JAMSTEC-R IFREE Special Issue, November 2009

LA THERE A2 1 %

[EERE SR

WIS WIGIT CHIE R 2 W % &, B0 R RE B S S A D, iR b o M e AR R0, VR MbRRICEE S
NS EE 25 Z LD, AT A L - EAE T, B0 Y AT 20METH 5,
TR O MR R RIGAR S OO BNERS M ICATCEL250OREI H 5. HAMIBELE L2BHTE50T
Bm OB RRESHIFETE 2. [ LAV 6500 ISR 2 L COMBRBINIREL TR TE72. Thb
W& D BB OB, BRI AERONTE . — KT, FHINCE L TOMBEE L KREIFEWIZEINRT
XTWh. FEAMIHEBREELOEE, MiTE2 728, LU —OREME, HWlHEZR ORI, H
WERMBICHE L 2A RV =Y a Y2 EBE LY. BMBERT—70Fx ) 7L —2a Vi, FXL— 3 VEICIEGE
DFEMDT B Y, SHOMEVIHETH S, HRMEMTHEISESWTHNT 2225 TIXORFTZERNL
7o MRS, KA OWEE J0F, KA CIEE ISR E RN A T 22 e TE L LN .

F—7—F KM, LADWE500, MRS, WHREAEE), i i b

20094E4 H 6 H3Z%H : 20094E8 A 3 H 28
1 BRSEAT O N R e B SRR - BRI A B e v & —

HAE DI,
a @ PRSEATBOE N TR SE B ISR - HWERINFR & 4 - 3 7 AR

RFPEE -
CENGE S
BRNZAT B N ZE B SEREAE - HUERNER 7 A F X 7 R
T 237-0061 R ZHE T B ST 2-15
046-867-9324
toshi@jamstec.go.jp

FHAEME © ARNZATBOE N TR 7S B T AR

111



L AW THiES 2 W 5

Near-bottom Magnetic Measurements with Submersible Shinkai 6500

— Report —

Near-bottom Magnetic Measurements with Submersible Shinkai 6500

Toshiya Fujiwara "

Near-bottom magnetic measurements provide us high-resolution magnetic anomaly. The high-resolution anomaly is
valuable for the studies of the detailed magnetization structure of ocean crust and paleointensity recorded on the ocean crust.
The measurements using a submersible have advantages to make the magnetometer system simple and to incorporate other
observational results obtained by the submersible, such as seafloor pictures and samples that are informative for geology. A
submersible usually moves at a height of several meters above seafloor, therefore the magnetic anomaly has a resolution of several
meters. Magnetic measurements using the submersible Shinkai 6500 have been conducted several times, and experiences and
scientific results have been accumulated. On the other hand, problems regarding the magnetic measurements were brought out.
Because the submersible observation usually gives priority to geological observation, the navigation is not suitable for magnetic
measurements. The restricted sensor position and the short track length are also disadvantages for the magnetic study. There is
room for improvement in the magnetic calibration and operation. For the future, improvement of the measurement method is
critically important. The near-bottom magnetic measurements with the submersible expand the range of the submersible study
and provide additional information about lithology which may not be visible at the seafloor, and the seafloor age with a high

resolution.
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T Fujiwara,

1. R CHUE SR 2 0 5

WHIRT vy VmTH Y, PSR ORIEIL,
W2 & ORiEE OKE) %z, WEKREFOWE (~k
FoM) #ked5L, BB exp(ke) IZHBIT 5
EERTIENTEL (eg Blakely, 1996). 2 F 0 Hifih
LAEH ORI OKER) OB X > THET 5%,
R RAEF I2HEIINET S, #ol23hd,
RSN TR 2 M 5 &, g B CoflE T
IR T & VW E, KRR O 5 55 58 b % S S
PELND.

PRI AR, R HbIE O FERN 7 R LR B 0 A
AL G 2 ARD 2 LIV - T A, BFZERNZ, i
FEH IS C & B LA L D b DAL .
FE R T L iR R R e, B0 RE R 13
EAEZT TR WD EALIRETH 525, iHsETh
O HEN 2 12D TIRIRZ K & 52 V) B R AL 5 BE A Ik
Y3 5. ZO-oEN LTI, SHEERIE (Central
Anomaly Magnetic High: CAMH) 2381l 2 L 5. %l
CAMH O ¥ 5 B 53 % FI > TR 20 O s L5 FE Ik
FEOREBIFERmSINTBY, RIEERIIETTFE DN
DN RICEL LRENTWS (e.g Gee
and Kent, 1994). BU7EMH Y ORI ZALIE, &E LK
METOBEmOEMZILTH L. 2 OBEOBALH
EEAITEN T 2 K ROMBERIET X, KiE~3km%
bR C7zif LTI T 5 2 LA TE .

IS BTN & CORPIE U 72 REMH 20 3 7 oD B A L B B2
DAL ON D, WEEBAKBITHIE LT, TR X
0 AR EE AR HGE R 03 B Z A E T w
% (e.g. Tivey and Johnson, 2002). 1% B @ EK I8 B
KREALTH S Z b, BKIEREESED DZEIZ X 5
FLHPREVWEERIN TS, T/, s KR
O A BE TIEREAL IR EE MRy (e.g. Hussenoeder et al.,
1996). WAL T OBERH E LT, WEEER AL
Wi D B IT A L S L MKIRE K & AT B L
MINTNS.

IR D b5 v A7 + — AR T, e g
DOEEWTE & V) L=— 7 LB OBES T, il
FH DAL &2 ST b (e.g Tivey, 1996).
HRR AR S 50T B U e D WA LIRS AR R0, ViR b
EEEEORKBIZOWTOHEMICHS L TWw5.

Hr SR 1E 2SS B FT I O REALIRBEZS B 3, HERY
WA Rl S X727V~ (Brunhes) IERGME] A &
IRl gt £ Tl b7z 2 AR A B & & X
IBTE DT EIE, BB D O o i i A
BEFONDLEEMEZ/R L TW 5 (e.g. Yamamoto et
al., 2005).

T VE M 782 03 08 25 2 AR 4F O M BRI 35 0 M — oD i e R 6%
BARTH 5. PLHRWICEZE < DD & GRS
BEOLEPHONL LS, 7o — 2\ VBB %
Wy eicky, PHoBVEiRPT s Ah— 3
Y ORER, WHEAGREZE L, KIRIEE T THEN
LT EPMFETES. TN ETITIE, Anomaly 5(~10
Ma) OHRELILH OMyNES) (tiny wiggles) OEIH (e.g.
Bowers et al., 2001) X, ¥ 2 F# O ML L H ORI
IE % (Jurassic Quiet Zone: JQZ) @ 1l (e.g. Tominaga
etal,2008) SEAMTHN TV 5.

2. KA & R SR R R 2
2.1, WKERAAR & A U 72 Hb i Sl

WG < CHURE AT 2 9 5 120, et A7 4
% B GRS A M, WHiy 4 FAF v vV F—
SRR AU 1T 5, WKEA, AR (ROV)
R HHRME ARAERE (AUV) ([SBEHEFZIY 41 2 75
Endb.

BRI Z R L22M5ERE, VAT ADMEICTE%E
flicdhsbz e, Btk LTHETFONG. B v —
DA ORI ARMNICRHD 2 2 ENTE S0, K
ERMERA, PiKIEENES 2w, BIEMED 5w
AL - B, RBEOFHIT— 51, Bk S it
WMAEZTAHIENETH L. W COR MBI, i
OB, B2 EHEE O H S EIEE - Wi%R, BRI
AE O SHTEDS, FIRFICAT CEEEIED T 6N
LHIETHA.

BCf, A 0L IEHBBILE, REHRIE 2 H
& L7zdDich b7z, RGN ECHE L 72 &
BOHBRWI ENERETH L. WHEHE v — 2 kR
WY 1T 57280, KO MERALA K & 72 [
BMThD, HANBKMOERZEOMm S HRL T, #%
Nt vy =20 LML T LMEICHBETE R
WG, BRAMICELDERR /A A0EE2 K&
ZIFTLES LD B,

2.2. VRS O R 2 B LA

R TLADV6500] 12X 54D T OB
RN, 1994 FDOREHERRIEEr — Y VT Y AT+ —
LW AT I O A TIT b, 14 THIRE R T —
SN (BLEIFA, 1995). M L2 iEiER
FH&, YRR AR ZE AT O AT B 7E 2 T
S n7z (EMNZ 2, 1995). HARIZIIM b3 i)
RIOBIFRESED D V) (e.g. Isezaki, 1986), RUEMEIIFTD
WRERI A WMS L) IR I Tw5b. ZoiE
WHETI, ETHDLT AV A - 7 v AR— VB
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Near-bottom Magnetic Measurements with Submersible Shinkai 6500

TR DOWEKA 7V E ¥ (Alvin) ] THW S N7z
%151 (e.g. Macdonald et al., 1983; Tivey, 1996) & — %4
12 TLADV6500] 12D fFIF 5 Twiz, Wm/IE!
OWET— 5 DWW TE, TA)VHIDFRL—2 3 v,
T MBEEHON 2D ICBEICTELI LITER
TdH o7z (Tiveyetal., 1998).

AL RIERED N5 Y A7+ — AWETIE, K%
woh, RSN 2R T 5 2 A TE S, RIS
Bt L7z GEAMEERm) MEDD, WKL O
GAOBALD, MK EEICHFEFIIRESFLET S
L7223 C, Wbl FTROMBEIZIFIZEA LI ST,
BB 2 S HAOBALRE» RO SNE. T
VAT — AW & IR AT OB T, PR
D F B KA (Neo-Voleanic Zone: NVZ) D B H m D
BRWHIE T, #L B SN D MR EEICHER1~
2HI K &, 10000 nT % 88 2 5 JRIE O L4 235 S 7z,
NVZ D LR EDHALIZT~50A/m TDH VY, iEEEflr o

LA TIE~20A/m, 3MaDZREIF~I0A/MTH >
7o BERER, —ESEERCEAL L 7o BE E o bk o~2 A/
m &\ )R %7 (Fujiwara and Fujimoto, 1998).
MRS 3 LA R & TR AU, BRI 25 2 Ty
THoLE, FoENZHRARLIENTES (Seama
etal, 1993). BT, HUEBALHES 2 RIBT 2 M
OSSR TAT 22 L S Nz, SRR
T5EMDEON. BT HEMIE, BiEEE)FIC
X 2 AL & o iz, BB, HEHVIEEREEZRLTY
00 Lz, SRR 2 BN E A3 C & U,
T b=y 2B EGE L LS E I S ITE
LA REVE R R L7z,
[LADV6500]) 12145 HETZOHD, EEHMR
AWEFERT - IR 7E S CRE S N2 aT R, £
7o WU KT ZE T - DhEP IR B o eI EE (5
Fr TLADW I =F]) 8 5, KV I
1520450 85 > A7 4+ — AWEAHE, BTEA ~ FEEHE

Fig. 1 The deep-sea magnetometer installed on the submersible Shinkai 6500. (a) The magnetometer sensor was attached to the front panel. (b) The

sensor cable was connected to the outside payload branch box on the starboard of the submersible. (¢) The controller unit was settled in the

cockpit. (d) The personal computer started up the magnetometer system before the launch.
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WMT VT v T4 AN 7, A v REEICD B i
Havar7sLy 7 AOHAE (Sato etal., 2009) DT
DNTW5h, INHOBREEICENT, TRAED S
HiS F T - i B~ v VBN ASBI S
TW5b.

2.3. FER 2l MR S A )

1996 4E121E, 75 Y A « 4 7 L A= )VOFKIRAEM /
74— (Nautile) | \ZHOIEENF ORI 2 ## L T,
RVG T RS 22° N O HLEH A 23T b, 19T
HipEE T — 7 3% 572 (Honsho et al., 2009). Z D
ATIE, BB o W 2 T4 (2 B AE 7 T T I Y
VERVT, A g R D AR L AR L R B v BLE
DOEMHASRAE SNz TR, TN v IEEmEE
FHOUE R RA LB A L2 B L7z, C oRME2 LI,
HERRW AR ZE 2 S RS N7 KAL) (e.g
Vallet and Meynadir, 1993; Guyodo and Valet, 1999) & E
CHITE, HERERRIC X0 i R B 75
BB T EAIRENT.

3. LADWTHIRARZ S
3.1, BREREIET

AhGTIE, 20084 6~7HiZAThbhiz [X 2§ 2]
YKO08-08 Leg-1 i [ L A%\ 6500] #fidi4 (Fujiwara
etal, 2008) ZBIC LT, HfEAGHIH: L 7— & s
HiEEMAT5. KABMHETE LAV =T
WHEE QoEiZBR) RS FW#EhRNE, i
EAZFICND N3 T 5y 7 25— b2 v —L
RN, ARG - 7 — Z GRS, B L O S—v F
2 ¥ a2—% (Windows XP) X DS (X1).

WIIE e v =i, ARO[ SR VY
fFFrenzz (K@), ZOBX > ¥ —o 365k,
BTG, ZEREAI0, SRIE T & ICWT w5, L v —
=T NWENAVHNMPHE L, IO~ To—
PR Lz (R 1(b). & ¥ —4r—TiEx
A0 — FArIRE, RO 7 — 3 F vl E A LT
AR R S NS, BEITRTARERIIMNE S DA —
A AT S (K1), BEHEFAREITEAMN
TEREDCRVOMKEZ 2T, Vx4 uF—5DY TV
¥4 B2 5.

3.2, F— UG
TEEHLBAIRATS, AR E L2 Y Ea—%
EMHNOARKERS232CT — TV TRE, o Ea—
¥ SRENE R RET 5 (K1(d). BEINTRE O
W), SRl T — & AN EMER L CNEREZBHBL, 3~

Ya—& 3y, fhlly—421, #hEtr—25 (B
W, WSS, WE) ERAmYxy A ur—% (5
i, v—n, €©vF) T, HEIHD7 74 VhoHRH
TICREREN L. F—F3AEKDOH — F 2 ) 12505
ENG. 7Y T — MEIEHAMOBREN L Y
b TEC01THS. WK SEMEHT L
T35 FTom, il - 7— 7 EITo7 TL
AP\ 6500 129555 30~40 m D E Tl & T Y
%, ERLIZIZMAEETH D, 8~ MR OFHEFHE O
M, FARIETAT3000~4000 m DKEZR 51X, HEICE
VF % AR ENE 4~ 5 BT, 1ML CILE W 2 km FEEE
OB GIRE) 725, AT, FEREESY
7 FEIROFTHREERCA L (18.5° N~20° N) T3 ##Hi (55
1085~1087#A1), ~V 77 b7 7 FiEEIL K (17
°N) T3 (451088~1090 ), Ft 6 fil i 4 2%
fTbhi-.

33 MEARGNF—s0oXFx Y TL—Ya v - ZD1
WRER T — & KA S N7 5T o AR R
Tl SN2 720, BKRMOLEEITHIES L CTHbfE
RTF—=FDEBHT 5. T2k 9 —ZMARICH)
57:0, FHARMOWBADOLELRKELZIT S, WER
FHllF— 2 id kAo L HI2FKE D EE 2D (Isezaki,
1986; k&5, 1992).

Ho=R:* F+A‘*R*F+Hp
=A'"*R-F+Hp
(A'=1+A) OEY

Z Z°C, Ho : HREAMEMEN 2 MV, R KA - 0 —
Vo ¥y FIC K B AT, F o SRR O
RIS 7 v, A KO TR T %1751
U — O3l & EAKAREEER E DT OHIED
FEND, Hp  WAKMOARABALIZET A7 ML T
HbH. ALHpIZEHKETHE, ThoDHEETENL,
e Ho, R X ) HIERIE F 23R B 2 & TE L. (1)
K ZERSICEETTL,

Hox} fan an as|cosy O sinyjl 0 0 [coser sine OJFx) fau
Hoy |=|as an as| O I 0 |0 cosf sinf|-sina cosor O|Fy [+]au
Hoz ) \aw an auw)-siny 0 cosypQ —sinfB cosff) 0 0 1) Fz) \an

(BB

Z I T, (Hox, Hoy, Hoz) : #ll5€ i3 1555, (Fx, Fy, Fz) :
WRER 3 s ORI &, KPR E, B TFmE),
a A, Brua—fy, y ¥y FMTHL. H
BB bvica—)y, ¥y FATHEER S5
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MEFEE, SN TVBEHEY ¥ A HOREICL AT
ERZHFRD D, HAVEF ¥V T L —v a3 %o
WRT =7 DIEHDED/NIVEEEIRT L. [LAD
V6500 IZBWTIZQREY THAEH. F72 [LAD
W6500] TIE, B—v, ¥y FAOKEFIIENENRL
BTFAD, MELAVPIETH S, ) oHy
5 MBI Z 4HORE, At 2ok
PrBa, Z /P 2RI X VRO L. B, GHlT—%
OFATICIER I N KB T — 5 LR T— 5 1%, &
FTLORERE TR IGHENECDGE08H 5. Kt
BT, 028 (F—%21140) §¥6LTHEDLTE, Hil
IEROMBERT — 7 O H R NE L BoTz.

AT BERICNEE L 2 50h 2 THETS. [LA

o

360

A 65000 1%, 2~30 1L 26T 5. 2
DT BRI MO MEMD»R SIS (K2(a), (b).
HEIE 2> S 208 m LIRS DML & DFEEANE Y, L72h35
T, B T 29 2] OMMRREAL DB b i e i
LDRES NS VKFEPTOFRIT—% 2, Fxv ) 7L —
Ta VIS AR TIEHBGAK 10 55 5 20
GHEOF—% 2 L7z ZhiE, KBE300~1200 m
TO8~9 iR OFHT— 5 TH 2 (M2 ok
FRC/R L 72 R ) .

Q)N 2 i BRIZIE, HERRESS (3RS OB
T WEA IR & L C, EIRER#EREY; (International
Geomagnetic Reference Field: IGRF, IAGA Division V,
Working Group VMOD, 2005) 12X 2 Pl T 5.
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Fig. 2

Raw and calibrated data collected during Dive 1088. The horizontal axis indicates elapsed time from the recording start and the early part of the

dive is shown in this figure. (a) Red, blue, and green lines show yaw, roll, and pitch angles of the submersible, respectively. Variation of yaw

angles show the submersible spins on descent in water. (b) Raw data of magnetic field measured in the coordinate system fixed to the submersible.

Measured magnetic data vary in response to the submersible's motion. Red and blue lines show horizontal components, and a green line is a

vertical component. (c) Calibrated data of magnetic field in the geographical coordinate system. Red, blue, and green lines show horizontal

northward, eastward, and vertical downward components, respectively. Black and purple lines are synthesized magnetic total force employing

the first (see 3.3 section) and the second (see 3.4 section) methods of calibration described in the text, respectively. The thick yellow line on the

horizontal axis indicates the time zone used for the calibration.
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K2c)ixF ¥ ) TL—3 3 Y BOBBERT — ¥ 257,
FEHIICDWTIZ4TETHRIRT 5.
FLHEHTRD 5 NTAHERRZRT . A’ (ay, 1j=1
~IFHALATHNCIRIEE L v (a1, i=); 2,~0,1 # j)
CEDS, FEBAADFGIINIVEZEZLND.
TO—, ¥y FAPREREL/NS VD, B
A7 — & 3RS AT DE I HRT, B R
W5 (Hoz) 121ZE A LZEB LV (K2(@), (b). £0
720, QROBTICHDLAIBRBIELL TS W
BENNDH L. FFIZ, ayy, GREHOFEERALICHET
L5 & ay, GREHINOKRABLIET 24050 28
ML= FF7ORRICES (1).

it LRGSR 3 L B 0 B B 121%, S DS R %

Table 1 Correction coefficients determined in each submersible dives.

Coefficients in Equation (2)

A Hp (nT)
a; a, a3 a,
ay ay, a3 Ay
ay as, a3 ay,
Dive 1085
1.00523 -0.01134 0.04632 -368.9
0.00130 0.99816 -0.12471 -1409.6
-0.06863 0.00307 1.47534 -9145.4
Dive 1086
1.00214 0.01802 -0.03914 691.8
-0.02324 1.00401 -0.22050 138.8
-0.07451 0.00233 0.99515 -2046.6
Dive 1087
1.00367 -0.01138 -0.00725 246.5
0.00680 0.99491 0.12584 -5797.7
-0.07333 0.00397 1.00570 118.0
Dive 1088
1.00064 0.02059 -0.07959 921.5
-0.02250 0.99696 -0.13467 -1295.6
-0.07394 0.00193 1.00583 -2175.8
Dive 1089
1.00064 0.02496 -0.05810 720.5
-0.02872 1.00190 -0.21099 -367.5
-0.07577 0.00274 0.97137 -1925.2
Dive 1090
1.00635 -0.00357 -0.08900 661.1
-0.00119 0.99774 0.09183 -5028.3
-0.07345 0.00347 1.02779 672.0

Mg 2720, fillph OREEDEDLRAT, FxV
TL—3ar0zo0 [8OF] fiEEITv, JH0H#
R EE D 2 LW S5 2 &2 M5B 05 T
BPEREEESTN Z v, F 22BN & KRR B AS,
BARMTEZEAEEN VIO THS, DF)O—
W, By FAPIEFITNS L, BERDL72DD5M,
LD [TLADWV6500] (&, MY AFHEEEEIZLD
10 EREZEORIHFmotRa (Yy FM) 25252
EMWTELDOT, Fx VT L= a3 VFOEEMITE
DEWRDH L0 LN, 72722 Lilgd F RIS E
EOFAHZ L, THIDSOKKEDOIILD 720 W #ET
HrHH)LEZENDL ([ LADWV6500] EiF—2 : iz
ARFEEKAE).

34. NIRRT — 7 OF XYV TL—Ya v - D2
FEBALOFG I TN VERL LT, #HAMKO
KABACD AEZET 2 H DD 5. KE#T—5 2 FH
L CHIEA I 2 e T I e oA ZFHT %
o, SORFEMEZ L. P2 RO [7Lve ~]
OEIFHE, TOHETFY Y T L—Tari2 L TW5.
WAL, HRE A E A > & 25 Kb B AR AREAR IS
X DRI B E R 755 [ 72 3 B AU (RESRIE) 1%,
JE DR SR E FETH D, WARMO AL
6%, FYUTL—Ya v ho#TIE-ETHS
ZEEELTVD,

(Hox - Hpx)>+ (Hox - Hpy)*+ (Hoz - Hpz)* = Constant
)X

Z ZC(Hpx, Hpy, Hpz) 1%, #KMOKARKAIZE T % 3
BT A BRI EoOWEBERALT, Eito
SHIEARBZ ZEZ AL B EFHR L, AR5 H (B
i) %R (M3). KR 4% o #i 1Ll Hpx, Hpy
DAL DEITHWN B/ MES RO % (K3@). L
LR LEIERSOMIEMHpz X, WRTERZWE
En3brsb (H3(b), ().

52 5N 72Hpz 2 LT, Q)RABDGEA R D /N
2L 725 Hpx & Hpy DflA G LR EZ KD, TOREORE
R L G amIE (Q)ROLBOFE L) Z2RL
7z (4). #1088 MBI % & % &, Hpz<-2000nT
TIEHERZIIFIEMIE T, MY Hpz 2 HETX
. Bl b, BEREAR 2 AN/ 7 B 013 Hpz 45 -9400
nTORTH 2 (K4 ORBRKE). )Xz ik/h2 Rz
fifio THIEARRZPE L2 A2iE, S2ekEsr
% B, LA LA S ERIIEAT39900 nT 127 > T
L 9. IGRFRAMIMETH SNzl LRALT T b R
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Fig. 3 Contour maps of standard deviations of computed total force (square root of the left-hand side of the Equation (3)) for given Hpx, Hpy, and Hpz
combinations. Measured data during Dive 1088 were applied. (a) Hpx-Hpy plane at Hpz = -2300 nT. (b) Hpx-Hpz plane at Hpy = -2900 nT. (c)
Hpy-Hpz plane at Hpx = -900 nT.

4500 —/———m@m™Mm ™ ——rm———rm———r——— 77— 17— 17— 1500

nT | | nT
: {400 @
40000 | | 3
o - . o
o L 1 rol
L IGRF/Observed~37000 nT {300 o
= ) (0]
g i { =
35000 - | B
[ / \/ 200 5

30000 I TR NN T N AN ST ST T S SN TSNS A AN S ST T NSNS TS SN ST AN [T TSN SO (NS ST NS S | 1 00
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Fig. 4 For given Hpz, Hpx and Hpy to minimize variance of the right-hand side of the Equation (3) were estimated. Measured data during Dive 1088
were applied. A blue line shows the standard deviations and a red line shows computed total force employing the three coefficients. IGRF
and observational values with a surface-towed proton magnetometer during the YK08-08 Leg-1 cruise indicate that the total force of ambient

geomagnetic field is approximately 37000 nT (green line).
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Nt eI EZ 2T 5 &, FARSSRIIEIX
~37000nTCTdH 5. L7755 THpzid-2300 nT T 12
RERDONELE Bbhs (K4hDEREH).

4. [ERL

RFLHED 6 MM TIL, HFEMTENZNEL S
IERBOMA KT 572 (K1), ZD L) HfiRidH
FZOFEHRAETHHE SR TWE., ZOFKEE LTI,
/N2 F i TR 2 KD B 720 IR SMEARE DT,
SHEHHERATHO RECREBLTLE ) T enfbie
LTEZOLNL. KEHEMOBERER - HELOEY, b
B\ I IR PR R R 2 SR 5 55T, JERRIC
LS L ATAMAREAZ LT 2 2 L b dH A0 Lt
Fx YT L= a yBOBBRT— 7121, K,
BE~BT oTREORIBOLEE KL (K2c)). #*
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Fig. 5 Calibrated magnetic field data during Dive 1086. The horizontal axis indicates elapsed time from the recording start and the middle part of the dive

near-bottom is shown in this figure. (a) Submersible's yaw, roll, and pitch angles. (b) Northward, eastward, vertical downward components, and

total forces, respectively. Color code is the same as shown in Fig. 2. The profiles are DC-shifted for an easy look.

JAMSTEC-R IFREE Special Issue, November 2009, 111 — 122 119



LADW TSR Z W 5

Near-bottom Magnetic Measurements with Submersible Shinkai 6500

(ZAEDVF 72K) 2000 nT FEEEEAEAS s> T, fiiE % R

L7z BAEIRIEIZTED LNV TS5 72, SRFHRIEK
TEEE, Y=Y a2l =5 OFnzilio TELAMHNL<
L7225 ZOREBEH=ICSCEZDE2 L. /
A XFE»ASALTHHHEZMEIE, EXRMICLLE
W/ A X 5N 5. SROEBMHETITIE ¥ —
OFREMNEEZEZ, /A RXBAZETE20RAAE50E
M BLETH L. o —2ihr e e
Lws, HNEARMOVEEL O S RS 20Tl
LW 5.

1088 MO ER TR ORlFkE s &, B/
AXLBONZEORODIN T2 M OMBER T —
ZiE, HMEAER L TRESEH LT, MiErlA
SEEZHRDLIALDIL TS (H2(c) H' D Noise TR L7z
LD ). HOTRCIEER AP ICEE IR 53
LTHHDT, WHKAEPOWBER T — 5 H 8k 5 %
IFRATH 5.

HURTIE, BKMoOBEI/NS {, —EH %k
L 72 X [ @ Mg S S AR 2 0 &2 Bl U, e LAk 3 o

360°

FICHWA Z L1275, WHBSEO OIS %KY
W, BRI O 72D LIZLIZEM L, A5 LIESE
2179, B oRBRTH. s 02 LiddKi
A TIILEATT R ETH DA, HEESEHTH 2
LREFI LAV ETHLH., MR T — & WEA
FEIT & o TREMICEE TH B RFITIZBEY)IS, F~72
WA LA E LIS A L C— 0 & HAT 3 % LEED
b 5. BRI THERIEOWTHIY S 2 & o¥r
GRS LB AN LS, REOIRYH 7 —
F PG HZ LD, LHOERERDERDNS.
Gk, RHT— 5 ORGELBOERNZEYIL T, Fx
VT V—Yay, ARV—Ya Y HEOWEHEEMRE L
WEREZI EZ Mo T BENRDH L. FRILATD
NBTHAH) AUV Z Gl L 72BN & 5T,
AHRABROWERE 25 2 EBUIFTE .

5. DRIMEHbL G AL R O
Fy )TV —Ya VEBEOMBRT— 705 MBI
BEERIRD ) 4 X, BEIZX o THELAINA T AR K

300 |

240 |

§180 |
120

60 |

0

6000 |
an

4000 |

2000 |

Magnetic Field
o

2000 |
-4000 |

-6000 |

|
3:00

Elapsed Time

Fig. 6 Near-bottom magnetic anomaly during (a) Dive 1086 (the same time span as Fig. 5). (b) Ship's attitude and (c) near-bottom magnetic anomaly
during Dive 1088, the middle part of the dive near-bottom is shown in this figure. Artificial noise and bias associated with submersible's course

changes were corrected and data while sampling works were removed from the magnetic data. The profiles are DC-shifted for an easy look. Color

code is the same as shown in Fig. 5.

120 JAMSTEC-R IFREE Special Issue, November 2009, 111 — 122



T Fujiwara,

L, BERMEEROT— 5 ZHIBRL, MBS Z KD
7z B6ITIE, WM —EHEHAEL TVEELS %
B, 2o Z R LTWAS. 2 4 XLzl
ETETVWARVWEEDLN S, AR HEE L% B8

LTW2DOThHfiEEEET 5L, MRS
Y7 FNTHDURED DDA, T b Lk
Lv, 9E100m & ) RO ARF LT 2 A TE,
ZHCERT B L, H1086#EMTIIEHI/NS W (X
6(a)). Z DML TIIMERCA L2 FA L 7245, K5
DWEIEFRIE TP EEE QMR THlb Tz, MRk
REFE O D I ENE, EEHEREE O BAL AV
V72O THH ).

—H I LT, TREEE L2 L7255 1088
WO MEE T — 713, KEZHBREELTNHEN
TWwb, ZTOIEIEIX5000nTIZB LA TYS (X6(c)).
HRESR T OWRIZ 100~FE m T, {EHAMTHBBIE
N7 MO T 25 L D 22 B BB TS L Tw B
bOEEbNL, HMBEAIRFTETHEHL VLT
Eld, 3B Z R L THE Y, BaitigiE
ROBHESIZEIDIDTHA ).

FAERTH L~ 7+ T 7 IEWEFEICEL, H
WY 27 P VIR E TH L. L -> T,
WREEALI X s D Z L & B IEE, Xy — U
BOEPL T 5. KPR & BEs & SRiE T I & 8
DMBEREALDH 4 T, TNENOMMA /4 ERET
NTHZBEZADDHD (B Z I 6(c) T OREES).
CAUIE AL AR O B AL B R OfEAE 2RI L T
% (Isezaki, 1986). TF¥ildL Kl o> &[0 & 11X F-47 J5 1)
THDHOT, PRI FATREE - B HEED, 1D
DWEEFOMIET I, B 5 VIFEREIICEE ) B LR
JEZALZ KL TWA D0 Lz,

AT, FHEF 7RI LT T7745% [LA
A\ 6500 ICHBFER L TR Z 47> T3 (UMbl
A, 2008). HERBIEOFHAERICL Y, ZREELD
R LG L 2 HERTE 5. H1088 AL~
V7 N7 7 PR E AL T N HFR A S T 5.
Z OWHLTIZIL KB O Rl A3 b HERE N OB =
B3 7 K, PRI i R C R B A 2 T
W Z EPBIEEE N (Fujiwara et al,, 2008). L722%-
T, AT DM AR D B L <, SRR A 12
M CHEERIE L 25 EHE SN L. MR
b PRI P AL ORIE R D K E < (K6(c)), i
EDH LIRS TH DL I EZRBL, HREDH» S D4E
RHEE LFRAFIL T 5. RIS T, Wil s
HARTHMEEIE OIRIED /512 LCTw b, HH
BNTIE, BEERIIET2OBBEDNEEZ 55,

V7R bATOT 74 S8, AR ORRLED
BT, FONZZHBREFIRET — 5 005, BALRIE
DZERI AR, PLREMAT N D e A 34 ikl T
LMD H L. TXREORRRILIZ X 257
WALERIE DIRA 2 R WR B, AFAR & I 2 A R AL R
FEDBRD AT E 2 MFEH 5.

AR U T [ LADWV6500] EfTF—2% [ X
9] EALE, HAWEFEOBIMEMEIZIZEZ K
S 2 ARV CAVARIRL L i e S e A e Ty e
BhH W22/ EER—KIE#EIEHEE, 75—
MBI OWT ORI R ERE W2 Wz, BHEE O
I e i, AEMIGE W12, M EWET 5720
DFRRARA Y FEWTZEWT2 YKO08-08 Leg-1 fiLifi 2
(&, BRrse BBl 4 - JRITTE () (1RER © B
AT T 20540417), AOTAT B A AT 28 B SE AR
HERNEREBIIGE Y ~ & —BE R0 a2l L7

51HISCHR

Blakely, R. J. (1996), Potential Theory in Gravity &
Magnetic Applications, Cambridge University Press,
New York, 441 pp.

Bowers, N. E., S. C. Cande, J. S. Gee, J. A. Hildebrand,
and R. L. Parker (2001), Fluctuations of the
paleomagnetic field during chron C5 as recorded
in near-bottom marine magnetic anomaly data, J.
Geophys. Res., 106, 26379-26396.

WL RSl BEAEE, M. Tivey (1995), KP4
RHE T — v VT Y AT — A WREEMEE
. (WMARK) (238513 % MRS % 5 3 B 45 L
JAMSTEC BRHFIIZE, 11, 11-20.

Fujiwara, T. and H. Fujimoto (1998), Seafloor geomagnetic
vector anomaly of the intersection of the Mid-
Atlantic Ridge and the Kane Transform Fault:
Implications for magnetization of the oceanic crust, J.
Geophys. Res., 103, 30335-30349.

Fujiwara, T., S. Umino, M. Asada, Y. Koike, T. Kanamatsu,
K. Kimoto, and S. Okada (2008), A submersible
study of the Mariana Trough back-arc spreading
center at 17°N, JAMSTEC Rep. Res. Dev., 8, 61-73.

Gee, J., and D. V. Kent (1994), Variations in layer 2A
thickness and the origin of the central anomaly
magnetic high, Geophys. Res. Lett., 21(4) , 297-300.

Guyodo, Y. and J. P. Valet (1999), Global changes in

JAMSTEC-R IFREE Special Issue, November 2009, 111 — 122 121



L AP THIRS 2 2

Near-bottom Magnetic Measurements with Submersible Shinkai 6500

intensity of the Earth's magnetic field during past 800
kyr, Nature, 399, 249-252.

Honsho, C., J. Dyment, K. Tamaki, M. Ravilly, H.
Horen, and P. Gente (2009), Magnetic structure
of a slow spreading ridge segment: Insights from
near-bottom magnetic measurements on board
a submersible, J. Geophys. Res., 114, B05101,
doi:10.1029/2008JB005915.

Hussenoeder, S. A., M. A. Tivey, H. Schouten, and R. C.
Searle (1996), Near-bottom magnetic survey of the
Mid-Atlantic Ridge axis, 24°-24°40'N: Implications
for crustal accretion at slow spreading ridges, J.
Geophys. Res., 101,22051-22069.

International Association of Geomagnetism and Aeronomy
(IAGA), Division V, Working Group VMOD:
Geomagnetic Field Modeling (2005), The 10th-
Generation International Geomagnetic Reference
Field, Geophys. J. Int., 161, 561-565.

Isezaki, N. (1986), A new shipboard three component
magnetometer, Geophys., 51, 1992-1998.

AN C, w LR, dEEEE, REHSER, B R
(2008), [LAD\6500] IS N7z T K b
A7 T 7 A TERMAVESY T F NT 7L
KT e D LG HERT Y Bi%%, JAMSTEC Rep. Res.
Dev., 8, 75-89.

Macdonald, K. C., S. P. Miller, B. P. Luyendyk, T. M.
Atwater, and L. Shure (1983), Investigation of a Vine-
Matthews magnetic lineation from a submersible:
the source and character of marine anomalies, J.
Geophys. Res., 88,3403-3418.

PERER— (2007), e A ¥ FEEBEF RIS ALE S 5
a7 ary 7Ly 7 20k E, M bhs X
O BRI = WS REID R % T 72T, SRR
REpBeBlA R e R 5w L, 71pp.

Sato, T., K. Okino, and H. Kumagai (2009), Magnetic
structure of an oceanic core complex at the
southernmost Central Indian Ridge: Analysis

of shipboard and deep-sea three-component

magnetometer data, Geochem. Geophys. Geosyst.,
10, Q06003, doi:10.1029/2008GC002267.

fEmitics, AL, TORESR, Wb, R bk
S, RO (1995), YU = W0 # 1 E >
AT KORSE, AEEM AL, 6, 21-32.

Seama, N., Y. Nogi, and N. Isezaki (1993), A new method
for precise determination of the position and strike
of magnetic boundaries using vector data of the
geomagnetic anomaly field, Geophys. J. Int., 113,
155-164.

BT (1992), i 112350 B MRS = B B OB,
HETEF LM, 4, 41-49.

Tivey, M. A. (1996), Vertical magnetic structure of ocean
crust determined from near-bottom magnetic field
measurements, J. Geophys. Res., 101, 20275-20296.

Tivey, M. A., A. Takeuchi, W. Bryan, H. Fujimoto, T.
Fujiwara, T. Furuta, H. Ishizuka, P. B. Kelemen, H.
Kinoshita, K. Kobayashi, and T. Matsumoto (1998),
A submersible study of the western intersection of
the Mid-Atlantic Ridge and Kane Fracture Zone
(WMARK), Mar. Geophys. Res., 20, 195-218.

Tivey, M. A., and H. P. Johnson (2002), Crustal
magnetization reveals subsurface structure of Juan
de Fuca Ridge hydrothermal vent fields, Geology,
30(11), 979-982.

Tominaga, M., W. W. Sager, M. A. Tivey, and S. M. Lee
(2008), Deep-tow magnetic anomaly study of the
Pacific Jurassic Quiet Zone and implications for
the geomagnetic polarity reversal timescale and
geomagnetic field behavior, J. Geophys. Res., 113,
B07110, doi:10.1029/2007JB005527.

Valet, J. P. and L. Meynadier (1993), Geomagnetic field
intensity and reversals during the past four million
years, Nature, 366, 234-238.

Yamamoto, M., N. Seama, and N. Isezaki (2005),
Geomagnetic paleointensity over 1.2 Ma from deep-
tow vector magnetic data across the East Pacific Rise,
Earth Planets Space, 57, 465-470.

122 JAMSTEC-R IFREE Special Issue, November 2009, 111 — 122



	しんかいで地磁気を測る
	Near-bottom Magnetic Measurements with Submersible Shinkai 6500
	1. 深海で地磁気を測る
	2. 潜水船調査と深海地磁気異常研究
	3. しんかいで地磁気を測る
	4. 問題点
	5. 深海地磁気異常の特徴
	謝辞
	引用文献




