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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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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
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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.
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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
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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).
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o, Bk 774 ¥ 712 & o TR S L7z
TH% (Martinez et al, 1995). > bF V7T
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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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