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Formation of the Chlorite Corona around Chromian

Spinel in Peridotite and Its Significance

Shoji Arar¥

In the Ochiai-Hokubo ultramafic complex, southwestern Japan, the chlorite corona

around chromian spinel is commonly observed, even if the peridotite is almost free from ser-

pentinization. The corona is double-structured, with the inner Al-rich chlorite and outer Al-

poor chlorite. Water supply at 500 to 700 °C selectively hydrated silicates around chromian

spinel to form chlorite. Strong hydration in and around the alpine-type chromitite (chro-

mite ore) bodies may have also resulted from the water supply at 500 to 700 °C in the same

manner as the chlorite corona around the chromian spinel in peridotite. It is concluded that

the strong hydration of the chromitite (chromite ore) is not the cause but the result of the

concentration of chromian spinel, which may be largely due to the crystal accumulation at

the so-called orthomagmatic stage.

1. [ZC®HIZ

BEEAXEROERIER&Z G ien v 7 i
1> chromian spinel (Z ZTit, Crix £bE b &
A T2 spinel & WO IEWEBRTHWS) O FEbicid,
chlorite @2 v + R LIETLIE L FET S, 20
BIpy 2 & LT, MR O=ZEEOEE—ILESE
(Arai, 1975) (M1) »H T 2Ry BT, %
@ chlorite = w F &F# L, FREK ZHICBEEL
B ®mT 5.

2 %FS-dEaEF

Arai (1975 )DL <EHL, REREHLTWD,

glaucophane # & e =#R 2R E (Hashimoto , 1968)

CHEIhEBREEEES>L » XROBEENES
Hk T,
clinopyroxenite, clinopyroxenite, olivine websterite J
D725, ZE— I R# O R OBEEN A EOR T,
ISR, BESUEL OFREE DMV,

Olivine — clinopyroxene [§j¢> Mg—Fe 47 &0 72 £ 52 &,
HA—ILEAERIE, BT 500 — 600 C TR
FEL TV B RIEELE WD, £ DOIRE TOMg—Fesd
BRIEEARTEET, FH0 T IHRERICROR D,
FHORLEE L 5727 TR T700CLUED, XY
BVRE Z 3 ( Arai, 1975),

lherzolite, dunite, chromitite, wehrlite, olivine
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Fig. 1 Distribution of ultramafic complexes in the central part of the Chugoku district.
T-M, Tari-Misaka complex; O-H, Ochiai-Hokubo complex.

3. chromian spinel DEHL YD
chlorite 31O}

3a. E K EE—IEEEAKD chromian
spinel i, R TIEVMEZEME O M &2 > T 5
(Cr/Cr +AlFFHT0.1-0.8), L2b, Z
DALEER O BT, = OREEAOREE & FERSL
T3 (Arai, 1975), B%, dunite, chromitite {3
CricE#, pyroxene L < 75 & AUTET spinel
EELEICRS, 2hH6D 5L, CricEA 7S spinel
(AL Cr+ Al BFHMEF 0.5 LA ED L D),
TEMELL, 20Ebhici, hr7oaeike
L T olivine, pyroxene 23\t /e384 C 4, FISMEL,
chlorite ®awFBER I TS, LarbENIT,
£ OBE, —HEE (M2) EALTWS, Al
? = wF @ chlorite 13, FFKAWED RE T HEE
HL, Ao = v+ chlorite 1X, FEEFGEORE T
BEET L0, ZEEEDL BEMET THROTH
BicHERTE 5,

chlorite == v+ DA ATERICHEI L, B O T
ANZE te spinel X, /DB D magnetite, sulfides & 7%
L CTIRIEERIZEERL, 2R Cr iCETs spinel i,
Wb p b ferritchromit, Fe (Cr. Fe)3;O4 T\ %
DIZET S, Bit, spinel @9 HMgAl0, ik
43 3 chlorite £FRD 2 HIZBRIZHEZE IR TLEY,
¥ 72Mg Crp04 5T b —E8 chlorite A% 7 72 D IZH
BRIn2HLH5,

chlorite 2 v FDOERDO KM E T L D LIROKE
285,

1) prFoaeffe LT, B THELEE
%, chromianspinel ® b Y DI, £ DBEA
chlorite = m+ LT W5 (AL, KFEAE%E
FTws) (2),

(2) chromian spinel » Cr/Cr + Al (L 23d % 2
B EEm< s (AE—IbEaEETI0.58E)
chlorite 2 m F DFEFEFTE 725,

(3) chlorite =z m+it, —EEEFHLTRY, F
I FDEDY & serpentine H3E Y A TW5 DN
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Fig. 2 Sketch of double-structured chlorite corona around chromian spinel in lherzolite of the Ochiai-

Hokubo complex.
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3b. chlorite DALFHAM: (L¥MRER 11w
T, NlD 2 v+ o chlorite D F A, AlICE#, Si
IZZ L, Z0iEh, NEID = v 5o chlorite » ¥
RRRMg BLERICHE L EXD, 2w+t

Fe*/(Fe* + Mg) atomic ratio
o
o
w
|

iz 1k, Biz serpentine (Mg, SilZEH, Al
ZLW) PEETS (M2). ZoRCAfloa a
—>#Milld 2 v §— serpentine &, {LFHAEABAIR
CEEL TV,

B3 X B o7k, Hey (1954) D4k

corundophilite ;sheridanite jclinochlore penninite talc-
chlorite
S °
o—=o°
°
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Fig. 3 Si-Fe*/Fe* + Mg relation of chlorite associated with chromian spinel. Large open circle, inner
chlorite of corona (Fig. 2); small open circle, outer chlorite of corona (Fig. 2); large filled circle,

chlorites in massive chromitite from the Iwanai-dake complex, Hokkaido; small filled circle, chlo-
rites in massive chromitite from the Tari-Misaka complex (Fig. 1). Fe*, total iron. Nomenclature of

chlorite is after Hey (1954).
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tziX, = v o AElo chlorite i clinochlore 7¢
WL penninite T Y, SMAO L DX, HBH AL
penninite ©%H 5, Cr.03i%, 0.35—& > bETH
Ehd,

Table 1 EPMA analyses of chlorites of the corona

around chromian spinel in lherzolite from the
Ochiai-Hokubo complex. Corrected after
Nakamura and Kushiro (1970).

corona—1 corona—2

inner outer | inner outer

SiO2 32.3 34.0 31.0 34.0
TiO, 0.00 0.00 0.00 0.00
Al,03 14.8 11.2 16.2 10.7
Cry0s3 0.07 0.08 0.28 0.30

FeO 3.06 3-19 3.39 3.40
MnO 0.00 0.00 0.00 0.00
MgO 34.0 35.3 32.8 35.3

Ca0 0.00 0.03 0.-01 0.03
Na2O 0.04 0.01 0.01 0.02

Total 84.3 83.8 83.7 83.8

Number of atom for 0=28

Si 6.274 | 6.645 | 0.079 | 6.672
Al 3.386 | 2.576 | 0.741| 2.464
Cr 0.010 | 0.012 | 0.044 | 0.046
Fe* 0.497 | 0.521 | 0.555| 0.558
Mg 9.854 [10.30 | 9.604 | 10.32
Ca 0-000 | 0.005 | 0.002 | 0.006
Na 0-014 | 0.006 | 0.003| 0.007
Mg, Mg+Fe*[ 0.952 | 0.951 | 0.945 | 0.949

FeO*, Fe*; total iron as FeO and Fe , respectively.

4. chlorite aOFD&EM

chlorite D22 TR4AMIL serpentine X Y BB AN IR A3
>Tns (BT, KEKEVRECELVWE LTH
HEEDD), MgO—Al:0s—SiO;—H:0 % i3,
Mg-chlinochlore iz, BE T, 700— 750 CETL
£ Td 5 (Fawcett & Yoder, 1966) ,  serpentine i3,
MgO—SiOs—H,0% Tid, {EET 500 ‘CHitk Tk
K 53#E+ 5 (Bowen & Tuttle, 1949; Yoder, 1967) , Fe
BMbs L, ZhoDREREMES LD (Bl
Scarfe & Wyllie, 1967 ) , chlorite D Al D &i¥, —M&
ICERBEIK >TSS L, AL, ERIRED

BV (Mg, Fe) Si—2Al OE#H’EL (Flx
¥ Toriumi, 1975) . fit>T, FHL, chlorite 7w
DX, L YAl ICET chloriteidSMUl DL D Al I
% L v chlorite X W BB TAR I LD L Ebh b,

Zh b DOERER LRSS, chlorite x40
RN, ROBRICHECE D,

HIED, 500~ 700 °C DIREEIZ & - 1B, KA
WBani, BED-®H, serpentine (IALET, Al
DM X BB chromian spinel D E b VIZ DX,
chlorite 234k &, KABFEE S iz, FICREED:
Ty, BOKGMEE IR, LYALIKZLW chlo
rite 53, L 9 Al DS T 5B chromian spinel
NDEbLYVICERI N, ZOKIKLT, 500°CLLE
TOEDKOYHGIC X - T EH§E & 7 - 7z chlo-
rite = m FHERIN, BT B chromian
spinel d & b D A58 AKFWEA 5% 1) 72, BITIR
EEAMET LT, serpentine MZZESEIKICA - TH®H
T serpentine 7% olivine, pyroxene ¥R AE| B IiZyR
S>THERSNZ, ZhbOBFRE, K4 0kkiC, #
KWICRRATE S,

DEF LD ERDERICKRD,

(1) chromian spinel % & oA R HIT, serpe

ntine NLZEFFHA_LDEE (13& 500°CLLE) T
KL S D & chromian spinel DT D 4, &FIE
A (B, KIMEA) &%i35,

2) HE—AtEAaFE, GAERCEWT, 3[H
DEFELAFUMER 2T TW5H, BlL, 500— 700
Cofiz=[a] (chlorite dARK) & 500°CLAF T®
serpentine D4R TH B,

5. alpine-type chromitite &
BT 5EE

Eizak~<7=, chromian spinel ® % > Y dchloritex
w F DA KT 5 BEE, EKD A A alpine-
type @ chromitite (7 v A8E8LE) DOREEE & HEW
BENHHBRICERS, Bib, R v AgkGA
(KB 7 v AKFFR I T X TINIZET )
DREGRO LT, 56k N EAUELIER” NEEL
LB ZE EHTnie (8K, 1943 ;&S 1963 ).
Zhit, BEOERED 7 VB EOEIR v A8k
FimTe E/NEOFISNEZBRNT, 7 v ASKEFRE
HONEROEEEE LW EESCAUIER 225 T
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Fig. 4 Schematic representation of the formation of the corona around chromian spinel

WHEWHIERIVEL LTHEp AR TD - 12,

AR (1943 ) 1%, K27 v A 8GLA (massive
chromitite) |%, #7k % 4 ¢p chromian spinel o> 7 1y =
B vy aDHEAIRL > THEURESELRD S
L7, ZLTHR~y v ahoBUkick - THET
2E L VERUAEL” Shizk L,

—H5%EH (1963)1%, HA® chromitite % K & <
(1) Exr~8icEREnizb 0 (BEBEIREL #5
REL), (2) v 7 <HLIfkic, &4« DR chro-
mian spinel BRI L 72 LD, D 2 IS,
BEOBEOBRERRLIBKERC LS L L
7z, $€-> Tz D4, chromian spinel o LR kAL,
CBWT, “EFURL” BRBERR LD LS,

L2L, S~z & — 45 ko> chromian

spinel @ ¥ 3> b ?chloriter v+ DEEIR L VB & 27
BRIZ, HBIRE (BXZ500—750C) TiF, A
HE48 S h7z4y 4,  chromian spinel o> i 0 Aok FL
MTrebh, chlorite Rk &b, f-oThHY T v
HEREEE X IGE, £ OBREMT T, chro-
mian spinel M3 L < p8£E | 7= chromitite (7 v LS8
BN v LBRGLELR) B 5 R U O BRI <
chlorite fb X5, % 7z, 500°CLAT TAAE AL
fuhiX, serpentine 73 peridotites, chromitite % b
FELERINDZTHS S,

ALHEDENE D > T Ak (B, 1955)Hic

i, Wb B RLRIBERSE 22 v LERIBLIREL (B,
1963) & 0EiFh 5 chromitite BEET 2 2, —h
5IC& £ 5 olivine i%, JE I ooperidotitel [RI4E 4V
“EERCEL” IR T s, Lasl, RIEZYVIE

® chlorite 75 olivine & chromian spinel #2435 Fric
HE LT3, chlorite DfLEEMRL % & 2128iT, ¥
ZH 37wy ML,
3T, f€k, chromitite o FIIE, 38 < “HERE
b ShTnasetEbh Tk, Eix, £
(1963 ) LIEWHL TV B AY,  chromitite {2, ser-
pentine L 4tz chlorite 73 KEIZ A4 U T 2% D 3 E5E
Thd, ML, “HESCEL” ZRVWERTOZAT
F7 < KD IRWEDBR T, —#&ICiE, Yk Fnfk(hydration)”
NDHETHD, ZNBFA, X &R Tchlorite 234 L,
ROBEIRD 2 7 — T serpentine LR S 72D T
A9,
K312k, ZEHFOLE—ZIRN > T LK (Arai,
1973) & chromitite f1¢> chlorite 237w » b L T &
5, £, REWROWEL K2 ICBT 5, £,
clinochlore T 9, MgicET (Zhit, 2E0 1tk
FHRORBIZ L 5) HEbRE&, KAE—ELHKD
chlorite = w +DRMAID L DIZE W RE (B2 Al
BHE) 2HLTwS (K3),
alpine-type chromitite gk K #&ic 135, Fvw /=
WL 7> chromian spinel D LHALIT & b A<, Bk
#lic 3 %  chromian spinel o) jass” 13 Zok A T,
ZEESEBAMCEZ S, £ b £ © chromitite »
AR VS EEBRVPERAAKTH D, EH
(1963) BIE~=7=HLE (FLLTVbPHE
KED ICEERBAL L b D L LT W5, HKEBRR
iz LERBRIRGE L ifidh 5 chromitite ¢4, £
NED > 7 VBERO L OO BKIER” &%
TR0 B S iy, olivine 2k CRIFEEH
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Table 2 EPMA analyses of chlorites in massive chromitites from the Tari-Misaka complex and the Iwanai-
dake complex. Corrected after Nakamura and Kushiro (1970).

No. 1 2 3 4 5 6 7
Si0:2 33.4 37.0 31.4 30.0 30.0 33.6 32.0
TiO, 0.00 0.27 nd 0.15 nd 0.00 0.01
Al,Os3 22.0 14.1 20.1 18.1 18.2 14.0 13.3
Cr20s3 0.03 1.10 0.00 1.16 1.73 0.33 3.05
FeO* 0.70 2.09 1.36 1.54 1.29 0-80 1-02
MnO 0.04 0.04 0.10 0.00 nd 0.00 0-02
MgO 25.0 32.9 30.2 32.5 32.3 34.9 35.0
CaO 2.34 0.10 nd 0.00 nd 0.00 0.00
Na,O 0.04 0.08 nd nd nd 0.01 0.01
Total 83.6 87.7 83.2 83.7 83.5 83.6 84.4

Number of atom for 0=28
Si 6 .397 6.816 6.078 5.850 5.851 6.488 6.210
Ti 0.000 0.037 — 0.022 - 0-000 0.001
Al 4.971 3.069 4.600 4.164 4.190 3.184 3.055
Cr 0.004 0.161 0.000 0.178 0-267 0-050 0.468
Fe* 0.112 0.322 0.221 0.252 0.211 0.130 0.166
Mn 0.006 0.007 0.016 0.000 — 0-000 0.003
Mg 7-138 9.032 8.709 9.446 9.403 10.04 10.12
Ca 0-480 0.019 - 0.000 - 0-000 0-000
Na 0.-014 0-120 - - - 0.002 0.002

Mg/Mg+Fe* 0.984 0-966 0.975 0.974 0.978 0.987 0.984

FeO* & Fe*, total iron as FeO and Fe, respectively.
** including 0.29 %of NiO.

nd, not determined.

1 to S, chlorites in chromitites from the Tari-Misaka complex.

6 & 7, chlorites in chromitite from the Iwanai-dake complex.

b DLFEET S,

chromian spinel MY, WO EES D, A
WEBKTOE~ 7 =I5 08RETHS 5,
AL, HER OB LFEEMAT T, BERE
s &5 RIEHIER (3 & L T chromian spinel) |z
E5Cr* oEgELSC, Cr BRABBICBET S
HIENTHASH, L2L, BRBEDP~ L VT
O EEFBY e LT X DA 72 RE LB 2 R
BRLELTWASREEMED S, BUk{EM A, chromi
tite ¢ A% (chromian spinel ¢ 4£) i B 7= 3 1%ET,
FLALEEBANLEZD, HL, BUKIEAIC X5 chlo
rite AERRIC X v, chromian spinel hodMg Al,O4F%
S0 X, chromitite » Cr 8 B 237 < 725 @D
b, FRFRICEBMIC25) BEH 5,

DlEZFL OB LROBRIIRD,

(1) chromitite (7 v ASFLBIK) DA Bz
(chromian spinel M £) X, FERCEIER” Ok
FER) ofERTIEZ L, REATHS, it T Vg
BCELIER”  OKFWWER ) & chromitite dpRRE & 3
EERTH S,

(2) chromitite 4 gk (4Fiz chromian spinel ¢ 32
#£) 13, Wb BIE~<s <] (chromitite %5 »7-
BHEEMSE S ER SRR KThbhicb DT
» A5, [EFEF% D chromian spinel DRI, 778
BRI EEIS VERTH S,

X Bk
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