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Sources of the ore-forming materials for the Yinachang Fe-Cu-Au-REE deposit,
Wuding, Yunnan Province: Constraints from the ore geology and the S, Pb,
H, O isotope geochemistry

HOU Lin', PENG Hui-juan® and DING Jun'
(1. Chengdu Center, China Geological Survey, Chengdu 610081, China; 2. Chengdu University of Technology,
Chengdu 610059, China)

Abstract: The Yinachang Fe-Cu-Au-REE deposit is located in the middle of Yunnan Province along the southern
part of Kangdian axis and at the southwest edge of the Yangtze block. According to differences in mineral associ-
ation, ore structure, texture and wall rock alterations, two mineral assemblages can be recognized, i.e., Fe-Cu-
REE-feldspar-silicate assemblage of pre-dominant mineralization stage and Cu-Au-quartz-carbonate assemblage of

post-mineralization stage, and the Fe-REE-feldspar-silicate assemblage can be further divided into magnetite-
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albite-REE subassemblage and chalcopyrite-K feldspar-garnet-biotite subassemblage. S, Pb, H, O isotopic re-

searches on chalcopyrite, fluorite, quartz and calcite of the chalcopyrite-K feldspar-garnet-biotite subassemblage

and the Cu-Au-quartz-carbonate assemblage suggest that the metal and fluid sources of the chalcopyrite-K

feldspar-garnet-biotite subassemblage were dominantly derived from magma, while the ore-forming materials of

the Cu-Au-quartz-carbonate assemblage had a complicated metal source, and its fluid was probably of metamor-

phic hydrothermal origin.

Key words: Yinachang deposit; central Yunnan Province; isotope geochemistry; metal sources; 10CG
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1—Yinmin Formation of Mesoproperotoic Dongchuan Group; 2—Luoxue Formation of Mesoproperotoic Dongchuan Group; 3—Etouchang Forma-

tion of Mesoproperotoic Dongchuan Group; 4—Luzhijiang Formation of Mesoproperotoic Dongchuan Group; 5—dolerite dyke; 6—breccia body:

7—ore block; 8—Fe orebody; 9—Cu orebody; 10 — conformity; 11——unconformity; 12—nappe structure; 13—reversed fault; 14—strike-slip

fault; 15—fault; 16—exploration line/drilling; 17—Mesoproterozoic Yinmin Formation; 18—Mesoproterozoic Luoxue Formation; 19—Mesopro-
terozoic E” touchang Formation; 20—Mesoproterozoic Lvzhijiang Formation: 21—Mesoproterozoic Dayingpan Formation: 22—Mesoproterozoic

Meidang Formation: 23—Sinian; 24—Cambrian; 25— Jurassic
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Fig. 4 Photographs of ores from the Yinachang deposit (abbreviations after Shen Qihan, 2009)
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a—earliest magnetite-albite-REE mineral assemblage, obvious discoloration of the wall rock caused by albitizations b—carbonatite completely re-
placed by the sucrosic albite; along with significant magnetite (crossed nicols); c—apatite in magnetite under SEM: d—previous magnetite replaced
by layered metasomatic chalcopyrites e> {—alteration zone between wall rocks and Fe-Cu ores; including potassium feldspar; garnet, biotite and mi-
nor magnetite; g—chalcopyrite-» pyrite- bearing quartz veins cutting through early ore; h—native gold in chalcopyrite; Mag—magnetite; Ab—al-

bite; REE—rare earth elements; Dol—dolomite; Ap—apatite; Kfs—K-feldspar; Grt—garnet; Bt—biotite; Qtz—quartz; Ccp—chalcopyrites

Ng—mnative gold



BoW e MR AFEOEEG) B T R B ORI —— R BFARMUR S Sy Pby He O RIREERIHIZT 211

de, 4D, JEEAT DRI H AT UK. B -0 - BR IR
TR A R AT AT TR A 3 2R B KRR
WA IBICIR 25 S B T R0 SRR AT (10 4 D S 9 A o A
W LR BRI A& 4g) o S AEX—H 4
W 3 A A, BURLI) < (10 78 SURAE T SO A 5
A PR K 2R B (I 4h) o

3 FEACRE S NK

O K, YY) TR ) AR B ) 4 A T AR IR
SRR K - LA - K A -
BT - A R A T - 0 -k IR sh AL A o A
) (R AL SL) SRR A T REAN ], DRI e 75 22 43
BERFE . T AR HTIFE R IR A 1K A&
JiELAT BLIR 8 R 3, BT 1) B A R A 3]
40~60 H,iEVE T8 J5 X H B $haliis 99%
Pl b

S [FALZ R Ph [RIM 25 IR 25 Sl 3 B ™ —
PR RE T A B o BEALG  NZE 4 i IR R
AR BT RO G — 7 - IR Sh 41 & T AE T A
SO Jik e ) SR AT AT AT 3 AT S R g
M7 VR AR A ) 5 A8 A R RN LR AL AR B Sk
FUALE Ry JL A 25 0F B 2 W I SO, » 75 MAT251 iR
BEE R, KT E bR A e CDT, € 7 1 RORS
J:+0.2% (Shima er al.» 1963). Pb [F 4L 2 #14)
M7 I FREL 50 ~ 100 mg A1 K il B T 2R DU 9 &
W M i, F HEF + HNO; W, 15342 3 KH 6
mol/L HCl 2 BRBR M. 45 J5 KX H HCI(2 mol/L) +
HBr(1 mol/ L)V & BV il A i, B0 5 A 30 1)z
TH E AG-1 x 8 BB 1A ekt 4 B 44 Ph. Pb [F)
A7 2% 21 R 5 o3 A A8 B B BURE A MAT261 1528
Beo a3 Hrik B2 SR A AR AE NBS981 #EAT i e M 44, H
207pp,/206 ph W 12 25 SR IME M 0.914 34 + 0.000 30
(26), HHAHEFEEO0.914 64 +0.000 3375 % 20 [l 4
— B [ ZE A BTRE b 1R ) % 38 7 R AL S 58
B, SRS RIS DU 2 1) P A2 S A 3.7 x10 % g
(Manhes et al.» 19800 4387 HA7 A A [ 3l ot i 2
Je G T At o

T L 5 U e i BRI 2 R O ) S A A
ANV ERVE i e SR SR S E R el O o ST R ]
e TR IR Eh A A 0 SN g i A B W EAT & AR
FA AT AL ZE BT 1 5B TE 150°C FLAE 44
NEA 4 h BB BB R K 7R 200 ~

350°C K H AR A AR BB SR AR 1 H,O, IF7E
400 C &M N5 Zn KN 30 min $H Hys & )5 78
MAT251EM i i 4% bW e [A) 47 2% . 8D BA
SMOW MARAETHEL, R BE £2 % o A A7 % H BrFs
AU GERE AT 500 C LA RNV IR P15, I 5
SR B IR AL B CO, UK, MAT-253 Ui X
oA AR R 25 2 G 8180 BL SMOW Ay st i 5
KELED) & 2%01 15 D& -1 (R LA KT 815 Op o 18
B 1 000 Inegse x =3 138 X 100/42 — 3.4 (Hp, ¢
MBI EC, A K KA, 20000 7HH (2 =350 T, HL
JIT I A A IS — 1l BE TSP 34D

4 RS

4.1 FRMIZFIL

i [F) A7 2% A R A R AR 1. AR 1 TR
TR KA AR AR s R A
(PONE )2 4% i R Y82 GRS AT R0 A0 1 83 Sy (%o
HZAAE — 0.44%0 ~ + 3.60%0 Z ], FI1E +
1.75%0 2547 53 AT R385 LA+ 2%0 — + 3% X B A
25 Jo A4 - i R kA G b R IR B A A
AT 83 Seryr( %o MEZZAAE + 1.84%0 ~ +4.07%o
Z 18], VIEHE +3.21%0 /547

A ) P BR PRI AR T AR R R 42 JO A U5 1)
TS 2 — o G R R R R LA AR I 5T 5
P, YN IRE A BT 83 Seyr (%o ) (2 AL
JEHIN —0.44%0 ~ + 4.07%0, 73 A LELER o X
R A TP IR [T 2% A R A W s SRR B A R —
(A 5L o SRR L B4 5 2 R I RR A (8™ S
20 £ 3%0 ), A G HE BT L v (8 R YR T4 K (Holser er
al.» 1996). HAKIME, Ja IR IR B A 528 9 1)
*SenyrC %o MEL LT — W 2L A 2 45 17 R ¥ e
ARBCHH 0 v, o3 AT FI ST 28, H R A B R i =00y
RFECE 5. BB A i 5% Sepr( %o H
BT + 5%0, MR L B L AT VR A IR 1
PE A AR s HOoR BRI R 1 IE R R N . HE 4l
BRAAT X R JC A0 [ g i 2, D0 I AR R R R 401 1
JEH, 5 28 RE R AT, &) LA R AR X [R] 28 23
WK EERAG TREMZZ b WHFPENXE
AR R T B Pk R R 4 i 35 18 ( Zhao
etal.» 20105 Hou et al ., 2014), WL i —Fh b 2%
KA PALERR 2k, I 5 & 18 AL B E RS I H e .
WA YA 5T 15 2 (0 SR 26 45 K i R 1 S



212 Co SR R/ B I %34 %
F1 BN T ERBRMAZERNELER
Table 1 S isotope analyses of the chalcopyrite in the Yinachang deposit
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Fig. 5 Histogram of S isotopes of chalcopyrite in
different mineral assemblages of the Yinachang deposit
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I—previous analytical results of the chalcopyrite-K-feldspar-garnet-bi-
otite assemblage (after Li Zhiqun, 1996; Yang Yaomin, 2003); 2—
previous analytical results of the copper-gold-quartz-carbonate assem-
blage Cafter Wu Jianmin et al.» 1998; Yang Yaomin, 2003); 3—
newly analytical results of the chalcopyrite-K-feldspar-garnet-biotite
assemblage: 4 —newly analytical results of the chalcopyrite-K-feldspar-

garnet-biotite assemblage

18.000, AT A F£ i 11297 Ph/24 ph LU AE & T 15.3, H.
Th/U LEAE/NT 1, R R S Bl 1 & 48, HAEVR
X N UM ThH X PN & 2 & EM. — o

A 0 S A AT HL200Ph RI207 Ph R i
ST BN B IET, 208 Ph/2% Ph 23 ik, R I H
—EFEE L T . ARIMIE YN R B A A 208
Ph/?%Ph (A0 =5 T 39.000 11 ¥1H, 3 [F] A 3 B
TR 2 ) T AR O, A TR SR AL
WAF1F28PL/204Ph (E 3 &
4.3 SEEMNEHY

YER X Ay S RN IRAS A L5 0 1k
) JS A AU, A TRAIE 5T 43 ) % S A — A K A -
VEL e RS N 4 Rt Ll O SN [ e SRR /3 14
Eh A A TR T A AT AT T AL AR A R A
BT S5, e gl B4 - & - LT K 3
E IR SR S R Y SR e e N4 R SR - Sl R
W) 880y suow THAN T +9.30%0 — + 10.80%0 Z [, *F-
%)+ 10.08%0s 8Dy.svow TH I T — 63.20% —~
—80.20%0Z 1], *F- 15 — 71.33%o0s H— 41 Je— Tk IR
B AT AERETY S Opguow H T
F15.20%0 ~ + 18.10%0 Z [0, ~F 3 + 16.32%o0>
3Dy svow 7T T — 47.70%0 ~ — 91.20%0 2 18], *F- 3
— 74.82%os i~ — A HE— T IR £ 415 TP (0 7 il A
T4 8" Oy quow TH T+ 17.00%0 ~ + 19.70%0 Z
i, ~F 34 + 18.96%0> 8Dy suow AT T — 66.10%0 ~
—98.20%02 17, *F 1) — 86.4%.( % 3).

FEMARI A A A AL E SRS Taylor(1974)
PO AR FE 25 Pl Hh T AR [ ~F 3 (ELAE 0 bR S R B,
AT IR AL il 818 Oy sviow 1B 38 K T~ i {, 3
HE A RE i FE I A KA L E AT HERR SR B DR 1
AR, AR TS il A 8 T AR A TR A AR
KA B TR A DX, A 1] HEBR K e R CEL 705 1 K]
Tht I H K 1R % SR 1K 8Dy qvow TH 58 4 2 2%,

Fz 2 ENHTRBEMRHRNELE R
Table 2 Pb isotope analyses of the chalcopyrite in the Yinachang deposit

P Wik (R Eikey i 206pp,/204ply 207pp/2%4Ph 208pp,/204py o fH Th/U
DFH3-1 B 51.112 17.875 41.971 21.03 0.46
DFH3-2 B 41.646 17.068 40.869 16.27 0.54
DFH3-3 - BT R 45.572 17.472 40.116 18.24 0.45
DFH3-4 PR AR LB B 38.048 16.997 41.095 14.46 0.62
DFH3-5 B 47.282 17.620 41.984 19.10 0.51
DFH3-6 B 37.684 16.939 40.980 14.27 0.62
DFH4-1 SR 40.653 17.181 41.899 15.77 0.61
DFH4-2 B 232.226 33.120 42.010 112.12 0.09
DFH4-3 o Hil— A1 - gl 168.187 26.866 39.713 79.91 0.10
DFH4-4 Rk Rl 356.740 41.182 40.008 174.75 0.05
DFH4-5 HAT 19.523 15.853 39.411 9.86 3.62
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Table 3 H-O isotope analyses of the chalcopyrite in the Yinachang deposit
G F A IR iR ] 380y smow/ %o 8Dy svow/ %o
DFH-B18 +10.70 -64.10
DFH-B19 +9.60 -63.20
DFH-B20 2. AP - . +10.00 —177.80
AR \ o AT

DFH-B21 TR, +10.10 =77.20

DBS-7Z6 +9.30 -65.50
DFH4-YS +10.80 —80.20
DFH-B22 +15.20 —-82.10
DFH-B23 +15.70 —=71.30
DFH-B24 . , i +16.70 —88.80
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DFH-B26 +15.60 —47.70
DFH-B27 +16.60 -91.20
DFH-B28 JE 3 +18.10 -67.80
DFH-BO0S +19.60 —98.20
DFH-B09 +19.40 —90.60
DFH-B10 i~ TR I R4 +19.70 —92.60
DFH-B14 +19.10 —84.50
DFH-B16 +17.00 —066.10
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of the ore-forming fluid of the Yinachang deposit
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Magmatic water, strata water and metamorphic water after
Taylor, 1974; Cornwall granite water after Sheppard, 1977; meteoric

water after Epstein et al., 1965
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