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Abstract

Ultramafic rocks of the Omi serpentinite melange are extensively
serpentinized. However, newly discovered Cr-spinels in chromitite and
massive serpentinite provide a key to decipher the origin and meta-
morphism of serpentinites. Cr-spinels show distinct chemical zoning:
the cores have high Cr# [=Cr/(Cr+Al) atomic ratio](0.70-0.77) ; Mg# [=Mg/
(Mg+Fe?*) atomic ratio] decreases remarkably towards the rim through
a transition zone between core and ferritchromite rim. Moreover, the
cores of zoned Cr-spinel in chromitite contain abundant tiny inclu-
sions of mainly pargasitic amphibole (up to 3.8 wt.% Na.O)and rare
diopside. These inclusions were completely replaced by secondary
tremolitic amphibole and chlorite at the rim, and by dolomite at the Ti-
enriched metasomatized rim. Although the Mg# of the core (0.20-0.43)
is significantly lower than those of Cr-spinel in both Alpine and abyssal
peridotites, the observed mineral inclusions and the analysed Cr# at
the core are interpreted to be relics of igneous stage. Compositional
characteristics and the occurrence of hydrous mineral inclusions of
the zoned Cr-spinel exhibit critical features that suggest a supra-sub-
duction origin. Serpentinites of the Omi serpentinite melange may
have derived from the mantle wedge above a subduction zone and sub-
sequently metamorphosed at low- to mid-temperature condition of
probably eclogite or amphibolite facies.

Key words: serpentinite, zoned Cr-spinel, Omi serpentinite melange, Hida
marginal belt, Hida Mountains
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BOREREY) KUY, SRR - B EREEED SHE
REND (KRR SHWESI). TRESNGR 2 d 5
BRI, #LU THEOERMEICZ L <, EWRHMROHEEET)
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Fig.1. Geologic map of the Itoigawa-Omi area, showing sample locality (modified after Tsujimori, 2002).

B /8 FIRICP TO—HIC, A EESREN 525
MREA T > 2 aiHid b (Fig.). TOWEEAT Y
ISR A EEOM, BlIANWE, oY A, TIILES
1k, OTWEEAGARENEENDS A1, Banno, 1958;
AR, 1980; H7KIED, 1989). HHHEHIERA T > P 1137 D
SATHUIR ORI TR B S WE TR L, I TII T
JEREF Y O B LA B ISR EA TEDNS (Banno,
1958). FFIFEICIE, Bk, R Aaafapa~me
FARES A BN L (AN, 1996), #5435 B
S5&IR EFREOT A IR LRICNTTE, FELTHA
FaEM~T7 02 v A MEKEFEENRSNT S GEREZ
7, 2000; Tsujimori, 2002). FiEFE, #J 280 ~ 330 Ma 1245
57> v b K-Ar 8% 7RL (Shibata and Noza-
wa, 1968; HEEIFDY, 1997), HHEIIN 340 Ma DT 2T+
4 h® K-Ar ERFLR Ar-2Ar ERERT GEARIED,
2001b). REBUA A T > ¥ 2 &R S s AT E L
WIBHUE L & AR - Z2TIERAZ#H > TH D, Yokoyama
(1985) WFZENs0gMItAEE LT, T FIIA1 N+F I
7,7 FATA4 M+ NLEIHA+ZIVG BRRNAS
WA+ BNLVESHRAE+IIVG, T FITA M+ZIVT +

IRERIESLYY Zicd L7z, %7z, Yamane et al. (1988) 13,
Cr# [= Cr/(Cr+Al JR¥Lt] 0.76 — 0.85 D7 O LAY R
THHEOWTSNSEIREREZ O 1 bOIRAZ#REL TV
2.

B KX i &

WEMEL COMAETMZRFLZ703I5 1 b (AR
BOM-03a) 13, &Il L - &L HE ORI EIERCS T8
fHEICZET S BIRDIERCE (B4 BOM-03b) i (K
2X25m MEHEMEINEZ Fig.D. &K 7 cm O|IET,
TERCA HIC AR B TR 80 cm ICiE > Tilikid 5.
Yamane et al. (1988) 2%t L 7= & 5 7 ERRERIAIZEIR I 1
sinodz. ZOREMOWKCEREE, B/ R RO Y > F T
T4 MAEITRHERZR B, N IR DN N—
YA MERESZ SNDMECERE GEARIFH, 2001a) 1T
P7R RO IR GBI S uan,

LEAAFIFBRVIYLAER DR

FARREIZR SO, MERREEII DAL E AT, Rl LLEER R R
GBI > 7 — D HAE T JXA-8900R i EMP Z{#if
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Tablel. Representative electron-microprobe analysis of Cr-spinel, Ca-amphibole and diopside.

Cr-spinel* Ca-amphibole* Diopside® Cr-spinel®
core mantle rim rim 2nd core rim
SiO, 4493 48.64 55.31 55.47 55.42
TiO, 038 025 049 1.80 0.68 046 0.07 0.08 0.10 032 0.57
Al,Os 11.75 11.22 1.88 0.43 11.37 8.16 1.90 0.56 0.62 1045 3.85
Cr;0s 51.39 48.40 46.78 37.65 2.81 217 0.85 0.87 1.08 50.82 46.73
FeO* 27.31 33.91 46.30 55.20 264 231 1.49 1.09 1.1 29.92 4422
MnO 062 086 074 0.66 0.03 0.14 0.01 0.00 0.07 092 0.69
MgO 7.92 468 214 1.65 18.87 20.20 22.77 17.45 17.28 6.83 2.13
CaO 1245 12.86 12.51 24.61 24.69
Na,O 3.61 228 1.23 0.26 0.33
K0 0.21 0.23 0.06 0.02 0.02
Total 99.37 99.32 98.33 97.39 97.59 97.45 96.20 100.40 100.66 99.25 98.19
O= 4 4 4 4 23 23 23 6 6 4 4
Si 6.389 6.837 7.692 1.997 1.993
Ti 0.010 0.006 0.013 0.050 0.073 0.049 0.007 0.002 0.003 0.008 0.016
Al 0.461 0.452 0.081 0.019 1.905 1.352 0.312 0.024 0.026 0.416 0.165
Cr 1.353 1.308 1.350 1.097 0.316 0.241 0.094 0.025 0.031 1.358 1.339
Fe* 0.168 0.229 0.551 0.818 0.029 0.098 0.124 0.213 0.473
Fe* 0.593 0.740 0.862 0.883 0.286 0.174 0.049 0.033 0.033 0.633 0.867
Mn 0.017 0.025 0.023 0.021 0.003 0.017 0.001 0.000 0.002 0.026 0.021
Mg 0.393 0.239 0.116 0.091 4.000 4.233 4.721 0.937 0.923 0.344 0.115
Ca 1.897 1.938 1.865 0.949 0.951
Na 0.996 0.621 0.332 0.018 0.023
K 0.038 0.041 0.010 0.001 0.001
Total 2.995 2.999 2996 2.979 15.932 15.601 15.207 3.986 3.986 2.998 2.996
Xwg 040 024 0.12 0.09 093 096 0.99 097 0.97 035 0.12
Xer 075 0.74 094 0.98 0.77 0.89
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FeO* = total Fe as FeO. Xy, = Mg/(Mg+Fe®). X¢, = Cr/(Cr+Al).

A = Chromitite (BOM-03a); B = Serpentinite (BOM-03b)

L, BF70—J7ONEEITE, Eift (77 I75—Frv 7 b,
E—AFZFNEFN 15KV, 12nA, 3um &L/~ FHIEEE
1d CIT-ZAF 7% (Armstrong, 1988) Z /=, T /nEE
S ORENIE EMP /3#E% Table 112579, Z7OALRAE
FIVD Fer/Fer HlE, A M FF AN —%2E L TRE
Holz. ARG D Fer/Fe* [, Ca, Na, K ZFrWizHF
I OGGEE 13 @FEEK23) SEEL TR = £,
I OLAEFIIDILHER v E > 713 15 kV, 500 nA OHIE
T

7O A I, FHE~MMEOZ7OLAAE R (~5
mm) NSRS [Fig.2.A), 7 OLAE )L O ZEREE
LEEFOT >FI5A "D S, 7O LAY FRIVHITIE,
KEOHMOAEYZEDHONEFEL Fig.2.B-F), a7M
57 > MVERMTIRIERG - FREa b E RN )LD L
A Efmicdia (~ 0.3 wt.% Na.O, Mg# [ = Mg/
Mg+Fe*) JHFIH]=0.97) KU, Ni-S SEMA B & L
TRESIN TS, ZVOLAAE R NIEEE SRR T 2 Rd
(Fig.2.C-D). T7bb, AT7MH5X > MLEHT, Cr# =
0.70-0.75, Fe*# [= Fe*/(Cr+Al+Fe*) JF7L]1<0.15,
Mg# = 0.20-0.43, ~ 0.4 wt.% TiO: DFARLZRL, U LRHE
KR, 75w ZEMTELN Cr#t (~0.99) KO, Fer#
(~0.3) OHIME, HTFOTiEARE (~0.8 wt.%) OHN

NRDHEND (Fig.3.A-B). Mg# 13U LITBWTEL <D
9% (~0.07. UATZn < Mn OFINIEED S 178008
UEUIE, TilCEHA (~1.8 wt.% TiO), Fer# Dy (~
0.5) FRADEIET S (Fig.2.B). & Ti &FED Y A TI3Y)
HEOFAEMNTERIT ROY A MBI TnD, 70
LAERINHOEAEME U TET DIV A alaD£<
13, IN—H AP (1.7-3.8 wt.% Na:0, 0.3-0.7 wt.%
TiO:, Mg# = 0.93-0.96) 2D (Fig.4.A). ARG, =
NEEAET 57 0L AE )R THEM N R 5 5D
?, Ti kU Na EFEIFEOHEZFfo/=z—HD ML > RiT
70Oy hEINd ([Fig.d.B). ZOLAAERILDY AMBETIE,
IN—H ZRGEAPIGH N L I P E ARG ERRAIT
L TWDIGEMNH 5.

IO A NEESBIROIEEE, LT FIT
1 b okkEn, PEOHB~FHBOZOLRAE R))
(~0.5 mm) (Fig.2.G) 2FL. 7 >FI 71 MIVEOR
SkEE, Ni-S #i4, FHUTHILZ 2S5, LiduiE, 2vUY
FAN—UFTA MEBGADA Y > G &< T FTA ki
S5RDMS WARIGIEIET 2 2 &S, SiEIR D
WERE () +7 >FTTA hEXIY Tholzl &
MEZOLNS, AL OLZERIVOBIRNS, ¥
A MNEFREZEZONS., 7OLAAER)IVITHKRAT L
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Fig.2. Microtexture of chromitite (BOM-03a) and serpentinite (BOM-03b) . (A) Photomicrograph of the occurrence of zoned Cr-spinel in chromi-
tite [Plane polarized light = PPL]. (B) Enlarged view of a part of inclusion-rich zoned Cr-spinel in chromitite [PPL] . (C) X-ray image of Fe (Ka)
of Cr-spinel grain of (B) . (D) X-ray image of Mg (Ka) of (C).(E) X-ray image of Ti (Ka) of (C). (F)X-ray image of Na(Ka) of (C), showing dis-
tribution of pargasitic amphibole inclusions. (G) Photomicrograph of the occurrence of zoned Cr-spinel in serpentinite [PPL] . (H) Back-scattered
electron image of zoned Cr-spinel in serpentinite. Scale bars on each image represent 1 mm. Abbreviations: CrSp = Cr-spinel, Atg = antigorite,
Mgs = magnesite, chl = chlorite.

Colored version of Figure 2 is available as an open-file at http://www.geosociety jp/journal/openfile. html
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Fig.3. Compositional plots of analysed chromite. (A) Compositions
of Cr-spinels on the Cr—Al—Fe’*ternary diagram. The solvus at
600 °C proposed by Loferski and Lipin (1983)is also shown as
dashed line. (B) Compositions of Cr-spinels on the TiO: versus Fe*/
(Cr+Al+Fe*) diagram.

(Fig.2.H), ZOMESRAHEHE I/ 0I5 1 FOZENEF
UMM 2R3 (Fig.3.A, 3.B). I7 DMAIIZ OLAE RV
IZHARDTMNIC Cr#t Dl WERDIH D (0.74-0.77).

YERUR DITIR & RS

ARROLSIZ, HEO/OIYA MO OLZE FIVIC
ITEEE R T REE RO 55, UL, Cr#Ti &
FRIZULOMEETIHI ~ETHD, A7DOCr#Ti &
BHRISWAENMEE MRS 2 2 &N TES, £, a7
ICHlE L & U TS 2N —H A EARGOSEO A
g, 7 OLZAE R ORI EA SN2k SR T E

Na,O (wt.%)

Fig.4. Compositional plots of analysed Ca-amphibole. (A) Composi-
tions of Ca-amphiboles on the (Na+K) 1 versus Si diagram. (B)
Compositions of Ca-amphiboles on the TiO: versus Na:O diagram.

. & Cr#t (0.70-0.77) MWDK Fer# (< 0.15) ORI,
Yamane et al. (1988) AV&if) [t Trcdk U 7= BRIRERYE 7
O34 hOZOLARERIVEHGET S, JOLARERILD
Cr# lIMA B AEDER S ARE IZHBIL, ZDEMNKEWN
e, RERLHHpalfEEZ/R9 (Dick and Bullen, 1984).
Yamane et al. (1988) °AGH Crodk L7z Cr# D7 O LR
RN EHED /OIS A ME, —RENCHREEZRO N A S
AEFNSIRIFZEAER SNT R JRBIABHEDN S AR
IR TH % (B AT, Bonatti and Michael, 1984;
Ozawa, 1988; Arai, 1994). LAAHHENAS AEIZ—HRIZ
gL, Z7OALAERVIE Cr# TRHREOWI NS, £z,
7O A SOOI AL b EBES & O RRHTE
BETHDEEZLNTHO (HZIL, Arai and Yurimoto,
1994; Arai et al., 1997), 7 OALRAE RIHIZRESIN/ZK
BOYENIZN—T AN GEANGDOFEEDR, Z7OLZXE R
NOEEHESIERL I Uz AL MHIZ H0 W% < &%
NTWEZEZERT., 2O &R, BEAERTIAREREET
HBDEBZAOLNTVWDIHEKD L STty T4 7LD,
LA, BIMOXDty T 1 27 TSN AL ST
0344 MOKICEE L ZrlREEZR1E8d 5. Ahamed
and Arai (2003) 13AX—>F T4 A TFA NMIETZH /O
A4 MDOZOLAAEFIITDWT, SIEFEWDINLS
AIERTSHDE, DIV LANAEEAICERT S
ORH2BIEERL, BEICELTL, FOMOBERSED
TEIMRBEETERINZ703I5 1 N Thbd LT

HER RS, R PETE A R TR IZ 51T S ODP Leg 209 123 W, Cr# 78 0.7 12
ETH70LAERIINERD/ OIS A MFEELEIN (Abe and ODP Leg
209 Scientific Party, 2003), ¥EIELRRICBNTSH, @ Crr/7OIF A S
BRENDHENH D Z NI NE,. UL, HERTIZEG
BPEHTH ST, ¥ Cr# D7 OLAE RN —RINTIZIL A BTN A S
AHRIREH 215 5.
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Fig.5. Compositions of analysed Cr-spinel on the Cr/(Cr+Al) versus
Mg/ (Mg +Fe>) diagram. Compositional range of Cr-spinel of ser-
pentinites from Ladakh (Guillot et al., 2000)is shown as solid lined
area. Generalized compositional ranges from Alpine and stratiform
peridotites by Evans and Frost (1975) are also shown for compari-
son. Gary areas represent compositional ranges of Cr-spinel coex-
isting with olivine (Fossss) at approximate temperatures of 750 C
and 500 °C (after Barnes, 2000) .

HIFD U OLAE RV ORI EAMIC, Mg-Fe &
IR Al-Fe BIIC K > TR-O T 6N, £2RIERICLS
DOLAERIVEZDEBOD T 1 v 7 50 s Esi &
DEDIEFEFHEIC L > THIATE S, —i)ic, 7xzvU b
7014 DY LZESDOLAERINL, kR A~
BEEARFRRE DI TEFEHNTE L 72 (B2 WIRIEECEH L L 72)
FEESRE S IR TH D (B A1, Burkhard, 1993;
Barnes, 2000). &£/z, <X IVvDF4 v~ (Guillot et
al., 2000) <o, DUE=3)0% GMEE, 1984) LW E/E -
HEEEARARICBNT, (K~ REOIREDOEMIERZ -
FREESRE AT, & Mg# D7 O ARE RV, UAIZ
70> T Mg# D5 2R HDH SN TN D, FilED
JOLAERIUSENS EFREROREZ DD, SERE L7z
FEAIZBWT, IERCAELARNIC 7 O LA VDA S A
EHELTOWEEET S E, 7O0LRE RO Y DI
FEED 5, £ 550-700 COZEMIRENHEE N5 (Barnes,
2000) (Fig.5). £/, DAbifa (R +7>FIT51
NE&IVT OFHAE, 9 0.5-2.2GPa OARRIT ) IR
9% (Guillot et al., 2001). Z DZERRGMAIIIEHCE &3k
FET HEERA A HEOZ N ETPE LR (ANZD, 1996;
tARIFA, 2000; Tsujimori, 2002).

RS 7 DA ZE IV DY LB D HIEEE Y ORER
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e RO+ MEKD, Ti &FBOHMNIR2HE, Bk
TERBIO H.0 & CO: IZEDMIRDBI G2 R/RE T 5, —i%
12, Ti72E HFS LRI, ERMEAICHB W TERE =12 <
Wwexns, LnL, Rubatto and Hermann (2003) 13, %8
RN SRR L 7227 O 2 % o MASEYIIRFICH L < iR
LENVFISa z2R_L, IEHRADRA T T &ERT 5
FARICE S TTi R Zr 28T 2 2 L &R LT WERCAHIC
BNTIE, EESEEHEONKIER GESCEEIER) 2R
95 E pH #fk (B 21X, Coleman, 1971; Kelley et al., 2001)
%2, YU NITAREEFITF, Cl, Na, Ca 25 AZHMA (Vard and
William-Jones, 1993) 73 HFS 7tHE 288 L EEL2EES S
LA D %,

¥ & O

FUHERCEA T > 2 212BNWT, SRROIERCERITEES &7
O3 &1 MRS, HIAERE Cr#0.70-0.77) % 3 7 ITLREF
UM B 7 O AR RV &, aaE U TORERNRS
KLYy ON— ABEEANA) 2 RHUE. hss
DIFAITKI 550-700 ‘CHEE DIRE DL RIEM 24> TH D
7 BAAE IO T 71K Mg#(0.20-0.43) THRMOWT5H
2. Fle, ULIZBWTYAESRMEAmO RO~ MuE Ti
DR INASERIHNCERD HND. TS DR D, FHFERL
FAT 2D BT IEECAE, ILHRABHDT > NIV
B AR ERRE U R~ T REEDIREDERD A S s
7, LK D{RIET H:0 & CO: ITHEDRIRIC X DIERCE L L=
HOEHEIENS.
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AMOYPEIC DT O HAAARB R ITE BT7E 58 #
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