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Implications of Volcanic Activity in the Central Mariana Trough Median Valley,

Based on the Deep-Towed Side-scan Sonar Imagery

and Manned Submersible Observations

Miho Asapa™, Toshiya Funwara™ and Susumu Ummo™™

We collected high-resolution sidescan sonar imagery over the central part of active back-arc spreading basin,
Mariana Trough, at 17° North (“Seg-17"). Spreading center is situated in the eastern side of the Mariana Trough, which
divides the trough into approximately 3:2 in the west and east of the axis. Multi-scale observations, which are shipboard
multi-beam bathymetric survey using R/V Yokosuka, the deep-towed side-scan sonar survey using Wadatsumi, and
visual observation using submersible Shinkai6500, show that two predominant trends in geological features (fault,
fissure, and volcanic ridge) are developed on the axial valley floor in either scale of observations. These two trends of
linear features are almost parallel to each trend of “V-shaped ridge” developed along centerline of the axial valley floor.
One trend is N15° W subparallel to the trend of the axial valley itself. Another trend is almost NS. There are no obvious
differences in age between these two trending features. Volcanic activity is dominant in the western-half of the axial
valley floor, which is indicated by the backscatter intensity pattern and by visual observations.

Key words: Back-arc basin, Asymmetric seafloor spreading, Side-scan sonar imagery, Ground reference, Volcanic
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Index map of the survey area. (a) Bathymetry map of the Mariana Trough. Bathymetry data is based on ETOPO1

(Amante and Eakins, 2009). (b) Bathymetry map of the Seg-17 area. The bathymetry data is obtained by SeaBeam2112
system during KR03-12 cruise in 2003. Note that there are V-shaped axial volcanic ridges (white dotted-boxes) trending
N15° W and NS directions. A black box indicates the area observed by side-scan sonar Wadatsumi, shown in Figs. 2 and
4. Gray lines and boxes indicate the submersible Shinkai6500’s dive tracks and areas shown in Figs. 7, 8 and 9.
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Fig. 2. Bathymetry and deep-towed Wadatsumi sidescan sonar data of the survey area. (a) Bathymetry map based on the
shipboard multi-beam echo sounder data. Solid line indicates the survey area of the side-scan sonar Wadatsumi. White
lines and gray boxes indicate Shinkai6500’s dive tracks and areas shown in Figs. 7, 8 and 9. Dotted-boxes indicate
position of V-shaped ridge. Solid circles indicate conical hills. (b) The Wadatsumi backscattering strength map. Darker
color indicates higher backscattering strength. See caption in Fig. 2a for gray boxes, dotted-boxes, and solid circles. (c)
Fine-scale bathymetry data obtained by the Wadatsumi sonar system. Colors on map indicate 15cm each-relative
elevations. See caption in Fig. 2a for dotted-boxes and solid circles.
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Examples of two sub-bottom profilers’ data obtained by the deep-towed Wadatsumi system and the submersible’s

StrataBox(R). (Upper) Representative sub-bottom profiler data obtained by Wadatsumi crossing the Shinkai6500’s no.
1089 dive track. The survey line (line 6) is shown in Fig. 8. The vertical and horizontal axes show depth and elapsed
time, respectively. (Bottom right) StrataBox(R) sub-bottom profiler data during traverse a seamount in the no.1089 dive.

The vertical axis indicates relative distance from the transducer of StrataBox(R). Note that the seafloor morphology is

distorted because the submersible moves up- and downward. The horizontal axis indicates elapsed time. (Bottom left)
An extended image of sub-bottom profiler data obtained by StrataBox(R). The display range coincides with the range of

a white-box in the right figure. Thickness of layered sediments is indicated by black arrows.

WAMELFOSINEYH 5. B2 135 RS2 H 5L
KR E PIGEER % SO MREIR T, IR S
3% (fl 21X, Perfit and Chadwick, 1998; Buck et al.,
2005). ARHWFFED FEIABEED L 9 12208 7 #IE AR AE
FLHEE, WEEOIKIPE D IEWE s, M

DI & O RERIZ ORI BITENE A EA T
L. T, WFEATICERPEALZZEAICS, ARE
LomKEHICHOENANEETLZZIEDNH D
(Macdonald et al., 1988; Perfit and Chadwick, 1998; Poliakov
and Buck, 1998). ¥4 FA ¥ x ¥V —F — (3l 22 #uT2
TALERZ, BIBEBRE D7 — 12X ) Z 5 HHT
J& 2B IS H ORI B & TR 5.

B OTELIRE DAL, MR (& AEEDNKIC
T L TOB ) AEKICEATY S, KT
POENERT. A FAF v vV —F—DoR§ HE
Gy — RO ED L9 iR % KL L T 550 &
W) BE D R SNz B % (Smith and Cann, 1992;
Smith et al., 1995; Head et al., 1996; Sauter et al., 2002). {5l
ZAXERFTEELIRE AR IS IR IE, RIEANE S 7%
= MREBETH D Z LS. v — NRBERIEE
MR R, ESNCA L, IR S 2 fEi A
fE1 97\ (Auzende et al., 1996; Griffiths and Fink, 1992;

Gregg and Fink, 1995; Umino et al., 2002; Tominaga and
Umino, 2010). F 72, ¥ — MIREERAIE T %85 T,
KHOEE7 7 A PHPHREL, RHIEZMNZE S SO0
HWIZZIIZZ LWEEPE L L2 b 5. A%
THE L [D7EDA] A4 FAF Y Y —F— D55k
BETIE, X9 %y — MREEORMOE N T T
MTE . =T, RAOBRITEELEEAAD L,
T 2 IS E &8y — E, MIRBE P AR
molhNETHDL I ENL\. lx OMIRGEHET — 71
EEHT em~8m AET, KOBRZICERL RS
Tmo/NERREBREIEK L R T\ (Fox et al., 1988;
Griffiths and Fink, 1992; Gregg and Fink, 1995; Soule and
Cashman, 2004).

KWFFETIE [D7ZOA] O A FAFxF Y vV —F—[H
%&b LICE L HOENE 2@ L, R BELRE A
VTR, BRI TR DTV 4 W IR T 2 S
HEEH L T2 &L C, #iEshm & FIERE
SExATo 7z (Fig. 4). T2, BHRORMMIBED G &
EREEOR S GER, PR £ % Table 1 128 L7z,



1710

N

17°05'

17°00'

TR - E LB -

SE

g 0
\ \
' \
. \ \ =

16°56'

S Fault
S\ Fissure

-/ Shinakis500 dive track

3 km

E

D Smooth-surface area

. Rough-surface area

EE Notably high backscsttering area

144°50'

144°55'E

Fig. 4. Geological interpretation map based on the Wadatsumi backscattering strength map (Fig. 2b). Red line: fault, blue
line: fissure, light-colored area (yellowish): smooth bathymetry (I-type), grayish area: rough bathymetry (II-type),
checkered area: extremely high backscattering strength indicating relatively younger volcanic activity. Gray lines and
boxes indicate Shinkai6500’s tracks shown in Figs. 7, 8 and 9. The dotted-boxes and solid circles indicate positions of
the V-shaped ridge and conical hills, respectively.
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Table 1. Measurement results of linear structures which are recognized on the Wadatsumi side-scan sonar imagery.
Total fault fissure West plain area Hummocky lbvaarea East scarp area
Number of structures 2496 1136(45.5%) | 1360(54.5%) 533 758 1241
Average length (m) 220.88 241.66 203.21 265.45 261.91 174.22
Average direction N13°wW N13°W N14°W N17°W N11°W N13°W
Rose Diagram ‘ ‘ ‘ ‘ i ‘
Density 0.28 0.14 0.14 0.21 0.30 0.33

4. YA RZAFx v 2V —F—ICLEBEHER

4-1 BEOPEEI R

[DEDH]IHFA FAXFY Y —F— I BBIETIE
BEEREPHERTE 2V EEWHEREY 780 5k
Mol A4 FAF % vy —F —O%ITHFELTRE S
%, BT EEIREA— RIS VR 5 24T
BHONDME L, BITEELSRE O RDAA D Bl K
TEEDSMIMZE A AT AR & ICIXsr L7z, B
T, omEAs (18] BEs [T LIER

Seg-17 12BWVT, 7 X ¥ FHULHEIZIE < T RIA
s 5. —J7C OO ARSI IE RS 710 B X s A5
M2t 7 A Y ML SBEINS 12 £ %\ (Figs. 2b, 4). V
FRORBRIZ T L > TEEESNTEBY, BROTEH
(PHEL) 13 TR DS ERE I 54 5 % 2%, RO T OR3)
TR ESE . VR LIRS 5 58
TE3 T 100~150m, A 1L.5km FE, HETIEH
7250 m, EED L5km BETH ) HFIECTDH D
(Figs. 2a-c). HEFEIE, 27 X ¥ b s e H 5 P a2 vl
Wo ITRESGABICORONE. TEINEL 447 5
FRENA VS BE O RS 1121, s 50~200m TIEAS 1km
WEO/NERSTEET 5. R BT, T 50

Fig. 2b). Z O/NiE IIARAIE BRI < v 7 € — AT
WIARHBE 225, A FAF v vy —F —Wl%k LTI
12, THOBESE RIS TRAIEL L CTIHE L2 L)1
R25, 27 A MgOTEIZR SR LMLy —
UNE) DEZED B L Z 100~250m BETH 5 DI2x L
T, COMNEREE) M S — o dE LE LERE
200~300m DT T ADFEAE R - 72 % 707

4-2 BREBEOXIEES

JAZIBARFE Y MR IS BICEED D D ITE &
M % ELBHOFIH 2SS 5. bR 2494 KD S &
54.5% HBAIEIALH Td % (Table 1).

WE N OFIRIERS B LRI L, T BB
F IS T E VM ENH D (Fig. 4). WEO%
AP AR £ W U NISSW B TH LD, 715 &
EHS 2 ICHET 2 NS EMORES o s, NIS°

W B OFHEE (L, A TEEL O T B Az % v (Fig.
5). — i THRIGAR L HEECTlX, NS B LUYNIS® W iE
[0 D 5 FRIRIE R AT B 12 58E T 5 (Fig. 6). HUED
FHANZ L, FEMAE % 2 MRS SRS L CY 7 71058
#ELTW5 (Fig. 6¢).

5. [LADL6500] IC&kBBERSER

LT, Oh#A I ITIC5ET 5 V TR
5 HEATER O T RIS Aids (55 1088 YRilfin), @it
FEBIZ36ET 5 7 7 ARG ETEDbN- TEVNER (58
1089 RiEHL), @R LD 1 B4 9 5, #Hil
WIESIZHENTHWESDS T T 5 (kipuka) 2 B2 5
A I (55 1090 i) 2 @lgE L7z, Zofks, BH
BlgE L T WUE, SR ERRNE Ty & [Db72oA]
L0 LB REEOHRR IS 7 & Bz RIS WA S e,

5-1 %5 1088 XM - #hAEA-OH S ERTREIL— b

V FRIBO MG G2 & PSR O T RS
IZE D EM EOMBIZH > T 3.4km 12720 BIL 72
(Fig. 7).

BB L7z V R RARO R BRI I 5 454 I8
WZH720, BEEUDLDPITELY — MRIBET (Fig. 7a)
EHE 1m DL EOBROMINEE S BT S, I
WIEREWICE DR, [BEAET YT UBBIIR NS
Mol ZOWRFICRVELREZBIZELZZ LMD,
FWIRARTBIE L% 25N 5 (Fujiwara et al.,
2010). V FRARHEL O R oI C I ERE Wbk T A8 <
Y, TN UWEBIRI)DESTRET L. RIR
DOTETATIE, ARSI~ L F ¥ — 20EIC X 5 K
HIEHIZIZHEN TR WEIZE > T, Wl s Tn
A, THEPEMO RO, EHhSHME Lz NS H
B, XU VEEEN T E L —BA 10em BE, JEE
Boem BREO AR 7B S 545 5 (Fig. Tb). 3K
W & R S AR o5 E0E, SF 0.7 2 v b CRUAT
L7275 B> Tl L CBE SN2 s, IE
150m (29> CHAis 5. THEHEM %Y % Eo L3I
Wi O bz 2 AR S DS, JRIRTEEI ISR 1T & A
EEDLN TR WRLIRIEEA AT 5. PO EOREH
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Fig. 5. Examples of rose diagram tectonic feature azimuth, after Asada et al. (2007). The size of each box is 0.5-min by 0.5-
min, and linear features that touch the boundary of each box are counted. Numbers in each box indicate the total number
of lines (upper) and average azimuth (bottom). Black boxes indicate that the average azimuth is less than 10°, and gray
boxes indicate that the average azimuth is 10°~15°. Two types of diagrams are output: N15° W trending features (bottom
left) and both NS and N15° W trending features (top right).
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Fig. 6. Close-up of the Wadatsumi side-scan sonar imagery. (a) An example of linear features which are developed on the
smooth-surface lava field. Both NS and N15° W trending linear features are developed, (b) N-S trending linear features
densely developed on the central part of the axial valley floor, and (c) an example of apparent zigzag patterns linked to
linear features developed on the foot of the eastern axial valley wall. Note that the zigzag pattern is divided into NS
trending fissures and N15° W trending faults.
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HE~ ) T N T 7 HEREN BT A KIFE L E IO W T OEEE 13

B L OB AR ORROMBETHRETE Tw A,
V PRAROTE T, R E b N IR S AL
PHIZ A3 5. HEREM O 102, 18 97 m (29 - THERED
ZIEEAEWS B WIERR OWDIOAT D, COBRER
DOFHETFHNEHNDL Z 05, T ABEEVPEMMRL
TEEENZ DL EZ NS, BICVHHOESFERT
1%, StrataBox (R) Tl T & R WIRE D I < # iR
W (~6ecm LL'N) TEbNZ I BEESGAT % (Fig.
7e). KM S O 10m RO F CHEERILZFR
TR % AT CHERRTE, ZNOIEEIRE LR
LB LS (7 X2 M) NETCHES S L%
ZHNA, PR A O BE 1, RO MMNAEL 10
em LR O %7256 07% v — MREEHE, FREAH cm A
=V SR L T BB PO 4 5.

V FRIRORHESE R OHBNIEHETH ), WERD
BN EW S P TERdrol. B, VEREEZE
Bes A MR & A TEEIC A3 % T BT iR 4R b fif
BT & Rporz. HEAOFHIRILREROFMHE T
WO EWHZRL, THHSEEOEEF O TRIZEWE
%7~ L 72 (Fujiwara et al., 2010).

5-2 251089 KM : FEAARETOERL

2 HBE O S BHET RIS 5EE T B WL IZ S 50m
FEE T 5 720 RS~V F ¥ — 2GEIC X 5
R ETIEHZZ WA, A FAF X vy —F — %
TIET 7 AROBEEAMD BB 72 2 40 7 M %
55 ZOTI7ARGEEEBEL, BLOREGRY
B B S AT B 72 128 1089 KM % 17 - 72

Fig. 7.

(Fig. 8).

WO < 12id, [TLAD 6500] AR TS
PR SHEACT L R BIEE T & 72 BRI 0
BB TR R & O A (Fig. 8a), /NMERHEENICIEE
F1om BEOEERMAlHER T 2LIPMAET 5.
A FAF Yy —F =TI, HI7EELGRIE A0 A3
WCEALT 2T H 720, BEE T mBE CHERE Y %5
B B 2 EERLTWD (Fig.8 &M, ). i
ORI EINTENAA ) (22T, HERIZE
S ed. WETIATE, 77 AMTEENHERD O
DIZHEEORAEME L BRTE VD, 752524
FHACTlEF 2 — ZIROMIREE DTN T 32 T % Bl
T& % (Fig. 8b). NT A DG 7 b — VR
WA T, > — MIREED S 2 5 P THHS & MRS
07 H R CHERL S L5 BEECIROME S b O E T 7
ADBIDHE EITE Y (Clague and Dixon, 2000; Geshi
et al,2007), F7z, BTV U IWEDS D FEBKTORE
FHICEE D F 2 — TIREE OB IOV THE &
LT\ % (Gregg and Fornari, 1998). 29 L7zHf%E & Db
Wa b L2, AREMCHERE L i o BYBOIRME R 1L,
RIS C OVEFTRIG B Ot ik 1 72 B A 7 i v & IR T
&5, WREOTEEMTIZB) DHRmMEEIL, 792 L
MICEIZE SN DR L ) b ¥ (Fig. 8c). AEL
R LU EAO~ v A B S AR
KHIVEETHY, MoOTEMTHRILZEHLD D
JE AR AL BTSSR DK, AR IS Wi
ThHaHIEDRBENG, — Tl RfRE L THE LR H

Close-up images of submersible Shinkai6500’s dive no.1088 site and photos. Left top: bathymetry map obtained by

Fig.

Fig.

Fig.

YKO08-08 cruise. Solid line in subfigures indicates a dive route. Circles and numbers indicate locations where Shinkai6500's
video camera images were taken as shown in right side. Left center: Wadatsumi backscattering strength map. Darker colors
indicate higher backscattering strength. Left bottom: geological interpretation map based on the backscattering strength map.
See legend in Fig. 4 for symbols. Right: clipped images of Shinkai6500’s video camera. Locations of the images are shown in
the left and top side of this figure. (a) Wrinkled sheet flow, (b) fragmented sheet flow, (c) partly fractured sheet flow.

8. Close-up images of submersible Shinkai6500’s dive no.1089 site and photos. Left top; bathymetry map. Left center:
Wadatsumi backscattering strength map. Dotted-box indicates lava terrace. The “Line 6 indicates a location of survey line of
sub-bottom profiler data shown in the upper image of Fig. 3. Left bottom: geological interpretation map. See legend in Fig. 4
for symbols. Note that several small high-backscattering areas (checked area) are found around the lava terrace. Right:
clipped images taken by Shinkai6500’s video camera. (a) Lava covered by sediment, (b) lava tubes covered by thin sediment,
and (c) large pieces of fragmented lava.

9. Close-up images of submersible Shinkai6500’s dive no.1090 site and photos. Left top: bathymetry map. Left center:
Wadatsumi side-scan sonar imagery. Left bottom: geological interpretation map. Right: clipped images taken by
Shinkai6500’s video camera. (a) Sharp fissure covered by thick sediment, (b) sharp fissure surrounded by pillow lava and
covered by thin sediment, and (c) finely fragmented lava flow. See legend in Fig. 7 for each symbol.

10. Bathymetry Map based on data obtained with Seabeam 2112 system during YK08-08 cruise (high resolution part) and
ETOPOL1 (low resolution part, Amante and Eakins, 2009). The map indicates the basin floor which has been formed since
about 3 ma (Iwamoto ef al., 2002). Transparent blackish lines roughly indicate trends of off-axis ridges (abyssal hills). Note
that there are many ridges trending various directions over the off-axis area (thin lines) including the axial valley wall (bold
lines).
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MR AN C &0 5, i % & OB ALIEUE 212
X, B CIENE WEEOBEERH 72 E 2 b
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5-3 £ 1090 REf : FEAFEIBBIEFREOBEDOR

(kipuka)

Seg-17 O HElA P B A HEH 12 A0 72 o TH O BREL IR
JEASK Z DS, —HRIC 7 BOEL I EE DA A 72 Hi P A
FAET 5 (Fig. 9/, T). [h72oH ] H5HUS L -
BT = IZ LIS L Y 5m BRERWIK2EH LT
VB EEZLN, TIUIEVESICHINHOCEED
AL TWAED XD 2T (kipuka) Td 2 T FEMEAT
HDH. 451090 WiEMIE, N SHFIAEEONEZEGE

AL, AL B AEDECZ PO L 72
DI Th 7.

JHBR & D b HIEAMR IR TS, RE A ICSE L7 B
CIEIN B CHERRY IR S N CB Y, EEIdER L
T, 2 2T PAT 2 N1S® W ER O /&
EREEINH IS Z, (FIZ NS EINTH D IIENH DS
MR TES. LEL0EMOWELENEICD, Hifis
BEAEWHEATL T 2B L b ok, Wik
H OB ARDHER I B D N2 LN WS 00 H 5
(Figs. 9a,b). 2D Z L IZWTFhoEBOWE - S HR
HITIZFEEREER SN2 & 2R T 4. [kipuka] 2°
ST M T BRI TlE, R ATl iR A
BRI (B WIRE OB &R LT S fEiR) BT
HEREWIZ 1T & A LD N WEE R DA T % & fER
T&% (Fig.9¢). Z O ILIE 10m 2T, HEEIKE <
% BAL AN RS 5.

5-4 EBKMICLKIBEEOZLED

PPl LR T IS S E T S V TR ORI E &
OIZHIREEDTRD b NS, VFRBOEREILIZR D
o GEFREY L~ v o BB s R D K &
V) EEDONDEEERBISE L. PSSO AR
EPEICE, SCEWIER I E b ive 2O W R
LA ELR AR 72EERD, HBWE R
by — MREEO LIS 5. HITHA FA¥ Y
UV —F =TIV FREN S TR 2 Tl
ZEHBEPEL 2D, TRHEDZ RS, Hillizddu
Wi 72 V FRRTAE A 6 Rl 3 V6 HE 0 5 5 R A2 20
T, EDBECEEDPILERII AL CwE EEZ LN
5.

BB T RO 7 T AMRIEE S % DR, fho
WL D b~ U A WEBHIE 2D, MRS E
BEBISLLEZ 5. RIS S FERIC AT T
B EELSRE AR WIS L 25> TB Y, ki
BEE L D Y PR NG FS L wEEZLNL. Z

DITNZ BT H I (S HER Y I A3 ) 2 S e
L, EEHT m OGS HERED A K Y » S RAE
THIEND, EREOD L/ KILTEEIH D - 72
EEZLND. INHOBISHEIEIL, Seg-17 OHEIFIK
DEGEDOKINGENL, FHOLHHTHE <, FATH &
D ANHBLZ KILTEEY 3 D 3K U & o T\ 7z T & 2 RIE
5.

6. &
6-1 FIEBERDEHL SR 2 PEMAE DO XLEE
&

FRILIAUR IS BT B IR DL, KILTEEO# >,
T b LK OMIEHFE L AL FERDO VD E D TH
%, 4ER 10~15em (M) CTHEEED LR 2 Bk
Kbk, 7L — MaAEAEEND Z L1 X 2 MO kE
W23t L~ 7~ OB IC & 2 R IERE AR & 284 % 5
B L7z, PREEAEE Y LS5 HIEOMIE % T
5. A 8~5cm FLE O ML A& TS 2 H s~ ALK
By, <7 wISAERICK LT SIS L EE
WREL Y, PRKEFIRAEHIESFGE L, PElin
RGBS EP 3 5. —7, 4 2cm DUT o {R#
PR TIR S N7z~ 7 S8R IIR L Tl o (kR
ARE L, HEREWIIERE S N7z CCF S 7 Rl 3 38E
9% (Perfit and Chadwick, 1998).

WL AR TIE, ILAAATZA T 7 HEWE OGR4
L BIKIINGEI OS2 XY, SRR 2 & M &
NL U LD 7 PERE SN D % &G 587 KIEEN A%
ZbNn (B2, Volpe et al., 1987; Gribble et al., 1996;
Beckereral.,2010). L7 L, HEIGHNIZBIT 5 KITES)
o, KILEBO KM b 53, [ UIKRT
BB YRS E RO T O AN TR TH L EE 2D
N5h. L7zhsoC, [ CHRHEE L RO i L s
LR E S 5 2 L2 & - T, WE o s & A
HELY LRI LI ENTES.

TA AT Y FIIGHE (EH 3em FE) TS 2K
PEP SRS OIS, BEIC BN T TH B, T A
AT Y RIZBF A7 27 b =2 2 KITEBE R~ sk
KAODTFa 7 e LT ZENTE, [ FEALEDEY
MR D > CREMZEREZ 89 2 L AT & i e
FEOKIEB 2D Z LN TELEELR 71—V FTH
% (MEEF, 1994). 74 A5 >~ FTIAIE 50 km FRE DLW
IR OISO E I BT L TB Y, BT
E~TTEII—EZN S DOWT PR X e~ 7~ G
234 % (Sinton et al., 2005).

TAAT Y FERMLE LI, H7~8km D~ L
Kl (PEARHEEE 3~4cm) THY O SN D Seg-17 Hi
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ns.

62 BEDEEZEIL

FA FRAF vy —F—@HlE BUBIE»S, VTR
RIEHE, WREOIHREE»L 2D, ZhEhok
1) & P47 e A BEAS P K DI WP A 975 2 &
B 5. AL BRI, EET Y AR
i ) B 2 ORI R EMO SN E S, KR
1ZIE VFERBICRES NS ZEmOBEIIEEL T
L. NS GEMOMERICIE, EEORMBERSES
Ne\v, RO L b ICHfE R BRI BIR SN Z
EMD, NIS°W & NS WjEM O & b 12BN RET
W L2 b0 Gt EMIRTE 5. 2 KEBE i
BT & D ISFEEPHIS, A WS & o TH
TH72012, FROBHEEREMMI ko2 bN
5.

ASAAFE RS 2 TV - I B A 518, B
R EHWEOF 77 7 A (REAMIlO~ ) T b T
THEET) XY o T A HEMEE ) OEmSE IS
NISWHRETH Y, £/, MIBNHITHEEL TV 5 NIS®
WoEm (H3) & NSEMORHR RHE) 2V FRRE
R L TWbZ EAbab (Fig 10). VFERBOFED
WHEAT L ) B L, NSERORBRE R T 5K
HHEBIAS N15° W EM ZTZRL L 72 KIITEE) & 0 & 53T
& o727, NS EMORREIEH T 5 B2 N15° W i
MRS 2MENC N TEY 2, H 5 WIdERo R
BT 2R OEDN R L 7% EOWREELE 2 5
% (Fig. 1b).

W 513+ 77 7 ¥ A2 b BRI EBAAE L
TWAZ bbb (Fig. 10). 777 2 ADRIEHIE
ZEMDHA T, FIIER L 2 EMORRIEE LTV
FTEREL T30 0H5. 2o Lid, BAEOHH
HFICRSND X9 SO LDShE#~ ) 7 b
TIWROBER B CHFLELIZZLERT. Z0LH
AR R OB MZLIE, FEOSHMALIRY, dkif
BERAOTMAWE B L OF 77 7 v ATlR#EE S hTn
2\,

CDTEDND, Seg-17 2B B KINHEIOE#IZ DWW
T, ZOOMENLZVRESEZEZ SN S, (1)Seg-17
X, ZodiarsER s Nz R e b 0.78Ma DB
(Deschamps et al., 2005) 5EF IZ, N15°W ER & NS &
MO EZTER L 9 260 TICh 26 0 V TIRIREE
(NS GE]) (ZWHHER 72 KILITEEY O 723 (2 SRR O e A

W —7, PHE (N1S° W ER) (EE 51 7% LGS
Lo TEB SN0 I BMROERES RV, HDH W
1, (2)Seg-17 1% 0.78 Ma DLIFIZ, N15° W A O %
TS 25015570 5 NS GEIR O 2 T 2 1615512
ZAL L 223% % (Abelson and Agnon, 1997; Clifton et al.,
2000; Bellahsen et al., 2003) ¥4 @ V TR E ORE 1%
R EAROER ER RO T, FEiGOERE &I
EIB 2 CHEL, ZORKELIZLT 251503
BTICBITL22H5 L) WREMETH 5. HEOH
PO S L KIEE OB I ATHI T L\ L Tz
OLEZHNDL. F72HIZBIIIEICIE 541, Deschamps
et al. (2005) DV L 72 Seg-17 B BLEL O W £ ) Bk
GLEREE X, KITEENZ O b O HB oMy BE) Lo
OHLWERMEELRLTBY, IEFRAGHEELE O E R
OIFIIC B 2 5B % R0 Ltz

6-3 BEICRS5Nh 32 2OEADKEA

ZOOEMDFERICTEET HHH E LT, Seg-17 %
MR L CRFET L — MR IS AA L 72127
WEEC N v ATy v a v ME &, B bR E RO
RErEATH R IC 5 AT A W REME DS E 2 5415 (McCoss,
1986). & A\, WML O LRI B A8 Al fiz 5
%45 (F1z1L, Nishimura e al., 2004) = & TIFH
DTG DAL EIZALT B (TSI O ERAFERER T
ANED D) WHEHER, BUESCECHY 7 50135 s il 4
G OIS ) & RO L 7o O ISR 2 R L Tw
LUBEME R EE X 5N D, KRG R D ST NhIc
BETHIEIETELRWVD, WFIUZLTD, 7772
TAILRLND BREMOIX SO EAURT L)1, il
<) TF T 7T T TR SR LS
HICEGD TR L Tz Z EATRIEE LS.

ISTIHZALDIE LR 2 DEHZEIIE, 777 VA
253§ % BARMIZ O AR & FEIC R, 2ok 1
KURHENOFM & B E 2 b o> T Z D L 2 &
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7. #&
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