reversal magnetic events,

* ARIERSGSEEREXUESCE VL IRELLARE, —~BEEMELILOTHS
** ERE I EERE
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4) The VGP (Virtual Geomagnetic Pole) for Daiiti-Kasima is located at N62°, E349°,
and that of the top portion of Katori is at N60°, E354°. These results are consistent with
the mean VGP from other Cretaceous Pacific seamounts, and support the hypothesis of the
northward drift of the Pacific Plate.

Key words: Solid earth geomagnetism, Japan Trench, Seamount, Paleomagnetism.

1. FL&IS

FEABEES, EEENCHLEBERUOTELEF S L, ARER LSRR TV D O TR
&\ 519804 2 A DB THER R TOW ERETKEMORE EATCHER, 1980a) 11, HABETOWHE
PR OWHRRAR (F V=t OF T H7 v V) REETHHE LT, BREOMET TR —BITb X
REEREER ko, 4T, BABSRALCHSRMHECADNS X 5 nENBRRE RET S
ERMBRTNER, TOBXRIDE, E—EHBEUOWEESN T I L 20 X5 RIEHBT X b BAEHEA~
WBRAATHBZ L LD, BAROEER (1980a) ©Z O, HBRBZOERELI S 0bh 5 REEG
w, COEROEFTEILORIISBOBEELREECHID LELORD. COBKRT, KARUHEA (1980)
DENRFEOMPERE, ME—EEEUORE] 2HOREL LB LLAL LTHEKRE.. AL o
R RS R E RN ONIE» DER LLERER5,

—7, LEOMBLMMCL, E—-EREEUO L5 REERELOMBIREINE, ECEEOBEEAR
WBEOERLYMDS 5 A THELERY R4 CRE LTINS, BERELL, KESESLT, @71 E1D
REWUFIADNRD Thy P ARy M BER X5 QFRREETO KBS - THEETHHEL @
BEEIABTHIVLOFEHBEND EEZ OB LIRS L E L DD bk FEOHLUDO=ZOn b 5.

AT BABGEHOBIIE OV TIREELE VT, HABEWSC X VEEIhcbObbs. LR
B X% & (Uyeda and Richards, 1966 ; Vacquier and Uyeda, 1967), =h b O HERICEEORSARE
fHEEd otk ShHIAMEHETERL, otk KPESv- Ol ke X VBEEORBABH L TELLD
EELZBhTWS, L L, RECGBEEIGIE (POD) OB TIL, 4% CHEFHRSEEROFEREE X
BTV BRI HRES 2 J8 (Talwani ¢ ef ., 1971) i, E - WCRME Lk XREBOFAEDS, BECL -
T, ZORCERBANELL Y T2 2 L BL, EkOBEEXRER R T5H LT T4
HTERWHEEDODDZ Lo TEl, COXRT LD, POTOEHEKRESD MMbA] &E21b
NBEEIEOWT, HBKEFEETZT, LORREE L R T2EREE5 - &L, HlER R
FOBARGT TR BRBFEOSEOEBIT L o THAEBELREL LY B LIS,

48, EHILRCBSEZo0BEAN b, KEBIEE LCNEREL R BEEHHOE—BERL & FIW
B OV THRIR BB 2T o 1. /XS OMMER LB LOMRBENERERTHIOTH
%, '

2. HERROBE

SRIFERETT - BB EFMELRNOBERYR L # 1 Bici T, KB, 196740 bXEHO
WORARERELELER L5, BELOWUMBEFEIZITRTLCVS. LRI, ThbolERED
5h, PEMLEECXL1976E0REE () L19MTEOEEBWERORECE SISO THS, ChbFil
ROWEY, HCHBETHHESNFELEO-BLE L THERIhLLOTHS,



GEOMAGNETIC ANALYSIS ON THE SEAMOUNTS KASIMA AND KATORI 15

Z ORIE T, BENY - EIES  BRE c BEHOThLhC &, AR THRCRE T 0D, BE
Byfe THIEE] LT3 RELOBLIS. BREORELXEL LY, MEFONSERL 2EE, W
FHEILNNSS R L2HERE L » 7 v CEAVE HEUTRL V., BEORATCE AW TRARI R X
HPLEPRA LTS,

WRKMEIBEMX 7 = b VR X v EE L. MHERRTOLMAAELHE Y < oEROKEECH
BV SETHRESERT GOREMRE) D2 EELT -2 2Au w5, MIRSERIR» DBREE
HEE ER T HEROEERET, 1965.0 0 IGRF fHCZ OB O AARRLOREELHIERT > ik CRE,
1980) X » THM L, ZOBRBELMCHBEATNEYE 2 Ricnt. §1 RoBEeHRe X, $—
BEEUOTE AIREILEM & L~AMFEEHR L TR Y, £OREMKIE KIER 5500m OTIEEH B AEH LK
o TED - T B, BAROTER (1980b) 13, ZOPHEERS &b & IUEMICEL S FHHEE & M Lic b O
THY, HABEOWDARICL D 1500m M EOBERE Ul b D THS LR LTS, —F, Lok
B 24 R H D FRELL AHEAEEMECHS S, H—HEBUCRELhS X 5 RENBOMEMTITS
bhvoue.

OBBRONMBEATER GE2H) 3, BEMYLOMIGHDERKD A,B,C D3RRKESFTES., ARIX
H—EEBUOREINREE D icHE LAMEARYE T, ELADEEBRAHELLFHEND b O & T
CEVOZRHETHS. BRIZAROHMIRTENAABELBY - CRUCHUHHS T, b OREHER
PP DB TV B LD EHEEIND, AROFEICI T EBEERSEEENEN - T B T N7
A Y HEEOFE L HBEKRFER (No. 2207-3) »b47h50, A, BEROMBIEEOH A (H—m)
i, ThboOEEROH R CGRAHE—EERE) L3—HK LT Y, A, BEROBBAREOEE FERE—
BEBLUZOLOLSBEELLRS,

—7, CEBEIRLCH) IHIRE ¢ EREFHEAL TS, Z ofdnUTEE 2 58 20 R
—200nT DARENRDH D (KB, 1981), ZOWHRERWINC X DHBERELEL IS E VI
B LEER TR D, o, LONAELBHFEIRIBERO TR EFETHZ L0 b, BEO—HE Tilinn
hEELZORD, CRRIBRTALRD & 5 G5 BRU~OHBEREOHERZ LAV

3. BHEE

WRIREOBRNTETOBE, E0X5hFERRVEMNL, FOFREESENTERITIES YR 24 05,
BHBEGRZRITCR SO X VREIR S, BUHBRERZRITHERY o0 0, LOMBEEERITT
RERTHHBRIC L D UNELR DD, Talwani (1965) 13, 0 X5 RPEELOBBIRELROLFBELLT, B
WELAROEAERCEUL, 20 KBS ORENREC L Y ERT5HELRIB L. O Vacquier
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6F¢:§ 6T¢(m)+D¢ ( 1)

Ty HIRSERTORREEL DR B ZMHNCOWTORTIT, 6Ti(n) EWXIE i CRIETmEHO

FLHDO L DUREE CHS.
4, Dy X—RFECHELTES & LR LWUORL~ 7 bL EESER CETE
6F,=§ {A1.:0m) « JoGn)+ AzeiGn) « J,Gn) -+ AseiGn) » J.(m)} +B+Cos 2+Ce* 44 (2)
Eih, 2T,
ArGn), AziGn), AsiGnd : mZEH OUOTER & J&E | ROV ORNEOHIRSE A (RA, A&

TE I HBERSEH
Jom), Jy(m), J.(m) + m B H OWUOBLUL~ 27 b oD 355
B, C,, C, : SRR KA Y — 0 FEE L LBOFERE T, Thih, -S4 7 X f, &EkHao
ERHRE, HERFAOBEFRRTHS. ,
xi, g B OWRHE EOEBET, o BRI AEE, v BEENET AL ECLTHS.
@ADL oF, REHMTH Y, RUOEAREHIEE, BEEIRDDLZLNTEDLNLL, ZORMRPNIRE
T J.(m), Jy(n), J.(m), B, Gy, Ce ZRDDHBEOBWABRRCHY TS, 20X LT BUOHHMIRE
PHEORHE~ 7 P A SHIBEHREET (—KTFE) ORE, RUAHEOEREAELRDD Z LB TESD.
—F, TOXHSELTRDLEXQRCRATH L LY, WA COMBEREELHCHETRDLE
LAWTED. ZOEI—EK 0F, LR Y, ThEoZ M= FABEMA] (E) LR W5, HREEE
{BEOF) DOHE TR~ BRE LD O, FRBUAGZC IIWMERELXR Lo Bbh5
DT, HIC TANMIRBEIT) LT D, Fr, ShICHE LT, BLORML~ 2 P A2 BORD 3 6T(m

OMAFEFELICL O, BIHUOE 2HIAT © IFHFERKERE] (C) LI Tn%. 6F, Dy, Ey I, C
ORRERYAWTERT LRRO X > ins.
8F=I+D; ’ (3)
E=0F~(C;+D)=(0F;—D)~C;=I,—C; (4
BUOHMIAERNOBELYMS AR L LT, EHOBYHVC KO L5 RBEREISHVbRhT
\»% (Harrison, 1971).

G1E : “Goodness of fitting ratio” &IRIEh ;U:]/;[Ei[ TEZEEhD., O EHRNDLID X5 IGHEIR
KECHPEIRHEEEE, T 18~2.0 Ll EThHIUY, TOMFERIIL) OBEL boL%
zbh3.

|Res!fE ¢ “Absolute mean residual value” &FRIR E; O#EIMEOTEBE, kbbb, ;IE:]/M, a kP EEC

EFEIND., OEIDNSCHIEITREERGE .
7ms {E : “Root mean scquare residual” &W@fﬂ(?&z/ﬂ)”z'ﬁﬁ%éﬂ“b%, |RMERER, IS WHIRIFERE
TR,

CALORERBEDO S b, GEHI—EOESLINIETSH Y, RisHREREREOBINHROBEY i
THORELAVLNRD, [Ral, 7me i30T (/72 7) RBEMETHHET, BIUOMKSHEEOHEDCEIZL
Auvwbha, .

SEOREF TR, HEl~fcbshTh % 25, FRCZOFERRIUOMBIEFMCERT 58
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Figure 1. Trucklines and detailed topography aroun d seamoun ts
Daiiti-Kasima and Katori (depth unit in meter).

Figure 2. Magnetic anomaly field based on IGRF 1965 correc ted
by seclar change around Japan {unit in 100nT).
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Table 1 Results of Calculations on Daiiti-Kasima Seamount (area A)

Goodness of fit

Magnetization vector Trend Paleopole
indicators
Shape Model Top and Bottom  Decli Incli SDa®  Intensity SDme  Cn ; Ce G /Res/  rms Lat Lon
(m) E Down® (o) 1072Am™ 10-2Am™* nT/km) nT nT N° E

T°P°§1§§‘c' 1 3600—5500 —14 152 9.9 311 54 18.8 01 101 8.0 1083 619 3257
2 3600—6000 1.3 15.9 7.8 311 42 17.8 0.0 1.14 82.3 103.6 62.3 320.0

3 3600—6500 4.7 17.8 6.4 324 36 16.5 -0.3 1.31 77.9 98.9 63.0 312.4

Bottom- 4 3600—6750 6.6 185 6.1 329 35 15.8 ~-0.5 1.37 76.3 97.5 63.0 308.2
extended 5 3600—7000 78 187 58 332 34 152 —06 141 755 963 629 3056
6 3600—7250 9.0 18.8 5.8 333 34 14.6 —0.8 1.40 75.7 96.6 62.6 303.1

7 3600—7500 10.7 19.6 5.9 338 35 141 —11 1.40 75.6 97.4 62.5 299.4

8 45007000 8.2 18.8 5.0 477 42 13.5 —0.8 1.68 69.8 91.2 62.8 304.8

9 5000—7000 9.3 20.4 45 652 52 12.0 ~1.2 -2.08 64.6 87.0 63.4 302.0

Top- - - : 64.0  299.2

truncated 10 5250—7000 10.3 22.1 4.5 766 60 11.3 15 2.16 63.9 86.0

11 5500—7000 11.8 23.9 4.8 903 75 10.9 —-1.8 2.09 64.5 87.1 64.4 295.2

12 5750—7000 147 258 53 1071 99 108 —24 18 669 90.0 642 2882
Two s 3600—5250 1058 340 731 49 62 s 11 917 @5 e 13 285
layers 52507000 68 209 56 771 75 643 3072

Notes: @ Standard deviation of magnetization vector (Franchteau et al., 1970)

* South pole position.
1 Am=10"% emu/cm?
1 nT=10"% Gauss

Ca: Trend coefficient in north direction.
Ce: Trend coefficient in east direction.
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Table 2 Results of Synthetic Model Studies on A and B areas

Magnetization vector

Goodness of fit

Trend o Paleopole
. . . ‘ Angle indicators
Model Top and Bottom Decli Incli SDa  Intensity SDm difference n Ce G /Res/ rms Lat Lon
A area B area E Down® (¢) ~ 1072Am™ 1072Am™ (o) (nT/km) nT nT N° i D
1 5250—7000 5500—7000 —-115 14.8 2.0 1133 40 36.7 6.0 0.7 2.45 66.8 874
—37.7 44.0 42 1137 84
2 n 55007500 —140 136 1.9 1160 39 27.8 5.6 0.9 2.62 64.1 84.1
—350 339 36 1005 63
3 n 55008000 —16.9 13.8 19 1179 39 238 5.4 1.2 2.72 62.3 82.0
-38.0 27.2 3.3 911 52
4 n 5500—8500 —20.9 148 19 1189 40 25.1 5.6 1.6 2.70 63.2 82.1
—46.5 21.6 3.0 853 45
5 n 55008000 —16.3 20.2 19 939 31 - 43 11 2.68 63.5 83.8 60.6 357.0
6 " 6000—8000 —14.7 20.1 1.7 1023 30 - 3.8 1.0 2.96 58.9 77.7 61.3 354.0
7 " 6250—8000 —=12.6 20.1 1.6 1064 30 - 3.7 0.9 3.06 572 76.1 621 3500
8 n 6500—8000 —120 201 1.6 1072 30 - 37 0.8 3.07 57.2 76.2 62.3 348.8
9 n 6750—8000 -89 204 17 1086 32 - 38 0.6 2.94 59.1 78.8 635 3426
10 i 70008000 —6.1 20.4 1.7 1086 33 - 4.0 0.4 2.80 613 81.5 64.1 336.6
11 5000—7000 65008000 —10.2 20.7 43 704 53 - 9.1 0.8 2.61 60.2 81.3 63.3 345.4
12 5250—8000 6500~-8000 -0.3 22.3 17 906 27 - 2.5 ‘ 0.0 2.91 64.1 82.8 65.8 3234

IIOLVY ANV VWISV SLNAOWVAS JHI NO SISXTVNV JDILANOVINOTD
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Figure 3 (a) . Input magnetic anomaly field (reduced by self calculated planar trend)
on Seamount Daiiti-Kasima, unit-in 100nT..
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Figure 3(b) Calculated anomaly field on Seamount Daiiti-Kasima, unit in 100nT,
model shape is indicated by dotted polygons.
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Figure 3(c) Residual field on Seamount Daiiti-Kasima, unit in 100nT.
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Figure 4 Cross-section.of the magnetic structure of Daiiti-Kasima seamount by the result on model 8 in table 2,
the line. A-B is shown in Figure 1.
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Table 3 Results of Calculations on Katori Seamount (area C)

Goodness of fit

Magnetization vector Trend oo Paleopole
indicators
Decli Incli SDa®  Intensity SDme Cn Ce G /Res/ rms Lat Lon
Shape Model Top and Bottom ]
@) Down® (o) 107?Am™* 107*Am™ (nT/km) nT nT N° E
m,
Topographic 1 4200—6500 164.8 311 2.7 604 28 —4.2 1.3 2.12 44.6 58.1 35.2%  340.9*
2 42007000 165.5 30.0 2.5 494 21 —4.0 14 2.36 41.6 52.8 36.0¢  340.3+
Bottom 3 4200—7250 166.5 29.6 25 458 20 —3.9 1.6 2.45 41.2 515 36.5«  339.2%
extended 4 42007500 167.6 29.6 2.5 432 19 —3.8 1.8 2.54 40.9 50.7 36.7«  337.9%
5 4200—7750 168.6 29.7 25 414 19 —36 1.9 2.63 41.0 50.5 36.9+  336.8*
6 4500—7500 167.9 29.2 2.4 442 19 —3.7 1.8 2.58 40.7 50.1 37.0¢  337.7%
Top 7 4750--7500 168.5 28.6 2.4 461 20 —3.5 1.8 2.59 40.6 49.6 37.5+  337.0%
truncated 3 5000—7500 168.9 28.1 2.5 487 21 —3.4 19 2.50 415 50.0 379+ 336.6*
9 5250—7500 169.4 274 2.6 527 24 —33 2.0 2.43 42.3 50.6 38.4%  336.1%
Two io 4200—4750 —15.2 18.3 10.6 1390 258 .. —2.3 2.0 2.82 37.9 471 59.9 354.1
layers 47507500 170.0 195 2.8 520 26 429+  336.5+%

Notes: @ Standard deviation of magnetization vector (Franchteau et al., 1970).

* South pole position. C.: Trend coefficient in north direction.

1 Am™*=10"emu/cm® C.: Trend coefficient in east direction.

1nT=10"° Gauss

IJOLV dNV VWISV SLNNOWVIHS HH.L NO SISXIVNV DLLANDVINOHD
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(2) FRELUOETILER
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L BERELOGNE, - BoORREEYEE L0 E LTEETHS. BIEL0 LB ERLES) &7F
B GERHEIRS) ORUMEBER BT % &, HiE 0 1390X107°Am™ THHOEF L, HEFERXLOLFUT
O 520X1072Am™ TH B TOFRIEREGOWRELELD X ik, Bl ko, HEROMBREH
EHOBBHOBINC O X 5 BARMBECE T BV L Bbhs. B, WRILOHITEROLE»LE
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BB RS HEZIE —EEBLORILTE - REBEN, FIEULSBOCh EFEECRV—FERL
TWAHZEThHD., TOZ &R, ZhHOIERAR UBBIHICAER L b 2EFR LTS 00 Lhie.
SEDBIERIEREL LR T LBILOBE AR EE ST 530 chb. Lal, LEATFEOHEL
DI, MMERBEWMOWUTICOWV T, AEKOFENEBREENLRESThDLZ L2bh T

D, G, COWBRTOREORBENYGEIhD.

(3) TESFEmMEEIL

FEEEUOMRKEEFEN: GBI EERRRO 2, FLOHEN&EE b OXHMS (3600m
~5250m) PERHEHEERRTC L ThB. H2ROARICKT BT - ADMMIRK R L bFHE
NBLDOEERBECEVLOR, XL CoBEXRIELLLOTHS. 0L 5 RBLOERIER S
PR S hicoik, KEEY =785 TH o7, Harrison (1971) ¥ = 7 EORI BT
6%Mkmﬁiiﬁ®ﬁﬁ#%,%mm@%wﬁé5mm@%ﬁﬂ%mﬁfébé%itﬁﬁﬁwomm%%
EERHEETHOREEMNEBNC ERIEHE LY. BRI roR CRSXoRT, 0L 5 RlERIEREEE MY
DRFHEOWUNZDNTHEELFDHBRDHT &, mo,uoﬁﬁﬁmﬁﬁmoﬁﬁ£unr@&kMEﬁ&
e, = 7~EorbBERHNTLETO7 7y~ BEERENS 2 5D, = /it B3 Uik i3

B, ZOHMEOBEM L S~ EKERIGT A XD, #mﬁkﬁuw7zgf»ﬁi%%mb%?b
~A4F5meyFRaA bEBHTSH] &35 Bonatti (1967) OEFEEFHL TS, LiL, ¥=7E0HEU
WEBESR DX AT R I FALAL P Do THHNE D PMERLBHER SR TR inu.

E—EEELOBEEA, WAMOH 1500m AT, ¥ =7E0EUL k-, FoRBErsTHEEREA

X7cHESRD D, LEOREELET CHRETEDL ETHELCIRERL DS, FEHEHUOMP L LS LIUE

MIEEEBEHE LTS D, o CEREBCHMAEZT O E#EEINRD. 20X 5 I FEBLNL M+ a —]

EFHIRTE D, 2OV OB U TRHEIEREFEAENERIh WS, Thic kb &, WlhOilag

PEHAR L EIEEE (2 5.5 km/sec Fitk) ERL, ZOLOEE 1km 7oL 3 km OFSIIMREEE

2.3km/sec 7»H4.0km/sec DEATHER IR TWDLZ WG -T5 GRHE, 1972). F—BEEELOHE

BOREAAIL, §0LTAFEMLRTHRVY, ERO XS REENADTRES LT, E—EEELUD

TEMIERERC AR T 5 O EIEE O 2. 3km/sec #>H4.0km/sec DEFATHH L Bbhs.

—%, F—EEELOKER 4600m OTEME,BIL, AREPLEHEAUE (WADABLRYE, HEE,
HEZILEE) MRS TS CGRBAYEESNE —BEMURAEN 1976). 05 bAEKERDWT
i MOIERAL LI/ TE D, WHNOEERBRESAD—MLELORD. T, ERIRKE
D5, —BANEEmELTWS, T, 4% CORKHE, ORBEEBLORE LML BT s EE
BB, WEHEERRENRETE Y LA 74 PERE TR BLATAIVERETHHZ Ldbhs T
5.

B R~ REE o, b, E—ERBUOBRMEMEREOFEE LT hkokdhoitErLbh
5. Tieobhb F—EBBUOERERIECT A2 ) ZRET, KY®Nat 01+ v ERORECRFELO
BREMPCSHLEATHL LTINS, L0, FOBERPARRGK XAHEEmtEy vi 74+ X
REOHE L HAENASETHY, 7o» ) TREOLHEE, Harrison (1971) #—il -~ & 5 ks -k4k
BT LTS EBbha, 2T, T0 X ieitghbis, —F cHBEEEOE TG, 5km/sec 725
4.0km/sec) HHiHF LM ND. i, HLEWEL ) ERORIKERMERE (J04500m) B,
OF 1 —RKHADBhD ISRAREETE LS a — 7SR X DRI W AN K EBbh5. Mk
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iz &5 R —REELILEN O ER M OB 0 AR e R IR O R Tl 1S 5 A
TSRS OHRB L LT, 20 k5 hE e, BUAERFCHRKOE B0 RESCATEARE
Us ZDiebaff e UCHEREEELRTLELLH0, RSB HENET LAE0E L 55, Thbol
FE, WUOBBE G RS L ERS & o bkt i,
C OTEMIERMRE, BEQUOMARREEE ULMBE L I EL b, SBOEENFEC L 5HEH
fFLiCW.

AR, WLRRFRGSAES LBEREORRECL LS4 0Ths. Bisbbrdhic ), BECK
FINRWEAR THRE] ORE - FEARCENEOFRCE SLHLEFS. ¥k, MEEROBHERY
BUIhARUEROT B BEEE Licw. BB, AROL D T LD LEROHERE Wik
BEBUEREARE SIOASERERXSHETCRE BT IRETHS.
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Abstract

The Hydrographic Department, M.S.A., carried out detailed survey for submarine geology
and topography in the vicinity of the Okinawa sea area in 1975 and  1976.. The surveyed area,
located in the central area of Nansei-syoto (Ryukyu island are) is shown in figure 1, and survey
lines are shown in figure 3.

The survey lines are' 2 nautical mile spacing in an E-W direction, and echo-sounding
and seismic profiling by the air-gun method, etc., have been done on all lines, The submarine topo-
graphic chart and submarine geological map are shown in figures 4 and 5, which were compiled
by the results of this survey. )

In- general, the submarine topography and geological structure in this area is controlled
by the NE-SW direction of the main structure of the island ‘arc. This area is divided into four
geological provinces. The trench wall region of the outer landward zone, has well developed sub-
marine canyons. The Island region, being the axis zone of the island arc, has several small
basins which formed by tilting movements. The southwestern end of the survey area lined
by the Kerama Gap across the island arc in a WNW-ESE direction. The southern end of the Gap
terminated by the escarpment of the Kerama fault. There are many small sea knolls that seem to
be Quaternary volcanos in the NE-SW direction inside of the Island region. The Okinawa Trough
partly appears in the northwestern margin of area.

The tectonic movement in the NE-SW direction is considered to have become active in
the laté Miocene to Pliocene, and the tectonics of the Kerama fault movement crossing the former

direction became active from after the Pliocene to the early Pleistocene,

1. FL&®I=
W EERTARBREE, BRIS0E4~5 FROEMSLE4~5 A, KEMoBOEARMESC—RE LT
A E RO T, BENY « ERES  MRARUENOREYER L. ZOHE T, WEASE
T EDHL b EREEE TOMRIcoWC, EAVR OIS Y E Lns Lk bie, MENEIGEE
COWTER Uk, ok, &2 CHETHIHROBEHECHRE BE - ARSI WO, BRICiERS
(1979) DEEN DS, '

* JIEFR  Surveying Division
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Figure 1 Map of ‘surveyed Area off Okinawa (Contour interval 1,000 m)

2. MEXEH LVURAESE

WEKE, 81 RICRT L5 ic, IS L RAEE (b5 7) RS R Ol
RBRIOWR TS, WERRICE, LHRrbE2E - HkRis - Bhe - wilks - Akanrosac
HEDHE A RS ER TS, FERIROIHE G5 1 Kb 1) XIBM504E4~5 A, #Es (A1) 1M
51 4~5 0, WTRLKBTHER TBE] X v Bl Shi., BRI, JEFAY 2BRNRCE Y
P E Lisiahs, CREZETHHGELRT . HENBOBERY 8,35 BETHS (EIR).

MG, PERIS04E (KR 1) wite 3 v CRY NNSS %, HM514E (KRI) it pp R X Hw 7 v
CH U NNSS DAL A7 sk RS AL, R 0Bl (L= AMAR) L2 REET k.
WL, BREBASENEE (NS-77) ROBEMEENRE (NS-16) AV, £ME CEENRLEH B
SAte. KEOTHLELDBEAY, 1,000 m D% 1m, 1,000 m % 10m & L, FHEECIFREMERS
BT (200 m LUBICE) %107 BREMTEICBIEEE £ % — OHIFERC X D REHRCHE L
PRV, MEEERHEETEKET 118 m REAKERLE LTH k. |
BWEEE, eV =7y vESRETIBPHHERSIEEAERE (VA X1y 2 Tr7 7,490 %
R L. &Y, 2sec VYU RU8sec VY URHHE Lic. EEEITCIIB LI 2sec VY UEAY, KB
BT B HIEETSYRL 2sec VYO DLOTHS.
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EESIU, SONEEECTHEREORIEENE L, 7= — vy 7B ROMGEREEY#FH LT
AT .

3. BERMT

RERRE, AMNHOARBCHEL D EEESEOPRICAE L, BEEEORICTRADE THLIEREE L
ORI AT HELE - Wk REE - 5l - FYEE - PRAS - G118 - BEE - AkE - EREFIS
HRERGUERTHD. MEBAERIIUDIZEAYOERBRIA ZHEERbh, B dEEIATHOKE
PR AL, BEEERE BOMHe R 2R E 52 T 5, BEERIIIGIE A% &, FENCHEER
BiE GOREE, EMHEr 5 70 2 o0 E—HEEHRCOUS MRt S ThicERTth Yy 1
B, FEMERRLE—REFAOEREFNNRD NS, HR GEHEHER) »bIHCG, WHHEes « e
R - WY 7 7 ERECARSTE D, ZORT BEFHIRABREER T 2RISR THD
BREEBME X VA IR TWS, UT490%W KRB Z L icsifleying 5. BEAHEILE 4 KR L.

(1) maes o ‘

BB, 2 WOKBEBE - B - WERE L EA A A OBEMCE L, KBRS D
MERERRCRT CTHRTA8ETH D, AEMRIEBERZ CEST, BRCETA8EOREE TTh
5 GE1ERD. coMEORLRELHEL, BESOREN IV L THD, L0 20 £2BL, EhiE
EfeoWCL, #H2MROEIEO L Swaf I Tn BF 1978 : §ifE, 1979). ThFhoOBIHK
W, BORKHERCESEH 2 RCRT. AEAIL300~1,000m b Y, Bho 2 >0R ek FRE
B B 5 fBIEAE 600~900 m &¥EL, MEABIHO ZHIL 400~500m LBV ¥, HOBKLER
Ik REEESCERMREABE IO IS5 500m ZBLB DL 55, £ 11 200m T, M
EBoTDHEVLD., BEAOS CTHERKBAKGTH Y, F2RCBT 2RI, FAERBAOES
ERLTHHDOT, FEREIINIVEL, BEALOFIRFEOEMFTACESRHCOVTWS, ZOHE
11, BREBESHMAETS~6km &, WBABMHE 2 PIET 10~20 km &R\,

W, 2 OB R TPHEARD bR D, E2 BN OTAELKE 300~600 m, 35X35 km D
BETHD, —HOLEREFHIT OFEEIIKE 800~900 m, 35X20km OHETHS. \FhddRifizg
BXbbihrElitoTna.

Table 1 Explanation of Figure 2

1 Okinoerabu Canyofi 5 Kunigami Canyou : 9 Tinen Canyon

(WA R HEA) (EIE HEL) (B EEHE)
2 Kita-yoron Canyon 6 Oora Canyon 10 "Gusigami Canypn
(b5 BES) . (Kl BEAR) (B EsE)
3" Naka-yoron Canyon 7 XKin Canyon 11 Ttoman Canyon
(hb53 BES) (&R BER) (il BES)
4  Minami-yoron Canyon 8 Nakagusuku Canyon 12 Keramla Canyons
(W5 BER) (i EA) o (BRMN BEad)
Location Depth (m)
13 Okinoerabu Basin N of Okinoerabu Sima 1140

(W REE )
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14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

38
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Yoron Basin

(538 &)
Kita-torisima Basin
(dBE #H)

Nisi-torisima Basin

(ARE #E)

Aguni Basin
(EE &)

Kerama Gap
(BERE WR)

Theva Tai
(FEE )

Aino Sone
(48 =R

Igyo Sone
(% B8))

Izena Tai
(4 34

Ie Tai

(1T H#E)
Ryukyu Sone
(fizk  HR)

Daini-ryukyu Sone
(BiER &iR)

Kerama Tai
(BERM )

Kita-daikyu Tai
(dbkiu - #E)

Daini-torisima Knoll
($-BE BE)

Daiiti-torisima Knoll
(B—BE W)
Nisi-torisima Knoll
(EHE iE)
Daiiti-kume Knoll
(F—aXk #EE)
Daini-kume Knoll
(BTAk ER)
Daisan-kume Knoll
(B=ZaX% HEE)

Daiyon-kume Knoll
(BlAK )

Daigo-kume Knoll
(BRAK HR)

Daigo-miyako Knoll
(BHEN BE)

Daisan-miyako Knoll
(B=Ed HE)

Daiyon-miyako Knoll
(BEUEE #HR)

W of Okinoerabu Sima
and N of Yoron Sima

N of Tori Sima

W of Tori Sima

SW of Aguni Sima
S of Kume Sima

27°29' N, 127°42'E.
27“33’N., 127°52'E.,
27’29’N., 128°06'E.
27°04N,, 127°12E.
26°55'N., 127°15'E.
26°50'N., 126°58'E.
26’13 N., 126°58'E.
25°58'N,, 12T'13'E.

25°52'N., 126°45'E.

26°53' N, 126°47E. .

26°51'N., 126°52'E.
26°39'N., 126°36'E.
26°27'N., 126°28'E.
26°25'N., 126°21'E.
26°17'N., 126°28'E.
26°11'N., 126°26'E.
26°05'N., 126°03'E.

25°58'N., 125°50°'E.

25°49'N.,, 125°48'E.

25°48'N., 126°01'E.

1370

2110

1940
1900
2100
132
347
132
173
177
398
670
74
177
912
785
1030
1240
944
822
795
1410

1800’
943

867
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39 Daini-miyako Knoll 25°43'N., 125°39'E. 1630
(BB #E)
40 Okinoerabu Spur NW of Okinoerabu Sima

(MR REE W)

Ag Aguni Sima Ke Kerama Retto Tk Tokuno Sima
(EEE) (BRHYE) (E28)

Ie Ie Sima Ku Kume Sima. Tn Tonaki Sima

C{RHILE) (i) (EHEE)

Ih lheya Sima Oe Okinoerabu Sima Tr Tori Sima
(B TFEE) Gk REB) (B5)

Iz Izena Sima Ok Okinawa Sima Yo Yoron Sima
(HRERE) (i) (H#E)

Table 2 Form of Canyons

Depth of Length in Maximum Width of
surveyed height of interval
canyon head area canyon wall of two
canyons
(m) (lem) (m) (km)
Okinoerabu Canyon 600,800, 900 60 510
Kita-yoron Canyon 900 30 250 2
Naka-yoron Canyon 900 25 300 1?
Minamyoron Canyon - 900 3 320
Minami-yoron: Canyon <500 48 350 i
Kunigami Canyon 400 45 200 12
Qora Canyons (N) 400 30 150 52
" ©) <500 30 120 "
Kin Canyon <500 22 200
Nakagusuku Canyon 500 15 200 1
Tinen Canyon 500 ‘ 12 120 18
Gusigami Canyon <400 14 150 1?
Itoman Canyon <400 18 200
Kerama Canyons 1 300 33 220 20
" 2 400 17 120 s
" 3 400, 600 27 500 >
" 4 1000 16 250 6
" 5 400 17 200 6
" 6 700 14 100 >
" 7 700 13 120 >
(2) HB% '

BB OREME, WRREEFLLE LTEDENSETEN, ChbOBEEDIItim—REN®"
DU HIEH 70~90 km OWREBEF LSS L ET5. BEORABCRBWEMAHFET 22, SEOH
HTH, BUERVSHEOMYLIEETELL Z AL I ThoETed, BMICET MBI T
7L,

PEST, SfMcad s, EUEEEELIMEL 7 7RI TRCEBRIEHS. CORBREEENR



LEGEND

—~=" Canyon(s)
€D Basin and Gap
@ Bank

A Knoll

=~ Spur

/ SE edge of knolls
( Volcanic front )

Figure 2 Geographical Names of Submarine Topography off Okinawa (Contour interval 500 m, explanation is Table D]
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PEL I CRHERE - R REER SOBETEEEFMETINHS.

FEHTL, W o»0FEl LAEABOREY DS, BEOLIRIL, KELWOm XBL530bd
D, ZORBHMIIESETHEH, BREFRSEIHH L 5o Thb. B, WkRIBLOHER,
SHERORR FEBEOFEBRIEEREME - TED, VIR E 1,000 m 281 5. kBT
WL SREAL, WThIWCHEELTR ), WRAEEROEH D 2BECERMBARTE
YyHbeTHDE, FPNAEIEY L5, COBEORIHNEFN, BRENBILOREFOEELE L
DREEHTHDH. TEELR, ZoBEFIH L2 mEEE LTnws.

BRI, COWROERMCEED I I, BFEBESO HEER 2RIIATH Lk
KR 500~800 m DFHEAEHRDLBRETHS. bIPLRDLOAIBESL, NI THEL, T #EPER
EVoTEEEIHIBRIE E Db L A Lo,

BB OBEMIMERCEA DS, ThiL B50kn LSO BERLHBELMMT, REILE
IR & TR T G, 1965 70 &), SEIQTRE CRASBEIEAM b L b, T oML, BEY
BYILEAYIE & 5 BB B 10 BREEREIT b AR CERBIHHE (Fvv ) LHEIhE
(I, 1979). BERRMEZNL, 3 OOWEANHACHELZBE LTEY), FHAORERR, 21D 2,100
m, 1,870m, 1,940 m Th%. BEHORER, TOBRHEEHCIEIhTE Y, BBORRITIERRE
HEOWTET 1,220 mTh B, BREBAEOLAERL, ChETHTS L5 DAk - AR - BER
Tl ¥ CREMTHDHOIK L, B, PWILHE—HEHETAOR &M 65km, BASE 1,300m DEHRE
BETRELR TS,

(3) BEW

HRMOBR ChHHEHORERCIL, £ CHECHMER L THE- TR, IR BERHERSC
LE&TH, ThHoBEIIL BERRERFIEBHIRTH5 (B 1979). BEHOESHEOE
ERIATIO U ER LD &3 CE S, T, BECHEOM, LREEE - BB X o/ il
BLEELADOLND, 4 ORHHHHOF T, COWEHENRLWBEITLIVHEL, BHEETHE. B
ik, FRSEATE LW 25008502, F—EHRECHEAHED & 5Bt E Lt 0bdbs.
¥k, RRBILHOBEDOD N, FERERE - FFRAMELGCBERL, EHE-EEHTACOT, BRI
BB A ERHER T R L, FHNOSMER, LR—EECES LS5,
B, AAEROBEMCEILOWH E TVl ), BEHESH LT 5BRMEENL, oLl
B lg@v by ok, BRFOFRBERIAHE-BEFAOK B2 tRTTLMnTED,

(4) H#@+77

REEROWEZL, LTOCHEB I 7RI - TS, 7 7 OXRWMITHERRIH b, HilEH
EVREOREE L M E -l Ao, KEEEEE S 6 1R, BEBRAO + 7 7KOKE
BohEER, T 1L,500m THHORM L, EEHTII2,000m SELRoTW5. b T 7EILE
DTCEHAEETH S, WROELH L IHEETCXEL, I VBACEREERBEPEEHERE Vv
TBENGH LTS,

4. [EELHBEOHE
BEZETINRFIEDOO &2 Th VBRI & Eh, ToMERESL, PE (1965) It X X bl Bfrinsy
KREFIE LTBEIh TV, A GEEAD 25, HERGE - BT - SR AWLTE - FHSRKUER
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CBEEBARS LRSS SN, i, WEKKOFRIBGCIEYS T AT, FEEE=SRT oSS
BT LD, MU SIS - AIE RS - B - B - BEOARECKS SR TS, IR BAMICEA,
EREFRIHACF L R~ T 5. BEBRCATET S8, RS - ZEEZAER, #2E - kR
B 5iRE - WEABOANEE LHERAOIRE, Thie, fHLE - BFRAE - FTRE - WAEEKANEN
Z, WBREFRLM - BREFIEFAEBRAFC, MBREFTABRRFCRS IhCn5b, LkELRES
i, BedHEmRAOUERR B LTS, ZhEhoBoBEandaR, PERD 2 VIR ESRoOMRE
REAERERDIL TS, X0 LRBROWE - v PEYEGR LT IEFROBRBRIREACE
T3, COBRBI, REBROLOR T, WHlASHERLAKBLAH LT, BEHEECEL S
HLTHDHBCHS. BREFRYER LCEBIERES R, BEEERL LX), By il Ttk
CRIG « KIE, 197D, BRBEHOSH LIS WHBARER L AKEERE A BB TH o L b B L HR TS,
BRBRHCChURTOBBEED il RBER LIRS EFAIAEARCE > T b, HERERIL, &
ACRARERENDIRDPARERXELE LT%, FHECPBRINLIATHELER O 2 s ) OFEC S
L, ¥, ZOIATHE L DBRIWLEHRERHOBRBESENDL, H{OBTREL TS &2
HbhTwbd CKEE 1980, KH - #, 1980).

5. BEHH

(1) HBRS

FEHREERSENE sy BEBROMEY LD Ao, Bo, Co BD3BRRS L. £BOHEN
BHRCSHBEEILTOLE Y THS.

(Ao BE) FOGWIE L CHEBIRO MR FEBNCEY, TEWEOELRYEL, BIERTIHERLT
WAHHIES Ao BL Lic. Ao B, KPEAZLALTHHH, W50 fllE CalEc T LTE S
ELHDH. WE T 7K - Wk REEA - FIREATL S oM E S LT B,

(Bo E] Ao BEKFENEY, TEVOLEYE TS, LOBERITENREY Bo BL L. Bo
BREMicas k, ERMETHMCHT DI EMNTED, LI Bo Bit, HEEOHEN L, BECHEET
HEEZBR T2 AHEREECHS. Bo BIL, HELEOMMTIE Ao BOTMIMEL, HBHIEAHEMRC
BB, MHBZHCRTRABRCHDEELHS. T Bo BILEERY XV REECTEBELEL, X
ERBEWEZIT BT ENRE .

(Co fB] FEMEBLZVITEWRECT TENEBLT-TVLEY Co B L. HOREM B
HHBREFITIL, Co BB BB LTWAS,. ELo Bo BELIIREAHMID D, BERLTOER
T Bo A Co BRH L7y P LTWABZ EXEG, FEC FB Co BRERRELI IS
N, REW Co BREMOERUCRDLRS.

(2) HMBONHELHEEE

T OEHROMBEELE BHT 5~k H Y, BEREOHELALE-—HESATHD. BZED LI
AECH BROFENEE (Co B) ORHRONE, EHREEIOSTENEROTHIROE L Y i &h
ThEfRELTWS. CoE--EEHAORERE DR HRICER IR T 5 Rk EETT A, i
ROBESCERZ NS ELE—HEEAOBRMEBAEBONE CWUT, BERMEEL V) =, A
FOAKE « BAEE - BREFE LFHLFENEROBBROFANS S, i, dEfERcy, Hok BRI
BIRL WK BIBES O TH AR ORENEE TH D, — R tERETATH LI
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H—EEAFACI VRS Sh 3 WERBERE, BEMH LOARG LR LT &nid. UTR, SHERER
T LR BEOSMUD ST, WEOSTTRE L BRGSOV TR, ok, MEMEROLHLE
EHRRCHWREHRE 20 % % i,

a CEBREE ‘

B2 EPDWRAXEC OV S HREEEOTMOMEBEMERL, Mk BIEESORDRE AR LEOMN
iR & bhs.

Tk REVBIEA R, HESLEBORTHEBRE AL A5 LBt NS E8 T, REORRET
thbEOMER Co BABML, Ao BATHE LBEARKED OIS IML Bo BAER-TwA. 20
R X 2OOFHEELN D HH, TONBRSIRELD, B2ZEEFHEMITE Bo BABH L, BER
WNBREFLEBAT T SO L, FREFHTTEETIEC LR Bo Bo EE Ao B2AECHE Y, HE
ISHERE L TR T0 D, Wk RBBEARIAOREN I, COBRCRERTBESTHS. FLEHR
VEAYEL Bo BABHLTVA0IH L, THRIUESEEL Ao BASELXHD TV, Ao Bikb
THRECES, ERECRALRL, O EFTCw30rd L, BEHEIRT Sy P LTS, FHHEZSE
w L, HHELOMBIRELLND.

AR EOMERIL, WMEESERCEL L MMAE T, JLNRERT Co BABHT 54T Bo
BTH2ABH L5, CoMNEOHEERCILENE VWA —EHFE CHY, BHOMIVERREYEL
T, ZOBRESHAAOSREAECSIFHIRCH DS, MAKREOWE CRKEROM, 1980) DER
FRMETIEORENZEND, HBATHLEELLNSD,

b HEW

WSO THD L ORETL, HWERE ECRED bIRRA SR £S5 oMR &, Chid
HOBRBMYMARIE ST bhs, dLEER TR, %k%%ﬁscOEEM%@évmgﬁaowé
Co BEHHENEREHTRTH LI —HHEHACOT TS, BB bIRA Bk 81, TR -
FRAEDLIAFEROU DN ENChiediesd, Co BOBRHBILE 04, HECADHATHHEL,
£t Co BOBMBOER LAY, Co BEBBOMIL, Ao BOoWE TS BALFHEAFEL Y
. ZOWRCH Ak BEEL - BRIEAT LCEREZ T, WEES LERCUTCWS C Ebk E e
BchB. Tiobb, TRHERETHS LI Bo EAE» bECATCUEIEML T A &, HRE
ZOBEBRDLVIHEBROBETET Ay P L, \EHAREZELTVLZ &b, BEDLD LITITKAHRT
BARELTWDEELDRS, Ik BREL L SRBANOHETRBLE 6 RicR Lk

ORI, WARBEOECMETZ2EESELIIIA T LHCPHELDS. Ao THE L
ROTIIHEYSEL B EEE Ao BHES DOOTAHIITH Bo BABRHLTWS, thicwl, &%
BB HOFREEREDIES Ao BLR E0OLEE - T 5. BEHILBICE W CEHES CER
BHHVCERRTEHACOCLERE LT, WEABRRTLEENOFLELE Y TOER ED Co BEH
HECTHRE, cORBOILHArhbFUECIEB b bR, Ibk, FPBREOLETO
AERPHESBLREABT DN, WERL LA —ERHA AT OUT S,

BESIEI LR —BESACHEH S CERSE R T O U, HEHHEHO RN & B R
B h BT s k& iEThS. BREAGBHMTITE LA Y Bo BTRES R, MK MK Ao
BAHEELONS,. BREWES WiE—FEFE AR I EnEfReE ), tEb0mDTHvaE
ERRLCWS. BREWEORMNL, BA% (1979) OEH RIS OKE 200~400 m I  FHE
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THLH, FEHFLH CRD LR ALE—ERAROBEESEE, CoBBMBATILR TSR, BRH
BHRERNOBREFE, BRHEENDE SN, BEREBRORESM LS T5EEE - BEAEEND
BERChTrERD bR, i, BEESETOBEAHIERMBACE VBRI EFELHEL,
EREMBOER L FHECEEL TS EELLRS.
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0 10 20km OKINOERABU
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OKINOERABU i
Co

2_
Figure 6 Sedimentary Structure of Okinoerabu and Yoron Basin

c BEH
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E#HE, Co BL Bo Bh -y #RESH LTWAA, Co BO LD ZEREIEMEEIEL 5.
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WERROBER L, BOWCHE T 7BERATWA, AN (5 H) TIXERO Ao BoHRAC
hebieh, ChEChTELEOBH L Y RPHEREFEETHS. BREHBEO F 7 7 ECER
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(3) HBOMRL

ZZTHE LA Ao, Bo, Co Bil, ZOWBLAEBUTCHEENBHEC I YRS LD, EAZ (1979
MNEEDIEY - AEIWEERTID Ay, By, Cy B&IZ 18 1 O LT g, Co B Cy Bit, Wi
hIFENEBBCHIRACIOLELDRDH, Ao BL Bo BOBRIX Ay B By BoBRICHE~EL

W5 ThsD.
Table 3 Results of Dredging

St.No Date LatNPosttlox}‘ ongE. Depth m ‘Topography Samples

OK-1 May 8, 1975 26°30.0" 127°09.1 1400 Aguni fault scarp, yellowish brown silty clay
southeast of
Aguni Sima

0K-2 May 8, 1975 26°55.5' 127°00.2' 1250 Steep slope of sandy mud, foraminifera
north of Ryukyu
Sone

OK-3 May 6, 1975 27°20.9’ 127°30.4 665 Slope of ‘small knoll, Two pumice brocks

nothealt of Iheya Sima (430, 20cm) with
flow structure, containing
many quartz and some
hornblende, grains having
fresh surface
(It -seemed dredged
from outcroped
rock.)

OK4 May 6, 1975 27°29.6/ 127°42.6' 140 Top of Theya Tai dark gray or brown
colored three pumice
brocks (425, 20, 15cm),
much rounded pumice

gravel
0OK-5 May 6, 1975 27°28.2 128°26.7 1050 West end of dark greenish gray
Okinoerabu Basin sandy mudstones

(max. ¢6cm) with
boring hole ($2-3cm),

sponge
OK-6 May 7, 1975 27°10.7 128°23.7 1190 Center of Yoron gray clay, sandy mud
Basin
OK-7 May 7, 1975 26°58.8' 128°22.2' 500 Steep slope faced gray sandy mud, shell
. Yoron Basin fragments
between Yoron
and Okinawa
Sima
OK-8 May 7, 1975 127°02.2" 128°48.9" 1040 Wall of Kita-Yoron Manganese coated
canyon mudstone ($20cm),
having boring
holes on one side.
OK-II-4 May 14, 1976 26°46.5" 126°53.6" 773 Southwestern Sandy mud
cliff of Ryukyu
Sone
OK-II-5 May 14, 1976 26°13.2' 126°13.1" 670 Top of Daini- Porous pumice brocks
Ryukyu Sone (max. $30cm)
OK-II-6 May 14, 1976 25°52.2' 126°45.5 767 Steep cliff of southern Hard limestones
end of Kerama Gap (max. ¢2icm),

one of them has
manganese coating sur-
face, many mud-stone
(max. ¢10cm)

with fissility

WMBOFRLHET 2 5 2 TEERERRIBREYE 3ETRT. cohT, OK-1-6 OISO
RERCH S GRS, 1979), dL5HREBES THRIWRESEHESLEENR Y OK-I-6 OJEEE X
CPTWB & &b BRI LS h D TS5, ©hbORENBRBICHIES LU, Bo BTG
FREEEATHWAZ LD, ZO2HEMED Bo B, TENBERORWERERTH BB Cths.. *
f, OK-8, OK-4, OK-I-5 "Ti%, Wihd 20 cm 2B THMLBARA RS, AL ThERFFE
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BEAHTONEE, FPFREYE, SoRBEROELEE AR Y, BRREBEIO—RBThS. WHE
B GESED Tk Co BEHIRT, ZhbOMWMEPHIIH LV, Kb Mot kilEkchs &
Exbhbd. Zoz il ERRELFIOEERD 5 b5 AFAKILGEL BB & L RRE L, BEHOD Co
BOZRTALKIUETHEC EEERTS. 2R RBEEERZBI KT v v el n 5, T
R L, BORUCHHTHREHD Co BiX, BOEBTERTIHHEHCThIh L. UEhDE
BT LR LB 4RO L 5D, -

Table 4 Tentative correlation of Stratigraphy

ff Okinawa Island
Central Ryakyn Off Okinawa Islan

|
Islands Knoll zone § Other area
Recent ]
Quaternary Ryukyu Group \ l Ao formation
Pleistocene folmatlon :
Pliocene Shimajiri Group formati formation| Bo formation
Neogene - ormation l
Miocene (\{olca- |
e e VAV AT A Y ey nlcs) I
Pre-Neogene Basement Co formation | Co formation

(4) wEBERER

CHECRNTEICHY - HEESE - BOSHRREMEY L L, ZOBROMEBEDORELRIKRD
IoreHEEIRS.

RERROBII T, BORTCERT 5 EREE (Co B) HREER L, Bo BRI /2bbs
FHAMDRNC D 7 D EEAADY © T, T Bo BHEEM Tob b i S g ine iz,
BHEHIEH D TH Bo AR Lc. AABROPIT TR, o AKX EEBERC & b vk REYEA -
S#ia T LCEEREYUE S ke, T, WHEE CITE Bo MoK E & bl HEs LT
»h. HEHETOERMEREANI-HORBENEA D, BEVTH Bo BAREHE L. REEROo—KkY
BHBERER A THHAH—BEFAOREER SO Z AR Shic, 20K, LI Bo BHENTobbi
FiH LEHFEFC T T, BEECER - T8 v, BARCHEEREPRE L £> T
%ﬁﬁmL%Bo%%%%Lt.EE%%@E@%@T@,§a%%@oﬁﬁﬁ@%&mb,§ﬁﬁmﬁﬁ%
Bahs s ibic, WEBHEIOAKETHE BENERBBHOBCEETS X 5wkl L. HESE
BB bh s AR EORRM LY 58S, B iolsBEIhk, 25 LT OBROA
RHERRE LB S REORR L o k. 0%, FHhHIT S, YRGS EREAENC X b kg
HIH LI Ch 5 KBRS h, ¥, Mibd LCRSACELZLPHEE LI Ao BASER L, ¥
E#TR, KIEBAERCE 1 ESh, FFRihc vt

6. TLBH
 VRRE R ST 5 KEMOBOEARUBEOBE, DY b &ie o LEENY - EHESS, MTo
Ioriiwbhsd,
(1) WRERBRLEE, T7obh bR oRENY - EEE L B0 gy - e
SRS UTHBY 97 E 400 RERST RS,
(D MREEY, WEHBERCE S BEMNOME T, S OMERBESMNEEL, 3 LALTH
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Bo @ (ZEEHHEUE »1bR-Tw5,

(8) BEEH, EEHSOTEMYL LILE—BHEIEOBECTR I DY, EifCELE—HEEA
FOBEREBASAEEL, HEHYRYLHEERRL NS,

(4) FEEHPILCT, Wk BEEE - SRiEET UCEBREZO 3 o0KE 1,000 m ##8x % Bl L
EMREERDH Y, WHH» L LEFEBORE, b VWA EAHELR L, HEED 5 VCIEE MBI X
HEECRYLh, HEREIC X VBRI EELZDLRD,

(5) MHEML, HEL OWECHNER LTS, ThOOBRIENEKINGENRSEEDE X5 Th
D, BEHHEEZIEE Tk r v EEL OIS,

FARERbLCHELLY, APECHFRINCNEREEOMRE BIREUL (Wi I HER), PRBIK G
U T RN 2R UHFEEROT #, WM I HEOHE REXEN, WBHIAEOWE WEEXFRY
RUDETHRHBHDO 4, ¥l AFE T LD5 52 TEAOHYE, HEEL VLW RMERE KRR
REOLIDEHT 5.

ERBHECOWT

AEHEER, CORECI VBLALEHELRGTHS. KEOHE L HBL, HoBEFERILTH
5. JRESE, BOIEEMIEL, EMAETH Y, JLOWES BIRCESI L. BV v 23 2sec THER
127 1IBESR TS,

. 5 B X #®

BN B 1978 : 85 9 ENEA N A S THIE LBEBATICOWT, KEBEH, 985, pp. 113-123
AR - fed - KBES 1979 BE - NEUHERUOBENE, KEHPEdE, £14%, pp. 1-38
FREEHE 1979 : SI0EHHEMAITA RS CREL LBRBBATCOWT, KEBEH, 5995, pp. 101-108
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NPT 1965 : FERRTIE (HWRER) OGRS, WHEHT1%, 8405, pp. 437-457
KEBT -9 BT 1980 : BERRFIE OB K OB ET BT 5 —# %, HIRH%E 18%, 4%, pp. 221

-240






126° 157° 128° 129°

Oum o 4 2
TRACK  LINES Ouss . e 1 o

OFF OKINAWA ouaa] 7 - S

] e =
e ng < a‘ > ] Owgo’
Surveyed in 1975 and 1976 w T —

Ow
26 _ ::]
Qw2 / —

Okt Owas4 M’—ﬁ — =
Okz Ow23 77;——\/’—1_*m‘“
— .
2 Owar E‘:_: Owas” owar 1/
Oks C Owas Owaor ON SIM 20
[-07° + Cg id] @ Ow1s 19 Ow1g’ : 27°
Z| Oks Owig 4 ‘i_ Ow1g” QI <
- ;’wﬂ;—’?
= o o

26 26 N-

| L 0
T™ Proj Orlgm(ug,E
Scale Factor 0.9396

126° 127°

Figure 3 Tracks of Survey off Okinawa



47

T
128°

T
126°

129°E

)

P4
™~
N

REAATN
RIS
000.‘

&
> %

CXIH XX

% 000&4"00

L-27'N

LEGEND

Co Formation

K

¢

X3
&

<
S

XL

25

v
K>
P

%

.4

( Acoustic Basement)

(\»(((( Fault

SUBMARINE GEOLOGICAL

X~ Axis of Anticline

X7 Axis of Syncline

CHART OFF OKINAWA

in 1975 and 1976

Surveyed

26

o
129°E

Origin

™ Proj.

0.9996

Scale Factor

1?7'

Figure 5 Submarine Geological map off Okinawa



49

, s
127

BATHYMETRIC CHART

OFF OKINAWA

1875 and 1976

Surveyed in

277

—27°N

26

—~26"

129°E

128°
]

Figure 4 Bathymetric Chart off Okinawa



SUBMARINE GEOLOGY OFF OKINAWA ISLAND 51

(sec)

e

Ow 41’
Ow 407

090

Ow[,O”

st oo

b L&& %6

Ow 41

5o

[RESE 32

Ow 40

17500

= ‘ o o
: L o orhe

2000, L ' iy

e Ol L

ag00




52

(sec)

1.0

S. KATO, T. KATSURA, K. HIRANO

— 2.0

Ve orbe

Ow 36’

Ow 36

G RAY, ATTRS




53

SUBMARINE GEOLOGY OFF OKINAWA ISLAND




Ow 33

T. KATSURA, K. HIRANO

54 S. KATO,
n
[«Y]
3 ° ° °
o~ - o o
f | | f
“ k
?f‘oa

Lot

0200

Ow 32’

Ow 32

8142000

LSAZING

oo

35 0270



Ow 30’

Ow 30

— O

SUBMARINE GEOLOGY OFF OKINAWA ISLAND 55

=

;gsa«\\«sw

VTN
CISS

CANSY

Ow 29

Ow 29

Hear soloo.

Y27 s




ONVYIH Y ‘VIASLVY L ‘OLVY ‘S

9g

GZ MO



Ow 217

Ow 217

SUBMARINE GEOLOGY OFF OKINAWA ISLAND

57




Ow 19

58

°

& ° © °
o~ — o ™
L [ | | | | |

Ow 19"

Ow 18

S. KATO, T. KATSURA, K. HIRANO

05 U0.

Skt
0440




SUBMARINE GEOLOGY OFF OKINAWA ISLAND

]

) o o o
o~ — o~ (’)
[ l l l [ l

w
. —
© 2
-~ O
2
o
B
SHP A
[Te}
3
(@]
© Yo arie
e S— :
(% ‘\;lpn !

o
e |

t 40000 ’

59



6 M0

8 MO

,6 M0

0'g

0°'C —
o't
(29s)
0

ONVYIH 'Y ‘VYNS.ILVY L ‘OLVI 'S 09




19

0°'g —
o'¢c
o'l

ANVISI VAAVNINO A40 AO0TOHD ANIIVINE(LS

(29s)

G MO

,gMO



Ow 3’

Ow 3

62

(sec)

1.0

S. KATO, T. KATSURA, K. HIRANO

— 2.0
— 3.0




SUBMARINE GEOLOGY OFF OKINAWA ISLAND 63




[=2]
e

S. KATO, T. KATSURA, K. HIRANO

: -‘O(sec)
—1.0

e .Hﬁ.W%: ¢

23

Ok




SUBMARINE GEOLOGY OFF OKINAWA ISLAND 65

(sed

ok 277

4

Ok 26

4

Ok 27

Ok 26"




,, €810

10

g

€€

0t—
o
0

ONVYIH 'Y ‘VINSIVY L ‘OLV 'S 99



(sec)

— 10

SUBMARINE GEOLOGY OFF OKINAWA ISLAND

— 30

67

Ok 37

Jr i g



S. KATO, T. KATSURA, K. HIRANO

— 30

R0




69

ANVISI VMVNINO AA0 XD0TOHTD ANIIVIVINS

295)

(




70 S. KATO, T. KATSURA, K. HIRANO
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GEOMORPHOLOGY OF GOTO SHELF CHANNELS OFF
NORTHERN KYUSYU, JAPAN

Tadahiko Katsura and Manao Nagano

Received 1981, August 27

Abstract

The remarkable shelf channels, named Goto shelf channels, were confirmed on the bottom
on the southern Tusima strait area off western Kyusyu by the detailed survey of the Hydrographic
Department of Japan, These channels consist of three major channel groups from the east to west
side of the area, those names are Higasi Goto Shelf Channel, Tyuo Goto Shelf Channel, and
Nisi Goto Shelf Channel. The three shelf channels are in junction with each other in the west
off Hukue-Sima of Goto Retto and reach to the Goto basin through the Goto submarine canyon.

The existence area of the shelf channels was effected by the Philippine Sea plate tectonic
movement as a plate boundary of the Asian and Philippine Sea plate. Also, eustatic sea level
changes in the glacial age effected: the sea bottom configuration due to submarine errosion, trans-
portation and deposition, During the regression of the glacial age, the channel became narrow, or
land between the Korean and Kyusyu districts.. “At that time, the mouth of the shelf channels
formed deltas, estuaries and sandbanks near coastal areas. At the present time, some topographic
relict remain, and tidal currents have reformed the submarine topography. Regional tectonic

movement reformed bottom configurations as an additional effect.

1. FAHRE

FEFN 48~49 420 2 H4ER], KB CRAMNE S OBFA~EB s\ T, 1/20 FOWEHMENE Y EiE
Lic, 20, ERTNESENA - BEAPNEBRPRCER SR Chic, FLOBENEOHRL
&b H AR L SR OBEMACHEMERS VSRR IN TS, SERRIhECLORIhLORLRE
HBRERLDTHD. HETCOBBMIIKHOWAS L SR, BEEMSIIKER T Cixgimn
DIV D Y, i, THEFLTLIBBOFOBER IR ETRLA LRI TR, bR, 20
AT OTET A HIAEERLE EAMEE SRR S B 2 L LT 5T, £ OFBRE BRI - 3
BEHMELREL D,

* B Surveying Division

ok SR BRRARR KBS 3rd RM.S.H,, Hydro. Dept.



72 T. KATSURA, M. NAGANO

FERKBMTBONEM T (450 ) & THEE (1,950 +v) | kX b, KEWOEOFEARRED
—RL L CfThbhicdoT, 2BEBEHRL ChiotEZT22H0E0E boks v, BETENE, =77 R
WRE, 7r b VBODEN & REIE (TSSG) i X 2 EEE /SR RE I hic, WK =0, 1 EMA
DEEEHESEVDND T vy # v AT & (EAMNT » 7 57 == V) BECFH S, BERBEIRFOKEC.2
#BE 370m) LT Th-7c (FRigfh, 1974).

2. BAEEBRBAUOBEMT

FEBMES 0BT HHER, TEAESDHEEETRD ¥ {HEBAENE, BEFIEYSTMERDOK
BEoBEAHebcd. OB THEELEEH, O BERE CRMCES KYG 100 m JE O R ABEMHE & /s
D, KAMCIEET R e EEL bR TW 5.

REBBENATALC OB R DEMATE LI IE L5, HIERREIIIAHEKTE 100 m~120 m BE O
KIGEHEET, B HrBEEA~ LIRS, LAOHELEERMCIENERD Y, B L ORI
EARFEETD. CAIRAEBRACERSWEBERSENEO it b, oBfileid, Jb—EimeiET
bR A BREMEPHE AR ORAEEMEPEE L5, HAEENMARHELER S M58 T5
SEREOERFAEAT LTS, ThbOBEMAHRAEESIBELECTBNTARL, TERESLEHY
BL CHEEHANAPCEEBBZCES. K 700~800 m OHEWHEIT, BEZEOEMNOWET S 7O

1307

Figure 1 General submarine topographic chart of Tékai shelf area including investigation area
(enclosed by solid line) = (After Wageman, et al. 1970)
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T hizh, WL FOBERALY ST CWS, MR T 77 4 ) VT V- P OTRRIMADOIARIA L
BORMOMEZEL bR TE D, HEEHLERTHS. 1 ICSEHORERSSERY SUREAEN~5ERT]
BiRoBEMY 2R Uk (Wageman et al., 1970).
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Figure 2 Submarine topographic chart of surveyed area off western Kyfisyd. Contour interval is 10 m
each less than 200 m depth and 100 m each deeper than 200 m, (After Nagano et al. 1976)
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MR L Ch o O TFHAAN LRBES, TOERTOBEANRED DS, BINATHL, HhbHASREMARH
(Ehfililvk C1, C2, C3), PREEEMAT (C4, C5, C6 © 34 & C4 DHEMTE S1RE V- B ARk by
(C4E)? 5 %) RUBEASEMER (C7,C8,CY kHbh, ThbRABBEROAHE~NTLEEAT
Eh. FIBRThLOBRY - H ROV Y FY - 70RDbhcb e mt. BhbBELM X 5 e

e

/ —200
AT

Figure 3 A location map of shelf channels (dashed line), banks (slant line)
and sand wave like topography (rouned number)

Hirhth, LA - deHR - EEFRCECRLEFAFBE I ARAR LTS,
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FELoRDbOMRL. HHEOME LT, FonBME - FOARMERY, BELLTE I ~F4RnH - HBIL
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WBOERCIE, L LITEZELWEBROBEEERRTY » TA— 0% VY F Y = — 7REDLRLN, ZORERE
MAPHESOBERD, KEI120~220m ¥V F Y = — 7REEARVHEIRS, LoXR¥EDL ORAER
HBM, EFRIHEESHTCLBRDORE. Zhbod Y F Y=~ TREBORGH Sl g8 3 B,
F ORFEPWEIE A ROOPLBRLTHD. ThHOBRRIL, ko IBRASTLRS.
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Figure 10 Inclined bedding layer of Bg formatjon ‘which observed on the NW21 survey line. CW, CM
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Figure 12 Current stream of Tékai shelf area including of surveyed area,
.Arrow by net shows Kurosio warm stream and arrow by solid
line shows cold stream from Yellow sea (After Emery, K. O,
1969). ' A
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1: 1,000,000 BATHYMETRIC CHARTS “HOKKAIDO”, “NORTH-EAST
NIPPON” AND SUBMARINE TOPOGRAPHY

Kunio Yashima*, Kenz6 Imai* and Kunikazu Nishizawa*

Received 1981 September 11

Abstract

The Hydrographic Department of Japan (Nippon) is planning to publish a 1:1,000,000
bathymetric chart series which covers the continental margin around Japan in five sheets., Of those
sheets planned, two sheets (“HOKKAIDO” and “NORTH-EAST NIPPON”) have already been
published. This bathymetric chart series is -the first one to represent the details of the continental -
margin including trenches and back arc basins around Japan by 100 meter-interval depth contours,
and from this viewpoint, may have historical ksigniﬂcance on the history of bathymetric chart pre-
paration in Japan. '

Taking this opportunity, the authors tried to discuss the: basic specifications of preparing
this serles, and to summarize the characterisitc submarine topography covered by the two sheets
by way of regional description,

The basic specifications discussed are as follows:

The overall publication plan, expression of data control, projection, graticule and gradua-
tion, depth contours and soundings, representation of land features, nomenclatures and geograph-
ical names of sea bottom features and color expression are presented.

Submarine topography of the sea area studied is divided into three provinces by charac-
teristics and origin. ‘

1. Japan Sea side (Hokkaidd, North-East Nippon)

2, Sea of Okhotsk side (Hokkaidd)

3, Pacific Ocean side (Hokkaidd, North-Fast Nippon)

In the present paper, the characteristics of submarine topography (continental shelf, con-
tinental slope, continental borderland, deep sea basin, trench and others) based on the results of
morphometry and reference, were first described for each province, and then problems relating to
the origin of the Japan Sea, deep continental shelf, old sea level, wave-like distribution of continen-

tal shelf edge, origin of deep sea plains, etc., were additionally discussed.

1. FUL&®(=
AER BT AEBENMKOMERIL, 1925 £ BN CHEI A 8 3EPLREEETSHEORKE, KEBHo

* Y& Chart Division
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AR RS 1928 4 % TRKBIIORE S hic g  ORRECESC TR S AR L, 21 Uk THALE
DRESDEP BEDTTHS. ‘

FDH, 19294F1L, ZORYHEC 1928 ¥ TOER LML T [ BATEKERI 1 HTIh, 19524
THFFREI L SEEARD THALERRRKIY »HT S A, 20 Kok HARLO KM OEEM TR
WEBRSRT, BROCOEFLE LIS, 1971 FROKBIANL 100 AFLRa LCdish, #Eb TBE
EEEENEE (B! Lok, ZhbOMDEA,ARL 1966 205 1968 212, F & LT GEBCO %k
CHESCCTAR LIRS [HALEEOTRE 1 ~8 4 19 2MERTIT S i

b OWENBRILTRT, HEAOERIEER T o g Lics  OKEERESWUR S AR R
NiedbDTHoTe,

shiexf L, #o bBESFRAEY BiTE UCERS B EMIYEIL, 1954, 1955 Fic B AEH B OE
T X D BRI CHEME U RIS 2550 | OWEREN TEdWs ), ERe] 2"B9chs. *
D, 1967 4F, 1975 T LN T NIER B BAlE Uk KEEM ROUVIREBEOBOERR ~ I — X OBEHH R Tl
MOWBEMBRIERY BV E LTHRE M Thh T\ 5,

P EOHREARCST 2BEMBRESER TS 5 2T, thEPhoBER TRk ERERNERLE L
DT, RIEETCEDOTERVRTHS.

45, fFRAFESNC 100550 1 OBEMHER ) - X%, £ & LT FHSTO 1 XEHoRoEARD
WEREEERARTHC L ENE L, EANRERY GEBCO BREHS\T, RS BT HROBE
% CORFFIEBIOHBENT L HMCER T ERERLTCWA. Shi CoRBREY R (300 5
G011 vy —X) TOSEMENE500m T, SENT 100m THH, 0¥ ) - ARBERMYRERE B E
THRELFE LAY, BATIBRIORBRGEISFAFHMCERShHDTO”EVWS T BN TES, ZL
T, LIED SO, #i—HBK X 5B HNEECE SO CSERA GO SEB A XIS b RiAREk <,
ZHVSKERTY, TOYY —X0OEBITKEL,

raxﬂﬁoﬁéoﬂj%raiﬁﬁwﬁﬂjﬁmn%L1m¢é(m%xBﬁﬂﬂ%m,mm<mm)ﬁ®
DEFELHENY OBBIC OV THE LT 525, SERIERCELT, 0¥ ) — XOMERAR RoT
TSR THEE L THEIEEAR) R a@a3h @R TR TA 2L & L, HEMFEORE
RO S, MPEROEEMEOMMEN L Y E LRI Lt L

2. 10075501 BEMERS ) —XOERLH

WEAVRL, S 0B ERIh? Z L2ERUUER I BO—BRTH Y, EBOEOMMDOIER
ELTHERIRDC LG, IBRHSh i —Eo MBS THEESND RENDD, S OETHED v
Y = XOHE, TT5Iskd » VEAABTPTET L > @l A7 v

COVU~XT%~WE%Lt,i%ﬁ@%%ﬁmibhﬁﬁi%@ﬁWO&%&,:@99»%@%%&@
R H oA ER N ﬁﬁ@%ﬁ%A(ww)&lmwmuaaz(wm)r h#E IR TWBDT, =2
TEHERAHOE LT L ERROBEEOAR BB 2 21T 5.

1) #%80%4501 (EERE 0°)
2) 8256 FH5D1 (FEEEE 35°) T 1936 FICHAR
3) 800HFHD 1 (HiEHhE 35°)
4) 300FH501  GhEEME 35°)
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(i) 2EHFFHE = ‘
WEAY RO —BETH b, TRRED DR EEE L, SENTTHEALECHD. Ly
— R AAFIBRAOWE Y S UAERIR LMY, WYREEELT, TEHRGEREIRLT, 5HT
Q&1 5 k5 eiES hic (Figure 1),

r . 150°E
130° 140°
631}
&
312]
40 i 40°
JAPAN |SEA!
8
° NIPPON\
Pl
7&/5 ’
o .
EASTERN Ve 6: ! e
¥ CHINA SEA 6313
30° 30
o? B
, 6314
7
. NORTH PACIFIC OCEAN
4
6315
. 20
20 ]
130° 140°

Figure 1 Publication plan of 1 : 1,000,000 bathymetric chart series
(i) F—&a> bo—LER* “

BEHPREROMETS b, WEOMILEOKECHIREISN T — 2 5%, SURBHEN T ShT
. COBETHIEDHIRHEDMBICES  FROBICT LD T, ED k5 RS ¥ SR
EHGEAERL, HOMRLHD 550 LA WRTHRERSS. COv Y — X TREHCHEIRE G
P - W MARRECERR L ERAbe TR L, BHORERETIRE R TRHOEE - £R0K
B L. ‘ ' - |
G % B &

FROBRORE S, MBRAOERSKE Anh F ARERT CHEETY o8, & ORE TSR
TOOFRIKEL, BRIEHHEMOMYOLESCIEYL TR, ThZhORECIBADRE 1" 5 5
5, RO HMCELE L FERSLER DS, O ) — A TRRA b REROTREERTE S LD
ML, FARECTSHY, HOBROOTRLNE 2EERETO 7 ¥~ b EAMSERELHE L, i
Hr o ) — XAk D L5 EE L, 5EISED 30° & 43° K Lk i

Gv) SEEERS SUER ‘ ‘ ’

BEMVEAEO—BEE LUR A Sh 3, HEGS — 2 2 ABCR LICEATE S X5 eils

BETHB. 7V~ EAMEREOSRE, BRIERCTHDY, MRIMRTH Y, LEOEASI LIS

¥ OBRERED LS INERNCE S ERE Sh R RR T o), BHOBECRBELYRA T L.
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WRERSD., T TEHERGI P HERBE L, BESIORoFROBEBCD I R CARYETI LR
L.
(v) ZZ¥®-KPE ,

BEMPRTR, LELE, &<OHESHTCISREHROR S, B AR TR #irhsd. chid
BRI OWTHEHE RO ER I IRLFERL L. SHBRL T TEFHB TR NET, B CRERIMLH
BERBETNETHD, ,

¥, COBFOMER. BRHOCHIAZORMNS 10m, 100 m E0HEFHEEHATNET, 25m, 50
m, 75m7ED4ENE, 20m, 40m, 60m, 80 m /e D5 5L, TEHHTRT X THS.

KEHE oW, LIE LRI ERO RV EHOKFENTR I MRS A LR B2, BEMHEC KT S
BEFROXAIFEHETH Y, SHRIEFKE HlMBE ORIhAEE ST ) PEALIOKER, Hi%
T HRTTH HEBTRETHD.

W) — X TR EEOBA» DEEHHFIT 100 m &L, B CEHATT TR 50 m OMBEERY i

FROKHE, SEEETRKRORPBEREORET, WLOER EAERIMNEOL DI L Fot.

(vD EHMORH

PEHOBROBAY, HANEECH ) MBSO ASUNER KB S h s . BEEBE T,
B R & OHERD 5 2 TL RS OHBLERIhLINEThY, Fh, —BE & LUTEE 8 A%E
#®TREERS - B - SRR EOATNERS, BRCIE U T—EDRBREVEIAINHXETHS.

Yoy — AT, BEEOHWFE, 100, 200, 300, 500 m KOT500 m Ll ik 500 m MEOSEMHE, EEK
F o BB &b ), AXNERIEERFES FERHOAEERTIZ sl

(vi) RSV RE & BESTAH

BEOWE L, LEULERA—Oek LRI HEE - AFP5E I35, ChilEx 08 TIIREe
Th Y, HEMCERL  S—2EDDURENRDD. COXIRBENDY YY) - XRROME - LW, B
BEHERETRESARLDDRLE L, MREEBEL, TXAHARBHLLERTS LI LR,

(vii) &8 £ B

HOFHLSREORBENLED B, FRT BB EORFOAFe+HERTHILENDD, 20
VY —XCIBRT - BESCRE BREOSERI YT, SEHIE, F-ixavie—-AERCRKEeYE
Wy BRI 36 B (0~200 m, 200~500 m, 500~1,000 m, 1,000~2,000 m, 2,000 m~3,000 m, 3,000
m B B), ¥EER3 & 9B (0~200 m, 200~1,000 m, 1,000 m LI 1,000 m FEIFE) o X b KBS i
o ABEORANES CRREAES X5 BoBR TRET5 2 & & L.

3. dviEd - TR XBEDOBEHTY ,

MediE ) - THEIEAA ] RIS Ee Sh3 R Figue 2, 3 KR LA, ThLoM~s, KFHM - HA
B - Ak 2R TRBEOHEFREL Bt o T B 2505,

REFERETA R &, B BRI T, BIUCTET LT 7,000 m OAR TR #1755 15,
B s ST D TR CERNT 5 KRERE, WEENIC 5,000 m OKETEN S KEEL T 2l
THEUR X W EFE-STbh5,

i UCHARBI, KENERL, KB SBEECA» O ABEMEOBS T, WBET S HESTHR
Rli7ciRiR &+ 5 KBEE RO A BINCET LCE D, Z OERMOMMAIIKEE 3, 500~3,600 m TEF
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IR B ICh o T %, 0 h BARIG, MBHRAERER L RBEOHP I X VEESTbh 5.
TEIVE - HEX - LRI I OB T 5 45— Y 2 BAOWTE, JEECETCRWRER & ZRhe
BT 5 KEERIE, KEE 3,000 m CEFARREC T VERST bR, ARG L SHBHTHS.
FU— b F I b= AREDE, ARFIBERT 07 KBEEAERO S V- ORI Y h, WSV —
P OMEFROBEAN DEBRTRE Sh, B BHCEEST b7 V- | DRZALHFHAFETS.
DF D, KPEEMTE, KPEEOT V- O TFE—D A F v v HHEE, BRBECSWTKBEDOS V-1 OTF
CHBAS, TR THEA OWBIHRIN, HBVEEEEZTS. AKE - Ax—-v 78IV Thig
T, PARARHEEOMBRANCT SO FETHENIE TR, AL TEREhBTHD. £LT,
BAREL ARy 78T, R D5 WL OROFRBRABN R D10, BEOMERPVE L LINS.
BlED X5z, duil - HlbE ARDOBERTL, BEPRAEAPDAEL 3OoOMBREHT D LATE
5. BT, SR LR, 205501 OEOEKRE, 100 7750 1 OERBEY LR LICKHER « Bk
OO - TREHLABPERLERL, FoBCHE, MEllto T3, Z0AR2VWTeh5
ket A,

4. BXEAOFEHMEY
(1) BEHFOEE Figure 4)
AAROWHENE Y ESET 5 &, KIE2,000~3,500 m OAEKLFEIEZRTHEEALAXELY MY BLIE

50%]

445

3640

349

T 1or | 1%20 | e 13 18t Mot M2E

Figure 4 Outline of bathymetry of the Japan Sea
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i RERREORER» CBEEBACEL KGRI I O FRETFOREREE VDI ORKHTE 5.

(1) BB AR , .

AAEIEE % f 5 H AL, KEE3,000~3,600 m DERABRECLI AL AREUEEL, hTh
B> O B 5 5 = 7R (BB THE2, 300 m %RT. BEEEABRMAE <, gE g
 4efh & UTKREEMD B EICHD » TRRPCEM LT5. Bt o BEEND BEUS BAES DS
b, HEMOXTNEE, EETONEEE (EMS O 2 oREETHDH, »Thd KEHE 2,000~3,000 m
THAREZ L DR, /

(ii) KE&DH

KRR & B Cr R BT 5, REEQICW, ISR TAT UCRET 5 AR b S AL TR
CETHHEIAEE D58, HEEEREMCIIKER 1,000~1,500 m OAMROBMBEEAEIHL TS
GRESD).  BARGICYIKYE 1,000 m AR ORI 2 C, SUBIRY fo KREES Rk 7 U, AL¥Bstvh o BRI -
FALH AR RIS - T5F B AR REBET. L oBEURY EET 5. ;

KEEMORER, KB TIRIHEKEE 100~200 m, {89 30 km P CEFAKBEMES VT3 (ILE,
1970). B ELMARBEZIBEC LCRRY, Lo MHE TG LA EOMIRS SHZKEE 100~160 m TKXEE
FHHE L PR S A3, BB T MRS A BRI 25K 500 m A8 E TH B, BOKERNO
Wik & e B,

3Gil) BEREOEZ Y

AAEOREFRCMEL, EXEMNEO & V2o AFEG, L& 2,700 m SoRKgELR T,

iR BB B 0@ CILICIEU A BED S £ Vg T 5. '

(2) AREBDH |
FABROKBEGTING, (OREERLPE, GEUBNE, (VB S REES % C GRS o
4 ODRBCK S TE D,

(i) KEBEW (Tables 1,2).

M) REEELELTE 2 O AT

%ﬁ¥%uﬁfm,k@Wﬂﬁﬁ%%ﬁ&%@ﬁDWWﬁm%momﬁﬁifﬁ%,i@%%@ﬁiﬁﬁﬁ
W EMEAR (1953) )k DIERShic. & O¥EROIHEKEIE 230~500 m, B 30~70km TH B4, HEE
PR R CHETEN (RERLET) T, %ﬂ%h%%&mm,%Mn&%%ﬁb.C®@Vﬁﬁmﬁﬁ
W, BEOKEMAEGEIC L VA TO - L EI R, Zo%k, ZOKEWEOKE 140 m §i
BEBNROM ot s Epb, OBREFAEROKEINCHYS U, V- KPEIE L o BRI A 75 E S
CXDIHA T ok bELbRD X5 RInote (£, 1970a).

KB O MBS S 2B &, JHEKTE 270~460 m OREEFEILFIH TIL, ER) LIS % 91 % BN 15
FREAHES DY, To LSERDAO Y, OHRERIFECABMLER LTV (HOh, 1973).

Ehe, BEECE S bR ICE 5 AR R BB 5 0, R AR T LB bR
TEATSFET S (Katsura and Kitahara, 1977). Zhid&biyikitlim3d0Thsr o L, HE, e
F TR AT B0 B BEE LG EES ST EIh O (LRSI 7 v — 7, 1969). ¥, 2 ZTO
CREMNE AR (1973) WEIBR LAY, BT %= @i o EN & ARoBRmin b, BuREM
ELTIRY FRFUTHAH EELBRD, LD LREAHEOBBENR, ZREMETOFEG KW & ok
B o TUigin,
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S B ELERE _ , o

_@ﬁmvﬂ%k@ww%@irm mmﬁ«; ﬂ?mi‘@m 100 m R . HEE CREHTE
HEEIEAIA < 7~20km, ZOMTE2~5km &B?MMI 7?-%'4ﬂfﬁwlv ELBRBRC, x@?m%
@#Bﬁ@ﬁﬁ%@<ﬂﬁﬁﬁﬁﬂ%ﬁﬁ6h,%O@ERE%LHMDHDﬂ<LLOTL6%@ﬁ%< B
B ESRTWS (- {287, 1952, REF - W' 1966). o

L@@mrﬂ@m&ﬁﬁu@:'E%mma@%fﬂMV;aﬁﬁﬁﬁ%mﬁ@ﬂﬁm%w@quatbf
bY, EORSWE, COWRTOBRC D o TOHFLED) (;‘%ﬁmﬁ:, 1966) # R L Cus 6@125735 z
DEF) 3 RROMBA (B - B, 1963) @ﬁ?%t;&ﬁx%&fﬁ&%ﬁh T 5Bu~ ’

€y *’M%%Liﬁyb%ﬁﬂ%#%

u@@ﬁ@%ﬁm@m 100~160 m T3 140 m E‘ﬁ’ﬁ‘i%fﬂ“ﬂ“ KBRS, B?Vﬂiiiﬁ, BRTE
DITHY 20~50 km ZJE <o BKY iﬁv%ﬁil‘o%%v*ﬁbﬂ#/*vf 40~50 km WETS. mmﬁmbu@@ﬁzﬁl
TLgIE 5 ~15 km B LR s, THRERBIEAS R D 9 BcBilshn &\ 5 CEM, 19684).

COWRD S B, HiH LKA H“Cbi%@’?&'fﬁﬁ%f%%ﬂ%%?ﬁ‘ﬂﬂi 140 m BRI B BH, - o TR
BOEOI BT, mK%%Hﬁkﬁﬁ@mib%@%%mﬁ&%h,%@ﬁ%%ﬁ%ﬁ@&(b%’km
5, x@m@rpmuk@wﬂ@m%ﬁ%u_; DHREIRTCBE LG5 (fEH 1970a). ik _@@iﬁ@%é
LLT, k%ﬁﬂ%%#Bﬂ(@ﬂﬁ’&’n‘%f@(ﬁﬁﬁﬁbi@iﬁk i, R OB L»\ﬁﬁgi*?éﬁﬁﬂwﬁx%’ég%?é

S| jtzié‘ﬁﬁﬁ (Table 2) i :

ﬁ@W@EﬁW%ﬁm%wﬁmfu~ﬁk%§#ﬁv ﬁﬁ@%ﬁﬁfzohuﬁ§®%%%0ﬁﬁmIMm
BTG, &%%%Mﬁﬁi&ﬁmkA&’%’é%fz&fgm 5%7&@@%7?04 D33 Y EnhBANRE 150 m BT

i@ﬁi@wim*@ﬂm1m&a@tm&xw&w%mmi;mf, AN (1956), 4 (1969") s &S HD
WERDY, £ DBEH D LU RS h, bt @@%kiwdﬁﬁwﬁ@m%@ 5z T o 1
(i, 1966). ’it, & DHFEDOKEEN Eic kiiﬁ%fg@%ﬁz‘f?&?‘b

iRt Gkt mEH%‘%#B%@?ﬁ@%kﬁ%r‘vﬁ@mﬁ %éélxb "B, EOEEERETH 0 km, %‘JFL%H
SETH 70 km EET B, JMBAKIEL 150 m ﬁﬁ?&fa’o‘é i%%ﬁw%%um%m T O REEMI AR A
& R - %%Z‘Hﬁéﬁm) &%Oﬁtﬁﬁm%taofj@ ‘) (&%mﬁx 1973), = © X b Tcli MWJI“L SN

' Table 1% Contlnental shelf (Japan Sea side, North-East Nippon)
t : :

Co continental shelf continental slope
location width | depth at shelf depth range e
‘ (km) e dgé (m) (m) mean gradient
W. of Kodomari Saki 22 <130 130~1,800" 3.8°
UNBWFER) : 7
Off Tugaru Pl:ain ) <20 150 150~1,800 - | 3.9
(HER ) ;
Off Henasi Saki 5 ' 150 150 ~1,800 BT
(R fesin) \ ‘
Tigoki Saki ~Oga Hanto | 20 | 100~110 110~1,200 | 42
(F T %5~ REHE) ‘ : :
Off Oga Hanto ; o7 1 160 160~1,400 47
(BREE) . .
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S. of Oga Hanto
(BEYEHEF)

Honzyo ~ Konoura
(FFE~4l)

Vicinity . of Kisakata
(HRi8fHR)

Hukura ~ Sakata
(MR~ )

Sakata ~ Atumi
(VB ~ )

Atumi ~ Awa Sima
(RE~FE)

Vicinity of Awa Sima
(EBHE)

Awa Sima~ Niigata
(BE~58)

Off Kakuda Yama
(f L)

Off Yahiko
()

Honsytu side of Sado Kaikyo
(v i)

N. of Sado Sima

(o Rt H)

S. of Sado Sima

(EEBHR)

Kasiwazaki ~ Naoetu

(Ml ~piirig)

N. of the mouth of Kurobe Kawa
(Emmnnds)

Inside of Toyama Wan

(B ILEHED)

Vicinity of Nanao

(-BRAHE)

Vicinity of Noto Ogi
(FBB/PARME)

Iida Wan

(S H)

Off Suzu
(i)

32

11~18

18~20

17~21

26

24

50

30

10

10

26

11

15

18

160
140
130

130~140

150~170
150
110
140~190
140
140~150
130~140
150~160
110~120
120~130
60~90
80~100
110~120
100
120

110

130~400
130~400
140~600
170~600
150~600
110~700
150~600
140~500
150~500
140~400
160~600
120~800
130~1,000
90~900
100~900
120~1,000
100~1,000
120~600

110~1,500

3.0°
2.2°
15°
1.4
L1
L4
2.0
2.3
40
19
37
5.6
45
6.6
35°
10.0°
2.4
15

3.5

submarine terrace

(deep) continental shelf

location width | depth at terrace width depth at shelf

(km). { edge(m) (km) edge(m)

N. of Noto Hanto 40 130~160 40~60 230~270

(FEB2RRSAEF) | ‘

NW. of Noto Hanto 60 160 50~60 270~ 460

(REB LN Y)

W. of Noto Hantd 15 160 50 460~500

(BB ) f

NW. of Kanazawa 25 130 70 500

(&RAEH) )

Off Wakasa Wan 3~30 120~140 30~70 350

(CEBE)

* partly after Sato et al, (1971)
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Table 2% Continental shelf (Japan Sea side, Hokkaids)

continental shelf continental slope
location width depth at shelf depth range .
(km) edge(m) (m) mean gradient
W. coast of Rebun To (Mototi) 4 140
(LB ms (Gan)) 140~500 2.4°
W. coast of Risiri To (Kutugata) 14 140
(FREHER(EE))
Off Tesio Kawa 67 160 160~220 0.5°
(RN )
Off Tomamae 38 160 160~320 2.6°
(CERT) : ’
Off Ohuyu Misaki 8 140 140~650 0.8°
(B W)
NW. of the mouth of Isikari Kawa 55 165 165~770 1.3
(Capsoliiubidicyrp]
N. of Yoiti 23 150 150~750 41°
(&mdLs)
Off Syakotan Misaki 10 150 150~770 3.4
(R FHIR)
Off Iwanai 9 140 140~400 3.0°
(EW)
Off Motta Misaki 2 140 140~3,200 12.3°
(Fid B
Off Esasi 9 130 130~1,200 8.7
(T2l
‘Off Matumae 9 140 140~1,300 9.4°
(Faairan)

* partly after Sato et al. (1973)

hich Lt Bbh5a, tHOER Cii/HER  TReEIBED R ERTuviny GER - i 1975).
BEEEILAHTEORERMONTWAH, FLOWHEOTLIICHEMNE TIKE 20~30 m, 35~50.m,
55~65m, 75~85m O 4WHRD>HND (k- AR, 198D). ok, BREBBHAEMcHLIhS 4
AR 120~150 mD EMHFEET S, SD, KBEPOMHEEL 5 KEERBOMIED 5 b, REM - MY
BT A L Xh 2 PEE RS L, K 180 m FIBIC/HRICHY 3 5 HMER AN DS,

(i) KEEER# (Figures 7, 8, 9, 10)

AEERMOMBC S BIRREA2EBE LT FORMEFHATRAERECRD 5.

M) BETEELITES LB (Figure 7, Figure 8a @~@)

= ORI ERE OB KB b ZEM O KEMNEY ~C A BT 55, BEREINT CKE 200~
1,000 m OELHIERO AL Fict, RERITKE 2,500 m ORBACEL TS,

EFWOR G e E—HEOH AR E T 5 3F0EE 1355, ZThHIIKEMAZRMT S 5 MAEs
GKEE 10.9~107 m), B REEMOSMZICH < EPEEF] OKE 619~1,200 m), S BRREMREBEZ KA T
FRIYESR OIS GKIR 373~1,500 m) Th h, FRE MG Lot R—8E mOoEBORE ) 40
han (BR, 1977, chboRE-—FEERTHEE DL, BlT5 TRREAR] 2R L5 L 5ed Bbh
B, HEBENCEEEE - EIUE BPRELECEO X 5o o0, ERLOFREVRE S ok
EWV S T HRDWTIRRE S G » T g, '

FRLCHERR & P R R O B R BEGHREAOILIME, 1§ 10~20 km, KEE 1,700 m OFHELEE
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ExH L, EFEOLER 1,300 m 2R3, BEFEHIKE 1,500~1,600 m © b (Sll) TAFEE LIEX
RTWA, ,

ML, AEEE BT OB KB SIEC S e AHIC o A 5 B E b T, AE—HROHAkE
HTBEE B km, B 13km OIERABELTHE TS S, 500 m FIRHIC X > TREKE 239 m O
L 252 m OHHCHT bRE. OB, FEOHE DA MBR, £OMOEEAHEREE LTS,
EILIR A AT B 3L, BILAER A LTS WA S RO L R0 RS R bED A,
FEHAOEREER LTRIILTN S (R, 1970, C0Mo0nTE (5) Thahs, .

L@ﬁﬁ@ﬁ@ﬂﬁk@ﬁﬁWK%ﬁﬁoﬁE@ﬁ2%55%6 H—EHNOERBBES (EF) LiE
kﬁ—ﬁﬁﬁﬁ%ﬁ?é%kﬂ@ﬁ@(ﬁﬁ)f %h%h§§m5Mm,mkm,¥%ﬁﬁm26 1.5° %
RLTWE,

= gm%@%

K HO R TE\ D CHIGT B

0 B SR

ﬁﬁ@&%b,uG@ﬁfmkﬁwk@EQDE@mﬁh,EﬁGﬁbbﬂﬁ%tf@ﬁﬁmmﬁéTém
ﬁﬁmgﬁb;ﬁ%ﬁﬁih%@%h%@ﬁkloTuTOZQDﬁﬁLE%L,3%&%%%20kﬁmﬁb
o, { !

O M~ BEE R

@a MEFH~FEI (EEEFYEEEL)
@b, ﬁ@#~%%#%@(&ﬁ%%#%%%h5
@ HERE~EEYEH

®a WEFH~FE (Figure 8b, @~)

T DYFRITHY ORMR S BITHOlE S 200~300 m &y Ev. B—ALHRIERE 10 km, BEAKE 105 m
DY E, EEEOBEELAMNOBC S5 EE30kn, H% 15 km © 500 m LEEE CH ¥ RAEMABOF
BRBABEYETLEEEE (REKES23 m) BAOh5BE T, ASHREAMNELE CERREACET
5. Kl (BS993 m) A DEEHER R CHEEE~LHCEE 01X, LoBER FRE L CTEEERIC DM -
Twb.

Ob  FHBW~FEEEW (Figures 8b, ¢, @~@)

A & B AR RS A S b BEE B ) COBER, BAE T EROBRIEAARER
WAEBHL TRy, HBHHE,OBRLILED 200 71 = FRGHEI IS,

B (Figure 8b, @~@) {1y BALA A O Lk COBEMOR T, WO HEIX 500~1,000m T
BACED. HEETRSBEL, B8 B YR SROEF| LiBENEEL AT S, FREETOK
BB Qe TREBRICEL 3 AR L Th 5.

## (Figures 8b, ¢, @~@) 13H b3ED b BRI E TOILPI T, I 1,800~2,700 m &K ¥ < &R
BARBEOAMECEA ST VBV E CTRATWS., HORBEIRES DILIED 5T TR BIFCH 5 A%
Z OMEOFCIIEER ORRENEL, X0 X 5 mEROEE - HilRE LR LCvine.

C OEROMIFE, BEBOFACH - T it E—EEEO MY oEERE L BREHEET, R
Vo OWBCHEN LR EARBEEPORD, ThbOHBIIE LS OFMF], INER, WESK X2
oTW5,
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Figure 8a Profiles of the Japan Sea side (North-East Nippon)

HeEREL, KU DEEEY O SEE VI 2R 240 km OBEILRT, Juifids 2 wEpC, KE
3,200 m © HAEEER TS, &b LCRROBEEEERITERL, B LT emb » TRECES
7. WEPOHEMIEIEERPHL L, LE—EEFACHETRCESIT 52, LHOEBEIEMNREE S
DO BT b EEM (A - 85, 1958) TH Y, BEHEILORENLLOTHS. Tk, REMET
RFEMBEOMBCEEMPNENEE I, HEHOBEX I I AOEE R LTEY (Mogi e
al., 1964), T OWROAEBEFMOMFIL, HEMERO LS RPEORF I VR IhILELDRS.
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Figure 8b Profiles of the Japan Sea side (North-East Nippon)
wEdbE I, 2,500 m SRS X b H IR I WD HEROMY (RERL 2, 200 m i) 24 0h
%%, Figures 8b, ¢, @® 12 XL, EEIEONEF~OEENAFEETCELHLTW2EHE Y LEbR
5.



114 K. YASHIMA, K. IMAI, K. NISHIZAWA
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Figure 8c Profiles of the Japan Sea side (North-East Nippon)

B EARERE, EEEHEAORES L F LB ARREO KEMORY, MREmsbii K% 3,000 m
WHEO B ABEHN T 5 2R 280 km OFREETHS. WEOEMTH M CRILIHE—BHES AN THD
2 BEESWE v TR, dLE-EREES RSB MR BREOEL 10~45 km THEDOHE
w10 km R TH L. WRAKDERDC X 5BELSBOBERC X VERCEDS, HFCHI - T
{igh, FEA— b0 %EHEE S ORHE T KIE 700~1,000 m, 1,300~1,500 m, 2,500~2,700 m O/ &
Rpleshsd Cal, 1968a). * LCEHEOBEOMASIT BEOE T v Sd s R Mbh T3 (B - &
&, 1971). ‘ ,

T ERBESE, BEAAREZOTHED 5 g% EofEo 5 gL ZA T CGEE, 1968

a), Wil LicdHKEE 3,000 m D HABEKET 54K 185 km OBEATHS. TOFOLHEHTYYER
BT 200K WA bRS. ‘

OB INEHRCTKE 800~1,000 m OEEE L A4, THHOBIRIEOHUME LS, HHEE D, HFE
ORI > T EL, FFIKREL 100 m fECHEE TS, K1, 300 m fHE T RERE 72541 1,600 m
HFE X DB D, 2,500 m AHEICE » CHOSREINEE 705,

RERET, REOE T VLI RECCHE - BEMECEY, Th X il —7AKERZCER
HRF S HMALBECHA L TE bty 5. HHEAOKERR L, KETREEIHEE —5%T 5.

@ #EfRIm~BEYEH (Figure 8, @~E)

T OYHROBNE, RO EEER LB EAREAAIE D ABEREE LBl b IBO% KR
mBk%ﬁﬁK@ﬁTéﬁ%&%%%éT&.L#L%ﬁ%ﬂB%i6k¥ﬁm,%ﬁ#%#5ﬁ<ﬁﬂﬁ%©
BEOVLHBEL, ZofESSIEEE A AT CIEURRCEDT BB e KEERMSARET 5. BT
Figure 8c, @ T/T X 5 1T, 1R#Y 35 ki D KEEMS b BRI BHE T 2,600 m OBREACET 5. KEE 2,500~
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3,000 m WA EHEYESE - R EHRBACER EALhDHEIABRIh T 5.

RO, BAMBONRIC L 2HFI0FE ) EWEERE/NEEOTEII X b, IR LRV EH L
THIOWRD, WHOHEL2000m & A&, KE 2,000 m Fi#OFERT CRER MY O MM AL h
5. ;

ORI, KB 800~1,900 m TixFi—moHaErH L, HERORZIRD BV,
—HICHE - RO R bR, | :

BURR S AR & R B A KBEAIE £ o R R B AL, LRl RCED 5 MR A
TREZ 50 km, FEXI15km ZRLTW5. BEEZL, KESHKE 1,800 m Fits CPHETH B, HLH
TIT 1,900 m &Y. '

& JedEEPEH (Figures 9, 10) |

C OHIROKBEERAE, PEH O B AR L OB AT 400 km 3F 10 b Bs SR & 15 I8 60~150
kmOWHRTH 5. HPANCT, dLMOBIFEED b A FARYERITE % KEE 200 m > 5 800 m DA &,
Z O A D DEECHT TIRD 2 KH 1,000 m 435 3,300 m i< BB BN & bins. Bl CRRVlS %
RCU B, KBEMSHRA DAY S, 600 m IS 5 BRI S h TV BHTTS 55, |

%%®§v%%fmﬂmﬁﬁﬁ@m@%ﬁﬂﬁ%ﬁﬁ%%bT@%kk@ﬁﬁmﬁﬁL&V.ﬁ@mbWéK
BIRKTHERD A2, © 0 5 HRMHED—H & MEEEINCE X 5 CABINCRIE SRS, Ch b oM
% HEEEC LB OB St ) TR ST B (R, 1973) 45 HITSEIICI HRED B Rt
MERE b o e E ORMABEEE U5, 1 OMCRR DA - AEE L, FRAREELKE 300
m 3T O IAE ZEORVCEROMI L foi@ sk, KReMIREANKE 300 m &, BIFBAAUKE 700~800
m CEHE % SRR REE D ThB.

ﬁ@ﬁ@#%ﬁﬂmﬁDEM%%E@%K&B%%@&%A%kmﬁg@%ﬁfm il - HESOLEAKR
§<mb,Lﬁgﬁ@&Lzmﬁﬁﬁxﬁﬁoﬁﬂ&%o&umz,@&mm%mﬁﬁkﬁﬁ%ﬁb,ﬂﬁmé
BARBFFHAVE LT 5. AL EFIONTE & I X 0 & Cr iR e - T, W5 - ML R
%itm%ﬂ%,%@ﬁ@ﬁﬁ%m%%%@mitm@ﬂ%&éh,E%ﬁ%ﬁ@&gwﬁﬁﬁﬁmﬁﬁ%mb
REHEFIHICE D KBS R 7Y v 2 7HIROBR~OERRTHH S L &R LT\ 5 (BE, 1979 &\

5.

FFHR LA CORBERTE Y FG R - Al - BAOWBESSALR 525, B -Thiph v, EBOEM
@&ﬁmm%3m~m0m&EOﬁﬁoﬁw%mamm HBERCITR B - T B, 20 5 bR E
Rmﬁwmﬁ<%ﬁﬁkﬁ?6.Et,%@ﬁﬁO%%@m-ﬁ#ﬁmm%ﬁﬁ%D@E%k&bhb.&%’
B0 S, HEBUTIMEOERN 10km BF b L/MRBRAS, 1,500 m DL EOLEYHFT5MHROHE
HIWITH D, BRBILOBNCIIKE 3, 200~3, 300 m WA K/EHEE % AT 5 HFEARBEN RN 5.

BRKE R CERSh TR Y, %X MBALIEEShD,  OWAOTMICIZERS, 000 m L
LoOXRBEHESA LI, BREES  HESBESEI LD ETHCL ODOBEANRATVEH, AREIE
BETHB Ll En DENRREE L2000 GEA, 1977) & Exbhb. ¥k, HHEBESE KL
WhE DIBRAEN S ¥ THEAT AEBNL WKL - T, EHORANEE bKE 1,300 m [ BAF
MEEHT B4 — €44 VBRTHS. < OWROILMIC b MBEOTE - (B - 2k L owES (5 - 25
b 1954) b h T B,

HEGACAP 5 RTESEC O & UTERIOE ¢, BiTkE L —Ho kUt LitEshs, Th
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Figure 10 Profiles of the Japan Sea side (Hokkaids)
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b oW OBy T RARRIL EIA T, JH-EEEO FECEY, EE (1979a) OV ivbhid b

lggEH Rl 2R 350 T, BANEIEEL - CTARBEZCED. FEEE 2L TII(5)Th 55,

C DM EDOWETY OLBMFTFL O THET L Tho. Lo Licki—D, ZoOJHLHET D B/E
FEELED DRABFE N R, BEHCERTHS, A (1977) B2 OARHELRRSEIER LR, 0
BEE L UCHEORTARRRS L RERH LA, 2 OBOMBERENERE TR 50 » T,

Gii) ¥—E&¥1 2 ‘

H AU D KEHZIH & & O B, FEE M BN S ORBEOHEREEC L » TEEShicz — ¢
A MBESRELTCND. fok, ABEEAINO % - X4 MR R BMREL BABEE) covtid
T TR DTHEET .

) BlERES L ELEERS

£ 549 230 km, 18 20~45 km OFEWARIEZT, K 1,000~1,200 m OELUFEES HKE 2,000 m DX
BRACETHAEETHS. BUEISARIIFE T 80 km RS RH LILK—BHEOH MY o5, £
I CaE—LT R E e A2 b, AR BARBARME CORSIH 150 kn THD. ELERIET
IRBEMZ A SBESC LD, KR L2200 m BETR EUEERSC I VHTh w5, BEEIEMS
Je~FEBRIZE L e b, 13 3B OFIHE (K 800~1,000 m, 1,000~1,200 m," 1,600~1,800 m) KR4GS
R CEM, 19682). VRBRASKTNERCET S B R EUBERIEAEE LTS, < ORKIEE
HREAEHAY 40 km OKER 2,000~2, 100 m DFEH VAL EE L L, HEH 100 km TR 2,500 m 5 ¥ C
BROER Y% b2, BREOWPHTIIEEREOEM TR E 325 HUCEREH 8L, 3k
KR T

F— X PEMORE S LCE, OWAEIERY O BIEKTE ol BHRETR L #ES e MRRmEoRE
EIZ7 2y b LTS, OHEBEYIIEETOMBAY 3EKTECRE - THh, BEEKTEHAEY T, @F
HEOKMIREROWK CTHLEERANAbh, BOFMCIAEI VB L-ARERHEEL, b
CRRIOREN DA E LB 5, LEOBRNRELRS,

BRMUFDAETETT 60 kmn 432 b AN PRI 27w, BUBREBZ 2 HbIET 5T 5R S W0 km, 8
15km OARBEL BB, KB 1,000~1,700 m T, 1,400~1,500 m ICPHAERHA DR DL D, ZOWEZOF
BB O & BB LT WA DRA 5.

BUREBAZDOMNER 7 » vy # < 73 ORFERECH Y, TIHRF UCHILEA - PR B AROKEW, #E
DF S, REGIHOBHEI—ETS.

FRBEORBICOWTE, HAFIE TR -7k, COERE & LTE L LT HELHRIL LD
FHADLBEE IR LORRG. ok, HENRLOTHS - LINITHET, HAFEOFTRThhb Dk
Bob O CHEOBELHERETHS. ik, TOHRDPWTUR(B)THHETLSID.

EUTEEEAR, EUNSEOKIE L 200 m (55 bTh, @5 4 Lient SRR A% L LCEIIE
BRI S, BRI ENSE LT EE B L, AFBROEMNYIET 5. FHLLBEREY
B b Ey & D, BT U2 bKIER 3,400 m §i# 0 BARBRAPCET S, ZOBFRERN670km, HiE
2,200 m, Wﬁﬁﬁnﬂ’o@&f%%#tﬁ%%%%,ﬁﬁéﬁmbtofﬁﬁ%WD%ék&é.&<K%
TS CRENE LD, ER I D OEREOFRENE CUUBE N e CE, 19684). B¥
EAORRIELMCEBEERS (HMigs, 1973) TH5HH, HHUEHHEHOHENHHORERC SVCTUIAETH
%,
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@) Kfna GEHD

RERCRATBEZOERAE TR Tv5, © OBt % AT, HR L iR & 85 b o KA,
BEEEERCESh, FRCEUREEREREbAbhS. BEANIHE—EEAFACEEER L, FOoRS
{3 470 km CIEIRK 180 km TH 5. KW H OHWMITEIFEREON S CH& L, KR 2,200~2,500 m 2R3
2, FERomEE, JCEA TR o hKE 2,900~3,000 m &ith. BEEEH (Figures 8a, b, @~®)
AN S RAER D » TREPAICEA L TO 525, SHIEARML SHEDP BB Ih Wb by
RLTWBDTHAS.

WAL, MR OEE, S TR XTI - BRI - 552 BIPEEL - 8 3 MBI - ~ v #lgo
HE 400~1,800 m DR - MENRSEAELRS. Tok, ZOWAOHRI A ABLRBEEETHD - Lo
bR T3,

(iv) KBEGIHOxLH

© HILHAFBREBUOKEHOWEL, BREOR & FERLBMRYAEL, BRERSRCEBALTH2 1
TR TEIE L, BEESEE LW LEBETBALTV D LV O MOBREYR LTS (R -
e, 1975). UL OMBICARRAYS itkiEE (BEA S HBINRDOEF]) OEER KEME
LOTHEALD.

@ BEWUEOKEMORENE O, FILHN SEREC i, > COEBEHOBRTH H, ELIFKE
PR O ERHBEREY A A B ESHEE LTS 1 Th 5.

@ WEEEUECITECKENATET S, KB M0 miBcBERNR 22> TE D, ThBBEFOKX
B MR AN L, B REEI-Eh B 0B EFE A ERES)C X D IEA TV o i b O CRE OX YRR
Tl X 2 REM L B D ESERORE L V2%, ik, BUABMcoWTR6 (5)(i)Thehd,

@ KPR LERNOKTEEEZ Lk LTw 32, BEVEUROREMOBEIIHEHROME
ROBE DRI EBREOBOHRYOMAD EAR L - THESh TR D GER - 515 1975), #E
& UTRBEEMNOKTT B AL L HEBEO “oOBEOHEL VAV L s TR IR T3,

® AEHUHEOBFEIIEHT S E 40 m M CHM LB, K (1978) 13 16,000 = 1,000 EFTOHE
FET 80 m BETH D, FHAWEETE VAKX (1 XICOHH) 0120 =10 m THHETHELY
BATWS, ARBHO R ECOFHTE, COFLHREELASD X 5EN TO[MCOVTILE(5)
hcheshs.

® FILEFEDDLIEBECHTTO ARG RO 5 B KBEERINL, < OBROWE - @il Lo
HEES) - Ak - B EOFHE =R EFL LTV Ensy (B 197D, Tichh ZOMRoM
B RKeE b Th 3 82T EEE—OBREREL 2 o7 ) v2 7HERCB T30 L E L
bh, RESPHRER BTG d PRI e s, KESERUIER T ORI, S
HGDFEHERE > C DD TH5.

@ WEITHEEYOER L ARCER I RS T B ASKN T, BEEOKEIRFIHERY OBmE
Xy, FEESRTHA,

(3) BFEBRER

BRI B ABEORE RU MEESAEG TN T05, BEEHTE, 1313 3,000 m S5H CAMES -
BESREBALELTNS. COMELBILED - T RACESEHE LT, KIE 3,600 m OFHEFIES,
B Biro0ik, EIEERANATNEE LR L, XIERosmy AT m LTkETCRBEEL 5 bl
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Dh b, BREREBELYER LWL L Ths.

B TRERERV IR T O KRB E R R A MO BATE L L YIS h O3, BEBTEH 30 km © 3,700
m FRECHERCERRL, BAKES 04m E2RL, BEOLIABABOBRETR /Lo Twb, BERES
DT, - JCEREPE ST O KBRS R HE < KEMHE RIEACHE D S ARTOMA VR ADRS, HAEIER
TROXREER TR, SOHBEY L 7 » 7 (rap) ShTWALLTHS 5. .

HARg st 5 RIBIEIL 1973 £ 6 ~ 8 A o, KFMEATOZEIREES (Site 299), HAEE (Site
301), JEAFBERIER (Site 302) TiFbiviet, EMAFHICE Lo CHERDO FTRIIEE SR TV
OB, 197D, Tok, & COMBRTENEETH B BRI TS,

- (4) KEEHoEEY

AARR R, CHE—EEOH R ORRH400kn, HEW00kn OEAFBORELEE IHD
b, RBEMOKEL 236 m T, KE 3,000 m OFEEN L LT LI OLERH 2,700 m FHOKIURTHS. o
mE ) OEATERMOREIT MICKED 2,000 m DRIRVGEROEL 242D, BEIETHLTND,

LRSI RRTE, B AATIHE TR 2 AREE S AR L5, REFEORFC X g, AR & QLR
HOTRIEREBCEAIGEEDRE Bkn £HWV) ARLR, ZOWRNKEREOLDOTHBZ EERLT
W, UL, K SRRSO Bo% S 2 20 HRiEEY, EREE e B ERRTHD L Ly (b
o fERE, 1979).

BRI S £ 1D KBS, 135° ELGROXTERE, Mk IOEREVSHE I THD. ThbinilE
BEHHEET, NXTHIHEEEEEER L, BEBEIHEE & 33T 5 2MERER L RT3, B
FHAVIKEE 2,500 m TARWEEW, JLRRHEL 3,000~3,400 m CHABR EHE LT\ 5.

e KB & AFHEDO R OB D% B & 20T s Y,  BHITIKEE 1,100~1,500 m & ¥ < 7 b SEHE7CHE
BRE 245, ZORBIIEIEEKE 300~500 m (REKE 236 m) OAFHEBIA, - LAV IHETER 500
~800 m DIFFEHENDH Y, ThbOIHRHFH ik HETEE 1,000~1,700 m DML T A REOHLROLI D, HE
TEROFEZIFEUSBE CEHMCTRMEVWELI LS. CoBE, BARILE 2,000 m EWABROHEEYRL
AR 1,000 m B OBEROBRICEL PN AR DR B,

AR ORI, #0875 & 5 WEHRKE 2 S UBEXIERHORSLEROFHATADLH, Th
LR E LR BT 55 R L EUE0 S D Z LA TW 5.

FREEHED AL CIED D BIRIZH - T £& 60 km, HE 1,800 m, SEHEAR 1.7° © BEHERO ATEES
R Babh, BEEO SO LBLRIPHEORELXZIA THABZTEL TS,

(5) BEREAOBERHICEYT SHME

AABAOBENBEEL TR, BEUDFREBEORE, AriREELEE T3 KEGUMOMEEZ L b LK
B, R UEORVCKEMORES, B OMERSDN, & TR AREOREIOWTE T E
%,

Bof el BRo X 5 e KSR KRR DD, RO HS I EENR, LD 2 ERE LK
ERTVDM, LTS D HAYEORTHE - BisH - $BEBTEH /s &I © B AR B HRIKE L ST RiE
KUEEORPEBENIA ST 5 o & AMERE - /NF (1964) K X DiRHESh, ch b BRRSCEHICALS
i ZhboKIEBTEFERD D EE2RC T BRTIE O B AR & Bl ciThh, HERKE
HEL T ENDERECOKUEETHS 2 EnmbhTw5, £0%, BRENEROBSRIAIELUR (B
B - A, 1966) © REHE (Yuasa et al., 1978) - BEEChHBND X 5 inh, Z ORHENCIREREBIIARE
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LESEXTHD, WIS OB THD. 0B DOWTIRE D BT,

HAMCHEA R LB e 2V O, HESUE TR ABRIOBMIE I W O 2 R ORIB O
TIRET B HkE, BEOHABTALhAHRYO > b, BHOWRBONRRTRETS HE?H 5. I
(1979) X B &, HAEHCED CERBWER S W0t o HRREORRTHLS. L, %
RERT DWESEMIRZ - Qe BE T Lt olc b Wi 2 & THDH. BRD X 5 2 AR COFEHR
BICIIETEE CELES M, 25 > Bl TREOHBIRFIEHNOLOTHS. thbDZ b,
B A EA Lic OB TRISCE A Tt ¥ e Eh T 525, SO TRIEXRATED
Y vE 7EHOBBTHS.

B oW C— B0 REN L Z e, MEREOL 3R LTHEI A LTELITHS. She2unTix
REPOEHL DL, OBNEFROBA QAFES V- Ol bATHh OMEBEOKBEMEOEEL ®
KETE S, 52 OPPIHBEAREY ORI KT L IFFCREL D, £ 3 03B LEROREIoET
Eite Ih, BREOEAL VOB 1 OFHAENTHS D, Thicdb W on0EL RS,

L & (1978) 1B EEUEOEFRIIIKES v — F DEBS, AR LEOHEINBHETH S, Kk
U P OEROIMBC 0L, TOXSRT v— F OEBHHOAELR, 2k pittRiie S v — P OFEZIR
HRRKREFC > TwB S ENTFHEAS, ElEs (1976) HRSEEERYH Y I LCREEDRESR
BEARILTCH., Zhicksd s, 66my. (EHE) Mt 75— v B 7 Y a— ¥y VEBBICIEZAA TV -
TohS, KEBUFRE ~7 A BROM VLI VHLAR I 2 my. FCESHALERECE L, hilE
BRI BI— SRR S e, £ UCHERE (1979a) 1, KFHET v— + OEHHAOZEL
LFV— FOEESIRE D, KEOS V= AR L, AR, EhENELCrY v 7 ERINAE
b, BAREOHRAKLHBIhEE L.

Fre, BBE 97D AL, FLAAEREHCENL ) —FRESR L OFBHBWEL DS . (LR
D% DL, BHUSREELORE TE O he@EBIE AT, ThOOERERENE L L0 LOoREY
BrowWiEciibhConn. JOEBHME, EMBCIZENT 7 =272, HHVIXHREORLHES
boLEXLRD. UL, ThbOEEMMEMCHERT 5 LREVRE &R LITEWREG, R Uar b
FTHEERRLTED, ZOMRIERT 7 b =7 A0BEE-Twb, BEOCHKEBOHMEDRAEFERLE
T2 b= ATHS S LA,

PED X 5w, BARET, HHEZEsbhaitmfiocii ke L, R0 L5 S BHERUBEL LS
LD LN ERGDHH, HEAKOBRC @ADL 00EL b5, Kobayashi and Isezaki (1976), 34
B (1979) @2t X b, HBEREOHERNDL, WAVADOHENLINTWDA, FRHELIhICL O
™ ' :

FZC, T2 CREABOBEMEOF A ER LTETORRLITS. BA - L (1966) 1B Ay EOTE
BB ALRDERN B E Y =7 ) 74 LUk,

— B, Bt 5 BAROBEREY, LoRFRMRERETLE, WD~ FRERTAZENT
&5, To—ouk, REEECERGRRIEMCREINZAILA—EBHEO RS T, ZhilBtA RO LE=
FOFAESHAYTHS. HEE (19792) 25, O LHELEOMVEFIZ AL = LwwER LT s
FR] ERPAR T SRR, o —DR KT - BRI AR SRS BIE—EEEOMBETITH -
T, BEOWPE LOIBELEO NP EMECER L 0%, ZoF AR fic FTRFBE ] E9.s. [H
Bm) & TARMEN M) PR BEZRBR S D, BARBEOW MR T8gEsm] »5, o TRRERR) ©
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WHAER TS L, BRBORACSWT—20R B2 525500 Lhis v, Tibb, &# (1979
a) LIkt vy 2 —OFMICEREBERTAH I VAT + — aMBRH S & BRBOIKILA & — AR
FTocbreinsd. coOBXRIL2E, LROWBORIIRE AT A oikihe THgEHRl o5
VA7 3 — ABERBLTHD L WIS, 74 v V=V FOEELEL ORAELAREET T
FOEHF] OB EY - C THEH N KECTEY, —@BO L 5 YA 7 4 — AfBEOMER L - gl on
Rl b2, ©E D, AR TRTIENR ] OIKHAEE L ThoiEERBRes 5 MAr0 b7 v
A7 3 — ABOFEEC L VAN AL - ZCHETF LTV EHETES S Lk, ¥ ItE—HEE
EV R TRER AT AALEE, TR, FHEOMEEE U TR A ] 2R LCwiedt, BlbikiEa:
D7 %o ¥ = 7 FAROEHTEEETC L VRHE VSO ETOR OB S W TTRES 5 5.

5. FAHR—VUEHOEK®E

(1) EEHKOEE

[eEsE | Bgd A A — Y 7 BEERO—HOANR GITRTHBR, Fh - 2 GEOBEHIEOE K
BEOR®S L, TEABCH » CHRVWZABRC AT 5 KR 3,200~3,300 m OPHEZ L, WEOFMTK
B BIKEE 200~1,500 m QI LA OTHMC 2 b s, KEMNT A5k~ 7 BOERED 40% % &5,
FEHIAKTHS. FRATED CPHETHEABLLZAbR S, FHBOWMEL, ERNNSE LA TH S M
BRI 940 m @ 10 (Institute Okeanologii) ¥BZ, HIEKFE 894 m © AN (Akademii Nauk) ¥l BRiFEKE
L7 m D7 Y o ¥ VBRI EOMERELRS.

@

o Distance  30km

| {
2000m

— 0,1000, 2000,
3000m (Depth)

Depth

Figure 12 Profiles of the Okhotsk Sea side (Hokkaida)

(2) KBGO (Figures 9, 12)
(i) KBz (Table 3)

Z OEBROKRBENG, EBEUELIEOBRBE O & BRI, v ) v bE B EOR KR,
THEST bhD . SAEEMAE TR 180 km I LEL, BABBCRLKGERE Lo T b, K
WO SHZ R IL T 234\ AYUKEE 170~210 m 128 D B,

KEW B2 220 A HOBEREAADIRS D, TOBRIT—HCind GkEEd, 1974), BEH»
B G TR « BOWIS £ DR E 0= 150 m R CBE 215 MHAEEE L, BIRD B 5 Mg Ht
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BEIh b, FRERBERC W SPHEC, C OBEMTEA KE 110~150 m REHD. T, SHZ
SIS - BAE - L RAREA BB, £ 0 5 Bk BATHMER - OWHRO R £ TS 75 km, ¥ 10 km
ERSERHE TR R OEMES TR ENEERZCIIMBEZ /Y.

T OYFHROKEMOMBEREL, HRFEAIE ToRloFRARTCS T bR, hREFTOEBEDIEE
2km DEREL, SHEOERBIIIALEC T~ v ORMEEE~EHCT 5 (KR - HFE, 1980) &\
b, DX THEBENEORVARERz b L0 ThHS .

BERIPIRD B AR B 2T T, REEMBEIUAMO BT TRucith i b, fEHD DRI LT
SH UHEESERES, KBEMOEIZ 20 km BT A58, HEEERCBRIEENE-. KMot
U, K 135~150m EEE OB SIS, BIURHLIIC RS S b KB 120~130 m TP
ERHD. Th, HRRHECILMEEN B EOER Y T,

Table 3* Continental shelf (Okhotsk Sea side, Hokkaidd)

continental shelf continental slope
location width | depth at shelf | depth range .
(k) edge(m) (m) mean gradient
E. of Soya Misaki 135 170 170~3,000 1.8
(SEAHIRATS)
E. of Tonbetu 108 190 190~3,000 1.6°
(RIS )
NE. of Monbetu 72 210 210~3,000 1.6
(BOMALHS ) ’
Off Notoro 16 150 150~3,000 1.0
(fiEmi)
Off Syari 16 135~140 140~3,000 1.0
(FHEM)

* partly after Nagano et al. (1973)
(it) KE#E

UMHED DB PIHE 2313 C D ABEMSMEIR - TIIKEE 200~300 m W PEFELHD. TOTFTHBRILI DI,
500 m, 700~800 m XV* 900 m T b FHEA A bh, —BRICKE 1,000 m 43 % CREMNOKEHNEEE
BLTW5, 1,100 m AR EHEZSMEY L L, K 3,200~3,300 m OFBHARH . dLRATELE
Ao b REBERS, Tk BAEOBRBESZRH Y, ThABIZAWMLT1,000 m RO KEREE
THENTW B EHE SR D PEITHTHS.

Je RAFHER ) O AR AREE R Z e L, INEEY R X SR PEERI RS b, & ORIk
K 2,000 m (L CHRAET, LR LD TIEER L e ) TEEACE . AEREHCEESRO M
WA BELVEAREER Y. 205Y, EIUEHICIIAKE 200~300 m fHECEHEE R ADR, &
OHEH L RAFERN ORI, dLRATHELER D £ X5 BERLHEREY L ORRBESNSS. ik, 18
FEHES, FERESE, 0 AN KEMHELY D5 2ENThEh 75km, 20 km OES THEEILKE
1,900 m ¥ TELTW3. ‘

(i) B H &

BTHATEIEORIEY kT TREBAL, +h— 7 BOWEEDY G, Mt Kigcl, 2o—8n
HEEhBHRETTHS. REKE 3,374 m © OB, j:%ﬁ%ffim‘&% 3,200~3,300 m I B hFHET, HEHEL
ZXbE, TOWBKTEIXS000mn ZETHEDEEL, BEFREOHEEZE LTS5 (Geéol. Surv.,, Japan,
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1978). foks, ZOBHEL BAGBEZRBOBHEENRIEEY LW,

6. XFEAOFERY

(1) BESEOEH

ZOWRTE, KPEEOFVv— 1 BTEB— & F v » 7¥E BEAEBECTKED 7 v — b OTICIESGA L.
oM, 200 km FiEOEMECEMAISIEET LTEIIL, FEIIE - LEEERKT - AMdeES ST
LEWMTHS. hBAZEFIRCKT 2EN—BERCLE OO LORALIRLA, MYEHE TIRIBEHG,
BERRERET - W EATE - R - RS - RETERE - e AL - KRR - Bl e 5
HBBEENRLL - TS, B ERE—OBNC L VBRI h CHOTEMch S, WHIBEEUMET, T
B—h A% v » 2UBE, HABEC 25 3h, BEREOSATMECIABRBIAREEZL AONIS.

RPN O KEEZDBEANEE LTI E R & TSP ERERLDZ O T, Jlaiiiil, Tobh s clEmEY
DB DOWTCEETHZ Lied 5.

(2) dmEfoRBEDS

(i) Kk B W (Table 4)

REEEPITES D« B2 - JIERBER A BRI 2R E, 25 ko B O BRI L ORI S
L, KEEIDIEKIR 10~210 m OB LT 575 130~4150 m DFFBS -, '

wiliico M%Kmi 130 m, % 2km TH 5. SBUAHR 96 m O PIHERE SR T, JHRATIT I

W & 2 wgwb» wn%mﬁli%@&bé LA 80 km TS, BB 16 km & LW b, S
@K@%BOm&ﬁ<k%# E@@WFéoTh&WﬁﬁL&%L@<KD,%%Wﬁﬁf@K@MWNNO
m B . BT OB 50 km BTHICHE LUK < 10525, SHROMIRIUID & it IO UEESR & (L3I
s AR AR L, O CREEH OB AT L ELTw 5. £k, & OHIETHKE10~30 m,
30~40 m, 40~60 m, 120~140 m © 4 HOWEREOFE (BE, 1957) &, EEIVEERA S CREND
R e (B - R, 1975) Z ERNHBRTWS.

BEEh bR T TR, 1B 26 km BB CHEBBRRENTEAIAL, 130~140 m DIHEREY

Table 4* Continental shelf (Pacific Ocean side, Hokkaidd)

continental shelf continental slope
location width | depth at shelf { depth range .
(km) edge(m) (m) mean gradient

Off Esan Misaki 2 130 . 130~800 L0
(BLgp)
Off Sikabe 30 140 140~800 0.9
(B )
Off Siraoi 16 120 120~400 2.3°
(B I

 Off Mukawa 18 130 130~700 3.0°
(R8N i)
Off Mituisi 12 130 130~900 2.9
(ZFEM)
SW. of Erimo Misaki 36 150 150~700 3.9
(B EFHE )
S. of Erimo Misaki 32 170 170~2,000 2.8°
(MR H)
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E. of Erimo Misaki 23 160 ’ = -

(HEFIREF)

Off Hiroo 26 140 140~2,100 1.3
(JEBM)

Off Kusiro(Valley head of Kusiro Canyon) 13 70~80 - —
SRR (SIRIRE A 5 E)

Off Akkesi 28 210 210~3,600 2.7
(JFR)

Off Otiisi 24 140 140~3,300 2.4
(FEaM)

* partly after Sakurai et al. (1975)

FHI 52 JIBREESAFEMARE CIABRMIAC L VIR L bR, B 13km, SHEKBZ0~80 mLins.

PIBBEAUE T, BEE25km Blbded, mE—HThs4, SEKEIERAHBT2I0m Lo
AL DFERIHT 140 m EFUEL e b,

LR B R OB LT & KB SHEARKEDBIRE 2.5 &, BEEESE S I T B BT & BRI T
L BEERRMO N TU AP TEEIF IRV EVW S X B CHA RO & A bR, TFHERO
BUTEHETE, P b BB OIS T4 L6 5 EBER GEA, 1960) babhTuwb. gk
e, FUREE OB b EEES A~ OEEED, ERHhCIERROKENIMR T A~D Ed a0 b
B L AWEOR RN (R, 1973) MBS T35,

PLEDZ &0, & O CESESNTHhR T3 DIRENTHH A, BI:EL LB AR ETS H
BUROBIE E D EWTHIBRFTECE L e v O 54 VHIFEEL, TOMBOMEET X Y AHBEEOT) &2
LichI3INTWa EHEEESIRS. '

(i) REERIE (Figures 13, 14)

Figure 13 DIFEHIBE S, Figure 14 DUERTURERS 5 b B 6 avve & 5 SHmLI 0 KA1 OHTY
BHIBESICL D 20 8hB. ' ;

IRBEALE T SERTAFBF AT L, U KBRS 2,000 m 37O FIEEHE
ITRERRL, z%ﬁ%%tk@ﬁﬁ&ﬁ%$ﬂﬁ%2~3@ﬁbﬁLf,mﬁﬁKWOm%ET%ﬁEK
Eh. T TORBERT/HZIKE 3,000~3,800 m b b, FHEANL2.4°~3.2°TH 5.

—77, YIEEBIEA LI COXRBAEROSFERE, THRRTTL, KBS b LA ER UESH T
fEA TR 2,000 m BIEOEBFHERFCEY, SFHEERMRE D 7,000 m PBEROEEE X ClEpHEE T
T2 CORBERIESMHBITKEE 2,000 ~2,500 m b b, FHEANL 1.3° B TH 5.

TEETREY, YIEES DR BRIt - TR CHRICIE L, YIRS LMD HIR T, K
¥ 2,000~2,300 m, 3,000~3,300 m, 3,600~3,800 m [i#%, HHHRGD O EFHEHTLL 1,500~1,700 m,
L%waJmm,zmmajmm,sz4ﬁmm,2Jm~&w0m@ﬂA%h,@%MK%%T%RK%
fiTHz &b, RRITEBEBECHE S BAENMBLEDI-BEO X — 44 PEMELEL LR THWS.

SIBRBEA TS O REFHEE LR D & Db TR BLE T, 1859 100 kin OBRHIY OFIHE TKE 700~
2,100 m KFET 5., T OFHEER, THEZE LPThTw a2, BEDO 42— 44 gt l, ZEoLk
KR HER L@ asE () A0 EBRETC X W BEEOH LR - b DT, #ETO S Ok IHc
B HEIMEROERELR LTS (k- IR, 1975). % LCaRmc el —asi ok & 5
5 SHFONBER P Z Eh, BEAERCIRFRCECLBEEI ERE L, Chicih- URREBEA
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EWRFlER 5 (- H3E, 1980).

BB D3 R e KRR OB RO E 35 JIRIBEAT, KT 70~80 m OATEMNIT TREM L B < # %,
TR & RBIRCKIE 6,500 m ¥ TED, 1RIFHHEE OKE 7,000 m) KEL TS, KRXZE D7
CE#RT ZORIREE A - PARIRE, £RH190kn, HEH 6,400 m OREATHS. ZOBER
CHEBEPHRGC D E TRTHED TR, &< ORIES TH LR B AREFFEH O EFNC LGN TR TEE T
b EWHBBE LT ELRVERTBESTHS.

BRSOV, ZOKRRAOHEERPBEAOWM COMBEREDERN D, Wl (el 1962, B,
1975) &uvbh, RELHBROBEL L THEREELORD.

SIBEEAOBEMC A S 55 BEERIIAEEKE 800 m 3 E L, KB 4,000 m ¥ TEH£E 110 km
OWERTHS. KRIHERE L, AOBI100 m UATEL. BREMNCE, ofbiEkchsd (B
Fizh, 1975) EVhbhTwa2SL R (1977) &, BRREEANSNONGESL &S, THEEORENLE

Sikotan To
-~

aq

Kunasiri To
\S :
° -—
D

§ Ne 1

ZPo

Kusiro,

Erimo MisakiA,

w <—> Deep Sea Plain
_— 5000m (Depth)
. ‘L Trench Axis
Distance
0 50 100 150km
et gt i Lo
o
3
E 5
5000m
Siriya Saki

Figure 14 Profiles of the Pacific Ocean side (Hokkaids)
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Figure 13 Morphological divisions of the Pacific Ocean side (Hokkaids and North-East Nippon)
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Table 5 Continental shelf (Pacific Ocean side, North-East Nippon)

continental shelf

(deep) .continental shelf

location width depth at shelf width depth at shelf

(km) edge(m) (km) edge(m)

Siriya Spur 10 120 — —

(FRLEiEH)

Off Siriya Saki 8 110 - —

(FLESH)

Off Siranuka 3 100 - -

§=) 3]

Off Misawa 45 160 —_ —

(Zi)

Off Hatinohe 34 150 - -

()

Off Kuzi 26 170 — —

(A

NE. of Miyako 20 190 22 220

(EddH%)

Off Miyako 12 180% 17 260

(Edn)

Off Yamada 7 170% 18 400

(L@ )

Off Kamaisi 7 155% 18 400

(R

Off Ohunato 15 155+ 27 365

(KAREEM)

Off Kesennuma 23 180% 34 360

(KA

Off Sizugawa 22 175+ 39 375

(G

Off Ogatu 24 185% 38 330

(HER )

Off Kinkasan 16 160 36 330

(&H)

Off the mouth of the Abukuma Kawa 70 180% 71 200

(FIECBI Ta)

Off S6ma 57 150 - —

(FEw)

Off Hisanohama 44 195 - -

(AZiip)

Off Sioya Saki 30 180 - —

(GEEHW)

Off Hitati 26 140 - -

(Hzi)

Off Nakaminato 22 130 — -

(I )

Off Kasima 24 150 — —

(BEM)

ESE. of Kasima 24 160 — —

(BEHEER)

Off Tyosi 27 150 - —

(8hFi)

Off Kuzyukuri Hama 55 150 — -

(LB i)

* submarine terrace
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25 EBEEANAK LRAEELEETERVELTVS, L, BEITOLIA, I TREAMSCTIE
FEIFER ST, ,

BB T S BT b BEBIUROERNEEIC S B CE, LOHAEEINLHECETTY
B EREBPITENTHS G, 1973) 23, Lo, WEFHNERS VI TS LA TIRIcL.

BT O B ERES DEBLEDCOBANCIIBEAREANREETS. COBEIE 120kn, R
150 lem DEEEH L, K 800, 960~1, 500 m AT 58, | BHANCEAT 3 TIREERVWRUEEH TR
KEEB00 m {35 T AHF5. &2 CRFHEE IR HRIIAEL I L2 T, KEFELOL0%
L, BERETRS FEVEMEET S, EELER TIRKEEMIHE b AKIE 400 m A3 ¥ TAL O
MEEDHML, @Rt DIF&%’?#T%ZL H %ﬂﬂé?ﬁﬁci, Lk ¥R R e LR R AEE L,

©)

<———> Submarine Terrace

—  0,100,200,300,400,500,
600m(Depth)

| Shelf Fdge

Figure 15 Profiles of continental shelf (Pacific Ocean side, North-East Nippon, part 1D
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MR D EERT D CEET 5 & Bbh s B ol 2 bh, b0 X 5 cATECHERAR
ERoTwBz bR, Bl THMNIEBESLOHERENDAERL - L4 PEHLEELLRTWD (k] -
W, 1980).

(3) it BAFA oKEEDH

(i) KEH§ (Table 5, Figures 15, 16, 17, 18, 19)

BCHAKTFEMOKEN T, XKBSOERCE T, 20550 1| OEARBECESCHER LI T
eoT, MPHEREERTARELT BOoERL v LE L ERT I LR L. ‘

Z OWFECOREWNL, TIESO SRR, MEEMEREERCTUL BIEEREICTET LCFRRC S
BT 5D, B 3~80 km, HBAKEEL 100~400 m & ¥ X BEE LA A E <, MBI L £ OBIR
ERLTWS, EDKRERR L 3B ClER L BMAR RO 03 ZOBROBMTHS.

TAEED TR ORI 3~ 8 km &<, SHBAKIEE 100~120 m & Eev A%, HTUHITE b SR B
KIEB00 m ¥ TEERT (Figure 15). REH»DEC S RREHIESESE LT L, ERREAYZIRE
10km, SHEAKEE 120 m OAREMI & 7o D, ANABRA HKIEE 40~80 m, 90~120 m DEEBRENHZDI S,
PRI KT CHI T TR T & 1T, SMBK TR R DB~ < 75 D EHE T 100 m
Eiebh, B 3km &, ZOWRTRLIPLABN, TREEDDFRO/NIEEINL bREIK b, /M
JREASE D B AT COBRRIALE T MRS & a0 LT, KRB 2 e Laﬁfﬁﬁfﬂsﬁf‘?@
%, L COBOFRINAFLESN SERW) O 45km THY, FHEABET 150~160 m &R

AFDBLEHFCHT TOZRFILINL, ARBEEHOTRHMNE (89°65'N) OEHELH LR L Lf{;}ﬁ*f%ﬂ
WA, |

AR LEERERF AT TR, 8225 km B % CREHE D, JMEKER 200 m < ECHRLR
b. WEEBEIKE 60~120 m, 130~170 m ASEICE® B, TS EVE< fs > T 80~120 m, 130~190 m &
Ebbn, £R%8 CTEMER 13~14km, THEIZS~6km OBEFETH. HBHEIRKEM/| HEE T
BRER T L SHEOBREREHTHS. . ;

BT bUEBCE S KEMOBEMY R R O HMTERY Figures 16, 1712737, :@ﬁmﬁi, 7K
B 100 m A2 5 600 m A % T @SR BEROME X, HIBESLRIBITE L b AREMO SHR R AT
PIET B DAL TR, %

EHIES (Figure 17, @) TOIHEAKTEEL 200 m 3 ST HA% &2 CRAZMHEI 190 m & 220 m 0
ZOOEMEREN L DR, TOZOOERAGSEHEL LB UT, ThERKE 150~190 m, 2od~4oo m
OB SN, IEEOMRBAUINT (Figue 17, @) TH—DL Ok 5.

W (1972) 1RRIH OBRAR KEMIG, BEOEBAL BUAMIEE Lich’, (IE (1979b) WiiZ%
BER T/ BFEe R MRE Lic, 2 CERE (1979b) OELRME:, FUuXKERE LTER T
A, TR TL SRS,

EEALHE T D EE AT, I 20 km BIHEE T e b, AHBOKIERES 190 m 225 260m &L .
T ZTHKE 80~120 m & 130~180 m ML CHREE mA A I A MY, KEEMSMEIEMR B 5 o it
L, WERDIZIEMEEBR ), HEOEMFILETR Clicy .

B b SN T S ZRMFER T, 1R 1740 kim OFIRZME L, BRI TR K2, B~ -T
PRI D, SANBI 2 D SIELTRTIL 40 km BT ETT. FHEKEHE 260~400 m DRIRZELL, (LM H
AOLRMBEB O HT L, BPTH0m IR E TUh - AR RS, BRUIKE400m 2R 1, Sl
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Figure 16 Shelf topography off the Sanriku District
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BEBE O HSELTPTIKE 400 m 75 330 m ¥ THRL LD, 2 TO FHEERIKE 100 m 2> 5 160~
180 m DB A WERENGE TCO—ETH 5.

VR RAMELE R SRR CIAKIE 180 m 225 155 m FTEL R Y, SR EMBSEE TR,
150~180 m %R L, SANEEE DA bEFE LTI, VWwokA 180 m #iE % T e ok, £ELHTO
160 m LT 5.

SRR OWIEE MG APEMAMZ O KT, R0 X 5 g b 5 2%, E ORI Tk an
&L LFRBRI DG TOMEEH T, KB C SRR ADIE 80 km *F L, SHEKRL
330 m 25 180 m ¥ TH feh. WIEBERITKE0~20 m, 20~60 m, 120~160 m ® 3 OOEHFRD LI, #
CAREOREAR, 1830 km TS, FREIUIOHCREERE/HELKE 180 m £ TRELD, '8
HEHCORAD X 5, BEREIEE KBRIAZERIF—0b0rRS. 22 CORMPHEIER» Y

7t L, SEEOMBIAE L > T 5.

FIRBII D2 DEB R b TORBHLR c, KEMOBITENOERE S8R5 H, LhThEH
OFREHT 30 kin FiBERT. HEKEDL, HEBEWO 150 m 2 HEBHRMO 180 m LB EES LM, B
FHRMERB O BT 2 AZBEHO 195 m THS. WHEBEIL, K% 0~20 m, 256~50 m, 120~150
(160) m O 3EARDBID. 205H, THERRLREFEL, —EOBCHENCHHT 5, Li2H -
P TEEAHEKIEL R T D RO R AT 5. ZOWERTIE, 25~50 m BER L OLBHEE TS
EMEOFERMbN, BAR - ER (1961) 1, PERA L OBRES D 25~50 m OFMLOBEERL, Y4 AD
BARKEI GO Y AR L FRFOBBIICHIE L TR Shicd L, CORXEROE L - R NETHEMN
T 50 m DAROYHR TR S hieh’, 207550 1 OFEARBLES S I E MO M RIBRIER S 17 O KE45~
70 m, 140 m SRBOBWFCLBEMEWEET L L eHAt b LN TED (Figure 18). Z DYHROMTMT
EOFHEIL, DLoWRE Ry, KEMAZRITCHRREMERANZOID Z & THHH, B THHERK
TR I B1eoh T, RRRERI/RS.

R IR T OH BB T T, ARSI 1IE T LOE 25 kn BB TR LR, SHEK
BZ180 m 25 130 m ~E A T, ZOWRTLHEMILBCREIRS 3OOBERLI MBI T
VB, A - ZA (1960) BARIHOFEIERORKE, HARIINKEMO FICER LT\ 5 & & & Hh
W, & OPEIHETE A ORI E S O E U, PRI Y 4 2 OB DU BIE TP O B tis LT
R hick Ul & 2 COMMMTE b REM/Z R IR ERERARA DR, ROV ELE S THS.

HEES S RRBFe T COREE T, @EERRCTETT 518 25 km $iEOKBEMAR LN, SHEKRL
B > TRECE D 160 m ETH. ZOWKTLAEO~20m, 25~50m, 110~(130)150 m O
3ODWEBENS LR, 25~50 m BEH ECRFEEIMILHRAROBMEANFE T5. MR (1973) WTEEE
FHE R LWERR L BIAOBGS D, PAOBEEIL Y L ADRAKIILECIHR M & LsEiRoE 2
REMT . COBR COMBHIERIEN L ENEE R T EERLTW5.,

KRB O N BEEL, KB —8BRETh3 23 ChbH, & OB TIE 50 kn K& T HIEDOE:
KEEWIZ A DR, RBRICEDOBRVKE 10~50 m, 100~150 m OEEREAZLRS, SHEBKIEL 140~150 m
ERRFIF L DB D, HBHAEABMEL VEEL LB LERLTW 5.

(ii) kpEpE (Figures 13, 20)

AE (1976) w k5 &, HALAAKRTPEMO KRN - ABEAERT, S5 U AN, K% 1,000 m <

B\ ¥ TOABIEEE, REREIHROMES, £ ORBORERE O 3Hic/dbhs, Figue 20 OMBIIEY
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HCh, KEe  BEFHEY R T2 KRR - ~ v F 25T 5RAEEATT - \RIE - gL R T 5% 0E
HAE - R O ERRGREEY & v o CHFERSHANCEFIL, EARCRATI SR b.

L L, ECES LWL on0BhALbRE. Tihh, Bl SEEC - TO BB ML
SRR DL Z T EDY, BEHEWMAPOHEI VAT L, LGS S COBEENLHLC AEL kB
HEELREOBE T, KERHEIEOHEATHACELCEATHWSD, CoESIEAIRSAEV. 20
A KEEAHE BRI 2 o CHEA LCW B A bh, AFH - MBRHOBEIL, Thih, KE
1,300m OFE D, HEYENOEEANECLIEZ VARG LTS,

= OYHE T, AEERIE & R ABEANE OO EMERA IR TRGETN b 5 b KBRS L RET 50
WES TR, —IGRDELRDTeRT. kARG L KB RO FSEAL, CoBEReftiE LT
ERER, KB 1,700~4,400 m, 0.6°~3.0° OB B, HRC X - TEETS. BRT Lo, Fig
B 2,000~2,500 m, 0.6°~1.0°, =Eeidt#B 1,700~2,400 m, 0.8°~1.0°, =PEPHEIE 2, 200~3,500 m,
1.0°~1.4°, QiAW 3,500~4,400 m, 1.4°~1.6°, AL 1,900~3,800 m, 1.1°~1.6° FEMHEL
2,600~3,500 m, 1.4°~1.5°, BEEE$ 2,400 m #1#%, 1.3°~1.6°, KuRH5# 3,000 m Bif%, 3.0° THbH, F
B~ R TR EA RO HEAER L v EoER CHBENEM SRR L s T3,

Z OPHBEOKERE O O—2 L LTIL, BETEHEORENR L EDET B, KT 300~3,400 m &
ADN DA, R X Y BBESLRESHELr L b5 (Figures 13, 24).

A BRI, KR 500~1,400 m, 1,500~2,200 m @ 2, ZReidbifo AR CRUKE 1,500~2, 000
m, 2,000~2,500 m ® 2 EAFEEL, 2,000 m BIEEO L OWBR L /s LABL K&, ZENEROERH T
K 600~1,000 m, 1,100~1,500 m, 2,000~2,400 m ® 3, ZHEHTILAE 1,500~2,000 m, 3,000~3, 400
m O 2, FELHEOZEENEI T KR 1,100~1,700 m, 2,100~2,500 m, 3,000~3,400 m ® 3EA KD
i, 1,100~1, 700 m FELIE 50 km, £ 130 km ©ET 5.

AR TIAKEE 700~1, 100 m, 1,100~1,600 m © 2 T, H2EHILE LK 300~600 m, 900~1, 000 m,
2,000~2,400 m O 3EA AN DA, WEWER - BEEH - RRFWPTI, ThEThKE 2, 100~2, 600 m,
1,700~2,300 m, 2,400~3,000 m @ 1 HRLONEDLTHS.

PlbEo X 5 e 4fe B\ CGREBFHEO MR A b5 5, HELsHAEcgoroBgr R &
ATESD, HEOHTIE, ZEHHUEOLDIIAEL, EEHHUBEOL ORIV, IR OMEEED
BEFrLIEEINSD.

SARERE, TIEESHO S ORBCCREEMCTET LT LTw5 2%, BT 2 THEm I
RESET, L-F - FTRERL: X2V —AX DXk, SEWAREENcS AT, ki, FTho®
HEEOKFEIFEETLEROEREN B R THH=EH TR AE .

BT ehBA, LLED X5 hBETFREORBS S THEROBEN D, W OrORRI L EhTHS,
HHCFTLCAMT 5 & &bl MBI S IEN M A B e CAL C EWEE S h 5 2% &
%, BUHRECTS, COZEMNERIRTEY, AFHTLMLEDS 5B EER L, MlcivEn
ST T EEEIh TS (EFE - A 1975). BETVHEEOKFEORE L, il Hlofzox
PEROWTIL, B (1968b) BB BICE W RERENR LA HE T e » 2 LkDTHE L L
¥ie, BH (1970) ROHiHER L 10 km DEROBRIBERER L LI L, WEOMCE AREOBHRSEARL
h, ThoBELEHFCHEIRTWS L L.

T OB OBES L LT, #3E, MIRBESXAORE DR TH-7. LL, 20550 1 ORKREE
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BT, PERBEANFEELRVE VbR =R (BE - Al 1966) SEESMICAD T B TEDL. /NI
FHEERA, SR IIRMHBOKE 180 m fEcH L, HEMARERZE T LT, KEL 700 m DEECED
£5 125 km OF T, WEARMCESLE T RERRMOESE, BESRIOHEEBOEAIIV LR Y
bART, BETORBHC X YR I o Thd BFhas, 1974).

SRS TEFOL, SO KE 600~900 m OAEMNEAEHYHF L, 1,500~2,000 m OFFFHE
EOLRE 0 km DWEARTHS. —F, BEEEBEARUEEMRR, FHEKE 800 m OXKERECHL, 2,100~
2,600 mDFIEFHERICEE, = OO S bk 5,000 m OWFE ¥ TET 54K 110 km DEESTH 5.

(4) BERLOBEH

(i) #EEMRoEE (Figue 13)

RPHMOMEEAL T Shud, KB - KBEMEYE CHECESD. T, WEBIATES v — b ORER
THH5. [T 7,000 m DL EOKEXETHLEL S VOBEDOHE THS . LI EN» b TEFIBT Coth
HEVRTBE— DA F v » W GHED, FAAROWES IR EABEY, Th2h BT TPRCED, HEy
D 41°N AT, 2 DDEERIT 120° OF[ECHEL V5.

(i) FBE—hLF v v HiEE Figue 14)

AP AICIECRIERIT 2, 200 km TR .S, £ECbhblsBERNE ERIA TV R VWD
T, LOFEMILHPITRBTH DL, WEERNLAREEE OBEHMETH 7,000 m OEILHEDL, i
WL CEERICE 785 T 8,000 m %82, HAEHIL 44°08.5'N, 150°30'E © 9,550 m TH5 &\ bh
Twb CEML 1968b). REA COWEMITL TR bEET L, KB 7,000 m FiEOFHET &P I AR
LTS, BEAVEEAITEIKEE 2,000~3, 800 m 2»BAE 1, HIEREESSHROE E b ORET 5B
R Y IBRBES DR KER 4, 500~5, 900 m EHERCE T iah s DAV EHER 2 Lh, 2
TORMEEMNEOFIDEFNL 2.8°~4.3° TH 5. WEALEC Y , Wi 7173 %K% 4, 700~5, 400 m O
SEHER S DR, T2 TORMGENEOTEELNS3.6°~3.9° TH 5,

=77, WUREATE L, PEAEEMNECEAEeefEY R LT, 5,500 m OSEH R Ih L HERER
B & L CoiBEERIE oMt - T b, Z offlofE S onollsabh, WPk KFES v
FPEELEBBLTELF a—-2E2 050, 2O b HXEE L OBATATCAIET S HEN 2,800 m »
BEEIIESEMECEL TR D, ZOETKELS, 735 m L. [UEO—FREL SR, +0FHEmE
7V — b OAGARFA LB T ER L TwB (Tsuchi and Kuroda, 1973). ¥72, FOEHMAE, HIX
KA JOHEROCESERIhTWS, 2 0Ed, HIEKE 2 565 m, Wi 2,900 m OIREHEE 1 I,
EHAKE 1,345 m, HEH 3,800 m OBERE 2l X Aabh%,

(i) B&E#EZE (Figures 20, 21, 22)

AU, BERUME» LI ADBICR - ¢ b TPEFR ) it CBALEMORT—NERE
L OEAME TR &RV 890 km O TH S, BN LWEME COEMRL, EEMTH200kn THD
D B o THARE D RIREIB TR 150 km &%, EEEILTHREADL BT L, S LTHBH
L H5. BREI R VIR U i, KELESA bR - T ah, it
7,500 m, BIHRLCIL8,000m &M%, H1BEEWLOILM (36°01' N, 142°38.5'E) T 8,130 m DEFMiE
T5. COREEIEEIRTH D, IR - TR D EEh T R AERERO o LR
EREEE T ELEDOhE b Evbhb (k- 3, 1980).

PR SR TEE E coRBAMERATEIR, HiEd (1976) A ridge -and trough zone & FEA &Nk AD



1:1,000,000 BATHYMETRIC CHARTS AND SUBMARINE TOPOGRAPHY 143

BHCHPORIRT, chbOBiieks LT ETHS A VAT AEE D EMALED X BT M
CExDHH, SFLL—HicbO TR\, Figure 20 OMBETE» S 005 X 5k, 2REBUTC, K dh
b, RvFREnbhAA, HE (1968b) 1k B & ZEEMHEE TIEAKLE 4, 700~4, 800 m H¥EICIE 16 km §j
BOFEERIONAZDID, ZLTC IhHLORVYFRERSFLEHE TR, v+ My icd
L0, VFONRKICEEINLADRLLDLEN DD,

ek, OEORMMEERANET, KB L 700~4,400 m 2 BIAE BN, FOFEEEANE AFHE TS990~
5.0°, =BT 4.9°~6.0% FEHEHTS.2°~4.4°, BEEEEH T 3.9°~5.0°, RIIFHT 8° §itk & /e T2,

—7, wEEAE, ARSI LB ER (1°~2°) TR L M A B2, & ORI
) @oii‘éﬁiﬂwﬂzﬁk%%@%&HEV\%T@Z>. BAMNECRTLC O L5 RHMADHFERES AL b R Tk

b, ZEEMCOVLTIE, H (1968b) 25, K 7,100 m {155 & 6, 300 m AT 35\ C £ X 90 km 3 < T
BRI P LM FEL, HE TR L9 km, FESIX200~400m THBZ L BHEL T 5.

T, ok, FEEAORRINICHEH (35°40' N~38°00/N) oW Th_X 5. MLo 5t
Figure 22 )KART &3 D C, YRR 5 15 kn BEMEN AR 7, 000 m fFHER O Z OHEITO 6,800 m, 6, 600
m TS fT 5. ShbOMRL, EH2km, BX 50~250 m CHEICIZIEETCER 70 km %15 4
Db H5H, £ <L 10km UT CHEEETE V. o bOBERIIE, FHEEC Y - CHERBEX VL EHBET
HBHTENHBIT B, WHEICIHIETTC IO X 5 kS BOEMBIFET S 2 &3, BEORE/ND Y
VA7 =7 ODREE, BECEATKTEEORNNEGTWD 2 ERR LTS U - EHE 1979).

Fio, KEMoAERL, #1ESEL GEEKE 3,550 m, R 3,000 m) < BHEEL (TEHAKE 4, 110
m, M 2,400 m) - 58 2 BEILEIAE 2,662 m, ELiSfY 3,100 m) - 5 3B (THIKTE 4,138 m,
Homi 1,000 m) - &5 4 FEEWRILEEKEE 2, 783 m, F6#4 2, 800 m) - 4 6 S AL (EHAKRE 1,425 m, K&
4,200 m) - BBEL (HEHKEES, 563 m, 3,710 m, HEH L6000 m) B8habhsd, Zhbilvihd ¥~
EHEFEIND N, BHAKBEE LD 3,000 m §itc s, KEFEOWILO—HAYLEX LD 1,500 m £ H .

ThbOWLD 5 b, AR BT B BRI & 8 1 IO CREHIS AR Thh, 3 LV i H
BAMCERT B, BICHE BRI DI IR L, %0 F#A b I~ O (06258 b T b Gk
- BEYIURER, 1976), i, TOWIY - WEBEDL b, RO LS MR LA >05 HHITH D
&b hic (Mogi and Nishizawa, 1980). S IILIEED 7 v — + ORRETORIGARE, TR TH» THET
R T b0 LTERRIRO. L L, BB W TR AL A7 5L, S BOFTEIH I h T 5,

(5) KERHOEBEMMCHT ZHME ‘

£ OYERICAS, KR - KEERHE - MO - UK - 7 U — P OWAAREIES, 5 OMES
BB, LT, comnb2, 3OMERE D LFCEET . ‘

(i) ZBEAEMORCKEMR

EHEFI I LZEEE R B - LA EAWIRCIE, K 150~190 m & 200~400 m 1T 2 DD FERIZE
BoEai L b, B (1972) LE#E (1979b) TIRREVSELD Z 2R o~ £ (1979b) 13, FEo
TRk CORIAN (marginal plateaw) 132 QW IFERT, Al (1972) OB IFHEYL L,

AR KNG, (SRS B IAE DIFRC [ - T LW EANOBAAYE - B KVE E COWRE B S h,
2 LB ORANR S BIBITE SR SANETH D, CHILH L F THB LD L O CHANIERIS TR
72\, Figure 23 WIBEED BAE 1,000 m ¥ COMPHITE LR Licy’, ERLOEZD S L HICKE 200~400
m FRARREMMEE LEFPBOEEY S5 —F, WihibRoBVCHELHD - L8505,
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UL, ZEEHCAE 2D, 525\ ILEEHLE T me bR B BT 5 &, KEEMAMRIKIE
200~400 m ZEHRAUCE e b, FOABEM & UTER (1979b) oFXFEd ongBLBHLhb,. L,
COBATH v ADRAKIICHRIET 5O, KIE 150~190 m OWEESHETH S O3B %E Ehro\o,

FRiR (1973) 13, =REHERCRARMERBO TEAREAHEAH D, HUOMR L OE S EEEECE
HUTwbZ ERBRHLEN,  COBARIVKEE 200~400 m DEFZEERE &7 - TR EDLhL TV 5,
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Figure 22 Distribution of the small narrow depressions
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SR I, S OTNEATIIES KBEMO TIIBE L, K 250~300 m OFfEETS. £LT &0
AT EL ), TAEEDOOHRME T, KE 140~150 m ORBEWELO IO Eb o Tw5 (Hk
B BE, 1980). %, - THELWREBRARHIERY (BHEs, 1975) A LTE D, ZRHEHOR
WREAHR, AL OSBRESTE OB, 2k & hFithibg Ty A A ORI TR RE T
LILENTED.

FOFEEEOFEEIWHER L ShTw b - BE# - SRS ChabhTw58, Zhbo|o
BRI ATRIE 5 o Tn 50, ChHORIBEVKHEIRE DN, BTN E, zhd
BEELWEE L BELhB0T, $BORIABUETESS.

¥, KEWUREMNORAE BENEE LCOBRRESL LTHERTWS Y, ZORVWBATINERERE
SRR DX 5 BReh Y, BRBRREEIHOWHEL LTHATW AR YELMCT SO, BEEY
ALRBROBMRRELYELL > X CEEREE LS.

(ii). HBKELCONT

BETE, BERCESIRICOFEA - BEY - BES ENELEL) LoBEGEND, hoToRKEYERT
BRAENILINTE e, —ORKENY, —oRPHERERY IS E LTThhTn5,

T PHEECB LTy, RA (1961) 1, Sl - nE%E (1961) ORR & EHI (1950) AEEMCRE Ll
B ghoory, BARBRZOKER 2,000 m ITEOREKEYRT HAKEREENA O THEL, BREH X
VREDOH I ofckEx . *¥1c Hoshino (1967) X, whfritRiicis &8 RENCKER 2,000 m ORI
KN D o Tes, TOEOWKE LR L YR FHE L BESIER I E L.

L, EHTOFHRFEEORE (EHE 1970b 3255, KEORE—ik (300~3,800 m), HPE L LT
OAFFESH L E0 D, KBS OB FHENFOWMKELYRTIO TRV &1L, BERL-TEL

KEEMICBE LCIL, Mg EBER R OWTERN L STl B (1950) 13, HETE T OSEARE
PAREEMSHRREC DT N DR L, tof, RE (1955) - B8 (1956) - BEF (1957) ik b X
BXh, KERAEBKEIHIO0mEh T, Shik 18,000 3D v L A DBRAKCHER S hickT5%# 2
FREHTHB., TOYALORKKMORBCATR 50 m TR EKEDERAD - 1o LRI,

ThiextL, KB (1978) 1% 16,0001, 000 SEF[D WEETIX 80 m BE Th b, BAREBEIE T ¥ AX
(IX10° SR8 D 120£10 m THD EWVWHELEBRRTCWAH. BESFE UL, BAEX D 20 m FHEEVAT
CEEPBLB LBbWADT, TOBLRES L, KEI00m OBEREIIGE KIE 140 m OKEMRIHES
RWEMESHL, FROHERER, v sk, ¥ AKMEHIETAZ Eweih.

WRAHOEELINC LT, FAARKEREMOREMIZAELRS L, 40m & BV OREESEOHN
B & TIREERCOBFORTHY, BEALDEBRIIKEISOm X V. LrL, F (1969) k3
&, BARRBTDHEELOBE WO IR 1 ~2 mm/FThH D220 m BEOX ViLEEOLBHRMCAS
ZEREAD. EHVoBANDTS L, FIREBRVO— - AR EE~KRER - AIAERHO—F -
BB O RIS « BEBOAEN 140120 m OFHFIASL 2 LIt b, 140 m OXEWAZZEREHTHD &
z5.

—%, BEBEIMBCOWTHRD &, KIS PR OMEC A BB~ &% C1uKE 100 m RBER LS
BoOMS TR, BESED LROBSC YUics Tnb, OFHED DS SEWEHCKE 100~180
m CHBERERLZLR, T THKE 100 m WHEEREO ERFFCYloCnD, XL, ZOoHEicA-
T B AT MK 50~120 m OFEREEAZ SR, & T KR 100 m g EEEE RO SR
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5 TW5b. ,

LAbo X 5 w3t AARKPREM O M Bl U T, K 140 m O, Ko OISR CREE O JHE T
DRHEIB LGS ZENTEDBN, K 100 m OFIBER ROIMET S Tl T, ERES X » T
HEWBIENTEDIESS.

Ll MBREhLOKBEOERED XD Z LD, ThLOEIEBRINCERTHS S, COERT
BEEEFH2 D LD DU, IAED older sand DR, FHHMEHOEABNOFA L HVTHLH, FiF TIIK
T 120~160 m HEEE EOKIE 132 m HiAD older sand DEERA 10, 2304220 4 (Hattori, 1967) ¥R L, #
FHCir WEBEROHMME S KB 105 m OS5 ¥ CHBY TXS 2 L3 HE ShTwd %24,
1964).

T, BAREBMOEFZIEE Uk 1 - R (198D 1w L, HREBOKEL L ITEMERSIIKESO m
THT LKL O T, REEBOFITIAKE 105~110 m WELTWS, 21T, KES m TOHEK
OB CEE T, WHEID b LOFEEFHAMSL S ENTESH, THILY & A DRRKIILIGOME
KB EFRPOEWC T - TR IR b D TH S,

PALED X 5wkl (1978) OFZHCIIEENRDHS I HcBhbh b2, ARFIESRITHBEREE OB L\ MK
¥l Thh, 48 85 0HATHEBOREY 0T HRIBEES ORMAKEY BN LTu S BER S
59, .

HHARCE LI, ilo=BiEE ch b KBEROBBTEAROMELHD. ThboRks
VD BRI OWAKIELR LTV 2 OREREV o Wh, ZOMBRORBRENH& 2, B KELRT L0
T, AEEHEHABRIWCUE, BEOHEIEA T >DOTHS S

i)  AEMIMEKROBERA T

KB D SHZ3HY 18, 000 FEFTD ¥ 4 £ OB AKINCTE I N, TOREL MO m THBHEVS5FEXHIER
THDH LT bl BER, SRR EOBCRT R ERERR Y ORD, HTFLLE—DR
THERTLO TR, BIEOKEL, k14, ZOBROMBEHOHKRELDLLELTELTHAS.

DX IeBEP D, FILHERKPEMOMERKEE A LIOD Figwe 24 THSH. ZZTRY L ADRK
KRR ETHOT, ZHEPCIBERDMRCERT50ERD D0, RRE»LRERCHTT, sk
BOREG ik thsd &, BEHREHH (35°50'N), EEWEHES (AZERMID, MRBIUIDMH, S4uiEs
BT (39°55/ N), SIRMETHEEOKREL VBRVHINARL R, £EBoBERRT 45 ~80' TH 5.
FEHOERIEEREE~ERRHE 150 km, HESREF~WRBIN DM ; 95 km, MR
CIi~GAUEM 3 100 km, SALBM~EEIES 115 km, HHILHEF~=R 5 90 km T 90~150 km D%
BT 528, —HFBMOFAZERT 100 km §iEe s D, £OMOKFEECHERTERE LT

DX B, = OHMIBROIFKER 100 ki B0 0 BB SMRE CHROLELET - T B 2 L2350
%.

Figure 24 O T HIEFHE - KEERIEE - TE v 5  BEEOGEE 541 b ff8 TR LT o,
RGO ERIAEIMEOKIE L Bl ), FREICERA - TV, BRI C i, hb
DOEFRLFAROBB CHROSHE LB X 5Bbhs.

DL SRR L b TERACOWTERETHDLN, KDL 57 ENBELBREVIESSh, D%
D, /B R (1979 )X B &, WO SV~ FAHIRERE LT, 1,000 km B EORI b)), WEEEE
I CTRECLSRAL LT3 &, WRAROAE LBEHOMBPERCE—~EOHRLEDHILTFTH S, E
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BEOFTI 0L 3o TnithE v, X THEXLBRADER, Fuv— P RAERYELTRED T T4
AL OTIIR L, SR TEMEI L » THBRAATHAD TRV EWS L EThHD, EE, +ViEosc
W7 v — B 200~700 km O /NFICEIN TSR A TWAD & E BB R T WA,

AT B TR A AR OEMHEET E EHR IR TV WA, & LR Y U — B8N THAAA TWS &
Ty 7y b EEOHBIIR SOBERFT L L b i b, KE (1976) EHLH AKEREMO X
BEME OB BRSO A HEFIE L, Nagumo (1970) 73 1968 SEOHBHHEROKBIRO 47 5 Rk =
HOMBERRE T I —FTH L L. 3HE, COERRAEMASORE KRS biig—HL, o
R ARAEOMBBEEMAYRTE L, L, ZofCcoRBERMIHEKIELEMESE Sl & Bk
FEER,LE N, FRZERPUEOEBR TREMEEOSTHOANLERARKLLN TR Y, ERIOHAT
ETOM@EN b Th ol

4El, Figure 24 ViR Lo KBEMI OSBRI, 207550 1 OfORRERE,»D, kXL R TRk
LOTH%B., TORERE (1976) OREMEOHBIEERMOREL B LT AR D &, ZEH TR, KE
(1976) WERPER S OBER Y ABEAEOER 2 DRI, » T L VIEE L 50, KERHETOR
Ratot 3HESCERT S &,  JRINCE~ 6 1FORB L W AMEKBEOBEVCEI & —ds o ik
5.

=R GBSO RO LN L ERVEEIN TS, COREROWEREFHOERE, ik
FRO R L b AAZAKEOBECEH &~ L TVD, T REEBoBRClERBRENE S SHT 54, Al
(1961) & A THRBEHUMMOBEDOL L & SEIRDCREMIZOKEEERNL, Ssbh—%K L, RE
(wM)ﬂﬁﬁﬁﬁﬁ&ﬁﬁ%ifﬁﬁbtﬁﬁf,ﬁmﬂﬁmﬁkék&<kof%0,i@%ﬁ@%ﬂm%
LL%&A(L&T%&%rL(b& ‘

%%,ﬁ@wu@@mﬁfﬁaﬁwﬁﬁk@@%% &ﬁ?«%ﬁugn& bhéﬁ,ikaxkﬁﬁMD
AP RIE T AT By 2L LT B T % ks,

utwswa,ﬁkaifWﬁM®7V—bm,E%%mfm&g&,_MK#V7V—bL@mﬁm7ny
z71eL, %®m§@«®ﬁh&LTﬁ@WG%ﬁ%@@&ﬁ“W&cﬁ%t&ént&% AT&%.

(lv) m:ﬁ-"FiE [ialoddzs| ‘ !

%mfnbnt%&ﬁﬁ@&%#B,ﬁﬂ%@@ﬁww@m %LmMikﬁbt%%?mfé5 Ltgn
- T&ER %ﬁ@m@% B, ﬁﬁ%m@h®mﬁﬂﬁﬁféem,bhkm%%WDL%&ﬁﬂ%D%%&
WO 20DEL T NDB. ; ;

%?%@L%th5&%Kﬁ%,@%kﬁ?éEﬁmﬁ@%m%®%@?ﬂ@@ﬁﬁ%mﬁ?éEﬁ&ﬂ
LTI U R AERmAH 5. SRR LD L, 7V—b@&&ﬁ&kﬁb KRB RO LHE T &
BB, BRI DEIACER LIsni BB D Enlo THINY VX 2B Sha, £ LTEofm7 ) 2 A
DEBRICTHHS Wi 2 — € £ 4+ G RETPHE L W5 & Liish. ;

chkﬁuf‘fu—r@m&ﬁan b B DAHER A :ihf%%éhé&bé%k%ﬁ%
B SRR - RIE (1970) 2% HBEHO KR @ﬁ?ﬁﬁk&ohégﬁwfmﬂ@ﬁkﬁib i
%&Lﬁ%bf&6ﬁk%EL1%x&Ltﬂﬁfﬁé

B, Z/ev—F 4 bV y— ﬁkibzﬁﬁfﬁﬁﬁm#ﬁbﬂﬁﬂ»AF?ﬁDQ@Wﬁﬁ%ﬁ%fﬁ
C OAEICEEEALOH Y B CFAE LIcRElSEED, ﬁﬁ_ﬁ,%Eﬁ?ﬁbfmhbtykﬁvﬁﬁyﬂ@
PHESORSIEE VOB E L b, EHOCREB LTS & %K% e a i (FEEH, 1979).
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FREHHOREEL T, VbR ) X AR MEETh Y, BEVENREGR 0T R PLAR
She (ME - EH 1979), HARBHEHOWRARAREIC 7Y X a2 F A Bl BRET5 C LBEECHS
B, BRBHeENRT -2 ELh TS,

BB S, SELFHORGTFEE/MEEOKE 2,350 m 2 513, iR b SF O SR
ERELR, TOEER, BRMAEOERBSLSRZIZEAEFRNAHTA WL &L, OREE Lkl
FREDHEB D, ORISR 2,000 m Bl EOWEN R -k BLbhie (S - IE%,
196D).

hicw L, FE (1973) 1%, 22 CHELRAEMEE LN - BB (1970) OE LN, FHEE ORES
b, A0TSR B ERE L, PERIMEBEORM I X - CTIT L, BEFCHLRRAA TR L
Hx, RUERIToBEENALI b INicd L, Z0idd, BENTEHOEEEHEE T TREShARESE
OFFE CHfHE, 1974 LHBESCERR T -4 TH5.

BAED X 5 e ZREh O KEEZIENL, FHE=ROH R HELTW203BRChHL Y, HElnEs
WHEHOBG LOENDRERG - Tolol,

LEOMBEIBALYRTSA, BA (1980) 1, FILHAKREREMOBREFHIE ST L, ThbRilsa
BEOBAETHY, FEEARKTEENCHEBATORPEVEL LV BRI D EEEEZEE LAY

Table 6 Bank Shoal, Plateau, Spur

~ No. geographical name location depth(m) bank top(m)
1 | {lrasitha Guri 3558 N 135°21E 110 107
2 | Contatu So ' 314N 136°45°E 20 109
3 | {hty Dasi 320N 13556'E 60~70 59
4| 05wt ’ 324N 136°00°E 80 73
5 | phibnasSe : 3TIIN 13620 130 135
6 | Okbnose 37P16N 13618 E 130 125
7 | (aabira Gur 320N 136°20E 130 128
8 | ppkanose 37°3FN 136°28'E 140 137
9 g}:tja;-%?ﬁgato Tal ﬁ%\?u tof3 51?11;?(1) Hanto 400~500 397
10 (Yjacrfr[lsig Tai ﬁll)\:'){’l‘; %)SfOII{\In;to Hanto 300~500 236
1 '(1;21‘;11;‘%;6) Tal } II}III?\?{;& ?ﬁOl&n;to Hanto 500~800 428
12 %{5 e e N S isaki 250~300 239, 252
13 &gﬁGWi 374N 13712E 10 35
14 | Cado ol 33N 13823E 120 105
15 | Kosizi Syo 343N 138°15E 300 270

(RRPETE)
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
g
33
34
35
36
37
38
39
40
41
42
43

44
45
46

Hyotan Guri
(ELEERE)
Mukd. Se
(1)

Gassan Guri
(Bg)

Awasima Guri,
(EETHE)

0 Se

(ki)
Torimi Guri
(B iERE)
Kama Guri
(k)
Yahiko Tai
(WEHE)
Mogami Tai
(. L3E)
Akasi Guri
(W)

Sin Guri
(k)

Oga-Mukd Se
(BEAH)
Nisi-Tugaru Tai
(PEiEEsE)
Kozima Tai

(VN HE)
Matumae Plateau
(RRFiES)
Okusiri Spur
(€::9;7hi03:1))
Motta Spur
(KA Lmm)
Iwanai Tai
(HPE)

Kamoenai Tai
(T PIE)
Kamui Spur
(i)
Yoiti Spur
(&tTilE)
Syakotan Tai
(HFHE)
Otaru Tai

(/M)

Tengu-no-Ago
(Fin b )

Sanzylirocku Kyodo Tai

- (3631 )

Minami-Musasi Tai
(BRHE)

Teuri Tai
(K5eik)
Kita-Musasi Tai
(JLakmise),
Tengu-no-Hana
(R g):
Oki-Musasi Tai
(i)
SenpGsi Tai
(k)

337N 138°20E
3848 N 138°40'E
383N 13843E
38°3¢N 139°10'E
383N 139°23E
3853 N 139°05'E
39°0I'N  138°40'E
39°06 N 138°33E
39°12’N  138°53'E
39°00'N 139°41'E
342N 139°34E -
395N 139°34E
41°09N  140°03'E
419N 139°38'E
W. of O sima

S. of Okusiri T6
N. of Motta Misaki
4307N 140°02E

431N 140°04'SE

NW. of Kamui Misaki -

N. of Yoiti

459N 140°02'E

AL0YN 140°54'E

441N 140°42°E

425N 140°19E
427N 140°35'E
44€°30'N 140°45'E

44°47"N 140°19E

440N 140°40E

4458 N 140°00'E

45°0'N  150°53'E

120~130
120~150
150
130~140
10~60
130~140
150
200~300-
200~250
40
140~150
100~120
70
300
1,000~1,500
20~1,200
110~2,200
300
300
160~400
110~400
200
170
150
- 170
130»~14or
140~150
40~50
200

150 -

100~120

87
104
143
115

27
136
149
157
136

22
135
96

68
182

934

263

252

111

124

119
170
126

118

10,
137

149

42
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47| Rebun Tai 1526 N 14029 210 206
48 (SQYf}ﬁgT)a‘ 45°30N 14215 E 30 16
s |
49 | Monbetu Tai 519N UF4TE 180~190 178
50 | Monbetu Spur 438N 143°27F | 90~130 _
51 (Y‘Eguejﬁz) Tai 4453 N 144°15°E 140 13;4
52 g&?%ﬁ?ﬁam T g;)t(;fro Misaki 130~150 12?
53 %‘%ﬁﬁf;ﬁwﬁpur | 41N 14420 100~300 -
51 S 424N 14524E 100~200 16
55 | thiroo Spur L’ 4208 N 144°00°E 900~1,400 —
%) ey S AUSEN 14FSHE 600~1,200 -
57 | e R 437N 143°38'E 170 162 |
58 ?;%g?iéggur 41°35'N 141°32’Ei, 40~200 -
% "(I;i*@ﬁ;w&ﬁsﬁ?)ur 330N 141°35°E 1,500~2,500 ~
i Table 7 Submariné car%xyon . ‘
No. géographical name ler;gftt':ralley dsrggﬁs? fl:‘1ead des;lfle(;f end | mean gre;dient
; (km) - (m) (m) o

1 ?g‘;’;‘g%ﬁg?m Ca“YOH*F 27 1,10(? 2,800 3.6°;:
' | Jamato Canyon® " 60 = 1,40(? 3,200 174
3 | peihioto Canyon® | 55 : 30@ 2,800 26
4 | fovama Deep Sea Cha‘mée 670 : 1,206i 3,300~3,400 0.2°

6 %\gi;;km% ng)p Sea Channel 185 ‘, BOQ 3,000 08"

9 ﬁ‘;’@?’;}g&“&caw@* ' 8 : 100é 1,100 71 '
10 | o oo | ) 400% 1,200 91"
11 |y Comyon 50 a0 2,600 27
12 | Oakotan Canyon' 16 | 300?f 700 14
13 nggg}ﬁ{‘;“* 9 206% 470 17
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14 | fsikarl Canyon* 28 200 770 12
15 | Risiti Canyon* | 28 200 : 400 0.4
167 Ge e 54 250° 1,000 08
17 | Netoro Camyon 50° 250 % 1,100 10*
18 | fibasii Canyon 7 120 1,900 14
19 | Pyar Canyon 20 90 1,000 2.6°
20 | Gsie Sanyon 190 70~80 6,500 19°
21 (o0 o 110 800 4,000 1741
22 | Faimo Camyon 8 150 2,900 19
23 Sﬁjﬁ}g;ggg‘)lyon 125 180 1,700 - 07
24 | Pandku Canyon Group® 40 600~900 1,500 , 13
% | Grany oo 110 800 5,000 2]
* provisional designa;cion . v . ’
' Table 8 Basin, Trough
! : basin :
No. geographica‘l name location ‘de‘pth(m) bo(t;sm size(kim)i
1 gk;;]rg“‘g?ﬁ) ENE. of Oki Syoto 1000~1,700 | 1740 | 40X180
2 &;}]?g%ﬁ?asm s of Yamato Tai 2,000~2,900 | 2985 180><%70
3 | Tovama Trough, BetweenToama Wanand | 1009000 | 2000 | 20~45%230
4| Casin In Sado Kaikys 400~500 s 1530
s |Mogm T, |Betven S Sima | i g | som | 0o
6 | fobisima Basin | NE. of Tobi Sima 400 ur | 10><%0 |
7 ?;;33?;52;1 Basip W. of Tugaru Hantd 1’,80(?~1,9oo 1,900 1550
8 {gp;?ﬁg;s-i“ , N, of Yamato Rise 3,000~3,600 | 3,704 400900
9 Z;g:z:ggasm | In‘j’ Tugaru Kaikyo 209~220 294 10%50
1o | Oxueint Basin W. of Osima Hanto i,soo 1,390 2055
11| Oibest Taoueh NW, of Motta Misaki | 3200~32300 | 3,298 20x90
12 &ﬁ‘;‘;}&‘%h i N:‘W. of Kamui Misaki | 1300~1400 | 1440 1o><§o
13 | folkarl Dasin N of Syakotan Misaki | 700~800 | 805 3085
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15 | ool roueh SW. of Teuri T6 300 330 1580

16 %‘;&%&gg W, of Risiri T6 300~900 1,000? 50 ?

17 | Rebun Srongh NE. of Rebun T5 100~150 151 20X 7

18 f;fé‘iﬁfﬁ?fi“ Southern part 3200~3300 | 3374 | 250x660

19 | {idaka Troveh E. of Tugaru Kaikys 500~1500 | 1500 | 120X150

Table 9 Sea mount, Knoll, Ridge

No. geographical name location depth(m) relative height(m)

1 fjﬁ‘;‘u“;g;;)“?e N. of Noto Hanto 236~3,000 -

2 | famato SMt 353N, 13559 785 1,800

3 (Oé‘;&ﬁgﬂge ENE. of Oki Syoto 269~2,700 -

4 | Jakasa Sca Knoll Chain | g, of Oki Trough 619~1,200 -

5 | beiye SMt 306N 136°58'E 1,485 800

6 %;g;lg‘;g}lfw WIN 13T4E 1,345 1,200

7 %ﬁ;{‘;’;gigﬁ‘; SMt 4009 N 13757E 1215 1,200

g | flaty St 39°3¥N  138°08'E 915 1,100

9 (S{?g%g%%ge N. of Sado Sima 87~3,200 -

11 ?g?g;:%?gb%i Knoll 4F1ZN 130°38°E 2,060 400

15 | Hutago Knoll 4320N 139°56E 378 700
(ZFIE) 4327N 139°49E 412 800

13- (Sg;bf;hls)w 434N 139°33E 131 1,500

14 Ef;i“%‘g‘ Knoll 450N 139°39E 872 500

15 gg‘(;?mﬁ}\)’“ 457N 13915 962 700

16 | faml g)idge NNW. of Syakotan Misaki | 376~700 -

17 I(‘:?;‘,;‘;égm“ IPAON U005 E - 300

18 | phinantSyakotan Knol 43°53'N 140°02E 192 500

19 | Higas Svaotan Knall 43°57°11\1 140°06'E 337 500

20 | phsiSyakotan Knoll 401N 139°52E 904 300
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Kita-Syakotan Knoll oyt R

21 e 44°07N 139°5I'E 730 500
Osyoro SMt oo onor

22 (ZEHL) 4425 N 139°32'E 214 800
Esan Knoll e oo

23 (HIBEE) 41°49 N 141°32’E 246 150
Takuyo-Daiiti SMt oypr ot

24 | Gad 1 i) 416N 145°5TE 2,565 2,900
Erimo SMt op g7 oprr

5 Gegeimi) 40°54N 144°5TE 3,735 2,800
Ryoht-Daini SMt s g —

26 GREE 2 1l0) 40’38 N 146°51'E 1,345 3,800

27 Iwaki SMt 37°09' N 144°39'E 3,710 1.600
(BRI 36°59'N  144°50'E 3,563 '

2g | Daivon-Kasima SMt 36°16N 143°59E 2,783 2,800
(%8 4 FEE L) ’ ’
Daisan-Kasima SMt nq ot

29 (5 3 BBIEL) 36°09N 143°15'E 4,138 1,000
Katori SMt o ot -

30 (=) 36°05'N  143°02’E 4,110 2,400
Daini-Kasima SMt ot coqr

31 | (s o pmm il 36°05N  143°28'E 2,662 3,100
Daiiti-Kasima SMt . oAl

32 (81 BB D) 3549 N 142°40'E 3,550 3,000
Daigo-Kasima SMt . o1qr

33 (% 5 B Bl ) 35°46'N  144°19E 1,425 4,200

OHEHE L, AENCRZELYOHL L0 TR, HAROEE, WEs LR Y COREIERARD
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Abstract

A free-air gravity anomaly map in the vicinity of the continental shelf around Japan was
compiled based on dense gravity surveys made bky the Hydrographic Department of Japan (JHD).
The map is presented as a supplement of the present paper. Some 92,800 gravity data contributed
to the compilation of the map. '

A 10’ x 10/ block mean gravity anomaly data file was produced based on the JHDGF-T81
gravity data file which includes some 540,000 gravity sites in the western and southern Pacific areas.
10" x 10’ block mean anomalies were computed in a rectangular area bordered by the parallels
N20° and N50°, and the meridians E120° and E150°. The least-squares estimation technique was
adopted in computation. The block mean gravity anomalies are shown symbolically in figures. The
data file of mean gravity anomalies can be used for the computation of a detailed gravimetric geoid

and for other geophysical uses.

1. Introduction ;

The Hydrograhic Department of Japan (JHD) has been carrying out gravity measurements
at sea since 1964 by use of two sets of vibrating string-type sea gravity meters, which are called
T.5.8.G. (Tokyo Surface Ship Gravity Meter) developed by the Ocean- Research Institute, Uni-
versity of Tokyo (Tomoda and Kanamori, 1962; Segawa, 1970a,b; Fujimoto, 1976). The fully
organized gravity surveys by JHD have been carried out for the publication of the Basic Map of the
Sea over the continental shelf around Japan since 1967. The series of the Basic Map of the Sea are
composed of four 1/200,000 scale maps corresponding to four items, the bathymetric topography, the
sub-bottom structure, the total magnetic force and the free-air gravity anomaly. Two survey ships
owned by JHD have been engaged in this large project, which are Shoyo (1852 gross tons) and
Meiyo (361 gross tons). The information of gravity surveys can be referred to the Data Report of
Hydrographic Observations, Series of Astronomy and Geodesy published ‘every year. The number
of published gravity anomaly maps of the Basic Map. of the Sea amounts to 47 sheets at the time
March 1981,

Some of individual data were published in the data report mentioned above. Because of
the recent large amount of data, publication of individual data in the printed form has become im-
possible, so all the gravity data have been compiled in a machine readable magnetic tape form. The
status of the gravity data file of JHD and the recording format of the file are found in Ganeko and
Koyama “(1981). Some 92,800 gravity data observed by JHD have been compiled in- the data file

at present. The gravity survey cruises are listed in Table 1 which includes the name of cruise,
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Table 1 Gravity survey cruises of JHD and the number of observation sites

Name of Cruise Year Cruise Ident, Number of Sites
Vieinity of Yamato-Tai 1965 65YT 347
Offing of Tokati and Tohoku 1968 68TK 1370
Offing of Akita 1968 68AK 88k
Offing of Niigata 1968 68NT 2014
Offing of Isikari and Rumoi 1970 70IR 3287
South 0ffing of Sanriku 1970 708N 1389
Offing of Soya and Abasiri 1971 71SA 1727
Offing of Monbetu 1972 72M0 iy
Offing of Hukui 1972 72HU 1877
Offing of Kusiro 1972 72KU 2405
Offing of Hiyama 1972 P2HT 1519
Offing of Hidaka and Iburi 1972 72HD 2635
Offing of Hukuoka 1973 73HK 1664
Offing of Kagosima 1973 73KG 4158
Offing of Miyazaki 1973 73MI 1109
Offing of Koti 1973 73K0 2452
Offing of Nagasaki 1974 PUNG 5525
Offing of Tottori 1974 7LTR 1430
Offing of Kagosima 1974 7HKG 3450
0ffing of Okinawa 1975 750K 3595
Offing of Yamaguti 1975 75YM 2762
Offing of Simane 1975 7551 2957
Offing of Boso 1975 75B0 6154
Vicinity of South Io-Sima 1976 761K 1463
Offing of Okinawa 1976 760K 4831
Vicinity of Miyako-Sima 1976 7MY 3287
" 0ffing of Kasima~Nada 1976 76IK 3215
South Offing of Joban 1977 77J0 6017
North Offing of Joban 1978 78710 6701
Offing of Kisyu and Tokal 1980 80KT L4226
0ffing of Isikawa 1980 80IS-A 3532
Offing of Simane 1980 80IS-B 1377

Total

92807
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Figure 1 Gravity survey track chart of the cruises made by JHD during 1964-1980
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observation year, cruise identification and number of gravity observation sites for each cruise. Figure
1 is the track chart of above cruises showing the survey areas and the observation density. Some
vacant areas are unsurveyed or under data processing areas. The spacing of the survey tracks was
taken as two nautical miles as a rule, but four or five nautical miles spacing was sometimes adopted
to save ship time. The gravity observation by the sea gravity meter is made every five or ten min-
utes, which is necessary to filter out the disturbing vertical acceleration. The obtained gravity value,
therefore, is the mean value during the observation interval. Since the surveying speed of the ship
is usually 9 to 11 knots, the gravity observation sites are spaced out 1.4 to 3.4 km apart along the
survey track. A brief explanation of the sea gravity meter and the observation method can be seen
in Ganeko et al. (1978).

2. Compilation of gravity anomaly map

The raw gravity data measured on board the survey ship are calibrated by the gravity values
of the base ports. The differences between the outputs of the gravity meter and the base gravities
after the initial calibration are considered to be some drifts of the gravity meter and the drifts are
corrected under the linear assumption between port calibrations. Then the fundamental gravity data
file is created. The track chart and theé water depth data 'taken along the gravity survey are stored
in digital forms after the cruise, so the position and the depth data files are created. Above three
data files are the basic data for the successive data: processing.

The Eotvos corrections and the normal gravities are. calculated from the position data file
and the Bouguer corrections are.obtained from the depth data file. The finaly produced gravity
data file comprises observation time, position, depth, gravity, free-ait anomaly, Bouguer anomaly and
other cruise information. The procedure of the data processing at JHD should be referred to Ganeko
et al. (1978). After the creation of the final data file, numerical figures of gravity anomalies are
plotted on a 1/200,000 reduced scale map by use of a machine, and: the contour maps of free-air
and Bouguer anomaly are produced by hand with 10 mGals contour interval. In this procedure
the reliability of the gravity survey is examined by the gravity differences at intersecting points of
survey tracks, and unreasonable data, if found, are deleted from the data file. The produced contour
map of free-air gravity anomaly is adopted as the basis of the publication of the Basic Map of the Sea.

One of the purposes of the present paper is to arrange a free-air gravity anomaly map
showing the feature of the anomaly field around Japan at a glance by rearranging the 1/200,000
scale gravity anomaly maps prepared'for the publication of the Basic Map of the Sea.: The 1/200,000
scale maps are converted photographically to 1/1,000,000 scale maps. Five sheets of 1/1,000,000
scale gravity anomaly maps for different areas are arranged by combining the maps photographically
reduced. In this procedure 20 mGal contour interval is adopted. The five anomaly maps are con-
bined together again, and finally a sheet of gravity anomaly map on 1/3,000,000 scale is produced.
A copy of the map is presented as a supplement of the present paper. In the map, positive and
negative anomalies are expressed by red and blue contour lines, respectively. The wide red lines cor-
respond to zero anomaly. This map is the first one showing the detailed feature of the gravity
anomaly field in the vicinity of the continental shelf almost all around Japan, and may be good for
the geodetic and geophysical use. For convenience’ sake the five anomaly maps which are the basis

of the compilation of the 1/3,000,000 scale map are shown in Figures 2a, 2b, 2¢, 2d and 2e.
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The production of a Bouguer anomaly map is not done because the data file of the sea
bottom topography is not ready enough to compute accurate topographic corrections especially in
deep ocean areas. The Bouguer anomaly map, however, will be produced soon after the topographic

data are sufficiently accumulated into the data file.

3. Derivation of block mean gravity anomaly

Ganeko and Koyama (1981) arranged a gravity data file named JHDGF-T80 by collecting
gravity data taken by Japanese and foreign institutions as well as JHD. Since then we have added
some 9,000 gravity data newly processed by JHD, which are cruises labeled as 80KT and 80IS-A, B
(see Table 1), and the data supplied by the Defence Mapping Agency Aerospace Center (DMAAQ)
to the data file. JHDGF-T81 data file is newly produced. The JHDGF-T81 comprises some 540,000
gravity sites in the Western and Southern Pacific area. 262,200 gravity sites are included in a
rectangular area bordered by the parallels 20°N and 50°N and the meridians 120°E and 160°E.
The computation of accurate geoid undulations. around Japan is one of the major targets of JHD, and
the arrangement of the gravity data file has been done along the target. Ganeko (1980) pointed out
that 10/ x 10" block mean anomalies at least are necessary for the computation of geoid undulations
with a relative accuracy of 10 cm. We, therefore, try to arrange a 10’X 10" block mean anomaly
data file as a basis of the computation of the gravimetric geoid around Japan.

To derive block mean gravity anomalies from point gravity data, the least-squares estimation
method (Heiskanen and Moritz, 1967; Moritz, 1972) can be effectively used. In the computation
procedure an anomaly covariance function is necessary. We adopt the anomaly covariance obtained
combining GEMS8 geopotential model {(Wagner et al., 1976) with the local anomaly covariance
(Ganeko, 1980). This anomaly covariance was used already to make test computations of 10’ X 10
block mean anomalies in Ganeko and Koyama (1981},

Adopting the same method as theirs, we compute 10'x 10’ block mean anomalies by use
of the newly arranged point gravity data file JHDGF-T81. Point gravity data distributed in and 2.5"
around each 10'x 10" block are adopted in the least-squares estimation procedure, and 7.5 mGals
random error is assumed uniformly for the point gravity data. Any systematic gravity measurement
error is not assumed. The computed block means may sustain effect of systematic gravity data
errors of several to a few tens mGals as well as random errors especially in the data sparse areas.
The least-squares estimation method estimate errors of block means scattering in the range 2 to 20
mGals depending on the gravity sites distribution on the basis of only the assumed random gravity
errors. Block means occasionally cannot be estimated under the formerly adopted data distribution
condition in the data sparse areas. In such cases we try to estimate block means by use the block
mean anomalies computed already and can adopt the least-squares estimaiton technique again for
this second step. The covariance function of 10’X 10’ block mean anomalies is necessary this time
and it can be derived from the point anomaly covariance function used in the first step (e.g. see
Ganeko and Koyama, 1981). Although the block covariance depends on the absolute block size
we adopt for convenience’ sake the block covariance function based on the block size of 10’x 10
block at 30° latitude for the use around Japan. It is possible because the estimated block means
by the least-squares estimation method weakly depend on a slight change of the covariance function.

In the actual computation procedure, three block covariance functions are numerically prepared in
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advance which are corresponding to three directions of block spacing as shown in Figure 3a. The
covariance values are stored in the memory of the electronic computer. Figure 3b shows correspond-
ing three block covariance functions labeled Cp (North direction), C; (East direction) and C,
(azimuth 45° direction). The positional relation of two blocks is actually approximated to one of the
three cases, and the covariance value of the two blocks is obtained by the interpolation based on
the distance between the blocks by use of the tabulated covariance values. Above procedure includes
naturally an assumption of isotropic statistical characteristics of the gravity anomaly field,

After the application of the least-squares estimation technique twice to the gravity data file
JHDGF-T8!1 as explained above, we obtain a 10'X 10’ block mean gravity anomaly file identified as
JHDGF-T81-BL10. JHDGF-T81-BL10 is symbolically shown in Figure 4 to indicate the feature of
the gravity anomaly field near Japan. Symbols are assigned as' follows: for |4g|=200mGal;
[+ for 100 4g|<<200; A for 50<| Agl<100; © for 25 <) Ag|<50; + for 10| Ag|<<25; X for|dg|<10.
Positive and negative anomalies are distinguished by red and black, respectively. On the symbolical
back ground, gravity anomalies are colored according to three anomaly ranges; 25 mGal<|Jg|<100
m@Gal, 100<[4g[<200 and |4g|=200, by using warm colors for positiife anomalies and cool colors
for negative anomalies.

The largest positive anomalies occur near the Ogasawara Islands and the largest negative
anomalies occur along the axses of the Izu-Ogasawara Trench and the Kwril-Kamchatka Trench.
We see apparently that large negative anomalies are accompanied with large positive anomalies and
the low level positive anomalies occuring seaward of the trenches are also apparent. These gravity
highs are interpreted geophysically as a motive of the subduction of the ocean lithosphere (Fujimoto,
1976; Tomoda et al., 1980; Tomoda and Fujimoto, 1980).

4. Some comparisons of block mean gravity anomalies

1°x° block mean gravity anomalies are calculated from' the 10'X10’ block means
(JHDGF-T81-BL10) obtained in the previous section by a simple averaging of the 10/x 10’ block
means included in each 1°x1° block. The calculated 1°x1° block mean gravity anomalies are
identified by JHDGF-T81-BL60.

There are some files of 1°%1° block anomalies covering the area near Japan. We compare
JHDGF-T81-BL60 with (a) DMAAC’s data (1981)*, (b) LAMONT’s data (Watts and Leeds,
1977) and (c¢) JHDGF-1 (Ganeko, 1980). The results of the comparisons are shown in Table 2
and Figures 5a, 5b and 5c. In the comparison with DMAAC’s data there occured one abnormally
large difference of 150 mGals and the difference is deleted from Table 2. In three cases the number
of comparisons with difference less than 5 mGals. is always around 50% of the total comparisons.
The JHDGF-1 agrees best with JHDGF-T81-BL60, which is reasonable because the JHDGF-1 is
mainly based on the free-air gravity anomaly maps published around Japan and the maps were
produced on the basis of the common gravity data compiled into JHDGF-T81. The mean differ-
ences —0.2, —1.0 and —0.3 mGals are all small and the sources of these differences cannot be made
clear taking the density of the gravity observation sites and the accuracy of sea gravity measurements

into consideration. Such small differences however cannot be neglected in the computation of the

*  Defence Mapping Agency Aerospace Center 1° X 1° mean gravity anomaly field, January 1981.
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gravimetric geoid, The gravimetric geoidal height is obtaired through the integration of
gravity anomaly data in a vast area, and consequently the effect of a small systematic
difference is not negligible. For example, the effect amounts to almost 2 meters when the
mean difference of 0,3 nGals is taken as a systematic gravity data error over the cap area
with 15° angular radius. The detection of such small systematic error is quite difficult
under the present sea gravimetry, We may, therefore, be able to point out that the

absolute gravimetric geoidal height cannot be determined nore accurately than 1 meter for

Table 2 Comparison of JHDGF-T81-BL60 1°x |° block mean anomalies
with DMAAC, LAMONT and JHDGF-1 block means

DMAAC* LAMONT JHDGF~1
Number of Blocks Compared 463 592 353
mdals wais milalx

Mean Difference -0.2 -1.0 -0.3
RMS Differeace 12.0 13.6 0.+
Maximum Positive Difference 61 87 29
Maximum Negative Difference ) -58 —4%
Number of Blocks 225 308 143

| D153 mGals (49% (52%) (529
Number of Blocks 9 22 4

| Diff.1> 35 mGals (2%) (4% (2%

* after one abnormaly large difference of 150 mGals is deleted.
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the time being. Calibration of the gravimelric geoid should be made by other geodetic
observations such as the laser rangings of LAGEOS satellite and the moon.
5. Concluding remarks

The feature of the gravity anomaly field in the vicinity of the continental shelf around Japan
has been clarified by the gravity anomaly map presented with this paper. The map will be revised
as soon as gravity data are newly added especially in the areas where gravity site are sparse as shown
in Figure 1. JHD is preparing a large project of oceanic surveys in the Western Pacific. The
gravity anomaly field in the region will be determined more in detail and accurately than shown in
Figure 4. A new survey ship is under construction now, which is going to be equiped with highly
advanced instruments for oceanic survey. An advanced sea gravity meter system will be of use for
the accurate sea gravimetry and the cleaning up of the old data. The obtained block mean gravity
anomalies compiled in a magnetic tape are used to compute a gravimetric geoid around Japan. The
data file can also be used to produce a gravity anomaly contour map by use of a plotting machine.
The geophysical interpretation of the gravity anomaly field is an interesting problem, and it is left

as a later work.
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Abstract

A large Kuroshio meander was established off the southern coast of Japan in August 1975,
and stayed there for the next five years. This Kuroshio meander, and the associated cold eddy
from 1975 to 1980, is described mainly on the basis of bimonthly current paths. Those current
paths are identified with the maximum temperature gradient being at 100 m and 200 m.

During the period from April to August 1975, prior to the establishment of the Kuroshio
large meander, the eastward movement of a small meander along the coast of Japan was observed.
This eastward proceed is similar to those in 1953 and 1959. During the five-year meander period, the
meander was generally stable in autumn seasons, while it was rather unstable in the spring time. In
May 1977, and in April and August 1979, the cold eddy was separated, and a cold current ring
was produced to the south of the Kuroshio. In the first two cases of the separation, newly gener-
ated small meanders off Kyusyu moved eastward, and coalesced with the ring (1977) or the mean-
der (1979). Through these coalescences, the Kuroshio meander returned to the typical A-type.

However, in the case of August 1979, a small meander was not generated off Kyusyu, and
the Kuroshio meander remained small, entering into the disappearing stage. In the disappearing
stage, the meander moved eastward and finally crossed the Izu Ridge, with E-W oscillation super-
imposed.

The deep serial observations revealed the horizontal temperature gradient in the deep
layers (100 m—3000 m) throughout the meander period indicating the existence of the influence
of the Izu Ridge on the Kuroshio deep flow. The analysis of T-S and T-Oz relations revealed that
the cold eddy water consists of Kuroshio water. It upwelled by 300-400m in every layer from
the surface to the near bottom at the time of the beginning of the cold eddy. The comparison
of the water characteristics of the waters on the east and west of the Izu Ridge in the disappearing
stage indicated that the deep waters did not move together with the shallow waters when the

meander crosses over the ridge.

1. Introduction
The stationary Kuroshio meander south of Japan and the associated cold eddy between the
Kuroshio main current and the southern coast of Japan have long been a great concern of Japanese
oceanographers. In spite of many efforts to explain the dynamical mechanism of this meander,
a full explanation has not been obtained yet. The systematic observational efforts which covers

the Kuroshio area were initiated in early 20th century by Japanese agencies. Since then, the large

*  QOceanographic Division
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Kuroshio meander occurred four times, namely in 1934 to 1945, 1953 to 1955, 1959 to 1963 and
1975 to 1980. Recently Okada and Nishimoto (1978) analyzed the long time series of tide record
at several stations along the coast of Japan and pointed out that the Kuroshio meander may have
occurred another two times, namely in 1906 to 1912 and in 1917 to 1922, Because of its stationarity
and continuity, the Kuroshio meander has come to be recognized as one of the stable modes of the
Kuroshio path (Masuzawa, 1965; Taft, 1972). The first report about the Kuroshio meander was
made by Uda (1937) as an anomalous condition of the Kuroshio. Later Yoshida (1961) analyzed
merchant ship’s log and determined the duration of this meander (1934 to 1945). But because of
the World War II the time of the ending of this meander is not clear. The meander in 1953 to
1955 are described in several articles (Moriyasu, 1954, 1956) mainly on the basis of the routine ob-
servations which were made four times a year by Japanese agencies. The semimonthly observation
of the Kuroshio with BT and GEK was started by Hydrographic Department of Japan in 1960,
This rather frequent observaiton made possible to describe the Kuroshio meander in 1959 to 1963
in more detail than the previous ones (Shoji, 1972). A covienient summary about the meanders in
1934 to 1970 is found in Nitani (1972).

Yoshida (1961) analyzed the shape of the cold eddy which is associated with the Kuroshio
meander and proposed the names of A, B and C types of cold eddy. Type A corresponds to the
large cold eddy of long continuity, type B corresponds to the smaller cold eddy of shorter con-
tinuity, both of them being located west of the Izu Ridge. On the contrary, type C corresponds to
the cold eddy which lies over the Izu Ridge. Nitani (1969) used above names to redifine the
Kuroshio patterns which produce the corresponding cold eddies and added two more names, N and
D types. N type corresponds to the straight path of the Kuroshio along the coast of Japan and D
type corresponds to the meandering path east of the Izu Ridge. The long-lived Kuroshio meander
which is the concern of this paper is the A-type Kuroshio meander. But other names are also used to
express the shape of the meander in this paper.

Preceding the establishment of the Kuroshio meander, a small disturbance of the Kuroshio
path occurred east of Kyusyu and moved downstream slowly until reaching in the offing of Ensyu-
nada. It grew large there resulting in the large Kuroshio meander (Yoshida, 1961; Moriyasu, 1961a).
An offshore displacement of he Kuroshio path off Sionomisaki in early 1953 was reported by Masu-
zawa (1954) and Ichie (1954). Nitani (1972) thought this displacement was a forerunner of the
establishment of the Kuroshio meander. A similar eastward progress of the small meander was
found in 1969 (Shoji, 1972). Although it grew large and obtained the size of the A-type Kuroshio
meander, it did not stay to the west of the Izu Ridge and moved away from the south of Japan
soon. This meander in 1969 is classified as A’-type meander by Nitani (1972).

In this paper, the description of the Kuroshio meander in 1975 to 1980 is given. For this
meander period, the data coverage is more dense in space and time than for the previous ones and
also the deep observation down to the bottom was often made in this period. Section two deals
with the bathymetry south of Japan. An outline of the development of the Kuroshio meander
in 1975 to 1980 is given in section three. Detailed annual description on the paths of the Kuroshio
is given in sections four and five. Section six deals with the deep temperature structure, especially
the structure below the sill depth of the Izu Ridge. In section seven the water type of the cold eddy
is discussed on the basis of the T-S and T-O, relaitons.



LARGE MEANDER OF THE KUROSHIO IN 1975-1980 (I) 183

2, Bathymetry of the Kuroshio Region South of Japan
The bottom topography in this region is one of the main factors which prescribes the
Kuroshio behavior south of Japan. A full description of the bathymetry in the western North Pacific
is given in Mogi (1972) and the features which concerns with the Kuroshio south of Japan is dis-

cussed by Taft (1972). In Figure 1, a schematic bathymetric chart of the Kuroshio region is shown
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Figure 1 Bathymetry of the Kuroshio area south of Japan

with the contours at every 1000m. Geographical ‘names which is used in this paper are also included
in this chart. Main part of this region is occupied by Sikoku Basin which is flanked by two ridges,
namely Izu-Ogasawara Ridge on the east and Kysyu-Palau Ridge on the west. This basin has an
average depth of 4000 m which is shallower by about 2000 m than the northwest Pacific Basin east
of Izu-Ogasawara Ridge, Two important features which may affect the Kuroshio flow are the con-
tinental slope and the Izu-Ogasawara Ridge. With very narrow continental shelf, the continental slope
on the north acts as a wall. Izu-Ogasawara Ridge rises rather sharply from the ocean bed, and may
acts as a barrier to the deep Kuroshio flow. Kuroshio mostly crosses the shallowest part of the
ridge, namely between 32° and 34°N. This part of the ridge has a depth of less than 1000 m, with
a exception of a channel between Miyakesima and Hatizyozima Is., which has a depth of slightly

deeper than 1000 m.

3. Outline of the development of the meander
In order to have a general idea on the Kuroshio meander in 1975 to 1980, the time sequence

of the meander development is outlined in this section.
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In April 1975, a small meander of the Kuroshio was generated to the east of:Kyusyu. This
small meander moved downstream slowly for the next month, and reached in the offing of Sikoku
in May. After a upstream return in late May, it began to move downstream again rather swiftly.
After passing off Sionomisaki, it grew larger, and finally in August it changed into the “large meander
stage” in the offing of Ensyunada which is just west of the Izu Ridge. This large Kuroshio meander
is classified as A-type Kuroshio path according to Yoshida (1961) and Nitani (1969). This gen-
eration process of the Kuroshio stationary meander is very similar to the previous ones. This large
Kuroshio meander and the associated cold eddy stayed for next five years to the south of Japan.
From the establishment of the meander in August 1975 through 1976 it was stable. In April
1977, the cold eddy was elongated in northwest-southeast direction, and in May it was separated
into two parts. The southern half became a current ring, while the northern half became a reduced
meander off Sionomisaki. The reduced small meander off Sionomisaki proceeded eastward and disap-
peared in a month, while a new meander was generated east of Kyusyu in June. This new meander
moved eastward and the current ring moved northwestward. In August they coalesced with each
other producing a A-type large Kuroshio meander again. For the rest of 1977 the meander was
rather stable. In the spring of 1978, the Kuroshio path displaced southward in the offing of Kyusyu
and Sikoku and a very large area between the Kuroshio and the coast of Japan was covered with
cold water. This is the time when the area of the cold eddy has its largest value during the whole
meander period. In May 1978 the Kuroshio flowed temporarily to the south of Hatizyozima. From
the experience in 1963 (the end of the previpus meander), this phenomenon was considered as fore-
runner of the decay of the Kuroshio meander. But it was only temporal and the meander returned

to the usual pattern soon. In April 1979, the meander took a elongated shape similar to the 1977

Table 1 Summary of the events of the Kuroshio meander development

Apr. Generation of a small meander off Kyusyu
1975 Apr.-Aug. Downstream progress and Growth of the above meander

Aug. Establishment of the large meander off Ensyunada

1976 The meander was very stable throughout the year

Jan.-Mar. Westward shift of the meander

May Separation of the cold eddy and production of a cold current ring
1977

Jun. Generation of a new small meander off Kyusyu

Aug. Coalescence of the cold ring with the small meander off Kyusyu

1978 Jan.-Jul. Large offshore displacement of the Kuroshio path off Sikoku

Apr. Second separation of the cold eddy
_ Generation of a new small meander off Kyusyu and its coalescence with the
1979 Jun.-Jul. cold eddy
Aug. Third separation of the cold eddy
Jan.-Au Eastward movement of the cold eddy around the Izu Ridge and superimposed
an. 8 east-west oscillation

1980
Aug. Disappearance of the meander from the south of Japan
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case, resulting in the second separation of the cold eddy. This time the life history of the produced
current ring is not known. But, similarly to the 1977 case, a small meander was generated east of
Kyusyu. It moved eastward and coalesced with the meander which was left off Sionomisaki when
the cold eddy was separated. In August 1979 the third separation occurred. But, this itme, the
remaining small meander was not replenished with a small disturbance off Kyusyu. From this time
on, the meander remained in smaller size and gradully moved eastward. In February 1980, the
meander rode over the Izu Ridge ‘and a C-type meander was observed. In hte first half of 1980,
the meander moved back and forth around the Izu Ridge, experiencing B-type and C-type Kuroshio
meander alternately. In August 1980 the meander moved away eastward and the stationary meander
period ended. For convienience the above time sequences of the meander development are sum-

marized in Table 1.

4. Annual Kuroshio Paths

Kuroshio paths are identified with surface current by GEK and with near-surface tempera-
ture distribution by BT twice a month in Hydrographic Department of Japan. The paths thus
identified are published semimonthly from the department as the Prompt Report on the Oceano-
graphic Conditions. The Kuroshio paths taken from above reports are shown in Figures 2 to 8
for each year of the meander period. For 1979 the paths are grouped into two; from Jan to Aug,
and from Sept to Dec, because the dominant flow patterns ave different for those two periods.

In order to compare Kuroshio patterns in the meander period with the patterns in no-
meander period, Kuroshio paths in 1970 to 1975 are shown in Figure 9. Those figures clearly show
two characterisitc Kuroshio pattern, no-meander -pattern and meander pattern. In no-meander
period, Kuroshio is very stable in the offing of Sionomisaki, behaving like a knot in a vibrating
system. On the contrary, there seems a fluctuation in two regions, off Sikoku and Kyusyu, and
around the Izu-Ogasawara Ridge. Nitani (1972) and Taft (1972) made similar comparisons using
the data taken in 1956 to1965.

As is shown in Figure 2, the Kuroshio meander was rather small in 1975, the trough of the
meander being located at 31°N, In 1976, it grew larger and displaced southwestward. Throughout
1976, the meander was very stable (Figure 3). In 1977 it shifted further southwestward and became
very unstable at the same time. The separation and recombination of a cold current ring occurred
this year. In the spring of 1978, large offshore displacement of the Kuroshio axis occurred and also
the meander was rather unstable this year and was elongated in east-west direction sometimes.
These conditions are shown in Figure 5. In the first half of 1979, the meander was unstable as
in the cases of 1977 and 1978 (¥Figure 6). But after the separation of a cold current ring in August,
it became small and took the position just west of the Izu Ridge (Figure 7). In 1980, the meander
gradually moved eastward and finally disappeared in August (Figure 8).
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Figure 6 Kuroshio paths in Jan., to Aug. 1979
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Figure 7 Kuroshio paths in Sep. to Dec. 1979
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5. Detailed Description

In this section detailed descriptions are made on the several features of the Kuroshio
meander which deserves closer examinations. In order to look at the change of the Kuroshio
path in more detail, temperature distribution charts at a- depth of 100m are prepared. These
charts are drawn for every 10 days in 19751978 and for every two weeks in 1979 and 1980. The
depth of 100 m was chosen because there are more data available at 100 m than at 200 m, though
200m has been a traditional choice to identify the Kuroshio. The representative temperature value
at 100 m indicative of the Kuroshio axis are reported by Yamauchi (1978) and Nakabayashi (1970).
Their results show that ‘the temperature value indicative of the Kuroshio axis changes from place
to place and from season to season ranging 15°C in February around the Izu Ridge to 25°C-in
October to he south of Kyusyu. In this paper 20°C is used to fix the Kuroshio axis.

(1) Generation stage: April-August 1975

Kuroshio paths from April to August in 1975 are shown in Figure 10. A small meander
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Figure 10 The eastward movement of the small meander in 1975
prior to the establishment of the large meander

was generated in mid-April as is shown in the current path in 11-20 April. This small meander
proceeded downstream along the continental slope in next one month reaching in the offing of
Sikoku in mid-May. However, in late May, the small meander seems to have disappeared or
returned upstream (See the current path in 20-30 May). The small meander found to the east
of Tanegasima in late May proceeded downstream again. It continued moving eastward through
June and July and passed off Sionomisaki in late July.. This passing off Sionomisaki seems to be

important for the Kuroshio meander to become large, because a disturbance off Sionomisaki is scarcely
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found when the large Kuroshio meander is absent (see Figure 9). After passing off Sionomisaki, the
meander extended in southeast direction and became a typical A-type meander in early September.

Phase speed of the movement of this small meander is shown in Figure 11. Maximum phase speed
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Figure 11 Phase speed of the eastward movement of the meander in 1975

of 10 nautical miles/day is found in late May and mid July. The mean phase speed in the total
period is 2.2 nautical miles/day. This value is compared with the phase speed of 3 nautical miles/
day in the past two cases in 1959 and 1969 (Nitani,‘ 1977). The small disturbance to the east of
Kyusyu is frequently observed especially in swinter season (Moriyasu, 1961b). And often it proceeds
eastward (Solomon, 1978). But, in very few cases it grows to a large Kuroshio meander. The

reason why the small meander becomes large in some cases but it doesn’t in other cases should be

investigated.
(2) The separation and recombination of a cold ring in 1977

The Kuroshio condition in the period from the separation of a cold current ring to the

recombination of it in 1977 is described in this sub-section on the basis of the current paths.
After being in very stable condition in 1976, the Kuroshio meander shifted westward, and

at the same time it became unstable. Kuroshio paths in April to August in 1977 are shown in
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Figure 12 The separation of the cold eddy in May 1977 and the

coalescence with the small meander off Sikoku
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Figure 12. Kuroshio paths in April are inferred from surface temperature distribution using 20°C
contour as a representative isotherm, while the paths in May to August are determined from 100 m
temperature distribution. The meander in late April and mid May have a long and narrow shape
extending to the south-southeast. In late May, the elongated cold eddy was separated into two
parts, the southern half becoming a cold current ring and the northern half a contracted meander
off Sionomisaki. Current rings are often found to the east of the Izu-Ogasawara Ridge where the
Kuroshio Extension is very fluctuative. However, a ring formation to the south of Japan has never
been observed in the past. Kamihira et al. (1978) reported a detailed structure of this ring on the
basis of the Shumpumaru’s observations in May and July*. According to them the separation of the
cold eddy extended to a depth of 1000 m. This ring moved northwestward in next two months
(Figure 12). On the contrary the contracted meander off Sionomisaki became small gradually and
moved eastward. In mid June another meander was generated to the east of Kyusyu and proceeded
eastward replacing the contracted meander. In August the newly generated meander coalesced with
the cold ring producing a large meander again (the Kuroshio path in 10-15 Aug). The phase speed
of the northwestward movement of the ring is about 1.5 nautical miles/day.
(8) Kuroshio paths in the spring of 1978
The Kuroshio in the spring of 1978 has two typical patterns. One pattern is observed in
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Figure 13 Two typical patterns of the Kuroshio meander in the spring of 1978

* Kobe Marine Observatory of JMA to which Shumpumaru belongs named the ring “Harukaze® after
the Japanese style pronounciation of the ship’s name Shumpu.



LARGE MEANDER OF THE KUROSHIO IN 1975-1980 (I) 193

February to April (Figure 13, upper), and the other is observed in late April to June (Figure 13,
lower). In February to April the Kuroshio meander has a S-like shape west of the Izu Ridge, and
at the same time an eastward extension of the meander tip is observed (Figure 13, upper). This ex-
tension resembles to the situation in August 1975 (see Figure 10), though the horizontal scale is
larger in 1978 than in 1975. The southward displacement of the current axis off Sikoku observed
in February to July is another characteristic of the Kuroshio path in the spring of 1978. As is

shown in 200 m temperature distribution in Figure 14, there are two cold eddies. One eddy is
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Figure 14 Temperature distribution at 200 m in May and July 1978

off Sikoku and the other off Kii Peninsula. The area of the cold eddy is largest in the spring of
1978. However, .the temperature around the eddy center is rather high, having the value of 12°C
compared with the usual value of 10°C. In late July, the meander returned to its typical pattern
and remained as it was for the rest of the year.
(4) The second and third separation in 1979

In April 1979, the second separation of the cold eddy was observed. Kuroshio paths from
March to May are shown in Figure 15. There is no BT data available in early April, and the Kuro-
shio path in 28 Mar-9 Apr was determined from the surface temperature distribution. Similarly to
the case in May 1977, the meander became narrow and the trough extended in south southeast
direction. In early April the southern tip of the cold eddy was separated and became a ring. But

the subsequent progress of it is not clear. The ring may have coalesced with the Kuroshio meander



194 H. NISHIDA

Y I ]
; PR
5 R I
f1s-28taR [ n ¢
i E
., i_3-15MAR <
by
. Y I Jl
", Y ¢
N 2
> 1 Y N
= \ 428
— XY
S
: . . : .
T35° T4TE
— J
17-30APR M
1 A L L 1 J
140°E

1
135°

Figure 15 The second separation of the cold eddy in April 1979

soon after the separaiton, because the shape of the meander after the separation (Figure 15, lower)
is still elongated in southeast direction. On the other hand, in the offing of Kyusyu, a new cold eddy
developed during April and May (Figure 15, lower). In June, it coalesced with the eddy off Siono-

misaki, resulting in a single large eddy. This is shown in 200 m temperature distribution in Figure 16.
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Figure 16 The temperature distribution at 200 m in June 1979

In August, the third separation of the cold eddy occurred (Figure 17). The shape of

the meander just before the separation (18 Jul-1 Aug) is very unusual, having two tips; one is on
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Figure 17 The third separation of the cold eddy in August 1979

the south and the other on the east. It seems that the southern tip became a ring and the other
tip became a small meander around Miyakesima, as shown in the Kuroshio path in 8-23 Aug. In
next ten days the small meander around Miyakesima moved eastward and the contracted meander
off Sionomisaki also shifted to the east (the Kuroshio path in 15 Aug-6 Sep). After the contraction
by the third separation in August 1979, the supply by a newly generated meander off Kyusyu was
not given to the Kuroshio meander. The meander remained as it was for the rest of 1979, keeping
the contracted size, and entered into the disappearing stage.
(8) The disappearing stage: January—August 1980

The Kuroshio meander, which was contracted by the third separation in August 1979,
moved eastward very slowly, reaching just west of the Izu Ridge by the end of 1979. The meander
continued moving eastward during the first half of 1980, and finally disappeared from the south of
Japan in August. The condition in this disappearing stage is described in detail in this subsection.
The Kuroshio paths in January to August 1980 are shown in three charts in Figure 18. It is clearly
seen that the meander gradually shifted eastward and at the same time the length of the meander
in north-south direction was shortened. A typical C-type Kuroshio meander is observed in May to
July. This disappearing process of the Kuroshio meander is very similar to that of the previous
meander (1959-1963), which is described in Nitani (1977), although the decay of the meander by
the separation of a cold ring was not observed in the previous meander period. The longitudes at
which the Kuroshio path crosses the 33°N line are plotted for the period from January to July
1980 (Figure 19). Figure 19 also shows that the sea level for the total five-year period at Hatizyo-
zima, which is located at about 33°N and 140°E. The sea level at Hatizyozima is a good indicator
of the location of the Kuroshio path around the Izu Ridge. That is best exemplified by the good
correlation between the longitudes of the Kuroshio path and the sea level at Hatizyozima in January
to July 1980. The temporal southward displacement of the Kuroshio path in May 1978, which was
discussed in 5.3, is represented as a dip in the sea level. Similar dips are found in October and De-
cember 1977, and in July and November 1979. But the corresponding fluctuation of the Kuroshio

path was not observed because of the lack of data.
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Figure 19 Seal level at Hatizyozima and the positions of the Kuroshio paths in 1980 expressed
by the longitude at which the Kuroshio cross 33°N line. Solid lines shows the sea
level and the dashed line at the bottom of the figure shows the longitudes

6. The Deep Structure of the Kuroshio Cold Eddy and the Warm Eddies South
of the Kuroshio
Deep serial observations down to the hottom, which was rarely made in the previous mean-
der periods, were made rather frequently during the meander period from 1975 to 1980. With the
use of those deep observation data, the better understanding of the deep temperature structure of the

cold eddy can be obtained.
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Figure 20 Temperature distribution at 1000 m in May 1976
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As an example, temperature distribution at 1000 m depth is shown in Figure 20. The cold
eddy is located on the corner made by the continental slope and the Izu-Ogasawara Ridge. The
temperature still has a gradient at this depth. If this gradient indicates a substantial geostrophic
velocity at this. layer, it is very natural to assume the strong influence of the Izu Ridge on the Kuro-
shio flow, because the northern portion of the ridge is shallower than 1000 m: Temperature gradient
is found even at deeper layers. This is shown in the temperature distributions at 2000 m, 3000 m
and 3500 m in Figure 21. When we calculate the geostrophic velocity at 1000 decibar and 2000
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Figure 21 Temperature distributions at 1000 m, 3000 m and 3500 m in November 1976

decibar referred to 3000 decibar, 10 cm/sec and 3 cm/sec are obtained at maximum. This deep
temperature gradient continued throughout the meander period. The temperature distribution at
1000 m in September 1979 is shown in Figure 22 -as an example of the deep structure near the end
of the meander. The temperature near the center of the cold eddy is about 3°C, and sharp tem-
perature gradient is still found.

As is seen in Figure 20, there is a warm eddy off Sikoku. This eddy can not be recognized
in the temperature distribution shallower than 200 m because of thick thermostad near the sea sur-

face. The return flow associated with this warm eddy may be large and account for a substantial portion
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Figure 22 Temperature distribution at 1000 m in September 1979

of the total Kuroshio transport. However, because of the sparsity of data, the role of this warm eddy
has not been fully understood. According to Marine Environmental Atlas II (1978) published by
Japanese Oceanographic Data Center, the mean position of this warm eddy is 31°N and 136°E during
no-meander period. When the Kuroshio meander is present, the mean position of the warm eddy
moves to the west. The positions of the warm eddy center during the period from 1975 to 1980
are read from a series of 400 m temperature distribution charts, most of which are prepared by
Nishiyama and Ishii (1980). For a half of these charts the center of the warm eddy can be recog-
nized. Table 2 shows all of these positions. The overall mean of them is 30°02'N and 134°18'E.
According to Table 2, the warm eddy moved southward in 1977 with the higher temperature value
near the eddy center.

There is one more warm eddy which is located over the Izu Ridge. However, it is very
scarcely recognized as an eddy hecause of the lack of data. An example is the 1000 m temperature dis-

tribution in May to June in 1978 (Figure 23). As shown in Figure 23, there is a warm area on the

Table 2 Positions of the warm eddy off Sikoku

max. temp.
year | month lat, long. at 400 m
1976 May 30°557 134°057 17-18°C
Jul 30°427 133°557 17-18
Sep. 30°05 134°00 17-18
Oct. 30°257 134°05” 17-18
1977 Jan. 29°50 133°40/ 16-17
May 29°22/ 134°20" 18-19
Jul. 29°257 1337507 18-19
Sep. 29°257 135°007 18-19
Oct. 29°207 133°40/ 18-19
1978 Jun. 30°007 135°207 18-19
Nov. 29°05” 133°45" 17-18
Dec. 30°307 133°357 17-18
1979 Mar. 30°007 134°20° 18-18
Sep. 31°00 135°007 16-17
Oct. 30°25” 135°507 16-17
Mean 30°02/ 134°187
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Izu Ridge surrounded by 4.6°C isotherm. This warm eddy is less conspicuous than the one found
off Sikoku. According the overall mean dynamic topography in the western North Pacific (JODC,
1975), there is one warm eddy east of the Izu Ridge at about 33°N and 143°E. However, it is not
clear whether this eddy shifted westward onto the Izu Ridge or a new eddy was generated there
when the large Kuroshio meander occurred,

The change of the positions of the warm eddy off Sikoku from the position in no-meander
period to the one in meander period is observed in the generation stage of the Kuroshio meander

in 1975. Because the number of deep observations is much less than those of surface or near-surface
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Figure 23 Warm eddy on the Izu Ridge represented by 1000 m
temperature distribution in the spring of 1977
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observations, the center of warm eddy was identified only four times in 1975. Those four positions
are shown in Figure 24. The centers of the cold eddy in the same period are also included in
Figure 24, According to Figure 24, the warm eddy moved northeastward in May to July along with
the cold eddy off Sikoku. However, it seems that the warm eddy moved to the southwest during
July and August, being replaced by the cold eddy. Nishiyama et al. (1980) suggested that the warm
eddy which is found off Omaesaki in July moved away to the east during August, and a new warm
eddy came from the west.

Because the eddy structure extends deeper than the sill depth of the Izu Ridge, the deep
structure of the cold eddy at the time of C-type Kuroshio meander is very interesting. To our reg-
ret, the deep observation of the disappearing stage of the Kuroshio meander is not so dense as to
be able to construct a temperature distribution chart in deep layers. However, the fractional evi-
dences in May 1980 indicates that temperature gradient exists in deep layers of the cold eddy on
both sides of the Izu Ridge.

7. Water Characteristics of the Cold Eddy
Water characteristics of the cold eddy is analyzed with the use of T-S and T-O, relation-
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Figure 25 T-S and T-O: diagrams for the stations occupied in the area
south of Japan during the meander period
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ships. T-S and T-O, diagrams are constructed using all the serial observation data' taken by the
Hydrographic - Dept. during the period from August 1975 to- November 1978 (Figure 25). Station
locations of these data are shown in Figure 26. As is seen in: Figure 26, the stations are distributed
in the area of the cold eddy, the Kuroshio and the south of the Kuroshio. The data of which the
temperature. is over 15°C are excluded, because those near-surface water is under the influence of the
surface disturbances and may not represent the cold eddy adequately. The data used corresponds
to the water deeper than 100 m in the center of the cold eddy and deeper than 400 m in the warm
eddy. As is seen in Figure 25, all the data fall in the very narrow belt on T-S and T-O, diagrams.
There are some stations which have lower salinity values at salinity minimum:layers and lower oxy-
gen values at oxygen minimum layers, - Also, higher oxygen content are often found in the thermo-
cline waters (The water having the temperature value of about 10°C; Masuzawa, 1969). When
the stations in the cold eddy and the Kuroshio main current zone are picked up to draw T-S and T-O,
diagrams (Figure 27), these data fall in even narrower belt, meaning that the stations which. have
lower salinity value in the salinity minimum layer and higher oxygen content in thermocline waters are
all located to the south of the Kuroshio. Therefore the waters which consist of.the cold: eddy is

the same as the water of the Kuroshio main current.: As is seen in the north-south temperature

EPRra VRO
®
°
° ®
.’.0‘0 o o b
° ?: ®
RN LN
o. e®}® e i ® oo 5
°
L Y.
o 0..'0"' PN e
5 Q8 ° gy °° ®g @ oo o0, %0 .
° ®
L . "o.": :. ..,.}l. o © ®
2ol o @ ° o @ g
- P o ® QPoe .'oou 2o °e L4 .
’a « o, o o o“'
a'o :. .‘DQ s :..., ° N
L & o .
S0 ®ge IS L B kA 30
b ) °® o
& o | ° ° °® ®
= ® o0 ‘s.o e ¢ 0o .
° o ® . ®
- ® o ? o °, ® b
' l 1;35 ' ‘ ‘ , 1:10E .

Figure 26 Station locaiton chart for the data in Figure 25
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Figure 27 T-S and T-O. diagrams for the stations inside the cold eddy
and in the Kuroshio main current zone

section which crosses the center of the cold eddy (Figure 28), there is correspondence between the
cold eddy water and the Kuroshio water at every depth. This fact indicates that the Kuroshio water
upwelled by the amount of 300-400 m at every layer from surface to near bottom. The same result
was pointed out for the previous cold eddies, although the observation was rather shallow (Moriyasu,
1954).

Uda (1949) pointed out the good correlation between Oyashio strength and the Kuroshio
meander generation, and suggested that Kuroshio cold eddy was caused by Opyashio undercurrent,
which flows to the south from the Opyashio region on the east of the Izu Ridge, curls into this region
and upwells there. Nan’niti (1958) suggested that the bathymetry south of Japaﬂ is favorable for
the upwelling of the Oyashio undercurrent. However, the fact that the every layer just below. the
Kuroshio main current upwelled and became the cold eddy suggests that some dynamical effect is
more appropriate for the cause of the occurrence of the cold eddy. Ishii and Toba (1977) suggested

that the angle at which the Kuroshio meets the Izu Ridge is essential to the upwelling the Kuroshio
water.
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Figure 28 Temperature section along 136°E in November 1976

In May 1980 when the Kuroshio meander takes the C-type, several serial observations were
made around the Izu Ridge. Among them, four stations are inside the cold eddy, two of them
being to the east of the Izu Ridge and the other two to the west of the ridge. The T-S and T-O,
relations are plotted in Figure 29. The T-S and T-O, curves show that the water deeper than 800 m
have different characteristics on both sides of the Izu Ridge, while the shallower waters are the same
on both sides. This indicates that when the pattern of the Kuroshio meander changes from A- or

B-type to C-type, only the surface pattern moves but the deep waters does not cross the ridge.
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Figure 29 T-S and T-O: diagrams for the stations inside the cold eddy at the time of C-type
Kuroshio meander, Solid circles represent the stations west of the Izu Ridge and
triangles represent the stations east of the ridge.

8. Summary

The large meander of the Kuroshio south of Japan in 1975 to 1980 is described based on
the movement of current axis. GEK and BT data from various sources are assembled and the current
axises are identified with surface current maximum or temperature gradient maximum at 100 m
and 200 m depths. The establishment of the large Kuroshio meander in August 1975 was preceded
by the eastward movement of the small meander off Kyusyu and Sikoku. This generation process is
very similar to the process in 1959 and 1969. In the latter half of 1975 and throughout 1976, and
also in autumns of 1977 and 1978, the meander was very stable, being located off Omaesaki. On
the other hand, in the spring and summer of both 1977 and 1979, the meander was rather unstable,
being located off Kii Peninsula. During those periods the separation of the cold eddy and the pro-



206 H. NISHIDA

duction of a cold ring occurred three times, namely in May 1977, in April 1979 and in August 1979.
Among the rings produced above, the one in May 1977, after having moved to the northwest, coa-
lesced in August with the small cold eddy south of Sikoku which was generated in June 1977 to
the east of Kyusyu. The typical A-type meander pattern was-resumed through this coalescence.
Also, in the case of the separation in April 1979, the remaining small meander left by the separa-
tion of southern tip returned to its typical A-type through the coalescence with the newly generated
meander east of Kyusyu. However, in the case of August 1979, without further supply, the mean-
der remained small and entered into the disappearing stage. In the disappearing stage, the meander
moved eastward gradually. Northward flowing portion of the meander on the east side reached the Izu
Ridge and crossed the ridge, taking C-type meander pattern. Fluctuation with the period of two or
three months overlapped on this gradual eastward movement. Evidences iﬁ T-S and T-O, diagrams
indicate that when the meander crossed the Izu Ridge, the deep water did not cross over the ridge.

The warm eddy, which is located to the south of Kii Peninsula when the meander is
absent, was located to the south of Sikoku during the meander period. It moved westward in the
generation period, stayed to the south of Sikoku during the meander period and moved back to the
south of Ensyunada when the meander ended. One more eddy was found in 1977 and 1978 on the
Izu Ridge, where there is no such eddy when the meander is absent.

Analysis of T-S and T-O, diagrams indicate that the cold eddy water upwelled by 300 m
or 400 m at every layer under the Kuroshio. !

The author is greatly indebted to the members of the Oceanographic Division whose works

in collecting the data are indispensable for this paper.
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Abstract

Variations of the internal structure of the Kuroshio cold eddy associated with the large
meander of the Kuroshio, and its correlation with the external features of the eddy from 1975 to
1980, are investigated. Vertically averaged values of temperature, salinity and dissolved oxygen
content are used to describe the internal structure of the eddy, the position of the center of the
cold eddy, and the area of the eddy region was used as parameters of the external features of the
eddy.

The investigation revealed the following items. The temperature in the deep layer (1000-
2500 m) in the central area of the cold eddy, increased most of the time in the meander period,
but showed an intermittent decrease from time to time. This intermittent decrease of temperature
may be a cause for long-period staying of the cold eddy and the Kuroshio meander. The tempera-
ture in other layers (upper 200-500 m, intermediate, 500-1000m) has not varied in phase with
the temperature of the deep layer. In the decaying and disappearing stage of the Kuroshio mean-
der, a conspicuous increase in temperature is observed in the deep layer. Along with this tempera-
ture increase, the water characteristics themselves also changed in the whole area south of Japan

(the increase in salinity and dissolved oxygen content).

1. Introduction

It is widely known that a large-scale cold eddy accompanied with the Kuroshio meander
appears south of Japan from time to time, and stays at almost fixed region for more than two years.
This is one of the most remarkable phenomena of the Kuroshio south of Japan, and called “the
Kuroshio cold eddy” or “the Kuroshio large meander” mainly because of its largeness and long-
period stationarity. Since the first report by Uda (1937), it has been a matter of great concern for
Japanese oceanographers, and recently also for foreign researchers. In spite of many investigaitons
to clarify the dynamical mechanism of generation, maintenance and disappearance of the cold eddy
and the meander, there is, however, no successful explanation yet.

The cold eddy and the meander occurred three times (1953-1955, 1959-1963, 1975-1980)
since the early 1950°s when routine observation in the Kuroshio region started in Japan. On the
former two cases, the cold eddies have been described on the basis of the time series of external
features such as size, shape and position which can be drawn out from the flow pattern of surround-
ing Kuroshio (for example, Masuzawa 1960, Shoji 1972, Taft 1972 and Nitani 1975). Their de-

scriptions of the cold eddy are rather of qualitative nature except a few works (for example, Nan’niti

*  Qceanographic. Division
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1960). On the other hand, the internal structure down to deep layer in the cold eddy has been
studied only temporarilly (for example, Moriyasu 1956). Therefore, the variation of the internal
structure throughout the meander period has not been examined yet, mainly because of lack of suita-
ble data.

During the latest period, relatively dense observations in time and space were conducted, as
shown in Nishida’s (1982) detailed description of the meander, partly under the favour of KER
(Kuroshio Exploitation and Utilization Research) project sponsored by Science and Technology
Agency since 1977. With the aid of above relatively dense data, in this report, the variation of
the internal structure, as well as external features, of the cold eddy during the period from 1975 to
1980 are described. It is possible that the internal changes may lead to the change of the external
features through eddy dynamics. Therefore, by examining the relationship between the two kinds of
variations, it is expected to obtain some knowledge regarding the mechanisms of maintenance and/or
disappearance of the cold eddy.

The external features of the cold eddy are described in section 4. In order to examine
the variation of internal structure, temperature, salinity and dissolved oxygen content are taken. They
are discussed in section 5. Section 6 deals with the correlation between the external and the inter-
nal structure. Further, section 7 deals with the T-S and T-O, relationships for deeper waters in

the area south of Japan which includes the cold eddy region.

2. Data Sources
Data used for obtaining the averaged values of temperature, salinity and dissolved oxygen
content (section 3), are included in the following publications.
Data Report of Hydrographic Observation, Series of Oceanography
{(published by Maritime Safety Agency)
The Results of Marine Meteorological and Oceanographical Observations
{(published by Japan Meteorological Agency)
Data Report of KER, No. 1-3
(published by Japan Oceanographic Data Center)
The Prompt Report of the Oceanographic Conditions, published semimonthly by Hydro-
graphic Department, M.S.A., are also used for obtaining the parameters of external features of the

cold eddy and the Kuroshio meander.

3. Parameters of eddy’s variation

Several parameters are selected to describe the time variation of the cold eddy. As the
external features, positions of center of the cold eddy and trough of the meandered Kuroshio and
area of .the cold eddy region are employed.

Temperature, salinity and dissolved oxygen content are used as parameters for description
of internal variation. For each element, two kinds of indices which can represent the whole condi-
tion of the eddy in each cruise are adopted.

Above parameters or indices are obtained as follow.

3-1 Parameters of external variation

The trough (T) and the two ridges (S and R) are shown in a typical path of the Kuro-
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T

Figure 1 A typical path of the Kuroshio meander. Two ridges (S, R), a trough (T) and
U, V, X, Y are in stream axis. C is a center of cold eddy.

shio meander in Figure 1. The positions of trough and ridges are read from the surface current
chart in the Prompt Report of the Oceanographic Conditions.

The position of center of the eddy (C in Fgure 1) is defined as the mean of following
positions; namely, geometrical center of cyclonic flow pattern at the sea surface, and the positions
at which temperature minimum is observed at 200 m and/or 400 m depth.

The area of the eddy region is approximated by the sum of those of a figure XTYCX and
a trapezoid SUVR (Figure 1); where U, V, X and Y are on the stream axis. UV, passing through C,
is drawn to be parallel to SR. Further, the area of XTYCX is approximated by that of a half ellipse
whose axes are CT and (CX+CY)/2, where CX, CY are taken to be normal to CT.

3-2 Parameters and indices of internal variation

From the hydrographic stations occupied in each cruise, three stations which have the lowest,
second lowest and third lowest temperature values are selected (Figure 2). The vertically averaged
values of temperature, salinity and dissolved oxygen content are respectively calculated in 200-500 m
(upper layer), 500-1000 m (intermediate layer) and 1000-2500m (deeper layer) at those three

stations.

NOV. 1976 °

1 i 1 1 1 i
135 140°B

Figure 2 Axis of the Kuroshio. Solid circles show hydrographic stations. A indicates the
station at which temperature averaged in 200-500 m, 500~1000 m and 1000-2500 m
are the lowest. B and C show the second and third lowest.
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The two kinds of indices for each element above are employed to represent adequately
the internal condition of he cold eddy at each cruise ; namely, one is the value at the stations where
the lowest temperature is observed, the other is the mean value of those at stations where three
lowest temperatures are observed. They are used for the description of the time variation of tem-
perature, salinity and dissolved oxygen content in the cold eddy.

In order to check whether above two kinds of indices are representative for whole condition
of the eddy region, averaged values over the whole cold eddy region, as reference, is calculated in
the following manner. First, geostrophic mass-transport chart in the cold eddy region and the Kuro-
shio region surrounding the eddy is drawn to circumscribe the cold eddy as shown in Figure 3. Mass-
transport charts are drawn in 0-500 m, 500-1000 m (both refered to 1000 db (deci-bar) surface) and
1000-2000 m (refered to 2000 db) for calculation of vertically averaged values of temperature, salinity
and dissolved oxygen in upper, intermediate and deeper layers respectively. The reason for employ-
ing 2000 db as a reference level instead of 2500 db, is to use as many hydrographic data as possible
for more detailed mass-transport chart which bring more adequate circumference. Next, the region
inside the circumference which separates the eddy from the outside Kuroshio is divided into several
portions. Then, the product of area and averaged values of three elements in each portion are
estimated. This is done in upper, intermediate and deeper layers, respectively. Dividing, finally,

the sum of above products by the total area inside the circumference gives the average value over the

135 140°E 135
[ I I
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08 o
0 ﬂ%" ° °N
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.8 54 153
0.6 5.t 32 0.2 6.9
- 8.4
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Figure 3 (left) Mass transport (0-500m) relative to 1000 db surface. Arrows indicate
direction of flow, and numeral show mass transport in 10° tons/sec.
(right) Mass transport chart (0-500m) relative to 1000 dB. Circumference is
defined as the contour which shows mass transport 1310 ton/sec
reffered to the station (@). Region inside circumference is divided into
three portions by dashed line for calculation of average value over the
whole eddy region,
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whole eddy region ; which is calculated in eleven cases where the determination of circumference in

deeper layer is possible.

4. Variation of the external features of the cold eddy

For the description of time variation of external features, the positions of center of the
eddy and trough of the meander, the distance between two successive positions of center, and the
area of the cold eddy region are taken (Figure 4). The discontinuity in Figure 4 during May to
August 1977 corresponds to the period when the separated cold ring was observed (Kamihira et al.,
1978 ; Nishida, 1982). Except the above period, the center and the trough move coherently as
tabulated in Table 1. Two of the most southwestern location of the center are shown in May 1977
and March or April 1979 when the cut-offing of cold ring  were experienced (Kamihira et al,
1978; Nishida, 1982); the cold ring is originally a part of the cold eddy and separated from the
extreme portion of sharply bending meander. It is a noteworthy fact that both cases occurred when
the center of the cold eddy reached at near 31°30’N, 136°20’E after its west-southwestward moving,
although the mechanisms of cut-offing and westward moving of the eddy are not known.

The coherency between latitude and longitude of the center is attributed to the fact that
the eddy’s movement is mostly parallel to the continental slope along the southern coast of Japan
as shown in Figure 5, where geographical positions of the center and the meander trough are plotted.
Figure 5 shows that the cold eddy is mostly located at the corner bounded by the 400 m contour
of the Izu-Ogasawara Ridge and of the continental slope, except in the period of the “decaying” or
“disappearing” (Nitani, 1982) stage of the Kuroshio meander, when the eddy is located over the
Ridge. Above facts suggests that the bottom topography south of Japan strongly affects the long-
period staying of the cold eddy.

It is shown in Fiure 5 that the center of the eddy was relatively stationary in 1976 to 1978.
Figure 4(c) is the variation of distance which eddy’s, center traveled from its previous position. It
also indicates that the eddy was stable in the middle of 1976 and latter half of 1978. Those stable
state continued for about a half of year. The area of the cold eddy region (Figure 4(d)) became
relatively large when the eddy was stable, and its variation is in phase with that of position of center
in the period from spring 1976 to summer 1979. Therefore, the area of eddy region shows a tendency
to be large when the cold eddy is located on the east in the area south of Japan, except in the genera-
tion and decaying stages,

Since April 1979, the cold eddy continued to move generally east-northeast direction and

came to the disappearance in August 1980. For the prediction of disappearance of the meander,

Table Correlation coefficients computed from the data

smoothed for 1.5 month

Iat. of center

long. of center

lat. of trough

long. of trough

lat. of center 0.90 0.92 0.81

long. of center 0.90 0.89 0.93

lat. of trough 0.92 0.89 0.85
| long. of trough 0.81 0.93 0.85
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Figure 4 Variation with time of (a) latitude and longitude of center of cold eddy, (b) latitude
and longitude of trough of meander, (c) distance between two successive positions
of the center of the eddy (d) area of the eddy region in 10%X (nautical mile)? Thin
line in (a), (b) and (d) shows raw data, thick line show averaged data smoothed
for 1.5 months, Values in (¢) are calculated from smoothed center positions which
are indicated as thick line in (a).
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8000

29

135 141

Figure 5 Geographical positions of center of cold eddy (northern) and meander trough
(southern). Data which are shown as thick line in Figures 4(a) and 4(b), are
plotted. @ in 1975, O 1976, B 1977, + 1978, A 1979 and ¥ 1980. Directions
of displacements are shown in 1975, 1979 and 1980

Nitani (1977) and Nakabayashi (1981) suggested that first sign of the meander disappearance south
of Japan might be shown when the most southerly position of meander axis reached near 138°E.
The result in Figures 4(a) and 4(b) also suggests that the position of the center or the trough has a
certain critical value by which the starting into the decaying stage of the meander and the cold eddy

can be predicted.

5. Variation of internal structure of the cold eddy

Variations of averaged temperature, salinity and dissolved oxygen content which are repre-
sented by two kinds of indices (section 3-2) are shown in Figures 6, 7 and 8. The values at 1000 m
or 1500 m depth, which are mean of those at stations where three lowest temperatures are observed,
are also plotted in above Figures to supplement the relatively small number of the data in the
deep layer. The left side bar is standard error which is estimated from the difference between index
value and regional averaged value (solid triangle in Figures) as a reference as explained in section
3-2. The smallness of standard error relative to the range of variation of each element, implies that

both indices can represent the condition of whole eddy region instead of the regional averaged value.
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as in Figure 7

The variations of three elements in the upper layer are not always in phase with those in
the deep layer. In temperature variation, for instance, negative correlation between upper-layer and
deep-layer is found in two periods ; namely, from the eddy generation to November 1976 and from
March to October 1979. Positive correlation is found in the rest of the period. Temperature
variation in the intermediate layer is relatively similar to that in the deep layer.

Salinity and dissolved oxygen content vary with time as is roughly expected from T-S or
T-O, relation respectively. In the central region of the eddy, a salinity minimum is observed at
400 m or 500 m depth, then salinity has negative correlation with temperature in the intermediate
and deeper layer, and has positive one in the upper layer but not so clear. Dissolved oxygen con-
tent, whose minimum appears at near 800 m as shown by relatively small fluctuation in the inter-
mediate layer, changes a sign of correlation with temperature in upper and deep layers.

Although three elements vary expectedly as mentioned above, unexpected variations of
salinity or dissolved oxygen from T-S, T-O, relationship are also seen. For example, since August
1979 decreases of salinity and dissolved oxygen in the deep layer are not conspicuous against increase
of temperature, It suggests the change of water characteristics in the deep layer as will be discussed
later in section 7.

The temperature variation is clearly reflected in that of the isotherm depth (Figure 9),
where selected isotherm depth is decided as an average of the depths at which the three lowest
temperature are found. According to Yoshida (1972), it has generally been believed that upwelling
of cold water from the intermediate layer is associated with the cold eddy. However, if the ascent
of isotherm with time as shown in Figure 9 is caused by upwelling, it must occur at even 2000 m
layer depth. This may agree with a fact that the cold eddy keeps its own structure at least until
3000 m depth (Nishida, 1982). Furthermore, the intermittent ascent of the isotherm over the
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Figure 9 Variation in the depth of selected isotherms around the center of the cold eddy.

most layers as observed during the time from May to November 1978 is in contrast to the generally
monotonical descent of isotherms observed in the cold ring in the Sargasso Sea (Cheney and Richard-
son, 1976). Tt also suggests the occurrence of replenishment of the Kuroshio cold eddy by upwelling
of cold water, although such replenishment may act only in the upper or intermediate layer as
it did in the periods of middle 1976 and middle 1979.

6. Comparison of external and internal variations
In order to find some relationshps between the external and the internal variation, com-

parison between the time changes of several parameters or indices obtained in the previous sctions
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are made. Temperature is mainly attentioned in respect to the internal variation because it can be
sufficiently representative,

A good correlation exists between the area of the cold eddy region and the temperature
in the upper layer during the most of period when the eddy presented ; that is, larger area coincides
with lower temperature. This fact agrees with Nitani’s (1977} result that the increase of cold water
area coincides with the decrease of the minimum temperature value at 200 m depth in the eddy,
being attributed to the upwelling ; although studied period was limited in from August 1975 to
November 1976. Considering a good coherency between temperature and isotherm depth as men-
tioned in preceding section, it seems to be confirmed that upwelling has important -effect on the
variation of area. Further, the east-west movement of the eddy, which is related to the size of eddy
as shown in section 4, has a correlation with’upper-layer temperature except in generation and decay-
ing stage; although the reason for it is not clear. '

Tt is noteworthy that temperature in the deep layer is generally increasing in the periods
from the generation of the eddy to March 1977 and from November 1978 to May 1980. In 1980,
the data; is not suitable to calculate vertically averaged value because the eddy was located mostly
on the Ridge. However, temperautre in the deep layer is infered to be high from that at 1000 m or
1500 m depth. The increase of deep-layer temperature occurred in the period which amounts to
about 80% of the total period shown in Figure 6. This. fact suggests that temperature in the deep
layer of the cold eddy monotonically increase if intermittent upwelling does not happen. The first
cut-offing of the cold ring occurred in May 1977 after the succesive increase of the deep-layer tem-
perature, which was, however, not so high in March or April 1979 when the second cut-offing
occurred, Therefore, it is speculated that cut-off phenomenon is independent of the increase of
temperature in the deep layer.

In the variation of deep-layer temperature in the cold eddy, the highest value appeared
in the decaying stage after the successive increase prior to that. in. intermediate or upper layer.
Therefore, the deeper-layer temperature might be a index for the disappearance of the eddy. Salinity
or dissolved oxygen content is not so adequate to predict the disappearance, because they seemed.to

be out of expected T-S or T-O, relation in the decaying stage.

7. T-S and T-O, relaitonships in deep waters

As is stated in section 5, salinity and dissolved oxygen content in the deep layer of the
cold eddy are not so large in the decaying stage, as is expected from the general T-S or T-O,
relationships. This indicates the change of the water characteristics itself. In this section, the varia-
tions of T-S and T-O, relationships in the deep layer of the cold eddy and their correlation with
that of external features are described.

The T-S relations of the stations which have the lowest temperature value in each cruise
are shown in Figure 10, where vertically averaged temperature and salinity values in the deep layer
(1000-2500 m) are used to represent the characteristic condition in each cruise. It is felt that some
measure on the plotting error should be given because the range of the change which is dealt here
is very small (0.2°C in temperature, 0.03% in salinity). There are two kinds of errors in above
plotting values. One is the error which comes from - the field observation, and the other is the error

which comes from the fact that the selected stations may not represent the whole cold eddy because
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of the sparsity of station distribution. The error in field observation is estimated as follows. The
error in temperature measurement is assumed to be #:0.03°G, and the error in salinity measurement
is assumed to be 0.003%. The number of layers which are used to compute the average value in
the deep layer (1000-2500 m) is five or six. Assuming the independency of each measurement, the
standard error is estimated

for temperature as; gp=0.03/45 =01013(°C)

and for salinity as; ¢g=0.003/v" 5 =0.0013(%)
The error which comes from the sparsity of station distribuiton is estimated as follows. The average
values over the whole cold eddy region (section 3-2) are adopted as references. The differences be-
tween the lowest temperature (highest salinity) values and the above references are calculated
whenever the reference values can be obtained. The standard deviations of those differences is
adopted as the measure of the error. Because there is a correlation between the differences of tem-
perature and salinity, the coordinate is rotated for temperature and salinity to become independent
each other. The standai'd deviations on the rotated axes make a ellipse of error which is shown on
lower left corner in Figure 10. The total error is less than the sum of above two kinds of errors,
which is shown as a larger figure in Figure 10.

The change of T-S plots is greater than the error estimated in the above way, and it seems

to be significant. The change of the T-S relation is analyzed in the following way. Let us assume
that the water, which is observed at the time of establishment of the cold eddy, makes a vertical

movement retaining its T-S characteristics. The shift of a T-S plot caused by above vertical move-



LARGE MEANDER OF THE KUROSHIO IN 1975-1980 (II) 221

1975 76 77 78 79 80

0.02
{%o)

139

1138

AREA
(x104N.M)?)

[2]
Q
(=]

0.01¢~

200

-

LONG®)E

-o.01L J 100
0.02 Z
(%)

0.01p =

(b

-0.01

T
]

~0.024 -

0.15 (C)

(i)
0.10 .
0.05|- J\M -
A

—-0.05

1

FAT
R Snanvais i

L
0.10; :

19756 786 77 78 789 8o

!

Figure 11 Variation with time of (a) salinity displacement in deep-layer water in the cold
eddy (thick lines), longitude of the center of the cold eddy (thin line) and area of
the cold eddy region (dashed line), (b) salinity displacement of the deeper waters
outside the cold eddy, (c) displacement of dissolved oxygen content for deep-layer
water in the cold eddy, (d) displacement of dissolved oxygen content for deeper
waters outside the cold eddy



222 ~ H. ISHIT

ment is shown by the solid line in Figure 10, where the solid triangles represent the points when
the water moves down by the amount of 50 m, 100 m and 150 m, respectively. The:displacement of
each T-S plot from the assumed line indicates the change of the water characteristics itself or the
exchange of some cold eddy water with surrounding waters which have different T-S characteristics.
The displacement of the salinity for each cruise, namely the horizontal distance between the line
and each T-S plot, is shown as solid circle in Figure 11(a). An open circle in the same graph
shows the salinity displacement which is obtained using the three lowest temperature (three highest
salinity) values instead of the lowest {highest) one. They have similar tendencies. In the same
graph, the area of the cold eddy and the longitude of center of eddy are also shown for compari-
son. There is a good correlation between the variaiton of the salinity displacement and the area
of the eddy, except in the period of the decaying stage of the Kuroshio meander. There is also a
good correlation between the wvariation of the salinity displacement and the longitude of the center
except in 1975 and in November 1976. Especially in 1980, the large value of saliﬁity displacement
is found. This increase in the displacement,-along with the temperature increase in:the deep layers,
may be one of the important factors which characterize the decay of the cold eddy and the Kuroshio
meander.

One possible explanation to interprete the i‘elatively high correlation between the salinity
displacement and the east-west movement of the cold eddy is the following. When the position of
cold eddy moves, the water consisting the cold eddy does not move, but rather is replaced by a
water which occupied the area originally. For this explanation to be correct, the geographical dis-
tribution of the salinity should have higher values on the east and lower values on the west in the
area south of Japan. In order to check this possibility the mean T-S distribution’ south of Japan
is looked over. The data are taken from the area consisting of 12 blocks as shown in Figure 12.

Figure 13 shows the plots of vertically averaged temperature and salinity in 1000-2500 m which are
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Figure 12 Area in which T-S and T-O: relations of deeper waters are analyzed
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regression and dashed curve show three times of standard deviation of salinity
displacement from regression.
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obtained during the period from August 1975 to May 1980. The regression is shown as a solid curve,
and three times as much as the standard deviation in salinity displacements from the regression is
shown as a dashed curve in Figure 13. The plots outside the dashed curve are not used in the fol-
lowing analysis. The T-S values are grouped into 12 blocks (Figure 12) and shown by different
symbols in Figure 14, where the values are averaged for each cruise and the data in the cold eddy
region are excluded. The mean displacement of salinity from the regression curve in Figure 14
and its standard deviation are plotted in Figure 15. As shown in Figure 15, there is no tendency
that the salinity values is higher on the east in the northern six blocks, but in the southern blocks
the salinity is slightly higher on the east although it does not seem to be significant. This means that
the above hypothesis should be rejected.

In order to look for another explanation, the time variation of the salinity displacement for
the deep waters outside the cold eddy is plotted in the Figure 11(b). Very good correlation is
found between the values inside and outside the cold eddy. This implies that the variation of T-S
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Figure 16 Mean and standard deviation of displacement of dissolved oxygen content for
deeper waters in twelve blocks in Figure 12, Numeral show number of cruise
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characteristic occurs not only in the cold eddy region, but also over the whole area south of Japan.

A similar method is applied to T-O, relation for the deeper waters. The displacement of
dissolved oxygen content inside and outside the cold eddy are shown in Figure 11({c) and 11(d)
respectively. There is no good correlation between the values of displacement in salinity and dis-
solved oxygen content. However, in the decaying stage, the increase in the displacement of dissolved
oxygen content is found. As is shown in Figure 16, the geographical distribution of oxygen content
south of Japan has lower values on the east. It is in contradiciton with the increase of displace-
ment of dissolved oxygen content when the cold eddy is located near the Ridge. Above changes of
salinity and dissolved oxygen content indicate that the water characteristics of the deeper waters
south of Japan have changed in the decaying stage. The reason for explaining this changes is not

clear, but it seems to be a noticeable fact.

8. Summary
The variations of the Kuroshio cold eddy in 1975 to 1980 is investigated, mainly attention-

ing on the internal structure and its relationship with the external features of the cold eddy. In

the course of analysis, the following results are obtained.
1) A stable state of the cold eddy continued for about half a year, and there were two periods
of satble state during the five years. In above periods, the area of the cold eddy region was
relatively large,
2} The variations of temperature, salinity and dissolved oxygen content in the upper layer
(200-500 m) are not always in phase with those in the deep layer (1000-2500m).
3) The vertical movement of the isotherm in the central area of the cold eddy is a good
indicator of the .temperature change in the eddy. The variation cf area of the cold eddy region
has a significant correlation with that of temperature in the upper layer, and it might be ex-
plained by upwelling which is indicated by the vertical movement of the isotherm.
4) The temperature in the deeper layer is increasing in eighty percent of the whole period
except in May to August 1977. This increase may be similar to the one found in the cold
ring in the Sargasso Sea. However, they are different in that the Kuroshio cold eddy has inter-
mittent temperature decrease from time to time. This indicates that the Kuroshio cold eddy is
replenished by intermittent upwelling. The mechanism to produce this upwelling is important
to explain the long life of the Kuroshio cold eddy and the Kuroshio meander.
5) Temperature increase in the decaying stage of the cold eddy is conspicuous in the deeper
layer, but not so conspicuous in the upper and intermediate layers. This may indicates that the
first sign of the decay of the cold eddy and the Kuroshio meander appears in the deep layer.
6) The variation of T-S relation for the deeper waters in the cold eddy cannot be explained
by the simple vertical movement of the cold eddy water retaining its T-S characteristics. The
variation of the displacement of salinity from the values assumed by the simple vertical move-
ment of the cold eddy water, has a relatively good correlation with those of position and area
of the cold eddy. The increase in the displacement of salinity and dissolved oxygen content
in the decaying stage is observed in the whole region south of Japan, and may be related to

the decay of the cold eddy and the meander themselves.
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Abstract

In 1975, the author tried to explain the large meander of the Kuroshio as a stationary
Rossby wave using limited observed data obtained from comparatively shallow layers. Recalcula-
tion of the phase velocity of the large meander of the Kuroshio by applying Haurwitz’s equation
for barotropic Rossby waves with finite amplitude in the Kuroshio Current field, and using data
from some deep sea serial observations conducted in the period of the large meander of the Kuro-
shio in 1975-1980, was carried out.

It was reconfirmed that the large meander of the Kuroshio off Kisyu and Ensyu Nada
may be regarded as a stationary barotropic Rossby wave with finite amplitude. The slow East-
West movement of the large meander in this period is also explained as the motion of the Rossby

wave,

1. Introduction

After the World War II, the large meander of the Kuroshio off Kisyu and Ensyu Nada
occurred three times, in 1953-1955, 1959-1963 and 1975-1980. There were several .theories or
reports on the occurrence of these large meanders Uda, 1939, 1949; Nan’niti, 1958, 1959; Fukuoka,
1960; Moriyasu, 1961, Yoshida, 1961, Robinson and Taft, 1972; Nitani, 1975; White and McCreary,
1976). However, it seems that there is no complete or established theory yet.

From the results of the oceanographic observations conducted in the first half of 1959, July
of which the large meander of the Kuroshio occurred, Moriyasu (1961) and Yoshida (1961) showed
that the small- or medium-scale meéander of the Kuroshio southeast of Kyusyu propagated east-
wards and it grew up abruptly to the large meander immediately after its passing through the Kii
Peninsula and fixed soon off Ensyu Nada. Nitani (1975), from the viewpoint of that the fixing of
the large meander may be explained by the zero eastward phase velocity of the meander here, at-
tempted to calculate the phase velocity of the large meander off Kisyu and Ensyu Nada regarding
the movement of the Kuroshio meander as the barotropic Rossby wave with the finite amplitude in
the Kuroshio Current field. He used the equation derived by Haurwitz (1940) in calculation. Con-
clusion is that in the period of the large meander, the eastiward phase velocity of the meander is
nearly zero, for example it is 2 cm/s and 1 cm/s in 19551957 and 1959-1963, respectively. On the
other hand, the mean phase velocity in the period in which the large meander is absent is’about

10 em/s in average (Figure 1),

*  Oceanographic Division
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Figure 1 Results of the calculation of the eastward phase velocity, C, of the large meander
of the Kuroshio off Ensyu Nada applying the Haurwitz’s equation (after Nitani,
1975)

In the calculation of the geostrophic flow in that case, however, two main assumptions
were used, because the deepest available serial observation data in this region were obtained from
about 1600 db (deci-bar). One was that the level of no motion was estimated tentatively at first
as 2300 db, and the other was that the ratio of over-all (horizontally and vertically) mean velocity of
the Kuroshio referred to 1000 db to that referred to 2300db was 1:0.60. These assumptions were
derived from the apparently reasonable extrapolations of the data obtained at the depths shallower
than 1600 db to the deeper portions. Based on the above assumptions and observed phase velocities,
it was also suggested that the most probable depths of the layer of no motion in the periods in
which the large meander was present and absent were 2750 db and 2250 db, respectively. The con-
fidence of these conclusions or suggestions depends directly on the reliance of these assumptions.

After the occurrence of the large meander of the Kuroshio off Kisyu and Ensyu Nada in
August 1975, some deep sea Nansen casts nearly reaching to the bottom were conducted by the
Hydrographic Department. In the present paper, the recalculation of the eastward phase velocity
of the Kuroshio meander with use of the equation of Haurwitz and the observed deep Nansen cast
data is carried out to explain the large meander of the Kuroshio off Kisyu and Ensyu Nada as the
stationary barotropic Rossby wave with finite amplitude and to explain its very slow east-west move-

ment in the period of the large meander.



LARGE MEANDER OF THE KURQOSHIO IN 1975-1980 (III) 231

2. Method of the calculation
The eastward phase velocity of the Kuroshio meander is calculated with use of the follow-
ing equation,

—yg_pL 1
C=U— @  T¥ /D)

(1)
where; G, U and B are the eastward phase velocity, the velocity of the basic eastward current and
Rossby factor (1.9% 1018 cm=Isec? at 32.5°N), and L and D are the wave length and the amplitude
of the Rossby wave, respectively.

According to our experiences obtained from the deep sea Nansen casts and the direct cur-
rent measurements, the large meander of the Kuroshio is not only the shallow layer phenomenon but
also whole layers one having nearly the same position and the current direction as those of the
surface meander, This is the reason to apply the barotropic model in this calculation as the first
step, though actual Kuroshio is baroclinic.

In applying the equation (1), L and D are determined as shown in Figure 2, and these
values are obtained from the “Prompt Report on the Oceanographic Conditions” issued by the
Hydrographic Department in the same period of the observation conducted. U should be as follows,

i L
g T (2)

where @i is the over-all mean velocity component of the Kuroshio. perpendicular to the observation
line, and @ is an angle between the axis of the Kuroshio and the observation line. So, @/sin § be-
comes an over-all mean velocity of the Kuroshio along its axis. I/ is the distance along the axis of
the actual meandering Kuroshio over a wave length (Figure 2). By multiplication L/L’ by axial
over-all mean velocity, we get the mean east component of the velocity of the basic current, U, over

a wave length of the meandering Kuroshio. 1 is calculated from the Nansen cast data as the geo-

! 1 t 1 l 1
140°E

Figure 2 L, L’, D and 6 used in the calculation of the phase velocity
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strophic flow, and 8 and L’ are also obtained from the “Prompt Report on the Oceanographic
Conditions”.

In the calculation of the geostrophic flow, we can use 11 deep sea observation sections
from 9 oceanographic cruises. In these sections the sampling depths reach to nearly 4000 db. The
extrapolations for the deepest several hundred meters are used in some observation stations where
the deepest sampling depth is shallower than 4000 db. In addition to above, 29 sections from 27
cruises whose sampling depth are shallow but not less than 1000 db are used with multiplication
by a certain kind of coefficient so that the values from these shallow sections may be used nearly
equivalently to those from the deep sea sections.

. From the calculation of the geostrophic flow of the Kuroshio referred to 4000 db with use

of 11 deep sections, the mean axial velocity at the standard depths and the distribution of the

F T T T T T T T T __100%
_ ]
cm/s
100 —10
10 —1
(A) ~(B)
1 —0.1
04 ! l | l | [ I 0.01

0.5 1.0 2.0 3.0 A.0x10°db

Figure 3 Mean axial velocity at every 500 db depths of the Kuroshio referred to 4000 db
(A), and the distribution of the volume transport in each water column of 500
meters long in percentage (B). Thick and dotted lines correspond to the periods
of the presence and absence of the large meander.
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volume transport in each water column of 500 meters long in percentage are shown respectively
in Figure 3. Mean velocity at the depth of 3500 db is only 0.25 cm/s showing the rapid decrease
and the volume transport in the column between 3500 db-4000 db is only 0.15%e of the whole volume
transport from surface to 4000 db. As shown in Figure 4, the ratio of the volume transport of the
Kuroshio referred to each standard depth to that referred to 1000 db approaches gradually to the
constant value of 1.64 at the depth of 4000 db. Nishida (1982) suggested that in the period of the
large meander, the distribution of the temperature at the depth of 3000 db showed the nearly same
pattern as the surface one indicating the existing of slow geostrophic current in the deep sea.
Considering these phenomena mentioned above and the fact that the mean depth of the bottom in
the region of the large meander of the Kuroshio is about 4200 meters, the depth of 4000db is
selected as the level of no motion for the geostrophic calculation. ’

For the purpose of the present paper only 11 deep sections are not enough in number. It

r — Large meander ab§ent
b
1.5~
V. Large meander present
1.0 — " R 1 .
1 2 3 4 5x10"dp

Figure 4 Ratio of the volume transport of the Kuroshio referred to each standard depth to
that referred to 1000 db.

3
2 3 4 5x10”db
1»0 N T 1 T ] T 1 T T
A Y
\,
i N Large meander absent
N
. IAIEN
— 2 \‘\\
A A
~
- ° » .. \.\

e
e
I
/.

L Large meander present

Figure 5 Ratio of the over-all mean velocity of the Kuroshio referred to each standard
depth to that referred to 1000 db.



234 H. NITANI

Table Attribute of the observed sections and the results of the calculation

| . Long. of L D .U fEATX
R/V Period observ. (NM.)  (N.M) L/L (cm/s) 1/(1'(';1(13/5)) ) (cm/s)
Takuyo 1974. 5 138-139° 205 140 0.93 10.8 2.2 8.6
u 1974, 5 137°007 205 140 0.93 12.7 2.2 10.4
” 1975. 3 137°00 120 110 0.96 14.1 1.1 13.1
" 1975. 5 137°00" 170 120 0.98 12.3 1.6 10.7
Kaiyo 1975. 8 136°007 195 210 0.48 5.5 3.4 2.1
” 1975, 8 137°007 195 210 0.48 9.3 3.4 5.9
Hakuho Maru | 1975.10 136~138° 180 240 0.45 4.5 3.4 1.1
Ryofu Maru 1976. 1 137°00" 210 255 0.43 3.7 4.3 —0.6
Shoyo 1976. 3 135°507 220 230 0.48 5.5 4.2 1.4
Takuyo 1976. 5 137°30" 230 320 0.48 3.2 5.8 —2.6%
Ryofu Maru 1976. 8 137°00° 220 220 0.55 3.1 4.0 —0.9
Kaiyo 1976. 8 137°307 220 235 0.54 4.4 4.3 0.1
Shoyo 1976. 11 137°30/ 285 295 - 0.55 4.4 6.9 —2.5%
" 1976.11 135°40/ 285 295 0.55 8.6 6.9 1.7
Ryofu Maru 1977. 1 137°00 180 200 0.37 3.0 2.9 0.0
Shoyo 1077. 3 137°007 160 265 0.46 3.1 3.1 0.0%
Takuyo 1977. 9 136°307 160 250 0.33 3.1 3.1 0.0%
1 1977. 9 135°00" 185 205 0.39 4.8 3.1 1.7*%
Shoyo 1977.11 136°40/ 170 210 0.47 4.5 2.9 1.6
Ryofu Maru 1978. 1 137°007 260 260 0.41 3.5 5.6 —-2.0
" 1978. 2 187°00/ 180 240 0.51 4.2 3.4 0.7
Shunpu Maru 1978. 5 137°007 260 240 0.63 4.4 5.1 —0.7
Takuyo 1978. 5 136°307 140 250 0.35 2.9 2.4 0.5
Ryofu Maru 1978. 7 137°00" 210 250 0.43 4.2 4.1 0.2
Shoyo 1978.11 135°30° 200 250 0.50 5.0 4.1 0.9%
” 1978. 11 137°00" 210 280 0.45 3.4 4.6 —1.2%
Ryofu Maru 1979. 1 137°007 160 240 0.34 3.1 2.9 0.2
Takuyo 1979. 5 136°30° 120 240 024 2.2 2.3 —0.1%
Ryofu Maru 1979. 7 137°007 180 260 0.33 2.5 3.6 -1.2
Takuyo 1979. 8 136°507 160 160 0.49 2.8 2.1 0.7
7" 1979.11 138°107 220 200 0.56 5.9 3.6 2.3
” 1979.11 136°407 220 200 0.56 5.5 3.6 1.9%
Ryofu Maru 1980. 1 137°007 230 190 0.59 7.8 3.5 4.3
Takuyo 1980. 5 138°10/ 250 190 0.66 9,5 3.8 5.7*%
” 1980. 5 136°407 250 190 0.66 6.5 3.8 2.8
Ryofu Maru 1980, 7 137°00/ 250 150 0.63 5.9 2.7 3.2
Takuyo 1980. 8 138°4¢/ 220 150 0.96 8.6 2.5 6.0
” 1980. 8 137°407 220 150 0.96 11.1 2.5 8.6
Shoyo 1980.11 137°30 230 155 0.90 14.8 2.7 12. 1%
” 1981, 2 138°30" 160 130 0.96 11.8 1.7 10.1

The deep sea sections are marked with *,
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is necessary to use 29 shallow sections which include the sections observed in the period of no large
meander of the Kuroshio. In, these case, the geostrophic calculation is referred to 1000 db, and the
over-all mean velocity of the Kuroshio is estimated with use of the multiplication factor 0.44 which
is the ratio of the over-all mean velocity of the Kuroshio referred to 4000db to that referred to
1000 db, Tige0/T1000, Obtained from the result of 11 deep sections mentioned above (Figure 5).

The attributes of observed sections are shown in Table together with theresults of calculation.

3. Results of the calculation
Results of the. calculation for axial over-all mean velocity, fi/sin §; eastward basic current
velocity, U(=1/sin §-L/L’), the second term in the right-hand side of equation (1), SL2/4%2-1/
(14 {L/D)?) and phase velocity, C are shown in Figure 6.
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Figure 6 Results of the calculation for the axial over-all mean velocity, the eastward velocity
of the basic current, the second term in right-hand side of equation (1) and the
eastward phase velocity of the meander of the Kuroshio off Kisyu:Ensyu Nada.
In the last calculation, the computed values based on the data from deep sections

are marked with @.
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In the period in which the large meander is absent, the eastward phase velocity is about
10 em/s or more in accord with about 5 naut.mile/day of the mean observed phase velocity (Nitani,
1975). In the period in which the large meander is present, on the contrary, ii/sin § and U become
small and BL2/472-1/(14(L/D)2) becomes large a little. As the result of these, the eastward phase
velocity becomes nearly zero. An abrupt decrease of the phase velocity appeared in August 1975
when the large meander of the Kuroshio occurred at the offing of the Ensyu Nada.

Even in the period of the large meander of the Kuroshio, the large meander does not fix
off Ensyu Nada completely. It moves east and west slowly corresponding to each age of a life of
the large meander of the Kuroshio as shown in Figure 7 typically. A life of the large meander of
the Kuroshio may be classified into four periods apparently, these are rearing age, prosperous age,
decay age and disappearance age, and each period has its own characteristics (Nitani, 1977). In
the rearing age (Aug—Nov. 1975), the large meander moves east with the phase velocity of 2-3 cm/s
for some time after the occurrence of it. In prosperous age (Dec. 1975-Oct. 1979), the large mean-
der moves rather west or almost stays having the mean phase velocity of about 0.1 cm/s except three
months between May-July in 1977. In these three months, a southern portion of the large cold
eddy inside of the large meander was cut off, and the large meander became the small-scale meander
at one time (Kamihira et al, 1978). This small-scale meander moved away easterly with fairly
large phase velocity as shown in Figure 8. After that the large meander was reformed again by the
combination of the separated cold eddy south of the Kuroshio and the new medium-scale meander
which came from west. In the decay age (Nov. 1979-Apr. 1980), the large meander moves easter-
ly, reducing its scale, with the phase velocity of 2-3 cm/s. In the disappearance age (May-Aug.
1980), the mean phase velocity increases to about 5 cm/s. After the disappearance of the large
meander of the Kuroshio off Kisyu and Ensyu Nada, the phase velocity of the newly occurred small-
or medium-scale meander becomes 10 cm/s or more again.

In Figure 8 the observed center of the large meander defined as the center of gravity of

135 14 0%

Figure 7 Schematic patterns of the large meander of the Kuroshio in each age of a life of it,
rearing age (a), prosperous age {(b), decay age (c) and disappearance age (d
and d’).
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Figure 8 Comparizon between the centers of the large meander of the Kuroshio observed and

derived from the calculated phase velocity in Figure 6

triangle, each apex of which is on the tops of the mountains and valley of the large meander, are
shown together with the center calculated based on the phase velocity in Figure 6. The tendency of
calculated E-W movement in low frequency area fairly agrees with the tendency of the movement

observed. However, the difference in longitudinal positions of both kinds of the centers is conspicuous
1979. In theses periods, the observed centers exist east of

in the first half of 1976 and after Oct,,
137°-137°30, and subsequently the center or at least the eastern half of the meander approaches

closely to the Izu Ridge. The topographic obstacle of ridge may prevent the eastward movement of
the actual large meander. A reason that the calculated movement is behind about 3—4 months than

that observed is not clear.

4, Concluding remarks
It is reconfirmed more precisely than before (Nitani, 1975), that the large meander of the

Kuroshio off Kisyu and Ensyu Nada may be regarded as the stationary barotropic Rosshy wave
with finite amplitude in the Kuroshio Current field. Subsequently, the slow East-West movement of
the large meander in the period of its existence is also explained as the movement of the above
Rossby wave, especially for the case in which the large meander is not so close to the Izu Ridge.
According to equations (1) and (2), there are three factors which contribute to making
the phase velocity of the large meander nearly zero. The first is the weak axial over-all mean velocity

of the Kuroshio, and the second is the sharpness of the shape of the meander expressed by L/L/
. The third is the large-

These two factors make the eastward velocity of the basic current U small
ness of the term BL2/472-1/(1+4 (L/D)2) which is the westward phase velocity of Rossby wave when
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the basic current is zero, This factor also depends on the shape of the meander. According to
Figure 6, an order of the extent of the contribution seems to be the second, the first and the third
factors mentioned above.

The second and the third factors are caused by the abrupt glowth of the small- or medium-scale
of the Kuroshio, which comes from west with the comparatively small phase velocity than usual in
the case of occurrence of the large meander at the offing of Ensyu Nada. The abrupt glowth of
the meander here probably due to the instability of the meander of the Kuroshio after passing
through the Kii Peninsula. The topography of these regions including the Izu Ridge may play the
important role for the abrupt glowth of the meander. Anyway, these factors may be derived from
the local topographic effect. On the contrary, the weakness of the axial over-all mean velocity
in the period of the large meander may be the phenomenon which relates to the oceanographic con-
ditions of wide area, for instance, those of the northwestern Pacific or at least of the area around the
southwestern Japan, because the weakness in the axial mean velocity here occures associating with
the small volume. transport of the Kuroshio southeast of Yaku Island and the large volume trans-
port in the East China Sea (Nitani, 1972, 1975). However, the physical reasons of the phenomena
mentioned above are not clear yet.' Also the reason for the slow E-W movement of the large mean-
der of the Kuroshio corresponding to each age of a life of it is unknown. From the investigation of
these mechanisms, the mechanism of the disappearance of the large meander of the Kuroshio as
well as that of its occurrence will be solved.

According to Figures 3 and 4, in the period of no large meander, the mean geostrophic
velocity of the Kuroshio at the depth of 3000 db and the ratio of the volume transport in the water
column of 500 meters long in the depth deeper than 3000 db are very small, and the increase of the
total volume transport with depth approaches to zero more gradually comparing with those in the
period of the large meander, though the deep sea section available for calculation is only one. This
means that the velocity of the geostrophic current at the depth deeper than about 3000 db off Kisyu
and Ensyu Nada is nearly zero or the depth of the Kuroshio in the period of no large meander is
shallower than that in the period of the large meander as already estimated by Nitani (1975) rough-
ly. If this is true, the difference of the depth to which the Kuroshio reach may be one of the im-
portant factors to know the mechanism of the occurrence, and subsequently maintenance and dis-
appearance of the large meander of the Kuroshio. The frequent deep sea observations in these regions
are desirable in future to confirm the characteristic of the deep portion of the Kuroshio with no
large meander.

» The author wishes to express his thanks to many scientists who conducted these oceano-
graphic observations, especially to Mr. A, Kosugi, Hydrographic Department, for his leadership for
the carrying out of the deep sea oceanographic observation as the routine immediately after the oc-
currence of the large meander of the Kuroshio in 1975. A part of this observation was carried
out as the “Kuroshio Exploitation and Utilization Research (KER)” sponsored by the Science and
Technology Agency, and he also thanks to the agency.
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Abstract

Deep current data taken at five mooring stations around the Izu Ridge are analyzed to
investigate the effect of the ridge on the deep Kuroshio flow during the period of the Kuroshio
stationary meander. Comparison of the current data and the surface Kuroshio path shows that
the Kuroshio extends deeper than the sill depth of the ridge. Based on close comparison, schema-
tic charts which show deep current patterns around the ridge are presented in three cases of the
Kuroshio meander pattern. It was observed that the deep current pattern did not follow the move-
ment of the surface meander pattern in the disappearing stage of the meander. This result seems
to indicate that the ending of the Kuroshio meander occurs due to a modification of the Taylor

column through a weakening of the deep flow.

1. Intreduction

The Izu-Ogasawara Ridge (from now on referred to as the Izu Ridge for simplicity)
extends southward from the Izu Peninsula along about 140°E. North of 33°N, this ridge is rather
shallow except one narrow deep channel located at about 34°N. Surface current of the Kuroshio
very frequently crosses over this northern portion of the ridge (Taft 1972, Ohtsuka 1976). Japanese
oceanographers have long conceived the idea that the Izu Ridge may act as a barrier to the deep
Kuroshio current and have an effect on the fluctuation of the Kuroshio south and east of Japan
(for example, Hayami 1955, Fukuoka 1958, Nan’niti 1958, Yoshida 1961, Ishii and Toba 1977,
Matsukawa 1979). Ohtsuka (1976), based on the analysis of 1000 m temperature distribution, in-
dicated that the deep Kuroshio is deflected southward by the effect of the Izu Ridge.

It is well known that the Kuroshio has a stationary meandering mode west of the Izu
Ridge. Since Uda (1937)’s first report, many descriptions and discussions about this Kuroshio mean-
der have been made (for example, Shoji 1972, Nitani 1972). In spite of many attempts to try to
explain how this meander is generated and maintained, the dynamical process has not been clarified
yet. Because such stationary meander has not been reported in the Gulf Stream which does not have
a shallow ridge on its way, it is natural to assume that the Izu Ridge play an important role in the
generation and maintainance of the Kuroshio meander. Several authors indicated the direct influence
of the Izu Ridge (Nan’niti 1958, Ishii and Toba 1977, Tkeda 1979). Nan’niti suggested that the
northward movement of the North Pacific Intermediate Water under the Kuroshio results in a
upwelling of that water at the corner formed by the continental slope and the Izu Ridge, produc-

ing a cold eddy west of the ridge. Ishii and Toba presented the idea that the deep water of the

*  Qceanographic Division
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Kuroshio upwells because of the barrier effect of the Izu Ridge when the Kuroshio deepens until
it goes below the sill depth of the ridge. Matsukawa (1979) suggested that this deepening of the
Kuroshio might be caused by the baroclinic response of the ocean to-the change of the wind field
over the North Pacific Ocean. Ikeda (1979) showed in his two-layer model that when the Kuro-
shio current is confined to the upper layer the stationary meander can be produced to the west of
the Izu Ridge. Indirect influence of the Izu Ridge on the Kuroshio meander was suggested by White
and McCreary (1976). They indicated the “gate effect” of the deep channel on the ridge which
plays a role of node in the Rossby Lee wave caused by the coastline of Kyusyu Island. Several
attempts have been made to include the eflect of the ridge in numerical experiments (Endoh 1972,
1978, Yoon 1976, Sekine 1979, Miura 1980). Barotropic and baroclinic models showed that in steady
- states the deep Kuroshio flowed along the isobath of the ridge, but they did not succeed to reproduce
the Kuroshio meander west of the ridge.

The direct measurement of the deep Kuroshio current around the Izu Ridge is expected
to provide a necessary information about the possible role of the ridge on the Kuroshio stationary
meander. This paper concerns with the deep current data taken during the period of the Kuroshio
meander at five mooring stations which are located on the deep channel and on the slope of the Izu
Ridge. Analysis is centered on the correlation between low-passed current and surface Kuroshio

path which were identified with GEK data and near surface temperature distribution.

o
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Figure 1 Locations of mooring stations and the bathymetry around the Izu Ridge
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2. Observation
The locations of the mooring stations and the bathymetry of the Izu Ridge are shown in
Figure 1. Geographical names used in this paper are included in Figure 1. The vertical sections
(Figures 2 and 3) are drawn along two dashed lines in Figure 1. One of them is a north-south
section along the summit of the ridge on which the mooring stations A, B and C are located. The
other is a east-west section across the ridge on which stations D and E are located. Stations A, B and
C are on the channel oriented in northeast and southwest between Mikura Sima and Hatizyo Sima

(Figure 2). This channel, having a maximum depth of 1200 m and a width of 9 miles, is the only

ot @i Mikura Sima . ;
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Figure 2 Vertical profile of the Tzu Ridge in north-south direction and the locations of the
stations A, B and C
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Figure 3 Vertical profile of the Izu Ridge in east-west direction and the locations of the
stations D and E
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Table 1 Environmental data on mooring stations
Current
. Bottom
Station | Date deployed | Date recovered Obsgrvatlon Location depth meter Interval
ays (m) depth (min.)
(m)
A | Nov. 9, 1977 | Feb. 25, 1978 107 B3 TN 1100 940 20
0_ '
B | May 21, 1978 | Aug. 30, 1978 102 B3 ON 1205 1155 15
o_ 7
C | Nov. 6, 1978 | Feb. 24, 1979 111 SR EN | s 1075 15
33°-18. 1'N
D May 20, 1979 | Aug. 7, 1979 80 139°-00.5'E, 1780 1280 30
o_ 4
E | Nov. 11, 1979 | May 12, 1980 186 (3,000 1 3980 2450 30

deep passage of the Izu Ridge north of 33°N. In order to avoid the disturbance caused by small-

scale bottom undulations, the current meters for stations A, B and C were placed at 50-250 m above

the bottom, Stations D and E are located on the western slope of the Izu Ridge where a step-like

structure is found (Figure 3). Station D is on the terrace of 80 km width at the depth of 1800 m.

While station E is on the terrace of 30 kim width at he depth of 4000 m. Current meters for stations

D and E were placed at the depths of 1280 m and: 2450 m respectively. Those depths were chosen

so as to detect the effect of 1000 m and 2000 m isobath upon the deep current. Environmental infor-

mation are tabulated in Table 1. Because of the rotor trouble, no data was obtained after July 17

1977 at station A.
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3. Spectral Analysis

Periodgrams for the stations G, D and E are shown in Figures 4, 5 and 6. Periodgram for

stations A and B, which are not shown in this paper, have similar curves as that of station G: The

station on the channel (station C) have diurnal and semidiurnal tidal components of large ampli-

tudes. The inertial period for this latitude is 22.7 hours and may contribute to the diurnal peak.
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This large amplitude of tidal components seems to be caused by the geographical configuration that
the channel is a deep passage across the ridge. Tidal periods .are also found in sations D and E,
though the amplitudes are smaller than those of stations C. Other periods which -outstand in:the
station D are 6 and 20 days in east-west component, 6 and 13 days in north-south component. In
the periodgram. for station E, 30 days is conspicuous in north-south component. Among them, 30
days in the station E may be attributed to the fluctuation of the Kuroshio path as discussed later.
Taira (1981) found the period of 33.3 days in the spectrum of the current data west of Hatizyo Sima.

Phenomena to which other periods can be attributed are not yet known.

4. Description of the Kuroshio Path

Kuroshio paths near surface are identified with the surface current by GEK and with 100 m
and 200 m temperature distribution by BT. Kuroshio paths as identified have been published bi-
monthly from the Hydrographic Department of Japan since April 1960, Detailed description of the
Kuroshio meander in 1975-1980 is given in Nishida (1982). To make the discussion easier, a brief
summary of the description of the Kuroshio meander in 1975-1980 is given in this section.

The Kuroshio meander established in September 1975. Prior to the establishment, an east-
ward movement of the small meander off Sikoku was observed. In 1975 through 1976, the meander
was stable. In 1977 it shifted westward and at the same time it became unstable experiencing a
production of a current ring and coalescence of the ring with a newly generated meander. In 1979
it again became unstable experiencing a separation of the cold eddy twice in April and August. By
the end of 1979, it approached the Izu Ridge very closely and in May 1980 it rode over the ridge.

After some oscillations near Tzu Ridge, it finally left away eastward in Aug. 1980,

5. Comparison of the Surface Kuroshio Path and Deep Current

In this section detailed comparison of the observed deep current with surface Kuroshio
path will be made. The current meter data were smoothed by time-averaging for 25 hours to elimi-
nate the tidal effect. Vector plots of current data and the Kuroshio path for each period are shown
in Figures 7 to 9 and Figures 11 to 12.

(1) Stations on the Channel (A, B, C)

During the periods of the deep current observation at stations A, B and C, the surface
Kuroshio had been flowing over the Izu Ridge near Miyakesima which is located to the north of
the channel. Because the maximum geostrophic current at deep layers is found to the south of the
surface Kuroshio path, it is natural to suppose that there is a northeastward flow on the channel.
In fact, for most of the period a northeastward current is ohserved. This northeastward current on
the channel is reported by Hasunuma (1978). But, in the record of the station A (Figure 7), a south-
westward current is observed for one thirds of the period. Looking at the surface Kuroshio path in
1-4 Dec. 1977 when a southwestward current is observed, the north-going eastern portion of the Kuro-
shio meander is found to be located apart from the Izu Ridge. Temperature distribution at a dei)th
of 400 m in early Dec. 1977 (Figure 10) reveals a warm eddy between the Kuroshio meander and the
Izu Ridge. This may be indicative of a southward deep current just west of the ridge. No deeper
temperature “distribution is available. Furthermore, on inspection of Figures 8 and 9, hte magnitude

of the northeastward current seems to be correlated with the distance between the meander and the
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Izu Ridge. That is, as the meander moves westward, the current on the channel decreases. On the
basis of the above facts, it may be deduced that when the Kuroshio meander is located close to the
ridge the deep flow crosses over the channel, but when the meander is located apart from the ridge,
the deep current goes southward along the western slope of the ridge.
(2) Station D

A southward flow is found in May to mid-June 1979. Surface Kuroshio path for that period
shows that the north-going eastern portion of the Kuroshio meander is very apart from the ridge.
For the same reason as discussed in 5.1, the deep current of the Kuroshio seems to have flowed
southwards along the western slope of the ridge for the period. From mid-June through July, the
mooring station (station D) was just under or to the west of the surface Kuroshio path. During
this period a northward flow is observed. Taking into account that there is no passage on the Izu
Ridge to the north of this station at this depth (1280 m), it may be deduced that the current at
this layer recirculates in the cold eddy north of the meander. Strong northward flow is found in late
July to August. Between late July and early August a southern portion of the cold eddy was separated
and became a current ring (Nishiyama 1980, Nishida 1982). The Kuroshio meander has a very un-
usual shape after the separation of the current ring as shown in Figure 11 (the current path for 30
July-14 August). During that period, the deep current had a strong northward component constantly.
This inconsistence between surface and deep current may indicate that the variation of the Kuroshio

path for that period is confined to upper layers.
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Figure 11 = Vector plot of current data at station D and the surface Kuroshio path for the
same period
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(3) Station E
The station E had been located to the north of the Kuroshio. path through the observation
period. This means that station E was inside the cold eddy. Comparison between the surface Kuro-
shio paths and the deep current shows that when the north-going portion of the meander comes

close to the station, the northward deep current increases, and when the center of the cold eddy comes
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close to the station very weak current is observed at deep layers.. Entering.into its disappearing
stage, the meander gradually moved' eastward in Mar. to May, and the eastern portion of the mean-
der rode over the ridge in April. The deep current during this period does not seem to be con-
sistent with the surface pattern of the meander. It may indicate that the crossing of the meander

over the ridge occurred in only upper layers and the deep cold eddy remained as it was.

6. Statistical Character of the Current Data

Fundamental statistics computed from the data smoothed for 25 hours are shown in Table 2,

The data at the station A has a exceptionally high value of eddy variability (ratio of
Kg to Ky). This is because there is a southwestward flow in. the record of the station A for one
thirds of the observation period (see 5.1). The currents at stations B and C show rather small
eddy variability. Because the channel has rather special bathymetric setting, it seems difficult to
compare these data with the ones taken at other locations.

The eddy variability at the stations on the western slope of the ridge (D and E) can be
compared with the ones in Taft (1978). He found the mean value of 8.0 in the ratio.of eddy to
mean energy on the continental slope under the Kuroshio when the meander is absent. Observed
values of 2.6 and 4.0 on the western slope of the ridge are rather small compared with those of Taft,
Geographical locations ‘are different. But this small value may indicate that the deep condition is
more stable when the meander is present than when it is absent. The statistics show larger value
of eddy variability at station E than at station D, though the depth of the former station is deeper
than that of the latter. This may indicate that the deep condition becomes unstable in the disap-
pearing stage of the meander,

The values of eddy momentum flux (<u’v'>>) at stations A, B, C, and D are all positive,
while it is negative at the station E. It should be noted that the former four stations stayed to the
south of Kuroshio path, while the latter stayed to the north of the path. The combined effect
results in a momentum convergence in the Kuroshio path. Similar results were obtained in the
deep layer of the North Atlantic (Schmitz 1977) and in the surface layer of the Kuroshio Exten-
sion (Nishida and White 1981).

Table 2 Fundamental statistics computed. from the current data smoothed for 25 hours.
< > represents the time average and prime represents the deviation from the
mean, <u> and <v>> are the mean east and north' component. Kz, Ky and Kr
are the eddy, mean and total kinetic energy. Kjy/K; is the ratio of eddy to mean
kinetic energy. <u’v’> is the eddy momentum flux,

Record | <u> [ <v> ’ Ou ] Ov Kg ‘ K 1 Kr <u'v'> C
Station | length Ko/ Ky |—— lcigre-
(day) cm/sec cm?/sec?| lation

106.7 0.9 2.9 10.7 14.0 155.3 4.7 160.0 | 32.9 132.0 0.88

55.6 4.5 11.1 2.0 4.9 4.4 72.1 86.4 0.2 6.8 0.67

101.0 8.3 9.6 5.2 5.9 31.2 | 80.6 111.7 0.4 28.0 0.90

78.3 4.4 4.3 3.8 9.2 49.6+18.8 68.5 2.9 14.5 0.41

H Ol w | »

181.8 2.5 2.9 5.3 5.5 29.5 1. 7.4 36.9 4.0 —5.3 ] -0.18
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7. Summary and Discussions

Five mooring stations were occupied on the channel and the western slope of the Izu
Ridge to investigate the Ridge’s effect on the deep flow of the Kuroshio. During the observation
period the large stationary meander of the Kuroshio was present. Rather strong deep current which
is fairly consistent with the surface Kuroshio current was observed. It proves that the Kuroshio
extends at least to 2000 m level. This is in agreement with the fact that there is a temperature
gradient at 3000m in the cold eddy region (Nishida 1982). :From the.close comparison of:the
deep current and the surface Kuroshio path, the followings were indicated.

1)  When the meander is apart from the Izu Ridge, the deep Kuroshio flows southward along the
isobath on the western slope of the ridge.

2) When the meander is close to the ridge, the deep current at 1000m layers passes in the
channel, but the deeper current circulates in the cold eddy. '

3) In the disappearing stage of the Kuroshio meander, only the surface pattern crosses over. the
ridge.

On the basis of the above indications, schematic charts showing surface and deep current
conditions are presented. Figure 13 represents three typical meander patterns and the deep current
conditions at 1000 m and 2000 m. When the meander has a typical shape (Figure 13-1), the
current at 1000 m layers crosses over the channel between Miyake Sima and Hatizyo Sima. A part

of the current might go around to the south of Hatizyo Sima.  The current at 2000 m layer recircu-
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Figure 13-1 Schematic charts of the deéep current around the Izu Ridge in three cases of
typical Kuroshio meander pattern. Explanation of the symbols is as follows
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late in the cold eddy. When the meander moves westward (Figure 13-2), the current at 1000 m
layer does not go into the channel but go around to the south of Hatizyo Sima. Numerical experi-
ments showed this type of deep current. When the meander itself crosses over the ridge in its decay-
ing stage, the deep circulation in the cold eddy remains to the west of the ridge (Figure 13-3).
The separation of the upper.layers and deep layers observed in the decaying stage of the
Kuroshio meander seems to be important for thé ending mechanism of the meander. Nishida (1982)
found the deep waters of the cold eddy have different water-types to the west and east of the Izu
Ridge, when the meander rides over the ridge. The observed deep current condition in the decay-
ing stage of the meander is consistent with this fact. ’Ishii (1982) found that the average tempera-
ture of the deep layers at the center of the cold eddy gradually increased in-the decaying and dis-
appearing stages. Nitani (1975, 1982) showed that the inferred depth of no-motion layer is deeper
when the meander is present than when the meander is absent. The probable explanation for these
facts would be the following. The deep current of the Kuroshio is stronger in the meander period
than in the no-meander period, and the disappearing stage of the meander is a changing process
from one state to the other in which the deep current weakens. The larger value of the mean
energy and the smaller values of stability observed on the western slope of the Izu Ridge compared
with Taft (1978) also support the above hypothesis. If the deep current weakens, it may be possible
that the constraint on the upper layer flow exerted by the Izu Ridge through Taylor column (Yama-
gata 1978) is released and the surface meander leaves eastward according to the Rossby wave char-
acter in a eastward general flow (Nitani 1976, 1982).: This mechanism of meander ending is essen-
tially the same as the one proposed by Ishii and Toba (1977). Although this discussion concerns only
with the ending of the Kuroshio meander, the weakening of the deep flow in its decaying stage is

contrary to the theory proposed by Robinson and Taft (1972).

This work was sponsored by Science and Technology Agency under “Kuroshio Exploitation
and Utilization Research” (KER) project. Thanks are extended to the members of the Oceano-
graphic Div, Hydrographic Dept. for conducting various field works and initial data processing.
Thanks are also extended to the crews of Shoyo and Takuyo for their assistance to the difficult
field works.
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Abstract

The Studies of tides and tidal streams in the Straits of Malacca and Singapore were
jointly carried out by Japan and the three coastal countries, Indonesia, Malasia, and Singapore from
1977 to 1979.

According to the results of these studies, the tidal phenomena in the Straits of Malacca
and Singapore can be classified roughly into four types of tides, and it cannot say that seasonal
changes of the mean sea level always correspond to the variations in atmospheric pressure.

The tidal streams are of a semidiurnal type with a pattern of tide and half tide in the
Malacca Strait, but are of a diurnal type in the Singapore Strait, and the time of high water in
the Strait of Singapore is always correspondent to the time of slack water (West to East).

The direction of non-tidal streams in the Strait of Singapore vary in response to mon-
soons. By adopting the long period constituents of tidal streams (Sa, Ssa, Mm, MSf and Mf) ob-
tained from the difference in water levels during one year between the Malacca Strait and Singa-

pore Strait, the accuracy of tidal stream predictions in the Straits will be greatly enhanced.

1. FiAsE

Iy VYHR—APRLT v F < VL R SER 1,000 km O ERBOBERTH LN, <
5 » AR RIEO One Fathom Bank LIH DU AR AL S <, WECIIDN - DR 5EE LT
b, ML TERIEL, PBLOEFRE IR TWS bbb Y, Y - SR SBEO LD OBRERBR
WBERIhID SEL o T,

COWROREIHFITORD, HREBESHIPE (A VFR VT « =2V o7 « YV E-L) pi3kR LCH
W MMOBHEL A L, ZOTFWMETS 2 LoV T4hEORTEFIEL, 197747 A5 19794210 A
O, One Fathom Bank 7*% Horsburgh Lighthouse ¥ TORICOWT, FWERUFEINThhik,

ARCREN - BITOBE, Y - MRO—BBEYBNB LI, I ZOERRT S LERCOVTR
~B.

* Yag Oceanographic Division
kel v % —  Japan Oceanographic Data Center



258 G. SUJINO, F. KUWAKINO, M. ODAMAKI, T.I1TO, T. KUMAGAI

2. # A c

197745 B~ v 7R — A THIE S A ERESEC 8\ T, HWE 5 200 BB E 12 5T O35kt
T 14 AEORBFENS, SR e AT 2R -l thrh 35 HEORBRRLT 5 = L 850E
Shic. #1RECE 1 REBRETRCERBENEOMLERRT.

101° . 102° 103° 104° E
SR N N YU W R | T S SR T (TN R N DO T E S

@ Tide 'station

<>Tidal stream
observation station

MALAY PENINSUL/\ -

)/X\ﬁ*\}?)\**mbwgh -

7 5% Lighthoyse
SINGAFORE ..,‘ L
13 é\\j// 4 e
. Rali,

14

45 U M A T E R A

12@

PY Pisang

- 4
¢ 4
1o RANGSANG .
{\ B
TESING TINGGL H ,) QQ -
g T T T T T T T T

AR w»ig—
S h U
| \.(\,‘\}\ ‘q‘\:\ .

Figure 1 Location of tide stations and tidal stream observation stations
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Table 1. Observation stations and positions of tide and tidal stream

No. Tide station Position determined

1 Tg. Senebui* 02° 17/ 457 N, 101° 02’ 48" E
2+ Tg. Medang* : 02° 07/ 247 N, 101° 40" 00" E
3 Tg. Parit* 01° 32’ 24” N,. 102°.26" 33" E
4 Pasir Panjang* .01° 07/ 33" N, 103° 20’ 42" E
5 Kepala Jernih* 01° 02’ 48" N, 103° 47’ 07" E
6 Batu Ampar® 01° 09/ 59" N, 103° 59’ 49" E
7 One Fathom Bank* 02° 53/ 18" N, 100° 59’ 48" E
8 . Tg. Kabong* 02° 407 42" N, 101° 29/ 51" E
9 Port Dickson* 02° 31’ 13" N, 101° 47/ 51" E
10 Tg. Kling* 02° 13’ 00" N, 102° 09’ 18" E
11 Tg. Segenting* 01° 46’ 24" N, 102° 52’ 48" E
12 Pu. Pisang 01° 28’ 12" N, 103° 15’ 18" E
13 Sultan Shoal Lighthouse 01° 14’ 24" N, 103° 39’/ 00" E
14 Raffles Lighthouse 01° 09/ 36” N, - 103° 44’ 30" E
15 Angler Bank 01°-207 42" N, '104° 01’ 54" E
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16 Tg. Ayam* 01° 207 24" N, 104° 13/ 04" E
17 Horsburgh Lighthouse 01° 197 48" N, 104° 24’ 18" E
* : Newly established stations.

No. Tidal stream obs. station Position determined

1 Off One Fathom Bank 02° 40’ 15" N, 101° 10’ 04” E
2 Off Raleigh Shoal 02° 06’ 51”7 N, 101° 56’ 41” E
3 Off Tg. Segenting 01° 37/ 577 N, 102° 43" 30" E
4 Phillip Channel 01° 05’ 43" N, 103° 43’ 57" E
5 Batu Berhanti 01° 11’ 42" N, 103° 52/ 42" E
6 Off Tg. Stapa 01° 17/ 23" N, 104° 09’ 55" E
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Table 2-1 Tidal harmonic constants

ONE FATHOM

Place TG. SENEBUI TG MEDANG TG. PARIT PASIR PANJANG BATU AMPAR BANK
Time Zone —0700 —0700 ~—0700 —0700 —~0700 —~0730

Duration Mar. 1 1978 ~ Mar. 1 1978 ~ Mar, 1 1978 ~ Dec. 1 1973: ~ Dec. 1 1977 ~ Mar. 1 197s.~ i
Mar. 5 1979 Mar. 5 1979 Mar, 5 1979 Jec, § 1978 Dec. 5 1978 Mar. 5 1979

Constituents H X g H I3 g H 5 g H I g H x g H K g
cm  deg. deg. cm deg. deg. cm  deg. deg. cm deg. deg. cm  deg. deg. cm deg. deg.
Sa 13.55 136.75 137.03 8.85 158.98 159,27 6.77 159.97 160.26 4,57 177.66 177,95 | 12.43 278,37 278.66 | 11.55 135.08 135.39
Ssa 7.47 104,57 105.15 6.15 113,55 114,12 6.88 109,98 110.55 5.31 93.47 94.05 3.83 133.22 133.80 6.64 109.49 110.10
Mm 0.73 33.42 37.23 1.61 17.12 20.93 1.82 13,05 16.86 1.44  5.24 9.05 1.07 308.06 311.87 1.05 344,93 349.02
MSf 1.50 248,92 256,03 1.76 32,45 39.56 2.55 38.15 45.26 3.76 43,15 50.27 1.52 32,53 39.64 0.76 300.06 307.68
Mf 2.22 31,22 38,91 1.98 15,48 23,17 1.07  9.09 16.78 1.50 268.36 276,04 1.79 208.89 216.57 4,39 37.10 45.34
S, 3,71 193.82 197.77 3.92 213.99 217.42 4.31 227,30 229.86 3.89 236,69 238.34 1.40 213.56.214.56 3.25 176.09 187.60
K, 11.48 22.00 26,24 5.20 104.24 107.86 | 16.43 146.31 149.15 | 26.49 147,97 149,91 | 28.82 98.90 100.19 | 17.20 7.61 19.43
P, 4.87 22,47 26,14 1.95 77.89 80.44 4.49 138,70 140.97 ‘8 14 142,02 143,39 8,73 89.86 90.57 6.21  5.25 16.45
= 0.70 115.95 119.32 0.84 142,07 144.82 1.03 143,60 145.59 1,12 116,31 117.39 0.59 86.51 86.94 0.62 44.96 55.84
o 0.83 154.18 158.70 0.91 157.82 161,73 0.71 165.53 168.67 0.30 105,60 107,83 0.44 63.36 64.94 0.44 108.75 120.87
& 0.41 55.01 59.83 0.20 89.12 93.32 0.26 147.17 150.59 0.32 236,39 238,90 0.84 278.10 279.96 0.93 85.57 98.00
M, 0.41 169.70 170.09 0.19 242,97 242,75 0,53 208.83 297.83 1,17 297.23 205.33 0.66 39.46 36.91 0.59 120.15 127.85
0, 0.18 126.92 134.46 0.28 97,28 104.21 0.42  84.50 90.65 0.25 151.17 156,42 0.34 94,07 98.66 0.12 156.60 171.95
J, 2.71 52.93 60.98 2.27 65.33 72.76 2.02 80,17 86.82 1.35 98,85 104,60 1.62 82,20 87.30 3.20 40.25 56.14
i 0.43 170.97 171,91 0.53 174.05 174.37 0.56 166,16 165,70 0.19 103,04 101,68 0.27 91.13 89.12 0.23 184.74 193,01
0, 9.91 140.51 137.07 | 18.79 138.29 134.22 | 25.08 130,87 126.02 | 25.92 112,86 107.11 | 29.48 52.81 46.42 4.61 149.96 153.54
MP, 1.61 4.78 1,91 1.03 351,36 347.87 0.89 295,25 290,99 1.75 269.33 264,16 0.10 303.83 298.01 1.64 3,77  7.97
SO, 2,14 117.16 128.51 1.03 115.57 126.30 0.63 22,89 32.85 1.98 348.24 357.29 0.54 350,16 358.56 2.34 110.31 129.74
00, 1.62 54.13 66.05 0.78 67.00 78.31 0.49 140.07 150,60 0.68 160,48 170.11 0.49 232,72 241.69 1.80 34.45 54,49
o 0.24 112,65 105.90 0.81 111,14 103,78 1.08 110,78 102 64 1,12 112,40 103,36 1.15° 42,84 33.14 0.39 135.18 135,22
Q 0.66 143.98 136,72 1.94 113.38 105.50 3.01 96,39 87.74 3.98. 71.08 61.52 5.49 18.09 7.88 0.42 212.56 212,06
a, 2.78 248.74 238.18 3.58 247.87 236.69 3.86 248,20 236,95 2,60 252,15 239.29 0.41 218.28 204.77 1.85 251.91 247.87
2Q, 0.70 167.94 156.87 0.75 156.19 144,51 0.65 157.29 144.83 0.43 205.94 192,58 1.26 356.25 342,24 0.36 238,76 234,17
S, 58.34 185.46 193.37 37.16 211.66 218,33 32,59 291.44 296,56 43.31 347.78 351.09 30.52 353.63 355.63 61.80 166.16 189.16
T, 3.76 173.42 181.04 2.57 210.81 217.19 2.56 281,02 285.84 3.01 341,27 344.29 1.58 16,54 18.26 2.78 156.89 179.59
R, 0.65 237.69 245,88 0.50 195.26 202.22 '| 0,24 298.46 303.86 0.69 304,44 308.04 1.01 309.51 311.80 0.55 315,89 339.20
K, 16.95 180.20 188.68 | 10.73 207.65 214,89 9.41 291.05 296,71 | 13.45 344,99 348 87 8.59 349.58 352.16 | 17.71 163.96 187.59
L, 5.30 137.14 141.74 2.88 172,61 175.97 3.39 261.61 263.43 4,61 303.25 303.26 2.42 311.15 309.85 4.88 123.95 143.42
Xy 3.54 115.58 119.67 2,01 162,64 165.50 1,98 249.87 251,18 2.65 298,65 298,15 2.17 309.46 307.65 2.34 98,20 117.12
MSN, 2.15 342,03 353.75 1.22 16.08 26.56 1.19 111,52 120,45 2.02 158,18 165, 30 0.76 172.67 178.48 1.10 319,62 346,71
K7, 0.67 69.23 81.53 0.24 75,96 87.01 0.07 287,16 296.67 0,52 244,47 252,17 0.48 212.65 219,05 1.04 358.37 26.08
M, 117.59 142.62 143.42 | 74.83 170.92 170.47 | 72,07 250,48 248.49 | 04.41 301.99 298.19 | 76.08 303.88 298.78 |124.58 124.50 139.89
25M, 3.24 12,06 27.08 2.19 42,75 56.53 1.87 140.51 152,74 3,20 193,19 203, 61 1.86 211.96 221,08 2.46 350.04 20.67
oP, 0.88 185.80 186,02 0.36 260.13 259.11 0.57 282,31 279.73 0.80 171,36 166, 98 3.04 151.50 145,81 0.48 261.12 275.89
MKS, 0.94 191.51 192.88 0.10 213.37 213.50 0.98 93,59 92,17 L8 76,87 7364 2.79 100.53  96.00 0.74 310.98 326.99
N, 22.25 136.82 133.81 | 13.65 163.08 158.82 | 13.07 212,39 236.59 | 17.37 292.92 285.31 | 14,41 282.21 273.30 | 23.26 118.18 129,48
va 4.14 134,51 132.00 2.83 158,97 155.23 12 234,94 229.64 .77 28170 274,60 2.52 279.87 271.46 4,49 107.93 119.79
1t 5.14 188.81 182.49 1.86 228,47 220.91 2,92 351,34 342,23 3.8 33.58 22,67 0.72 80.81 68.59 5.32 155.70 163.47
2N, 3.48 121.31 114.49 2.27 152,78 144,72 2,74 231.76 222,14 3,10 276.59 265,16 2.32 269.61 256.8Y 3.36 100.72 107,94
MNS, 1.39 197.40 187.28 0.48 230.45 219.09 0.64 351.53 338.61 0.99 19,18 4,46 0.69 50.13 34.10 1.02 150.86 154.55
0Q, 1.09 58.34 47.64 0.54 88.03 76,09 0.73 169,16 155,67 0.62 213.59 198,29 0.67 234.58 217.97 0.69 43.02 46.09
SK, 1.27 103,98 116.13 0.69 200.97 211.26 1.04 301.30 309.26 0.93 76.19 81.44 0.49 113.12 116.42 0.69 42.40 77.22
MK, 2.11 55.53 60.56 1.79 181.35 184.52 2,20 257.40 258,25 2,87 25,45 23,59 2.07 64.46 60.65 1.42  9.26  36.46
S0, 1.33  93.67 98.13 2.03 193.30 195.90 2.21 266.13 266,40 2.83 25,72 23.28 1.55 68.07 63.68 0.49 21.86 48.45
M, 0.22 353.48 354,67 0.39 357.33 356.67 0.15 93.80 90,80 0.60 203.36 197.66 0.04 170.58 162.92 0.19 320.02 343,10
MO, 0.92 76.25 73.60 2.45 160.97 156.46 2,44 225,29 218,45 3.30 353.44 343.90 1.58 15.92 4,42 0.64 3.08 22.04
S 1.14 294.16 309.97 | 0.7 9.18 2252 | 0.47 133.11 143.31 | 0.88 260.07 266.69 | 0.21 340.59 344.61 | 0.53 227.75 27377
SK, 0.66 279.94 296.33 | 0.42 358.37 12.28 | 0.13 114.51 125.31 | 0.57 218.90 226.10 | 0.26 247.70 252.29 | 0.20 182.65 229 28
MS, 5.48 231.30 240,00 3.33 324.22 330.45 2.86 103.82 106.94 5.57 212,65 212,16 2.15 334.59 331.49 2.06 168.95 207.35
MK, 2,01 220.12 229.39 | 1.06 313.43 320.23 | 0.88 83.70 87.39 | 1.63 210.59 210.67 | 0.97 285.48 282.96 | 0.69 157.45 196,46
SN, 1.03 251.23 256,12 0.66 328,02 330, 44 0.44 94,80 94.11 0.87 218,50 214.20 0.13 330,20 323,29 0.56 179.94 214.25
M, 5.57 192.82 194.42 3.38 285.54 284,65 3.22 64.82 60.82 5.56 169.73 162,12 2.07 299.31 289.10 1.82 134.62 165,40
MN, 2,18 186.43 184,21 1.27 275.64 270.94 1.23 49,98 42,18 2,08 156,66 145,25 0.43 289.27 275,25 0.73 129.21 155,90
25M,, 1.51 338.58 355.19 1,01 51.53 64,42 1.02 230.62 238, 85 1,01 91,50 94,32 0.67 202.07 200,98 0.48 198,53 259,93
MSK, 0.95 339,92 357,10 0.64 47.41 60,87 0.72 224.00 232,81 0.71 78.17 81,57 | 0.45 183.08 182,57 0.31 170.25 23227
2MS, 4.00 294.06 303.55 247 2,38 0BG 2.90 180.77 181.89 2,78 34,52 30.23 1.63 135.44 127.23 131 134,46 188, 24
2MK, 1.39 300.05 310.12 0.87 3,31 9.66 1.03 178.95 180.64 0.96 29.86 26.14 0.57 135.74 128.11 U.31 122,77 177.17
MSN, 1.27 296,59 30227 0.72  6.86  8.83 0.81 179.43 176.74 0.85 36.68 28.58 | '0.48 141,26 129 24 0.31 147,38 197.07
M, 2.68 258.91 261.30 1.54 327,77 326,44 1.92 141.72 135.73 1.81 349.14 337.73 1.00 84.07 68.76 | 0.84 91.36 137.52
2MN; 1.59 252,28 250.85 0.87 319.29 314.15 1,10 130.25 120,45 1.00 335.53 320,31 0.49 71.13 52,01 0.32 95,95 138,03

192



Table 2-2 Tidal harmoni¢ constants

SULTAN SHOAL

Place TG. KABONG PORT DICKSON TG. KLING TG. SEGENTING PU. PISANG LIGHTHOUSE
Time Zone ~0730 —0730 —0730 ~0730 ~0730 —0730
Mar. 1 1978 ~ Mar. 11978 ~ Apr. 6 1978 ~ Mar. 1 1978 ~ Mar. 1 1978 ~ Mar. 1 1978 ~
Duration Mac. 5 1979 Mar. 5. 1979 Apr. 10 1979 Mur. 5 1979 Mar, 5 1979 Mar. 5 1979
Constituents H I3 g H x g H I3 g H IS g H K g H I3 g
cm deg. deg. cm deg. deg. cm deg. deg. cm deg. deg. cm deg. deg. cm deg. deg.
Sa 9.21 147.35 147.66 9.60 156.32 156.63 7.15 158.79 159.09 6.58 163,71 164,02 2.86 176.05 176.36 5,74 221.85 222,16
Ssa 6.59 105,66 106,28 5.95 115.86 116,47 5.94 102.40 103.01 5.64 107.25 107.86 5.57 105.44 106.06 5.87 106.16 106,78
Mm 1.25 16,08 20,17 1.90  10.03 14,11 1,70 20.24 24.33 1.77 20,62 24.71 1.85 18.51 22.59 1.62 29.68 33.76
MSf 1.27 17.65 25,27 2.54 26.67 33.29 1.91 30.39 38.01 2.84 38.82 46.44 3.31 44.03 51.65 3.12 53.42 61.04
Mf 2,68 25.49 33.73 2,07 28.31 36.54 1.26 349.00 357,23 0.81 8.09 16.33 0.74 358.70  6.93 0.28 57.43  65.66
S5, 3.54 202,13 213,14 3.60 208.50 219,20 3.94 220,52 230.87 | 4.03 231.28 240.90 3.61 238.22 247.46 2.69 236,82 245,67
K, 8.14 28,92 40.23 4.68 75.80 86.81 8.98 139.62 150.28 | 18.91 147.78 157.71 | 23.83 148.48 158.04 | 26.43 142.32 151.48
P, 3.52 29,59 40,29 2,25 55.98 66,37 2.562 124.34 134.37 | 5.47 141.20 150.52 7.18 142,46 151.40 8.08 136.53 145.07
o 0.70 130.63 141,02 0.70 127.27 137.35 0.90 148.82 158.55 1.12 148.51 157,51 1.05 145.44 154,07 0.74 129.01 137.24
I 0.91 152,74 164.36 0.91 166,82 178, 14 0.85 165.28 176.24 0.63 182.33 192.57 0.34 222.61 232.47 0.31 289.01 298.47
o 0.32 62,39 74.32 0.37  79.76  91.38 0.22 124.05 135,32 | 0.18 154.88 165.43 0.29 162.14 172.30 0.19 130.48 140.25
M, 0.28 158.17 165.36 0.09 120.45 127.34 0.22 280.41 286.95 0.55 295.67 301,48 0.63 312.52 317.95 0.72 332,99 338.03
, 0.17 113,18 128.02 0.10 82,88 97.42 0.48 89.73 103,92 0.39  89.21 102,67 0.43 98,28 111.37 0.36 126,40 139.09
Jy 2,58 54,72 70,11 2,34 6L06  76.16 2.03 73,51 88.25 1.92 84,30 98.31 1.60  91.45 105.08 0.99  99.85 113.09
7 0.43 177.06 184,84 0.46 193.83 201.31 0.54 174,16 181.27 0.58 154,07 160.46 0.64 136,03 142.05 0.50 97.68 103.30
O, 12,92 139.82 142,89 | 17.22 139,21 142,01 | 22,12 136.16 138.58 | 25.75 127.25 128.94 | 26,27 119.01 120.33 | 24.41 98.32 99 24
MP, L850 3.77 747 114 358.93 2.32 0.94 315.08 318.11 0.91 293,08 295,39 1,24 274.27 276.21 1.64 255,79 257.33
SO, 1.81 117.08 136.01 1.15 116.70 135.33 0.67 95,01 113.28 0.83 4,74 22,29 1,40 351.73  8.90 2,02 358.66 15.44
00, 1.35 54,67 74,22 1.25 65.09 84.33 0.62 86.88 105.77 0.59 155,38 173,54 0.92 170.67 188.46 1.34 164,84 182,24
m 0.55 112,61 112.15 0.80 116,51 115.75 1.22 106.40 105.29 1.17 107.69 105.84 1,26 103.70 101,48 1,03 88.52 85.91
Q, 1,12 128,28 127,27 1.89 118,54 117.23 2.18 101.60 99.93 3,14 89.52 87.13 3.57 79.56 76.79 4,05 58.10 54.94
o 3.21 250.07 245.53 3,23 249,11 244,27 3.64 248.41 243.21 3.76 249,12 243.19 3,22 251.66 245.36 2,00 256.37 249,67
20, 0.81 165.54 160.45 1.03 166,88 161,49 0.68 176.07 170.32 0.59 156.69 150,22 0.44 160.30 153.45 0.31 194.80 187.56
S, 50.68 188.91 210.92 | 41,52 204,91 226.32 | 29.10 239.74 260.43 | 35.88 307.25 326.49 | 42,17 332.91 351.40 | 39.00 354.28 11.98
T, 2,88 191,91 213,61 2.38 204,17 225,27 2.04 232.39 252.77 2,39 299,53 318,46 | 3.01 333.63 351.81 2.52 353.16 10.55
R, 0.48 185,13 207.45 0.37 188.10 209.81 0.44 201.25 222.25 0.29 317.10 336.65 1.00 319.80 338.59 0.78 358.73 16.74
2 15.06 185.54 208.16 | 11.97 200.39 222.42 8.23 234.86 256.17 | 10.59 307.28 327.14 | 13.31 330.92 350.02 | 11.92 347.68 6,00
L; 3.98 145.80 164,26 3.-33 16590 - 183,77 2.22 212,62 229.77 3,40 272.35 288.05 3.89 295.71 310.67 3.82 316.09 330.25
Aa 2.53 132.37 150,29 1.92 148,36 165.68 1.77 202,91 219.52 2.57 269.19 284,35 | 3.21 296.06 310.47 2,42 320.29 333.91
MSN, 1.59 348.06 14.14 1,13 3.46 28.95 0.87 49.65 74.43 1.21 120.94 144,27 1.58 149.75 172.33 1.60 173.28 195.07
KJ, 0.51 29.76 56,46 0.31 72.83 98.93 0.31 46.38 71.77 0.26 177.13 201,07 | 0.32 230.88 254.06 0.29 208.10 230.50
M, 101,30 146,90 161,29 | 82,78 163.64 177.43 | 60.33 200.59 213.66 | 79.74 264.71 276.33 | 93.24 288.49 299.36 | 86.82 308.32 318,40
25M, 2,75 17.62 47.24 2,34 36,18 65.20 1.63  77.11 105.42 2.31 156.67 183.53 2,97 183,28 209,39 2,87 204,12 229.44
or, 0.18 289.31 303,08 0.40 260,09 273.26 0.90 248.18 260.64 0.26 203.61 214,62 0.56 259,97 270,22 1,15 36.23 45,60
MKS, 0.75 179.55 194,55 0.40 210.15 224.55 0.72 111.75 125.44 131 71,19 83.43 0.82 51,89 63.38 0.08 107.92 118.62
N, 18.94 13999 150.29 | 15 47 156,11 166.81 | 10.72 191.85 200.84 | 14.21 256.87 264.40 | 16,70 279,00 285.79 | 15.99 297.03 303.03
vy 3.56 13087 141,72 2,97 153.49 163.74 2.69 189.69 199,22 3.59 245,46 263,54 4,34 266,76 274,00 3.42 289.17 295,72
™ 3.80 187.12 193,89 2,41 203.60 209.77 1.39 299,29 304.74 331 149 549 3.75 19,36 22,61 2,66 42,46 44,92
2N, 3,21 124,85 131,07 2.26 144.41 150.03 1.82 192,03 196,93 2,91 247.06 250.52 3.42 267,36 270,06 3.04 288,60 290,51
MNS, 0.86 191,13 193,82 0.67 220,90 222.98 | 0.41 291.40 292,77 0.75 368.01 357.93 0.87 24,99 21,16 0.76  50.69 49,06
0Q. 0.68 A1.33 43,10 0.60 65.71 67.17 | 0.53 155.14 155,90 1.02 175.53 174.84 0.89 193.19 191,75 0.65 218.27 216,04
SK, 0.75 126.30 159,62 0.61 189.18 221.60 | 0.92 252.58 283,92 0.97 321.53 350,70 1.0l 31.00 59.04 1.07 83.62 110,48
MK, 1.16 106.02 131.71 1.59 174.26 199.05 | 2.44 215.42 239.14 1.95 280.52 302,07 2.55 351.65 12.07 3.67 26,56 45.80
SO, 1.16. 147.33 172,41 1.87 189,12 213.30 | 2.55 222.55 245,66 2;05 289,10 310,04 2.51 351.77 -11.58 3.26  31:52 50, 14
M, 0.33 332:41 353.99 0.35 354.87 15.55 | 0.36 10.55 30.15 0.24 132.73 150.17 0.54 170.06 186.37 | 0.49 170.69 185.81
MO, 1.23 129.33 146.79 2,25 168.48 175.05 | 2.88 182.16 197.65 2.20 254.72 268.03 3.01 319.77 331.96 3.31 349.41  0.41
S, 0.74 317.78  1.79 0.73  6.04 48.85 | 0.58 55,05 96.43 0.56 171.46 209,94 | 0.92 214,72 251.70 0.68 279.37 314.77
SK, 0,41 310,02 354.65 0.47 350.75 34.17 [ 0.36 28.40 70.40 0.32 172,25 211.35 | 0.59 206.38 243.97 0.28 247,27 283,28
MS, 3.39 277.43 313.82 3.81 322,80 357.99 [ 2.80 16.51 50.27 3.95 128.51 159.37 | 5.77 171.09 200.45 4,06 237.62 265.40
MK, 1.00 270.20 307,21 1,00 312.66 348.46 | 0.99 357.87 32.25 1.15 115.74 147,22 1.63 167.31 197.29 1.49 239,34 267.74
SN, 0.61 277,10 309,40 0.68 320.21 351.32 | 0.49 6.80 36.48 0.52 130.51 157.29 | 0.75 173.10 198,38 0.59 229,59 253,29
M, 3.51 240.76 269.53 3.87 283.42 311,00 | 2.79 339.77 5.91 4,21 86.18 109.43 5.89 128.52 150,26 4,33 196,50 216.67
MN, 1.37 231.55 256,24 1.47 271,80 295,28 | 1.11 328.14 350.20 1.50  74.27 93,43 2,13 118.60 136.26 166 184.59 200,67
25M,, 0,99 7,99 66.38 L17 38,49 9509 | 0.65 154.89 209,34 0.72 269,23 319.33 | 0,99 31,17 79.02 0.95 118,69 164,17
MSK, 0,74 3,32 62,33 0.75 3140 88,61 | 0.49 164.01 219.08 0.45 262,07 312,78 | 0.83 28,65 77.12 0.56 107,31 153,41
2MS, 2,52 U20UR0 1128 2085 346,02 35,00 [ 166 113,39 160,23 LOU 21720 260,72 2,91 343,20 23,48 2,64 6587 9.7
2MK, 103 821,62 13.01 0L93 343,13 32,73 | 0,67 117.48 164,92 0,60 221,74 264, 81 1.2 342,91 23,76 0.85 52,91 9139
MSN, 0.78 322,15  8.81 0.85 35343 38.43 | 0.51 114.28 157,02 0.50 222,83 261.23 | 0,80 343.70 19.85 0.65 63,31 97,12
M, 1.67 284,91 328,10 1.74 311.84 353,19 1.25 78,02 117.24 119 180016 215,03 | 2,13 302,94 335.55 169 11,23 41,47
2MN, 0.97 273.495 313,02 1O 300,14 337.41 0.74 65,97 101.10 0.67 170,90 201.67 1.19 289.59 318,12 0.91 1.39 27.55
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Table 2-3 Tidal harmonic constants

RAFFLES - HORSBURGH .
E G. AY KEPALA JERNIH
Place LiGHTHOUSE | ANGLER BANK 1 AM LIGHTHOUSE J
Time Zone —0730 —0730 ~07430 —0730 — 0700
. Mar. 1 1978 ~ Mar, 1 1978 ~ Dec. 1 1477 ~ Mar, 1 1978 ~ Mean Value
Duration Mar. 5 1979 Mar. 5 1979 Dec. 5 1978 Mar. 5 1979 (9 months)
Constituents H R g H I3 g H I g H I3 g Constituents H ® g
cm  deg. deg. cm  deg.  deg. em  deg. deg. cm deg. deg. cn  deg.  deg.
Sa 4.78 239.72 240.03 9.71 253.82 254,13 | 12,38 278.06 278.37 | 14.91 273.75 274.06 Mm 1.8 356.3 0.1
N 5 N
Ssa 4.41 114.14 114.76 | 4.93 92,26 92.88 | 4.24 105.74 106.36 | 5.34 111.90 112.52 Msf 5.6 64.7
Mm 1.32 32,50 36.59 0.89 18.33 22,42 | .24 285.93 200.01 | 0.45 38.14 42.22 0, 16 530 43.0
MSf 2,94 59.31 66.93 1.42 85,12 92.74 | 1.07 22.30 29,92 1.27 83.35 95.97 0, 26.8 91.3 85.1
Mf 106 76.31 B4.55 | 1.34 133.77 142.01 | 1.46 195.83 204.06 | 2.25 100.42 108.65 M, 0.7 316.4 3141
K, 31,1 142.2 143.7
S, 2,09 238.72 247.48 112 194.62 203,09 | 0.79 198.98 207.26 | 0.64 210.30 218.39 7, 0.5 136.0 141.3
K, 27.03 130.03 139.10 | 28.07 88.47 97.24 | 28,13 75.29 83.88 | 26.65 60.74 69.14 00, 1.1 1350 144.2
P, 10.3 142,2 143.1
P, 8.08 125.00 133.45 8.98 81.40 89.56 | 9.31 67.25 75.23 9.01 57.97 65.75
:l 0.73 130.43 138.57 0.81 70.29 78.14 | 0.76 59.81 67.48 | 0.87 63.29 70.77 .'1: 24 6.3 24.5
o 0.30 270,22 279.59 0.40 8.54 17.62 | 0.63 28.07 36.96 | 0.27 51.91 60.62 N, 15.2 300.9 202.4
) 3.0 3009 292.9
S, 0.02 60.77 70.46 0.42 326.79 336.18 | 0.55 326.33 335.54 0.60 326.30 335.32 2
M, 81.1 314.5 309.8
M, 0.7t 355.44  0.39 1.07 33.62 38.28 | 0.90 35.91 40.38 1.24 45.46 49.74 L, 3.4 3303 334
0, 0.30 135.88 148.48 | 0.25 150.83 163.14 | 0.21 71.79 83.92 | 0.41 130.32 142.26 S 37.2 2.1 4.6
J, 1.13  99.94 113.09 1.25 89.25 102.11 1.45 78.55 91.23 1.29 75,92 88.41 K, 0.1 21 5.1
. 25M, 2.6 216.0 295.6
7 0.42 94.65 100.18 | 0.11 97.12 102.36 | 0.29 115.57 120.62 | 0.26 44.95 49.82 :
0, 25,20 83.00 83.83 | 29.12 43.91 44.45 | 29.64 31.74 32,10 | 27.92 21.60 21.77 MO, 2.1 6.6 435.8
MP, 1,28 265.34 266.79 | 0.27 298,25 299.40 | 0.26 30.05 31.02 | 053 4,18 4.9 M, 0.6 188.7 181.6
. MK, 2.7 36,2 33.0
SO, 1.74  6.68 23.36 | 0.45 340065 357.04 | 0.43 34.28 50.49 { 0.14 146.94 162.96
00, 1.24 173.79 191.09 | 0.72 246,11 263.12 | 0.26 51.55 68.38 | 0.47 339.43 356.07 MN, 1.5 208.3 195.1
o1 1.05 70.70 68.00 1.24 26.82 23.82 1,19 16.96 13.78 121 1.52 338.15 M, 3.8 232.2 222.8
v o SN, 0.4 236.8 230.7
Q, 4.44 44,85 41.60 5.67 13.22  9.68 | 6.27 3.21 359.48 | 5.69 1356.23 352.31 )
MS, 3.5 271.8 269.6
) 1.64 24511 238.32 | 0.42 196.06 188,99 | .13 270.44 263.18 0.42 29.50 22.05
20, 0.19 354.02 346.6Y 1,40 0.88 353.26 | 1.19 340.48 332.67 1.56 352.78 344.78 2MN, 0.6 51.3 33.4
)65 51.7
S, 36.85 355.56  13.08 | 29.40 346.23  3.16 | 23,66 342.29 358.85 | 19.06 335.49 351.68 M; 1O 65.7 517
MSN, 0.6 107.9 97.2
T, 2,16 359.98 17.19 1.47 316.71 333.34 | 0.89 321.43 337.69 113 297.22 313.10 oM, L6 107.9 101.0
R, 1.06 336.53 354.36 0.28 349.27 6.52 | 0.24 61.85 78.72 0.37 56.53 73.03 25M, 0.7 160.6 160.7
K, 11.03 352,71 10.84 8.50 343.19  0.75 | 7.23 343.64 0.82 6.28 329.34 346.15
L, 3.50 316.36 330.34 2.84 325,78 339.18 | 2,50 308.45 321.48 1.80 314.95 327.61
e 2,37 313,55 326.99 1.66 321.20 334.05 | 1.40 323.12 335.60 1.00 320,53 332.64
MSN, 1.37 175.07 196.67 | 0.93 194.92 215.94 | 1.03 195.21 215.86 0.61 208.47 228.74
KJ, 0.28 216.76 238.98 0.28 127.35 148.99 | 0.56 149.08 170.35 0.39 137.68 158.57
M, 82.97 309.07 318.97 | 75.14 297.35 306.67 | 64.95 291.66 300.61 | 56.46 283.65 202 22
28M, 2,44 204.77 229.90 166 209.20 233.75 | 1.23 218.73 242,92 | 0.99 224.40 248.21
OP, 0.83 73.68 82.96 0.58 135.18 143.89 | 0.82 93.03 101.35 1.54 37.74 45,70
MKS, 0.50 76.32 86.84 1.39 47.62 57.55 | 0.58 9.25 18.81 0.99 318.15 327.34
N, 15.25 296.30 302,11 | 14.70 277.55 282,78 | 12.85 268.67 273.53 | 11.39 260.01 264.49
ve 3.26 294,48 300, 84 2.90 282,90 288.G8 | 2,29 28045 285.86 1.90 280,77 285.80
1o 2.35 48.46 50,74 0.52 89.04 90.74 | 0.96 149.67 151.00 | 1.03 169.48 170.43
2N, 2.80 279.31 281.04 2.17 264.15 265.30 | 1,63 249.50 250,28 1.26 255.00 255.50
MNS, 0.68 53.81 52.00 0.47 7355 7L16 | 0,49 7470 7104 | 0.21 86.32 83.19
0Q, 0.62 198,08 195.66 0.48 191.79 188.7% | 0.43 207.43 204,06 | 0.25 262.92 259.18
SK, 0.89 81.69 108.27 0.34 121.72 147.43 | 0.66 121.54 146.69 | 0.37 138.52 163.11
MK, 3.07 33.43 52.39 175 52,02 70,11 | 2.31 73.47 91.00 | 1.28 67.89 84,87
50, 2,77 38.64 56,98 144 54.99 7247 | 1.79 73.16 90.08 | 0.80 69.38 85.74
M, 0.37 177.29 192.14 0.11 125,27 139.24 | 0.19 204.85 218.27 | 0.07 8.99 21.84
MO, 2.54 356.19 6,92 1.07  6.96 16,81 1.63 3123 40.53 | 0.64 21.41 30.15
S, 0.62 288.46 323.49 | 0.14 0.33 3421 | 0.18 16.20 49.33 | 0.17 74.07 106.45
SK, 0.16 281.71 317.36 | 0.07 147.43 181.92 | 0.08 272.63 306.37 | 0.04 23.07 56.07
MS, 3.20 259.43 286.85 193 344.39 10.65 | 1.71 0.44 25.95 | 1.20 34.30 59.06
MK, 1.19 263.82 291.85 111 288,49 315.36 | 1.13 306.42 332,55 | 0.74 320,21 345.59
SN, 0.45 248.98 272.31 0.13 317.63 339.85 | 0.20 0.51 21.96 | 0.16 28.06 48.74
M, 3.37 218.57 238.37 1.79 304.67 323.31 1.71 329,20 347.09 1,42 2,71 19.86
MN, 1.21 205.81 221.52 0.60 285.18 299.73 | 0.76 313,01 326.81 | 0.53 w5218 5.2
25M, 0.80 143.76 188.69 0.46 200.56 243,75 | 0.49 202.53 244,61 0.28 217.60 258,55
MSK, 0.40 135,33 180.88 0.31 176,99 220.80 | 0,36 190.36 233.05 | 0.20 187.82 229,39
2MS, 1.99 78,78 116,08 LIB 12969 165.26 | 1,11 LILI6 175,60 1 0.69 146,45 178,78
2MK, 0.58  79.50 117.42 045 121,96 168.15 | 0018 128,35 163,43 | 0.36 18,72 172,67
MSN, 0.52 91,61 124,84 0.30 145.49 176.98 | 0.33 1M7.73 178.10 | 0.23 155.56 184,81
M, 1.18 34.26 63.95 0.62 81.71 109.66 | 0.54 100.14 126.98 | 0.37 107.91 133.63
2ZMN, 0.60 24,56 50,17 0.30 67.23 91.09 .27 79.24 102,00 | 0.13 102.31 123,94
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Table 3 Harmonic constants of tidal stream
Time Zone : -—-0730

st. 1 St.2 §t.3 St. 4 St. S St. 6
i Main Dir. 300" Main Dir. 305° Main Dir, 292° Main Dir. 206° Main Dir, 238° Main Dir. 258°
Constituents
v K v K v K \4 K \4 K v K
kn) (") &n) (%) kn) (%) kn) (%) kn) © (°) kn)  (°)
Sa 0.079 297.8 0.061 287.7 0.088 297.1 0.256 2859 0.360 286.0 0.282  286.1
Ssa 0.016 298.1 0.012 301.1 0.017 296.6 0.017 186.1 0.020 196.7 0.013 1994
Mm 0.010 2346 0.009 224.1 0.008 2544 0.038 213.5 0.044 231.6 0.031 2350
MSI 0.011 2123 0.015 2155 0.003 93.1 0.085 212.1 0.087 222.5 0.053 2253
Mf 0.032 2213 0.027 221.7 0.023 2203 0.043 1127 0.060 182.9 0.051 188.0
Q1 0.024 153.1 0.022 147.1 0.024 7438 0.126 349.8  0.284 353.0 0.129 351.1
01 0.220 187.5 0.178 1689 0.162 123.0 0.882 138 1.628  23.1 0.745  24.0
M1 0.016 652 0.003 108.8 0.019 135.6 0.013 2329 0.089 518 0.051 329
K1 0.314 2144 0.287 219.8 0.258 2224 1.104 563 1.672  61.0 0.791  59.0
11 0.017 180.7 0.004  S$3.0 0.023 245 0.0s8 278.8 0.072-°310.3 0.038  291.2
001 0.042 257.1 0.061 251.4 0.019 276.7 0.145  109.7 0.140 180.8 0.019 100.5
P1 0.104 213.2 0.095 218.6 0.085 221.2 0364 550 0.550  59.7 0.260 577
2 0.015 221.4 0.017 2118 0.012  206.5 0.020 190.9 0.053 254.1 0.014 229.7
N2 0219 3193 0.226 113 0.197 368 0.186 265.1 0.282 237.7 0.193 228.1
2 0.043 319.1 6.044 110 0.038  36.5 0.036 264.5 0.054 236.9 0.038 227.5
M2 1.118 325.1 1.206  12.0 1.019 496 0.699 283.7 1.087 2391 0.812 2333
L2 0.042 3306 0.058 3584 0.050  65.6 0.031 276.1 0.052 227.0 0.038 244.3
S2 0.521 0.9 0.551 49.2 0.486 948 0.207 309.0 0.426 256.8 0.325 270.1
X2 0.142 1.6 0.150 499 0.133 955 0.057 309.5 0.117 257.6 0.089 2709
2SM2 0.030 209.4 0.055 - 298.8 0.042 3033 0.012 188.7 0.031 356.0 0.024 214
MO3 0.027 297.6 0.040 356.1 0.047 77.0 0.025 128.0 0.087 221.3 0.022  309.3
3 0.009 78.2 0.011 2158 0.019 264.5 0.011 34.3 0.014 151 0.019 48.9
MK3 0.011 3220 0.044 233 0.038 1215 0.051 303.1 0.073 2522 0.036 351.8
MN4 0.025 3429 0.017 156.8 0.015 2210 0.015 170.7 0.034 754 0.016 136.6
4 0.059 3433 0.052 162.0 0.047 2414 0.050 186.3 0.048 104.6 0.026 169.4
SN4 0.004 157.1 0.022 2149 0.005 383 0.011 142.8 0.026 119.6 0.015 195.6
MS4 0.051 346 0.061 196.9 0.051 2769 0.041 2211 0.028 1457 0.005 179.3
2MN6 0.008 3333 0.011 266.7 0.007 12.0 0.011 112.6 0.011 - 228.0 0.007 53
6 0.010 206.7 0.012 273.7 0.007 114.0 0.015 . 0.020 221.1 0.008 262.3
MSN6 0.008  20.6 0.009 272.0 0.014 766 0.010 683 0.027 325 0.006 321.3
2IMS6 0.014 2786 0.017 293.7 0.029 886 0.015 173.5 0.029 295.1 0.017 260
25M6 0.001 1439 0.014 337.1 0.007 1583 0.004 5.2 0.017 358.2 0.008 335.0
Current 0.087 0.094 0.036 0.334 0.008 0.021
1978 1979 1978 1979
M A M _J 3 A S 0O N D 3 F M A M A M J J A S O N J F M A
T T T T T T T T T 7 T T T T l ‘ I ' x ! | ] I I I l ' '
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Ty Seasbai NN (41000} Kuala Lum
¥ ’ v LN pur 2
Tg.Kabong 08+ / ----- -
- 1ptes Fa
Port Dick .
ort Hretsen 12: /% One Fathom Bank
7g. Medang ’
Ty Kling 5. Malacca Y
/
Tg. Parit

7g. Segenting

Pu. Pisang
Pasir Panjang
S:/Ilaq Shoal
. ’/;;Yﬁfﬁou:e . ’\ "/ e
U L ahehouse 1" Angler Bank ‘ -2
Batu Ampar /\/\ ~~~~~~~ Monthly mean air pressure
X -—— Monthly mean sea level
Angler Bank
=N Figure 5 Air pressure and Mean sea level

Tg.A)ﬂm X
Horsburgh /\

Lliq/)l/ml/:e

2 10 ol—xo -2 % inferred

Figure 4 Monthly mean sea level
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Table 4 The result of the Fourier Expansion for the seasonal variation
of the principle constituents

First Stage Second Stage

Period | Tg. Pu. - Batu Horsburgh Tg.,” Pu. Batu Horshurgh
(Year)| Medang | Pisang | Ampar Lt. Medang|{ Pisang | Ampar Lt.

1 0.8 0.7} 4.9°|-2.6| 0.97] 0.9} 0.8™| 0.5

M2} & | 0.6 1.1 0.8 2.0 0.3 0.3 0.2 0.3
4+ 1 0.2 0.3 1.9 0.3 0.3 0.4 0.3 0.4

1 2.1 2.5 0.9 1.1.2 | 0.8 0.9°| 0.5 0.5
S22 | & 1.0 1.6 1.4 1.1} 1.1 1.5 1.1 1.3
% 1 0.2 0.3 0.9 0.4 0.3 0.2 0.3 0.2

1 4.1 4.5 1.1 0.5 1 0.2 0.1 0.2 0.3

Ki| + 1.2 ]20)15) 1104 )| 15]|22]07
< ‘] 0.9 1.6. 1 1.4 1.2 | 0.7 1.5 1.9 1.7

1 0.7 0.5 1.4 1.7 0.4 0.6 1.0 1.2

O] + | 2.1 2.6 1.1 0.4 0.2 0.3 0.2 0.2
+ 1 0.6 0.3 1.0 | 0.4 | 0.2 0.4 0.5 0.5

Table 5 The list of harmonic constituents whose speed close to the
speed ‘of Ma, Sz, Ki, O constituents, respectively

Difference in Speed | Synodic Period
MAz | =0.0410686(hour) | 365.2(day)
MB:2 |-+0.0410686( 365.2( »)
——
OP2-{ —0,0821373( » 182.6( 1)

M2

)
)
MKSz| +0.0821373( # )| 182.6( »)
T2 | ~0.0410667( # ).| 365.3( n)
s, | R /+0.0410667( ") | 365.3( 1)
2SK:2 | —0.0821373( » ) | 182.6( )
Kz | +0.0821373( # ) | 182.6( 1)
Si | —0.0410686( # ) | 365.2( )
gr | +0.0410667( » ) | 365.3( n)
K1 #1 | +0.0821373( # ) | 182.6( #")
mo | —0.1232039( # ) | 121.7( #)
o | «P1 | —0.0821372( # ) | 182.6( n ).
)

01 | MP:1 | +0.0821373( 182.6( n)
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Table 6 = Harmonic constants of the principle constituents (Mz, Sz, Ki, O1)
and the constituents whose speed close to the speed of the
principle constituents, respectively :

Tg. Medang | Pu. Pisang | Batu Ampar | Horsburgh Lt.

Hem) |20 ) |[H(em) {20 )| H{em) |2 )| Hlem) [ X(" )

Mz | 74.8 1170.91 93.2 {288.5) 76.1 |303.9| 56.5 | 283.7

MA2.{ 0.7 |325.3} 1.4 | 58.4) 2.7 1160.4| 1.7 {195.3

My | MBz) 0.6 (198.6} 1.2 (329.3| 1.9 | 34.1| 1.5 82.5
OP2 | 0.4 (260.1} 0.6 {260 0} 3.0 |151.5| 1.5 | 37.7
MKS2] 0.1 1213.4f 0.8 | 51.9| 2.8 {100.5} 1.0 }318.2

Se | 37.2 |211.7) 42.2 |332.9 30.5 {353.6! 19.1 ;335.5

T: | 2.6 210.8| 3.0 {3337 1.6 16.5| 1.1 ]297.2

S, " Re 0.5 1195.3| ‘1.0 {319.8] 1.0 1309.5, 0.4 | 56.5
25Kz | 0.2 ]165.9| 0.2 | 29.5| 0.9 4.2] 0.1206.7]

Kz | 10.7 1207.7{ 13.3 |330.9| 8.6 |349.6 6.3 |329.3

K 5.2 1104.2} 23.8 | 148.5}|°28.8 |- 98.9| 26.7 | 60.7

S 3.9 1214.0| 3.6 /238.2} 1.4 213.6| 0.6 210.3

1 0.9 |157.8} 0.3 {222.6| 0.4} 63.4] 0.3 51.9

K @1 0.2 |-89.1} 0.3 1162.1} 0.8 ;278.1|.°0.6 |326.3
1 0.8 |142.1) 1.1 1145.4} 0.6 86.5; 0.9 | 63.3

Py 2.0 77.9 7.2 |142.5| 8.7 {- 89.9| 9.0.| 58.0

O: | 18.8 1138.3126.3 |119.0] 29.5 | 52.8] 27.9.| 21.6

O1 MPy 1.0 {351.4} 1.2 {274.3| 0.1]303.8} 0.5 4.2

DR, 4OEORHEHRSFEHCERL LS FEILEHIL RISRhhc o LS hA. Ll
Sy # Ki BICIL B b s B IR AR » T b, ChbOSECH LTRIED X 5, Fheh K
B P WOBENRERERELTVWALDEELORS, ¥, ASwinsibd M # O 8 1 ERHESD
BEDBLIRA, LMo T 1 ARRSRCST A5, Tos#EEEZOMSVWAEL Tinbbil
AEBOESENSES AT, B UIEES b oS R0 2 ORI 51 5 TEERE LTRD RS b
DEHFEN B,

ZHEEEY 52 B LD EELORLAEIRDO L E Y THS.

M: # 1 MAg MBy, OPg, MKS:

S: #l: ToRe
Ki#: S
O #: MP

5. BRBRCHITHERE

0Ty e v YA R AR B IR, ST - T 6 AOBNTH S 0T, FMHOW
ROKBRIIET AR E b X5 E B\, $EIL~ 7 » 21RO ¥ H A {(H+H)/(Ha+H): 0.26~
0.32} kv vaH-AdEEo dEER ((H+H)/(Hn+H): 2.18~1.24) o—2o@Bciishs.
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<5y FYHGCIIHMIE LS 1 H 2 EOWEER & 1 3 2 BOBERESRD b, HAOHEREINIL, @ig
B LR TT LR S, RRIGEE 2.3~2.0kn Th b, BFIC X hET BEIRENRETL 5 03 TR
DR LI > T 5., WEIRME L HHEZNT St IEL R, HRANIROhTERSS, £ié bzl
EEEIRC BRI BN 2 B L Vo> T 5.

Y HR- AR T ABORELS L H1IE# T D, ORI WEEOR T H2EEREND. Wi
TR RBBCRE - CRISEBR TN, RREER St 4233.5kn, St.5435.2kn, St.6233.0kn THD. O
FHHEOWHIIERER Tt Y, BWREAER THB D, Y L HmoBRERIERCEM TERAI T &
EBRBOIXRPETH S, lE—DV 2D LIEBERSHEMMERAL RSB TOATDS. BTRE
BRI A BT 5 BN ERSE BT 5.

Table 7 Elements of tidal stream ellipses

M: Sz Ki 01 i |t o |

H, T11M92 0.10|0 52, 0.12]0. 31, 0. 01|0. 32, o ’ y

St 11|aas1, L) ove, Liziata, Llisrs w| 300 O 2| 11.2 | 13.4
St. 2 " 1.21,—10. 55, 0 0210.29,0.05]0. 18, 0.04 305 0‘. 2% 0.4 | 13.0

12.0, R} 49.2, R}219.8, R|168.9, R

1,02, 0.05|0.49,0.05/0.26, 0.02/0. 16, 0. 04 :
St31 " 196, 1) 94.8, L|222.4, R|123.0, L 292|028} 1L.7)1L5

0.70,0,160. 21, 0. 27|1. 10, 0. 09]0. 88, 0. 19 ,
St.4l ' og3 7 '1.309.0, L|56.3, R| 13.8, R| 206 |218| 9.8} 2.3

1.09, 0.01|0. 43, 0. 07|1. 67, 0. 04|1. 63, 0. 01| .
St.5| 7 139’1, R|256.8, L| 610, L] 23.1, L| 238 [217| 8.2] 2.8

0.81,0,03]0. 33, 0.05|0.79,0.110. 75, 0. 08 »
St.6] 1 loss 3 1l270.1, L| 59.0, R| 24.0, R| 208 |1.24) 8.0] 2.8

I : minor axis/major axis

11 : revolving direction, L : left, R ! right

T gk UV HR-APHRIET D, ERREROEY - BIHEE iR 2 # 1BREVE URRT.
o, FEROERREMOMAELE I5RORT. SO St3 kil 5 MEREEAR CERE LR
fER L dOTHSD. £AHROFSIH 14 KO St 3 Ol bic il LEBESCHIE L5,
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Figure 13 Tidal curve around the summer solstice
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6. 1EH CER LRBBERCHTIER
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HMEEHEN (5 A~98) LHHESBHRM (1A~3A) &255. Lil, <7 » #HRIIETEHRE, <
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TLEHA~MID. T, HESHBMCEERTS Y+ vEBOERBIRII Y Y ~ 2l d B - (v F A
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Figure 16 Variation of daily mean tidal stream and difference in water level
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Table 8 Mean difference values and standard deviations of (Obs.—Pre,)
on the case A, B and C

A B C

First  Second First  Second First Second
kn kn kn kn kn kn

St.1 M 0.00 —0.01 —0.10 0.09 0.01 0.10
SD 0.132 0.167 0.132 0 167 0.132 0.177

St.2 M 0.00 —0.01 —0.06 0.05 0.02 0.06
SD 0.139 0.158 0.139 0.159 0.159 0.154

St.3 M ‘—0.01 —0.02 —0.13 0.11 0.00 0.11
SD 0.162 0.218 0.159  0.218 0.154 0.237

St.4 M 0.01 0.02 0.28 —0.24 —0.01 —0.09
Sh 0.240 0.317 0. 240 0.317 0. 306 0. 296

St.5 M 0.00 0.05 0.43 —0.45 0.12 - ~0.12
SD 0.458 0.583 0.484 0.633 0,500 0.580

St.6 M 0.01 0.02 0.29 —0.31 0.11.  —0.01

SD 0.233  0.253 0.255  0.253 0.306  0.240
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‘Figure 17 Stations and Points for prediction .
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Abstract

A land magnetic survey and a three-component aeromagnetic survey of Iwo-zima and its
adjacent areas were conducted in 1980. Geomagnetic anomalies obtained show remarkable features
of strong normal magnetization for the greater area of the seamount of Iwd-zima, except for the
summit portion, On the contrary, the summit area of about 20 km in diameter, including Iwd-zima
in its center, shows remarkable anomalies of opposite polarity compared with the surrounding nor-
mally magnetized area.

Magnetizatién of an uniformly magnetized seamount can be computed if its shape and
magnetic anomaly are known.  On the other hand, the shape of the magnetized body can be com-
puted by two-dimensional Fourier’s analysis from its. magnetic anomaly if the magnetization is
known, Both of these techniques were used to estimate the shape of the magnetized portion and
magnetization of the seamount under Iwd-zima. )

The computed intensity of magnetization is roughly 1 X 10-2 emu/cc. The Estimated shape
of the magnetized portion of the seamount shows a deep cavity at its center from the topographic
surface to about 2 km in-depth, which would be attributable to high temperature of the core of the
seamount,

In June 1981, a geological and geophysical investigation in the sea around IwG-zima was
conducted. Dredged rock samples‘during the cruise were judged as trachyandesites from the re-
sults of observation of thin section and chemical analysis, Magnetic properties of the rock samples
were also measured, and a maximum intensity of NRM (Natural Remanent Magnhetization) of
about 2.8 % 10~2emu/cc was found for rock which contained many small grains of magnetites in
the groundmass.

Key Words: Geomagnetism-property of the dredged rocks—Iwo-Zima

* B=PIE Administrative Division,  ** JESE Surveying Division, *** B K2 HFE LME
ABIPT  Aobayama Seismological Observatory, Faculty of Science, Tohoku University,
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(1936) © X hWEII T3, XEOHBIMTIL, Swenson (1948), Macdonald (1948), Krauskopf (1948),
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(1972, 1975, 1979) (IHJE < HUE - HEREFHAFEL TV, REEOXWEDHORETHEE LS. —
é(mm)@W%DME¥%%§%%m?6&k%K,%hifD%ﬁ@%ﬁm%&%E%%L,EEDmEK
DWTERELTCS. G - 88 (1976) BEBSHEC W THEL, e (1976) LNBEBOMARS
BEHE LT 5. 19765 3 Ah HIXEILH SRR « v 2 — LB X - CRE COMBO #HRBINIT
bhTws (BB R e 2 —, 1977).

BB OB, WAL 1934 T BAKES S ME L, REFBHIHA 1045 S KRR K
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ZEMNTER.

WA 55 D DEEF RO L o THEE~DBROBE LBRO THELHRHET 500, KIUEBORK
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ThhH. AFTE 1980 HEKBNER Lk Lo £BINESRROZROMENINERR L Th b0
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2. BiREOXFEBHOHEMME
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FEE Ay, BETHEBRTREFEC X - TFH L BESH OFEMEY Figue 1 RT. KIUFIB OB
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Figure 1 Sea-boitom topography at sea around Iwd-zima
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FEEOBAEMH LR —EEE R (98 km) BT, dLHMUTRIELS (W4km), BEMTREI R,
AR FHEEFEROTINMCED bR TE b, BEAREE 130 m TH 5. HEHC L EEMAg#IOLOR
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(1936) ROEA - MUz H (1968) L0#ERE%L Table 1 RT. BHhE 750BHEMOBOF — 213, HE%
TEL Ul 1914 SEOIEB TR LB ROMESHHETH ), MESOE LOBADLESTHRHER LTV,
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Table 1~ Chemical composition of rocks of Volcanic Islands

Mt. Suribati, Iwo-zima Motoyama, I\vﬁ-zimak g&iﬁgéﬁgu' i(i:;z;lwo- %111?; [Hwo-
Mo gkl TG o WiEM oy | AL RIS
No.l No.2 No3 | -Nod ' "Nob No.6 No.7 No.8 No.9
SiO, 58.91 58.59 58.91 58.83- | 58.56 59,60 60.82 48.49 45.80
TiO, 0.82 0.74 082 [ :1.02 0.78 0.86 0.45 0.76 0.77
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Fe,0; 2.81 5.46 2.81 - 157 1.80 0.83 . 115 2.77 6.34
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MnO: 0.16 0.20 0.16 0.30 0.20 0.26 0.39 - 0.22 0.21
MgO 0.88 097 | 0.88 1.07 1.01 1.34 1.79 517 6.21
CaO 3.47 3.44 347 312 - 3.37 3.10 3.35 1247 12.19
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(CeY).0s 0.001 0.007 0.005 0.001
ZrQ.. |- 0.005 0.005 0.013| . 0.010
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S 1.313 0.527 |: ’ 0.060 0.054
Total 99.971 | 100.398 | 100.23 | 100,131 | 100.015 99.80 99.93 . 100.16 99.73
S | B A olEpRRE 5% g | ES R WEEET R | N R
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1.8X 10 cal/sec (19684, ST, 0.8~1.1X10° cal/sec (1975 4, TLEXZEHE), 1.3X10°cal/sec (1978 4%, iL
BEEHE) 72 & 1925 ELA% 1 X108 cal/sec (540 MW) WIEVWHEMNHET O h € & . HEADOKUTEEBOR S
Rangllahicfle U, B8 (19785 JNEKH)- 2100 MW, G (19795) 250 MW, ERIL (1977
) 140MW, AEIL (1978 4F) 120 MW, EE51L (1978%) 85 MW, AU (19774E) TOMW 72X THD
(Kagiyama, 1981), B{XHPORERBRTIEVThIFHREOLGFUTTHS. 2O b IRESOREAER
AThh, LrbtREECh s TRELLEOHBThbhTn L ELS.

BABRRE oW 1887 SELRTHETRD bR TE b, ChbR TR UKESBR TH- 7. HREHIL,
1976 4 3 ALROER BN R L, HERLL, AREER A BELLI LSS, LELF
BECE 1 B ) RERECh b (B SRl v v 2 —, 1977), BRERCHER ST E~NEEN
BAdlnw,

BR&BTTHLRACESEEOHR, P15 100 m BE X LR 50 Qm v LEW BT OEHIRH A 515
LT UMELFia, 1975, 1979).
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Bl X 510, BB O KITEBOEIE, BIEOKIL7 = v MCHBTHICb2hb 5T 7 40 ) R
FIDEECHRSRTBC L, BMIICHhE ) ERAER - BRI TV h S &, Thbi LT
BEBNMERZ LI ETHS. ' |

3. ELESAE
Figure 2 R T &R 44 IS WT T v b Vv BIEHC X 5 &RDESTHhhe. HEOEEIN T L
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TR BRssE7H 158257180 (4 HED

W oE & Hrees) LHE— :

W E B 7w b VEHE (RiEEH PPM-739CHD)
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Figure 2 Location of observation points of land magnetic survey
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BAC IS A N 7 — 2 (KBS BBIRT « 33°04. /2N, 139°49. ‘7TE . )DL NEDZEOBZEIRA 21 nT T
Hote. HEMBHBONALEDLRN AL IRIFIH 00T Thote. HEBMEEALE T LRIEE
LOBFRPE DR -TWEEELLRDH, I HYERRAPOHARChLEic > CRElLTCw50T
(K& 7 197, HEORMEILMIEX ALED 7 — 22T
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MR ERN T HWESR R Figure 3 WRT. RAMEGTILFRED 40,485 nT, B MERZ Y REAED
38,977nT T, %£D#i%1,500nT KET 5. ‘

B Bl LOARNA TG, KRIICIILR TR C TS\, & OERIEET 5 FHE 1,000 m 30
bmgmﬁm%oﬁ%a%ﬁof%b,m%%ﬁﬁ@msznﬁﬁu@&vﬁ%ﬁmwﬁﬁiéﬁﬁﬁwmw
%KE@T%%DT%%.%BK%L<MEﬁ%%E6&,:Di%%&@ﬁmi@bt%wﬁmwm%%ﬁ%
HnESRD, ThHWBRNED & CROGUBRCHIESE (RES) oM LTWEZ LRRLTVS. £
ROBREMOREEESINT D L FRAIRBBME, 2WNFHOETH 5, FHy WAL, T,
BT QYR b B HRCE B IR —#5 X OFEIIES (Figue 32 Thb. P r RHEO AORY
L, & O CERAEE DR AR B LT\ B0k LT Bl & Bibh s, fes AT HRE s
BCITAERITIEO 5%, 1,000 b b 2,000 b v ARRBE LTRE LT HEMET, FREO—ficits
RSB LA TR TH52, RBHEEO/NSIBHiaBATHETS LV OB X » T, TOBEBYHHIRE
BETZENTERLIDEELZBNRD.

Iwd~zima . }

Figure 3 Geomagnetic. total intensity distribution of Iwd-zima

4. MZTHIAE ,

KRBT LTI T 4 ¥ 2 VREHTARD SRS MEBIRYEFL, #FEERE LRLEFD T peL
FiE LA-701 588 (YS-118) ikl L, MERESHBIL 7 7 » 7 27 — P EIRDH RO EBANER © &S
WELBEBZCHERIR W5, MEBOBERLTOLE DT, 73 v 7 A5 — P EREHFHIEEE, (1979)
X o THBEIALEARDLO LBEUOEKBEBR THS. Ik, ChbiELdTIry 2 X4 Y73 4L1LT
Figure 4 &7 L ,
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Figure 4 A block diagram showing the composition of the
three-component airborne magnetometer
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O WE=—-A  FHEELHRLETHEE 130 km OFEFEOHEIR 7 Mgk : .

Figure 5 HliE= —AD 5 bEEMEC—BFEHRT 5. FZERESAR PRSI RGBS B AR
CRBR - Mil) ~Fpidd, BERKE LOBNERYREL, =ZRGY v 727 2 v+ - o FEaRORE
CHTAMEMERIET S & &b, BEXHER Uk, FERUMERSEO v v —% #dBla LT5 &
BULIOESERERL, MERKEOHN L BRIBEFTO T — 2 bEH Ul MEMSESREET w0 M
KBS EHETHL0THS. COFBRMBUIBH N OFEERFAEI InT Thocal, BHEOFAR IR €V
F-REEEEREAYERVWLIES L ERTAROAEORERELEDL, MEBELOLO DO ER
3nTHRHTHHEELDRS,.

25°20°

24°20° '
141°00" 141°40°

Figure 5 Tracks of three-component ‘airborne magnetic survey in the
vicinity of Iwd-zima. Flight altitude was 1,000 m.

BREE COMEMINE T — 2 DM, KBHMCHRShLY 7 by =7 @LRET - 1978) Lo fis
fo. Fo A ABCHER UEETHEBIEAESRE ACOS ¥ A7 4700 Thb. MMKEEED, KE NASA
PHRES RS ME DT IT L e MAGSAT HED 7 — 2 2vb A Shic MGST(6/80) % MRS L LT
HH UL, HMBKERSORES 4% Figure 6-1~6-4 1277 o

BEBORBIATIMOWNEGREE, KUFISOWEHEY L EDTAVEIRIC OV TRERRD = 7 L ORS
T B 2, BEBROEDEHOMMARE L, Bl bUHRo = 7 L ORI TS flxid 4X
TR IHEEOH N EDORFIR, LHHCADRERMNSH LA, REEEHRLLTHEE
#10km PHOFECREBENL ECHEMCE HUCEORERSH LTS, 20X 5 KEEINCIE
EWROLEOBEORESMHETRTE, BEEEHOETHLEY 10 km A ORI CLIHHEOILE DS ©
BRESHO L 5IERE e DRI, 10 4Y, 4Z, AF e Th REbh%. HEBRBEEEDFTOoKUTH
b, HLESEHEMTED EXELLRR. COMERO X5 LEESFHORKBIESEROMINCERT
L0 EEL LD, IR EHMEEROTLRL, UEOHLBTRCMEABER LTS X5 G834 EONE
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HRCOBREREITERTTHS D LBEbI D, IoRHEE CHE Sh - RBIRESH» D, BKRER
(B LB MEDE) TARIT1,800nT TH b, WEISLOEEN 1,000 m B THEShMEE LT
EhBTAEL, BEBOEBIZLD THIMELEEA TERENTWS VWD, Bt Bl - FH#EE
FHEOMERLIEOT b, EWART ORKIRE & WHE~WEEMOBEZEY RTa5 L, kil - 1,000
nT+ 1,600 m CKEHHHE - RAFKERD, 518+ 800nT + 600 m (Hagiwara, 1965, INHEEHENE), FEXE-
2,000 nT + 450 m (#f LREFFAKE, 1979), ==& - 1,300nT « 600 m (Utashiro e al., 1972) 7 &TH Y,
FHEEOAWNEEORBRFEAEDOLARERTIAEVWEOTHD. REEOME L ST 2 HRRIE
3, BSOS EREENL—AIOX I RKEVCERERTERE LW AFRRERE LTREXE VL5l
bbb, ‘

BbEnz b2 @EACHET 51, Talwani (1965) OJ#K TN Nagata (1938) D JjiksbEshi: Hahn
Q965)DHEIT L b, BB OBRE RDD & L HPLOBILHE L. Figue 7 WRT IO ZD 2D
OFFER S DR LUTHERYES LR,

24 348'00"

1410600 .
[ 5 10. 15 20km
Loy s beaaald 1 ]

Figure 6-1 Distribution of north-component geomagnetic anomaly in the
adjacent area of Iwd-zima, at altitude 1,000m. Reference
field is MGST 6/80. Contour interval is 200 nT.

Solid lines are positive and dotted lines are negative values
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Figure 6-2  Distribution of east-component geomagnetic anomaly
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Figure 6-3 Distribution of vertical component geomagnetic anomaly
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Figure 6-4 Distribution of ‘total intensity geomagnetic anomaly
Computation Procedure

Model Topography of Geomagnetic Anomaly
the Magnetized Body Data

[] Talwani (1965)

Magnetization Residual Mag. Field

Two-Dimensional
. Hahn{1965)

Fourier's Analysis

Correction for the Model Topography

Figure 7 Schematic diagram showing computation procedure to obtain
best-fit model of topography of the magnetized body and its
magnetization
Talwani (1965) D7k, (UKD & Uk EEOHBERE S M6, WEOBAOMS LHAERD S
30T, BHLLAUGORBRSABOSEHR TAUT 20 THL. LB, IHEORILIBE—TH S LEE
T 5. HRERFEOHEEY 4X, 4Y, 4Z, AF (bR, B, $#E 2MNERS) LU, Rbo XYZ fiak
Jar Jys Joy WHEDHTICBIR T B 4B R S % V. (=1~6) &T5E,
AF=J, (Vi cos D cos I+ Vy sin D sin I+ Vi sin D+J,{ V3 cos D cos I+ Vi sin D cos I+ Vs sin I)
+J.(Vs cos D cos I+ Vs sin D cos I+ Ve sin ) ' (1)
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AX=J1VI+J1/V2+JZV3 N - s (2)
AY =L Vet T, Vit Vs e i (3)
AZ =T Vet J, Vs+J, Vs ' €Y

Y LESRD, SEEHEREBIND T — 4 D 5 LHER RO E TS 48X 48 knt O 0% — 4 4 DK
PRI L D, 31X31 EOSHEHT A0 MOMEER L, TRBRFT L, Jy J, Rk, LTh
0 ERORDD L, Ty o FUEORETH—ChB EOBEDTIC Jo, Jyy Js ERDBBA, 1 om0
HERTRTHD, £ LToTh | RAOUMARHSTAMES RCCDIEBI, Jo T Jo TTRRA
BRI L > TRD D T ERTHETH . ithﬂmcm%<@ﬁ%mhfﬁ%£®%ﬁ_&r.MJWL%ﬁ
5 & bTIHETHS. %@%h%?«fﬁﬁﬁrlbmkkﬁm?6 &%ﬁ&f&t Bk Ui iifk o
%%%vMiK%%ﬂﬁ@k#m@@wakﬁ%ubfﬁmbt 05 LHAL TG ZRIR Lot
Figure 8 TH5H. ZDEF AL Fxgure 7 Lr?d%ﬁ:ﬁlﬁw% Dﬂb%ﬁ‘f/f@fbhk%@’@iﬁ%. FHREO
RELRI T, Jyy Jo Ok Table2 WRT. BCIMLORARTRAOELR Lie. ThbofEE Bk
%ﬁﬁ@ﬁ@@ﬂﬁ%%@ﬁﬁ(—55)&3&%(%E)kﬁ#&bikofbé.Lii4X#B,Lbi
AY 255, Jo 13 4Z BT RERER L RHER R IV CIHE L ic O L,

Bis B EOEEORMEOH N, BECHRBBONHLIMER T THS LELLhBLEPIbLT, &
DL RHERRLE ok COHETE, —HCERLTLSb0LEELT, LORMORS & HfEID
BLOTHEN, OFRORBIAE HD I, BT L RABCHESh, LinsTBbh
THBEPBELES LB L T0ELLRS. 2 CBLACBEROBRTOREL LTIhbOEFAHE
X B SR OB RS &

Goodness Ratio= S {|4H,|/|ril}, AdH=4X or:AY or 4Z or AF, r=residual
% Table 31577 it%rwﬁﬁﬁ%%F®m9l~94LW?

arfhm(w%)@ﬁ&kxof,m@@Twmm@ﬁ&fﬁ%mkﬁ%Ltmﬁﬁ%rweﬂmwgmg
M U, BEE ORI Y L ORKEGEETE, WESCHRAREAHE =540 LIS hicHiRg
%%ﬁ%ﬁmx<%ﬁ?énf@%o%&5/mm@@géﬁmmT@m2@*m@%@,5ioaxm5§
iLtc Jo AY 2 BEH Uk J, dZ b5 LA J, #5EA L, EH Uk, Hahn OJECHE £ THRERR
GAi%k 2RIL7 — U =R BT 5. %x@AZﬁw%r@@%%ﬁmouf%Bhé% ZhE2RIL7 —
) = SRA JRBR L C

AZ:%O%GZOEP,,‘" cos {2nlrez+my)/ A} +Qn® sin 2n(kz+my)/ A} ] - (5)

G=r/2, A= ras (6s ki%% 150)Fﬁr)

Wi 42 HPEE» S 4 K THOEY SO ETAMEEAERORRC I - (ERTHL2ELS. £
Oz, ¥ AZ W Ad 120 downward continuation ®iFE . GIRDOEADKED 5 BHEEOMR D kI
B84 % —IE% partial wave Cn® EFESZ ERTHE, G REHELT

Cr® =Py cos {2n(kz+my)/ A} +@QxF sin 2r(kz+myd/ A} ' (6)

=Rn" cos {27r(lcx+my)//1 ©n"} B
Co" W& 4d 726 downward contmuatxoﬁ gL Lt%@% C &35 &
Col¥ =Caf exp QuddVFFmi/ ) N



302 S.OSHIMA, T KANEKO,K.ONODERA,H NAKAGAWA, T.TOZAKI, M. MISHINA, J.OSSAKA

0080 11pt
RIRLRL]

8Z L 1YL
8o 00,52

| e— SEA LEVEL
Topography

. 1000
Non magnetic

part Surface of
the model of

the magnetized body

e

2000

e CEEEE

I
13000m
I

Figure 8 A model of topography of the magnetized body in the adjacent area of Iwd-zima,
Unit: meters. A N-S cross section was given on the right of the figure along
the dotted line on the left half,

Table 2 Calculated magnetization of Iwd-zima from the geomagnetic anomaly
distributions. Unit : 10™% emu/cc

Magnetization .
J Jx J¥r(D) J(1)
Mag. Field

4X 9.82 6.61* —0.79 (— 6°.8) 7.23 (47°.8)
4Y 11.25 9.31 —2.72%(—16°.3) 5.69 (34°.1)
4z 11.68 8.44 —2.32 (—15°.3) 7.74%(43°.7)
4X, 4Y, 4Z 12.46 9.26 ~4.96 (—24°.7) 7.18 (42°. 1)
AF 11.97 ©7.47 —4,01 (—28°.2) 8.45 (51°.4)
* 10.53 6.61 —2.72 (—22°.4) 7.74 (51°.2)
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Lich o T 4Z & 4d 1} downward continuation ®13.&Z LIzl 47’ %

: ) : o ) . ’
AZI= 2 E lec' ! . B (8)
m=0 K=0 . :
R ra® % . T N \\
T - \
= Rn"/ {4nJ*(sin® I+ cos? I, cos2(d+a))«/n2+m2//1} e (9)

EEDTHL. (9);%1.701{9@4!:0)%@)(1{(&, I RRHLDIRA; . ai¥ partial wave Cof DBICER TKFEIIjH
Ealh BTAOEEYEDE %@Eﬁﬁﬁﬁzfdtr‘]%kﬂbf@%) @T&?ﬁ, 8BRS B 2B E TOMET
»%. thbIRX b partial wave Cm",' m«me, BEED D -dd. nH‘Fﬁoﬁ%:nh LETH, WET, R
I wiHiRk LBk AR ORR zm" 01: RD LD L%*T z }:7):1*?6‘ P

Zn"=—ra" cos {27;(xx+my)//1 (om —7c/2+Ir’} S /) / ; 10)

v

Table 3 Goodness of fit of thé simula'gién v"calculatigﬁn.

Standard G katio
‘ Deviation : DT/ 2R
ax | 271nT 1.14
ay |- 94 1.25
4z | 317 N 1.46
4F 291 129

e b B 8T 17240000 REES

Nel?a

¥EL 24160
10 24340

KEISAN - X

HEIRTs 1,0

Figure 9-1 Distribution of computed geomagnetic anomaly (north-component),
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Figure 9-2 (east-component)
bt R 7 1/240000 e

Y

KET 141-60
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KEISAN ~ Z
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Figure 9-3.- (vertical component)
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i H Yo% F 17240000 [FE

KEL 141-8-0
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KEISAN - F

HEIGHT= 1.0

Figure 9-4 (total intensity)

7272 L  I/=tan"!{tan I/cos (a+ &)}
Ltﬁcfmﬁﬁwﬁmeﬂﬁmnéépﬁka*bé:aﬁfga

SOV THLELUOFHECHE L, BEBhORAORRYRDHZENTES. LOBAR

2t =—rn’ cos{2n(kax+my)/ A—¢n*—n+I + I}, I'=tan™ {tan I/cos (a+8)} an
FEOFHEFHETIL, 4Z O linear trend £H 52 UDBVTEL 2L, RDLALBRICOWT HHEYE 7 4
Ar =R DS EREORSEBRET S LR L OTRABNETHS. T REEFABOMCE RS OWT
13, BROBEEME-T & LEE L by, ‘ ‘

ERS DWE T — & LHIEED Talwani DHEEC L5 T F AEKE L DEY, Figure 10 WRT. T OfEH
SWET 700 m OFEEHLE LR ORREY B L. Figure 11 4% 4Z OXpbLROLERTHD, AF
DEPDLRDUEFERICHLEBER LU T -, LD T—EERIE T 57 51T Figure 8 OFEEORMSE
EOeF A I OFEEREE - THETAE, X0 ZRECEVWEFAHEERENEBOh30EEL bR
5. DEVPHELOBEAEFES 1,600m OUE, HHCHES 800 m Ok MmTsL b, EEHr
800 m, JLFEHIC 400 m DEIDFHEBI DR, TF IR FBINDTHD D EV D ERRLTL
5. L LBREOWED Bk 24 ind 5 2 S XREN Ty, chbolifsefind s L MBERRES X M
BT BEAE, FELERMEL ) SORBMIRHE LTV B SO LHEEShD, BB & 20ROV TN
EAEEF AR BETHBEREGD, Fialc 200 m BEOKE S0 RS HE T 5 BERSD © LR
RTVB, FIREBREBOTLA SIMOERC I TS L0 X 5 RRRE T b, FRBRETLS
HINTERIF 2 ) —HIVES, BRF ) -HIVERTHLTHENRD D, BEEFIESTCD
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Figure 10 Residual values of vertical component (obs, —comp.,)
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Figure 11 Depth correction for the surface of the -
magnetized body, Unit: meters. _ -
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BT B EEL bR, BET 700 m (UER T 1,700 m) EDES 200 m OHRE L FREOHBIETE L
FEE (EE 1,000 m) R RETHEMEOERBOBE I LER LERY, 2iE150m BEThoTe. LH
S THEMECE X 150 m OFRBEAMT57ebi, = F LS bREBEI NSRS DD

CHBLOHBEFERYEERL LT, REBHTOHMORNYE Lice T % Figure 12 7R T. 1ol LIRA
EOSHMBORE I DERERE, XV ENOREEEOHROBEED LirkEAIRELDOTH-T, —BEl
B —AETTIOR TR, L, BERSHEORE LTI ACREROHHMBASH LTV
ENGD S TED, TOT L EOHEERIERNNTSS. .

Iwg-zima : » ' '
B f SEA LEVEL A
e —— ,
— SN L -1 500
i i 2 =8 —1000
= 1500
= X —2000m
D Non magnetic
0 10 20km

EJ"‘]X1O_ZGH’\U/CC I R I |

B J~2x10"emu/cc

Figure 12 Schematic section of distribution of magnetization in the adjacent area of
Iwo-zima along the line A-B shown: in the Figure 11.

5. BESALEBOER !
S CREEAREE SRR B R, KILDWEO KIS EIEE TIC 55 O CIHROREIR S BT 5
CLLEETHLEHMIRG, FLHSREOKERESLREEMNTCHEIBIL LSRRG LTV 5 L TR
Shich, FhbRmEbE L oRRGIECELOEETH S, TRESCHMEEO I Y VT A4 VE
FRECEUOEETHLONRHRTH L NB Lol LaL, HEERNTOMRECKS, Thizow
TUBIEE O & A ERER L SR TRLT, HERSADBRONE - WRYESHHAEI AR TH
BEEZ LR, 198146 FKEKMIEMR ME¥E] (1,800 b ¥) KX DFEERIBROME CUMRE - B
B2 - WREARDNE - EOUE - BERE) AEHRhE. ThbICOWTRIREMIRENTEShT
WHD, O TREENSERI W EAORESC OV TETORBREL RS,
BB AUL Figure 13 ®E 8D, Nol~808MATHY, ThLOMERUKAESEL Table 4 17
T, TRDEBATHRS R EERUTOL S ) TH 5.
No.l B KUmEdms, SoMBEShRBa~KeR U - BRESTUVEIOURE - < 3 AT . &
e LAKGERICARES (Figure 14), A¥212m. o
No.2 B (—HEBG) A=y 7ERE ¥ H 2S5 LK) ~HEkFigure 15), K 543 m.
No.3  FZ~K < 3 AR - S FUEA =y 7 W (% AL, Wb bk X HEAE
L\, AKEE212 m. ‘
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No. 4

No.5

No. 6
No. 7

No. 8

BREORPEL Uic - AN - BaA29 7 (2~5mm), WThd b TLHIE, KiE
499 m.

15 em KOFEABERE LA 0N AR BOIEERER, hRBE&S Y 5 AH, ST~
ATR2FARLVMVEDT T o 7B, FHRED I AFMRE - B em KOBRBBEAKR: - A2 Y7
WHFIEE (Figure 16), KiE 1,525 m.

B A2 ) 7HEMBE~HRE (20~2 mm) - 2§ AR (Figure 17), K§ 569 m,

16 em KEOFEPHERLUESEREH, KAV 7 AH, 1 on KORRAHSE1RSH R L L, 5L
FCEIS - AEDS5~2 cm REUEAR - 2~1.em BHEA T AME (Figure 18), KR 1, 660
m,

BRODPVICS em KOMER 3 M, BHEAGRY=RCERDD, HVBHHEF KOO
BUESEI B RS RERORHC2 mBEUTORERORZERATINEE CH S
(Figurel9), 7Kg 579m.

No.5
O
No.6
No.3 O
@)
Iwg-zima
No.4 No.7
No.8
O
No.2
O
No.1

Figure 13 Dredged points and their site numbers,

Table 4 Position and depth of the dredged sites.

Site Lat. Long. Depth
No.1 24°33/.3N | 141°19’.9E 212
No.2 24 41.5 141 20.2 543
No.3 24 50.5 141 08.6 212
No.4 24 47.3 141 13.2 499
No.5 24 55.8 141 20.7 1525
No. 6 24 52.2 141 19.7 560
No.7 24 47.3 141 29.7 1660
No.8 24 46.3 141 25.6 579
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(e o - I

B“#U%Eréﬂ (51:7 :

Figure 14 Dredged samples of site No. 1. Figure 17 Dredged samples of site No. 6.

B2405646F (54
it #E B 7 s

FEEwE o 2 |

/»i_:i

Flgure 15 Dredged samples of site No. 2 Flgure 18 Dredged samples of site No. 7.

Figure 16 Dredged samples of site No. 5. Figure 19 Dredged samples of site No. 8.
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Figure 20 A photomicrograph of the thin section Figure 23 A photomicrograph of the thin section
of the sample No. 1-10 of site No. 1 of the sample No. 7-2 of site No. 7
(trachyandesite). Mt : Magnetite (trachyandesite). Py : Pyroxene
01:0livine gm : groundmass

A o1 A - ik P, A

Figure 21 A photomicrograph of the thin section Figure 24 A photomicrograph of the thin section
of the sample No. 1-20 of site No. 1 of the sample No. 82 of site No. 8
(trachyandesite). Pl :plagioclase (trachyandesite).

-

Nl

A ¥ ’ e R e £ -

Figure 22 A photomicrograph of the thin section
of the sample No. 52 of site No. 5
(trachyandesite, obsidian).
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DEDERD S, TOMETERIhCEBELRD WL 21D L DI 2T, RENE L EMEEENER
KEWHEPIEIAHBERK - P HIER - FHBREE DI X » Tfibhi. Zo#R% Table 51RT. ¥k, &
hbOERDESFHPFRLREAFE TR S hic. LORRO—H% Table 6 1/RT. 7e¥, Sample No.5-
125-2R0'8-1&8-20FhLhA—OEREFE LichoTiawy, B—A cERIhTREE
CALRRZBLOTHSD. Thb T~ CHEEME EOHBLUECEUDERETH -, BERILA®
REEHOLOND Y, S0 EEFENI~6%DIv. LV EFCILERROERNEETITEESD
5.

Sample No. 7 -2 OEGILED T BiE%R L, NRM 122.81X1072 emu/cc TH 5. MERIMED T -
20LFHERAD NRM %1 X107% emu/ecc BETH D, 0O 5 LBERIFEREMHEOMV-IBIBEOFE
BELCHHRBELE TS, 207-208AREEPCHET 1 7 v VORBOMBM MESEEL{FATVD
(Figure 23). ThresfL, Mz 1-10 OAARAEPORMKEED HFA M, NRM 35, BENEY
To B RO ODEMEEEY Figure 20~24 KiRT.

Table 5 Magnetic and other physical properties of dredged rock samples and
descriptions of the thin sections

Site Sample D;?:éty emu/ 'ccc/ Oe eIr\xJEI/\gc Curi’eC Bt | Q@omatio en{lal/ g
No.1 1-10 2.38 1.1X10-® 3.33X10™* 345 0.8 1.636
No.1 1-20 2.16 5.7X10™ 4,21X10™* 380 18.5 1.088
No. 5 5-2 2.79 2.4X107 3.46X1073 360 36.0 0.749
No.7 7-2 2.60 4,2X10™ 2,81X107% 325 166. 4 1.343
No. 8 7-2 2.39 2,7X107 1.00X10™ 390 1.3 0.317

1-10 plagioclase-aegirinaugite-olivine-magnetite trachyandesite
1-20 plagioclase-augite-olivine-magnetite trachyandesite
5-2 glassy plagioclase-augite-magnetite trachyandesite
7 -2 plagioclase-augite-olivine-magnetite trachyandesite
8-2 plagioclase-augite-olivine-magnetite trachyandesite

Table 6 Chemical composition of dredged rock samples

Site No. 5 7 ) 8
Sample No. 5-1 7-2 8-1
Si0: 56.20% 57.18% 53.06%
AlLO, 16.70 17.83 17.21
Fe;0s 1.96 4.06 2.28
FeQ 6.43 3.50 5.06
MgO 1.92 1.68 2.94
CaO 3.61 3.84 3.88
NazO 6.44 6.11 6.52
K:O 3.22 3.16 3.00
H0(—) 0.10 0.53 0.61
H.0(+) 1.21 1.16 3.32
TiOx 1.03 0.80 0.93
MnO 0.26 0.23 0.23
P.0s 0.76 — 0.60
cl 0.14 — 0.35
Total 99.89 100.08 99.99

¥ MR R AR
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6. £ = . ,

ToRABRICE B D, HEEOR MBI 220 MW fa L 50 MW &\ 5 R BOMED, - & 2 60 F£1L
Eebie T WA, LA TI9I4E6 A0 THEM] X 58 i, K200 m LROESE Cliis
ZARRAM IR T SEd, BEOENFHLOBEIESEIRDLATE Y, KUBHAERCRA THSC &N
b bR, SICKEE 200 m BAEROHS Tl R ERBEOREATHR TW5 LT 57 bIT, BEEEILRE
DFE LML OKBEOBBECETLTHA S, CORMBRE LR bhTW AR kE L ERcBEERE
EEXADELICOE, WTERYEOERIMETOR TS DEEZHONTYTHS 5.

BEERE EcoBENMESR, L, HRMGEL ) EFELHELEOHROTURLICHL - TR, M
WERELTNT, fRBCaENCEBECESNEET S LD LEL LR TV (MUED, 1975, {TH
SEHERIZED. 1981 4F 3 BICKEG PR LIS EOBNRERE £ AR Th 1.

—7, EEHFOKUOHIMELER,D, SEHEFBURO TRIFEREOEENTFHIh TV L OK, KE
(Utashiro ez af., 1972 ; Vacquier and Ueda, 1967), R GEARIEA, 1972), HHEBFE (S5&, 1971), &
il (Nishida ez al., 1981) I EOfRHS. chbiZwuihd KUERBIRETH S ey BiEREkbh T
VELDOEFBRIN TS, HREAICEEN DERMESNEEEOBVEROF « ) —&FIX325°CTH Y, i

HE QWGP BUOEE THE S LT3 O THINE, FEEOHT 2,000 m BEE THAT LTV 5 IRk
O ThOOREX YRR -> T2 DEFLbRS.

S WA IS A EORICH NRM 0ok 3T b R S o, E%¢@mﬁ%ﬂﬁﬁfﬁé%
A NRM 2 &b TG o E AR SRk, :

CRE CRMEIE TR A S { OWILITE, INfko LERERETH S & BHR T % (Harrison, 1971 ;
Uyeda and Richards, 1966 ; Richards et al., 1967 ; Francheteau et al., 1970 ; Vacquier and Ueda, 1967): %o
FEG KRS O AL (Bonatti, 1967) & Vb TV, UL, SEREES kX 5 RRSHRORE L
NRM O & 0 BFEAMEOBTICoWT bR b1, KPS CRAHEEIE . % Ok b gAY
Bl b, BEREELTUED) R ) OB NERETHD O X5 LHREREYRIETI LB LS.

BB OEEEILE, ROy # v MCEFS 745 VET, EORBIEHESh T, KT
DKIED S b, (LESHOLINLORFTE Figure 25 DL F D TH 5. IHESE (BE, 1936) XUEH
BEE GBELERTKBSER, NCLTSH) Ciy v7 4 VEXREVNEH SR TE D, BEEETOREL
WHRE CRRHEE OIS km - OWER KEER OB b HELE GEE, 1936) #ELRTWA, JtHi#
BROTIR S TRBEKIIERED bhTx 5T, BIBRRCY - TREOMI Litofb LW Z LR
HREE L TOAREREND, KINEHIEJKRELTWAEDEELDRS, LA T, ISRADKI
%ﬁm&of%kakaw,7v74bEiﬁ%DE&KWV?ﬁ%%&U@%mD%O7»ﬁU%D%@ﬁﬁ
PhidoThsrd. ChLREOKUENERE LTERSALRERE LT, BHRHOZRVR, Zoffgo~
2 TEMPE R Y T FGEN BT, AEME STV y e EOBENE D T L EEL DR,

SEOEEHFIRTILY V74 PEO ERMERE N -2, HEEME TR AREAES R shi
ok, BERILEY ET A EEROE» O 5 kn OEEEETY V7 4 PEXRESRHIhTwb L L,
AT ADHERLUDBEY T4 VEXRECERCTLEDT7T VA Y E% ETHZ & (Macdonald, 1972) 72 &4
b, BREOWEOERRY LT 4 VILRECOBTRIELAS AT,
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8102 EFe: Na20+KZQ
Tholeiitic basalt, anal. H., Tsuya
48,49 10.67 2.35 ‘
Trachy andesite, ) anal. J. Hirabayashi
56.20 8.19° ' 9.66 C ‘
Traéhy andésite; ‘ ahal. S. Tanaka
59.60° - 76:62 10.28 C

'_~ Basaltic trachyandesite, anal. J. Hirabayashi
53.06 S 711 e 9,52 :

‘Olivine-pyroxene-andesite, anal. Geol. Survey
F,////;so.ez 4.50 . 9483

M —— tholeiitic basalt, © “‘anal. J. Ossaka
45.80 11.32 2.43

[a} f’\(‘@

Figure 25 Sea-bottom topography at sea in the adjacent area of Volcanic Islands
and chemical composition of rock samples. K : Kitaiwd-zima ~** .
NI : North off Iwd-zima . I:Iwd-zima. EI: East off Iwg-zima .
F : Fukutoku-okanoba ~ M: Minamiiw6-zima
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" THE HYBRID POSITIONING SYSTEM AND THE ACCURACY
Mitsugu Okada* and Akio Uchida*

Received 1981 October 6

Abstract

A system was developed during fiscal 1980 for THE SAGAMI-NANKAI TROUGH
SURVEY, and mounted onboard the survey ship SHOYO in early 1981. The system is mainly
composed of NNSS, giving geographical positions discontinuously, Rho-rho loran C, giving relative
positions continuously, magnetic tape recorders, logging the data, and computers,

The characteristics of the system are as follows: .

1. The Rho-rho loran C or hyperbolic method is available, and 3 rangings (or 3 LOPs) by
cross-chaining can be measured simultaneously, so that better accuracy is obtained.
2. In case of Rho-rho loran C, full digits are measured so that no ambiguity remains.
3. The ship leading information is displayed on a CRT to help steersman easily enter a new
sounding line and keep the sounding course.

This system has effectively been used in 4 survey areas for a total.of 110 days in the past

6 months, and the target accuracy of 110 meters has been obtained. This report introduces the

functions of the system and its éccuracy.

1. Fanssz

FELT BUBEOEBNMENTES VAT AL UT, 7 AV A TR IMES AR GHRIM Y A7 A (I
T NNSSEMEE) & r7V CEORBEMNOBRANEEY 2 Vv a -2 THAEL, i 0 10KEY
HTSE TR (Magnavox Model 200 48) ZBIREM LTE Y,

— %, RAECIIER, 197457 » » RIS, T AR THETT W L RS O
BA bl bHMEAROKEDOS Lic, NNSS/p-p v 7 v C HAWREEXERL, vvHo2 - <n sy
Vel R KT CRNRAIC I S ke

AR AEE, - W 7 BRSO L OBBRHEO—RE LT, W55 SRR
L WEMBHECHER S MIc NNSS & p-p v 7 ¥ COMANEETHS.

KEBIT, <7 o » RIS OBIREIC B LIRD X 5 R & > T 5.

* P Surveying Division
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1) »3vYCRBIS pp HREBWTUR3 Vv oRIED, Fh, WEHEHR T 3LOP JENRRCT
Foid, WEMBOHENRL, Wihb7rAs=dy (Ribr 7Y CHR) OEANTIETHS.

@ p-pHARTH, HBLELE (Ambiguity) DI WENHERTT S .

(3) BELECEEBHEIATRINLOT, SHEURLOMENES LY, FEEROMEEBANEERS
EMTED. '

@) AT CHMEES RIS OB BT LS.
$§§n,%ﬁw&$4§6HKZED%W%KEEéhg%Ek%®$%mxvfﬁﬁﬁ%éﬁﬁkﬁko
CHEROBER A L, WERBROBRIC o\ CHET 5.

2. HHROBME
(1) B K C o : Ve
F1RCFAREOWN Y, H1IRKERY, 182 KNCERARMLRT

Table 1 Composition of the. system.

i e 4 ¥E sl -
1 WEesVCEEK 24
2wV AREREER 1o
3  NNSSZEE# ... Lo A M AT AT R
4 AVE—T7=—23A TR ‘
5 KAREE TR
6 mar-vEE 1
7. Fvvs 2B 1BETH
8 ey & 1& e gttt G ;
9 TSIy VEF g AT S 24
10 gk ' 1R JIS-C60105 5 4

A teletypewriter

NNSS (Top) and Tape Main Unit
recorder (Bottom) From the top, a computer, two Loran C receiver,
a rubidium frequency standard and a power supply.

Figure 1 Main equipments of the system installed on board the survey ship SHOYO, :
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HHEn s >0§{§F§f——>
e Y, Mﬁ&&&%tﬁé%}»

‘-)17")‘/51
—-’{7’::1 75:]

——)F'iv‘/%f(z'/v4 (24&)

«—’i %éﬁﬁ{?’i)ﬁ

!N—nq—\o\'al

‘l’N—yﬂ——\h-\'—\’

Figure 2 Block diagram of the system.

(2) HPBERUHELE

i WEeTvCERER

AL, HEBRET 4 PEARRAr S VCERERT, B LY pp FRELCEIMBITNNERT
5. pp HRODEERE, ey, sBEKIEERI ORI ESEEELLT, v VCESEOHED
BERIZE TR LY RIE TS, BEENEX 8RO AN AR TCHERL, =2~ FRHIT L E b, 17
EROmn 34 7 v BRABRKL, O THALERTY, el (LT LOP & I$.85) ZEHT
%, L LOP B3 RCONRAEES (Ambiguity) OIWERHIITS, Hfcit, 7rAFaq v
BEIRVFH T, EHRORHZMHbE G2/ (2LOP), #7413 (3LOP) oWy BISLcEH <
x5, ’

AEIL, 7o 28D Model DLl HENFEAINTE Y, BEBIKROEEITHS.

g e 7 v CRERDOIE

R EE ORRD 99999 ys
BB 14V/m
BEhE R 0.1 us
7 LOP %% WA 3LOP
o0 ik 3LOP
HE) 3 1 7 A B 0 dB S/N w3\ ~C 400 # (GRK)

— 6dB S/NI=HE\T 600 (FK)
il ey s REEEER
VE Yy MESHBEAZFALC BRECHERYE T EEEERIETS. ESOHIIEER S
v CEREHDIM, NNSS, #AHEERSHET5.
AEE, Ba—Vy by — VH HPS0S5APMER ShTW5%, BBk LS D TH S,

VE Dy b RIS OIERE
LR *£IX10™Y A (BKBEOFY 7 1)
pkilcivayis <5X107% CPrFHE 100 £)
R 5MHz, 1MHz, 100 kHz
HHEE Vv~ >1Vrms 500 &7
il 0~50°C ~
E R 115V £10% (A& v 1 BEM

iii  NNSS Z{E %
o vy VERMDLOMBERE VY YIS ESREEL, BNERRETS. (BT, NNSS B &L
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NNSS SZEBICI, HE L RAFEAHERC L vHEsh, ARG ED, FHADLTET
H%. NNSS JifzofrEix, » 7 v CllftoFiEL S, KBXAR~ 708y 2 Ak HX 1107 B3¢

BEhTtnwb., LoNRBIROLBYTHS.

ZEF v VELE
HEOERZRE
BIptrE DO )

SEERE
Yg— Ny 77
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NNSSZE#OHAE
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BME N 00° 00. 00 #E E 000° 0000
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24 HLANETROTEE
IS EEES 7 B
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BRESEALBICAR LB 2HMO Yy P 57— 2M8bhB T &
RS Y vy 79 F — 2 OREREZT 60 m IR THEZ &
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iv GAEIER :
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v BT - TEER
WEF — 2 %FE LCHBTRET ~ 7 CRETS. REBRILT 14 7 v 7 MT-1000 XA IR TE
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BRT7 — 7HBEOHE
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by 2 9r7v7
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vi Fryx
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vii IO VEF 4 AT VA

7oy v R, IR IBRCETAERYERTS. 2805, 1 ARBEEOMKEREINS.
(3) LRFLTOFTA

i PR RPIRAETE
a p-pfi

ZOHRIX, NNSS & p-p HROEAWEELE TS O T, NNSS ftctsfiEx L L
T, (DRDO L5 p-p HAROHEMUNEECS T 2REBELTEL, L, p-p HR XY BEHEHAE
BLTHLLbI, NNSS REMCI, BEORVIURE L SHEHE L, NNSS LRI b O
w35, _

B IEffi=Dg— D (1

D¢ %, NNSS L E p-o HATER LI 7 v CRAMOKBIEMY us (=4 7 v ) TERLILHET,
KRR X VEETE,

De=T+T,
T
T="KERE#E(m)/299. 6912
T. REHEHREED 2 REEECTKEESC X Y ko 2@BHOREFVW51 5.
KEBEEHE> 160 km DB &
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¥z, D 1 NNSS JIRHC 8135 o-p HRE X HEHNEETHS.

-0 HRE X BWELD 5 %, 3LOPR{EM LCREIERFT 5B, —HIICHE LRVLDOT, % LOP
CREOERXYMT TRDZREC L YRR LHETS. LOP ORBEL, ZEESOERME, Th
b, REEABOERO_FRRKILAL, BEBHOTFPHRCLMT S, BEHIR(2)R & INEGH
BETH K - I, 1969 ; B, 1976 ; &7 —#ksR&tk, 1978).

X=N+4 Y=E+B (2>
2T X, Y ik UTM EZE BT 5 RrgEioE
N, E RS0 UTM BEE (NGRS &, MEOHEME X, Y #RAShS).
i
A = {—[pbbl(pal}+Cpabl(pbl]} /C
B = {~(paal(pbl]+pabl(pall} /C
7272 L C =[paa)(pbbl—[pabl? C ) aryRaEs
a=(N—Np/d
b=(E—E)/d:
l=di—D;
p=1/dEX W
L N, E; m5vCRO UTM EHEHE
di; WENEL w7 VCREIO UTM B R isi) 5 L HEE
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D p-p B I YCREHIEMNERE ((1DROBEMHET X VREDOHE ShcfE) & A~ b
ACFE L UTM EBE EoFREiEs

W v I v CROEEEN

?; E

INEEHE, ARV B OHFENE 115 2 — A (0.05us RHYETE) X /Ao BT

L, 20X, Y b o THREETS, XY EEFEZ, HEROBBCEIED XWX 5 i hBE R AR CHEER
ETHEELR, BRECLEHRIND., BEHEORARIEIROLESHTHS.
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Figure 3 Flow chart illustrating the computation of p-p loran C position fix.

b R

oA, NNSS &Xllifie 7 v CHAOEAWMMRELH T 5. NNSS Mrofr@EviE: LT, X

Higie 5 v C LOP Or —» VEZORTEE L RO BERNCEN YT L &b, BELRYHE
LT NNSS ZEBCAN TS, 2OfRTh 7 m AF = VIO 3LOP WRLAFRETHS.

¢ pp/ VA wrEAHRK
NNSS i aFEEL L, p-p FRICLDMEL D v A » « v /T X HHEEME L OMETLSBMEE b - TH
R ETHERFERT, MEMIMESCRETES. vy v CEBOEESSBVGEE CILENCFERIRS
iR - SPHETE

HBPRIE T — 2 o X,

25 OB B M L HBEHETS.
fii pgRT— S

JIS = —FI2X b, 4£AH B4 - LOP {f - LOP i3 53F& - $18 - MER S AT IR S H
WE BN KBOE/TF— 3 RWR T -7l Try 220 va— e LCETS.
iv f1 #F

KR T — 7D T — % RIS ER R CH%ET 5.
v RAfCERA

CEPNEARIE L WV EBORAMALT — 2 T, SRR ECHERN CEATS. KEREHHETED
X OBEAE CEENRERTE .
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Wk & OBAENE ORI E, WESRA T COREMLLE THEATS. WER/hclic s &3, HE
CBEHT A wOER (RE - ETSEERD ¥ERTL. NRERSINRET 2.

3. BHCHTDIAELAECEORBE

AEBEOYDCOME ERBL, HRELHN L<Tbh, BEFEOLDO 7~ 1%, SO HRMicsy
TIRE L. —F, EEETRBASBEIMETOUECHD CTAEENFEA S, JEBERHOLDD T —
243, RIGERVCEREBEOERBC I SEERC I TRE L.

NS, SHEEOEEHETELTHSD, w7 vCoOBE, REBEEAEGDR, FOMEMOERR
£ X DEBT HEABE GRS DT, BADEEE Lics\ JEEL 8T 5 L8 S o k. (B0
BUIE 2 ROEANRER LA L, YHPI8S A A~V FArav . — 2R LD Tote Fio, REROERIL
YHP9872 S 7 my 2R Lot

Table 2 Position and transmitting power of the adopted Loran C stations.

B & WK BB REBNLW)
REKFEFER SV CF AV

FERM GEEE) 24°48/03". 60 141°19/30". 30 1800
(24 47 48 .00) (141 19 41 .53)

FERX Cedi) 42 44 37 .10 143 43 09 .25 1000
(42 44 28 .14) (143 43 23 .90)

FERY (HFHED 26 36 24 .98 128 08 56 .45 1000
(26 36 10 .87) (128 09 03 .99)

BRZ (v 7) 09 32 45 .79 138 09 54 .97 1000

(09 32:25 .91 (138 10 04 .52)
BErSVCF AV
ERM, EED 36 11 05 .80 129 20 27 .28 35
(36 10 55 .47) (129 20 36 .04)

* BRI WGS-72 %, T ( ) BERHEARNBRCESSERETHS.
B8 2RITHE VT, WGS-72 R b HAMMROSHE . R T HERL, =2 7 v AF - FH#K
(MOLODENSKIY TRANSFER EQUATION) % {#f L, &oHhofiEi RO REHIIKROMER X » k.

dX=—140 m dY=516m dZ=673 m
a =6378135 m
WGS-72
f=1/298.26

V =2,996912X 10° m/sec (v 7 v C O HHEHBHEEEE)
(1) fhicdt 2B ERRELER
FERIS6 ¢4 A 15 H 17H 30 2D 16 B 08B 30 5% C, FEAFHR IV CF =4 YOER RV X, ¥
&R BT, BeMB, X&E YR EFES) o&E52@EUROREEHEANTEEL, AHEEY 158
HBCEIFRE L. B4Rt oRolFEdchs. R, TYPE OBITBEEMET “0” 2, FI/ NNSS
PGB OB DART — 214% “17 BEESKSD. ¥7, MODE OBIILER LT\ A M HRAHET
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~E Q019 VESSEL  # SHOYO HLOt #

DATE TINE TYPE LATITUDE LONGITUDE HODE PATTERN  PATIERN  PATTERN DELTA DELTA TELTA  VESSEL

Y.4.D H.H.S “t- -2~ -3- PAT.1 PAT.2 PAT.3 HEAD. SPEED
810416 114445 0 35 07.48N 137 46.12E 1 1Y 3854.6 1X 3043.9 1Y 4B&1.9 0. 0.8 0.3 008,11 12,1
810416 114500 0 35 07,53N 139 46,128 1 1N 3B54.9 [X 3043.4 1V 4662.1 0. 0.8 0.3 005.99 12.0
810416 114515 0 35 07.58N 139 44.15E | 14 3855.2 1X 3043,2 1Y 4882.3 0. 0.8 4.3 002,68 12,3
810414 114530 0 35 07,4630 139 46.13E 1 1M 3JBI5.5 1X 3042.9 1Y 4842.3 0. 0.8 0.3 007.11 12.4
810416 114545 0 35 07.70N 139 46.13E 1 1K 3855.9 (X 3042.5 1V 4842.5 [ 0.8 0.3 010,99 12.4
810414 114600 0 35 07.750 139 44, 11E 1 1K 3856.3 1X 3042,4 1Y 4863.0 0. 0.8 0.3 008,00 12.7
810414 114415 @ 35 07,770 139 44.24E | 1H 3856.3 1X 3041.9 1Y 4B63.3 6. Q.8 0.3 011,55 12.4
810416 1144630 D 35 07.84N 139 45.19E 1 4 3854.7 1X 3041.5 1Y 4843.3 0, 0.8 0.3 011,22 12,4
810416 113645 0 35 07.90N 137 46.19E 1 H 3857.1 1X 3041.3 1Y 4843.4 0. 0.8 0.3 909,77 12,6
810416 114700 0 35 07.93N0 139 46.18E 1 14 3857.4 1X 3041.2 1Y 4864.0 0. 0.8 0.3 008,99 12.3
810416 114715 0 35 07.98M 139 44,23E f 14 3B37.4 1X 3040.8 1Y 4864,2 0. 0.8 0.3 010.77 12.0
810416 114730 0 35 08.0SN 139 46.29E | 1d 3837,9 1X 3049.2 1Y 4884.4 0. 0.8 0.3 014.11 12,3
810416 114745 0 35 08.08N 137 46.37E 1 1N 3858.1 1X 3037.9 1Y 4865.0 0. 9.8 0.3 022,68 12.4
810414 114800 0 35 08.15N 139 46.30E § 14 3858.4 1X 3039.7 1Y 4865,2 0. 0.9 0.3 021,22 12.9
810416 114815 0 35 08.22H 139 46,226 | 14 3859.0 1X 3037.3 1Y 4864.7 0, 0.8 0.3 010.9% 12.9
810414 114830 0 3I5 08,220 139 46.31E 1 14 3858.8 X 3039.0 1Y 4864.6 ¢. 0.8 0.3 015,00 12.4
810415 114845 0 35 08,304 139 46.23E 1 1) 3837.5 X 3038.8 1Y 4865.2 e, 0.8 0.3 010,11 12.3
810414 114700 0 35 08.35N 139 46,33 1 14 3859.7 1X 3038.4 1Y 4845.7 0. 0.8 0.3 008,99 12,4
810416 114915 0 35 08,394 137 46.38E { 11 3860.0 1X 3038.2 1Y 4866.4 0, 0.8 0,3 008,22 12.2
810416 114930 0 35 08.43H4 139 46.35E 1 14 3860.4 1X 3037.9 1Y 4866.5 0. 0.8 0.3 006,00 12,0
§10415 114745 0 35 08.50H 139 46.33E 1 14 3840.7 1X 3037.6 1Y 4846.5 0. 0.8 0.3 005,33 12.1

Figure 4 Example of the print out results.

AER, 170 pp FR, “27 BFWEFR, “3" R oo/ v 4w - v rEAFHRER TS, DELTA

DEIC B EME (PATTERN) X4 5 MEMERETS. 7/ L, ERMEEICHT 5 HEMERES L%

Ricy, HiK 07 MHFSRD. HCILER ST BIKE - BHL - BEHOES — 5 bHFESh S,
HEEICIL, 47 Y CRORE L ZEAOEEYRT. RFIHEAL » 7~ CREOBEMETHS.

Figure 5 Distribution of Loran C stations and receiving points.
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6L, HIEREND, HRO305 ~3B505 4Bkt s 15B T E0KBHLOEMNEES, &
BMEOEEREYHELRE L7 7 7 ¢, HENZEEE, BT S. bR/ —FD3KkD 7
74, pmp R I BEAROEHNEBOEEFESY, Th, TO2HRI3 VY IRHNRK X5 FRECETER
EERLTCD. MEBEIREL D SRLASERBEEI RS/ NS X ROEIRLRL, UTERONS
Wi MBS, YRER-THS, ok £REIZEESIHENRERCIZL0THD. MECHBLE
BEOEBFEENAZ VO LOP OF M XD D ThH b, R d O TRk,

2.4

f--
®
S
g ==z
%
(tus) T
B2
B85 g.0L
Ba4
s B
]
% BBz
(454 _ } .
e HE \/\/\/_\/—\/\/

23 #
Figure 6 Standard deviations of measured distances (top group) and of longitude,
latitude (bottom group) at the anchored position off Tateyama,

LT, 2VvvYE3VYID pmp FROBEXLET LD, £6NoEHNEHEOBERERH\T
HELL2 VY e g HRI X BHEOTH-FRERE STORT.
Table 3 R.M.S. error of the 2 range fix according to the pair of the station.

B#lghe | LOP % A frE 0P HREHRE(Em)

M-X 150° 73
M-Y 60° 68
X-Y 150° 110

=7, 3 V¥ URMOMBEOFHRRELE 6 MORMEOHERENS 5B m &l h, 2vvvons
hOBERTIA30XDh, D IBENPIVZ EAb2S.

(2) REBBEERCSTIRE
BAEBHOMEFMNENHD, BERs645 A3 B0 4 BTy 2riilichbich, RHEBATE
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ZEC X AEERERUNELYER L., F- 2 00BER L ETOEZROWTBNS,

i e AR XDPEELER

w7 VCOZGERIL MB -XB- Y RUCKEEF =4 vOERM LIF M2 &5) T, 7 rAF
Cxd VD p-p AKX DT EWN L '

5
(51

(Fu s)_

a 13 + o Q o g <+ o ] o l('i 2 1] < Q @
i B
Figure 7 Standard deviations of measured distances (top group) and of longitude,

15

latitude at fixed point in the port of Nagasaki.

BTN, $#6NOFREHLFE L THHD, BRECBRFZCOWTL, FHBRO3 VY P ok
R L BLO0ED, BHFELARC LS MRBE M2RO 2 v V.Y p-p HRiC &5 B OBEEFEE b iR
DD EBTRALTHD., LRI A—FDIED 75 713, £R5OEHNEEEEFEEORMER Y
ALTWS, %L, 58302340 5ERERO X BRODLABRERO Y R~EERRIEEIRT
Wh, X ROEERFEL, 53RO THEL ISHEO 2ERb bR AX {RoTwb, Thi,
#HOMo X REMAEEOZH Rbh’ Lo ERELZEL T D ThHY, BHRBOESI LEE
MRREL 0D BHEFE BRRFCHE LTS,

XREEKELOBMOEBINL70kn 9, COEETRe I v CRERD 31 7 4 BB HERER
BEFL, EREHRELLT deisd. —7, WBRoBUI BT 2 ZEER T # 1, 500km BEOY
RESSHERE, T bbb kR AL 3 A ZABRHRL TV, Liedi»T, Lok 1,600 kn
BENARBORER 7 v CEGROBEHZRHINOBRNLBbISE, COT il, SBAERBLHH
T55%C, BTREBNS IS I EECBEE L TEEYET LR THS.

BT O 23 WHEOMEFTRIL 34, £ ORZILGNHE, 2LOP #EH & 1 LOP % R L o
3 VY ORI OMBOEERELRLCWSN, BHK X - QIMIBEHERE LCEREH v, hlarz
CHEO 1LOP R\ 2 VY SRINOFAEE L LT ahERTWS, it onTv 21,
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3LOP OMFEWHFER L3 VY SHIMORR2 v SHRL X DI TW 5.
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Figure 8 Graph showing the variation of a distance obtained by skywave signal

] -
& &

from X-slave station.

it
b
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us)

Figure 9 Hourly variations of measured distances (top group) and of longitude,
latitude (bottom group) fixed by 2 range p=p loran C at Nagasaki.

327

HIRE, EHNEFEECR TR LEESOCCHESh A MBOBBENRELDH LR LCVS. kB
A= FTRMPERH R ZAT, MBI T ME - M2REROME - YR - M2RBOTF 2#(0. O us)
DOIEEEEEORHAB TR L b O ThD. HEOSEHEIL NNSS ORIMEZEELTWT, &0 A THE
BEOBEAThbR TWwb, TEOZ7A—-71, 2 VYo L b T2 005) Dk (St
B ABUEEE) ORBIERLRT /T 7 Thh. BRREEORD, AELEAD 1 HFO 1 ERLETO

BIO A (RS, SEUEE) %E LTS,

HIOEE, 3 VY UMNOSBRERELEYRLTED, 2VHBEILAORHPYIIATCHEIME: X
BeM2RE, #BYEIMB YR M2E»LOEEIEHCESETEE LLAEBORBLER cH L. 31
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Figure 10 Graph showing the variation of the fixed position by 3 range p-p
loran C at Nagasaki.

O 10 RORE LBEOHNENY R T 77 7S ERENRLRS, Chil, AEDy 2E5R
BERROEEFSRUK O 7 VCREERBEENHOTHh LT FY 7 + &) KEFERTHD, E
EABH A2 b LY, b bFBELZBR LRI BEACBE LTW550 L 5 R lIELER—FD
TR LT &, NNSS ORI A CHOLOMBCI RSN D ThD. —F, ZOKMT, I
BENEE S Hc B ER e IhB 0T, A0 7S 73l ke, cor &, HiEbred YRR
E/DBET, EF -2 RHERALAHBROEERED. BORD LBy 5 v b, EENEEORHY
T h OEHEAHIER LS iziE —0.25us (=75 m) LW HENELRS, O, LEC s ARER
Bl UG g L HEWEE T, IHES o Thhoeb 0 s Bbhs. BETE, Bcibd r
V7 biX0.07us QL m)/BEEI & Te ) BIFCHDA, 3~4AnAr—ERECHRYETS. bR, £
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Figure 11 Graph showing the variation of distances and positions after the
frequency drift corrections are applied. (Reference to Figure 9)
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R, 2vEa—xdh FY 7 PRIEARRT -, 89 REARCEGEHV 77 72RT.
FU 7 P XBEpER lnotehd, MPMOFEHMNI~4 B cCRLbRS, ik NNSS Bk (¥
MicledTHD (#%H, NNSS O up date HERIEETIHELRRETHS L2l b, BEOEWT
—&icd up date B LTHALCOWick®d, HEBEMEL LTHALTH LD THS).
il NNSS MfrORE
NNSS Jfzvt, BRIS6ES B 1 H 108374255 A4 A 08K 024 % ClRIE 0 hic b EE S h
To. ThEOF - 22 MB LLERE, ChiOkEDiD, BUBNRTBEIERECAE LLEOF —
ZLBEER, WOWIET AT 12 AEEAERARS G R\ T MX 702 (JH NNSS ZE%E) X
DEIL L7 — 2 ONBHER L AHRTHE 4RTRT. BRI up date D Shicb DR EFH L.
Table 4 The results of the NNSS position fix.
AL % PY E W | ERE | BHEE
ZEER CE> 49 12 —
MERRERE (=5 0.032 0.014 0.018
REEERE (45) 0.029 0.012 0.022

1o ¥5E (m) 78 38 47
MEORM (4 0.01 ©0.02 —
BEORME (&) 0.02 0.03 —

443X 5 L BB ONRESFECE.. BB ELAMECIIAEE > TW5 LT, B0

AL RTABE L VECC EAELLN, 2oEs, HHEY, RESCIAPELELLRD. —

FERECHREHRTEABENELR TR D, BRER W URENEOBAIITAEED NNSS Jifz

FEL 30~40m (lo) A+t s,

(3) BAHERARBCIUIAMERIBE

BfIG64E6 H6H, MEEARECEVT MB - XB - YROow S vCEBERXZEL, 3vvoitl
2VvvY oo HRELIFBESHRELHDERL, WELEBLL. £ 5 — 2 bEBFEEYHEL K
HCE R & » TRALREREYE 12 KernT, EEEEZOHERIL, 15P I LoWERY 21 EFE L.

wes - 2 range fix
* hyperbolic fix
a.es + 3 range fix
o o T
% f
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Figure 12 Graph showing the accuracy of various position fixing modes at the SHOYO's pier in Tokyo,
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Bbb, +H8 THERLCHEEZER LS 3 VY P oo HRIBRLBENEL, K« HOoOWMEH=
BEMRIBECOR2 VY UHREVIFERIE o, REL, BERKESHETS LOP OXARENT
IVRERDOT, BEMREZ AT LB B - Bl 5 7 OB ST B IEMER -
Twzil, BSARBCSITS LOP ZALREBILVOT, ZOFEMEIZOEEH TR ESL IO LELRS.
F—BIr R MEDEFZSVWTREE LTV 0, EEFEENREE EICEHLCNBDT, 208
BEBRIBILDTHD.

(4) HHREFIEEHMHEESENEICET MM

PRFIS6 6 A8 A2 D 6 430 HET, MM Y REShAFURTSWT, ARBAERSH, Lo
MEARFRET - 7RECRGSh. Mfikffiflihir SYCRL, X, Y, Z0£RTHY, MRIE
HEOLDHERCEhoTe. $5TC, WEEHRIXC 0K CBFRFRETT, 3 Vv vy pp FRVEHZR
o PR T — 2 R RGE LRSR T — 73, KESORBEFHER CAMERATRL L S AEZh, F 13K
R X 5 R fERI X D BRI R Lie. Bk wT, X HIL 104 Z L oMEY, & iEHOE T
HBFEASH TS, O NNSS JIfzofE T, LI icunss, RA»S5H 10 5% his
BEFNRTOIFARZGT OID, CORERFI AN NNSS Hiftic & MBI SE, oo MNBEE
SRIfTHE. CORR, AF— 5L )REAMERSRcb 0T, BIMICIL, NNSS WAL HEhs
BHLOR VY Ea— 2 THRPBELT, FROEVGHBRIMERSKS.

4 £ =

(1) HBAamE

AREBN BB L 51, NNSS & w5 v COEBHMN AT ATHEDT, TOEER, WHORM
EERIMZ bRy bD LB, v v CRIMKRDOWTIL, LOP O, RERMHDOERE, Tofbogfs
X DB L » THBENKE SRS, foTo 2 Cl}, REUCOUNRKTSEF -2 2#RAL, &
EBOVWBEDO ARLEBE L, WA L VB U rERAE (B E 8l Yo RLRT

HR i EEE = T v CIAEE2E -+ NNSS BaUAREE i 5 NNSS Mifrsze

R, » T v CHIEER, BRREBTAF -2 0WOEEEEL, 3v vy pp FARTE0mM, 2V
VOO +40m EFB. —77, NNSS OBHMHEEISEIEORBOBRLEALC 240m &L, %
o BABBEHCHTAHEPORAHEBEIORET — 20 bREEEIT £0.2 7/ » FBELR, 2hd
NNSS Jific RiF s s L, HEHARET 38 £30 m, FhafET, =60m (BEEXHAT
ARELHELTT, AENECEOEOBISCETS) L35 (ETHEFETRE No.5).

Table 5 Repeatability accuracy of the system in the vicinity of Kyusyu,

R FHE(Em) | TR GEm)
3 v Uit 100 130
2 vv o ilfz 110 140

T, #HNMEOKE L LTk, NNSS B OMfXHEEL p-p » 7 v COEERURO VY 7 FeFo<
RrEBEOMME 5 EOMMNMEEBETNL DS, WAREIECRBERL»CH0m, HEDOFY ¥
MEEARSEC ST A EEOTEEERBCHS LABMNSI )OO HELTO0.1us (=30m) &3 5
L, ZOFNLE0 m LB, ThHOEAINBMHAHORHRERMA GHEER) CREF -2 2 G
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Figure 13 Ships track chart drawn with automatic plotter.
Position data were collected on the magnetic tape of this system in
the vicinity of Iwo island during the survey in June 1981,
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FThiE REHESTETHAS.

MEHENECHLD, FEEFLALIB ISR, HHHAELEICED I HEET L - H, XD
BEOBVNMERMEDRS LW FRIEELYETS. —F, #RFBC L CHEROFERA»bEL
BE, HRB IO LOBERRI DL bMD X 51, LOP OEXICI - THRDIONLL, BESIE
47 Uiz LOP B8 \WBEHEEHAR, ¥ Lo THREEHALZERTI L VI XI5, XIRELL
BT - THSET 2 BN CERERRSED R, TRCBBRAELR BN Y T, MREROHA
FBUECELCENOTEL AR D, Bl i ABEo 2 FiETHETASENE U s &
2, PEHER, SEEMEOHA HHVII—RBORKATASEYEED S X, MRFARREIhL LN
YE L.

(2) SHBORE

AEBEOBRAE TORML, EHEED NNSS HELAIEY p-p WILEME & UCH AT B, B
WIS LEAAETAZ L THD, LT, up date O SR L LU OBELX BT 51
fr7—2Th, KBEUERE LTIBETRHSOHENHHOT, fobk, NNSSHFMOMEIRL KT
AVE L ZRIDERT - 2L VIENTHUNENDL D

wie, TOL5EEBISEIEL EVBECHEVERAIRE IO THLNID, HETFTEEO T r 27 A
o — ¥ CHBECEEATER LS, 75— b7 vEOBREECHERTDIENE TS,

4, AEBOBERBRIEEECRON TN T, BRI, <1 7 e R EH LcEEBRNT
Badl L, EERcETABMNBETHE L WEEL TS, ’
BHCARELERTARCUL D, FHOBERLMET — F LRE LTSV IERENE - BASRE b

EFMMEN - HESRIEENYHERSINEY, YORFEBORE LI ebhicrr ~HREH, 0%H
B 2B BT 5.
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REFECTOR DISCRIMINATION AND AUTOMATIC CONTOURING
BY AN ELECTRONIC COMPUTER

Akio Uchida* and Mitsugu Okada*
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Abstract

Data processing of submarine topographic and structural surveys mainly consists of sea-
bed topographic analysis, structure profile interpretation and contouring works. These works not
only involve a heavy burden in both time and effort but also require engineers who have advanced
knowledges of technics and long experience in these field. However, it is not easy to keep such
engineers in the job for long time, So, it is significant to process data on some possible part of
process with an electronic computer and a plotter.

This report gives a result of study on computer processing, separated into the following
two steps intended to obtain a smooth contour map drawn with an automatic plotter without re-
quiring later manual correction.

1. Processing to extract the signals of an appointed reflector from seismic data,
The desired reflector is extracted automatically from digital seismic data by means of taking
into account a correlation between the traces, in terms of the intensity of the signal
energy.

2. Automatic contouring

This is a job to draw a contour map with a plotter as similar as possible to the one which
is drawn by an experienced engineer.

The results obtained are satisfactory, and it can be said that the automatic contouring in particular

has reached its complete shape.
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Figure 10 Bathymetric chart by automatic contouring in Suruga Bay.
Contour intervals : 20 metres,
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Figure 11 Track chart of seismic data acquisition,
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Figure 12 Bathymetric chart of “Dai-ichi Kashima Kaizan” by automatic contouring.
Contour intervals : 100 metres,
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Figure 13 An example of the isopach chart by automatic contouring.
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Abstract

Since January 1980, nine drifting buoys tracked by satellites have been deployed to in-
vestigate surface current structure in the Kuroshio region. This buoy-tracking experiment is
being carried out by the Hydrographic Department of Japan using the ARGOS system, The
comparison of buoy positions determined by the satellites with the known position of land shows
satisfactory accuracy. The estimated wind effect on the drifting speed and course of the buoys is
almost negligible in the Kuroshio region. Hence, the trajectories of our buoys can be considered
to indicate the real flow.

The gross feature of flow pattern depicted by the buoys’ trajectories is generally in
agreement with the classical concept of ocean circulation. However, many unexpected mesoscale
perturbations are found in the general flow pattern, which suggests vigorous -activities of "eddies
and meanders. One of surprising behaviour is the cyclonic revolutions which continued for approxi-
mate 200 days in the area east of Okinawa Island. The existance of the cold eddy suggested by
the buoy’s cyclonic movement was confirmed by later hydrographic observations. It is the first
time such a cold eddy was detected in this area.

Buoy tracking proved that it is a very useful method for measuring surface currents, es-
pecially in regions where usual ship observation is ineffective, and our knowledge about ocean cur-

rents is still meager.

1. Introduction
Since the first deployment in 1975, use of satellite-tracked drifting buoy as a method for
collecting environmental data has been increasing. Among several applications of drifting buoy, ex-
periments for the surface current measurement have been widely carried out in various region of

the world ocean; for instance, in the Gulf Stream including associated rings (Kirwan et al,, 1976;

Richardson et al., 1977; Richardson, 1980), the Alaskan Stream (Reed, 1980), the eastern North

Pacific (Kirwan et al,, 1978) and the area southwest of Australia (Cresswell et al., 1978). Their
experiments proved that buoy tracking is greatly effective for detecting the ocean current, and revealed
interesting feature of flow pattern which the conventional ship observation could not, and perhaps
would not, find. The successful result in experiment is mainly owing to buoy’s capability to obtain
continuous data remotely for a long time.

The Kuroshio, one of the strongest western boundary current, has important effect on several

*  QOceanographic Division
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problems in the vicinity of Japan, such as finding an economical ship route, change of fishing grounds
and maybe variation of climate, through the fluctuation of its flow pattern. However, the dynamical
mechanisms of path fluctuation in time and space is not completely clear. Therefore, it is expected
that the continuous and detailed feature of the Kuroshio obtained from drifting buoys, would be
greatly helpful to the study for clarifying the mechanisms of fluctuation.

In the Kuroshio region, there had been only two experiments with drifter until 1979. One
was made in 1976 in a cold ring southeast of Japan and the Kuroshio Extension (Cheney et al,
1980). The other was made in 1977 under the conduct of A. D. Kirwan, and in this experiment
four drifting buoys were deployed in the Kuroshio south of Japan (Nishida, 1978a, b). In January
1980, the Kuroshio investigation with satellite-tracked buoys was started by the Hydrographic De-
partment of Japan, using the ARGOS system that is described later. This experiment forms a part of
the KER (Kuroshio Exploitation and Utilization Research) project that is sponsored by the Science
and Technology Agency and being in the operation since 1977, The primary purpose of the experi-
ment is to detect continuously, as long as possible, the surface current which appears to be rather
complicated due to eddies and meanders. Then, nine drifting buoys have been deployed in several
parts of the Kuroshio at different times.

In sections 3 and 4 of this report, the results of examination about position accuracy and
of the estimated wind effect on our buoy are given, respectively. The trajectories of the buoys are

described in section 5, with the preliminary discussion on the current condition.

2, ARGOS System

A description of the ARGOS system is made here only briefly since detailed one is given
in ARGOS User’s Guide. This system, established in 1974, collects and disseminates environmental
data which is transmitted to satellite from fixed or mobile platforms in air or the earth surface,
under the co-operation between NASA, NOAA and CNES. Its practical operation was started in
1978 and will be carried on until 1985 at least.

Position of platform is determined by calculation of the Doppler shifts on the signal which
is transmitted from platform to the satellite® every near 1 minute. The signal, whose carrier
frequency is 401.65 MHz fixed, contains sensor messages and platform’s identification number (ID.
No.). The satellite has DCS (Data Collection System) on the board, and its orbit is polar sun-
synchronous with about 101 minutes period. Position and sensor messages are reassembled and stored
in the satellite memory for transmitting back to the telemetory stations, and then forwarded to the
Data Processing Center in Toulouse, France. From there, the processed results are disseminated
to users in the forms of magnetic tape, telex, print-out etc.. In FGGE (First GARP Global Experi-
ment) program, under the favor of this ARGOS system, more than 350 drifting platforms have
been deployed mainly in the southern hemisphere where meteorological and oceanological knowl-

edge had been relatively limited.

3. The Buoy
The buoy used for tracking is designed by HERMES Electronic Ltd. (Canada) equipped

(1) In the ARGOS system, TIROS-N and NOAA-6 had been used until TIROS-N failed to work
in late February 1981. NOAA-7, instead of TIROS-N, is in operation since July 1981.



APPLICATION OF DRIFTING BUOYS IN OCEAN RESEARCH 349

k82

BUQY
(66 kg)
SEA SURFACE

199 —3f

SNUB

CHAIN

DROGUE

(85 kg )

6 50

I —
k— 250 —of

Figure 1 Appearance of drifting buoy. Length is in cm, and weight is in air

with PTT (Platform Transmit Terminal) manufactured by HANDAR (U.S.A.), and has two sen-
sors for near-surface water temperature and battery voltage of PTT. Appearance of the buoy is
sketched in Figure 1. A “windowshade” type drogue made of sail-cloth is attached to the buoy
with chains and rubber bands as a snubber, in order to weaken the wind effect on drifting speed/
course of the buoy. Estimation of wind effect, which is necessary to infer the current from the buoy
trajectory, is made as follows.

According to Kirwan et al. (1975), when buoy is drogued at the surface drifting velocity
(V) of buoy system is

V=(Vs+KI3V,/(1+K!2) (1)
in a steady state, where
K:paCDaAa/pSCDSAS'

Vs and V, are the velocity vectors of surface current and of wind acting on the dry portion of

buoy. p, Cp and A are the fluid density, the drag coefficient and the sectional area of exposed por-
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tion to the fluid. Suffixes “a” and “S” denote air and sea-water respectively. It is assumed here that
the buoy system consists of only two parts as dry portion and wetted portion, that the drag on chains and
rubbers is negligible, and that the drogue is always normal to the current direction in upright state.
Then, it is calculated as K=1.35%x10-5 (Table 1).. When the surface current speed is fixed as 1 knot,

results of application (1) to our buoy at arbitrarily selected wind speed is shown in Table 2, The value

Table 1 Hydrodynamic constants of drifting platform used in the experiment

BUOY ‘ DROGUE
A.=0.31, Ce=0.68, pe=1.2X 1079 A4 =16.25, C'os=1.12
As:0.46, Cps:O.GB, p3=10 ps'=1.0

K =0aCpada/(psCpsAs+ps’'C psds) =1.37X107°

Table 2 Application of equation (1) to the drifting plaftorm

{Val (knot) IV (knot) Omax (degree) 102XV —=Vsl/IV] (%)
50 0.81~1.18 10.7 23.1
20 0.92~1.07 4.2 8.4
10 0.96~1.03 2.1 4.2
5 0.98~1.01 1.1 2.3

V.l : wind speed
VI : drifting speed of buoy system
Vsl : surface current speed and fixed as 1.0 knot
Cmax : maximum angle deviation between drifting vector and current vector
10°X|V—V5!/|V}|: maximum percentage error between speed of buoy system and
surface current {according to Kirwan et al., 1975)

of 1 knot is a typical current speed in the Kuroshio region, while more than 2 knot is usually experi-
enced in the main part of the Kuroshio. Since the exposed portion of buoy on which wind acts is only
80 cm hihg, wind speed |V,| needs to be estimated at such height. Usually, wind speed in the ocean
field is below 40~50 knot and it is measured at about 10 m height above the sea surface. In general,
wind becomes logarithmically weak as approaching to the surface; for example, wind speed at 10m
height is reduced to about 30% (20%) at 1m (50 cm) height above the surface. Thus, 10 knot
is a reasonable magnitude of wind speed at near the sea surface. As shown in Table 2, it can be
considered that wind effect on the buoy is negligible in the Kuroshio region, and that the buoy
trajectory, therefore, indicates the real surface current. A comparison between the buoy trajectory
and progressive vector of geostrophic wind shows that above consideration is adequate (section 5.3).
Hence, in the description of trajectories in this report, wind data is not dealt with except above one

case study.

4, Accuracy of Buoy Position
The position accuracy is quite essential for buoy experiment. When the buoy is located

on the earth surface, the accuracy is examined here by comparing the satellite-determined position
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with the known position. On the other hand, when the buoy is drifting on the sea surface, the ac-
curacy could not be examined by the same way as above. Instead, a tentative comparison is made
between the satellite-determined position of the buoy on board sailing ship and the ship position de-

termined by Loran-C method.
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Figure 2 Scatter diagram of positions for nine buoys which were located on the Hydrographic
Department Office. The data (—0.034°N, 0.007°E for 2022) is not plotted.
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Figure 3 Histogram of distance between the known position and buoy’s position determined
by the satellites. The data of 3735 m for 2022 is excluded.
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Nine buoys were located at different times on the Hydrographic Department Office, whose
position is 35.6646°N, 139.7654°E referred to the earth ellipsoid WGS-72. Figure 2 shows the scat-
tering of the buoys’ position from the known position on which the buoys were located, and Figure
3 is the histogram of the calculated distance between the known position and the buoy’s position.
The results, tabulated in Table 3, proves that position error is within the designed limit of 2km(2
when platform is fixed on the earth; namely the position of fixed buoy can be determined within
about 1.7km at three times of the standard deviation. This accuracy is very good for measuring
the surface current.

For the buoy 2020 (ID. No.) which was on board R/V Takuyo, its position is compared
with the ship position by Loran-C (Figure 4). Here, the linear-interpolation is required for ship
position which was recorded hourly, in order to compare it with buoy position obtained at intervals
of 100 minutes~11 hours. The mean distance between the positions of the buoy and the ship is
2.5 km, with the standard deviation 1.5 km®), These values are rather large compared to those on
the earth. For such discrepancy of positions determined by different methods, two explanations are
apt to‘ be given. One is the systematical error in Loran-C position, and the other is the employ of
linear-interpolaiton. However, no bias tend to be found in the difference of latitude and longitude

as shown in Figure 4, and the distance between the buoy and the ship is independent of minutes

Table 3 Satellite-determined position of the buoy which was located on the Hydrographic
Department Office

LATITUDE LONGITUDE DISTANCE
ID. | No. of PERIOD
No DATA m
. MEAN  S.D. | MEAN S.D. | MEAN S.D.
2020 | 40 | 16 Dec. *79-25 Dec. 79 | 35.6658°N 0.0036° | 139.7657°E  0.0060° | 506 465
2021 | 33 | 16 Dec. *79-25 Dec. *79 6654 34 7660 58 | 478 450
2022 | 29 | 17 Dec. *79-25 Dec. 79 6643 68 7654 52 | 612 649
28* | 17 Dec. *79-25 Dec. 79 6655% 26* 7654* 53% | 500% 273*
2023 | 48 | 16 Dec. *79-19 Feb. *80 6649 2 7651 52 | 442 332
2024 | 55 | 17 Dec. *79-19 Feb. °80 6650 37 7667 54 | 483 439
2025 | 26 | 20 Oct. ’80-11 Nov. *80 6638 22 7655 70 | 561 393
2026 | 22 | 20 Oct. *80- 8 Jan. ’81 6646 20 7651 48 | 407 270
2027 | 25 | 20 Oct. *80- 8 Jan. ’81 6648 17 7644 57 | 449 328
2029 | 14 | 20 Oct. 80-10 Nov. ’80 6632 24 7656 71 | 633 336
Towl | 22 35.6648  0.0036 | 139.7656  0.0058 | 497 432
O ggp* 35.6649% 0.0030 | 139.7656%  0.0058* | 486% 388*
FIXED PODITION 35.6646 139. 7654

* Value is calculated when the position data 35.631°N, 139.764°E for the buoy 2022 is
excluded.

(2) This value is calculated on assumption that PTT is highly stable (2x10-% over 20 minutes.)
When PTT’s stability is 10-8, position accuracy is calculated as within 3 km at three times of
standard deviation.

(3) The same comparison are made for the buoys 2021 and 2022 which were on board Takuyo
together with 2020 until their preceding launches, and quite similar results to that for 2020
are obtained. . ‘
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Figure 4 Difference of satellite-determined positions of the buoy from ship positions deter-
mined by Loran-C method. (upper) latitude, (middle) longitude, (lower) distance
between both positions.

at which comparison is made. Thus, both explanations are rejected. While it is not defined that
either determination introduced larger error, the position determined by the satellites seemed
to have the accuracy comparable to one by Loran-C method. This accuracy is still satisfactory for

measuring the surface current in the open ocean.

5. Trajectories

The buoy trajectories are described here for the period from January 1980 to May 1981,
The list of the buoys that the Hydrographic Department has deployed is shown in Table 4, and
the composite trajectories of all buoys are described in Figure 5. The gross feature of flow pattern
depicted by the overall trajectories, agrees with the classical concept of the ocean circulation in
the western North Pacific. That is,

1) In the area south of Honsyu, buoys are flowing on the Kuroshio, or the cyclonic and
the anticyclonic current associated with the Kuroshio cold eddy and the warm eddy.

2) To the east of Japan, two buoys flow eastwardly in the Kuroshio Extension or the North
Pacific Current.

3) Two buoys which crossed over the Izu-Ogasawara Ridge nearly at 30°30'N, 142°E, show
a tendency to follow the subtropical gyre.

However, in a mesoscale aspect, the trajectories are very complicated as exemplified as
follows. Many loops are seen in the area east of Okinawa Island. One of the buoys has been staying
for about half a year in the region 31°~34°N and 154°~160°E, not flowing on the Kuroshio Exten-
sion. At near 172°E, two buoys move separately in the quite opposite directions (northward and

southward), though their arrival time at that place are different by about 5 months. In the follow-
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Table 4 List of the buoys used in the experiment

No. of DEPLOYMENT LAST RECORD

BUOY DAYS in
(ID. No.) DATE POSITION AREA DATE POSITION OPER-

ATION

I (2020) 16 Jan. ’80 | 31°10’N, 134°47'E| Warm Eddy | 13 May 81 | 25°08’N, 176°06’E 484
I (2021) 14 Jan. ’8032°57” 138°15" | Cold Eddy |18 Oct, 80 43°03" 177°26'W 279
I (2022) 14 Jan. ’80|32°55" 137°45" | Cold Eddy 30 Jan. ’80|33°39° 136°56’E 16*
¥ (2023) 11 Mar. ’80 | 27°17"  126°15/ 14 May ’81 22°19° 138°32/ 430
V (2024) 11 Mar. ’80 | 27°26"  126°07/ Kuroshio to | "6 May ’80  32°17"  130°00’ 57%*
W(2025) | 6Feb. '81|27°06" 126°27/ |} the east of
VI (2026) 6 Feb. ’8127°18" 126°18’ Island
VI (2027)*** 6 Feb. '81|27°19" 126°09’
IX (2029) 26 Feb. 81 130°28" 137°30" | Warm Eddy

* This short lifetime might be due to a collision with ship for the reasons that (1) the last
position is obtained in one of the main ship route (2) battery voltage was in good order
(3) the last recorded time is 20h08m, but the satellites usually cover the area adjacent
to Japan in midnight to morning.
** Drifted ashore on Amakusa-Simosima in Kyusyu.
*** Recovered by P/V Asizuri on April 25 when drifting without drogue.
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Figure 5 Composite trajectories of nine buoys in the period from 14 January 1980 to 15 May
1981. Numeral indicates the position at the first day of each month.

ing sections, the description are made of the interesting behavior of the buoys, such as above exam-

ples, in several regions:
5-1 West of Amami Islands

Five drifting buoys were launched into the main part of the Kuroshio to the northwest
of Okinawa Island (Figure 6); two buoys (IV and V) were launched on 11 March 1980 and three
(VI, VII and VIII) on 6 February 1981. Out of five buoys, only two (VI and VII) flowed
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downstream on the Kuroshio to enter into the Pacific Ocean south of Japan. However, other three
buoys (IV, V and VIII) showed somewhat unexpected trajectories.

Buoy IV moved downstream in the Kuroshio until 5 days after the launch, but made
1.5 clockwise loops with the diameter of about 70 km and with the period of about 7 .days in the
area northwest of Amami-Osima. After that, it flowed to the southwest in the opposite direction
to the Kuroshio. Buoy VIII also made two clockwise loops with diameters (periods) of 70, 90 km
(6, 7 days) on the southwest and west of Amami-Osima respectively. It is thought that southwest-
ward current exists along the westside of Amami Islands as suggested, for example, by the mean

distribuiton of surface temperature in winter (Figure 7). However, it seemed to be the first experi-
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Figure 6 Trajectories of five buoys launched in the Kuroshio to the northwest of Okinawa
Island. Numeral is days which passed since the launch.
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Figure 7 Monthly mean surface temperature in March. From Marine Environmental Atlas,
Northwestern Pacific Ocean II; compiled by Japan Oceanographic Data Center
and published by Japan Hydrographic:Association (1978).
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ence to see a looped current in this region. Then, with respect to above looped motions of the
buoys, some questions are here. Is looped current usually in existance at least in winter, or is it
also in existance in other seasons? Whether a clockwise loop indicates a warm eddy? Do two loops
of buoy VIII indicate two different eddies? The answers to these questions may be given later by
statistical analysis of observation data. ,

Buoy V had been traveling on the Kuroshio with the speed of about 2.5 knot, but suddenly
changed its course to the left in near the 90° direction, at 4 days after its launch. It appears to be
an unlooked-for and interesting behavior that the buoy failed to be in the main Kuroshio within a
rather short time (half a day), though the reason for sudden change of course is unknown. Buoy V,
after it left the Kuroshio, had been staying in the area west of Kyusyu where the depth is shallower
than 800 m in most part, and drifted ashore to Kyusyu on May 6.

The unexpected motions of three buoys mentioned above suggests that the region west of
Amami Islands is not so simple, but rather complicated one.

5-2 East of Okinawa Island

Buoy IV, that had been moving southwestward in the opposite direction to the Kuroshio,
entered into the Pacific Ocean on 20 April, 40 days after its launch. Thereafter, the buoy continued
to execute cyclonic revolutions in the area east of Okinawa Island for about 190 days, from early
May to middle November in 1980 (Figure 8). It was a surprising behavior of the buoy because
we had not had any knowledge about such a looped current, namely an “eddy” as described next,
in this area. In Figure 8, the center of loops is located principally on two distinctive positions; one
is near 25°20'N, 128°40’E until middle August, the other is near 27°N, 130°E from early Septem-
ber to early November. - During the period between 31 August and 10 September, the buoy trans-
fered its position from 25°55’N, 127°55'E to 27°05’N, 130°15E with mean speed of 45km/day
(1 knot). As to the cause of such abrupt transfer, no adequate explanations are found yet. Excluding

above transient time, averaged radius and speed of revolutions are approximately 70km and 40

cm/sec.
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Figure 8 Trajectory of the buoy IV in the period from 11 March to 19 November 1980
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Leftside graphs are results of observation in 23-25 November 1980 (Syoyo), and
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Figure 10 Temperature profile on the section “A” shown in leftside graphs of Figure 9.
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As revolving trajectories had suggested . the existance of a cold eddy, this was confirmed
by the hydrographic observations in November and December of 1980, by R/V Syoyo and Takuyo
respectively. Some of the results of both observations are shown in Figures 9 and 10. The feature
of the cold eddy is depicted in the maps of horizontal temperature (Figure 9), though it is rather
ambiguously at 200 m depfh. It is shown in Figure 10 that the'mixed layer develops to extend to the
depth of 100 m in the whole of cold eddy region. The eddy, then, was hardly detectable from the
observation data which were obtained in upper part than 100 m, and it could be revealed only by
the drifting buoy.

From Figure 9, it is shown that eddy’s center traveled a distance of 85km to the north
between two observation periods, with concwrrent increase of temperature at the center as much
as 2°C. Further, eddy-tracking with XBTs was tried once more in 15-17 January 1981 by Takuyo.
At that time, a cold water area was found in ellipse-like shape with diameters of near 80 and 120 km.
The central portion of this cooler area is situated on 28°30’N, 133°E with about 15°C temperature. If
this is the same eddy as that observed in December 1980, it must have moved eastward as much
as 200 km accompanied with 2°Cl increase of temperature at the center by one month. A series of
increase. in ‘temperature may indicate the decaying process of the cold eddy since November 1980.

Buoy IV made an unexpected and remarkable discovery of the cold eddy that had not
been known. In respect to this eddy, however, there are several problems. For example, how long
is its lifetime? Had the eddy been formed at the region where it was observed, or had it traveled
from other place -at which it was previously formed? Does such an eddy often exist in this region,
although only sparsé observaiton had not been able to detect it? Additionally, were two different
eddies in existance as suggested by two distinct locations of the center of looped motion? These
problems will have to be discussed later. However, it seemed to be difficult to clarify them com-
pletely, because there has been, unfortunately, few observation to provide suitable data in the con-
cerned area.

5-3 South of Honsyu

Since January 1980, eight buoys have worked at different periods in the area south of
Honsyu, where two types of the Kuroshio path had been seen in 1980. Throughout the time from
August 1975 to August 1980, the Kuroshio cold eddy which locates generally on the westside of the
Izu-Ogasawara Ridge, had been staying on the south of Honsyu, and the meandered Kuroshio had
been flowing surrounding the cold eddy (Nishida, 1982). Since the diséppearzince of the meander/
cold eddy, the Kuroshio is flowing along the south coast of Honsyu for the most of time.

On 14 January 1980, two buoys (IT and IIT) were launched into near the center of the
Kuroshio cold eddy. Buoy I was successively launched on 16 January in the warm eddy which is
usually seen to the south of the Kuroshio. Figure 11 shows the trajectories of above three buoys
while they had been remaining in the south of Honsyu. Buy I moved clockwise for about 22 days
after the launch, but changed the course to the east missing the warm eddy. Then it traveled
along the outside of the Kuroshio with mean speed of 0.8 knot until it reached the Izu-Ogasawara
Ridge. When the buoy was near the Ridge, the Kuroshio had been separately flowing to form two
branches (Figure 11a). Buoy I properly followed one of the branched currents, and met the Kuroshio
Extension in late February.

Buoys II and III started to move cyclonically as were expected. However, buoy 11T stopped
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Figure 11 (a) Trajectories of the buoy I, II and III in January (®) and February (®)

of 1980.

(b) Trajectory of the buoy II in March 1980. :
Numeral shows date in each month.- The Kuroshio path is according to the
Prompt Report of Oceanographic Conditions published semimonthly by the
Hydrographic Department of Japan. The path in (a) is from the Report
No. 4 (Jan. 31-Feb. 13), and (b) from No. 6 (March 3-15).

sending messages on 30 January only 16 days after its launch (see Table 4). Buoy II continued to
track the cold eddy making cyclonic loops for 65 days, except for 4 days (February 1-4) while
the buoy was flowing in the Kuroshio with 1.5~3 knot. After the tracking of the cold eddy, buoy
II emigrated to the Kuroshio Extension one month later than buoy I

The size of above cyclonic loops became gradually small along with southeastward move-

ment of the loop center, and in the looping period the buoy’s mean’ speed was about 0.5 knot.
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Here, we felt a necessity to check whether wind affected the motion of the buoy; because above
speed secemed to be relatively small, and the strong and persistent wind, namely winter-monsoon, is
dominant over hte Pacific adjacent to Japan in winter. Then, a comparison of the trajectory with
the progressive vector of wind is made as was done by Richardson (1978) and Cheney et al. {1980).
In a comparison, geostrophic wind which is idealized one without friction is used instead of real wind
in the field, because the ship-reported wind in the Weather Map® was not always given continuously
during the examined period. Geostrophic wind over the region where the buoy II was drifting, is
calculated from the distribution of atmospheric pressure at the sea surface in the Weather Map.
Calculation is made at one or two times per day, during the period from 14 January to 19 March
except for five days. There are few difference in speed and direction between -the: calculated wind
and ship-reported wind; that is, mean speed (direction) of the former is 19 knot (NNW) and the
latter is ranged 15~20 knot (NNW~W). Thus, no serious problem might be arisen from the use
of geostrophic wind instead of real one.

In Figure 12, the progressive vector of geostrophic wind is shown with the buoy trajectory,
where wind speed being multiplied with the value 0.0037 that is obtained from the term KYZV,//
(14KY2)in equation (1). Though the movement of the loop center coincides roughly with the wind
in direction, there are no significant correlation between both vectors as a whole.- Since the wind
which acts on the exposed portion of the buoy is probably weaker than the calculated one, the length
of progressive vector in the figure will be reduced to 20~30%, as mentioned in section 3. Hence,
the wind might not be directly effective on the motion of the buoy; namely, the southeastward trans-
fer of the loop might be attributed not to the carrying of the buoy by wind, but to the movement of
the cold eddy. ' , :

Three buoys (VI, VII and VIII), which were launched in the main Kuroshio to the north-
west of Okinawa Island on 6 February, appeared in the south of Honsyu on 15, 16 and 28 February,

respectively. Their trajectories are shown in Figure 13. Buoys VI and VIII tracked the warm eddy

H o WIND :
TRAJECTORY PROGRESSIVE
VECTOR

15

4|) 100 200 300 km
i

Figure 12 ‘Trajectory of the buoy II and progressive vector of geostrophic wind during the
period from 14 January to 20 February 1980. Wind speed is multiplied with the
value 0.0037

(4) The Daily Weather Maps published by the Japan Meteorological Agency.
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Figure 13 Trajectories of the buoys VI (.),' VIL (O), VIII (A) and IX b(l) in the period
from 6 February to 15 May 1981. Numeral indicates the position at the first day

of each month., Symboled positions mean the date of Ist, 10th and 20th in each
month, or the date when buoy was launched

outside of the Kuroshio, and clearly depicted its external feature. Several loops which are overlapped
on the large circulation of the warm eddy are interesting. Buoy VII, on the other hand, flowed
along with the Kuroshio to traverse the Izu-Ogasawara Ridge through near Hatizyozima. There-
after, it failed to go into the Kuroshio Extension, but have been staying in the area east of Hatizyo-
zima showing a complex motion. From a series of current chart and/or température maps in the
Prompt Report of Oceanic Conditions, it is suggested that there are no conspicuous and steady
current in the region where the buoy has been staying. Instead, warmer or cooler area has been
observed from time to time. Maybe, the motion of the buoy VII is controled by such oceanic
conditions.

Buoy IX was deployed in the eastern part of the warm eddy. It moved to the east con-
trary to our expectation, and then crossed over the Ridge at almost same position (30°30'N, 142°E)
as that buoy IV passed 3 months before (Figure 5). One of four drifters which were launched by
A. D. Kirwan into the Kuroshio on the east of Kyusyu in 1977, passed over the Ridge at 28°N,
142°E, and after that it followed the subtropical gyre until it reached the island of Philippine
(Nishida, 1978a, b). Buoys IV and IX are following the gyre in a manner similar to Kirwan’s drifter,

Looking over the buoys’ behavior after the traversing the Izu-Ogasawara Ridge, it is specu-
lated that they can be classified into three types. That is, (1) flowing to the east on the Kuroshio Ex-
tension, (2) if crossed over the Ridge at near 30°N, flowing to the southeast or south-southeast in a
part of the subtropical gyre, (3) spending a time in the area east of Hatizyozima until it emigrates
to either the Kuroshio Extension or the current associated with the subtropical gyre.

85-4 East of Japan
Two buoys (I and II) mét the Kuroshio Extension. Buoy I followed vas’tr‘ikin‘g meander at

146°-147°E, and thereafter it moved to the east-southeast with mean speed of 1 knot to reach
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near 32°N, 156°E by early April (Figure 5). However, the buoy stayed for half a year in the region
of 31°~34°N, 154°~160°E without going downstream. Figure 14 shows the magnified depiction
of the buoy trajectory from April to early July. From early April to 20 June, a series of cyclonic
loops were executed along with the northwesteward movement of the loop center. It is not deter-
mined due to the lack of data whether these looped tracks indicates the existance of cold eddy as

the case in the east of Okinawa Island.
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Figure 14 Trajectory of the buoy I in the period from 30 March to 5 July 1980. Numeral
is date in each month. Symbols are April (@), May (A), June (M) and July
(O), respectively.
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Figure 15 Trajectories (solid lines) of the buoys I and II, and rough sketch of depth con-
' tours (dashed lines). In adjacent to Shatsky Rise, contour is drawn at every 500 m
from 4500 m depth, and 5000'm contour is drawn near Emperor Ridge.
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A few interesting facts are revealed by the superimposing of bottom topography on the buoy
tracks (Figure 15). The region where buoy I had been staying corresponds to the Northwest Pacific
Rise (Shatsky Rise). For buoy II, the meandered motion whose center is at 36°N, 158°E tends to be
along the: contour of the sea mount; which is a part of the Shatsky Rise and rises to the height of
3000m. from the surrounding sea floor with depth-of more than 6000'm. Further, the Northwest
Pacific Ridge (Emperor Ridge) stands in the place where two buoys flowed separately at 172°E in
the opposite direction.
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Figure 16 Trajectories of the buoys (I and II) and Kirwan’s drifters which are denoted by
prefix “K”. Numeral shows depth in km. The buoy II did not send the messages
during the period from 23 June to 26 July 1980 (between two symbols ©).
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Detailed picture near the Emperor Ridge is given in Figure 16. In this figure, the trajec-
tories of three. drifters which were deployed by A. D. Kirwan and reached to the Ridge, are also
shown (Nishida, 1978a,b). For buoy II, it is not known how tracks was made when the buoy
crossed over the Ridge, because it did not send messages while crossing the Ridge. The: drifting
pattern of buoy I and K307 is quite similar each other. Including the X106 drifter, three buoys
show a common tendency that buoy turns to the north when it approach to the Ridge and then turn
back to the south, making clockwise trajectory. Furthermore, they often show a tendency to flow
along the contour of sea mounts. Hence, looking over the behavior of drifting buoys near the Em-
peror Ridge and the Shatsky Rise, it is strongly felt that the bottom topography has great effect on

the buoys’ motions, namely on the flow pattern of near-surface current.

6. Summary

Surface current measurement with the satellite-tracked drifting buoys has been carried
out in the Kuroshio' region. Examination of the position accuracy which is important for buoy
experiment, shows that the accuracy is very high when the platform is fixed on the earth, and also is
satisfactory for measuring surface current when drifting on the sea surface. Wind effect on drifting
speed/course of the buoy is estimated to be almost negligible in' the Kuroshio region where a typical
current speed is 1 knot. A comparison of the buoy trajectory with progressive vector of geostrophic
wind shows that there are no significant correlation between them, and that wind is ineffective on the
motion of the buoy.

The composite trajectories of the buoys, in“a large scale, gives the classical picture of the
ocean circulation in'the western North Pacific. While in mesoscale, the buoys detected eddies, mean-
ders or looped currents in various regions. Those mesoscale features appeared to be rather curious
and interesting, because our knowledge about ocean current is poor except in very limited area
like the Kuroshio south of Japan where routine observation has been carried out. In particular, the
cold eddy which was found in the east of Okinawa Island is surprising. The buoy-tracking experiment
proved that drifting buoy is quite effective for' measuring surface current for a long time, especially in
the region over which the conventional ship observation might not extend. Hence, it is hoped that
drifting buoys will be deployed more widely for obtaining useful information, along with more dense
hydrographic observation.

In this report, only qualitative and preliminary description of the buoy trajectories is made,
although several problems which should be discussed have arisen from unexpected behavior of the
buoys. The rather quantitative discussion for the movements of the buoys will be made later, through
the detailed analysis of the buoy data together with other data, such as wind, XBTs and serial

observation.
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UTILIZATION OF LANDSAT DATA FOR RESEARCH OF
DISPERSION PROCESSES OF COASTAL WATER

Minoru Odamaki*
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Abstract

Remote-sensing data from satellites proved to be useful for ocean monitoring, But there
are few cases which were utilized for the research of dispersion processes of ‘coastal water.:In this
paper, LANDSAT images are compared with actual observations to investigate coastal processes in
the Goto Sea area, and the west coast of the Tugaru Peninsula.

The results of analysis in Tatibana bay (Goto Sea area), can explain the flowing out pro-

cess of coastal water, and seems to be in agreement with the tracking results of the drifting article.

1. FAHE

TV FYy FbOHEFRC I AEIIBEBCOWLTL, #RELBVWALWARBETHEIRTWS. Fixi,
% REDL, FYFHy r 385D MSS(wAg« A7 b AREN) H#2b, K0 HBhkt BHCTES
CEEALL. i, 1979410 A 22 HOBEEMEOES D, BHoXBRPEROFETRINET IR
ZOOL I NTWD, Lnl, Chbid, HLECHROERZBRE Lt 0T, RERESEOTERT L
o T, BlehRMOMBYRETHERE ULaEL. 22T v— -2 (BEHEE) 2752 &E25EH
h, BELEELOMEIRBIATV 5D, BREFOYESELERTHERS L, BEDL I AHH
FEAEEFT L 38 LT ShiR, 7V Ry P ORERNNI8E TRESO£EVE-L2, 3
PHMENREATLES Lo TFIAO LIRS &, ¥k, BELTOBHT, LrbKEOEHA T EV o
BB LT 5. LasL, B S L HERC X 5 BIS < & CROBETS » CHEBRO LS
BB TS N LB TAa . HE, ZHOW LV IR TR OMR CRER 20 CRIT 5 &, K
mThOkd i Apd EosESH LELREWe, 22, BREROBAELTHHRL, 0k cHEEH
BRFHTE SO0, o, BERAELED L 5 EOOTTHL Oh, —D20RIY LD THRETS.

BEBBIARR CIEE IR TV AEAT, LAIEEERBRI-»EVELLEIREBRLEDV LD, Coastal En-
trapment 735 %. Coastal Entrapment &1, BB EZ - TEBTIHANS D L &, BEKIHEZRILEN
b, BBVWRECSZ WS G1ED. 20X kEERVRGEINCBEKL KEFILPEHROE

* g%t Oceanographic Division
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b« WBOZLR & X D EIRECA TR Ih D LB ShD, COBRRR, PRBCRIR R DK B T £
%5 2 CEERBRTHD, BRROEBREELS ) L COEEAREYELT L Bbhs, B, BBk
RO LREEFIGRE CHEEREYER LB, SY ¥4y bF—2%bbetHELLL S, BiIk0 X5
Coastal Entrapment % B 2PEKDOENYAELEIR TV, 22T BAEBEEERAEC—RBE LTH
Trib~5 X 5 ef@irehai.

RIVER Discharge

shear zone::
P i

Tront: Coastal water

Coastal currer;if‘::f..‘ }
\w k»J_},tuucblent

dispersion -

Figure 1 Concept of Dispersion process of coastal water
in open coast.

2. WRT—Y ELFE

FRLLEF -2, Y ¥4y b25L350 MSS K15 CCT GHERBF v AARERT —7) L&V
FRDORCHEGETHD. F1EXCOF - 20 TERT. s LB, BRENELE AESERcR
FREBOIWE2 v —VvEBALR GE23). UTT SRV - 208 EOFHEROWTET

Table 1 Specification of LANDSAT MSS data,

LANDSAT remote sensing data

Band wave length color level

MSS 4 0.5 - 0.6 Green ¢ - 127
MSS 5 0.6 -~ 0.7 Orange 0 - 127
MSS 6 0.7 -~ 0.8 dark redj0 - 127
MSS 7 0.8 « 1.1 reflective
pMm infra red 0-127
Size| E -- ¥ 185km  3240pixel 1 pixel
N -- 8§ 178km  2340line {57mx76m)

Table 2 Used LANDSAT data.

AREA DATE Tine | -Pavu-Row | GAIN | FoRM | SATELLITE
Goto 1 | 1979 5/28 10:10| 122-037 | Low | BIL* |LANDSAT 2
Goto 2 | 1980 11/18 10:17 | 122-037 |Low | BIL* |LANDSAT 2

Tuearu 1 | 1979 11/ 9 9:38 | 117-031 ! Low | BIP2*|l ANDSAT 3

Tuearu 2 | 1980 9719 9:40 | 117-031 |Llow | BIL* |LANDSAT 2

* BuLk & CUBIC CONVOLUTIN CORRECTION,

N B

(1) F—% OmBHLE

CCT hoBEHREL, 1 v—vhHic) 58 FHHRRDLDIEHRD, ZOF LT TR WC V. 220, P
WOBEFELE 5 FD 1 BT » 4 ARIEETS (E2R). REKBEEGEYRIHTor, 20774
AL 3ECS L BREAVHL, £V FOBE L A L /I 8 %ES, AV DAL rTA (B3
B ik, KIREEENARLD C— 2R L, AEYRYOMEMEERDBCENTES, ORI EYD
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L, BEAEC, KBROBESLINALERYBLE ENXTED. E6I, 5H4D107 4 Ahb—D
FEREZERIRDEL, BOKBERY HELXYHCTKBROBEROZEEB L7 » I VEIER L. 207 74
AEHED CCT D 10450 1 GBEFZERTI00 5D 1) it h fflAEGEEREBL X - TERTAHZ ENT
X%,

Skip 5

file

Skip 3 (15)

Land Area color intensity
Cut off histogram

| == thresholds=
Skip 10

file

| ==

color code cluster etc,

Figure 2 Flow chart of CCT data processing.
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Figure 2 Determination of threshold value between
sea and land from band 6.

(2) HF—a— KER
CCT EokBHFHIT, BERCHHEANL VEL, $0F 3 Cilk#BoHMA Lz v, Mo X 5K
ROMEHYIKL, BEEILCIFIERATERTS. St 16aRAL AV
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(3) U5RI—SERR®
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WREHEDOHE LTRROHEOCERC X » THEOH (77 A2-) RHEL, DI/ ITRE-L LT
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£EREEDT Lk, 075 A% —SEOERREEERTH L, BPHO /A ADIdIcEm M b b
SE Lo THbROT. CORBRD X 5 TR .
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ERCRERESHHNERTTLE 5, COFRRETE, S0BROWIEDLD OO, KENKHERE
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HRESOREY BT T2 LGNS, 220, 08B R0, AESOBECETL7 7
AZ—GEOFER (3—U—i%2R) AT, HEOFEILERAC (BEME), (b), ). @i tr?
BRI IR, HE (IS 2ETFOREHLLELOTHS. BEOENCIE TS BISET» SEHE
FRNHEETHKOEMR D GREOHS) X VEECK D, BROEMDVAAKELSA VE Coleifs
BEEaD o 12885 1L, =W A 2 ROBEBEAENR T 5, CORREEETEE, BHFNCED X 5k
%K&%@#,%ﬁﬂﬁ%@b@?@bﬁ,%ERGE@ﬁWELhmkgiot.&K%T@@,W@k%
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‘Figure 4 Filtering mesh of smoothing,
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B, AV 4 LB BRKERLhBER L, ABoMEY - RO MELESL L UR L.
BEHE2Y, H2HTRNIBEC L - THEIREEE L, JREEEME Ly 5 -4l L, FiEEDOK
Bh s 722 —EDLILDOTHD.

SEFEF OBNTL, BEED bR BRI - TR, EOKIILR AN - T3, ERELED



UTILIZATION OF LANDSAT FOR COASTAL PROCESS 371
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5 ERS R b - eI thH D,
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@ SASESO
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N N\

HAYASAKI

Figure 5 Goto 1 (a) Tide and tidal current phase at shattering time.
(b) Schematic chart of band 5.
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Figure 6 Each band value of cross line in
the turbid water area.
see figure 5
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FEFRMMHCSDE D YT, BFRMARCERL, SELTHASRES > TP D EBBRINS,

Table 3 Precipitation. 1979 May.

1979 Mayj6 7 8 9 10 11 12 13 14 15 16 17 18 --~25 26 27 28
Nagasakil 3 1 1 0 36. 6 1 1 --No-- 0

Saga 74 0 O 5110 0 0 2 ~--No-- 0
Kumamoto 123 0 O 33 2 1 0 3 -~-No-- 4 (mm)
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s -5 (BE1) THRMY S E LTk BdbRD. 3

BLED X 5 ABBORIIE, BRGCEREARICTR S RN 2 v — v L b ED bR, & oML R
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KEBRGET A I LB & 5 PIEO L B —B0hoR L. B 5 | LIoKHA ST 5 mBL oM
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Figure 7 Goto 2 (a) Tide and tidal current phase at shattering time,
(b) Schematic chart of band 4.
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1980. 11-18

1980. 1118

Photo 1. Filtering effect. (a) two time, (b) four times.
(¢) six times filtered.
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Photo 2. Goto 1. (a) Colour intensified photo. Land area is omitted.
(b) Clustering chart. Green indicates turbid water.

TP Arny s A

Photo 3. Goto 2. Colour code chart of band 5.
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Figure 8 Tugaru 1. Schematic chart of band 4
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Figure 9 Tugaru 2, Schematic chart of band 4.
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Abstract

The horizontal and vertical distributions of chromium, zinc, copper, lead and nickel in the
sediments in Ise Bay were determined.  Judging from the results of the sedimentation rates deter-
mined by #°Pb dating technique; the pollution of sediments by these heavy metals seemed to have
been occurring since about 1960, ,

The concentration of these heavy metals at each sampling station was constant in the
deeper part of the vertical distribution. The constant value was taken as the background concen-
tration at each station considering the sedimentation rate. Theé amounts of artificial accumulation
of these heavy metals were estimated at each station by integrating values which exceeded the
background concentrations, These values were 0-510.for chromium, 0—1700 for zinc, 0-760 for cop-
per, 0-1200 for lead, and 0-160 for nickel in units of ug/cm® respectively. - Moreover they were
higher at the head of the bay.

From the horizontal distribution of these valueé, total amounts of artificial accumulation of
heavy metals in Ise Bay were, respectively, found. to be in tons, 1000 for chromium, 4800 for zinc,
1200 for copper, 1300 for lead, and 300 for nickel. ‘

1 RLsIS :
FEMREC, £HBRRTENY - WEHT - BETSOTERHABELTNS 5 2, BEHEOR-E
THHT EnD, EEHKROTHIENC & 5 OEE OB R AMICHET LT\ 5 b0 L Bbhb, W
BOEBE L ORB L ERNCIEL, S OIPETNCHET 2 MY B2 ki, BRWED SRR OGS
BRI B £ OWIRRY - LD - BWEART R L, BRWEOWERZEWS T b < L ANET
é%ﬁ,CMéf@kté,C@lﬁkﬁﬁﬁﬁak%ﬁm%ﬁ%ﬁmykb.%Kﬁ%*@iﬁﬁﬁ%mob
i, BEEESRO M HEN AT LT o fe 2 kb D, BEDF — 5 CLEBO KT B b 02
BiE, WRBROWBE ERIVCIET 5 & 2137 & S5 EETHS, —F, PIERC I 5 BEERHOR
SEBRICOVTI, KBS HOMERRS T E TbRTR D, FEHECOWT S SARATHE

* B ARG Y4 SE  Marine pollution. researh Iaboratbry, Oceanographic Division
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Figure I Sampling station in Ise Bay - -



HEAVY METAL POLLUTION OF BOTTOM SEDIMENTS 381

F v 7 HPENOBHRERTRE L AV, L, BELEHEOERE Tl o OFIICHIl LAHARE
&L
(2) SWmFE

BRI KR RO E, LHCTRRL, BEE - s (VI TAVI =4 PRE, B
WX DRAR0.05mm LFCHR: L, chi 743 ) VI/ER XD 30 t/om OEITHERB L, BLES
FRRB L L., BES4BOTBRIERXBOIEE (BB TEE Geigerflex 3064) XV, 7wma @
8RR =y FARDVTIHTTRT o k. SERWRABOEROBNESS T MY v 7 ABROWIER,
Ry p IV VF e - EAGEREREC I VT ok (3D 1981,

i, MPh OAPHIRAROBEE (19782) OFECH, #Hi o  HHO%, IKED 2B »bHH
SHBBEBCEIES » 7 7TV Y ¥ H A7 m =7 v 5 — (ALOKA 8 LBC-451 B) i & b sE LTRabre.,

3. BRRUER
(1) E&BOKEAH ,

HEHOEFO~1om KBY 2HLBREOKTFS MY Figure 2 (a-e) R LIz, WThOESE O
TH R, HCH AT LPEMEN R DRSS, BRI & RR R RS DR O L TEER SR D
hic, COBEFMEEFLEEREE 45 WERETKEE, 1978) wifid SHICBERBIFREL RISV
BIEREIRICAKIE - PCB AR+ 2 V3 v 2ADS LR TH- &

(2) HERERE

BREROBEERDCL, BEBECATSACESRO R VORI RHELTHD, L, Bl &
% WRE X AHERDORIL. BERC XAMEYOBEBE, v ARIBESA - BREOHERBOoILLA
g, ERPPCRELBEORESFOY TREOCHROBHEIBHEIATVIIT TH 5. Lidis
T, WEERORBREN G 2 bhiud, EEYRORES MWLM TH LIk D, BEROFRINE
DB EFRENHENT 5 EXTRTHS.

WERETEHO I 5 1T 100 FEELPIOMERREE R Rab B Kobichd, U (OPLYR i\~ 5 Jrk A — RO o
Tnd (BRROSH, 1974 BARCEEE, 1977, 19784, b; B4, 1979 ; AR UEIE, 1980). *9Ph %
FICIHEBERET, EERT & “Po ORBES—ETHY, *Pb OEEBROFEREINI VT LB AL
LT, R IVEZORD (BEROHH, 19782).

21Ph ex (Z)=%"Pb ex (0) exp (—AZ/S) G.D

22T, "Pbex (Z) WLES Z (em) OHEBYFOBHED 2Pb & (cpm/g), Tibb, BEIZrk W
meE#B,RyayavvFaLT%%%¢mginfvaﬂWbﬁc%%%¢f”Wbﬁ%ﬁmm%@%
T AR RO Mph B) E LI iefE, *Phex (0) iR EBIC KT 58E ©OPb B, 1132Ph
OEEER (0.0311/4), SIHEEHEE (em/F) ThbH. BEZEH LT log{*'Pbex (2)} DEXFRT
hTEBOEE L OEREE S L RDB LM TED. ‘

Figure 3 (a~b) WIXPAHEIHD No. 4 ERUHEE ~ — N — A{ED No. 5 micisit b 2Pbex DIREL
R L. BEhbBbakd 51, No 4 HICE\VWTIRERE 10~11cm BT, No.5 Stk TiiEE5~6 cm
BTG, #Pbex RRIIK LTHEBHCEAT 5. RBMIORIL, MOA0EBBOIARD 2T
EREENEES, HOEBOEE» OEBMEOHABLT OMESHELRD S &, No. 4 A TIX1, 30em /4,
No.5 fTiL0.82em/SE LW HEAELR S, O, BEARUBE (1976, 1978a), 1#BE (1979) HRD



Nagoya

Gamagori

Matusaka

Gamagori

Matusaka

Gamagori

382 M.SUE, N. SHIBAYAMA, M. MINE, K. IWAMOTO, H. TOJU, S. INAZUMI

Nagoya

(b) zinc

CGamagori

Matusaka

Nagoya
% (d) lead
Yokkaitis

o
.

Gamagori

Figire 2 (a-¢) Distribution of heavy metals in the surface sediment (ppm)



HEAVY METAL POLLUTION OF BOTTOM SEDIMENTS 383

TODHEREOWBR « BRI 0. 76~1.08jem /4, REEOBEHE « WD 0.12~0. 61 cm /F L RBEDE
ThHH, ThHLIZEOER « BREOEFHERCR X IHELIEADRK,
FRMED HPb ex DRWALBOMERICE Uk ¢ (F)13, REAELRB ST 5 ERRTOREE 0
©(gfem?fE) REAMNLVEVIREXEL T LRI Y, RATRDBHT ETES (RARTHE 1978 2).
‘U—p)pdZ
o [a-63% .2

[0}
22T Z(em) BBIHBORS, SRHEHOEB KT AHBE, o WHERPRTOBE (g/erd®) TH
5. Ei, HERBRTORERR L HILBLUTOMBESBE-ETHL Z Lh b, EEEES (em/F) &
AOCTRAC I DRDBZENTES.
o=S1—¢p, . 6.3
20X LTRDLBILBOHERCIT ML, No 4 R OWTIL7.04, No. b Hie2WTIL5. 74
Ein ot '

(@) No.4 R (b) No.5
10F ¢ ar fo 10p
0.5 / 0.5
@ - | sedimentation rate s sedimentation rate
= | 1.30 cm/year A 0.82 cm/year
5 | g
= s
5 L . L
£ > .
ny 0
o jan]
& 2
o
0-‘1~ 0.1-
3 \ L
o » » ® © N & o O 2 H W W
depth (cm) . depth (cm)

Figure 3 (a-b) Sedimentation rate at No. 4 and No. 5,
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RIIE M S RN CEAN 4 ECREN TR TR ), EEOBREOCEVERYZBRES R, REHED
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Figure 4 (a-b) ' Vertical distribution of heavy metals in sediment cores.
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Table 1 Concentrations of heavy metals in. the sediment of Ise Bay

station depth chromium =zinc copper lead nickel
No. (cm) (ppm) (ppm) (ppm) (ppm)  (ppm)

1 0-.1 45 89 17 44 31
5-.6 45 91 15 47 31

10-11 46 91 15 46 28
15-16 45 91 15. 47 30
20-21 48 88 14 46 30
30-31 46 91 16 46 31
4041 47 92 16 47 29
50-51 46 93 18 43 31
60-61 49 92 16 43 32

2 0- 1 62 167 25 59 34
5- 16 56 145 24 59 33
10-11 59 150 28 64 33
15-16 49 125 23 55 33
20-21 50 105 23 47 33
30-31 50 94 17 36 34
40-41 51 96 17 43 34
50-51 51 98 19 44 35

3 0- 1 58 169 39 65 38
5-6 66 194 41 67 40

10-11 68 216 42 77 38
15-16 82 138 73 61 56
20-21 62 171 37 73 36
30-31 51 153 35 73 34
40-41 4o 136 31 64 31
50-51 42 129 24 60 28
60-61 47 119 27 55 32

4 0~ 1 76 170 46 70 45
5- 6 98 213 63 108 45

10-11 150 319 101 168 45
15-16. 81 164 65 133 41
20-21 65 147 58 88 35
30-31 56 104 24 53 36
40-41 54 99 15 48 36
50-51 57 90 19 41 32
60-61 61 76 15 35 34

5. 0- 1 81 209 52 76 45
5- 6 63 165 39 T2 37

10-11 56 134 33 58 40
15-16 56 122 31 51 39
20-21 54 116 24 49 38
30-31 55 109. - 28 46 39
40~41 50 98 21 42 34
50-51 54 97 20 48 38
60-61 53 102 19 47 39

6 0- 1 49 55 9 39 20

7 0=~ 1 76 196 31 56 45
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Table 1 (continued)

station depth chromium zinc copper lead  nickel

No.  (cm) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
-8 0-1 67 191 36 70 41
' 5-6 63 168 37 60 40
10-11 58 136 31 51 ~ 40
15~16 51 115 22 45 40
20-21 58 106 25 39 37
30-31 55 101 23 37 39
40~41 54 103 23 52 7 41
50~51 55 106 20 46, 41
60-61 52 103 20 42 39
9 0~ 1 71 146 29 47 46
5- 6 T4 161 32 50 46
10~-11 65 105 21 38 46
1516 62 94 20 34 43
20-21 62 90 18 32 45
30-31 67 89 17 32 . 44
40-41 64 88 16 33 - v
50-51 63 89 18 34 43
60-61 65 90 18 36 42
10 0~ 1 70 205 32 63 40
11 0~ 1 67 129 26 43. 46
5- 6 71 155 27 50 47
10-11 62 104 21 34 44
15-16 61 97 18. 32 45
20~-21 62 95 19 36 45
30-31 65 94 19 33 45
40-~41 65 94 20 30 45
50-51 64 97 20 26 47
60-61 68 95 16 33 45
12 0= 1 81 167 28 46 53
5- 6 83 160 28 45 51
10-11 75 104 21 32 48
15~16 T4 90 18 29 48
20-21 71 88 17 31 46
30~-31 1 83 15 31 47
40-41 70 82 16 27 47
50-51 70 79 16 27 46
60-61 68 83 13 28 46
13 0~ 1 64 158 32 51 38
14 0~ 1 72 133 26 44 47
5--6 71 108 22 36 47
10-11 60 95 21 34 47
15-16 68 94 21 32 47
20-21 67 90 - 21 33 45
30-31 65 94 18 31 47
40-41 67 94 20 34 46
50-51 72 94 19 29 47

60-61 68 91 18 30 45
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Table 1 (continued)

station depth chromium =zinc copper lead nickel
No. (cm) {ppm) {ppm) (ppm) {ppm)  (ppm)
15 0- 1 . 80 108 19 33 48 .
16 0= 1 T4 63 6 42 35
5- 6 T2 63 10 27 34
10-11 73 68 24 26 35
15-16 68 58 11 25 35
17 0-1 54 46 8 26 26
18 0-1 74 69 9 29 38
v 0 61 27 | 1 22 22
20 0- 1 T0 175 26 46 47
21 0= 1 T4 148 24 39 49
5- 6 78 120 20 38 49
10-11 79 85 17 32 51
15-16 77 T4 12 33 49
20-21 77 76 15 33 50
30-31 77 76 . 14 31 49
4041 80 T4 14 28 ‘50
50-51 80 5 13 27 49
60-61 82 T4 10 27 50
22 0~ 1 54 21 1 20 20
23 0- 1 57 29 5 22 22
24 0- 1 40 20 2 16 16
25 0- 1 43 29 2 18 20

387
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LEBEROESBO y 7 7 7V Y FRER—EORARICD S 2 L2 5 1hbib.
(5) ESBOEMERYLYOABNERER

HHUERCANT, BREEHOE > CTEGBHIRAEET OB L UTHAEREMT ) O AR

MR P (ug/end) B D, SR L > CHL BB BARUHEHE, 1978a; @b, 1981).
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P =f<c— Cpll—§)dZ (6.0

¢, ClBERDFTO BEEBEE (ppm), Co 135y 2 759 v FIBE (ppm), o, FHEEWET © #E
(g/em®), $IOERBDORBETHHRE, Z 3HS (em) ThD. AANWEEREPIL, Sy r /750 VY
BEYEZ CTARNSINAESBR O W IHEFTAREE L DO THS. 2O PEYSEORESEREC L - T
AUERT LIERDTHD L Table3 WFAT X 5 RMERLBL. ChoOKRC I T, ABMERESL
LT v a0~510 pg/em?, R 0~1700 pg/om?, #10 ~760 pg/cm?, #0~1200 pg/om?, = v & A 0 ~160
pg/em? O X5 IGHEEBAMN D5 LAbmnd, HEEEBENT O (No. 3 &) RO AT (No.4 &)
TROWThOBEELBIZOWTHEL, MONE S CRESUAOES B oV CREBGEGETH - L. *
o, FEFROPFEFETROLHERE (W5 1981) 13, 2 = A 30~2900 pg/cm?, FELR 100~8600 ug/cm?, § 40
~2500 ug/em?, # 70~1700 pg/cm?, = y & A 30~250 pg/em® TH Y, Zhb & higT 5 & FeEo BATERE
Wk ) D NBNBHERBERHFEORTO 1 BETHH Z Lilbrnk, :

Table 2 Background concentration of heavy metals
in the sediment of Ise Bay

heavy metal background concentration

(ppm)
chromium 45 - 70
zinc 80 - 110
copper 15 - 25
lead 30 - 55
nickel 30 - 50

Table 3 Arttificial accumulation of heavy metals
in the sediment of Ise Bay

station artificial accumulation (ug/cm?)
- No. chromium zinc copper lead nickel
1 0 0 0 0 0
2 60 600 130 200 0
3 350 1500 430 410 160
4 510 1700 760 1200 120
5 120 590 170 160 30
8 40 450 70 80 20>
9 30 250 50 60 20>
1" 20> 190 50 50 0
12 50 380 60 50 20>
14 20> 80 30 20> Q
16 0 0 0 60 0
21 0 250 50 20> 0

(6) ANAMMRELARHRBOLS

HEWPOESRBIL, Ry 7757V FRETRSNAD ALNHED L WBAANC LI 2ELE L ABINA
W IPELBST OB, BELBEOAANERE EFRECRETHEYRI T o, B4R
DERERE & ABHERBORELT S 2 EXUETHS, Table 4 BHETH (No. 4 5) & HFEE o~ —
A= ARHE(No. 5 B DES B AANHERE, BHRoETEE I 1960 LD A LR B R0 1960 4L
M BRHEREOM LR Lic. EDLHIbARL 51, MMEMRE b ABBERO XTSI 1960 Ll 4 U
T epvbhb. ¥, 1960 LD BAMERE & ABIBERRIE AT C, 148 -8 ot
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RABRERES BRMERE Y EE - (5. —F, v—-—AHETERE L L ABIHREIERERE
UTFOETHS. ABMERENAREREY COBE ERLIIERRECEER S L 202w Tit, #
B LR OME BT 2 ELBOWE « B 1 7 VEOECHEMINAHRLE-LERD ), BECHERE
B3z siceEisn,

Table 4 Ratio of artificial accumulation to natural accumulation of heavy metals
at No. 4 and No. 5

station artificial artificial accumu- natural accumu-
Yo heavy metal accumulation lation since 1960 lation since 1960  A/P A/N
: P (pg/cm?) A (pg/em?) N (ug/em?)
chromium 510 510 880 - - 1.0 0.58
zinc 1700 1500 1400 0.88 1.1
4 copper 760 700 280 0.92 2.5
lead 1200 1000 660 0.83 1.5
nickel 120 110 540 0.92 0.20
chromium 120 ) 80 . 480 0.67 0.17
zing 590 450 920 0.76 0.49
5 copper 170 160 180 0.94 0.89
lead 160 150 420 0.94 0.36
nickel 30 30 340 1.0 0.09

(1) BE2BAWELERE

BSREOAME LHERBOBRLWLMCTS 2 L3, ELBOWNENICET 2 WHENXRUSEE Y #
BT55 L CHEETHS. PFEBCANIhLESERC VUL, LHAITELIE X - TAHBEACEA
FTHENERBUCOEL, i, FHH, D (1976), A (1976) i X » THEETHRAT 5 i@ T
TOBNLhERREIRTWS., ThHREIEA 1~ 28 LG8 chbs &, MIIKFOBESBEE
DWEHEF DI &, BETDHRCAE» DEEBECARIhIESBENE TR TWRVWT L, @A
WMEOHEHECHENSDC LEOBAC L ILTLLTHA L0 LRI VEGY, FHECREGEL
TER O AVIG AT R 1.3 t/day O (BEBEHPKRROKRYZNARLE U 1973 5 1975 £ CTO
AHARER) HVT, 1973400 1975 % O 2EHO AR E LHEEBOMBRT . ks, O
CRIHHLOAFENAGTh T, ThAKEWEEL LWL MAHMOMREED 7 — & ¥k,
YA AR OB EEY L 0 OHWRE (BARRCAANMEREOND 25 1973 £~1976 F o0 HEEELR
B, TOEEBRMONEMESE LAV CERBOBERBOELHE L., 22T, BRBLIIMBHIE
BERESENLIOBIR L EETHC LT, BREOWTOHERRE, Lo 2B AME 949 + v,
HEWR 400 P v i h, AMEORH 0% FEREOER L0 LHEEIRS. B 60% 0oV TRl Oig
cER L BOFRCRT HIHEEROCBATKH L 0EELDRS. L, AMBERUVEBHEEREOMIZL
B OMETH D DT, HMWBENTAHT 5 DI ECER S BORELHOLENRDD.

(8) ELBEOAAMBHEE

BRACALNCHERE LEESBOBEL, NRELBRIC OV THMIERE Y ) O ABNEREOLRE
ACOE»SEEGLTE, ChPhoSERCH T W AERKC ALNHEREOPSEYE UCHEThIER
WAHTENTED CEARVUHMIR 1973 95, 198D). &0 X 5 & LTHFEBERICALNCHER LLESBOR
EXiE LcHRY Tables WiRLic, Tihbbh, HPOHEEN 4800 b v ERIEL, 204 8- HB
1000~1300 t ¥ THWATED, =y 7y 300 P& 1 GREVERESRD LR, o BRYERED
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S 1981 L BT B L, PEBOMELAE B\ TR 20~50% BETH D, BEHSILIEN
HE < BT BRI IE Y VAT DBV E L X 5.

Table 5 Total artificial accumulation of heavy metals
in the sediment of Ise Bay and Tokyo Bay

total artificial accumulation (ton)

heavy metal . /T
Ise Bay (I) " Tokyo Bay- (T)

" chromium 1000 . . 5300 0.2
zinc 4800 21000 . 0.2
copper 1200 - 3400 . 0.4
lead 1300 - 4500 - 0.3
nickel 300 600 0.5

(1981)

# Sue et al.

4. BbhYlC

PEBC AR ShEESBECOWTL, 3.0 THRRL X 5 b5 00, tbiﬁﬁ’ai < # 5 T\~% COD
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SURFACE DISTRIBUTIONS OF ARTIFICIAL RADIOACTIVITIES
IN THE EASTERN NORTH PACIFIC AND INDIAN OCEAN
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Abstract

The concentrations of artificial radionuclides, that is, ®Sr, *'Cs, **Ce, and Ru, in the
surface sea waters in the Eastern North Pacific in 1980, and in the Indian Ocean during 1979 to
1981 were measured by radiochemical analysis.

The concentrations of these radionuclides in the surface sea waters in the Eastern North
Pacific are about the same as those in the Western North Pacific, while the concentrations in the
Indian Ocean are about half of them: Concentrations of *Ru and */Ce are generally low over both
oceans, and no significant tendency is found in their latitudinal distributions. On the other hand, the
concentrations of ¥Sr and (s show similar latitudinal changes. Namely, in the Eastern North Pacific,
they have a maximum in the latitudes of 30°~33°N, and decrease in both directions to the north and
south. While in the Indian Ocean they have a maximum in the Tlatitude of about 20°S, they
decrease abruptly from 35°S to 45°S and are extremely low levels south of 45°S., The latitudinal
distributions of concentrations of ®Sr and ™Cs are not in agreement with that of ®Sr deposition.

This suggests the influence of the advection and diffusion of fallout in the sea.

1. FL®IC

JeRFPE, BMATHRO A v FEEEEKFO ATHRSERECOWTE{ OREITHR TR D, RA T,
Saruhashi et al. (1975), Nagaya + Nakamura (1976), 31D (1977) O#ERH 5. hbo#iEr L5 &,
REEARPO St RO Cs DAL, KEBAEERI L - TER LAK EBIRA IR D8, KEO
BBLEICHTLTERLDOTHD, ThHLOREHAOSHILEN R THLOCH L, BITADSH
', ERERO SRR o ¥ OWREE CRRER S, ) OREHTE) OAMCENLT 52
LR S TS, ‘

MiCe, 106Ry OWTIE, RGP EVC LD EKHEEOSHIE OV THAEIND Z Li3¥h TH 54, Shiozaki
et al. (1972) Wk b, 4 ¥ FERESWCTHFRECERMEYHOBELS AR IR THS,

Fro, SRl Y RT (1981) 1%, 1978 FOREN DL, A THREEAKP O WCs DIMELS AL 30° N~35°N
TRABEXRTOCKN LT, Ru B 4Ce EENE LB oh TRENEL, B AXBEYRTRESR
1%, 21°N~37°N OFEHHEATRES R &5 REB k. ‘

HHD D BEAN, KRR [ UF ] 1L 5 R 55 SR HRZAF LR IISAIE (1980 45 A~7 A)

* WS AREPETS YA S Marine pollution research laboratory, Oceanographic Division
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KD BRI UCRTE Lc, BUREN, BRI REEARII 202, 4 v FPERKIIH 1002 TH%. Figure 1,
2 B OIILE & RARE S LR T

F, T |
| 50°N 160
- 40
- 30
o
Ha 4%
Wa
o gy, te
= 5
. af)dS
- 10 L ] 1 ] I . o

ot

o7 013
-60°s el2 .
%6 ‘ oll

k= 1 1 { 1 N\}TARCTIC IFI/—I’i

Figure 2 Sampling Points and Sample Numbers in the Indian Ocean
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Table 1 Concentrations of **"Cs, °°Sr, *®Ru and 'Ce in the Surface Sea Waters in the Eastern North Pacific and in the Indian Ocean

Sample Sampling Position Sampling Water Temp. Salinity Radiocactivity ( pCi / & % 1o Counting Errors )
No. Lat. Long. Date C %o 137cq 90gp 106g, Vahoe

Eastern North Pacific Ocean

1 21-15N  157-32W 1980. 5.28 25.4 34.880 0.135%£0.014 0.095+0.002 -0.003%0.010 0.021%0.006
2 22-02N 155-56W 1980. 5.29 24.5 35.068 0.130£0.0177 0.096+0.002 0.028%0.010 0.049%£0.007
3 23~02N  153-59W 1980. 5 29 24.8 34,666 0.145%£0.013 0.088£0.003 0.017+0.010 0.024%0.006
4 23-51N 152-36W 1980. 5.29 24.8 34.778 0.161%£0.015 0.090%0.002 0.005%0.010 0.015+0.006
5 24-37N 151-01W 1980. 5 30 23.9 34.983 0.14120.012 0.091%0.002 0.016%0.010 0.078£0.007
6 25-31N 149~06W 1980. 5.30 23.2 35.080 0.123%£0.014 0.093£0.002 -0.003%0.008 0.045+0.006
7 26-21N  147-37W 1980, 5.30 21.8 35.329 0.185£0.014 0.115£0.002 0.023%0.009 0.006£0.006
8 27~DON  146-00W 1980, 5.31 21.2 35.319 0.16720.015 0.115%0.002 0.019%0.009 0.007+0.006
9 28-04N  143-48W 1980. 5.31 21.0 35.266 0.185%0.014 0.71120.002 0.015£0.009 0.032%0.006
10 28-55N 142-16W 1980, 5.31 20.4 35.257 0.198£0.016 0.120+0.002 0.01020.008 0.031%0.006
11 29-41N  140~36W 1980. 6. 1 19.8 35,107 0.211£0.013 0.129%£0.002 0.005%0.009 0.016%0.006
12 30-35N 138-34W 1980. 6. 1 19.4 35.109 0.197£0.013 0.127+0.002 0.015£0.009 0.009£0.005
13 31-16N. 136-57W 1980. 6, 1 18.2 34.621 0.199+0.013 0.127£0,002 0.010£0.009 0.031%£0.006
14 32-04N 135-~16W 1980. 6., 2 17.5 34,287 0.179%0.015 0.118%0.002 0.016£0.008 0.051%£0.006
15 33-05N 133-08W 1980. 6. 2 17.4 34.303 0.23120.014 0.126%0.002 0.016£0.009 0.014%0.006
16 33-48N  131-29W 1980, 6. 2 17.1 34.767 0.179£0.013 0.123£0.002 0.020£0.009 0.00720.005
17 34-27N  130-05W 1980, 6. 3 16.3 33.655 0.210%0.,012 0.121%0.002 0.027+0.,009 0, 046%0.006
18 35-28N 127-48W 1980. 6. 3 15.6 33.516 0.173%£0.012 0.110£0.002 0.010£0.009 0.047%0.006
19 36-12N 126-08W 1980. 6. 3 14.9 33.255 0:195+0.014 0.116%0.002 0.036x0.010 0.008£0.005
20 36-58N 124-28W  1980. 6. 4 13.8 33.094 0.173%£0.015 0.102+#0.002 0.027%0.010 0.015%£0.005

Indian Ocean

1 17-458 60-58E 1979. 3.17 27.9 34,987 0.10220.004 0.06920.005 0.011£0.007
2 12-408 68-12E 1979. 3.19 28.9 33.938 0.092+0.005 0.053%0.005 0.010£0.003
3 7-21S 75~34E 1979. 3.21 28,6 33.807 0.080+0.005 0.053+0.005 0.015£0.004 -
4 1-508  83-30E 1979. 3.23 29.5 34,450 0.09320.005 0.062%0.006 0.014£0.004
5 3-39N 90~-51E 1979. 3.25 30.2 34.638 0.067+0.004 0.048£0.005 0.013%0.004
6 64-423 2-58E 1980. 2.14 1.5 34.137 0.004%0.001 0.002+0.001

7 53-30S 3-13E 1980. 2.16 174 33.862 0.004£0.001 0.003£0.001

8 45-038 9~14E 1980, 2.18 8.8 33.920 0.017£0.001 0.011+£0.001 0.007£0.003
9 36-08S 16~36E 1980, 2.20 20.8 35.599 0.089+0,002 0.055%0.001 0.003%£0.003
10 24~598 50-56E 1980. 3. 7 26.6 35.054 0.094%0.002 0.059%0.001 0.001+0.003
11 65-00S8 44-55E 1981. 2.20 0.4 33.924 0.004%0.001 0.003£0.007 0.00120.001
12 59-5838 45-03E 1981. 2.28 1.9 33.939 0.005%£0.001 0.003£0.001 0.004%0.001
13 54-068 45-00E 1981, 3. 2 2.8 33.968 0.005£0.001 0.003%£0.001 0.005%0.001
14 43-18S8 44-57E 1981. 3. 5 8.2 33.800 0.013£0.002 0.007+£0.001 0.004%0.001
15 33-133 50-18E 1981, 3. 7 22.7 35.423 0.085%0.002 0.049£0.001 0.003+0.001
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Figure 3 Latitudinal Distributionsof Salinity and Temperature
in the Eastern North Pacific
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Figure 4 Latitudinal Distributions of *’Cs, **Sr, '*Ru and ***Ce Concentrations

in the Eastern North Pacific
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Figure 5 Latitudinal Distribution of *°Sr Deposition from Jan,
1979 to Jun, 1980
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Figure 6 Latitudinal Distributions of **"Cs, *®Sr and '**Ce Concentrations
in the Indian Ocean
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