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IWOB#FmELUMhWwWaFo 7Ly Fv—iL%k
IDICDWT D 4FIC b=l & N X HEIE

JEE & AGE EORRBRE I VMRE— RERER T

Fletcherite group minerals from the Kouyama gabbro, Hagi city, Yamaguchi Prefecture,
Japan — Studies on their chemical compositions and Raman spectroscopy —

KITAKAZE Arashi, OZAWA Shin, ASAKAWA Harutoshi,
KOMATSU Ryuichi, ITOH Yoshinori

£E

RSN WE 2L SR EROR R 7Ly F ¥y —# 2 HATRIICER L 2O THET %,
Z OEWE EPMA TROZALFHE 2 S NN T~ v - A7 MVOMEERLS . ZOHEMI—>DH
TN 5N HP R ENT (KRR TRHENREIURIC T Ly F Y —8A LT Ly F Y —8iB LT 5),
IO DFEWEFEICHNEEROTWLEW ICE CEMICORRD HAL, EEHY . &/NF T ARG,
F 5 CHSLOR I A SIS AL IR L L CEL T 5. WY L D OLEIEE AT L A LT
CThh. F72. EPMA OGEFHIE TS HBICKINT LR W,

WL DALFRLS L EPMA 2 JHW TRk 72o 7 Ly F ¥ —4#i A 13 (Cu,Fe), ,(Ni,Co),, .S, (0<x<1) &%
ENBEBEEEZRLTBY, —#x e LT (CuFeNi) (Ni,Co),S, 7352 b b, —F. 7L v F ¥ —#
B —fiER & LT (CuFe),,., (Ni,CO) 0.,8,(0<x<05) L FEE SN AR HEMAE AL, FMEX L L T(CuFe),
(Ni,Co)S, L RHTELD, TORTEBA LTV EBAFT L EDF = - NI UAREFH LRV,

TV F ¥ —8ALT Ly FXY—HBDOTY VETIEIMRICRR D AR MVDBBIE SN, 7L v
FX =8 ADARY MUIERY) T4 <A PERICEEONY =036, R T4~ A PERLEAY
INWVEE RO L EZ ONL, TV F Y =BT Ly F ¥ —8LA L[ UM/ 8 — 0 & Rl
HOLNLED469cm IZHRWE =7 PBIREN. 7Ly Fr—#HA L IZZOEPKREL R LR DL, 2O —
ZAXFIERIZHIE L7280 S BN, CoMAT A Y R VIR S X R 2D, SEOREICROND L) %
T# =M Cu b L {IX S-SHEEEZF> TV AMEEELH L, b L.2O L) BiEEGrHNETF v —
ING UADWENDS EHEESN D,

TLyF v —#iAB IO BIIEHM (B IcpEis) L, Cho xS aamIicEzy—r v 7
O — Vi, 4 F 4805 Ni-rich BEil8L 7% & D f Co-Ni i b FEH T 50 TS DRERALELM I Z D KA
RN NG~ I O UM EROREMICEIE L2b 0 LEZ N5,

F—T—RK  TJLyFv¥—iEkA. Fe-rich7LvyF+¥—8#iB. Cu-rich ZLvF¥—iB. ¥ K
ELBEnWE

Keywords : Fletcherite A, Fe-rich fletcherite B, Cu-rich fletcherite B, Raman spectrum, Kouyama
gabbro
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1. [FU®IC

1.1. AEMIROBE

IR T ZE A 3 0 @511 (2 9 2 %) BEAL SR O & 1L TH (532.7 m) A8 T AL A 2513
EAERII T IR EE AR R EERmILOFEAA 1L L TERORKLEWIIRE S
TWbo ZOEEITE=AATIRE R & i i R op L g O E RSB A L, Bl
BAER %5 2 Twb (15Ma) e ZOBEARICHENCEOK S SLIERD»AE L. £ 0 a2 IR
L. 4MalZiF#B LD EEZ 5T 5 [Imaoka and Itaya, 2004; Fiff &, 2012], Z DB
WE R L E T A% Fig 1 IR L TWh, TORRIZFICHHER., fa., B,
FAPIH . ANEWSY LT 5 8k L bmofasE, 7uh) Ba. BER BIKAD» O
B, EnSo=EIZL YD, AENEE, ks, fiRARLVE, WALV E, 2AD
AFABENNER EO 2 DEMP RO, LIELIZFROSEADERIEE L 2T 2HEEKTH
5o

FREOM A OEMP O FE RSN O ) bEEA. B, SOTA. ANA LR EIZow
TIX[EH - (U, 1970 ; Yamaguchi et. al. 1975 5 [T - & H 1979, 1980 ; HEFIF - =i, 198417
EOHEN DD . FEICIZE SN TE TS, F7o, NEREY e, T Y 880 12D\ T
WO, 1987 5 AL - /M, 2014a, 20153, 2016b] 72 & DOFRED D S

L2L %5, SZOERFORALEIIOVWTIIZLEAEHIZESNTE TR L b2z
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Fig 1 Geological map around Kouyama gabbroic body, Susa area, Hagi city, Yamagu-
chi Prefecture, Japan (modified after Imaoka and Itaya 2004; Nishimura et al.

2012).

JA - /NS 2014b, 2015b] D E RGN H LD, WIND FOFMIT T 2T I N TV,
T, (B - /NS 2016a] 2% Ni 12 E ©MRE4E %2 . (AR S 2016] 2SPEHSL & S SL DO REIRB X O

LM E2 52 LT b,

SlElL FILPEAL S o o0 S LR PESSL L2 B S E A IS E SR IS A S TRE S A HARHNE
7Ly F v =R RH L2 T, Z2OERRALFEMB R SO0 THET %,

1.2 7Ly Fv—iLlcDWT

7 L v F % — 4§13 [Craig and Carpenter 1977]I1C K D SR SN/HHTH Y, A u— i L &b
121 ¥ 485 (CoCo,S,) TESEY (MLS, MO A ¥ A4 )V EHRAL#)) D—>Tdh %o /11— )VEiIE Co>
Ni T Cu(Co\Ni),S, Dfb#ATEENSL D% L. Ni>>Co DHMH 7 L v F ¥ —4#L : Cu(Ni,Co)
S EENT VS LA LAR S EORIEREGEEZ TR L T ABHRIIFEDO SN TEH T,
HH = VENE Cull BT Y — 7 VL (CoNLLS,) & BEEE A L T\ 5 & STy % [Wagner
and Cook, 1999], F 7z, 0 — VELOMEELEIZT TIZHL ISR TBY, fbiim oA ¥
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WM, MaEE—, IS }
DT Ly F ¥ —HREWIIOWT IR E T~ v akillE

ANWVHEE R AT A & T % [De Jong and Hooh 1928; Riedel and Horvath 1973, Williamson and
Grimes 1974; Biajini and Pasero 2014 ],

—Jiv 7Ly F X —HRBMETO BN TH L Z LR, GHIPELEN TR WHELR
. RIZZOMFHBEEIIHS NIV, 20720, 7 Ly F v — UM LA R fFE RO
BOZ NN TH %o

RIFFRTHR L7 Ly 5 v —HCREEWITE OALFME D S RIS oI s E G, —
DIEICELI D [Craig and Carpenter 197710 7 L v F ¥ — L OMBAZ LV S DT, Moo b DX [Os-
wald 1985] 257 L v F v — i & L CRidi L 72 MBSV b O Tdh b HI#E A (CutFe) < (Ni+Co) T
BHBHODIK LT, 12E1XIZ (CutFe) > (Ni+Co) &MY ITE T RZ > T b,

AETIIEEMIZHEZ 7Ly Ty — A BREZ 7Ly T Y —#B LR L7Ze 2OT Ly
F ¥ —#iBE Cu>Fe DAED S DL Cu<Fe DS D LI INLA T I TEMHE LS 7L v
Fr—fiB L LTWV5,

710 — VEEFRADSE TR SLELR R IR E SR A LERILELIR 7 &0 5 DEH DS SN T2 08
[Ito et al., 1973 ; Tatsumi et al, 1975 ; {5 5. 1976 5 (L 5, 1983], 7 L v F ¥ —§LopE L1
FENZHMTHY . WAETOERIZEZHE SN TRV, T2, @B AP ORI
BEPE L CH O — VAR DOONLDS, Ty F v —di(A $721EB) L idHAELTBHY., WHD
BIRIIABEH DL L TH S,

2. 7Ly Fv—iLDERENERNEE

2.1 ER
FRAAT . EL BRSNS E A S ILILTARM R TIEIZ E A ERRO SRS, AR
¥ (Pl R YE AL 7 DR B & ORIER) (Fig. D) IC@E T 250 IcHEERo b, #
S PSS I AIRIIZ D TELRESTH LD, TNHOHN, 7Ly F XY —8LARB Y&
BN WEHITIEBIZOARE SN, ZOEALIE 10~20cm, B15mBETH L, T2, Hil
HIZEA, 7Ly F Y —$B, AU—)VEL, U T, V-7 Ve ERET LA EE (R
A 20 cm FEEE E 2 mFERE) 36 5 L5 GEMIZRBRIUR A~ MIZOW TR EBRED 72D EMET 5) .
W NSO % HHE AL Fig 2 1SR T L) IWEAGOEMHE AROOEMI T
JEIRREIEASSEE L, A RO 2 23 2 SO A LR L 3o 5 b,
JLyFy—#ABLUBEEGEAONERR X Fig.3 0 X )12, AEWHEYHOE— R
1% 7.3% T, NEREI DL \ZE/NF V7 LGEEREEALR - /ML 20142, 2015a] 0 F 5~
AL AL, /PR 2016b] TH 2 45, ANEHSEY O 20% FE (&K DE — FOHHETH 1.5%) 1%
HSR S R BESRHL 7 & DSARRALIE TH B o
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Sulfide rich layer

Fig 2 Sulfide rich layer found in Kouyama gabbroic rocks.
A : Two pyroxene gabbro with layer structures.
B : Layer between quartz diorite and diorite

Fig 3 Photographs of rock sample including fletcherite.
A : Polished thin section of Kouyama gabbro including copper bearing sul-
fide minerals (transmitted light).
B : Same as reflected light

2.2 XFHME

BT BRMMEE T CHSHELE & OBEIAELIE 0.1~ 2 mm BEORIRMWA S ST, WA, FEAZ
E ORI, LB LTy Yok M ETRE L, AEREE L TET 5, Wil Eil
FLTER AR 2 L. BERELEIER ROl 2 S SR TE R 2 & A, BRISTRVER TR R A AL 2R
LTwa[uE s, 2016],

TV F v = A & BABHEISHAE ) KA O K IMBEE EIL Fig. 4 IR L) THY) ., HF
WACR T B L CE L & S OB T O B IS WA SHTHET 0%, FEIZI3PEHSL
EBIET Do PRI RGBS L ) S, 2 OBFEIIIHIE b FRH 5N b,
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Fig 4 Photomicrographs of fletcherite under reflected light.

A : Fletcherite A (fl-A) and fletcherite B (fI-B) included
chalcopyrite (cp) and bornite (bn) which is replaced by
covellite (cv) under open nicol.

B : Under crossed nicols. Fletcherite A and B show weak
preochroism and chalcopyrite shows polysynthetic twin.

TLyFr¥—ABIUBWEIIET T, HEMLICILL, byl ) —afaxm M-l r
EL. »OoETHL C, B L ZES X TE 20, 7Ly F vy —diABLUBWED
AR EWEECH B TF=IN T THMERFEITELET L. 7Ly F v —8B D
FHHETFIR WE L S NEICABA 2B H 2550 S, RIS HHESEL R EE 12 & ) 22K
SNTW5,

F 7o, BESASL A RHAE L 2 WHE S IS IZRIRE 2T A 7 Ly F v — 8L By Ni (2E &R L.
U=V, V=7 VL EF TER EHRRO B LA LA, /A 2016a]

BRI IZ B SEL & BB ORI FEE{RAETL T L v F Yy —8EB D 55,
Ty F Y —#iBIIIEATHAEF I L, HAWI ) —athx 2 L. WHEOHIIL LI
BHTHDH(Fig 5A,Co 7L v F ¥ —4#BOWIEHIIES 2 TH LA, ©F T8I LEAYIZHE
CABANZBE R 2 Do 1 1THNO, I Ty F 0 755 Lt FHIIBEBICELT 205, 7L v
T v — 8L BREISITIZEAEEIL L, 7Ly F Yy —#B L UL THOBINIESTH D
(Fig. 5D) 6



b7 ¥ 7% 22 5 (2018) 47

Fig5 Photomicrographs of fletcherite and chalcopyrite
under reflected light.
A, C : Fletcherite B (fl-B) associating with chalcopyrite (cp).
B : Same as A under crossed nicols.
D : Fletcherite B, chalcopyrite and violarite (vl) etched by
1:1 HNO; solution. Violarite changes its color to black,
but fletcherite B has no change.

3. EFEMER E Y VI RIERER

3.1 EPMA TOERER

S EH SNFIRAET L2 7Ly F v —8lA LT Ly F v —8BOHHCHAE D T
(Fig. 4) O AT EF# (BSE) %L Fig. 6AD X H T, 7L v F¥—ABLONT7L Yy F ¥ —#BD
M & HHEL L OXFNIEE LS, B — 42 2 THHDI0 LT, 7Ly Fr—#A
BELUB & BSEBRTIHEN IRV RSN, HTHKEND L & FHINS (Fig. 6A), W
TEMEICHL AV S SISl 2 RO 72 0 OB FIIAEEHTH 575, L THREVERG LS W
L ICXBIHES o SHFERDPSTFHIL 7L Yy F Y —A T BEII 7Ly F XY —#B Tho
725

TSR U A FHLEMAE D DL Fig. 6B IIRT L) Ty 7L v F v —#iBIZILEMIYE T
HY., EXTHIET LY F ¥ =B LEWFETHEOBINDPES TH L 205, HHL L DOk
AL EE LS, SO 0TS W,

Fig. 6A T/R L 72#HI8®D Cu, Ni, Fe BX V' CoLFE D~ v ¥ ¥ 7§ % Fig. 71 ZR L TWw %,
Fig. 6A O FRFRAIT T B2 72T TIE CulZZ L NIICEATWA (7 Ly F v —#i A,
WIZHLZWES TIE Cu B IS LETEZ W (7L v F v —#iB) Fe B L U Coldfu k(7L v
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Fig 6 Back scattered electron images for fletcherite A and B
included in chalcopyrite.
A : Minute association of fletcherite A (fl-A) and fletcherite B
(fl-B) developed many micro-cracks.
B : Fletcherite B (fl-b) associating with chalcopyrite (cp) and
replaced by violarite (vI).
bn : bornite, dg : digenite, cv : covellite

Ni

20 un

— 2

Fig 7 EPMA mapping for fletcherite A and B of same grain
shown Figs. 4 and 6A.
A:Cu,B:Fe,C:Ni,D:Co
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10 um

Fig 8 EPMA mapping for fletcherite B associating with
chalcopyrite as same area shown in Figs. 5 and 6B.
A:Cu,B:Fe, C:Ni, D:Co.

Fr—#ABLUB)TIREZFR CRETH L, MH LS Cu BLUNI®ICH L TIAHETH Y,
< DZEALHY BSE R DR T L T 5,

% 7. Fig. 6B OFHIH D Cu, Ni, Fe 5L U Co THD Y v ¥ ¥ 7§ % Fig. 8 IIIRL T\ b, 7L v
F ¥ —§LB O TIIFFIC Cu L NiSHHETH ). ZORIIHFTIZL o THETEALL TV 5725,
Ni, Co [FIFIF—FRICEENT VD, —F, EF FHIZ Cu 2L <. NilZE T, Co=mlZLR
WCRTIEIZAREOEARETH S (2 OHEITHEILKRFEIZHED HAE 5 EPMA JEOL JXA-
8800 M & WV TAT572),

3.2 EPMA [ & B2 iTiE R

JLvFx—#i A, 7L vF ¥ —4#B D EPMA SSHHE I F — T ZHL VE-9800 A K E T
BEMBEE 12 EDAX % GENESIS spectrum 3 A 7 A & L) ff1F 72 EDX % FHv>, ll521d 20 kv TI7 - 72,
BEE TR O 72l (ZAF fi1E 2 72 fiE) & & CuCo,S,. Ni,S,. CuFeS,, FeS,. NiS, CoS 7 & fEite
WEDSRO7ZAEMBETHIE L. RO R OTEZ 572, 702 F 2 v 7 O720HRORILK
FAZREE O EPMA T [A— R A ¥ M OGHT &1T 5720 WlE O RIZIZIZ—F L 720l
LN7ZDT, T2 TIEEEL LTEDX THELNEZR L7z,
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Table 1. Selected compositional data for fletcherite A from the Kouyama gabbro by

EPMA.
Weight % Atomic ratio (£=7)
Cu Ni Co Fe S Total Cu Ni Co Fe S
1 2.08 40.52 2.73 12.19 42.11 99.63 0.100 2.100 0.141 0.664 3.996
2 4.94 33.49 2.88 16.41 42.15 99.87 0.236 1.732 0.148 0.892 3.991
3 13.10 36.40 6.80 1.30 41.90 99.50 0.635 1911 0.356 0.072 4.027
4 13.40 36.40 6.10 1.70 41.60 99.20 0.652 1.918 0.320 0.094 4.015
5 14.66 36.71 0.64 6.87 42.12 101.00 0.701 1.900 0.033 0.374 3.992
6 16.21 36.08 0.29 5.03 41.39 99.00 0.792 1.907 0.015 0.280 4.006
7 16.30 34.50 5.40 1.20 41.50 98.90 0.797 1.827 0.285 0.067 4.024
8 16.80 35.00 6.10 1.30 42.00 101.20 0.806 1.817 0.315 0.071 3.991
9 17.80 33.90 6.10 0.90 41.40 100.10 0.864 1.782 0.319 0.050 3.985
10 18.20 32.00 6.30 1.70 41.90 100.10 0.881 1.677 0.329 0.094 4.020
11 18.70 32.80 5.80 1.10 41.70 100.10 0.907 1.722 0.303 0.061 4.008
12 19.28 30.49 6.10 2.12 41.58 99.57 0.939 1.608 0.320 0.118 4.015
13 19.80 31.70 5.70 1.00 41.80 100.00 0.961 1.665 0.298 0.055 4.020
14 20.00 33.40 4.20 1.20 41.40 100.20 0.972 1.756 0.220 0.066 3.986
15 20.20 34.90 4.30 1.40 41.10 101.90 0.971 1.815 0.223 0.077 3914
16  20.30 35.00 3.90 1.40 41.40 102.00 0.973 1.816 0.202 0.076 3.933
17  20.50 33.10 4.00 1.20 42.00 100.80 0.988 1.727 0.208 0.066 4.012
18 20.60 29.60 7.30 1.10 41.40 100.00 1.003 1.559 0.383 0.061 3.994
19 20.90 31.70 5.20 1.10 42.10 101.00 1.005 1.651 0.270 0.060 4.014

20  21.10 32.80 3.30 1.50 41.20 99.90 1.029 1.732 0.174 0.083 3.982

BIIE7 Ly F ¥ —8L A, 7L v F ¥ —§i B D EPMA SHEDFRN 2B Z 1127 Tables 1,2
DT, Cu. Niy Co. Fe BL U S UADTLHITMHBALIT TH - 720 RIITHRIEFH % 7.00
ELEBTIEEOFEFLERLTWDEA, (CutFe+Co+Ni) © S HIZITIT3 4 TY ¥ L ELESEY O
EEICE MEOLE L L Twh,

BIE7 Ly F v —4#i. 71 v F X —4#B DOSGHED Cu, Fe, Co vs Ni (apfu) DEFRIZ Fig. 9 D
E)THb, 7Ly F v —4#iABELEEKYIZHET Cuflild Ni HOBEMNIAE VIR § 5 M7 AH
BoOSND(Fig 9A), 7Ly F ¥ —8#i A TIENifEIX 15 ETHAA5, NifEIZIZIZRILHIL T
Cufld/NEL BB H D, 7Ly F X —#iBTIECuEIPREVIDENEVLDED
D7)V — TP Tw 505, WiEE S Cu i NifEOHANITIZFEB LTI % b
TEAAFERD H5N b,

Fe vs Ni fE D Bf% % Fig. 9B IZ/R L T\ %, FeflE & NifH & OFHBIIXIT & A EFO 5N WS,
Ty F XY —#BIEFefEORIVEDE/NS VY LIZKGTENE, Fe[HEORE WV DI NiH
DI & Y WA B EADFRDO 5N B0, ZDEALRIT/NEV, FefiO/NSNH DL T L v
F v — 8L A IZ Ni mOZAL & BRI 2T —EDHETH S, 72, Covs Ni fEDBIFRIL Fig. 7C
DEHITHY, Coflild 7Ly Frv—#ABLUBMHE & HITT—EDMETH 5,

Fe vs Cu DR % Fig. 10 IZ/R L T\ %, MIZIZIFEEEHKD 7 L v F + —§i[ Craig and Carpenter
19771 & [Ostwald 1985] 237 L v F ¥ — 8L (KFGG L TIX 7 Ly F ¥ —#iB) & Lo 7 — ¥ 2 LD 7=

DIR L7720 7Ly T v —§L A D Fe fild Cu fHOZALIZH L TIRIF—EDMHETH ) Z{LL %\
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Table 2. Selected compositional data for Cu-rich fletcherite B and Fe-rich one from
the Kouyama gabbro by EPMA.

Weight % Atomic ratio (2=7)
Cu Ni Co Fe S Total Cu Ni Co Fe S

Fletcherite-B Cu-rich

1 20.80 18.10 3.80 15.90 41.50  100.10 1.005 0.947 0.198 0.874 3.975
2 20.80 24.70 3.40 8.00 41.30 98.20 1.024 1.316 0.181 0.448 4.031
3 24.00 21.70 5.60 8.40 41.30  101.00 1.159 1.134 0.292 0.462 3.953
4 2848 20.65 8.47 1.58 41.81  100.99 1.378 1.082 0.442 0.087 4.011
5 2890 22.80 5.50 2.60 41.20  101.00 1.404 1.199 0.288 0.144 3.966
6 29.46 18.81 8.72 2.00 41.25 100.24 1.440 0.995 0.459 0.111 3.995
7 29.84 18.23 9.30 1.50 41.12 99.99 1.463 0.967 0.492 0.084 3.995
8 30.06 21.24 4.82 3.75 40.31  100.18 1.478 1.130 0.255 0.210 3.927
9 3043 17.48 9.84 1.80 41.45 101.00 1.478 0.919 0.515 0.099 3.989
10 31.04 20.45 4.39 4.09 42.02  101.99 1.490 1.062 0.227 0.223 3.997
11 31.80 20.40 6.16 1.27 41.04  100.67 1.553 1.079 0.324 0.071 3.973
12 32.05 19.86 6.31 0.94 40.84  100.00 1.576 1.057 0.335 0.053 3.980
13 33.60 13.22 4.86 6.30 41.03 99.01 1.661 0.707 0.259 0.354 4.019
14 33.94 19.68 4.44 1.44 40.51  100.01 1.674 1.050 0.236 0.081 3.959
15 34.36 18.44 0.53 5.83 41.85 101.01 1.665 0.967 0.028 0.321 4.019
16  35.15 17.93 5.52 0.98 41.42  101.00 1.712 0.945 0.290 0.054 3.998
17 36.73 13.57 7.23 1.31 41.61  100.45 1.796 0.718 0.381 0.073 4.032
18 37.41 13.58 6.16 1.33 40.52 99.00 1.863 0.732 0.331 0.075 3.999

19  40.37 12.51 5.90 0.74 41.07 100.59 1.983 0.665 0.313 0.041 3.998
Fletcherite B Fe-rich
1 6.29 25.57 2.75 23.09 42.73 100.43 0.298 1.310 0.140 1.244 4.008
7.42 25.33 2.73 22.54 42.58 100.60 0.351 1.298 0.139 1.215 3.996
8.56 2291 2.33 24.55 42.85 101.20 0.403 1.167 0.118 1.315 3.997
9.10 27.44 2.37 19.61 42.80 101.32 0.429 1.400 0.120 1.052 3.999
9.78 23.34 2.77 22.20 42.43 100.52 0.465 1.200 0.142 1.200 3.994
10.04 24.61 2.82 20.27 42.20 99.94 0.480 1.273 0.145 1.103 3.998
11.20 21.85 3.02 21.83 42.60 100.50 0.532 1.123 0.155 1.180 4.010
12.19 21.98 2.32 21.35 42.19 100.03 0.583 1.138 0.120 1.162 3.998
9 12.59 16.56 2.77 26.50 42.46 100.88 0.596 0.849 0.141 1.428 3.985
10 13.48 23.48 2.79 18.87 42.18 100.80 0.642 1.210 0.143 1.023 3.982
11  14.09 14.76 3.07 26.11 42.25 100.28 0.672 0.762 0.158 1416 3.992
12 14.22 17.83 2.86 23.04 42.15 100.10 0.680 0.923 0.148 1.254 3.995
13 14.67 17.00 2.94 24.03 42.55 101.19 0.694 0.871 0.150 1.294 3.991
14 15.25 17.90 2.97 21.81 42.12 100.05 0.731 0.928 0.153 1.189 3.999
15 15.61 22.18 2.78 17.13 41.92 99.62 0.753 1.157 0.145 0.940 4.006
16 16.38 17.51 2.53 22.01 42.40 100.83 0.779 0.902 0.130 1.191 3.998
17 16.71 15.01 2.04 23.82 42.10 99.68 0.803 0.781 0.106 1.302 4.009
18 17.08 14.92 2.87 23.30 42.21 100.38 0.816 0.772 0.148 1.267 3.997
19 17.35 12.55 3.23 25.25 42.17 100.55 0.828 0.648 0.166 1.371 3.987
20 17.50 11.39 2.95 25.99 42.15 99.98 0.838 0.591 0.152 1.417 4.002
21 17.50 14.20 2.22 24.26 42.50 100.68 0.833 0.731 0.114 1.314 4.008
22 17.90 13.98 2.37 24.27 42.58 101.10 0.849 0.718 0.121 1.310 4.002
23 18.78 10.45 2.69 26.50 42.55 100.97 0.891 0.537 0.138 1.431 4.003
24  19.16 11.46 3.04 24.77 42.32 100.75 0913 0.591 0.156 1.343 3.997
25 21.34 13.25 0.89 23.13 42.08 100.69 1.021 0.686 0.046 1.259 3.989
26  21.38 9.94 1.90 24.99 42.18 100.39 1.024 0.515 0.098 1.361 4.002

0N N U W




U R ADE RS IR, AMREE—, SRR o )
52 IR TSI ST O 7 Ly F v — SR DO WT L FRI LR & T~ > 6l
2.00r A ° o fletcherite A
of 00 O o fletcherite B
®
1.50F o& o,
2.1.00F o o °
3 86 g ".'..
= o % o ° ° o
© 0.50+ 6’00 ° o
9
0.00 L 1 1 )
2.00 r B

=
ot
=)
I
o
o
o

i“%l 00 , & °
ﬁ 0.50[ o o o o
o oo [
0.00 80 o @@ 0 | o*hemes
1.00f
:z'i C
- I -7 S
(3 0.00 POOWN%%SOOQ ° % e 1
’ 0.50 1.00 1.50 2.00
Ni (apfu)

Fig9 Compositional range of fletcherite A and B
from the Kouyama. The proportions of Cu, Fe
and Co as Me;S, are plotted as a function of
the proportion of Ni (apfu).
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LERL7Z7VyF v —8A B LU BDOGHHEZ Ni-Co-Cu =27 1> 3 4LL Fig. 11 ®
LT, 7Ly F v —#l Al Ni:Co ILIZBHIRIE S Cu BIX 333% LT DMETH O Ni THAIZI
29 &) RMEM DA LD 5 LD (I 1 [Druppel et al. 2006] DEH T T %), —FH, 7L v
F v —#iB D Ni:Co 1F 10~15% £ H F N 2L L 2\vAs, CumlIRE AL TBY, —RE
BRORICESN, 7Ly F vy —# A & B & TIEHEAIZE U T X122 v,

Fig 10 C/RL72EHICT7 Ly F v —4#B D Cuig & Fe LI ILBIOBRIZHELZ LN 5
Cu & Fe LITHWIZEBRERDS A S S D LHEL L, Ni:Co: (CutFe) L TIN L ZTHR E T 5=/
MZaHfiEx 7oy b LRI Fig 2089 ThbH, IASLHLRRLIIZTL v F v —4i
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Fig T0 The proportion of Fe content is plotted as a function of
Cu content for fletcherite A and B from Kouyama com-
parison with fletcherite A from the Fletcher mine, Cana-
da (Craig and Carpenter, 1977) and fletcherite B from
the Kalgolie area, Western Australia (Oswald, 1985).

O Fletcherite A(Craig and
Carpenter, 1977)
O Fletcherite A (Druppel et al., 2006)
® TFletcherite A (This study)
O Fletcherite B (Ostwald, 1985)

O Fletcherite B (This study)

/

Cu(NiroCo10)S4

/

Co
Atomic ratio (%) o

Fig 11 Compositional representation (as atomic ratio %) in the
triangle diagram of Ni-Co-Cu for fletcherite A from the
Kouyama, Fletcher mine (Craig and Carpenter 1977),
and Swartbooisdrif, Northwestern Namibia (Druppel et
al. 2006) and fletcherite B from the Kouyama and the
Kalgolie area, Western Australia (Oswald, 1985).
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© Fletcherite A (Craig and
Carpenter, 1977)
O Fletcherite A (Druppel et al., 2006)

® Fletcherite A (This study)

O Fletcherite B (Ostwald, 1985)

O Fletcherite B (Hannington et al., 1999)
O Fletcherite B (This study)

Fletcherite A o

(Cu+Fe)(Co10Ni1.0)St D&i,"l

Fletcherite B

Co . Cu+tFe
Atomic ratio (%)

Fig 12 Compositional representation (as atomic ratio %) in the
triangle diagram of Ni-Co- (Cu+Fe) for fletcherite A
from the Kouyama, Fletcher mine (Craig and Carpenter
1977), and Swartbooisdrif, Northwestern Namibia
(Druppel et al. 2006) and fletcherite B from the
Kouyama, the Kalgolie area, Western Australia (Oswald,
1985) and Kidd Creak deposit, Canada (Hannington et
al. 1999).

A X Ni:Co AT A5 11T 40% (CutFe) LT OFEICET 5, —F. 7Ly F v —4#iB
@ (Cu+Fe) flIZITIT 50% LI EOFEIIC 7 1 v b &, WEMIZIZIEIT 10% DOFIFRATEED & L7z,

3.3 I VANHIE
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W 7208 T ~ v Bl 2 1To72. I~ VHlEIRTE L L CRIERFAICHKE SN TS HAES
JEALEL (NRS-4100, Jih#Edk & 532.25 nm, 7] 3-5 mW) & WV T1iTo 72,

Fig. 6A 1278 L72 BSEMS L2 T < v % T o 72 A % Fig. 13 1R L TWh, HIE S A-1~
A-16 17 Ly F v —fi A, BBLUMEXZSGUENTH D, A-18, A-19 FFEE D, A-17 X
PESRSL D, A-20 (ZESFLOMERTH %o

A-1~A-5DF < « AT Mk Fig U IR LCTWb, M2HHL2R L) I8 —27 O
HEEEIERIC L DA TR Z2HFBE Uk AT bbbz, 720 €= 2TEICD
BEZBLITRRO SN h 572 (7 Ly F ¥ —8k A THYS T 2557) 0
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Fig 13 Measurment points for Raman spectrums
plotted in BSE image as same as shown in
Fig. B6A.
A-1 to A-16 for fletcherite A and B, A-17 for
bornite, A-18 and 19 for covellite, A-20 for
chalcopyrite.

F 72, A-8, A-10, A-12, A-16 D AR kL% Fig. 15 12" L TW5h, ¥— 27 OMIFHRESR ¥ —
JMEBEICETOETRONEHZIZFR /8 — 05675, kil Fig 14 L 30% ) 8% 5
Y =2 Tholz(7 Ly F ¥ —#BIHET 2E5) . BRL T WllESIEmEOREY
DINF = THolz,

RFER 7L F v —4i A(A-1) & B(A-16) D A7 bV OME S % WIFEIC T 5 720 W& % L
WL TFRgI6 IR L7 o b BLLTIZT Ly F v —#A TIZFED SN H 572 469 cm ™!
DE—=7 BT Ly Fr—8B ClIRME—27 & L THHT LI ETHD, 200400 cm ' D ¥ —
BRI IZIEIER CHEMICH 5o 59 150 cm ™ LT Tl ¥ — 7 (BRI ICET RO 5N
720
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Fig 14 Raman spectrums for fletcherite A.
Measurement points are shown in Fig, 13.
e
g
£
100 200 300 400 500 600 700 800
Raman Shift (cm-1)
Fig 15 Raman spectrums for fletcherite B.
Measurement points are shown in Fig, 13.
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Fig. 11 127 L v F % —§L D Ni:Co:Cu (%) Z HIE F THE S NAMEE L TURL T,

AWFFE TS NEILE T L v F v — ;5% Kalgoorlie i [Ostwald 1985] & O ILJF i Hi o> Fletcher i
7 L v F % —§i [Craig and Carpenter 1977] 12 L. Ni % Cu IZE L EH{[MIZH 5. F 72, Swartboo-

isdrift %[ Druppei et al. 2006 ] Db DIZIFE A E Cox EEF VT Ly F ¥ —8iTh b,
Fig. 10 IR LT A LHIZ7 Ly F v —4LB Tld Cutig & Fe i & ZITIT S ILB @] 257
HHNLZ LEDH(Cul Fe & OEM) . Fig. 11 DKL Cu DD D | (Cu+Fe) U R P iy
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Fig 16 Comparison between Raman spectrums for
fletcherite A and fletcherite B.
Fletcherite B has a strong peak at 469 cm™
but fletcherite A do not has this peak.

Intensity
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FIKD A E OV & DAL L4 @ 53 #7 i [ Craig and Vaughan 1979; Riley 1980; Wagner and Cook
1999; Cook and Ciobanu 2001; Ferenc and Rojkovie 2001; Guerin 2011] %2 AH -1 52 5% [ Craig et al.1979]
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and Cook 1999], ARFFAE RN HE. 7Ly F ¥ —# A TR 71 <4 I NiNLS, & OEEFR
AHEE S NS

AR TR L7270 — VEHZEHE 7Ly Fx =LA DL VIEB L IFFEL TwiRwys, ML
INY RARY A VHIZHEPRB SN TEY . T2 0 — VoMU O 7 b — V5 & [F
CHRLGEEIICH ) . 7Ly F ¥ —#0 AR B OMEHEIR L (ZR/E), 7Ly F vy —HLARBLOD
EEBMRIL A S e o 72,

F7o, Figlo 272X 9127 by F v —# B D Cu & Fe lZEHAMBIHEZE S, 72 Co
b D% L5 (Ni,Co) :CuiFe D2 AL & E 59 % 728 (Ni+Co) : Cu:Fe = 4 L |2 M & 7
Ty L TR #EIEFigl7 IRT L) THDH, 7Ly F ¥ —8i AL BE&OMISHARRER
WHDLEFFIZT Ly F ¥ =8 AT E AL Fe & F 3 (NitCo) -Cu #E LIV iEI = A3 4
23, 7L v F v —#BlL Cu>Fe 5 Fe>Cu DA WEIBIC T O Yy F a3 b, REL A DL E Cu
CEL DL FllEL S D LIRS . F 72, Hannington et al. (1999) %> #1237 - 1 |55 (2011)
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Fig 17 Compositional representation (as atomic ratio %) in
the triangle diagram of (Ni+Co)-Cu-Fe for fletcherite
A from the Kouyama, Fletcher mine (Craig and Car-
penter 1977), and Swartbooisdrif, Northwestern Na-
mibia (Druppel et al. 2006) and fletcherite B from the
Kouyama, the Kalgolie area, Western Australia (Os-
wald, 1985) and Kidd Creak deposit, Canada
(Hannington et al. 1999). Fletcherite B is separate to
Cu-rich and Fe-rich minerals.
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Fig 18 Comparison of Raman spectrums for polydymite,
fletcherite A, Fe-rich fletcherite B and Cu-rich
fletcherite B. Polydymite data from the database for
Raman spectrum by RRUFF ID R0O500609
(632 nm), fletcherite A and Fe-rich fletcherite B
measured by JASCO NRS-4100 (532.25 nm), Cu-
rich fletcherite B measured by JASCO NRS-2100
(467.9nm).
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Fig 19 Compositional range of fletcherite A and B from the
Kouyama. The proportions of Cu+Fe as Me;S, are plot-
ted as a function of the proportion of Ni+Co (apfu)
comparison with fletcherite A from the Fletcher mine
(Craig and Carpenter 1977), and Swartbooisdrif, North-
western Namibia (Druppel et al. 2006) and fletcherite B
from the Kouyama, the Kalgolie aria, Western Australia
(Oswald, 1985) and Kidd Creak deposit, Canada
(Hannington et al. 1999). Fletcherite A and B are sepa-
rate compositional range. Fletcherite A has the range
from 1.8 to 3.0 of Ni+Co (0.0 to 1.2 of Cu+Fe) (apfu),
fletcherite B has range from 0.5 to 1.5 of Ni+Co (1.5 to
2.5 of Cu+Fe) (apfu).
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