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£ 1 HRSAREEAUEERRBRAHYT BEEEES (1077
Table 1. Chemical composition of ancient and modern volcanogenic

massive sulfide ores(10° %)

y Kosaka #1Hanaoka AL ' =3 v
HET TR D B ;}'(‘LITD@) n L’rﬁ?ﬁlﬁiﬁ%{géiaﬁﬁ{t
Polk Zn- | B 7N ®OR KEEPH RATE | BER
E W ® W | B¥%rE

Pb-Cuf" G| Cufl™ H BEEA TAG Ficld[f## 21°N | S5
Cu (39D 2.72 1.14~1,73 0.16 2,2 7.4 0.4 9.2 0.6 1.2
Pb (%) 8.84 0,18 0.18 16.0 0.2 0.07 0.05 0.21 7.4
Zn (%) 13.86 0.1~0,39 0.49 22.5 2,0 0.2 7.6 19.8 10.0
Ph/Zn 1:1.8 1:1~2 1:2.7 1:1.4 1:10 1:3 1:152 1:94 1:1.4
S(%) 34.45 |43.18~45.42 31.28 23.1 3849 48.1 36.0 31.4 17.8
Au 7.29 0.58 0.20 3.0 .8 0.6 2,1 0.15 0.8
Ag 294.74 16.7 1.2 312 36 15 72 98 184
Au/Ag 0,025 0.035 0.167 0,01 0.022 0.04 0.029 0,002 0.004
Sc 141 89.9 75 82 40 10
S/Sc 2443 4803 ~5052 4168 5806 7850 17800
Te 1.8 2.3 0.02 1 <1
As 1170 638 240 1030 380 320 73 296 126
In 18 3.4 <1
Tl 25 10.0 1.3 2643 13.0 18,0
cd 800 72 30 1270 80 80 301 376 465
Bi 196 88 40 20 180 RE 0.05 1
Ga 33 6.1 19 44 9
Ge 5.5 3.7 20 40
Co 50.5 130~479.9 113 14 z
Ni 18.0 7.8~12.3 97 245 1
Co/Ni 2.8 16.7~35.0 1.2 5.6 2

TRKE, DAFR: @B%FUMC6 ) @BHIM7)
(1) AR X A5 ARy AMD BEH (Marianas) JRGEHE K K AHE
AV ERAFELMPD/ZabblE (1:1~2.7);
(2) 5RREREKEDF AHDEHL. ARV ARERENSe & (15x107°
~141%x107%) FEMEAIS/Setb{E (2443~5052);
(3) HHT 600, HURIRZn-Pb-Cull i CRBEHY TR BRAREWAw
B (7.29%107%) flAu/Agth{E 0.025);
(4) AR BERZn-Po-Cuf FRAARE M S E (1170x107°), XFEHPER
DRSS Sy a5
(5) AR ABRZo-Po-Cuf A RAAREMHBEE (196x107%), DRE & HE
(33x107%) FnCA(800%x107%) &&;
(6) AR B BERAFEAHCo/NIELE (2.8~39.0),
1.2 TENESERAESARY PHSRHXR
HanningtonfiScott ¥ B L SR D AES RS HFNEV K & & B HHEX
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#, HBHHE200~300 CERHZn-Co-Pobi A LS A BINEY (<1 mol%FeS) FiEhy
AuFifi (1x1075~3x 107%) SH%4F, #R. 1E300CLA LB RBERAT A& &y R ay
(1~ 5 mol % FeS) FAAEMILAAu L (<1 x 1076,

ERBRNAPRT AT HAERRAEHT A RS/ ET A P Lk N8R {5 FeS &
B. IR (k2) £9, FEN—KGLT KRy AR FRIEMNEFE H & & 0.82x
107%), MEmHNET BEREHFeSEA R (6.39~16.52mol%); HR/Nek LI K Zn-Pb-
Cul G EAABENLHEHNEE (2.28%10°%, WEMHNET LHGEITHFSEE (1.03~
3.91mol %), XHEHAR T HY ANESEE5NET HFSERRGRMEELR,

fEFz2d, RIVBFHT BA, BAME. MEXEELLBYRIGT KB K AR KRR
Wiy R, URBRIERREDT ASGFESE RNEED R FeSH 4 T8 2 8.

#F 2 RUARRRECHTRAARERRAHT ENETHEBENNETHXS
Table 2. Average gold content and composition of sphalerite in
volcanogenic massive sulfide deposits and

modern sea-floor sulfide ores

AT AR i BHISEBERL (%) NeEa-hiy
K & K FS &R
(10-% Cu Zn Pb (mol %)
LAFBEL— k&L 0.82 1.16~2.84 | 2.13~3.29 0.01 6.39~16.52
2. /R 2.28 1.26 5.33 3.39 1.03~3.91
3,Uchinotai-Nishi, HA 3 2.5 13.7 4.8 0.34
42 B F OB W Mt Lycll 0.4 1.2 — 0.1 2.2
4 A H LR T Que River 3.5 0.4 13.3 7.7 —
5.#17%% Z#JBuchans 1.4 1.3 14.6 7.6 0.3
6. ARFUEE It T HSenzca Lynx A1 Hwi (1 2.2 1.6 7.0 0.7 0.56
7.#223K8 Corbet,Lac Dufault, Amulet A, 1.7 2.0 6.0 — 9.4
Mobrum fiDclbridge, & X
8. 11° NARKEHER 0.16 1.8 26.9 0.07 14.5
9. 21 NRAVEER 0 1.3 19.5 0.10 14.8
10.TAG Ficld, KT ¥HE 2.27 6.2 11.7 0,04 5.1

PR, 12— A TFESs 3—3CHRT9, 1075 446, 10— 3CHRC3D, L BID . B, Wallace ﬁ G.R.Green A TFH B ks
5—JCMECI1]s7—3CARCS, 1235 8—3CHK(13,87; 9— SCHk{14]

MFE 2 R BT LA M,

(1) Uchinotai-Nish (B NSV EHEKAFSESE (0.34 mol%)  [HEVH
PACES S RAMEERA (3x107%);

(2) MERPFIBMER L EH =0 RO NED R IREAFeS & AL (0.56 mol %) %
AE, BRAEMMTANERICESEAME (2.2x107%;

(3) BRBRELDVAHESEANNEY HFeSE 5IF s BB Ak

(4) nZEARNorandatb X FIB KB NG BA EFeSEE, AT ANLSEY &8k
i, XA, REVAEREERS, AR AL ESE, B XN e a i
B&, BURLEYy ORDTEREHEEE;
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(5) BHORWH Mt. Lyell #1 Que Riverp K EXBHUEN £5, Wi E BHFm
WS, ZE5BIFK (0.4x107%, EERFNSHE, FEEEEHEEH & & (3.5%
107%),

1.3 T8y PHHEBTE
1.3.1 &y
K 3IBFHTHEEERNREIRELDD EMBERY P KDALYy WS HET
L& EMEE, MNZEXRTLUER:
# 3 FELRUEERBRRRODTERETHETELSROOY

Table 3. Contents of minor elements in pyrite from some volcanogenic

massive sulfide deposits (10°°)

BOK & | W Co Ni Co/Ni| Au Ag Au/Ag Se Te As
1.4% W Ar 810 10 81 0.14~0.373.5~22 | 0.04~0.017]

2.4 1 Pzl 670 >10 1.0 4.9 0.20 131 12.3
3T Pzl 175 50.2 3.5 4.8 9.0 0.53 136 <5 503
4. K Pzl 176 43.3 1.1 5.0 22,0 0.23 95.6 <5 701
5, Bkl Pzl 52,4 5041 1.1 10.0 50,1 0.20 49.9 <5 657
8.5 &% D 92 73 1.3 0.8 95.4 0.008 28.50 0.20 | 3270
708 R T 39 133 0.29 4 0.15 | 1630
8. A& Shakanai E 37 30 1.23 0.18 | 32 0.0038 490

FRIRIE: 1—3CERC 2 ) 2—3THRC 300 3, 4, 5— W% 6—XIRE (B30, 19905 7—3(Hk (4 8—
XHRC15]

(1) LiCu-ZnHl & AFHEMITELMKELT KHEEY REBREMNCoS R, Co/N
FLfE. Audr&fiAu/Agtbll, DIRERBSeE R, MLZn-Pb-Culll & AR /MR LT B
BRETHAARICHCoAs 7. Co/Nitb{EMSe &, BAFEFTWAUEE (10x107°);

(2) DB ENFEENIUT KRSV R GHUARBEREAEENITEL— X
SGIH RSB 3 EHCoE 8 (670X 107%) FE 4 AU & (1.0x107%);

(3) KERMLAE UCu-ZoF KR BRI A B ACo& 5 (810 x 107%) Fl & Co
Nilk{H (81);

(4) ZBLHHREZRPO-ZaV EHREV BB XHNIGE (133x107°%, Uk E
EHICo/NitL{A (0.29) FIBMKAISe&HH (4x107%);

(5) PIRFEWNHRZZFHFEHCu-ZoF KHRET BEFEMCo. Nid &/
Co/NilbiH, BEAgEE (95.4x107%, MENMAu/AgtbEMEBE T & & (3270 x
107%);

(6) BAAZEZLAY Shakanai I UIZEBRE BABMKA Co & & (37x107%), B K
BNi&BMCo/Nitb{E, URBEAAuESE (0.18x107%), Au/Aghbfi (0.0056) 1 As &
£ (490x107%),

1.3.2 ®Ew"
MTEAT R YRERETIRE, PR RUFERME T 58 W i A SRR R
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ERFE4),
R4 REXURBERRRLOHT ERBTPHRETRESR 0070

Table 4. Contents of minor elements in chalcopyrite from

some volcanogenic massive sulfide deposits(10~%)

R OE W A Au Ag | Mn| Cd Co Ni |Co/Ni| Bi In Cr Sb As Se
1HFBEUTERES 4.4 | 6.5 ]85.4 118,01 10,9 27.5({0.4 | <5 |34.5[ 32,6 19.3 94.0] 90.1
2 BT KT 5.9 [ 74,4 | 77.5 | 24.7 | 6.3 | 15,7 | 0.4 | <5 | 56.5 | 32.7{ 18.1 | 84.4 33.9
3.FE#E K 78 10 50 30 30 1 360 <4 | <100 | 200 49
4.8 & Shakanai F* 5K 0.1 57 23 14 27 22 1.23 | 88 |62 (<10 368 | 557

BERLRE: 1, 2—AREs S—XRE IR0 ,1890; 4—3CHRI6)

FEWLHHY HAu, Mo, Cd. Cr& & B AShakanai B HI 4%, H2HAg. Co,
Bi, SbHIAsE EH B TIRH-

FAFIHBHZAD KRS, MEEHHRHEY BREREMAg. CAMBIE R,

mRB B KR LG EEY S5 THHEEY MEALLE, WA, THHHEHAFL
A EBEHAY EBHAu. Ag, CAfling &, HAARMKMCo, NifiSed &, WELTHE
W RAEREWACS R, WRARETFAUNEEERERE,
1.3.3 [N&w"

F5 M THEL. KA. DL B AShakanaif IR T EMBRILE &8,
M5 AHFH

® 5 FELAUZASRRADY KAST PHHBTESE 1079
Table 5. Contents of minor elements in sphalerite from some volcanogenic

massive sulfide deposits (10°°)

TELHREREE [ Z8(%) | S(%) | Fe(%) Cd [Zn/cd | In Ga | Ge | Bi Sb | As | Se
147 53.66 | 33.55 | 9.12 6160 87.1 70,2 35.2] 2.2 B 900 37
2.k 57.93 | 33.78 | 3.38 6210 93.3 90.6) 20 1.5 B 300 91
/J\’&LU:

3.Xiao-9 63.89 | 30.85| 0.67 3300 | 193.6 27 2.7 8 1.2 2.9 300 14
4.Xiao-3 59.06 2.20 3100 | 190.5 28 10 1.6 58 | 100 60
5.Xiao-4 65.22 | 32.39 | 0.58 3100 | 210.4 31 3 1.5 36 70 20
6.Xiao-5 65.51 | 31.46 | 0.95 3100 | 211.3 11 11 1.1 43 25 20
7. B ZShakanai 0.309 | 3430 | 189.5 17 90 |<<50 41 | 300 | 250

GERE: 1~2—FHEREN, NBEakl, 10825 3—FL 4% (FIEIRI), 1985; 4~5~ 6 —EIBABHIL
Brs RES¥TRL: T—3CERI15)
(1) HEBULR KGR INET B A B 9 Fe (3.38%~9.12%), Cd (6160 x 1075~
6210 x 107%) . In (70.2%X1076~90.6 x 107> F1As (300 x 1076~900 x 107 6) & &;
(2) Shakanai D" BHEEAIGa (90x107%), Bi (41 x107%) FI1Sb (300 x 1076}
&E, HEHAREMKHFeARE (0.309%);
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(3) /NIRRT DA ERR M Fe (0.67%~2.2%), Cd (3100 x 1076~3300 x 107°),
In (11x107~31x107%), Ga (2.7 x1078~11x10"%) I As(25x1075~300x10"¢) & &
i 51 0 LU KA L DN s

(4) MILZTF, DRILNFEY EFe, Cd, Mla&RLARZn/CAtLiEY WS A &85
Shakanaiffy [NEER" HAEHEHML, X#E—PEIET ARG RS B A2 RE K ALHE;

(5) BRI HMEAT K, MFEL. KEUR/MRII=F RN RSe & Rk

. BLAKKBULAZE (91x107°),

2 MmtTEmHERiLF

ATHRVARTBE ST KUERAMT AHREXR, RIGEENET HELR/ME L
SRTEMBLTRESR, BAR6, X6 PAARLTHEEEREHRLY M B FH]
B B 1 AR X M- AR A YR A R R AR REES A EIA A,

F6 pRryEEGRTERLIRRSRO O REESY

Table 6, Contents (ppm) and some parameters of REE in rocks

and ores from the Baiyinchang ore field

TEREBK 1 2 3 4 5 6 7 8
La 23.12 12.82 9.91 12.26 0.815 1.926 5.19 0.509
Ce 48,57 19.28 23.62 23.52 | 0.862 1.243 9.34 | 0.290
Pr 6.15 3.77 3.64 2,74 0.205 0.286 0.81 0,072
Nd 23.87 16.12 16.02 10.20 | 0.644 0.242 3.40 | 0.238
Sm 5.01 4.33 4.90 2.21 | 0.196 0,157 1.00 | 0.057
Eu 1.30 1.62 1.21 0.69 | 0.025 0.097 0.17 | 0.006
Gd 4.73 5.10 6.48 2,42 0.309 0,184 0.46 0.055
Tb 0.40 0.58 0.86 0.41 0.065 0.023 0.15 0.008
Dy 3.61 4,32 6.98 2.46 0.435 0.116 1.07 0.020
Ho 0.70 0.87 1.61 0.68 0.103 0.026 0.23 0.007
Er 2,06 2,34 4,56 1.61 0.495 0,074 0.58 0.009
Tm 0.30 0.33 0.76 0.26 | 0.047 0.015 0.09 | 0.002
Yb 1.80 1.95 4.90 1.84 0.397 0.108 0.64 0.020
Lu 0.28 0.28 0.75 0.35 0.058 0,024 0.08 0.004
Y 18,05 21.08 38.91 15.56 | 3.057 0.828 5.97 | 0.151
L RE 139.95 94,77 125.11 77.21 7.713 5.349 29,18 1.448
T Ce/TY 3.38 1.57 0.80 - 2.02 0.55 2.83 2.15 4,25

Sm/Nd 0.21 0.27 0.311 0.22 0.304 0.65 0.29 0.24

Eu/Eu* 0.21 1,06 0.66 0.92 0.31 1.76 0.67 0.33

(Ce/Yb)n 6.88 2,52 1.23 3.26 0.55 2.94 3.72 3.71

BERRE: 1~4—X#LHp: 1—HRBXEREES, c-afRaBEs: s—afARKARE: +—BARHM
REXARRERKE 5~8—KWHN, Ho. s—FEBEURRSAREFH, s—hRLRERY
A T—HBELBRRERY A $—/NEIRRZa-Pb-Cuf A

f# 6 il 1 AHEE .
(1) BRMBEGETFABAMABEHREEYNREA 5, H#H A BEHZREE
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(139.95 X 10"5f194.77 x 107%) . ©Ce/TY (3.38F11.57) #1 (Ce/Yb)n (6.88F12.52) {4,
DAR B EHSm/NALL{E (0.21F10.27), HWAHHERB L EER, EARE KM X ZR
B, RREANEZ-BEAT, BRTLASBMELHMIIE,

(2) AR B AR EMARFE R AHREEMR 5K M8 A4 XM, FERH
T EENMAEAFHERY, bERMEEZREMRY, BXAFREMNEEMAEwRH,
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Lla de Plr I\id Slm éu dd 'lLb f)y l-.lo Er Tm Yb Lu

Bl AREyEER. TANRERARELREES A A
1-BEHMBE: 2—WBE —AEE (—OEARRERS s—REUREEREN A 6—/h8b
PoREEG T T—IFELRRERT A s~/ Nl RZn-Pb-Cuf™ A
Firel. Chondrite-normalized REE patterns of rock and ores from the Baiyinchang coppar
orefield.
1—K-rich spilite; 2—S8pilite; 3—Kecratophyre; 4—Quartz keratophyric tuffy 5—Massive cupreous
pyrite ore from Zheyaoshan; §—Massive pyritc ore from Xiaoticshan; 7-—Massive chalcopyrite ore
from Zhcyaoshan; 8—Massive Zn-Pb-Cu ore from Xiaoticshan,
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X AT RE A O H7E ik nh A R p AR A BE R M EWR A BB 4 T B AT AR s
(3) AR X ABHEEREBHEuS R (1.62%x107%) FEw/Eu*f (1.06), ®HE
RHBA (3D kAL, BREET —H2rEug i
(4) ARTHEERTAMREESARRXNSZERAB-AREXERBLL, K MT IR
HEBRPREN—ZE, BEEXTAENART KZRIXAE—EER, . a. MRl
F AR Zo-Pb-Cuf” A WREER AR I W AR — 28, WA TSR T
A, B/AGNBRERBy ARPENESRE (Eu/Eu*=1.76), MR Zn-Pb-Culf™ A
HB MR (Ew/Eu*=0.33); b.HiBILMMAEYT G REE RAFRAEEG, BRRER
EBUAEBERIRE (C2/Yb)NlE (0.55) f1ZCe/ZYMH (0.55), WHIEMLTE M E
%, MEZ TERERPDERZAFVA B F B &S (Co/Yb)n1E (3.72) f1 ©C/LY &
(2.15), WA RR L CEMMEER, XEARTEGACREIEBPRER + T ERELH

BARTV A ARV EREARBREAKUESFEETEKET S, REBHLIT D
LR

(1) AR HBRZa-Pb-Cuf AR A& BY 9 KB T AGAMHEL, A
REMAs, Au, AgRICAE &, X—FEiEH & REHML#E, B— ﬁﬁ&ﬂi%&klﬂﬂi@
BRBEHY IR LB A, AgllER 5Zn, Pbiﬁ%,“ﬁt]]#ﬁéé, iMH % #¢&
BRI —4E, AsRAup™ L RIFHFH

(2) AR T BV amESESNEV b HFeSERF AW BHMAMEL &, XN
BRAvEZnRRFIEL, BELNEY BRE, MR R4 R EHEU AR ERAF];

(3) KRIWRHBRBEL DT RE D FCo, Se&EMCo/NiWIEHHT K ER TR
ipE L Z # %

(4) BE T EFBLEF R TRRANEY 5 LAy Mk, BFE S0 Au, Ag,
Cd, In& R, X—FEWRREERSTRFAUNEEBE, B—HEOEH T 6 $Hr 2
fE AR IR & 1F T T R

(5) AR F"H/MKLZn-Pb-Cu-Au-Agh KN fEFe, Cd. In& &F Zn/Cdkk
E%HEYS B4R 8 Shakanai § RN IEH ML, X/ KB RN KY
X—EiE, HEZTAR T ATEL— KRBT KNS BEEF 7 KX 8L,

A, AR HEERF EHREES A S5 BNAR- AN AR ARAREES fiRIX
EAME, XRBEMNHYEREEEL K, ER—FEKAFRXREY G REE 574 BA M
ERAIRERGRE R A EREIBPRASR L TEHIE,

ALY ESIARAAEET VAT L. REHAF f/MNOLT X H I
), BELRNRLAESNHERBREENRPLOTLERTER. E—hEE
BT R A RSN G ARAEELEESKOTE; B8 h i me =5
HREREYT - REARY. BRARTEIRIRHES. ML LRGN, EEK—
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GEOCHEMISTRY OF MINOR EIEMENTS AND RARE
EARTH ELEMENTS OF THE BAIYINCHANG
GU-POLYMETALLIC ORE FIELD,GANSU PROVINCE

Song Xiuexin, Zhang Jingkai, Xu Qingsheng and Cao Yawen

(Institute of Mineral Deposits, Chinese Academy of Geological Sciences, Beijing)

Akstract

In comparison with ores from Kuroko deposits in Japan and modern sea-
floor volcanic-hosted deposits in the world,various ores from the Baiyinchang
orefield, especially the massive Zn-Pb~Cu ore, have the highest Asand Bi con—
tents, and relatively high Ga, Cd, and Au contents as well as Co/Ni and Au/
Ag ratios. Au contents of ores from the field are negatively correlated with
Fe contents of sphalerite from the ores. Sphalerite from the Xiaotieshan de~
posit of the field is similar to that from Kurcko deposits in Japan in minor
elements.

REE paiterns of ores from the Baiyinchang ore field is comparable to
those of spilite—keratophyre rocks from the field, suggesting that the source
of the ores in the field is rodghly consistent with that of the rocks.

Investigation and comparison indicate that Co and Se contents and Co/Ni
ratios of pyrite in volcanogenic massive sulfide deposits tend to decrease with

the decrease of their ages.
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