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Ocean Bottom Seismographic Observation at Minami-Hiyoshi Seamount at the Northern
End of the Mariana Arc'
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Hiroshi HASHIGUCHI ** and Yasuo OTANI **

Abstract

Minami-Hiyoshi Seamount is located at 1,400 km south of Tokyo, Japan, and it is one of the sub-
marine volcanoes on the volcanic front of the northern Mariana arc. The seamount is also called
Hiyoshi-okinoba. Submarine eruption was detected on Aug. 25, 1975 and widespread discolored
water phenomenon was observed in 1977. Discolored water phenomena were observed in 1992 and
1996, too. No indications of the submarine eruption were detected since then.

We carried out several geophysical surveys to elucidate the present seismic and volcanic activity
of Minami-Hiyoshi Seamount in Aug.-Sep. 2001. We deployed nine OBSs on and around Minami-
Hiyoshi Seamount. Four airgun profiles with lengths of 50-70 km were surveyed. The obtained
crustal model shows P wavespeeds are higher just beneath the summit than those around the
seamount. The existence of low wavespeed materials was suggested at depths around 6 km
beneath the seamount.

The seismicity around Minami-Hiyoshi Seamount was low during the observation period from
Aug. 4 to Sep. 11, 2001. However, many very small seismic events were detected by the only OBS
deployed at the summit of the seamount. Most of the determined hypocenters were located outside
of the OBS array and they were distributed near Nikko Seamount located at 60 km southeast from

Minami-Hiyoshi Seamount.
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Fig. 2 Three dimensional view of the seafloor topography around Minami-Hiyoshi Seamount. Bathymetry data
were obtained by SeaBeam 2112 system on S/V Shoyo.
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Table 1. OBS parameters

-0.0 2.0

OBS position depth deployment retrieval
name (WGS84) N E m (GMT)date time date time
MH1 23° 29.51¢6 141° 56.815’ 197 01.8.3 22:36 01.9.12 0:33
MH2 23> 33.090 141° 51.996" 1380 01.8.3 23:53 01.9.11 1:51
MH3  23° 34.715 141° 58.940" 1705 01.84 3:30 01.9.11 3:33
MH4  23° 28.078’ 141° 52.950' 1018 01.8.3 23:06 01.9.11 23:44
MH5  23° 24.528 141° 3.864" 1967 01.84 2:35 01.9.11 5:35
MH6  23° 25.019 141° 46.044' 1863 01.84 1:.08 01.9.11 8:58
MH7  23° 35.502’ 141° 48.708" 1109 01.84 0:17 01.9.10 23:29
MH8  23° 29.5471’ 141° 50.088" 1437 01.8.3 23:29 01.9.11 23:29 «
MH9 23> 21.000 141° 53.803" 2036 01.84 1:45 01.9.11 22:27
MH10  23° 34.083 141° 52.316" 1457 01.86 4:21 01.9.11 9:43

*  PMD sensor
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Crustal Structure in the Vicinities of Fukutoku-okanoba Submarine Volcano
Estimated from Gravity and Magnetic Anomalies |

Ken-ei ONODERA, Tsuyoshi KATO, Noritsune SEO *

Abstract

We report the gravity and magnetic surveys results conducted in 1999 in the vicinities of

Fukutoku-Okanoba submarine volcano located on the volcanic front of the Izu-Ogasawara arc. The

gravity data shows that a Bouguer gravity anomaly low exists some 3 km north of Fukutoku-

Okanoba. The gravity basement estimated from two-layer structural analysis represents a caldera-

like shape. The crustal magnetization shows that a low magnetization area also coincides with the

Bouguer gravity anomaly low. A seismic crustal model also shows that there are low wavespeed

materials and/or a seismic wave attenuating zone beneath the area. This observation suggests that

Fukutoku-Okanoba is a part of an active submarine caldera, accommodating magma beneath it.
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Table 1 Magnetic and other physical properties of dredged rock samples in the vicinity of Fukutoku- Okanoba.

Site No. Lat. : Lnng. : Depth Sample No. Suscegtibility NRM(A/| Density Type of rock
deg. min.| deg.  min. m 107SI m) g/cn’

1 24 231 141 26.5 125 scoria breccia

2 24 223 141 246 265| FTO-2-1 0.5 0.05 2.21|Hyaloclastite

3 24 219 141 28.5 285 —

4 24 199 141 314 345 pumice

5 24 194 141 349 1150 carbonate crust

6 24 204 141 252 485 pumice

7 24 195 141 272 400 scoria sand

8 24 190 141 29.6 215 pumice,

9 24 183 141 30.2 192 pumice, fragment of coral

10 24 175 141 331 555 pumice

11 24 157 141 321 340| FTO-11-1 32 0.26 2.27 |Hyaloclastite

a 24 157 141 321 350 rock fragments

b 24 16.0 141 283 260| FTO-b-1 2.1 5.50 2.11|basalt?
FTO-b-2 3.1 2.50 2.46|basalt

c 24 16.8 141 255 550 scoria sand

d 24 137 141 246 795 FTO-d-1 10.5 5.00 2.55 |basalt(ankaramite?)
FTO-d-2 9.7 4.40 2.51 "

e 24 131 141 314 687| FTO-e-1 8.8 2.40 2.71 |basaltic andesite
FTO-e-2 14.1 2.30 2.15 "
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Fig. 9 Radialy averaged power spectrum of Bouguer gravity anomaly.

Fig. 10 Profiles of single-channel airgun reflection and gravity basement (red line) along survey lines shown in
Fig. 4.
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Fig. 13 Magnetization calculated by the inverse
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Comparative Tidal Current Observation in Ariake Bay with
the Previous Results '

Minoru ODAMAKI*, Yukihiro OONIWA ** and Noriaki SHIBATA ***

Abstract

Ariake Bay is a semi-enclosed bay located in the west coast of Kyushu, where it is well known

that the largest tide in Japan occurs. It is called Shimabara-Wan in nautical chart and its inner area
Ariake-Kai, but we call it Ariake Bay in this paper as used for general purpose.
In autumn 2000, seaweed plants in Ariake Bay were severely damaged by extra-ordinary blooming
of phyto-plankton, and people were afraid of the marine environment getting worse. Recently, ten-
dency of tidal amplitude reduction has been pointed out and suspected as one of the causes of
marine environment deterioration. Furthermore the reduction of tidal current is also doubted con-
cerned to the tidal amplitude reduction. Hydrographic and Oceanographic Department, JCG, was
requested to carry out tidal current observation in order to check the change comparing the previ-
ous tidal current in the bay observed in August - September 1973. Therefore HOD carried out
tidal current observations of 15 days at 12 stations from 10th to 28th in May 2001, including verti-
cal current profile observations at 3 stations using WorkHorse ADCP. Their locations were set as
close as the previous stations. The data obtained in previous observation were re-processed using
the same calculation software as for new data.

Considering the result that the tidal currents were getting strong in some place and weak in
other place, it was not concluded that the tendency of tidal current reduction was distinguished so
definitely. However, mean current flowing out along the peninsula coast of Shimabara was definite-
ly reduced as 1/3 as that of previous one. Comparing the vertical profiles at the off-Shimabara sta-
tion, it was remarked that tidal current was getting strong in the surface layer 3m below the sea
surface, but unchanged in the sub-surface layer of 10m. While low saline water was distributed in
the surface layer of the central area of the bay in 1973 and 2001 observations, its value was getting
saline in 2001. Besides, the river discharge in 1973 was about 4 times larger than that in 2001 and
possibly made the coastal sea water less saline. Less saline water possibly tends to flow in surface
layer on the saline and denser water in the subsurface layer as density current. Therefore such
larger river discharge might strengthen the mean current flowing in the surface layer in 1973.
Furthermore the flood current may be suppressed by this strengthened mean current in the sur-
face layer but not so influenced in the subsurface layer. Then the reason of weak tidal current in
the surface layer in 1973 compared to that in 2001 could be explained by this larger river dis-
charge too. Although the difference of river discharge was not made clear by seasonal or year-to-
year change, it was indicated that the river discharge could influence not only to the less saline
water distribution and the mean current flow but also to the tidal current through the vertical dis-
tribution change.

i Received January 6, 2003 ; Accepted March 18, 2003.
* il - EFFEREEMIE Ocean Research Laboratory, Technology Planning and International Affairs Division
% % MUBERIE/KIBEIRE Notices to Mariners Office, Chart and Navigational Information Division
* % % IRIFHEE Environmental and Oceanographic Research Division
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Fig. 1a. Location map of Ariake Bay
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Fig. 1c. Topographical map of Ariake Bay, drawn by N. SASAHARA using GMT graphic package (Wessel and
Smith, 1998) with J-BIRD depth data from Japan Oceanographic Data Center and digital land height data
from Geographical Survey Institute.
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Table 1. Elements of tidal current observation in Ariake Bay, May 2001. See Figure 1 b.

(1) Observation date from 2001 May 10th to 28th (18 days)

(2) Tidal current observation (15 days) : 12 stations

: current meter moored at 3 m below the sea surface
Station :1,2,35,6,8 9,11, 12

: Ono-type (MTC-III, Kyowa-Shoko Itd.)

Multi layer observation : ADCP current meter moored at 1 m below the sea surface
4,7, 10.

: Acoustic Doppler Current Profiler

(WorkHorse, RDI), directed to downward.

1 layer observation

Current meter

Station

Current meter

(3) Temperature and salinity observation by CTD : 3 lines

Line B : at the flood and ebb of May 21st
Line C : at the flood and ebb of May 20th
Line D : at the flood and ebb of May 22nd

Observation timing : From 1 hour before the time of maximum flood or ebb current to
just before the time at Hayasaki-seto. After T/S observation, current profile observation
was carried out along the line using ship mounted ADCP at the time of maximum flood

and ebb current.

(4) Observation Ship : HL05 "Kaiyo" (550ton)
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Table 2. Harmonic Constants table of tidal currents (1) Results of 15 days observations in 2001 and 1973 re-analyzed

Tidal Current Observation / Harmonic Cnst | Mz Sy K, N, K, 0, Py Q My | MS,| So | Const.
Station 1 (kn) 0509 | 0.248| 0.067| 0.115] 0.069| 0.054| 0.023| 0.024| 0.048| 0.046 | -0.021
North Cmp. -
Layer 30m ) 1913 2187| 2187| 1909| 166.7| 1714| 166.7| 101.3| 2858| 277.2
Date East Cmp (kn) 0246 | 0.095| 0.026| 0.037]| 0.014| 0.027| 0.005| 0.004]| 0.024| 0.032| 0.046

2001. 5. 11~ 5. 26
Position 33" 0' 12'N | Main dir.
130°14' 48'E 338°

) 357.6 10.2 102| 322| 3447| 3253 3447| 1483 151 459
(kn) | 0562| 0.262] 0071] 0120| 0.069| 0.059| 0.023| 0.021| 0045| 0.051| -0.037| 114.7
@) 189.1| 2149| 2149| 1933| 1665| 167.1| 1665| 98.7| 2742| 266.6 0.05

(kn) | 0.773| 0381| 0104| 0157| 0072| 0.067| 0.024| 0.006| 0.066| 0.052| -0.059
) 1800 214.0| 2140| 1904| 1323| 1388| 1323| 240| 2883| 296.6
(kn) | 0339| 0.128| 0035 0.068| 0.008| 0034| 0.003| 0.019| 0024| 0016| 0.052
@) 3412 10.3 103| 3485 499| 2896 499| 3447 430| 659
(kn) | 0837| 0399| 0108| 0.169| 0067| 0073| 0.022| 0.004| 0066| 0.052| -0.073| 1386
) 1775] 2115| 2115] 1875| 1346| 1344| 1346| 1060| 2820| 2920 0.079

Station 2
Layer 30m North Cmp.

Date
2001. 5. 11~ 5.26
Position 33" 0' 42'N | Main dir.
130°18' 30'E 340°

East Cmp.

Station 3 North Cmp.| Y () | 0592] 0273 0.074] 0148] 0068] 0061] 0.022] 0015 0008 0.037] 0001
Layer  30m () | 187.1] 2255 2255] 2029 1263] 1802] 1263| 1530] 1812] 2705
Date East Cmp. (kn) | 0550] 0257] 0070] 0094] 0028] 0082 0.009] 0032] 0021] 0.025] 0006

2001. 5. 11~ 5.26 -
Position 32°56' 30"N| Main dlﬂr.
130°16' 24'E 318

) 350.7| 283 283| 3552 20| 3397 20| 3546 2225| 2838
(kn) | 0800] 0371] 0101] 0.168| 0063 0.099| 0.021| 0032| 0011| 0012| 0.005| 276.2
) 179.7] 217.7| 217.7] 1929| 1405| 169.0| 1405| 167.3 64.6| 252.1 0.006

Station 4 North Cmp (kn) | 0996| 0432| 0118| 0.079| 0063 0.063| 0.021| 0.026| 0028| 0.023| -0.073
Layer 50 m ) @) 1646 201.2| 2012| 1334 1018 954| 101.8| 219.2| 257.3| 2573
Date East Cmp (kn) | 0324| 0177| 0048| 0.034| 0012| 0033| 0.004| 0.004| 0022| 0.019| -0.040

2001. 5.12~ 5.27
Position 32°56' 48'N| Main dir.
130°22' 42'E 341°

) 336.1 19.1 19.1 45| 2971 2666| 297.1 738 | 2540| 346.2
(kn) | 1.046| 0466| 0127| 0.082| 0063 0071| 0021 0026| 0020| 0.023| -0.056| 2084
) 163.7] 2009| 2009| 1395 1027 941 1027| 2210| 2585| 2410 0.083

(kn) | 0976| 0418| 0114] 0077| 0060| 0072| 0.020| 0026 0.029| 0.017| -0.049
@) 1619 1959| 1959| 1309 1149 752| 1149| 2217| 2628| 2735
(kn) | 0344| 048] 0040| 0.040| 0027| 0019| 0.009| 0.004| 0015| 0.003| -0.009
) 338.6 209 209 124 2918| 2475| 2918 20| 2664| 2188
(kn) | 1.035| 0443| 0121] 0.079| 0066| 0.074| 0.022| 0.026| 0.022| 0.016| -0.043| 190.9
) 1615] 1964| 1964| 1393 1144 745| 1144 2197| 2620| 2769 0.05

Station 4 North Cmp.
Layer 50 m

Date
2001. 5. 12~ 5.27
Position 32°56' 48"N| Main dir.
130°22' 42'E 341°

East Cmp.

Station 4 North Cmp (kn) | 0540| 0.89| 0051| 0.063| 0026| 0010| 0.009| 0.030| 0123| 0.116| -0.075
Layer 30m ) @) 1564 1999| 199.9| 2441| 1636| 331.0| 1636| 2215 648| 886
Date East Cmp (kn) | 0058| 0016| 0029| 0035 0033 0012| 0026| 0046| 0.040| 0082

2001. 5.12~ 5.27
Position 32°56' 48"N| Main dir.
130°22' 42'E 334°

) 346.9 388 388| 3563| 269.8| 160.2| 2698 951| 2428| 2553
(kn) | 0591| 0.194] 0053 0.062| 0032 0024| 0010| 0035| 0130] 0121| -0.103| 1321
) 1583| 2023| 2023| 2332| 1354| 336.7| 1354| 2369 645| 867 0.111

(kn) | 0953| 0421| 0.115| 0177 0.045| 0098 0015| 0019| 0.049| 0.007| -0.071
@) 173.7| 2053| 2053| 1635| 141.3| 1126 1413| 117.7| 101.1| 150.6
(kn) | 0569| 0217| 0059| 0075| 0.042| 0047| 0.014| 0039| 0002| 0017 | 0088
(°) | 3485| 144| 144| 3502| 3468| 2880| 3468| 257.3| 879 8.3
(kn) | 1.109| 0472| 0.128| 0.190| 0.059| 0.108| 0.019| 0033| 0042| 0014 | -0106| 129.1

(@) 1724 | 2028| 2028| 164.8| 150.1| 111.6| 150.1| 955| 1014| 1728 0.113

Station 5
Layer 20 m North Cmp.

Date
2001. 5. 11~ 5. 26
Position 32°53' 18'N| Main dir.
130°25' 42'E 330°

East Cmp.

Station 6 North Cmp (kn) | 0.773| 0.317| 0.086] 0.107| 0047| 0.085| 0.016] 0020 0.039| 0.029| -0.040
Layer 30m ) ) 1670] 1978| 197.8| 1739| 1388 99.0] 1388| 3027| 1418| 2279
Date East Cmp (kn) | 0330] 0.118| 0032] 0051 0015] 0.026| 0005| 0015| 0.019| 0.038| -0.031

2001. 5. 11~ 5. 26
Position 32°51' 24"N| Main dir.
130°29' 12'E 339°

) 3339 5.6 56| 3396| 2547| 2413| 2547 80| 2834| 199
(kn) | 0837| 0338] 0.092| 0118| 0047| 0.087| 0015| 0.017| 0.042| 0040| -0.027| 2175
) 1652 1963 1963| 171.7| 1330 953] 1330| 2868| 136.1| 2186 0.051

Station 7 North Cmp. V() | 0586 0270 0074] 0173 0013] 0082 0.004] 0034] 0.096] 0.103] -0.083
Layer  30m () | 1691] 2041 2041| 1453] 2017| 447] 2017[ 141 1981] 1993
Date East Cmp. (kn) | 0079] 0122] 0033] 0208] 0030] 0039 0010] 0052] 0056] 0.033] 0038

2001 5.12~5.27 |
Position 32°48 42'N| Main dir.
130°23' 18'E 351

) 280| 482| 482| 3493| 2342| 1548| 234.2 90| 2421 3398
(kn) | 0588| 0.285| 0.078] 0202| 0010| 0084| 0.003| 0.025| 0.089| 0.106| -0.088| 1555
) 169.8| 205.7| 2057| 149.1| 1858 40.7] 1858 158 | 1941] 1975 0.091

(kn) | 0627] 0296| 0.080| 0.184| 0025| 0.093] 0.008| 0.004| 0.087| 0.109| -0.114
) 1685| 2044| 2044| 1570| 1881 472 1881 | 1347| 2191| 2089

(kn) | 0204] 0.56| 0042| 0178| 0.041| 0031] 0013| 0.058| 0.041| 0.045| 0.032
) 3475 265 265| 3499| 2845| 1775| 2845 245| 2109 124

(kn) | 0656| 0334| 0091 0239| 0030| 0094| 0010| 0.025| 0064| 0117| -0117| 1644
) 1684 | 204.8| 2048| 160.8| 155.0 413| 1550 1959| 221.2| 2064 0.118

Station 7 North Cmp.
Layer 50 m

Date
2001. 5.12~ 5.27
Position 32°48' 42"N| Main dir.
130°23' 18'E 336"

East Cmp.

(kn) | 0866| 0.360| 0.098| 0131] 0.063| 0.063] 0021 0.041| 0.051| 0.060| -0.130
) 1594 1913| 191.3| 1284| 1406 780| 1406| 1000| 2642 259.5
(kn) | 0422] 0.169| 0.046| 0048| 0050| 0.019| 0017| 0.006| 0015| 0.024| 0012
) 335.6 49 49| 2799| 2953| 3202| 2953| 2766| 1316| 1332
(kn) | 0963| 0.397| 0.108| 0.136| 0077| 0.061] 0026 0.039| 0051 0061| -0122| 1749
) 1587] 190.1| 190.1| 1242| 1337 84.7| 1337 99.8| 269.7| 267.3 0.131

Station 7 North Cmp.
Layer 10.0 m

Date
2001. 5. 12~ 5.27
Position 32°48' 42"N| Main dir.
130°23' 18'E 334°

East Cmp.

Station 8 North Cmp (kn) | 1510] 0643| 0.175| 0168| 0.075| 0.099| 0025| 0.021| 0194| 0103| -0.232
Layer 30m ) (@) 1531| 1864 | 1864| 1482| 1209 939| 1209| 1040| 3180| 324.1
Date East Cmp (kn) | 0.693| 0284| 0077| 0149| 0116| 0.090| 0.038| 0.027| 0.106| 0.103| -0.086

2001. 5.12~ 5.27
Position 32°41' 6'N|Main dir.
130°22' 30'E 27°

) 1703] 2038| 2038| 183.9 784 379] 784| 2980 89.6| 1180
(kn) | 1649| 0.697| 0.190| 0208| 0111 0.116| 0.037| 0.008| 0.146| 0.054| -0.246| 200.3
) 156.3] 1895 1895| 159.0| 1025 771] 1025| 820] 3321 3459 0.248
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Comparative Tidal Current Observation in Ariake Bay with the Previous Results

Table 2. (1), Continued

Tidal Current Observation / Harmonic Cnst | Mz S K, N, K, 0, Py Q My | MS,| So | Const.
Station 9 North Cmp V_ (kn) 0.667| 0311] 0.084| 0.167| 0.029| 0.064| 0.010] 0.011] 0.032| 0.032| -0.026
Layer 30m 1TK ) 1796 221.3| 2213| 2100| 1275] 111.3| 1275 434 1543] 231.1
Date E V_ (kn) 0420 0.146| 0.040] 0.077| 0.078| 0.037| 0.026| 0.016| 0.010] 0.011| -0.059
ast Cmp. >
2001. 5. 12~ 5.27 K () 1848 | 2324| 2324| 2343| 1034| 1286| 1034 | 2721 39.1] 119.0
Position 32°39' 54"N| Main dir. V_ (kn) 0.787 | 0.339] 0.092] 0.179| 0.066| 0.073| 0.022| 0.007| 0.025| 0.025| -0.054| 246.2
130°27' 42'E 33 K () | 18L1| 2239| 2239| 2155| 1122| 1160| 1122| 3389| 1434| 2186 0.064
Station 10 North Cmp V_ (kn) 1.147| 0440| 0120 0.107| 0.079| 0.044] 0.026| 0.008| 0.085| 0.040 | -0.113
Layer 30m TK () 160.6| 200.5| 2005| 1289| 1285 995| 1285| 324.2| 301.7| 303.0
Date East Cmp V_ (kn) 1.089| 0474| 0129 0.452| 0110 0.083] 0.037| 0.069| 0.098| 0.078| -0.096
2001. 5.12~ 5.27 1K () 1728 | 2176| 2176| 1493| 141.8| 130.1| 141.8| 1226| 1951| 220.3
Position 32°36' 42"N| Main dir. V_(kn) 1571 0639| 0174 0396| 0.134| 0.088] 0.044| 0.045| 0.078| 0.066 | -0.147| 220.4
130°17" 0'E 46° K () 166.7| 209.6| 209.6| 1456 1363| 1199| 136.3| 120.1| 2414| 244.8 0.148
Station 10 North Cmp. V_ (kn) 1.100| 0.494| 0.134| 0.147| 0.103| 0.040] 0.034| 0.018| 0.083| 0.027 | -0.108
Layer 50 m K () 1604 | 200.7| 200.7| 129.0| 134.0 694| 1340] 2319| 2941| 276.6
Date East Cmp. |Y_(n) | 1207] 0592 0.161] 0462] 0091] 0095| 0.080] 0021| 0065 0087 -0.100
2001. 5. 12~ 5.27 K () 1721 1986| 1986| 1636| 139.8| 1051| 139.8 50| 211.7| 2265
Position 32°36' 42'N| Main (}ir. V_ (kn) 1624| 0.770| 0.210] 0.431| 0.136] 0.094] 0.045| 0.012| 0.078| 0.078| -0.146| 222.7
130°17" 0'E 49 K () 1669 1995| 1995| 1563| 1369 95.8| 1369 | 3159| 2555| 236.5 0.147
Station 10 North Cmp. V_ (kn) 1134 0495| 0135 0.104| 0.108| 0.030] 0.036| 0.025| 0.069| 0.048| -0.124
Layer 10.0 m K () 1605 1944| 1944| 1704 | 1440 90.3| 144.0| 2477| 301.2| 293.2
Date East Cmp. V_ (kn) 1557 0650 0177 0179| 0.118| 0.063] 0.039| 0.048| 0.030| 0.032 | -0.064
2001. 5.12~ 5.27 K () 1629 1949| 1949| 169.0| 1473 86.0| 1473 | 2687| 3239| 2518
Position 32°36' 42'N| Main dir. V_ (kn) 1926 | 0817 0.222| 0.206| 0.159]| 0.069| 0.053| 0.053| 0.064| 0.051| -0.125| 207.1
130°17" 0'E 53° K () 1621 194.7| 194.7| 1694 | 1459 87.1| 1459 2628| 3095| 2735 0.14
Station 11 North Cmp. V_ (kn) 0467 | 0.188| 0.051] 0.060| 0.036| 0.013| 0.012] 0.022| 0.017| 0.017 | -0.041
Layer 30 m K () 1637 1921| 1921| 1624| 1309| 290.6| 1309| 1953| 209.1| 249.7
Date East Cmp. V_ (kn) 1172 0481| 0131 0.099| 0.151| 0.052] 0.050| 0.051| 0.031| 0.035] -0.038
2001. 5. 12~ 5.27 K () 157.1| 1883| 1883| 179.5| 137.7| 101.7| 137.7| 2102 89.0 832
Position 32°33' 36'N| Main dir. V_ (kn) 1.260| 0517| 0141] 0.112| 0.154| 0.044] 0.051]| 0.055| 0.027| 0.027 | -0.049| 222.6
130°19' 54'E 70° K () 1579| 1888| 1888| 1765| 1372] 100.8| 137.2| 2081 99.8 86.0 0.056
Station 12 North Cmp V_ (kn) 0537 0.304| 0.083] 0.082]| 0.104| 0.097| 0.035]| 0.028| 0.321| 0.127 | -0.283
Layer 30 m 1K () 8.7 37.1 371 35.7] 3025| 251.6] 3025| 1883| 2203| 2373
Date East Cmp V_ (kn) 2602| 1.043] 0284| 0330 0.290| 0.217] 0.096| 0.072| 0.199| 0.126] -0.171
2001. 5.12~ 5.27 1K () 1655 1974| 1974 197.3| 1215| 1212| 1215| 1650| 286.1| 314.1
Position 32°34' 36"N| Main dir. V_(kn) 2646| 1081 0294| 0339] 0306] 0226 0.101| 0064 0.177| 0119]| 0.101| 211.1
130°10' 42'E 283" K () 346.5 18.7 187 183| 3015| 296.8| 3015| 3427| 1285| 1479 0.33
Station S1 North Cmp V (kn) 0537 0.235] 0.064| 0.087] 0.069| 0.013| 0.023]| 0.050| 0.049| 0.068| 0.031
Layer 30 m 1K () 1803 2094| 2094| 2376| 1419| 2853| 1419 194 | 2233| 2205
Date East Cm. V (kn) 0265| 0.104| 0.028| 0.107] 0.035| 0.045| 0.012] 0.049]| 0.004| 0.036 | -0.002
as p. B
1973. 8. 26~ 9. 10 K () 329.8| 357.0] 357.0| 3452| 279.2 39.0| 279.2] 1451| 1768| 242.7
Position 33" 4' 30"N| Main dir. V (kn) 0585| 0.251] 0.068| 0.102| 0.074] 0.026| 0.024| 0.060| 0.043| 0.047 | 0.029| 3554
130°14' 48'E 334° K () 1746] 2039| 2039| 2119| 1337| 2432| 1337 28| 2250| 2133 0.031
Station S2/4(H13) North Cmp V_ (kn) 0661 0.358| 0.097| 0.120]| 0.048| 0.057| 0.016] 0.024| 0.022| 0.024| -0.066
Layer 30m TK () 1741 1920| 1920| 2724| 1044 939 1044 139 3122| 3485
Date East Cmp V_ (kn) 0.178| 0.052| 0.014] 0.057| 0.012] 0.007| 0.004]| 0.011] 0.033| 0.061| 0.038
1973. 8.26~ 9. 10 1K () 349.2| 3524| 3524 56.3| 2574| 1194| 2574| 1050| 3356 19
Position 32°57' 6"N| Main dir. V_(kn) 0.683| 0.360| 0.098| 0.127| 0.049| 0.054| 0.016| 0.023| 0.016] 0.012| -0.072| 149.7
130°22' 36'E 349° K () 1738 1915| 1915| 2694| 1032 933 103.2 88| 3028| 335.1 0.076
Station S3 North Cmp. V_ (kn) 0650 0.275] 0.075] 0.121] 0.017| 0.035| 0.005| 0.022]| 0.023| 0.011| -0.006
Layer 30 m K () 1736] 1988| 1988| 2035 935] 1057 935| 2998| 3337| 2419
Date East Cmp. V_ (kn) 0269| 0.121] 0.033] 0.057] 0.039| 0.017| 0.013] 0.006| 0.021| 0.008 | -0.046
1973. 8.28~ 9. 12 K () 337.3 116 116] 354.1| 251.0] 287.0| 251.0| 1904 94.9 153
Position 32°51' 24"N| Main diﬂr. V (kn) 0.700| 0.300| 0.082] 0.131] 0.031] 0.039| 0.010] 0.021| 0.026| 0.013| 0.014| 2628
130°29' 12'E 335 K () 1710 1976| 1976| 1984 81.7] 106.0 81.7| 3058| 317.3| 2310 0.046
Station S4/7 (H13) North Cmp V_ (kn) 0378 | 0.176] 0.048] 0.052]| 0.031] 0.050| 0.010] 0.042]| 0.031| 0.041| -0.225
Layer 30 m 1TK () 1642 2036| 2036| 3334| 1180 756| 1180 786 | 2233| 2484
Date East Cmp. V_ (kn) 0346| 0.142| 0.039| 0.045]| 0.033| 0.021| 0.011] 0.015] 0.023| 0.053| 0.017
1973. 8.28~ 9. 12 K () 3524 234 234] 1059| 2793| 182.1| 2793| 1427| 1525| 1780
Position 32°48' 42'N| Main dir. V (kn) 0511 ] 0.226] 0.062| 0.063| 0.044| 0.044| 0.015] 0.030| 0.024| 0.038| -0.184| 175.7
130°23' 18'E 320° K () 167.7] 2035| 2035| 3137| 1092 588| 109.2 61.0| 2594| 3065 0.226
Station S5/10(H13) North Cmp V (kn) 1014 0391 0.106 - 0.045| 0.026] 0.015 - 0.040| 0.056 | -0.487
Layer 30 m 1TK () 1128| 1394 1394 - 334 61.5 334 130.7] 1529
Date East Cmp. V_ (kn) 1.227| 0523| 0.142 - 0.069| 0.042| 0.023 0.034| 0.025] -0.320
1973. 9.2~ 9.13 K () 1330] 1504 | 1504 - 84.3 76.7 84.3 1889] 1331
Position 32°36' 48"N| Main dir. V_ (kn) 1567 | 0650 0177 - 0.075| 0.049| 0.025 0.045]| 0.053| -0.551| 2133
130°16' 54'E 52° K () 1252 1464| 1464 - 67.7 719 67.7 1615] 1456 0.583
Station S6 North Cmp V_ (kn) 0484 | 0.234| 0.064 - 0.059| 0.074]| 0.020 0.270| 0.151 | -0.550
Layer 30 m TK () 1406| 1483| 1483 - 1714 501 1714 1616] 1573
Date  (11Days) East Cmp V (kn) 1.373| 0581 0.158 - 0.180| 0.077| 0.060 0.232| 0.258 | -0.829
1973. 9.2~ 9.13 ) "I K () 1384 1750| 1750 - 888 | 106.7 88.8 209.8| 2285
Position 32°34' 42"N| Main dir. V_(kn) 1455| 0.618| 0.168 - 0.174| 0.089| 0.058 0.285| 0.264 | -0.962| 236.4
130°10' 48'E 71° K () 1386| 171.8| 1718 - 95.1 935 95.1 1965| 2184 0.994
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Table 2. Harmonic Constants table of tidal currents

(2) Results of 1 day observations re-analyzed

Diurnal Semi-diurnal 1/4-diurnal Mean Flow

Station |Layer| Position | Obs. Date |Axis | Dir. | Vel | Lag | Dir. | Vel | Lag | Dir. | Vel | Lag | Dir. | Vel

(") | (knot) | (*) (") | (knot) | (") () | Gknot) | (*) (*) | (knot)
32°57'6'N | 1973.826~27 | L 525| 0094 3089| 3263| 0871| 1831| 496| 0070| 1662

S2(H4) 5 2182 | 0234
130°22'36'E S 1425 | 0016| 389| 563| 0021| 2731| 1396| 0021| 2562
32°57'6'N | 1973.826~27 | L 3383 | 0204 130.8| 3438| 1.078| 1749| 379| 0017| 2880

S2(H4) | 10 2309 | 0.049
130°22'36'E S 683 | 0043 408| 738| 0054 849| 1279| 0000| 180
32°4842'N | 1973.831~91| L | 3398 | 0.152| 2132| 317.6| 0904| 1395| 3133| 0.180| 2257

S4(H7) 5 1784 | 0203
130°2318'E S 698 | 0004| 1232| 476| 0099 495| 433| 0051| 1357
32°4842'N | 1973.831~91| L | 3200 0084| 2070| 3365| 1371| 1398| 3570| 0225| 207.2

S4(H7) | 10 1817 | 0231
130°2318'E S 500 0010 2970| 665| 0034 498 870| 0065| 117.2
32°36'36'N | 1973.911~12 | L 529 | 0071| 3005| 536| 1777 1458| 746 0199| 101.0

S5(H10) | 5 2222 | 0638
130°16'42'E S 1429 | 0001| 2105| 1436| 0.190| 2358| 1646| 0039| 110
32°36'36'N | 1973.911~12 | L 301 | 0036| 2728| 357| 1418| 1427| 218| 0273| 894

S5(H10) | 10 1983 | 0.606
130°16'42'E S 1201 | 0.005 28| 1257| 0.170| 2327| 1118| 0.028| 3594
33° 4'36'N | 1973.9.10~11 | L 619 | 0051| 2888| 3551| 0.639] 200.7| 3037| 0.081| 567

S16 3 2709 | 0.151
130°18 6'E S 1519 | 0014 1988| 851| 0.191| 2907| 337| 0057| 1467
32°41'¢'N | 1973.830~31 | L | 3183 | 0121| 1422| 163| 2599| 149.7| 3414| 0330| 2917

S24 3 185 | 0556
130°22'36'E S 483 | 0008| 522| 1063| 0409| 239.7| 714 0040| 217
32°41' ¢'N | 1973.9.7~8 L 686 | 0077| 3395| 476| 1096| 1802| 215| 0077| 3169

S24 3 1776 | 005
130°22'36'E S 1586 | 0021 2495| 1376| 0067 902| 1115| 0041| 469
32°38'18'N | 1973.830~31 | L 90| 0098| 246| 384| 1342 1769| 221| 0076| 261.3

S25 3 2216 | 005
130°27 0'E S 990 | 0022| 1146| 1284| 0.129] 2669| 1121 0024| 3513
32°38'18'N | 1973.9.7~8 L | 3128| 0066| 3492| 522| 0646| 1567| 886 0.095| 3226

S25 3 212 0147
130°27 0'E S 428 | 0013| 2592| 1422| 0.123| 2467| 1786 0023| 526
32°33'18'N | 1973.829~30 | L 471 0092| 1875| 668| 1707| 1589| 3052| 0.144| 2050

S26 3 2503 | 0.019
130°18'42'E S 1371 0005| 975| 1568| 0019 689| 352| 0005| 1150
32°33'18'N | 1973.9.6~7 L 492 0293| 3177| 634| 0468] 2191| 325| 0064| 2935

S26 3 2523 | 0454
130°18'42'E S 1392 | 0026 477| 1534| 0041| 309.1| 1225| 0019| 2035

Table 2. Harmonic Constants table of tidal currents

(3) Reference tidal current harmonic constants of Hayasaki Seto.

Tidal Current Observation / Harmonic Cnst | M» Sy K, Ne K 0, Py Q1 My | MSy| So | Const.
Station Hayasaki V (kn) 2427| 0913] 0.249 0.238| 0.074| 0.079 0433| 0.243 | -1.060
North Cmp. =
Layer 40 m K () 355.2 16.3 16.3 314.3| 2525| 3143 2058 | 199.1
Date . V_(kn) 3.560| 1.066| 0.290 0.251| 0.179]| 0.084 0417| 0.257 | -0.720
East Cmp. .
1955. 5.19~ 6.3 K () 1727 1970| 1970 137.7| 1365 1377 196.8 | 193.8
Position 32°34'23'N|Main dir. | V (kn) | 4.274| 1364| 0372 0331 0177| 0.110 0.180| 0.120
130" 9'43'E 117 K () 1733 1968 196.8 1365 126.7] 1365 186.7 | 189.1
JKHIE GE1R )2 b L, B, K
3. BEEORNY - BABE

BN, ArmoBRsR G LR
AKERER 1974) W OVZBEAF DS (i LR TR

sl

1951, 1959, 1994) % ¥ & A BHiEO I

SN - IR OB DO W TR 5,

3.1

A B,
T F&4 1500km?,
20mOMELBH LB EZ>TWS (5

a).

AR

AR 90km (2 x0F LAY 16km,
AR 31km?, “FIRIKIRDH
1
AR -K

BOWWE AL, ZHE-KN,

KPS D D DIRFAEE DB 1), B O FR T &
Mg 5km & L { k< oo T 5.

‘2%%5mui§0)i§iﬁbi7ﬁ?fmfb 2N HE)
é%%k$%ﬁ@%f@é.zw%#%k
WICELMHETE, B> 725 ROEE D
(i M)tm&<@§>ﬁﬁﬂfbb ZD
LRI ATR OFERH AT TV B, MR D7k
HIZ10m & ) b, HBEOKFEIZ20mMm LD b
WL o THY, WEINIITUH TR A5
TR E Lo Tnb. KlPOLIRICELH
BRI S RN ADH 5. ChboTE=
B, AN RESE, WA ISR L T
ék%bhfué(%%%l%%.%%%@?
BEIZD TERPRINCEI2HEHFEEL TV
BEILERA & R 210 TR ER RIS

- /N



Comparative Tidal Current Observation in Ariake Bay with the Previous Results

K 30m LLRDIERADIEAT > TV B A, T OB
AL, R SEE OB U TB Y, ShEs
DS TRV, ZORKOFEELIL, HED
M zZE ), HEOMMETRE LI oL
HEL 2o CTnb. BEoILHl, %EHETIC
(TIRAKEE 120m BV EEA D 5. (B0 TR
P, AWEOBFRIC R THHERIVNE L, K
WIREIZIE5 7 v ML RIGET 2R RET 572
%, FURE)T IR OB & A CHRIEICIE )7
DOMEWEBENROSNLH, BEIIIIRETE
LA S BRI 2 &A% L, ALl EE
FEMmOM GEEEH) 2RD L Twa7290,
X2 L o T D, X 51T, Rk
WP OME O, WO KR X %
ERONDIEMIEOEE ) 258 5.

CD XD TEREN, R RS DK
i, WY - WRASER L T A28, i, 2o

£ TSI AG 7 KB L, SO
DAL THRNAKRE SRR LMD D L
WHERELRTE R S %W,

B, 1K c ORI, HRSEm
7 b (GMT graphic package (Wessel and Smith,
1998)) #flio T, I HAMmET -5 £ ¥
—®JBIRDAKET — %, FEuE B HE
WX50m A v ¥ 2 () 7—5%b &I, {i
JEA AL IEE Ao SRR L 7z,

3.2 #IBE

AW, HAREROMPORKEVETH 5.
W OKEOIEHET (RAEOKTE) 1%, W % Z R
LThdDONA., HARTIE, FEMUGE (M, S,
K, 0) OFIEM (L +H+0+10) %7, CE¥K
I & K O7) oL LTBY, #HoX
XSO L L. B2 IHEWED Z,D1X 55

1 10°

33-00

-| 50°

-| 40°

1 30°

20°

130-00 10°

30" 130-40

Fig. 2. Z, (Distance from Datum Level for chart depth to mean sea level) distribution in Ariake Bay.
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Fig. 4-1. Maximum flood tidal current chart 3m below the sea surface at the time of eastward current maximum
in Hayasaki Seto according to MSA 1974.
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Fig. 4-2. Maximum ebb tidal current chart in 3m below sea surface in the time of westward current maximum in
Hayasaki-Seto according to MSA 1974.
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Fig. 7-1. Comparison of flood tidal currents 3m below the sea surface in the mean spring tide condition of M,+S,,
not including the mean current. Left : 1973 and Right : 2001.
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Fig. 7-2. Comparison of ebb tidal currents 3m below the sea surface, in the mean spring tide condition of M,+S,,
not including the mean current. Left : 1973 and Right : 2001.
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Fig. 8. Comparison of mean currents 3m below the sea surface, averaged 15 days. Left : 1973 and Right : 2001.
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emperature: 1973/8/29-30 (High water) 2001/5/20-22

B 1973/8/29 09:10-11:11 /B 2001/5/21

4C 09:50-10:37

C 1973/8/30 10:05~11:00

/¢ 2001/5/20
08:56-09:53

-

20

D 1973/8/29 10:20-12:00 40m D 2001/5/22

10:17-11:06

Fig. 11-1. Comparison of temperature distributions in
the sections B, C and D in High Water. Upper :
May 2001, Lower : August-Sept. 1973.
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Fig. 11-2. Comparison of salinity distributions in the
sections B, C and D in High Water. Upper :
May 2001, Lower : August-Sept. 1973.
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Salinity : 1973/8/29-30 (Low water) 2001/5/20-22

Temperature :
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Fig. 11-3. Comparison of temperature distributions in
the sections B, C and D in Low Water. Upper :
May 2001, Lower : August-Sept. 1973.

Fig. 11-4. Comparison of salinity distributions in the
sections, B, C and D in Low Water. Upper :
May 2001, Lower : August-Sept. 1973.
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Fig. 14-3. As same as Figure 14-2 but in the case of
density gradient and gravitational circulation
strengthened at flood tide and weakened at
ebb tide. Tidal current ellipse is reduced at
upper layer and amplified at lower layer.
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density gradient and gravitational circulation
weakened at flood tide and strengthened at
ebb tide. Tidal current ellipse is amplified at
upper layer and reduced at lower layer.
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Fig. 15-1. Sea water density gradient between the sections B, C and D along the Shimabara peninsula in 20th -
22nd May 2001. Vertical axis is sigma-t (f-1)x103, unit 10® g/cm?
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Fig. 15-2. As same as Figure 15-1 but in 29th - 30th August 1973.
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Fig. 16. Dalily river discharges of Chikugo-gawa and Kikuchi-gawa in the rate of volume flux m*/s. Upper : May

2001, Lower : August-September 1973
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Fig. 17-1. Temperature and salinity distributions of
High Water at neap tide in 6th-8th September
1973, which are influenced by the large river
discharge during the observation. See Figures
16 and 13- 2.
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Reviews on mantle peridotites from the Philippine
Sea backarc spreading systems

Yasuhiko OHARA *

Abstract

This article presents a review on mantle peridotites from the Philippine Sea backarc spreading
systems. Reports of peridotite exposures in the Philippine Sea backarc spreading systems are only
known in the Parece Vela Rift, the Mariana Trough, the Central Basin Fault, and the Nishi-no-
shima Rift. Distinct mantle processes occur beneath the Parece Vela Rift and the Mariana Trough.
These are named the "Parece Vela Rift-type mantle process" and the "Mariana Trough-type mantle
process', respectively. The Parece Vela Rift-type mantle process is an extraordinary process
beneath a segment mid-point, basically accompanying fertile peridotite, plagioclase-bearing peri-
dotite, and dunite. On the other hand, the Mariana Trough-type mantle process is an ordinary
process at a ridge-transform intersection of a typical slow-spreading ridge, basically accompanying
abundant wall-rock peridotite and subordinate impregnated peridotite with gabbroic vein. The pre-
sent review shows that the Philippine Sea backarc basin peridotites are essentially undepleted and
are more similar to slow-spreading ridge abyssal peridotites, and unlike peridotites from most arcs

and forearcs.
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Fig. 1 Satellite altimetry map showing the tectonic feature of the Philippine Sea (data from Sandwell and Smith,
1997). The rectangles show the locations of Figs. 2-5. The locations of the Benham Rise, the Urdaneta Plateau,
and the Vinogradov Seamount are indicated (see section 4-3).
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Ohara and others DR DOIFFEIZ I Y, RHN7
BT 7 > F 2 a8l2 W TR S 12
ENDDdH % (Ohara et al, 1996 ; 2002a ; 2002b ;
submitted ; Ohara and Stern, submitted).

AT ENODORREZH L R, BUEW S22
o TWA 74 ¥ VIERIMIRS T Va0
R eI 5. 20034E 0 HEAE A TEHS 2
IODP &t HiA™ 458 L, #r L v» Mohole &t 2° ¢
ENTV D, FTEHREMRAE RS ~OHD
] 7> & O KB R A 2R O 3 1 BR A 2009 45 12
RELIZ. TOX) RIRRDTT, 74 ¥ il
HIMERR) VA7 27 Z LD THLZ L
BHEHRTHLEER L. B, TNETOE
K YT v ERICO W T, I (1989 -
1995 - 1997 - 1999), /MR (1986) - /MNRIEH
(1990) IZHEICL Ea—ShTWwb,

2. BEEH T EDERT

B~ ¥ PIVORESIEIL, #Eo b0 &Ik
ELRRY, MgilEOGHE~ 74 v 758 TH S
CEHMBNTVSE., ZNHORENL D DA,
hoS VEETHE. hYIUEIE, FXAVT
Y RTEA - ML - AE R VO 4D DL
PN 2, #RA - ANAZELHGLH
5. 71T el R A L AR 2 R D,
Si0, *+ MgO * FeO -+ CaO - ALO;2SFE 45T,
MG & LT, Crnos; - TiO, k&% &L, H v
7 vk - BT - MO o€ — MR (K
W) W2EoT, By VEEOAENE 5T
L. RS VT VIR, SNETOMEICLD,
FIZL—=WIFA b - N IN=FHAL S HKS
CEPHIENT VA,

MORB~ 7~ xdH 2 WIHEW R v T VAN
SRRT D2 LI o THEL S, 7ok
TBROMITKRY N YT vald, —RICER S
(refractory residue) EMHINTWA., L— Y
FTA DN - 2NVIIN=IA NDDIRAIFEES VT
VEDOIBEALE, TOXIRERBETHLEE
ZHNTWD. HEHMENRS VTV EDE
fROEITICONT, ZORRAEDE— FHKTI,

TS HAHE A2 L, KSR A AL,
DWIIIMAEIE R T 5. ZNSEMOILFH
E, FEEOMETICONT, [ I 8T 4
TNTFEIZZ LY, TR F 4 TUVTHEIE
LIHIhDb. ChOLOBREAESICHLZED
TED [5AFNA VT4 75— —] LLT, X
EALVDCr # (Cr/ (Cr + AD H) PELHWS
NTw3% (Dick and Bullen, 1984). %4 bbH,
WO CERSIZE, IV 87 4 TVIT
FZTHLHCrilBELDOT, ZOAEARANVDCr # &
Wl b, At rvv4rusu—T2Hws L,
H T EOFEIRICET S S HITHH R
AHAEA O/ LN TE S, HLFICE
(Rare Earth Element; REE) &7 ' F ¥ & DK
HE TR HANEA IZIRIET 5 2 LIS T
%. Johnson et al. (1990) (XiEEN > T V5D
MECMOTAF <4 7u7u—T%2H\T,
HAHE A L2 REEDREM RN Y — %
Kb, FEERTEEME 7o T 5 % REE @ R 55
AUARE % 72 BRI R B S, KD v 5
VRO RRE % B RmIICENE T A 2 L)
L7.
RPEEErPJLiEsE - FEVE A > R¥EIEEZ ThOe L
T, AN 5 7R v T VA ORI
% U7 A OWF5eiE Dick et al. (1984) & Michael
and Bonatti (1985) TH 5. TN HDOHZETIL,
BT EDE— R A E AV - A OL:
MBS, WS> TRIEE (81000km o 4+
— 5 —) OMBEALIIAET 5 EAVRE N7,
IS DOREEIE, B YTV EIEs THET S
MORB DM R, iHEsEOKE, KETAA P
FE EERICBRLCB Y, R ILEE T o
LI~ v VOGS REST VLV ARy P AR Y
F e 7AAT YRRy bARY bOEERHMLZ
FTTWBZEAIREEINI. T4bh, KED
S DAL 34 B — A5 FEEOHEIL, KRIPEGEEH I
WA D Z DO HITIZ LN, L 0 BB
EHoTnd (&) [Hig] LTwa) &7
Y5 MORBO T — % HR&EN7. Niu
and Hekinian (1997) &, s KiEss & st
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KiFED N v 5 V%5 & MORBOMBE % 3 > 754
WL, WEEOPRERE L EFR~ ~ MV OREREIC
W2 EOMBBER»SH L 2 L 2R L7, —F
Bonatti and Michael (1989) %, HFRDMEHEED
H T UEDERFNEBE I 8L VL, i
FEMEY 7 N GRLHE), 2B RRERRLES (X))
TR—=T V), WU ORPEER YL, hA
ARG (V) 7 FEEN, ONEICA T 2 EDH
BLTITS 2R LNITL 7.

3. BLARICEIBZ AT EDRH

RPGHEZ L & BAREIR RS L i

21'N -

20°N

19'N

18'N

17'N

16°'N

D RTINS ITBE DY v v
T VEDOERPMOLNTW LD L, HilkiEdd
2o OMEFHDTRON TS, HHRDZ D1
DOHILEERIZHA, FEORHEICEICOM T 51
G IZ B VTR A DM B D 2\ T & 23,
—DOOHHTH L LEDNS.

WD 7 4 ) ¥ Vi (Fig.l) 13%259 D
B &t S - Bl SR S T 525,
ZDH L, BISEBZEIE L2V AXNT i
(Fig.2) (Ohara et al, 1996; submitted; Ohara and
Stern, submitted) &, BUEFIILKFO<Y) 7
+ 57 (Fig.3) (Ohara et al, 2002b; Ohara and

15N - - A :
135°E 136°E 137°E 138°E 139°E 140°E
*‘I'
- 10000 - 7500 — 6000 — 4500 — 3000 - 1500 ]
Depth (m)

Fig. 2 Interpreted shaded structural image of the Parece Vela Basin illuminated from 270°

(after Ohara and

Stern, submitted). Dotted yellow lines are magnetic anomaly isochrons with anomaly number taken from
Okino et al. (1998). The short, first-order segments are labeled as S1-S7 (Ohara et al, 2001). Distinct mullion
structures indicated by short arrows, are developed along the full-length of each segment (S1-S3) (Ohara et al,

2001). The chaotic terrain characterized by rough bathymetry is identified in the western Parece Vela Basin,

also suggesting amagmatic extension occurred there (see discussion for Ohara et al. (2001)). Some notable

pseudofaults are indicated. The dredge haul CSS33-D1 by S/V Takuyo recovered peridotites and gabbros,
whereas KR98-1-D2 by R/V Kairei only peridotites (Ohara et al, 1996; submitted).
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Stern, submitted) 25D ¥ MV VT VIS
DWW, Ml S AP EREPR I N TN 5.
IR AN T g & RIS B 2451 L T b
P74 EVilEEO» O TOIKMTHL L T
FNVR—=AY 7=+ (Figd) 2»6b0v7

M2 bV A YTV ED R Ly Y OiLEDS
%% (Shcheka et al, 1995). FE - /NEJEBIA
DEHHEMAY 7 v THLH, W/ B 7+
(Fig.5) 25 bt h v 7 Vadsians
%132, 19992, b).

20°20N ——— e

20°10N —

20°00'N —

19°50'N

143°50'E

144°00'E 144°10'E

Fig. 3 Bathymetry of the Southern Basin of the Central Graben, Mariana Trough, and track lines of DSV Shinkai
6500 dives 358 and 359 (after Ohara et al, 2002b). D45 represents the approximate line of the Tunes 7 dredge
45 by R/V Thomas Washington (Stern et al., 1996). Contours in 100 m intervals.

16'N

18°N

131°E

Fig. 4 Tectonic interpretation of the Central Basin Fault after the base bathymetric map of Deschamps et al.
(2002). The rift valleys are indicated by thick black lines, lineaments by thin black lines, and non-transform
discontinuities (NTD) are thick gray lines. Segment names (S1, S2E, S2W, and S3) are after Okino and Fujioka
(2003). The small circle indicates the dredge location by R/V Academic Alexander Nesmeyanov (Shcheka et
al, 1995). Note that the approximately NW-SE aligned rift valleys cut the E-W tectonic fabrics off-axis

(Deschamps et al, 2002; Okino and Fujioka, 2003).
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Fig. 5 Schematic tectonic map showing the location
of the Nishi-no-shima Rift after the base bathy-
metric map of Sakamoto et al. (2001).
Approximate location of DSV Shinkai 6500 dives
341, 571, and 575 is indicated by a small circle.
The Shichiyo Seamounts Chain (Getsuyo, Kayo,
Suiyo, Mokuyo, Kinyo, and Doyo Seamounts) rep-
resents a part of the volcanic front of the present
Izu-Ogaswara (Bonin) arc.

PERPEFED A ) TMOHRT A <2 T4 X b
RYMVH YT UVEBIOATTusHE S Tw
% (Perfit and Heezen, 1978; Elthon, 1987; Arai et
al, 1997) 2%, Wty 4 <> 74 Z3EIMEAR
DT =7y T4 YTTRENVEITHS
(Tamaki and Honza (1991) TIET5oliGA: 2504
ENTW5). PilEOT 4 L=T Nea 7
{E4%) Tix, ODP Leg 10712 X % il A9
I TW5b, HMEWHAYT— 5371 L =7
WA HTRNBETHLILERLTWVDLN
(Faccenna et al. 2001), 74 L=T7{h 7 V&
3O TR L THB Y (Bonatti et al, 1990), %
AN AR R (HHD Ob o EFPL T
W5,

4. 714 VECBEMMERROA > Z 5

4—1. NLAXNT YT AT UE
NUANT R (Fig.2) &, 29— 12 Mall#
ALK %2 4T - 72N TH Y (Okino et al,
1998; 1999), DI KHLIE, NV AXRT Y 7 b
LIFENTWS (Mrozowski and Hayes, 1979).
NVANT Y7 ML, AT RET RSO 1
Ke 7 A v+ EZNL B BRI - B 51
OWIEF 25K E N5 (Kasuga and Ohara,
1997, Ohara et al, 1997; 2001; Okino e al, 1998;
1999). Th oot 7 A2 v M, LK
Hohz k)%, 775101 BOKE Gk
A 7500m) THELATIT 54 (Ohara et al, 2001),
FLy JVIZEo TRy MAH YT VE - A7un
FIMENTW5% (Ohara et al, 1996; submitted).
RV ISR TIE, T — L~ >~ M vas
I I RICE VKA TS v F 2 7 MEFED
THETay 7 LT, #EEE - N VAT 4 — 4
Wil 26 1. (Ridge-Transform Intersection ; RTI)
WCEB L [AFLY) A V] LI A HEED
IFEH S N7z (Cann et al, 1997; Blackman et al,
1998; Mitchell et al, 1998; Tucholke et al, 1998).
INUANRT) 7 MIBWT, FiEEILRRTIE
PDTAT L) F 3R E N7z (Ohara et al,
2001; /NEUZ 2, 2001). 2SLAXRT YT DA
D) F VFRPEEEH YL O b DI A 1015
DZEF A T — v B FFOMFIRR D X T2 F ~
ThoT, [VX¥ ATV IATL)A V] Lk
ENTWw5 (Ohara et al, 2001; Z/NEIZ A, 2001).
NV AR Z R, JLREIE LT29 - 21 Ma
T T, M 88em (MMIPLKAERL) THPG I
V754 7 - JK%E1T- 72 (Okino et al,
1998). Z OWFIIE A 2 — X7 il o & ik i
DY x rTRTUNT = g VTRET SR,
<Y hv7a— (HBVIE AV DO DT
Tho7zZ LHREEN S (Ohara et al, 2001).
PLRBINE, PR SR ET Bl ) O [alfizAsA: T,
19-12 Ma ¥£C, M 7cm (MMIEKEE) <
JE - BV ICHi R &2 4 U7 (Ohara et al,
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2001). ERBHNI NV ZAXRS Y 7 F OB T

FKIND, FEARWIZIZIE~ 7~ IR THREAT

bNb. NWUARNZEDT 7 b= 7 HH#IE

LUF O TR JiEGE & B IZ R R o T D

(Ohara et al, 2001; submitted)

(1) AE M MR LR HEE 8.8 — 7Tem &\ ) FLBRIN &
HRPEREIEO T T~ 7 <LK A L7z
CRPGFEr geiiEgE ClRMKHEICR B TH %),

@) TATANF V] 3t 7 Ay FOERICHES
THEL T A CRTGHEH SR Tl —iic
RTTIZHBIL Tw % (Tucholke et al, 1998)),

B) B¥ T VEDPLROET X Y PRI E T
LTw2 (RIEHEPRIEHOE TV TIEE S
A Y PHREBIE < S IEESERE TH S
(Lin et al, 1990)).

WNVUANT )T M YTV EF19764E12a ¥
7 D R/V Dmitry MendeleeviZL ) FL v U &1
(Bogdanov et al, 1977; Dietrich et al, 1978),
19844E12 % R/V Akademik Vinogradov (2& ) K
L v YV &7z (Shcheka et al, 1995) 4%, WiiL
bt 2 e AP AR I Tuwiwn, £0
%, Ohara and othersiZ&->T, Y¥A4 7 MR
HE)F L E1IRET AV IO T A2 b dih
5 RLy U dh, il amic#inirbi:
(Fig. 2 ; Ohara et al, 1996; submitted; Ohara and
Stern, submitted). # ¥ J Y%, —HRI L
WA T Via L ARRICE L IERCa b2 Y, &
(2 F A4 MIBMERED L . FZAh ¥ I Uk
T RTEE L, AN GG L Tz,
B & AR - RUTEO ORI SHEE
T2, NLARTT M v T E50% R
—7407FAT4 v I MEEIRL, AVT VA
DE— FHBIZL =V T4 M D Id N
— A P THBEZLEZRLTWVAS.

VARG T M v TV EDERTR R
ZUTO@EDFLDHDLZEHNTES (Ohara and
Stern, submitted; Ohara et al, submitted) :

D 120 FLy IPIZ3MORL - 72 EM
(F + P - Dtype) 25RAET B,

(2) F-type (Fertile-type) DAY RV R< T 4

v 7 S ORMIIL, b IR EER S~ F
YEOMBIZIFIE-BL, RAEANVIECr #
= 017 KB EF 2D 5 (Fig6),

(3) Interstitial 2R EAZ &L P-type
(Plagioclase bearing-type; &#ltEAL D ¥ T
5 A% (Fig7a),

(4) D-type (Dunite; ¥4 b) 2%\,

(5) F-type £ P * D-typeld~7 1 v 7 $iDO#l
WAS, BHERNA BE—=F NG Ai kR, FE
IZP + D-type D A ¥ A VL TIOIZE A TW
% (Fig.6),

(6) P-type ®—#BiXinterstitial 72 7 @ I8 A | -
IN—=HH A %, F-type ®—ERid interstitial
oS—=IH A P ERED.

T e I B e o
Parece Vela Rift
o8l =4 F —
. .
T 06 1 -
£ , R e
: 7 1 L
"‘ o 5 ==
E o4 @9 f;a.é -4 F "?,?Q =
& 5§ 1%
i £s By o F-type
¥ £ |
02 ‘g 1 R o Piype | -
3 N ¢ D-type
0 peaoype ey g PSR S O TON ST T Y T T
1 05 00 05 1 15
Mag# in spinel Ti0, wt% in spinel
Mariana Trough |
08 |- 4+ -
J
206 4 B
[ LT T W - s e e e
1”:] [
£ b &
i e
Sosal : E‘?ﬁ -] | [— -
Fa S .
' L a8 4 ’.é
02—~ . = = © Non-impregnated |
% ® Impregnated
Y RPN s 6 555 1 5

1 o5 00 os 1 1.5
Mg# in spinel Ti0, wt% in spinel

Fig. 6 Spinel compositional plots for Parece Vela Rift
(upper) and Mariana Trough (lower) peridotites
(after Ohara and Stern, submitted), with fields for
abyssal peridotites indicated by dotted line for
comparison (Dick and Bullen, 1984). Hatched area
is the TiO, compositional range for most abyssal
plagioclase-bearing peridotites (Dick and Bullen,
1984).
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Fig. 7 Microphotograph of thin section and enlarged
photo of thin section, all taken with transmitted
light. (a) Altered plagioclase in P-type peridotite
from the Parece Vela Rift (after Ohara et al,
submitted). Open polarizers. Ol, olivine; P, pla-
gioclase. (b) Veined harzburgite from the
Mariana Trough (after Ohara et al., 2002b).
Crossed polarizers. The vein (indicated by
white arrow) clearly cuts the original porphyro-
clastic texture.

F-type 7' i 2 BIROREE L L TO/RL A
NFNVT M ATV ETH>T, MORBY 17
V=AY PIVD3 — 4%D near-fractional melt-
inglZL o TEEENZEET) VP TH
%. —7, D-typeld L~ MO X)L b D
flit 7 v %)V (Kelemen et al, 1995) & L TR
T&, #HEA7%interstitial T 5 P-type & F-type
[ZHERRE D AV S SREMIZRUL L7z (X
b= MVHERIGZ T o72) ZEIZX DK
ANz, LfFFRTE% (Ohara et al, submitted;
Ohara and Stern, submitted).

F-type DKW ER4Blf#FE & P-type AS K& ICHF
Y HHFEE, SLANTY 7 MO LY b
WA [Werolz] L) ZLERBLTNS.

Fid (D) = 5 ONRVLARTYT I VT U
DEA PR, RV i O — i) 72 15
VI v T VA L IRBEF ISR D, BRI K
WTHLMWNA >~ FifiEsE (Dick et al, 2002) %
<Y MVI—V FARY bOFESEmI N T
% 7R T8 K VE A i 45 O Romanche W 2 m7
(Seyler and Bonatti, 1997) DWFRIED » T V&
WZHBL T 5.

HRE I IV AV =/ A s DAY B AT/ A
A4 b7 E®interstitial 22 [FIARY] SRS AR
WEN7BNIBO TROEN T WS, FFIZ7a IS
A MZoWTi, HiEEEY 7 voky 74 07
TdH 5% Zabargad EDOL — V5 4 b
(Bonatti et al, 1986) %Fx< &, KPHEH I
T IV T 4 AMBEET TR Ly TENT LN
—# 4 &+ (Arai and Takahashi, 1987) &, ODP
Leg 125 THiHI & M7z B BHTINEL D/ )L Y 23—
A4 b (Parkinson and Pearce, 1998) @2 Fi23%
ADIRTHAH. 7272 L Arai and Matsukage
(1996) & Arai et al. (1997) 1&, ~NAF 4 =T &
Hr A <94 ADONVIN—FH A DAY F
WHDOA Y7 v—=YarELTo7aarg &
NR=HH A4 FEREKL TS, NLAXRT) T b
Dl D7 0T84 MIHBEDOIEHDENKE
{, F2OHBAF—HOREIRON TS Z
&, ANV~ MVHERILZ RN F-type
WZX=HH A PHAHBLTWBE I ERD, SR
NIV T M rT raho [RHIER] GREDE,
RYMVAZITT A ALIZEBLDTIIRL,
MR IZ BT 2 BUKIEEIC X 25 DTH B Lk
#i &7z (Ohara et al, submitted).

4—2. RVTFH KNI THLFUE

<) T7FNT 7, Do THROIRE
AR 5 TWBDIZ, b 7oMEHR (Fk)
2> T, TOMBMBENIFRB L~ 7~
FU 2SI T8 % > T\ b (Martinez et al, 1995;
Gribble et al, 1998). ZD9H b, JbfiE21 — 198
05 Ee Y Y INT T =Xy LTS 410
DIEIHRNMM (N7 7T —=RV) O S
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o, Bk 774 ¥ 712 & o TR S L7z
TH% (Martinez et al, 1995). > bF V7T
— XY OAHOMHD—DI1%, FHARKEA5700
miZEL, FLy ¥ - @KL TH YT ¥
e A 7adEREINTWAS (Fig.3; Southern
Basin; Stern et al.,, 1996, 1997; Ohara et al,
2002b). ¥V T+ FF T TR NIV T T —
NYZHITLT, ZORMTIKINROZEE %
F720 774 Y THEITRTH Y, ZOMETIR
IR AEI T TH 5. B OFRAAE RIS
IR, v M INVT TR UEHEOI20 -
19EETIX, WHHANEMLem, HEAER0.6cm
DI HRBRIERDAE L TR D Z LS NI % -
7z (Yamazaki et al, 1999). =7~k 77
127, RV N INTT—RYDHRTHITLT
w3 EEZbHMNA (Stern et al, 1996) .
Yamazaki et al. (1999) - [LG#m (FAfR) T,
VI INT TR EIRDET X v MERIC
MELTWwS, LEZTWD. Lal, BIEAE
SNTWwB I (Yamazaki et al., 1993;
Martinez et al, 1995) Tldt > F IV 7 TF—~x>
X, JEb T AT+ — 28R (non transform
discontinuity) Xkt 7 x> b)) O T AV M
IWEL TS LIHICHZ .
~UT7F bF T, WENEIEROME & L
T, HilEEZRAICOVTOEL L OfFEd 2 &
N Tk7 (Hart et al, 1972; Hawkins and
Melchior, 1985; Hawkins et al, 1990; Sinton and
Fryer, 1987; Volpe et al, 1987; 1990; Stern et al,
1990; Stolper and Newman, 1994; Gribble et al,
1996; 1998). —Ji, h v v - F7aidt v b
TNTFT—=RYTRLy VSN, WHEHRENE
S/ (Stern et al, 1996). ZDFHERE ZITEK
A X R T D, FINEE T T
DN T VEOBHEVEBBIE S (Stern
etal,1997), Hh ¥ T Y& - AT RIZOWTRHAM A
AP IRED R 7z (Ohara et al, 2002b).
7T vEE, RIS T Y ia L
FRICH L (IERCE b2 o T a2, 20%<1d
RK=7402 I A7 4y 7HEERL, WY

ThdH 7 vha - Ha - BEia - 2845

VOWTNHPEE RNV v 7 BRisd5k

ENTWD, B YT VaDE— FHK - Siifbs

ML b, UTF VT T7H T TN

INVIIN—=HAL N THAHZEEZRLTVWEDS, 23

VARGV T M v T 583 8%, vUTF

NT T YT VRIEHOEIZZ LT LA

WMThHbH., $hbb, SUTFINITHYT VS

X, ZRICHELET ANV N—HFH AL b (BEENL

VN=I A F) AT, ATUEOEARE OV

YN—=A A b (Fig7b) »Pmftd) T K& %

¥ & 7 > CTwAh. Ohara et al. (2002b) Tld%

FA MIFER I TV,

RVTF VT TH VT VRO ERFN R
UTFo@E)FEDLHT ENTES (Ohara et al,
2002b)

(1) BEENVIN=HAL POAERVRTT 4 v
7S OB, BRI RIS A v T
YEOMBIZ—HL, AERLVDOCr # =
025 ISR H 55 (Fig6),

2) BARZFONAVYIN=FHA4 FDOAE R IVIE
Cr # = 025- 0352445 L, TiO, &A=
HEZE (Fig6),

(3) BEE NV IN—=F 4 N EBARE FFO NIV Y
N=TA MDRT 4y 78MENRD L, T
BIHARBE O Mg # DAE TN S0,

BES NV N—=TA MR aEE LTORY T
FEFTIHYFUETH-T, MORBS £ 7V
— A< ¥ MIVOKIT %D nearfractional melting 12
FoTHEENLEEFTY) V7D WRTH D
(Ohara et al, 2002b). BAMRDIEEETIZHSIEL
72RO XV N ARERIC— BTSN AT
RRORIGHHEZ 5 TW5BH LIRRTE % (Ohara et
al, 2002b). o (1) — (3) DEAFHFE
(&, RVEFEH Y (FFIC MARK Hl8; Mid-
Atlantic Ridge Kane) T—fiiZit# I Tw
% 9% (Niida, 1997) & BCEBL TV 5.
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4—38. EX bFINR=—R>TA—ILhHTUE
BUEBEWE B 2451 L7209 7 4 ) ¥ 2 ilEdE,
74 ) EVETRROWINGETH L. £ O
ZowTid, [HIlERH (Karig, 1975) ] & [k
Ty 7ENTRKFEFEH (Uyeda and Ben-
Avraham, 1972 ; Hilde and Lee, 1984) ] 3% 1,
DN T2, Il D PSRRI LR
&2 ZLF L Tw b (Fujioka et al, 1999;
Deschamps et al., 2002; Okino and Fujioka,
2003). W74 ) ¥ Vi@ ON KL, Hess
(1948) 12k o THRANIE®| S, [£¥ P TN
—AY 74—V EHDFLNR. wThok
PRI &K, MRS S O g 238D CFFIRTUE,
P74 EVHRTEEY FINR=RA Y T 4 —
VMBI HNE - SWHLAD A L7z (60— 45
Ma), N-SOILARDPAL/E (45—35 Ma) &
M7z (Hilde and Lee, 1984).
BYRITNR=ZA YT =)V MIBWT, #HK
MHC & BEHERAE S X ORI 22 ~ v © 2 7N
BEAThbN, W74 ViEEOIRKO T 7
=27 AV SRR o TE 72 (Fujioka et al,
1999; Deschamps et al, 2002; Okino and Fujioka,
2003). TNHIARRICL UL, £ FF AN
—A Y7 4=V T, ZOMERAG (2FHE)
WZiho T, YAFTAF I v 7 RREKRE CEAL
FTLHZEDVHLNE oz, PRKII O HE
1Z, EGEIERTH HAEM 3.6cm (W HIHE K HEE)
(Hilde and Lee, 1984) 23351 Twb. LaL,
MR OVECTIHRAIL KR Z T o215 5T,
FARPLREM DA TRESI NS K 9 18R
O Z/RLTWwW5 (Okino and Fujioka, 2003).
—75, WEOHMTIIIED T ¥ 27+ — 2B5FUC
LPRMOY 7 Ay T—a yHEoh, KK
PWRKZAT o 72 HELFABTH S (Okino and
Fujioka, 2003). EAPYIRD [ # L Kl 7 k¢
B E, XUNLR - INVT R YR T
7— N7l (Fig. 1) OFEPLRRENS &
I, MR Y PV TIV—2I12 K 5, IR
KEBE 2~ 7 <G8 & > THE L7z (Okino and
Fujioka, 2003). HED LY M TNR—=A VT *

=V b ETAEB TR GKIERD Y 7 bNL— (KK
R7900m) (1IN — SHLATHA LI [0 H
DY) =7 X F28-5TEY, Deschamps et
al. (2002) & Okino and Fujioka (2003) T,
N = STEKORHOBICFHUNE - SWoIE< 7
RIPERAE L 722 LS SN T 5.

LY FITUNR=Z YT =) b TIE, 19844F1C
07 DR/V Academic Alexander Nesmeyanov
2EoT, Ay I VERIILYD, KRG - AT
O - AREFEOERE R EN N Ly Y a5k
BdHLZVHEMEeRARLBIEIZIN TV RN
(Shcheka et al, 1995). Z® FL v U rilx, FE~
TR Z AT o T2l ST D 7 X ¥+ S2E
CRETALF) T AL MEITHAELTW
% (Fig. 4; Okino and Fujioka, 2003). =7 X~
FS2EE ¥ MV T = — B ORI A Y
L (Okino and Fujioka, 2003), 1~ J V&K
Ly VENTWEZ L LN TH 5.

Shcheka et al. (1995) Ti&, 2o s > 7 &4
DAEANVDOHEDAD) A M INTW5E. Th
WEhiE, AERANLVDOCr #1303/ ETHD
(Fig.8), TiO, A ®IZITLAEEETHS. L
ML, ThUEOFMZ aaZNERIIEETSH
5.
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Fig. 8 Spinel compositional plots for Central Basin
Fault (after Shcheka et al, 1995) and Nishi-no-
shima Rift (after Yuasa et al, 1999a) peridotites,
with field for abyssal peridotites indicated by
dotted line for comparison (Dick and Bullen,
1984).
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4—4. KETBLUD>SVE B/BUTRAY
)

Y- ANEEENE, W AR (Yuasa,
1985) %BilZ, ZOMILTIY AT A F3I v 7 U
BUCKR & HEDAET 5. Ilaa RS B o
Kilizar b (BE - i EEE) ofls LT
L&A S 5 25, KM KR O
JEHAI30km 12, K7 a > b5 R Laislic
MNThriES % (Figs; ki3, 1999, b). K
MR BWTIE, Rl oy VA3, BAMCE
BiEHRA D A EE S, €09 bilEllmTE
YBTED ORRIIBIT HEMAEIC L > TH ¥
T UEPRLNTWS (BikiEdy, 199, b, &1
JEIZ 2, 2001; FrH-H 137>, 2001).

PO NEFEIRO KR & 5o —21%, Kl
70y MEEOWE T IZEEOMMAAFIET B 2
L THhAH. TNHIEEIMMH (backarc depres-
sion) & LTREINNY 77 4 ¥ 7 O R
I nsz (EARIEFH, 1981). Zh o OFFRIM H
O—>2, AIAMM (AI A7) TLIHH
W OFEMFAL (Taylor et al, 1991), BX
ODP Leg 12612 X % {##EHH] (Fujioka et al,
1992), IC&k o TRINNY 77 1 ¥ 7 OFEE#EAE
B LA S N7z RN, [EILAK] &,
RIR S [HANENZHENE T ] 02
DAN=DHER IR, ThsiEwIndil
FRlEDBOERNBICL > TSR TV S
(Fig.5 ; %5iki3, 1999a, b). KHTHELE IO
P75, KBEEIL & KL o> 12 b JK PR 3400 m
OMH#FEEL, W/ B 7 PesHFTFENRT
W5 (Fig.5; Taylor et al, 1991).

KETHEILOWEILAREAD S F Ly ¥ Sh- s
DEMRIE, 32-33MaTH ) &I AH, 1999a),
ISL AR Z W IER DT OE I - 737 Fig3H
(EOE - ANEEGD) o IS Sz Kk T
B ERRINTND ki, 1999a). BH
NIED LB E D A HIEEERE D FLy Y
SN, NUARGWED) 7T 4 ¥ 7IH->T
A L 72 etk B Bz s 0 —F8 T o 72 L i
a7z (Yuasa et al, 1992). #E&H#AIC X -

T, WHNEDLZHIEWEE )AL L—VY T4
b =S4 b AT AN - AL
His - ARENRIS N (BEIEA, 19992, b;
PHEEIEA, 2001).

VI TA oS T — I kg,
Wi/ &7 (Fig 5 s Eso i i
I M) oA 27 BE5040 T, EAREE G X
579 km/sEO EHEHAM T 10 km &\ 9 AT
WKHEAELTWD X THD (Fh, 1985).
Tamaki (1995) &, WL KOHBOHTERE &
LT, BB MENLETH L Likm L T
Wh. BEIEAS (19992, b) &, KETHEL A >
Frak [NVAXRTWEONN) 774 27
DEIZW AL S 72 EIN) VY A7 27 @
W] ThrEEZ. LrL, KLy~
FYEIE 2B T VAR T AE L OIE
Wik (KM% v F 22 b)) v, Bl
WY 774 71> THEBRL TR EEZ D
DWEHTH A . ZOREMWT, [KITHEL A
v a]lTREL, T2 EBY 7 M YT Vi
LRI RETHA .

L—'I 4 MR, BN GHIEIED v T V5
ETIBRICE L QRUE L2 o T2 Y, £20%
E7v =27 —#MkxRL, hrI v
A FUEEA - BENEA - AR LOWT LA
BEARNIZVY v 7 Ak shTwd (9
FEHIEA, 2001). T2 —VF A b - A YT UAH
FHEE - HADEENE, WINE  BRA OMBR A R
(BrFEHIEA, 2001). L—VV'54 bz, &
VI VR E OB ARZ RO LI ENTED
FrIEZ A, 2001). BANRIZIZANAZ M)
EABH Y, TORE M HEE S OB AR &
ToTwWa (FmHIEA, 2001). ANEEL—L
VT4 POBFIBTZBMRIEAHTH 575,
TBFsBgTE, ANGOANAE, L—N
V74 MIEALANAHERESOMPA &1
XAIT & vy GErdtHIZA, 2001).

2B 7 MY VED BRI RD
WO FLDBLIELENTES !

1 L=V 4 bOAERIVOMBITER D IEK
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BUEFEIE S VT VORI 3L, Cr #
=015TH 5 (Fig 8; ¥ikiIA, 1999a),

2 L=WVIF4 FDOZDOMD=T7 4 v Z7HWD
OB IR 7 ML 2 7R . HARPHEA DAL,
FIZRPEFE RIS V5 V-8 5
A, TiO,®IZEWVIES D EDBHERET L (B
FHZ A 2001),

(3) ANAHAESIRZFFOL—VY'IA bo
Y7 VAIZIEMg # OB RO NG (K
Mg # = 088) (FrkHIZA 2001),

4 72—V F4  DH YT UAEIX, BITEAR
(Mg # = 087-089) (FrH-HIZ2, 2001), %
RMMELERETH LI L ERL TN,

5) L=NVF54 b@DH YT vl cleavable
olivine (Hawkes, 1946) Tb 2 %H 5%\
FrFEHE 22, 2001),

(6) MNAECANAYEESDANAE, =7
A METHDH FHrHHIZA, 2001). Thbid,
Nall®@E, &S SEY A4 7oMaNA
(Niida and Green, 1999) T, L#i~> b
T Ve LI ETTRETH H T L ERIRL
TWwa (FrikmEIE2, 2001).

Eig 1) - @) oERFNERE, YT

FIHhYITVEDDDIZHEMPL TS, —H,

cleavable olivine® 7 4 ME AL DHFLE

&, <) 7 iR EACE WL (Tshii et al,

1992) X, BB~ 7 F i REMFE (Ohara

and Ishii, 1998) 2SI N TWDH. KiLIA

VI VEERIZBWT, FH (1984) idcleavable

olivine M WK % fE w75 O B NS X 2 5% i1k

RS 72, =) 7 il g e A el - wE

W~ 7 FiEEEARE R 2 BY 7 MiBw

T, TOE)BEFEEZROLZLIIWNETH Y,

B2 g EH LLAMIC & cleavable olivine 284E KK

T5ZE%/RLTWAS. Cleavable olivine R T

7T A MEMAPAE, MR [FIMERR] 2

B, L0k OK) omogErd 722

EERLTVLOPb AN V. ZOMRK DM

HIZSHOBETH 5.

SE=A
- 0Faf

5—1. HHARICEFB Y>> MLT7AOER E
ZOTA-NIVEBSE

NVANT Y7 bOMELRT 7 b=y 7 R
RHTLA PRI AL FEKRITHEL TN D
Tl ATTUEDRT A PHRIZER LT
HTl) b, RLARF YT N A VTV aDREA
LIRS, KPP LSS O — R 70 R 7
VI UAEEIIHEEICE RS 5, Ohara and
Stern (submitted) 1375V AR5 Y 7 MIBITS
vy hvTue R, kRl w7 A Y bk
IZBII27HLATHD LML, —icts
Ay FHRULERIE, RS AT ABROR T S
HE 2R D IGF AT TH 5 (Lin et al, 1990).
Lo L, @EEILRIEETH HH A >~ P
BT, 27 AV MREICETE A YT Vi
OBFMPEINTED (10° -16° E® "oblique
supersegment”; Dick et al, 2002), &7 % ¥ hf
WA~ 7 IR BRI L T D 2
EERRLTWAS, Bl ~ FEBETHO NS —
IR R DA > 7 Y mid, 20 &) 2
ERETL25DTHAH. —H, BT AV Mk
ICBWTY 7B L7z & &1, BR%
MDA >~ T ¥ & R ED AV b AN EER
RIS L, SRR Y7 VEDTER S, XV
ORI EEEIZ YA P E L TR 72 LT E
5.

Tabb [NLAXRT Y7 MIzy Py Tut
AL, — AN ISR R IR S B,
L7 XY PHRRIZB 5K Y My T R
ThY, EARMZ, BRGHEDH > T Vi -
CRERN YT Vs T T A Few ) BTRE
&M% (Ohara and Stern, submitted).

L ANRF )7 MZBWTIE, HwlXktEs 2
Y EAEIHAT WA SR I N ey T4 v
THHETH A (Fig 2 ; Ohara et al, 2001; sub-
mitted; Ohara and Stern, submitted). Z® X9
RENIRETZ AL ME, M VAT 4 —LWiE
& (e.g, Phipps Morgan and Forsyth, 1988;
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Ghose et al, 1996) 23k ) —EHFEI/EH L7222
LI2ED, [Whw]) ki~ vl 22
EHRTFHEND (U ATH—L% Y FL v F
PR ; Ohara et al, submitted ; Ohara and
Stern, submitted). /SL A5 7 MIBWTI,
W EEILKRE T 72255, P VA
T A=Y Y Ry FRHRIZEL ST, Hoalkt
AL MERIZED E I WIIER T B IR A
HHLZ0THA). ZORFICE->T, &7 2
Y MNERIEET D AT L) F L OHFER, &7
Ay MR ENT 2 T ViEE, TR
RN e PRI R TH 5. —J, B
PERHERE L FBRIS, 7 X ¥ PHRERIZB VT
TG Lz & Z1Z, RGO v T
VL HBIKRED AV FANRERISL, &
FHEAD VT G S, AV b O E
5+ A4 e LTS TE % (Ohara et
al, 2001; submitted; Ohara and Stern, submit-
ted). SLANT Y7 MIBITS, HELZYT
~IEH ORI, EoroL s AU b (S], S2,
S6; Fig. 2) ZH &% neovolcanic zone (Ohara
etal, 2001) &L THEINTWAS,

AR T A — T TIREEILRIEE T D 5 FORPHF
MO LE~ Y PVBRBER LTS EERH
n, "NV IN—=HA - bas 74+ 5F
4 PEVIEMTRBMNITISNS (Arai and
Matsukage, 1996; Dick and Natland, 1996). P85
NEEEIE KR T> TV B I TR - FAAHO
TN by NS RERT i AR /A SV N B I T A
TWLHRIIART A —THPFEIEL T D EE R
55 (Hey et al, 1972). +F Y A7 5 — AW
RN, ARIREDE K O Jevm i BV T b AR
THIEDFERINTWS (Sinton et al, 1983).
Thbb, NATA =T, EHRH< T <IE)
AEFE 72 TR O 2 7 X b g | =37k
PEREAELET B2 LTk > THEL, Bkt
FAYMROYY T4 T THY, TN RS
VARG Y7 M= Y My T ae AR L Tw
% LT E % (Ohara and Stern, submitted).
ANATA =TI BITFAH a7 M T4 ML, ERE

Fh T VEICHIET B EBRITETHY, ~NA
TA—=TFNLART ) 7 MIOAEHTRES 1
TW5,

—J, *UTF T THh T VR, MARK
WIRDWEIK A >~ T Va0 E AT (Niida,
1997) IR HEM L TWwW3 (Ohara and Stern,
submitted). MARK i3 1kt 7 X > b Kl
& LT, RTIOMME 2455 2 /R4 (Karson et
al., 1987, Cannat et al.,, 1995; Tucholke et al.,
1998). &7 A ¥ M KuGEBIE, 7 A ¥ bAgeER
W, RIS~ S~ A ERIVNE W (Lin et al,
1990). §%&bbL [RUTF I 7R PVT
Ot A E, R RIS O RTTIC 35
BRI HIS N2 VAT =) v 7 I B
RYMVICBITSE, vTRICZLWT O AR
LCTw5% (Ohara and Stern, submitted). <1 7
F R 7BV TE, FT AT — AW
DOENBWDT, XVTFHMNTT7H 0T VHE,
FEBHZWRIEN T AT+ —2BRO2RE T A
FRUGEHICB TS EDL) By VT Uk A%
REL T LEMTE L. L7 A MREEHT
X, R O—RNG< 7R 2T 550k
L72ABED AV MY, <7 <l) 2GRS TH
277 EICEAL, RONHHHORII—T
WITH MRS EZ 7265 LEZObNE, Tk
bbb 7+ b 7M< MV Tak R, A
i, KREIHET 2RO —Kk%h > T Va
(BEE > T V) - AL L7 7 a OB AR
EROLBEDON VT VEEW) EHTRESI NS
(Ohara and Stern, submitted).

LY NITVR=AY T A=V NI VT VEDT
—Z IO TRONT VB, TV AT+ —
LBEFICHERLTWE L) THY, U TF T
TR VT O AR L T2 & s
T&5%. £72, FIEHEIEA2 (2001) OF—FI12k
g, W2 BY 7 N TFOR Y ML TEEAHT Y
TFHEFI7RTHDLILEZRL TS,

TR KRR T db B RO O L~ > b
WiE, ANATF 4 —=TPANIIEF ¥ L — Wi 12
HL<TEBY (Constantin, 1999), ¥ T7F 57
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My PV 7o ACHfFEND EMHERT
(Ohara and Stern, submitted). ¥ v L — W%t
T, BEIEKEETH L WRFEEEL, bT
VAT F— LWRERHRIC X o T, AREIL KR O
RTI LMty 714 v 7 HSEE S, <) T F
NI VT UEADBEAELTVDEDTH
%9 (Ohara and Stern, submitted).

5—2. 74)EXBI Ty I MLOERK
Bloomer and Hawkins (1983), Ishii (1985),
Ishii et al. (1992), Ohara and Ishii (1998),
Parkinson and Pearce (1998) % &2k - T, ik
AHARGE ) OH VT VAL, BICAE R
VO Cr # = 06 %82 51 Lf:rﬁﬂ&“@?)é Z&
M5 A 2% > TwAb. Bonatti and Michael
(1989) »a /84 Vi, WIlilEd» > 7 V5
DTF—=FPRELTBY, WilliEE A > 7 Y ahs,
kARG HIN OWEEFFODOD, HDbHViE
EILRROWEZFOO, AHTH-72. B
RTRE7T— 7 oFstid TSN TH ) fEEN %
CLEEMETEZEMITIZR VDS, R THBIL
TRIEHIT, 74 EVilEENgE@RO N > 7~
LB —KEPIIE, HEOREIVNS {, K
MR O LI~ > PV A v T EICET
%, L#E#T& % (Ohara and Stern, submitted).
ARLE2—ZX o THLNIZ R 72HFEIE, 7
4 ¥ VIEIEEOY ) VPN Vv v
VOMBIIHLIZE TH W iethkdid 5, &
WHZETHD. bbb, Yy I MLO
AL, BTNERO AR EED WA, BT & %
WIZHEIMEIRGR T O LA~ & B IVIZEEARR 1A 78
DOREIRE. Tabl, Yy Iy bV
— IR EER~ v PV SRR ST B
D, RN EofEREOEbE, v VA v

FUHEANVD R EOMERIER, VYV AT
ITEICBITFAT 7 P27 AL ->THHE
N5, LIEHRTEDLTHA.

6. A

BIRRECTIZR SN2 7 — & LOAFAE L 5\ a5,

74 ) ¥ INERR DI v MV v T VT

e L Ea—LUTOZENHLNI -7

(1) 74 EXViEEILRRON > T Va5, 23
LARZ Y7+, YTFbTF77, VT
WR—=AY 75—V, W2E) 7 (KHET
I 256N Twas, ZR5HIEE, Wil
HBAEANDCr #HVNE L (015 -05),
=XKW E LTIE, MigofEidhs <, K
HILKHHED L~ v M v v 5V EITE B
5, LRWmTES.

(2) NRLARZ YT MIBWTIE, [FF Y R7
F—LH YRy FRR] ZEoT, (W7
W] R~ Y PVANER SN, v MLl
EAEERIRE LT,

(3) NLANZY 7 MZBWTR, [FFYR7
=AY Ry FRER] 072012, 1kt
TA Y MRRFRIZBWT, h v T vEhER
LTWwWa., &7 x>y bREEIZBWT, B>
T U A b EREMRIL LERHRA A
YT UVEREKL, kv Mo Ak
OB F ¥ AN ELTY A FBREEEN
7z, LERTE S (OSLAXRT Y T Mi< Y
MLv7at ), NRLAXRTY 7 <2 b
V7at AL, — I ISRB AL 12
%ﬁéh%,%7X/%¢%~ (DRAAE
VTatAThb.

4) =VTFFT7I2BTIE, — i 2k
kﬁ%kﬁﬁGV/bw7U%x#Lﬁ¢f
H5bH. $hbb, RTIKBIT ST —A VI
[Wzw] BEOTT, MLz aEo A
FABES DA VT VAT AN
LIEO= Y PV TaE AR 5> TW5SE (%
V7 FES 7RI P VTOERR).

(B5) BV FIFNNR=RAT T+ =NV AT VHED

—ZIImDTHROLNTVWAEDS, FEFT R
T+ —LERICERLTWA X)) THY, <
V7 F b7 78O~y MV TaR AN KELL
TV Z EPTHTE S,

6) W/ )7 b CRERgIL) 7> 7 aEiE, K
7wy MEEo TEIMNY 774 7] @
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Yy T4y TEEDLTWS, GAFIEE
i, U T7F 7R PV TRERICK
LR LCTHFETEZ % —HT, cleavable
olivine R L7+ 4 MNEMPIHDHFIER, <)
7 g REACE WL - B~ Y 7
BRSO A > 7 VA THBL Ty
%. Cleavable olivine =74 MEMMNH
&, ARz TEIMEAR] 2R, XA
OK) ORFMORED»H 72 LERLTH
DB AN,

A &

FARBEE - AFHEEK - FLZE— - PRI O
SORTFENETERT) - NE— GRERY) - %
H#EEF (&IRKE) - Robert J. Stern (57 F %X
K&E¥ 5 A8) + Henry J. B. Dick + Nobumichi
Shimizu (%7 v X & — VHEEFERT) - BERHK
S Gl el > 4 —) - HRE - IEgEsEsA
(il AR TSGR (R SEHh
WA - IAARRMFE R TERY) &bt
BIC, RlCBE L CHA DI E L - iz THW
72, VaEDH T S (G ERZTFIBEE RS (12
&, P - ANAEIEBIO Mg L O Caftim LT
THW 7= Frb s EE L (eiERy) ofFHIC
X0, KEnddeEshi.,

C

7 4 ) ¥ VEINEEIKRO~Y Y MV v T
VEIZDOWTOLV Y a—%fio7 BHAEFTICH
V5 VEBBEMELNTWS T 1) ¥ Ui IRE
KR, RVAXRFY T -3YTF T
T INIIWR=ZA T =)V - HIE) T
FCTHBH., WLAXRFY T eYTFHEIITT
DY MV T at ANIIHE L HESGEL, Z
NENWNNVLARZ Y7 M- =) T T 78=
YIvTaeR EAT LTV S, HiEE,
KRR S5, JLREZ X Mk
BT AR5 T aY 2T, EARMICIEIRE S v
SUVE-ERERN VI VE - FFA eV H
MTHREOT 5N b, REIL, FEIKE O

Bl - NI AT — AMIBRE MBSk
W7 70t AT, EARMICKEIHFET 2O
—Mehh o rn BEEH YT VA L7z
HTOEOEAREFOVEDON v T VLW
EMHTHMNITONG, wFhictk, 714
VUSROS VT VIR KE BRI,
HiigDREEDVNES {, ALK i~ >~ b
Wh T VEICENT S, LHERTE 5.
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