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Constituent Minerals and Textures of Nickel-Copper Sulfide Ores from the Jinchuan
Deposit, China. By Shimpei Kano, Kucxiong Sun and Tsuyoshi KITAMURA.

Magmatic nickel-copper ores from the Jinchuan deposit, Gansu Province, China, were analyzed
mineralogically with the aid of optical microscope, EPMA, X-ray diffractometer and AAS. The deposit
occurs in the Jinchuan ultramafic intrusive body, one of mafic-ultramafic rock bodies which intruded into
the pre-Cambrian metamorphic rocks in the Caledonian, along the second order fractures derived from
a deep fracture. This developed in the north of the west edge of the Alashan uplifting within the
North China Metaplatform.

Ores are classified, on megascopic textural characteristics, into three types, sideronitic, spotted
and disseminated ores. They almost always contain pyrrhotite (Fe1xS), pentlandite ((Fe, Ni)¢Ss),
chalcopyrite (CuFeS,) and serpentine (MgeSis0;0 (OH)s) as common major ore constituting minerals.
Mackinawite (FeS) and cubanite (CuFe,S;) often appear as exsolution product from earlier sulfide
minerals. Violarite (FeNi,S;) and smythite (FegS;;) occur as alteration product from pentlandite. A small
amount of bornite (CusFeS;) and pyrite (FeS,) can be found in some of disseminated ores.

Sideronitic ore, composing the main parts of the rich ore bodies, shows textures typical for magmatic
nickel-copper sulfide deposits. Sulfides are occupying and cementing grain boundaries of such gangue
minerals as olivine, pyroxene, etc. or their altered minerals. Occasionally, gangue minerals maintain
their primary crystal form completely. In sideronitic ore, sulfides usually contain many contraction
cracks which are filled with serpentine, suggesting that the cooling of the sulfide melt proceeded
very rapidly. Contraction cracks become more narrow in spotted ore than in sideronitic ore and they
are rarely found in disseminated ore.

Pyrrhotite group minerals in sideronitic ores include troilite (FeS), hexagonal (Fe1-xS) and monoclinic
(Fe:Ss) pyrrhotites, but those in spotted and disseminated ores are dominated overwhelmingly by mono-
clinic pyrrhotite. Troilite and hexagonal pyrrhotite rich in iron often contain ‘‘flame’” pentlandite exsolved
from high-temperature pyrrhotite phase with decrese in temperature. The ““flame” penlandite cannot be
found in monoclinic pyrrhotite. In contrast to this, monoclinic pyrrhotite contains more nickel in its
structure than troilite or hexagonal pyrrhotite. The nickel content in monoclinic pyrrhotite ranges from
0.05 to 0.20 weight percent, while usually, that in troilite or hexagonal pyrrhotite is less than 0.0n
weight percent and hardly exceeds 0.03 weight percent.

Ordinary pentlandite contains 25 to 27 atomic percent of nickel regardless of ore type, but nickel
content in “‘flame' pentlandite is around 18 atomic percent. A kind of sideronitic ore unusually rich in
chalcopyrite includes pentlandite containing 0.5 to 1. 3 weight percent of cobalt, but coexisting pyrrhotite
or chalcopyrite does not contain cobalt in amounts detectable with EPMA.

An earthy mineral found in spotted ore contains more than 10 weight percent copper and about 0. n
weight percent nickel. It shows a very clear anisotropic property, suggesting it is a mineral belonging
to the valleriite ([ (Cu, Fe) S], [(Mg, AD) (OH),]s;)-haapalaite ([ (Fe, Ni)S], [(Mg, Fe) (OH).]3) family.
This mineral must be “bokudokou’’, ([CuFeS,] [(Mg, Al, Fe) (OH).]), so called in China. Some
disseminated ores contain garnierite ((Mg, Ni)g Si;O19 (OH)s) whose nickel-content ranges from 0.5 to
1.0 weight percent, although usual nickel-content in serpentine does not exceed 0.0 n weight percent.

(Received June 11, 1988)
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haapalaite, garnierite.
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Fig.1 Location map of Jinchuan nickel-copper ore deposit, Gansu Province, China.

It is about 400 kilometers northwest of Lanchu, the capital of Gansu Province.

Fig.2 Plan of Jinchuan ultramafic intrusive rockbody.
and divided to four main blocks by parallel faults.
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ultramafic intrusion (after Song, Shuxia, 1983%, < DGLERHCERLI- D EE 2 T
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intruded into pre-Cambrian metamorphic rocks in 2.
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Table 1 Types of Jinchuan ore.

Classification

Type Mode of occurrence in this work | Remark
Massive As veins in was not available
ore bodies
l 1 corse network structure
.. .. 3 II ‘ medium network structure
Sideronitic i i fi
]1 In the lower part, 111 ine network §tructure .
) ‘ or at the bottom of 7VII 7 network r1chrm chalcopyrlte
\ the intrusion ; v richer in sulfides
Spotted ) ; . .
| ; VI : poorer in sulfides
In suspended ore
Disseminated bodies, or at the edge VIII finely disseminated

‘ of rich ore body ‘ l

10mm

Fig.4 Photographs showing macroscopic textural characteristics of sideronitic (A and B), spotted
(C), and disseminated (D) ores from Jinchuan Ni—Cu sulfide deposit. White parts are sulfides made
up mostly of pyrrhotite, pentlandite, and chalcopyrite. Black parts are gangue silicates which almost
always contain serpentine.
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L Tk Y, WAL, s\ LEOESEOBBIRAFCELET 5 L O TH 5 (Fig. 4-D).
Ch R, SR, 3IF 100 S — v FRILEEO SR BEATH D, RREMEkE LT
MBI 5.,

AFHERHL, @INFIRAD, Eicd WL OORBYIP»LOEREORALLLDTHD, L
Teti o TR AFRDGIFRDEEWTH - 7cDT, THBITFEFEEC LY, FRBINTES .
PRI, Zha3bic, £ UTHaL, v Fe=7 4 v 7803, IREEMRIOAX
WIH T, T, &m0, &R EI L D& V[ & Lz (Table. 1), BERSLIFLE R
DEFIC L 5T, N IOV Hde, SREFZAFRABFTIIE TR TE 5T, KFFRRONHR
Zit7s B7ehs 57z,

3. 2 SHEBFIOILFHEKL

FLED Ni 8L Cu @fiLo, SRARANDKFE AWML, FTETESEELFETHRE
B X 5 TRE LK (Table.2), £DFHEE, (1) Ni BIOCuDEHFEREIX, vFr=F 4,457
gLCiRbE L, SREL, BRELOIETETT5, (2) HRELEFBCEL VIR 2K X, Ni/Cu
DEEHIFECLIDAEL, ¥Fr=7 4 v 7T 2~3DfEL 5D, (3) BERILTIZ, B
L EZTs NEL X b b, THIZ LW B DFZ, Ni/Cu H2iE <, 72 Ni &FEL %0,
HEOFEFRIVREI NI,

Table 2 Analytical data of Jinchuan ore. (with AAS)

Ore type WI:f?% wl':{l% w(é}l% w(i?% wl\é[.g%
I-1 17. 8 3.01 1. 09 0. 065 13.1
-2 18.0 3.14 1.54 0. 064 13.7
11-3 14.8 1. 82 2. 65 0. 047 14.2
II1-2 16.9 2. 46 0.74 0. 051 13.9
Iv-1 7.7 0. 50 0.38 0. 018 11.9
VI-0-B 91 0.71 0.15 0. 022 17.0
VII-2 15. 3 1. 36 3.12 0. 036 13.5
VIII-0 14.0 1.78 1. 28 0. 037 11.0

IAFTDO XV 5 v FVELEFERELORE Y pn/cp NERC—ET, ERACKT5 HEET
NEET DL Db, SRAEMMIFTETHSHA, Ni/Cu HIXZEA L —EEEZTIW, L
L, EEROGHHERIL, £5THRNZEXZRLTNS, L, T, SAEC X T pn/ep M
MWESTWDBD, FLo{REOTINEENED, HHEWXLTOMENBEEL T 50, OfF
HIDEETH S, AR TR, SHEHOPE LR /- T DT, F o7 DIEMFSH
TZELXRAETH S, LrLiahib, b5 X5, VIBogA X, Cu % 12atom. %,
Ni % 0.3~0.4atom. % &% valleriite-haapalaite & D& F 1, Fi VI ELZix NiO 1
%% #x 5 garnierite HEUDIINE TN T 5, ZhLDOIEYWOFEL, LESTHERTE
HhEE2TWAHBTHA S,

3. 3 FEBBEY

BIRRBC L2 XBOoBRTRBETHAE S EDOTE 5 HE, £ ORK O FEHRIY
(main constituting mineral) & U7 (Fig.5). Table 3 iICB bovic X 51, BEWRSEH., v b
TV VL, HEIRGLO ST, BEBkgL (magnetite), 7 m» A A &% (chromspinel), ¥ X OVWERUE
(serpentine) 7%, T RTOMOFEERT &L L THET 5.
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Fig.5 Some examples of X-ray (Fe-K alpha) diffraction patterns shown by pulverized
specimens of Ni~Cu sulfide ores from Jinchuan deposit. I, II, III, and VII: Sideronitic
ore. IV and VI: Spotted ore. VIII: Disseminated ore. Letters along peaks denote
abbreviations for minerals, which are listed in Tables 3 and 4.

Table 3 Major constituent minerals of Jinchuan nickel-copper sulfide ore, Gansu Province, China.

Ore type**’
Mineral (abbr.) Ideal chemical formula sideronitic spotted | disseminated
I 0 I VI IV VI VI
pyrrhotite® (po) Fei1-xS { © © O ( © |© ©
(hpo) E ° o
(hpo+mpo) } ® e | @ ®
(mpo) W ¢ o
pentlandite (pn) (Fe, Ni)Ss © © ©| © | O ©
chalcopyrite (cp) CuFeS; © © O| © | O @)
magnetite (mt) Fe 0, ) [ 1
§ © © ©] © |©O ©
chromspinel (chr) (Mg, Fe) (A1, Cr):0,] [ ©
serpentine (serp) MgSisO10 (O © © ©O| © |O © 1 ©
tale (talc) MgsSis040 (OH), ! O
mica (mica) KMg;(AlSiz010) (OH), O O j O O
amphibole (amp) NaCay(Mg, Fe, A1);5(Al, Si)g02(OH), ; ©
chlorite (chl) (Mg, Fe, AD(Al, Si),0,0(OH)s i O
calcite (cal) CaCQOs O O ; O
*) hpo: hexagonal pyrrhotite mpo: monoclinic pyrrhotite

k%)

©: almost always observed (): sometimes observed
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p0(102) BERR SRS DT, & I F o 102
BIBRDORER I Z 7oLy, ANF » BAERRD
KA, 8 LORF AT BT 5 Fe R
BOHEMAY L7z (Fig.6). Fo#FE, 1M
§9 OFBHTHh ORI E, HAL « KRR
DfIRP—FDO&R, HDHNILTOWELY S
ey, DERADTH Y, RNFTRFHOBE
T, 47.49~47.68 atom. % Fe DO KES
BiCHh s ErvrE& i, T, vFr=
T4 v 7 SRTIEIRTT RCRBABRER LAY, BEIR
T o RPN THER RO L DR T D
R 5 b hsd, X<t 7 r7 335
‘o 19— (EPMA) %\ e i ik, [
—REB R PR 5 LR, BB WIT R
o TR D ARSI LD & T h 5 & &
NUELIETRB IR ADT, ¥R XFREH
KD BFE A & B b R\ LA,
EE N T DREBRELEL DO P ERE R & A7
INs.
XHREHRE 1, H v 5V REDOEEY
BABRIZF A & D & ST TE I s 7ehy, 2
ik, AV VREDIREAENEBR{LY
Ro TWHRHTHS, WM T T, BEYY (relict mineral) & LTHRHE XN 5 (Fig. 7).
3. 4 By
XHREHT BIX, T ORI H S, BEME T OBIEC LY, HAEXR~A 7 vnT 5
74 %~ (EPMA) # V7 flED &, FAEDOWER S hi-giiy% Ik 854 (minor constituent
mineral) & U7z (Table 4), = h 5D 5 %, =%, —§ (mackinawite), b+ w4 FA4 b
(troilite), ¥ LU= o — gL (cubanite) (¥, WFh LB THD, O i, “RIE
B TH 5,

mt (400)

(1)

(11D

54 55 56 57

29° (FeKa)

Fig.6 X-ray (Fe-K alpha) diffraction patterns shown
by 102-spacing of pyrrhotite. A diffraction angle of
X-ray by 102-spacing becomes higher with the decrease
in Fe/S atomic ratio.

Table 4 Minor constituent minerals of Jinchuan nickel-copper sulfide ore, Gansu
Province, China.

Ideal chemical

«[(Mg, AD (OH).l;

Mineral (abbr.) Ore type
formula

mackinawite (mk) FeS I, 111, 1V, VI

troilite (tr) FeS I, I1, 111, 1V, VII

smythite (sm) FegoSi; 11, VII

pyrite (py) FeS, VIII

cubanite (cb) CuFe,S; IV, VIII

bornite (bn) CusFeS, v

violarite (v1) FeNi,S, VIII

valleriite (val) [(Cu, Fe)sl, VI
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<o F /) —PBIOFNeA 54 ML, BEHEZERTHS T =7 4, v 7§, BREPICDOL
B X, 399z BB Licys, o2 &, Fe RIBEDODD VBRSNS Y Fr=F 4 »
79N, TR D %\ BRI EL Y, LB A R T AR E b 5 o &, LBIEL
BSEDY S5 TH D,

4. K A B #

4. 1 R

SINLIREGA L, TOEMRNLEEDHE,N L, 4EEOMCHT bhter, BAMEE T T8l
NG, MELEERRCL, TREROBOEMA RIS S,

SFO=T 4w 78 <7/ <UC ko TERS i E2RET S, W om0l Lot
B, vFr=T 4 ZECHHBCBEIN S, COMOEATIE, HILSEMESGHE LIREG & O
BRN, MO THETAD, BHEHTHS (Fig. 7-A,-B,-C). ZhbHOERKIL, »vFvVh
DR EZ R TLOTHY, » v I vAKBRME LD IR A L b 25, £ CEE LD
DTH5., WILWESECADNAEE L DbhDIL, LW AL FOEHIMHZLHLDTH
D, OWhNDENIECDITEEREDKE 2o e 2 EXHFERT 5.

BRGE » KL v T =7 4 » 7802 BRD L, BREFORLWEGHRDOHLAHIIE, 18
e, MR L 0T (Fig. 7-D) b, L4 HIEA (chlorite), BEFASL (bornite) &\,
TeBOKMIE DS BE L ABR S X 9 12e b, SHPLC b &, BALIHIC, bhaid,
oS (Fig. 7-E). Loy, Wbkl s L CURGHFCHET 2L 0T, ~
FraT gy VPRI S I EREEHE AR RL TS, ChAbLD I LI, </ <hE
Vb D =y 7 — SABAEERIR &\ T, BOKPERIZVEREE L X\ 2 7 O BRI 5,

4. 2 MR JOBEHR

R OREFREEGL « v F 5 v FEL « B OHEOFSSBLR L, o bk Ttho,
R DEA S BB B R R 2 i3\, XV b5V N, BB SRR Ak D IRAR
T, H5HVIIHIRTHEET S, HEEINE, BEREghcIR s 5860 4\ (Fig. 7-B, —F).
CRHEBOHEBRE, Mo EL, b AL FEEEL CTEX ARYDOEMETSH 5 HE—EBHK
(monosulfide solid solution)''¥ &0, WEHEHTH S, ZhHOEML, THhEENLIH
CHEA L TTE i, H5VCEERFERCE S ZREDE LIELIEFA TS,

Wgiicit, W@ 5 “flame” pentlandite'®” 2BZEX 5842 5 %5 (Fig. 8-A, -B).
THE, P rAFA L Fe BT AT RARESL AR » THIF L, HANERBIBREILIC R
bhd s\, EHRELTIL, <o F 2 —E0Y, WS EECRE L TEEL TV 58, o
D=y F =k, VIV Fghch REENhD &35 5 (Fig. 8-C,-D).

RV TV PR REE»BOBEBEHY E L TO A4 FHL (violarite) HHUVNE AT A 5 A
I (smythite) #&irZ 235 %5, Fig.8-E B IO -FicAbh 5 X 51C, ZEBEIFEBRITH
STHTL TS, D EDMT, #EILH 5\ B8R (bornite) 235, FL%GL (VIED o—fhc
2SR5, WEIVCTHRLEBECI D - REWTH S, b5 "SRRI LAEBAILWESE
2 HRBH, CHITFALEDE HE D BATHRVEERE (VB hic RS T 5,

13) Fleet, M.E.: Econ. Geol.,72 (1977), 1449.

14) Naldrett, A.J.; Craig, J.R.; Kullerud, G.: Econ. Geol., 62 (1967), 826.

15) Craig, J.R.; Vaughan, D.].: Ore Microscopy and Ore Petrography, (1981), 123, John Wiley &
Sons, New York.
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Fig.7 Microphtographs showing textures observed on polished sections of Ni-Cu sulfide ores.
A (I-6-C), B(I-2-B), and C (VII-1-A): Sideronitic ore characterized by clear boundary between
massive sulfide—assemblage and serpentinized olivine and by many wide cracks within sulfide phase;
olivine (ol) can be seen existing as relict mineral. D (VI-0-B): Spotted ore, in which cracks are
narrower than in sideronitic ore. E (VIII-0-C): Disseminated ore, in which sulfide-mineral grains
are finely scattered in gangue silicates. F (I-2-C) and G (I-3—-A): Euhedral chromspinel in small
octahedra, which might have cystallized in sulfide melt before its solidification. H(I-3~B): anhedral

dendritic magnetite.
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Fig.8 Microphotographs of textures observed on polished sections (A-G) and thin section (H) of
Ni—Cu sulfide ores. A(I-1) and B (III-2): “flame" pentlandite appearing along a crystallographic
direction in pyrrhotite. C(I-4-D): Mackinawite exsolved from chalcopyrite. D (IV-1-A): Paragenesis
of pyrrhotite, cubanite, pentlandite and magnetite: pentlandite contains thin lamellae of mackinawite.
E (VIII-0-C): Assemblage of chromspinel, magnetite, pyrrhotite, pentlandite and chalcopyrite; pentl—
andite is partly altered to violarite. F (VII-1-A): Smythite, as an alteration product of pentlandite.
G (VI-0-A): “bokudokou” found in spotted ore, which must be a mineral belonging to valleriite—
haapalaite family. H (VIII-0-P): Garnierite (grn), which contains 0.5 to 1.0 weight percent of Ni.
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#x 7 (Figs. 9, 10).
vIFER=F 4 v 7 JLP ORI
RILE, P erAa 5 A+ (FeS) »»
B A RSN (FedSs) 1
FEHHRBEROFT, [R5
A (Fig.9), BRIREL « §4
BGLCE ¥ h ARSI, *
DIFEAETTHEF SR
B350 THD, BHDOv
T v FIROS G, AR
I HHRDERITI /I NES L
T X <, 25~27atom. %™ Ni %
ATk b, Ni/Fe ZT HixH
1 XhREW, LaL, R
PP E EF N TS Vflame”
<V 5V NENE, BEDORYV
FSVFEEI DL NI FEEN
&\ ~(Table 5). Z o fH AL,

K GHRTERT &7 E—FHL T\ 5,
BBV — 7OGHRE, BEEB~7 v 75
Rzt B 0P,
BATEA2RCIEIN TN IS5THS, =
AP L EFEIBATE 2BICIIEE T NI,

EINgEAEAIX, EPMA T
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Fig.10 Frequency distribution of Ni contents

in pentlandite in Jinchuan ores.

YFm=TF 4 v 70T, L CHEAIICELR
(VIED ogntho~=v 5y FEEiE, 0.5~
0.7wt. %D Co WEENHLDONRHY, KEE
1.36 wt. % @ Co 2ElgkI iz, LorL., Z 08
HCh, AT LRSI ERIL DI S
T,

6. =, ZOMBERICOVWT

6. 1 WHigsitho=vri18
EBR SRS Vlame' v F S Vv LA E AT
WIUE, BROZ L, RET O ETEOR

16) Toulmin, P.; Barton, P.B., Jr.: Geochim. Cosmochim, Acta. 28 (1964), 641.
17) Mirsc, K.C.; Fleet, M. E.: Econ. Geol., 68 (1973), 518.
18) Naldrett, A.]J.; Cabri, L.J.: Econ. Geol., 77 (1976), 1131.
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Table 5 Some Examples of Chemical Composition of Ore Minerals. (in atom. %)

S Fe Ni Cu Ore Type
po 50. 43 49. 57 -1
50. 45 49, 55
50. 56 49. 44 (47. 68*)
53. 28 46.72 1I-1
53. 56 46. 44 (mpo, 46.67*%)
pn 48, 50 23.99 27.51 1I-1
48, 42 24. 30 27.28
48, 26 26. 56 25.18 11-2
48, 04 26. 24 25.72
49, 86 31.83 18. 31**
mk 48.52 38.98 9. 53 1. 16 Iv-1
50. 16 40. 87 6. 81 2.17
49, 88 30. 49 10.70 8.92
vl 58. 83 22. 58 18. 59 VIII-1
59. 10 22. 36 18. 54
58. 25 23. 43 18. 32

*Fe—content calculated from d,¢ value.
**“flame" pentlandite in pyrrhotite.

iD=y m L EEBREPEDD - LT b,

Fig. 11 2B G2 7e X 51, “flame” v + 5 v FEL& AT 5 E8EFLIE, stoichiometric
FeS XD F v A SA b, BHBEFOEADEED b DT HH T T, A SRR, &
AL EATIL20xev, B), WRESILOMKMBAEOFIC, = v ¥ L OREET LT
BT, TOoELBRSD, HEDRER (Fig. 12) = I AU, “flame' v F 5 v FEOEE LT
M, beASA WL EOTHERDOL DL, =o 7 itz AE ST (K10 2wt
%). BRBROLOIL, L<HERTHS (max. 0.2wt. %), Lic#in T, &IEKORIRE

wrk—m—mmmm——————————————————————————

30 T
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101 Y 7

o
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Fig.11 Dependance of “flame” pentlandite appearance on pyrrhotite
composition.
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Fig.12 Variation of Ni content with Fe/S atomic ratio of pyrrhotite.

ghhiciz, BRI R A BI1E, O Fe/S Hich T 0BEFR L, = v ¥ ARG TR TNBH T &
Wish 5 Thb.

6. 2 “BERIL

BERGLEE O — D L DIz, $i% 10wt. 5D, =vrad 107 'wt. & EETe, + RN
YR E hic (Fig. 8-G) (Table 6). Z O+-FHEFIMIL, RAEFCHLIDNEEELT, b5
WXL R L O Z e XS B THEL, RERFE2IHET, ETCTOREIELTH

5., ZOfMm, ShUBHTIREROEVWSRIMmE Shd "B ThHH I LixE b
VA

Table 6 Chemical Composition of ‘“valleriite’’. (VI-0) (in atom. %)

Mg S Fe Ni Cu Si X
23.10 36. 36 27.93 0. 30 12.31 4.0
18. 99 37.38 29, 15 0. 40 13. 14 0.94 4.6
22.49 38. 43 26. 99 12. 06 5.0
21.33 37.39 28. 27 0.25 12. 16 0. 60 4.6

VL D bR,
[Cu Fe S:] [(Mg, Al, Fe) (OH).]

THE2 LR TWAENRY, KR TO S E D it (Table 6), 3t LAY » v ) —§L
(valleriite)'®

[(Fe, Cu)S]: [(Mg, ADD (OH):]s
L, ~—-5 1 + (haapalaite)'®
[(Fe, Ni)S]s [(Mg, Fe) (OH):Js

VB ERL, BELL CORMEREYETHEEIDTHA 5.
Ay, BERIGABACOLZBH I T 5,

19) Fleischer, M. : Glossary of Mineral Species, 5th ed. (1987), 192, The Mineralogical Record
Inc., Tuscon.
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6. 3 E=v r LVHERESY

)R ESAR D= » ¥ LEHFEIX, BEE < 107wt XD+ =& TH DM, GLIGLE
(VIIED ABtoRAaH, 0.5~0.9wt. % Ni #&tefityn R & iz (Table 7). #FHEXIC L%
BEHE T oz Tl (Fig.8H), =y 7 A EFEDOEV-DIL, HED, FEWRE RO
ML, EEOo—BEREINhD, ZOWHyHFMCBET 2L, WEDML %, WL OM-
HIRO 5 2 SBROBHARDOLND, ZORBHEIIE=» ¥ VKR, Tbbi—=—51 ¢
(garnierite) ICHHMT 2L DEEL BR %,

Table 7 Chemical Compositions of Ni-bearing Silicates. (in wt. %, VIII-0)

MgO Si0, Ca0 MnO Fe 03 NiO S Nl%ﬁ
1
31.33 35. 88 8.91 0. 89 0.34 1. 50
29. 39 31.05 0.16 0.24 34.84 0.51 0.21 2.26
33.13 39. 22 0.29 9.29 1.14 0.53 1. 46
27.73 32.24 0.22 24. 49 0. 65 0.29 1.87
7. #& ]

SINGKED = v 7 L - SAEG OFAHKR, BRI, LFEAR, 7 &% XBRTHEHE,
WGBS, X~ A 2 n7F 54 % —, RTFBHNERT, TohoERs AV TE%Es- HiEs
BTV, ROBEREEI AL,

1) A, FOERMEBECISWT, YTFr=T 4 v 7§, BURIL ¥ X OGRESLT A
Ehb, Chb3BOMOFHICIHKML THFHDFEHEHFWL, BREEIE, v 7 v Fih, H
SRELE T OMERIG TH 5. MES TN LIRSS, <~ v * /7 —85, % — SR LY &
LT, €458, A~AH4 02V 5y VOB E L TREIRS,

@) LIINELROEIFERT A>T r=7 4 v 7§00, v 5 vafkabiHaiiityy £ v b
DT, B LbDOTH S Z &2, TOAMIBIRBEIN, ¥, ZoBMORMIEpTIE, %
SOPNDOMFELTED, BHEENKEL S EXBRL TV, BERIETIE, ZOLA
X sEL BRI, MO D LY, SEFICEDL L, bhBX A bR tb, Zh
LD &k, SIGRDERSEH, £ OMBIC LT, HYTRL, Tt E&REL T
Wb,

Q) vFr=F ;v 2O, te A 51 05, BARIRESIICE BB O,
e OMHMNAE GRS L, PR « SL53 L T, HARBRESIENEENCEBET 5, &
72, “Mflame' v b5V FEIE, beA4S5A4 b, oL, TORIERD SN RIS D A
WIS 572, MHSEoEGBRCEEBT S = v r A B, BRI U2 O U O R #E
ghic %< (max. 0.2wt. Z Ni), trA 54 b, BB L NICEWHEBROMIRESNCI,
mEhs 107wt % BELEE hisys,

(4) “EBREL 1k, ERELF ORI R E A, ZhiuE Cu x 12atom. % &ir, valleriite
~haapalaite DEBKILEE2 B bH, KEWE Ni % 0.3~0.4atom. % BIEFZA TS,

(65) BREHD NiO &HEIL, 107 wt. % BENSD S THHH, LRI OREH I,
NiO 7% 1wt. % ##%x 5 garnierite * ZLHENH 5.
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AL, 1987 LK, HALKFBILGEGFMFEAT L, PEAEILIETIERE L 2T - TET5, FEE)IE
REHFACOWTD, EELEFAMEOREDO—HEX DL THSH, ZO®FEPRNER Loz, it
RFZHBGRRIT RE WHBBORNC L H003KE . &INEROMBEFHIZCHRIC D TiE,  HEERE
() BEZIEALED D, FEIREIA DERC OV, PEEICIAEPIFREIR SR TEMN G ik
BYBISHRRAT, FAMER) 75, ThEhOEHLTE . EPMA T X 5 5T Bt ARS8 SISRpT 72 7T
EREEERE 2, BRI X A 5¥ R RPFEALME AR S (hEEILIEEZEED 2%, ThZhfT- k.
BERBIE LTHW e 75 « v 2 ) M FY —EIRESRGOMERR AL, HibR¥EENa Rty
PRFHEILE AL IO S O Lic, ABFZRIE, SRR s8R TR RFRE S #
&, FAEE WwEE AHEZph#EE HEERHEE, RIUHBEESBEROMBI LEC X - TEHLD
N, ThboHAR@iozas»FRT 5.



