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Chromitites:
An Enigmatic Mantle Rock Type
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Abstract

Various characteristics of podiform chromitites, an enigmatic mantle rock member, are
reviewed in this article. Chromitites are composed of chromian spinel, with the general formula
(Mg, Fe?*) (Cr, Al, Fe®*);0,, and silicates (mainly olivine). The Fe®* content is generally very
low, being less than 0.1 to all trivalent cations, in mantle chromian spinels. The Mg/ (Mg + Fe?")
ratio (=Mg#) changes inversely with the Cr/(Cr+Al) ratio (=Cr#), which increases with an
increase of degree of partial melting of mantle peridotites. The Cr# of chromian spinel is
generally higher than 0.4 (generally 0.6 to 0.8) in podiform chromitites, varying widely from 0.1
to 0.9 in the mantle peridotite. The podiform chromitite forms pod-like bodies (dimensions of up
to 1.5 km X 150 m for an individual pod) with a dunite envelope, totally set within mantle
harzburgite. In well-preserved ophiolites, they occur in the uppermost mantle, especially in and
beneath the Moho transition zone, which is dominated by dunite. The Cr# of chromian spinel is
relatively low (0.4 to 0.6) around the Moho transition zone, and high (> 0.6) at deeper levels in
the mantle section. Chromitites are denser and less anisotropic in V, than peridotites, and the
V, is 8.5 to 9 km/sec depending on the proportion of chromian spinel, and higher in the former
than in the latter.

The podiform chromitite has been interpreted to be one of melt/rock interaction products
within the uppermost mantle harzburgite; hybridization of relatively Si-rich melt formed by the
breakdown of orthopyroxenes of the wall harzburgite and subsequently supplied primitive melt
cause oversaturation in chromian spinel, giving rise to formation of chromitite with a dunite
envelope. The fractionated melt leaving high-Cr# podiform chromitite is possibly of arc-magma
affinity. Chromitites with low-Cr# (0.4 to 0.6) chromian spinel can be in equilibrium with
MORB. Recently found ultra-high pressure minerals, such as diamond, moissanite, Fe-silicides
and Ni-Fe-Cr-C alloys, within chromian spinel of podiform chromitites make the genetical
history of chromitites highly enigmatic. A new story, which incorporates the genesis and
involvement of these highly reducing, ultra-high pressure minerals, is required.

Key words : chromitite, podiform chromitite, upper mantle, Moho transition zone, melt-perido-
tite interaction, physical properties, island arc
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L 30U ®IC

Ei#= Y P VIZIZEPASAE DPALAAZ
FEBREMETS) LRI TVwE v
DIFHIRFHETIXIZITERE Lo T D (Bl
Ringwood, 1975). %2 Td, L—ILV'F 4 b &
IV IN=HA ME, L Y MVoKE RERG
PLHOTWwBEEESN, [RYMVAALAS] &
WZIEINOLOEAZ/TIEDNZ V. DALA
HOTERESEM THHIALALB X UHLH
(FHHHA, Call® O HEHEA) omILeibd:
FBE, DA S AGDILEN D B\ Id S T
HreFoODLLDE LTEETHL, L~y MU
PALABICBIAE40HWE L TEELD
DIZTZONAERNDEH DL, ¥ Mg LEBTIE
FERA, WE0km UIETIRELAAINALA
HPICHH L9 % (Ringwood, 1975). #HELIR
SLAARELNALAFICD 70 A ALY R
LIZUIZHEIT S, 207 0L AR IVAEEL
Ioaf%xr7ua3I¥ AL (chromitite) &5, 7
0384 MMEFHEB L O LA S AS
LIERR Y, ZORERPL~ Y MVICBU A AT
FHIERBLEZOKE R HLEIFATNS, 22T
FruaIs A (LIS, BIBORFT 17 4 —
A-7u3IFALN) BFHLIEG. RF4 74—
A ua 3y A N OBEKNNRETEI Arai (1997)
EBBINIZV,

IL 7A3%4b: EQLS ERD

1) 7ALZXEZRI : ZEBRGEY

a3y A OEEREREWE T 1L ALV
Thb, 7ULAE ANV ZEL A YR NVIRIEY O
— 1 2 fb 2301 (Mg, Fe?*) (Cr, Al, Fe?* )50,
THAHH, Ti, Mn, Co, Zn, NiR &z 3 F &
FLRBREICERT S (FlZ213, Gahlan and Arai,
2007), BG-L7=~ 7 < OHE R B A OBRILE T
RE, ANV AGEDIRREME LTHHTH 2
(1 2.1Z, Irvine, 1967; Ozawa, 1984, 1989; Ball-
haus et al., 1991; Arai, 1992; Roeder, 1994), A
EANVEDOHFEWITHEOBENI LD S FSFE R
LIS D W T W5 (Stevens, 1944; Deer et al.,

1966) A%, DALAERYT 4 v 7 RKEAHRT
DAERNIIELEL Cr2ELOTrO LAY
%V (chromian spinel) & #&Fi3 % O)MEFT
Hbo CridWIy7a w857 4 7 (FEAHELE)
THETHY, M ERO#EITE LI T~
rofickhEeNnD, bbb, suinRl
AV R LD < 7 < ICHET 2 5RO
AHHT L (M. bbHA, Kkofbvr~k
WD 250 ARV A D AFICH T B
EINnsd (Mlac)e ¥V MUDALAYRD T
LAY R NTIR FS A I (Tt 3 fif
DA+ D 10%LLF), Cr & Al DDA
KELELT 5, Cr# (C/(Cr+Al) FTI) &
WA IRER I bR BA, <Y MUhASAL
FOZ7a L ARV T Cr# 1ZEE 0.1 ~09 F
TZft¥ % (X 2a, b)o Mg# (Mg/(Mg+TFe?")
JEF-I) kCr# MBI EZ R LEART S (K
2d)o ¥V MUVDRABLARIZVDODYLEITRD A
(< DPER S NG L 20k DR L) &%
N Tw5 (Jaques and Green, 1980; Arai, 1994a)
B, 7OLAERILVD Cr# L, Z O ERE
(BRI~ > DIVIPEE T 7-816) LimvAHE
BHY, WOBMEO LR ELEHICEL S
(Jaques and Green, 1980; Dick and Bullen,
1984; Arai, 1994a), F 7z, KA ERE
(R7=h o RI LRz ER LT T &Mk
GEA) TR, ZOAZAERLOCr# X5 L
RIS EFEIIH o NASAE (Thbh,
ARG OE M) 2RBET5EEZ LN TWw
% (Dick and Bullen, 1984; Arai, 1994b) .

2) JOIZA b : JOLAERIDBEL -
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ZAMNER, 70354 PORMERERIZRV
D, ZJHAAEALVE 0K U LELD DR
-RZ D% (AT, 1995 B), 713
A MICrDEIRTHY, ZNE2ERT H5E
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Fig. 1

JOLAAERNVOBHMBEEE, §RXRTCA—=T v - F=F— A7 — 0 N"—=F1mm. (a) NNV I N=F
A+ (RTIBEHFEHBLEI Y PVRALAR) FOZOLAAELR L. 7 0AAE LR (PREAG)
WAZHTHETH S Z LS. BREZFILNFOHMES b L-—VYIL4 b+ (R7IIEFICEE
XYMV RALAE) TOZBAAERN (PR 2K, FEOGTHEYRET 5. &R O
M. (o) FFA hhoro A r )l (BEip). AEEFEEEOMES () €254 PXR
Aoz AR R (B, KH). PALAAKMBTOUEWE - EMBERELTHET S, A
LAALEORIICEE mEPALAATO XV NEAEY. BREEMEL (o) 784 AY RV (I
i) ICEb eI A b RMIBERA (D EDPALAA). BRIRZHE-ZWEE () 2ol ¥
AV (BRI ZLlwra3Is g b, ABRBEPASALGOBRERS GGLY—7) Z2aGIEn.
BHUR £ B -= R

Photomicrographs of chromian spinels. Plane-polarized light. Scale bar is 1 mm. (a) Euhedral chromian
spinel (center, black) in harzburgite (depleted mantle peridotite). Xenolith from Noyamadake, Shimane
Prefecture, Japan. (b) Anhedral chromian spinel (center, two grains) in lherzolite (fertile mantle peridotite).
Xenolith from Kurose, Fukuoka Prefecture, Japan. (c) Fine euhedral chromian spinel in dunite. Xenolith
from Takashima, Saga Prefecture, Japan. (d) Chromian spinel (arrowed) as microphenocryst and fine
inclusions in olivine phonocrysts in picritic basalt. m, melt inclusions in olivine. Miwa-Takayama, Shizuoka
Prefecture, Japan. (e) Chromian spinel (dark-colored) in dense chromitite. Silicate matrix is composed of
serpentine after olivine. Tari-Misaka complex, Tottori Prefecture, Japan. (f) Chromina spinel (dark-colored)
in disseminated chromitite. The silicate matrix comprises serpentine with relic olivine grains (with high
relief) . Tari-Misaka complex, Tottori Prefecture, Japan.
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Compositional variations of chromian spinels in ultramafic rocks. (a) Plutonic rocks from the present-day

ocean floor obtained by dredging and drilling. (b) Plutonic rocks from the arc obtained as xenoliths mainly
captured by arc-related magmas. (c¢) Podiform chromitites. (d) Detrital grains of beach sands from Lizard
ophiolite, Cornwall. Kadoshima and Arai (unpublished). (a) to (c), Trivalent cation ratios.

ENHE, V) — boRDEREE (i
) LTwaZEDRLIELIEHS (K 1e)o
a3y A4 MIRKERERD S 2 FEIZ5 T
LNTWD, —DdHg IR S b IRE A
R (W E VA ?) OKERLLT
BETHLDT, MIkrza 3% 4 b (stratiform
chromitite) &F:EN %, BRZ7a3I 54 M~

7h 5 ORBERIC L ) RRIDER S 720 D
T, WHETH-> THHERMEVE DO TI v, B~
T4 IERT =V (HFER) M.
M7 7)HADT 272V (Bushveld), 7
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Fig. 3

FY—=VFTA4FITA MBI ERT A T7+—2-2703I5 4 NBIUPALAEOHHEHE. H, D, dChid,
ENENNVIN=HA L, FFA4 b, GHruIsy L b, (@ iBENVIN=F A N FF A ]‘EE) 5

k. (b) 4
WraIs A, ¥4 POREICHECHA L2 0L AR VIR D, FFA MOy FHBDOND
RFA4Tr—0-703I54 FORDEBOEM. LA ~—> 474 FF4 F, evT a3 (o)) V27—
MExdoruIs A, TWHMI7OIZAL PERT, FFA4 BRI L. JYVa—VIkz a2 AR VES
OB ERIR) 230 7 a2 74 P EOBEFBE TRV BN 2 BF2br s, Lt ~—v-F714F5 4 b,
oLy 4 g () MBI R ) D25 —MkEAETL7EIFAL b, V2 VOHRLICIE T Y r— MIE
BAEALIELIZHEAET S, it ~—" - F74%54 1, %279 Fiilfi(Ceuleneer and Nicolas, 1985; Leblanc
and Ceuleneer, 1992). (e) RO & F A4 r 2 G LM OB I F 4 b, —EiX, WhbWwbrTrF /Y25 —#
WAEE3T5. (HEMA—0Ry FREE. Wit ~—>r - -F74454 b, <274 FHiE (Ceuleneer and Nicolas,
1985). (N EREET2MB 270354 . ¥ -4 FORBMETH. () LH—D Ky F.HHl+~—r-F 74
44 b, <27 Kk (Ceuleneer and Nicolas, 1985).

Photographs of podiform chromitites and peridotites from Oman ophiolite. H, D and dCh are harzburgite,
dunite and disseminated chromitite, respectively. (a) Concordant dunite bands with a thin chromian spinel
seam in harzburgite. Magsad area, the southern Oman ophiolite. (b) Disseminated chromitite, which
comprises evenly distributed chromian spinel grains in the dunitic matrix. Two dunitic patches are seen.
Hilti area, northern Oman ophiolite. (¢c) Chromitite with nodular texture grading to dunite via disseminated
chromitite. The nodules are disrupted near the boundary with the disseminated chromitite. Hilti area,
northern Oman ophiolite. (d) Chromitite with a typical nodular texture. Note the silicate-rich nuclei near
the centers of individual nodules. Magsad area, southern Oman ophiolite (Ceuleneer and Nicolas, 1985;
Leblanc and Ceuleneer, 1992). (e) Fine-grained chromitite with dunitic fragments, partly showing an anti-
nodular texture. Derived from the same pod as (f). Magsad area, the southern Oman ophiolite (Ceuleneer
and Nicolas, 1985). (f) Layered fine-grained chromitite, enclosing a dunitic fragment. The more massive
chromitite (e) is derived from the same pod as (f). Maqsad area, southern Oman ophiolite (Ceuleneer and
Nicolas, 1985) .
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PAB A (EHCE) FIABIHIBRRICET 2 b
DT, RF47+—24 270354 b (podiform
chromitite) &IFiEN2 (K4, K5, DA
TOruI s 4 MIERERE DO TES, #Hro
B Ry Fewvd) SABAIRIIR GekF
FR) 2235, coEkroEikruIy L T
IR IRIDIILBNES THLDIIK LT, K
TAT4—b 03Iy FTREEEE SN,

II. 70344 b: ER, RESLUHE

1) RF1474—L-70384b: ECICH
H95h?

RF4 T H—4 - 20354 M, 1224
CHWFFA MNE (5574 bOEA, dunite en-
velope £\ 9) 1B ENELHIHET S (X4,
K5, 70354 M, HREEICYZIESIC
g L7z (73 ARAE RO Cr# 2505 Hi T
WAEORFHEA 2 EL L) R) NV YN A
b BIZIE, PEMT 0L B-ZIAEReF v —
Yok T74F T4 M) PR SKRBBIZET 5
(Arai and Abe, 1995; Arai, 1997), L —I V' J
A+ Wz, BEERe 7 vV EER) hicizs
O3IZ A4 MIEDLDTENTH Y (Gervilla and
Leblanc, 1990; Morishita et al., 2006 Z1#), &
JEARE L2z ox—=H 4 b (B 2IE, A
FTAFTAMRNTT -7 4454 F) BT
X783 %4 boOBEL/NES W (Arai and Abe,
1995; Arai, 1997)0 K74 74+ —A - 7013 ¥4
FORIKIE, LXK, CARIR, Lo (podi-
form ® pod DFEH) K, FNEBHRKRELEDD
T4 Kt Td % (Cassard et al., 1981; Jankovic
and Karamata, 1986 £i#)

RKF4 Tr—L--o0a3I¥yf M F~v—V-
7474 bV EDRIEDLINEF T4 F T4 b
ThbE, EFERTE» LR~ PV v
IN=FA MHUZFFA MCUEFNTHEEL TN S
(# 21X, Cassard et al., 1981; Lago et al., 1982;
Nicolas, 1989; Ahmed and Arai, 2002) (X 5),
ra3Iy A bPBIUCEBOY A ME, Hvy
N—=HA ORI (BIRREN & 0 A —
FEDTTINZHEF L 7= A %) 1SHAIY (concor-

X4 Jti#A~—v - FT74F54 MIBITLRFT1
TA—L-r7ua3IF4 b OER HDBIUD
Chix, ZhEh, "VYN—=FHA+, ¥+ 4
b, 7034 b wEFRBIFEFMMUET,
VF 4 i (@) EDbOTIRBELERT 4 7 4 —
LA 3IFAL b FFPLPMIEBENRSE LD
LT, "V N—=HA FRIZHET S, (b)
mHlE R s eI s 4 b (B, 7a3 44
MIEftZ e BaoREGE2 2T 20T, B
O Z T 2 HhALAETTES I
MEhs,

Fig.4 Modes of occurrence of discordant chromitite pods
in the Hilti area of northern Oman ophiolite. H,
D and Ch are harzburgite, dunite and chromitite,
respectively. (a) A very small chromitite pod
enveloped by dunite within harzburgite. (b)
Medium-sized pod in harzburgite. Chromitites
exhibit un-weathered blackish colors, and are
easily distinguished from peridotites, which have
a brownish weathered surface.

dant) 7 Z & b IEFFINY (discordant) %2 & 3
H5 (FNENFAE, R aIF L &
I-5) (Cassard et al., 1981) (X 5). #AEM %
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— —  _— replacive dunite

" harzburgite — T

~ —cumulus dunite?

K5 RF47+—2-2703I%4 OB /N
WY N—=F 4 b B (ETEHEE MK
LT b O % i FIE (concordant) 7 | X ¥
A4 b, Yo Twd b0z MMM (discordant)
suaIf A PSR A PDOWAR (dunite
envelope) &, TN Zh, #WHESYF+14 b+,
MAMETYF AL PEHMETHE ¥4 P0a
AR EOMEELTVDLIENMEFEINS
I ANV Y N=H A4 POEBRICI )AL
&4 (replacive) & F A4 T, I & & 45
Ik 2 EMM (cumulus) A4 M TH 5.
Cassard et al. (1981) Z .

Fig.5 Idealized illustration of podiform chromitites.
We can distinguish two types, concordant and
discordant chromitites, in terms of parallelism
with foliation of the surrounding harzburgite
(thin solid line). The enclosing dunite (= dunite
envelope) is equivalent to concordant dunite
or discordant dunite. The dunite envelope is
expected to comprise two genetic types: outside
replacive dunite and inside cumulus dunite. See
Cassard et al. (1981).

RFA4 T+ =L 270354 ML, ¥F4 M
INTL TRIZPABAEZY > THEE SIS
(Lago et al., 1982), T 7&b L, HAEMIIEIEHR
AETH 225, OHLOER - MBI L H RIS
TAMEDO D DICEILT 5 L SN b (Cassard et
al., 1981; Lago et al., 1982; Nicolas, 1989)
EBOF T4 F 54 TR, ISRy
EF474—b-2703I%4 b (M4, K5 0iF
M, XFEEELRIALTOL O (BILOE
RBRA) CHHHAT L (M6), mit~— -
74474 b, 7% F (Magsad) HIH DR

arc lava

MORB-like
R

dike complex

isotropic to
foliated gabbro |-

late-intrusive
dunite-wehrlite

MTZ dunite— MTZ
concordant |-—
dunite — [~
discordant
|~ dunite
harzburgite |

- ‘ podiform chromitite

M6 *74F54 M TORF4 74—L4 271
IVAL VOB, A~v—V - F T4 FFA4
@ Bl (Nicolas, 1989 Z ). K71 7 4 — A& -
rmaIZ A FIEELLTEFRERY (MTZ)
DFFA VRICET S F0ED, ¥ M-
NNVIYN=FA4 rhoEE LCIEHMMES S
4 bPRICHET S ThiC, BUEAESY F 4
P~7z2—=VF4 M-S THREKENS (Arai
etal.,2004). A ~—V -+ 74 F 54 MITE
CFEFTRLYFAbP~T2— V54 FPET
BH, FNS ORI AW R AL .

Fig.6 Appearance of podiform chromitite within ophi-
olite. An example from Oman ophiolite (see
Nicolas, 1989). Podiform chromitites mainly
occur in the Moho transition zone (MTZ) as well
as in discordant dunites within the upper mantle
harzburgite. They are rarely found associated
with the late-intrusive dunite to wehrlite (Arai
et al., 2004) . Various types of dunite-wehrlite can
be found in the Oman ophiolite, and their genetic
relations are still being debated.

TEbHR~E R BN IS ETEERIA IO
T3I% A4 MAHBLT A (Ceuleneer and Nicolas,
1985; Leblanc and Ceuleneer, 1992)., Hbik
WoATahoyF4 bLy AZEiRko 7 v 3
4 MBS S (R 3e, £lo COZBIFA
MIAT ANV —F—REoEKI/aIF L b
EHPL72EIEH DD on, FHEHEREE R
W7ZEsEZWw (K38, o ML 2Y -1
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VIR UM TR IR~ T8RwL] ) o
saIy A ME, A 744 T4 N ORT g~
ERBBAWOTTFA M~7 2=V T A4 b
IZRW72e % (B 21, McElduff and Stumpfl,
1991; Bédard and Hébert, 1998). 72, Araiet
al. (2004) BZALHA~—> -+ 74474 bD
L (EIREEE B T u 0B RAHE) 12F
TEALZBHEANO YA b~ 2=V T A4
MR T T EIE ) MR DR T 4 T+ —
LeouIdf b RWEL, Zorz7a3 v Ao
MI/NEEE (82 ~3m) TAHAIZIEIRE RT
A, 7u3Iy A FZ0b0OMERIEIR 03 s
4 MEEMPML TS (Araiet al.,2004),

2) SXEAR - BE - 5l

RF4TH =4 2703I5 4 bOFEHO—DIX
MR TH B (B 21F, Nicolas, 1989), 7»
ALGAADR M) v 7 ZHIZZ7 0 A AR IVON
ERBHRIRESIK (V V2= ) BiEF o720
Tag—Hik, TOBOT T T 2T MR,
WABAFAD I V2=V HL 7B LA L IH
WARBEN ) V2= VEPALART N v 2
AT A —EF 27 —MEa Lo [Rr-
F | MRS R WZs s (Bl 213, Leblanc et
al., 1981; Ballhaus, 1998; Zhou et al., 2001) (X
3¢, dJo DHAANABLARLEZOTLAE RV
DS RICIRA L7z & 9 2k (disseminat-
ed chromitite; {7 T I % 4 ) M d i
HwZshz (M3b), ShHOLMMAIE—
DORy FHTHHEDOOLND LB D (X 3c,
e, o / V2T =t —UFas—Hikizwt
B CRECAR) THAHE s, FERFMERY FiC
DA NIZENS (Cassard et al., 1981), #iAl
TRy FTREROLDIZHEINTLE Y, £
AL AEHEEOFREL MR 7015 1+
t%oTLEH EE3N5 (Cassardet al., 1981),

RBFELTH—Ah-703IF 4 VOFBITZEZEE

FCThHb, WRKORTFTA T+ —LH-2703IF1 b
W7 IV (DWFTRY V) OFr v EVFA - F
74474 POLOTHLEEINTVE (BlZ
¥, Melcher et al., 1997; Distler et al., 2008)
ZFD—>D® [40 Years of the KazSSR | #iifk (K v

F) 3HEMEZERERT S, RAEE 150m
TREX15km OBENDH L E &b (Distler et
al., 2008), DHETHRADOKRy Fi, WmHAE
W DZP-Z 0 A S ARIR (Arai, 1980; 7R
1372, 1995) 12 AL (BIUR) o [7 5
k] T, ¥ 30m T200m OGN E RS
(BRI, 2002) 6

3) JOLAERIFOEEY

70374 bOZB AR A VIZIZLIELIE
EMOLDEMHBEET L (M1 SNSHDOHEY
E7uaIRg F (E<IZNa-7aIT/84 b (=7
AERTA M), N—HFABA, WA (&R
FHEA) % 8T, FEEMICINa, K Ti®R K%
EDA4 Ay 47N GEAHRE) HTICEA
TWw5 (Bl 2 1F, Talkington et al., 1984, 1986;
Augé, 1987; McElduff and Stumpful, 1991), F
7o, BALWDWAEWE LTRMICRWZEsh?
(Talkington et al., 1984; Lorand and Ceuleneer,
1989) INHDOELHYWOHFIEE, REHELEZ L
WZEkoax s A4 N, RF474—20 2703 %
A MLBORE LD TH S (B 212, Talkington
etal.,1986), WHI R T V8T 4 TVILETH D
Cr MBELSmTHL AR VA, fvav
INF 4 TNTEEDIE LS UA S hTw
528l B, TNOLDUEWN 7B LAY LV
HIZHEEL TV TH, FHo»rALAAZEET
Ly)r—1MEGK V=P M)V IR
L) PR ESTLKBFHELR VOB EBETH
(IS, RF4 74— 20384 FTld)o

INLDA AU T A TVILERICE YO
WEOHFMICEL T, AHREIZ W, Ih
SOAFEWEIRMEZ T ¥ 4 bhTIEALNL
W& B hb (Cassard et al., 1981), ZTEiENIC
IVIEFMEZ O ¥ A4 MR L DR D
B2, WAERKBCA AR & & HIHRT 5
LEINTWED, ZOEEWRERS A = X A1
AATH 2. HHHA, ZHR-ZICEERORT 1
T7H—2Ah-2123I%4 b (Arai, 1980; AAKIT A,
1995) Tl, / Va7 —RF—E¥ 27—k
FHRWEShTwRnwboo, wEmEEbNS
MikzRLTws 703154 MThH, s
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X7 Zw=x
nar“%i%@“ CPlt= v

I # 4 b (Ceuleneer and Nicolas, 1985).
JZ V) f; V), TiCHEMNEATWSEZ E2bR b
NIy TENZZANDNEDODRIEEZREL TW

0]
CP = 58 um five zﬂr

FATIDIZULAACR VB OEEY. 470 70— 72X nHEME~y €y IBAiEE
KB THob WA ~—Y - FT744T74, <7 FRBORT 4 74—
WAHEWEEELELT, Na7aasXf b, S—H2ANA
WEWORPMTZ A AE F LA Cr i
% . Arai and Ceuleneer (RZ2AF).
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Fig.7 Elemental distribution maps of chromian spinel with solid mineral inclusions in podiform chromitite

from Magsad, the southern Oman ophiolite (Ceuleneer and Nicolas, 1985). Warmer colors indicate higher
concentrations. CP is a composite image. The inclusions are mainly composed of Na-phlogopite and pargasite,
and are relatively rich in Ti. The high-Cr rims around the inclusions suggest reaction between trapped melt

and chromian spinel wall. Arai and Ceuleneer (unpublished).
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#£ 9 % (Cabri, 1981; Talkington et al., 1986).
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ELTHELTWD, 7Ty a7 )b MNEIRER
(H77975) ODUG2R ALV AF—-1)—7
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DRETHH/TH DD, TOEERRAMIZ B
3% 4 bTHAH (#2132, Eales and Reynolds,
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FAPTHY 2TV F - A 7444 FDHD
% EFEV PGE OFTEETHEATH S (Bl 21T,
Prichard and Lord, 1993), K74 74+ —24 - 7
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(B 212, Ahmed and Arai, 2002, 2003), T — 5
A MEIBEIEZBLAAY RANVRTOBE T &
KT OFRRAFINFET 5 2 0% L, Ak
i (70 a AR VKT O ERENL S
L2 (B 21%, Ahmed and Arai, 2003) o

4) RTF4 7+ —L 70324 bO{L2I4ES

#

s7aIFA4 MEMKT S 785 AELRIVD Crit
12131304 XV EL, < DBHDTIZ06~0.8
TH 5 (Arai, 1997) (M 2¢)o F72, 7T LAZR
YAV D Mg# (& UFEEED Cr# O b O THIKT
e, 7034 MOHTENPASLAETEID D
vy (Arai, 1980), Zhuid, ®HITHES, »A
bAF-7 8 A5AYFRVEO Mg-Fe 5B O#5 3,
MALALF 7O NAE R VEIEDEIZX - TH
L72bDTH5 (Arai, 1980), 7 0 L A K RV
DOCr#lx, 7u3I s ¥+ A bOWUARTIE
FEETH BH, NV N=F4 h T (Arai,
1997), 7 B A ZAE XL D TiO, &4 & b RKEH
REVRHY, a3y f e FF A FTIEZO05
Wt L FTHBHH, NV IN—=HA FTid 0.2
wt% UL TFTH 5 (Arai, 1980; Augé, 1987)
F—DF 7474 FIZBWT, ¥~ b
DRF 4T =L 278354 FPOTZTLAALE R
WVOMBEDHAERE (ERPOLOHRE) 12D R
WIZZALT 5 & v ) s v (B 21, Leb-
lanc and Violette, 1983). &b H, LK B3
et ~—> - F 74454 FTIE, EFRE
D 5km L) Tl, Z7UAAERLOD Cré 255
< (0.6 ~08), ZNLETIFE v (0.4~ 0.6)
($12.1Z, Leblanc and Violette, 1983; Augé, 1987;
Ahmed and Arai, 2002; Rollinson, 2008), &
Hru Iy A MIMORBMWA~T <L, HED
LB R~ 7~ (R=F A4 b)) &
7209550 TH5H (flz1X, Rollinson, 2008)
5) yOI&ZA MO

77U LAY RNVOETER, MRICH X525
3.6 ~52g/ecm* HETHY, PALAHA (8.2~
44g/em®) RH A (BXZ3.2~39g/cm?)
X0y —MIZE WV (Deer et al., 1966; Carmi-
chael, 1989), (Mg, Fe?")Al A ¥ % )L TiL 3.58

~4.27 g/em?, (Mg, Fe?")Cr A ¥ % )V Tld 4.41
~5.09g/cm® TdH % (Carmichael, 1989) O T,
<Y MVICHIELTWS 7 0 A A Y AV DL
4~5g/em® HELEZ LN, Mg#=09FED
PAD AR, HAK (% 33g/ecm® BE) LD
BHFFICE V. ZHARERVIEZBIZ A b%E
B CTHICRIR S S THH I L2 L
T, ZOWEICET HEHICZ L v Vi,
Mg#=0.75 ® Al IZ & & Cr # K { (Al : Fe =
0.95:0.05) A Y 4 )L T925km/sec TH I,
Mg, Cr #/K<{ Fe-Al A ¥ )V C 8.67 km/sec T
& 4 (Carmichael, 1989), L724%> T, #@H®D
70 AR RV TIE, V, 1 8.5~ 9km/sec
ThreFHEINDL, 70384+ (£LEr0
LAAER NV +HALALA) TEV, ENRALAR
IEwZ P TFREING, /2, JHLARAE A
MEEL A A EFARISFELRTHY, LehsT
ru3Iy A Mdzrzalg b (HEHEL + <A
) Rk, 2ALAR, AR EETEA (2
ABAGRERSA a7 -4 M) LBV, I
B 2 EHEIMENTTTH %,

IV. BIEOBRS hERT 1 T4+ —L4 -
03484k

RFE4 74— 70384 FOEKRPHY L
o= 7= Erimd ARG ER S EO—
D, RF47+—24 - 703IFL FRZOFH
DPASAE (BBEVEFTF 74454 ) DR
FLREEEPHATEIREWZ L TH D, Bz
X, ML) F~Y—r - F T4 F54 M
i, B L ORPWHERRT 4 7+ —24 - 70
YA NPT DEH, T 74474V EDHOD
EFICE L CARBEZE,»H Y (F 212, Nicolas,
1989; Arai et al., 2006), 7 23 ¥ 14 MDY
IR YLHERE T d B Db AhAay (& <12, ki
&) THHPHPHATIIR V. DX RIRRD
BT, SFETHERRIN TV LIIFE O 7R
TATr—L-27u03Idf FOFIIRELRE
PCTHbo

1) Bflr50y70O03I44 1
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WEIZHZ5TLDELTEETHL, Liho
T, bivbdHESEICL ) ~ ¥ MUY & B
BB ZEDNTELDTH LA, FEiLhikEs
ELTH7nE3NE7u03Id 4 MIEDLOTERS
NTVWEOTHb, ZOFHIZOWTIEVL O
HIFShs (1) 703 %54 MIEEIE LM
AL L CHEBES I, (2) w7 bV
HEERI) LYo EICIZzaI S A b
AL 2w (] 212, Thayer, 1970), & 2 5
25, VM HARNEES GO 7V H ) LREHIZE
sua3Is A4 MR LIELIZHESE LTROLNS
(Arai and Abe, 1994) (X 8a). HEDHiME L
LTHEONLZ7uId A bDELD, ¥4 VK
= MYy AR (8 LK) ISiilo 7 o4
AERHPEETLLDOTH LA, Fhic/ Vo
T—HEERETHLOPRVZEEINS (M 8a)s
Va7 —HRERT4 7= - 7a3Iy A b
KRB TH Y, ZoOMMEEl 1T ORT 4
TAh—h 70 3IF A4 MIER LT REEATE W
(Arai and Abe, 1994), ZHd, EEBIZFF A b
TGN N L LEGNTH S, TADOHED
T A ZREI NIV Y N—= T4 NS A
WML TRWZSNTBY (Araiet al., 2000), ¥
FANBLYZ7TIF A BNV YIN=FA MR
WK S M7= GEYE A% % (Arai and Abe,
1994), %8B, SERREOT VY ZREZE
IED D O TR VDS, OARFIEIEZE#ZIC (3 Ma
DR I LTBY, ZoHifEsidElons
WE %R LTw5 (Araietal., 2000),

2) BFBEEH,SOIVOIZA b

ODP ([EIBREEMEIFI M) Legld7 2B WVT,
HWRFHEWEE DL DANA - 74 —F (Hess
Deep) 2SN TIEH HA37 03I %4 b AS
5 H &N 72 (Arai and Matsukage, 1996, 1998;
Matsukage and Arai, 1998) (IXI 8b). Z#uid/h
BB (F2emXEE<10em) T v FIRO >
OAAERVORENRT, HOEWV () 10m)
I A4 FEFIHEAE L Tz (Arai and Matsu-
kage, 1998) Z DIRENRIZ X DD T/NBEL %
LERFA4TH—n - ra3IFA PO EMAT
\» 72 (Arai and Matsukage, 1998), % O 4,

X 8

Fig. 8
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BB OWH R RT 4 7+ —H 270354 b,

(a) =¥ F*ay—HMfkrrR"yTruIsf b
R REBEO 7 VA ) Lk 5 o3 5.
Bs, 7TVA Y ZKHE Ch, 7034+ 7
O3I¥A4 bMPOREB)TVa— VRO DI
4 A YR IVESIK Arai and Abe (1994) 2 [
(b) #F 4 M oM/ABKZ I ¥ 4 b (R
D7 OLAAERNVORELTVILEHEOR).
HMAEE (MK—9—). Bifssr o iR
EAX VT, i aesicwfanitL 72551 b
RS, ~NZ - 54— 7I2B v T ODP
Leg 147 T X 117z, Arai and Matsukage (1996,
1998) B X UF Matsukage and Arai (1998) %I,

/1

Podiform chromitites from known tectonic
settings. (a) Xenolith of chromitite with orbicular
texture in alkali basalt from Takashima, Saga
Prefecture. Bs, alkali basalt. Ch, chromitite.
Chromitite contains black nodular aggregates of
chromian spinel. See Arai and Abe (1994). (b)
Chromitite micro-pod (upper left to the center)
within dunite from Hess Deep, East Pacific
Rise (thin section photograph). Black grains
are chromian spinel embedded in serpentinized
dunite. Obtained by drilling in ODP Leg 147.
See Arai and Matsukage (1996, 1998) and
Matsukage and Arai (1998).



ODP Leg209 128\ T, KWuFEmItiaE (b
14~15) TXORHELEDLNI S (BT
4emX3cem FEE, ZHEILZ)AH) X741
TA—L- 220354 IR SR (Ship-
board Scientific Party, 2003), 2 ® 7 1T I ¥ 4
MO NIV IN—=H A NHEOFTF A FNEDO LI
AVAR=Y (WA

V. 703%14 FOKHA

suIFA MEERT SOOI 7T LAY A
NVORENPLETH D, 7845 AE R IVIGEF H
ALAFREEDIZ (BT 7F v 210) Kofbh%
Regd~ o~ o3 5856, PALAN
+ 7B LAY RIIZ T%?qutmw@ﬂA
LT THAH, PALAAIRELIRAIC
50 A S AR k7UAxtmw(M)ﬁm
EOHEGWIEFIZZDLIITHR-oTWSE (K1d)o
HBREDTF A P TODPALALE 7T LAY S
wi%@l5&UAT%6(ﬂldo:ﬂ#67
OAAE AN EREISELDIZIEDPALALL
BB | “%é%ﬁ%é%éz%#%é @&7
T35 A MIDWTOYM O KGHIX ﬁ
lé?quE%»@%%f%ot(Wx
Smith, 1962), 7 B A ZAE R VIIHA DAL
D LEENE D OOREI/NEL (H1e, d),
BRI RT B0 E) DI TH L, &5
2, B2 R0t~ oiiL7z2uan A
YO OMREZT TIE, Rkl oax
EARNHhDO AL > a s 85 4 TVEGICE L OAEY
OBEDFE o7 FHATE RV, BIRZ a3 74
MO, 7B AR RIVEEREOREIED T
DEELEEEZRI-ET, TOYTORNED
IVEETHLEEIN TS (Fl21F, Waters
and Boudreau, 1996), K74 74+ —24 - 713
A4 MIELTY, BRI I~ h 608
TharZIH »roiFEmInhTni (H 2,
Thayer, 1964, 1969) 2%, EARK 2R ICH
LCRAHLZFTFEFCTH o7,

SO Be,T, MM LREIRZ I 4 b
B G & $EE L7200 Irvine (1977) Tdh o 72,
IR DA SBALA-Z7 B L AR (71

<A M)-TIAEWGRERBL, DALAA-
JOLAERNDAT I F v IR EICHDL<T
< (Tabb, FEORGMEEIRE~Y 7~ 0
ALAFE 7B AR FIVERFICEM) L)Y
VACEGY I RREIELIEICLY, <7
ISP OLAAEARVICHEE R, JuAAY
ANOAREHLSEEIKITIF A FEERT S
& L7z Irvine (1975) 1, BIREAGHK (3
LhbEhOToO [R7<BEY ) OFMO TR
WO BADOFTERICLVE L) wE~
FIBZOAACRNVHOER: EOBEYD A
YAVRT 4 TV DWRIEE Lice TO0TH
FHE~r<IE, COTTTRACBITAYYHIC
BOYTIIEGE LTIRSEE) ZLAWfEsh
%o Irvine (1977) T, St L X REE~
FINV)ACELYIYoREET L E L,
Spandler et al. (2005) i, @RZ7a3I %4 b
AERVHORIBROWUEY (M vy TSNz A )L
FTHBELA) ZMBICLYVIHELR LT AL
L, MExEHET L, ZofE, 2o~ s~
(ZREE+THEE) OREEZRET S L9
AR EALE R L7z

Irvine (1977) I2& D @RI %4 biZD
WTIRIBEN2 V< REETIVIZ, Arai and
Yurimito (1994), Zhou et al. (1994) 12X VR
FA4 T A =L 7a3IF A ML B SR
WKIhE o7 (M9 7272L, TOEFLEIZL
OTRTFA4TH+—2 - 703I¥%f MIEHBLAED
X, R€¥asy—ThvmXEIcBERINZoT
HFEDHMSNTWR WD, Noller and Carter
(1986) TH %, $72, /<~ RADODME X
Paktunc (1990) Tb K SN Tw %, Noller
and Carter (1986) OEFNLTIX, YV HICE
T AV MIBER DNV Y IS=H A4+ OF A D
JEFMERIC L 5d DL b (B 21X, Arai and
Yurimoto, 1994), T &b H, NIV IN—=F 4 b
AV M HEEEIZBWTEES & AV b 2SRUG L
BRETF A MRS NS (B 213, Quick,
1981; Kelemen et al., 1990), ¥ F 4 b O—#fix
XWF/WE&W%%ﬁﬁéfb®¢ﬁmmmf
DIZANV I 2LRBLAEERETHALH (K5

— 403 —



(1

-

harzburgite

Ol —> Chr

A

M9 RF147+—L-2703I%4 bFEKKETFTIV.
NI N—=H A4 MHRICRBALZZEES 7~ (#
WA EESERIGL, ¥4 bEeoLlh, &
FHBAOAOSMIZED YU AICEL~Y < (M
WB) KT A I BEH RS R~
7y< (A) LIRETLHILICEo TSN
=7 < (HEKC) T2 9ax XK R )VoWHHE
WIZAD, 7a2azxa¥svoiszalL, 7
OIZALFERET S NVYIS—F 4 b EE
DRI Es THEREINZFF A4 Mg B3
¥4 M &AL X ) IC% % (dunite envelope).
Irvine (1977) ®JERZ7 a3 % 4 KK EF IV
DI TH 5. Arai and Yurimoto (1994) % .

Fig.9 A genetic model of the podiform chromitite.
High-pressure magma (composition A) reacts
with wall harzburgite to form dunite and silica-
rich melt (composition B) by incongruent
melting of orthopyroxene in the harzburgite. The
two melts are mixed within a conduit to form a
hybrid melt (composition C), which is within the
chromian spinel primary liquidus field and can
solely precipitate chromian spinel. Consequently,
chromitite enveloped by dunite is formed within
harzburgite. Application of the model of Irvine
(1977) prepared for stratiform chromitite
genesis. See Arai and Yurimoto (1994).

Noller and Carter, 1986), b b5 A, £t %i
~r< (ThihCregt) LIV ICELS
OIETE UL, B MVDA T RELo
AHZANZED 7 a3y 4 MIEKLY 5,k
WOF<—> - F74F 54 b L oM R
T4 T =L 2u3IFA4 b (Araiet al., 2004)
i, LEHRICECEHALLPALARICEL Y
YAZ I - =y valk, MWRGRFOMEEIE» S
BV hIlEG~Y vy a2 B LT

WERAEEANV FORBICEIVELZLDTH
% (Arai et al., 2004), Bédard and Hébert
(1998) &, #F+ %, =2a—7 7Y FF ¥ FDOX
£ %7745 R (Bay of Islands) * + 7 4 %
FA4MIBWT, MRk TIHICEAL, B~
TA4 v riakol ol rxl, F7a i n
2VFA PORBITED 2 =L VIRIZZ B3
yA4 MK IND E LT,

KBMGRTFT A 7+ —4 - 270354 MEdbo
XS HRREEICHTE L7z by N =74 R HIZ R W
RENLHER, FF4 74— 278354 L
B pEEHEDa Y ha— vz RIBLTED
(Arai, 1997), LBROEEET NV (A S AGRE
o/ ANV MHEIGDOMEE) 2XFT 5. & Cr#
D% BEEHE L BBEEZ AT 5L N—
A ) TR, FiEATO Cr & Al AR (2
TUIZA MO LERD D D) MRz, KH
BiZrua3Is4 FOREBRICEELZVDOTHA
Jo MK Cr# 0% (BERDVEMEBEOL -V T
4N T, PALAA-ZUAAERLVOIT
7 F vy 7 BRBMOMED S~ 7 RE ORI
W7 a Iy A MR INIIL VD THAH
(Arai and Abe, 1995) .

B DORFT 4 7+ —25 - 270354 FMZOARE
oD [AREER ] KA Pl Yo
T—BLPF - F 27— ORKRITVEZ
Wiz o o FhTw b (Bl 21X, Leblanc et al.,
1981; Ballhaus, 1998; Zhou et al., 2001), ERIR
(FEHEASALR) o7 a s A A VOESK (2
Va—NVFERIFF—EFa—)) 1, FERYIZEK
SAL= =AY ) A AV b OHTHIROB S
(Iv7yrr7) i2ksrdbnkshsd (Ballhaus,
1998; Zhou et al., 2001) . HHDOHH T 2 D~
FYDREL 7T LZERNVOSMIRIY, F
USRS TR B LA It 42 (Ballhaus,
1998), F 7 IV o [0l #i5 12 A  AR S R AR
(Zhou et al., 2001) 5. DX ) IZLTEMK
ENERIRD 7 0 2 A ¥ R IVIRERD2 S, AV b
BEFSELBEIHABICHITTSEZ LICLD,
)V a—NV~F—VFa— VFTOXFLTELY
A TOZOLAE RN+ 0 A S AAESEITE
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T5LENTwb (Blz1E, Zhou et al., 2001),
INO OB, K74 7+—2H -1
IVALMDRIZRDENLDIE, ¥ PIVH DK
WA FIRD = 7=l TOW IR < 7= D
NDERIRD 7 0 5 ZE R IVESERERIET 5 DI
FRELREE R TWS EENTWS (Leblanc
et al., 1981; Lago et al., 1982; Zhou et al., 2001)

7 AAERNHOERIEWED A > a v
F A4 TVERICELAEWIIonwTIE, BhFWo
A RN HARTHRERSEY A 72 72 012, S0
e L TR R RECT NIy TEN L #
ME N7z (B Z21E, Lorand and Ceuleneer, 1989)
P, RETIEANVIELTEZy 73N, 784
AR NVRTFHE V) R BRBETHRIMILL 72
b LEZ LN TWwW5D (Schiano et al., 1997;
Spandler et al., 2005 &), €L T, whHWL
LTREFEESNTWDE Y ) a4 v a5+
TIVETICEL AV ML, 70384 MEKICH
535 2RE< 7RIS 5 —TT 0= 7= DR
ML TWwAESINTWS (flZiF, Spandler
et al., 2005), iDL H I, AR VHOWEH
MDA vays 4 TVEGrE, Bikra s 4
I~ DA PO MR e A OFBIERIC XD
HEL7hTHIFEANV MNERETHL LSS (Tr-
vine, 1975; Spandler et al., 2005) %%, & 7 4
TA—h-7aIy AL FOYHEIE, ANV
MV E FATABRICEEAS Y- ) T 7 A
=Y 7y (Kushiro, 1968 # &) ZED/-H D
TH») (Araietal.,1997).

VI. 703524 FOEEME LT
FoRs - SRS hi

1) JAIZ214 FDEKRTZHD

RF4T5—24 70354 FOBHICIE,
WIN—=FA MY~y PUVBINER R~ 7~
DR 1 BES L OB B LETH 5o FIR
W73 J B 7 2V b ORI ST A
MBS E N TH L 05, KEIEFE, T2
K HREFEAERMTH A9 (# 2 1E, Kushiro,
1969)c 7 03I %A hD 27 T AAERIVIX Crét F
Wb DONREL T2 TiO. A PRV -DIZ,

P h oo r<idEIMEO b D EEZ S5 T
W5 (Fl 21X, Yumul, 1993; Arai and Yurimoto,
1995)c ZD X ) REFIIHIL DML T 2% D
WBTHHA, 70354 ORI BT 5 il
HOBRBEZPERT 5 b DO TIE Ve BIEICHLE
Tr7uIg A BRI TBY, 7u3isy 4 b
D) LRI Cr# 2HTAH27 0L ARV K
D7%5HDDRPICIZHEET O~ Y MVERETE
BKENTbDNHBETTHYVEBRILETD
bo ZULAERIVHOEKREDOTEY % b -
TRBRW RGO ME5 0 EMRE 35
(Schiano et al., 1997) DIZWH S %Y TH B
(Arai, 1998), #5J&, NIV N—H A4 M= b
NoR, W~ r<~OMEBHY, <7</
WIIN=FA MUBDSTLAD B 7 HIX, K74
TA—h - 70IFAL IDPRIEENETHA I,
ENTE, DX T4 FTA4 1 (Fv—V,
NV, 22—V F=7) TRDHOLNS,
<V IMWVERIZBART 4 74+ —L -7 u3IvAg
FOZ B LAY RVOMEOEFRZEIL (Leb-
lanc and Violette, 1983; Augé, 1987) 3 1if & 3
W20 THAHI N ? RMEMIZIEETFO b0
MORB %< 7= & FHiIZAD 9B L, THD
LD LMD BN~ 7~ & ¥ 20 9 %
(Ahmed and Arai, 2002; Rollinson, 2008), Z#.
Fr 74374 FORELTVEZEH-DOT 7 b
= 78 (BIzI3, Arai et al., 2006) &G
Thb, 12721, TOBKEREDOENEST Y ML
HCORBIFIAEDEND DO IZAHTH S,
EFAL T7+—2-2703I%4 MIBGFEOEHAD
EHIZX DL SN REIELOTKRL, <
YENVHRTERENDEDIZE [F—=F -
NR—=Z | BPUETH b, 2O, FFH4 ok
DN AL AHDEREIZL > THELS b5
FALIIRESELRDL, L7z >T, KTF4 74—
A-7u3Iy A b (BT, SHICRED
¥F A P OEMAN RIS EMA T [M5) OB
BilZ~ > MBS [+ =7V « A= RG]
ERDI Dy TORTFATH—L-2703IFA b
D ANR—=ABED LI IR E N2 DOHIEA
HTH oA, IERPOHEEREIIRT 1 74—
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L zuIy A MERICHBETHLTHS ),

FROLHIZ7a3I &4 MEEW Vil (> 85
km/sec) AT 5 LEZOLN, L~y M
KEHE L, BBV, 207257
THrH9Ho 12721, GETRVIZINTVERK
DERFA4 T H—25h 270354 b TREE 1.5km,
JEE150m BETHY, O PVIZBITA
MR AR SN OB NS WE b5, &
B, EbDOTMgIZEL (Fo>95) »ALAL
IV %54 FTH, »ALAAOEREMIC
X R RGO R % F®, 8.5km/sec L
FOV,IZTEETH S (Carmichael, 1989 £/,
72720, ZOXIHI%EDODTMgICELYFA b
DORBBEZ A MRITMONTE 5, BHEMICEL
TR VEEICR2VLEDPD L. KBRS+
A MELTIWE, 714454 boERERES (8
KA TUDET) ObORLLHMENT V5D,
JEEIFIE500m L FTH Y (B 21, Nicolas
and Prinzhofer, 1983; Boudier and Nicolas,
1995), HA 5 AH DML Fog o Hi 2 TH %
(1 2.1, Akizawa and Arai, 2009) .

2) BEEHEYMOEE : RADH

703 A MBI 2 IRKOMHIE, R
HEZED TV HBREITHEY (£ I3ETH) Off
FETHA9H (Bz13, Robinson et al., 2004), F
Xy F®)F 7Y (Luobusa) HIETIE, 2°7%0
DA 47 4 4 54 b oA 2B o THE o
FATEY RRRWEENL I ETHLNTW
(Bai et al., 1993 /), RiLIZH>TED Y A
TEYEDY, HAAF 744534 MOKRTFT4 74—
L-r7u3IyAf MERTHLIEPHLNE RS
72 (121X, Yang et al., 2007) F72, ¥4 T E
YFDEMTH, SiC (£E7 v+ A ), FeO
(7 2% 4 }), Fe AL, Ni-Fe-Cr-C & 4%,
PGE G&HR b0 3854 [HFW4] s
Hw7Z s/ (6] 2 1Z, Robinson et al., 2004;
Yang et al., 2007; Yamamoto et al., 2009; Trum-
bull et al., 2009), % IFKENZ T I ¥ 4 bk
B dRLE L ok LTHRONTED,
LN LB DA A & DI DR A D3 EE D
N7zo B ZRIES 2 HEEZE, 728 Z9HEH 5

DRADWREEDE L TDH, HERIEIAHETH 2
EWV) REH D o720 BETIE—EOIWIZEL
TIERE» S EEBIS SN, 70AX RV HO
BEWMTH D ENbhroTE (BlZiE, Rob-
inson et al., 2004), % OYd, INLOEE
JESEE, S OBHTZ B A AR VIZEA
ENTARERE LTHRENTwD (Flxig,
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