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Fluid inclusion evidence for the Hucun copper ore deposit in Tongling area
of Anhui Province
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Abstract: The Hucun copper deposit, located in the south of the Shizishan deposit in Anhui Province, is a typi-
cal skarn-type copper polymetallic deposit, which is mainly characterized by copper-gold orebodies in the shallow
and copper-molybdenite orebodies in the depth. A systematic study of its ore-forming fluids of the shallow skarn-
type copper deposit indicates that three evolutionary stages could be recognized in its rock-forming and ore-form-
ing process, i.e., skarn stage (Stage | , subdivided into I -1 and I -2), quartz sulfide stage (Stagell , subdi-
vided into I[-1, [I-2a and I -2b stages) and carbonate stage (Stage Il ). The results also show that there are
three main types of fluid inclusions, namely liquid-rich phase ( Type I ), subcrystal ( Type 1I )
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and gas-rich phase (Type [l ). The evolution of ore-forming fluids at different stages are as follows: it was of
high temperature (543 ~631°C ) and moderate-high salinity (14.8% ~20.1% and 44% ~50.1% ) at Stage I,
medium temperature (172~298C ) and low-moderate salinity (5.9% ~16.9% ) at Stage [l , and medium-low
temperature (158 ~247C ) and low-moderate salinity (1.7% ~6.2% ) at Stage [ll. H-O isotope studies indi-
cate that ore-forming fluid originated from magmatic water and then was mixed with meteoric water at the sul-
fide metallogenic stage. Geochemical characteristics of fluid inclusions reveal that the temperature was the main
controlling factor for the shallow orebodies, the copper migrated at high temperature and then the ore-forming

materials began to precipitate and concentrate to mineralize when the temperature rapidly fell with the continu-

ous mixing of meteoric water and ore-forming fluids.
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Geological sketch map of the Shizishan orefield in Tongling, Anhui Province Cafter Xu Xiaochun ez al., 2014)
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1—Middle Triassic Yueshan Formation; 2—Middle Triassic Dongma’ anshan Formation; 3—Lower Triassic Nanlinghu Formation; 4—Lower Tri-

assic Helongshan Formation; 5—granodiorite; 6—quartz monzodiorite; 7—pyroxene monzodiorite; 8——granodiorite porphyry; 9—monzogranite

porphyry; 10—fault; 11—geological boundary; 12—ore deposit
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Fig. 2 Geological section along No. 36 exploration line of

the Hucun copper deposit(after Xu Xiaochun et al., 2014)
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Table 1 Mineral paragenesis and generating sequence of the Hucun copper deposit
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Fig. 3 Photographs showing alteration and mineralization in the Hucun copper deposit
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a—epidotized grossular skarn (Stage 1-2); b—massive magnetite ore (Stage I[-1); ¢—molybdenitized andradite skarn, disseminated molybdenite
and calcite intergrowth (Stage [[ -2a); d—massive chalcopyrite ore, chalcopyrite, calcite, quartz intergrowth (Stage Il -2b); e—veined chalcopy-
rite ores chalcopyrite-pyrite-sphalerite-quartz-calcite intergrowth (Stage [l -2¢); f—pyrite and calcite veins in carbonates coarse-grained
pyrite distributed at the edge of the coarse-grained calcite (Stage [l )
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Fig. 4 Metal mineral structure, association relationship photomicrograph at the sulfide stage (Stage II-2) Creflected light)
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Fig. 5 Photomicrographs showing modes of occurence of fluid inclusions in the Hucun copper deposit
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2 3 M B 8 v %1, D {H 78 b i [ 7¢
=77 .15%0~ — 42%0 Z 18], Forp iy R AP B C T -1 B
BOWAR A SDx/SMOW {H K — 77.15%0; i A4
FrEeCI -2 BYBOJ7 il A 1 8D /SMOW {122 44
T — 74%0 ~ — 69%o 2 1] ; B R 25 B B CII B B ) 7 i
A1 8Dk /SMOW fH A — 42%00 8" Ok %0 (SMOW )
AT HEAE —0.5%0 ~ +6.97% ], iy <45
BrecCT-1 B BoO WA A 8% 0x/SMOW 18 4
+6.97%0; TRALPIIT BECTL -2 BY B A 1 8180,/
SMOW {HAZ 4G L A — 0.5%0 ~ + 2.7%0s W IR 2R T
BLCI B BO T AT 8180,/ SMOW {H A +0.24%o0
M 8 s R H, 1 R A B C T -1 B BOH-O [
P2 AL T 1E 5 4 HE 7K CTaylor, 1974) 36 [ 5 i
B B CIT -2 BYBOH-O A 3 410 7R H 2 KoK
55O KR A FGB T A R AL, B R 2R o B C I e
BOH-O [F47 3 241 5 AR AT (A

5 Wik

5.1 A RRSKRIE

SR DR vh 2 B BOD™ 40 I & 48U TR) A7 35 98 k)
AT Bl AR IR R L A R RS
FrEeC -1 BrBOARE A FEN T 880,/ SMOW {4
+6.97%0 2547 » FEANL T 1IEH 45 % K (Taylor, 1974)
(FEIO VL 4 5 8D, / SMOWAE K — 77 . 15%0 2247 5 4oL
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Fig. 6 Raman probe analyses of fluid inclusions from the Hucun copper deposit
a— 1 -1 W BOES B AR A B AR B B 38 7K b— 1 -1 M BOES AR R v B AR SO B R Ay 38 R 7K o— 1 -1 B BUES B AR A v £,
BARETTRAT T d— 1 -2 B B BERE A P A B A A 150 7K s e [ -2a B By S v AL ZE AR SR IROAR B K f— 11 -
2b B BE7 AT b SRS SRR K s g 11 -2 B BET AT h A B4R VIRAR IS 7K e [ BAT 9 v L A4 SO B 3 4 7K
Adr—85 84T Grs— 5401 Ap— B KA1 Co—TrlATs Q—A3E: G—"UM: L—iAH
a—{luid inclusions of gas liquid being water in andradite at Stage | -1; b—fluid inclusions of gas, liquid being water in grossular at Stage | -1
c—calcite daughter mineral inclusions in andradite at Stage | -1; d—fluid inclusions of gas and liquid (completely water) in apatite at Stage | -2:
e—fluid inclusions of gas and liquid (completely water) in quartz at Stage [l -2a; f—fluid inclusions of gas and liquid (completely water) in calcite
at Stage |l -2b: g—fluid inclusions of gas and liquid (completely water) in calcite at Stage Il -2c¢; h—fluid inclusions of gas and liquid (completely
water) in quartz at stage [l Adr—andradite; Grs—grossular; Ap—apatite; Ce—calcite; Q—quartz; G—gas; L—liquid
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Table 3 Hydrogen-oxygen isotopic compositions of the Hucun skarn-type copper deposit

RS R P A WA /T (S&l ;ﬂ’gfﬂ// " I\i(‘;?vg S R
HC-10-18 1l SRR T A Tt 196 12.6 0.9 42 A
HC-10-2 -2 =R LN CR Y (e) Jif e 230 2.7 3.26 -70 AL
HC-10-4 I-2 EHE R A JifeA 226 12.1 2.66 —74 KL
HC-10-3 II-2 I TR T A T A 222 10 0.56 -74 AL
HC-10-1 -2 RGN S Ry e J7 ffA 222 13.2 3.76 -69 AL

HC-01-1 T-1 NEW R E eyipa - 16.3 6.97 -77.15  JEEE, 2009
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T IEH 7 2 7K (Suzuoki and Epstein, 1976 )75 Fl 4 .
FUEAR A PR ) B ARk B T4 KoK it s

BB CI0-2 By BOO Wi 3 78 1 8Dk /SMOW  {H
(= 74%0 ~ — 69%0) ) F. 35 J /KR 4k, 15 88 Oy /
SMOW 1 C = 0.5%0 ~ + 2.7%0) I T 77 2 K5 1E A
(4 6%0 ~ + 9%o» Taylor, 1974), 7= H K880« 15
B I KA B 7K TR A PRI AR IE , 2 B R I B 1 A
AR R i oK 5 R AR IR G #M . Pan 55
(1999GCTE T 508 A= U3 AR B2 0 B DX 110 I8 A 1 2
PRI E A A 2 B, K)o BT R R A B B
G AL A i BB RN WG A e A K A B ) A
H-O [FIf7 AR . A SR ST 45 R 5 AL, &
T KV R IR X Y R A BT R H-O R A 2R
LA R

X TH R BEA A, il (> 400°C ). 3
(>30% ) it A& — A A K T8 2% FO (Diamond
et al .» 1990; Heinrich ez al .. 1992, HIATAHH KA
A 1) iR (577 ~ 631°C )~ =1 3k (44% ~
50. 1% T A E AR R 7R RABCT -1 B
BOWARUR T4 KA
5.2 TRRUER KR (LRI

TEE 9a B R Y, SR AT R o™ v 44 5 21
LTS T -1 AR AR 2 B B 1T
PR SR B B, AR RE P v vl v AR B, SR b
FEE AR AR ER B

T T-1 W RAH B RSy 1 A4
184, o [ Mt T YA A A, R
B RSO A % Nas Ca %703, AR R 0] g A
NaCl+ Ca?" + H,O &R o 1% Bt A (0 2 4 DA sy il
CEARTE 550~590°C Z 1A, ARG D, & #h B (I Ak
TE 46 % ~ 48% » AAHE TG ) A4 4E CH 7a-1, a2,
9a)e PIZREEEE(2003) N A5 15 R 4 7 AE i il
Z57F, tHBR IR AR5 o B R TR o 5 e i T K
RN R ALEE DA RN 1 =4 o AT 2 W AT
PR — > S A b A AR R R A = 5 BT IR . FERY
AR AR T R, B A AN BT, ek
FNGPANAR KT, K& &K R A0
12 ZRAT A B Bt S A T B0 I 28, A
A R A T B ) ER K AR R o B B A £ 2 Ak A
R CEARTE 350~370°C 2 18], AMETE D, s Eh
FECFARTE 14% ~ 16% » AAETE FD I FFAECE 7a-1,
a-2, B 9a) o IZMY B UL D SR B AT SRS O
AR R BN TE 350~ 370°C 224 AR TTTE , &
HESCEF Q007X ST PRIEAT K OV, S 46 45 H
B AR TR Cu 1T B8 32 22 70 8 IR A A WA T iT
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B, ARG TG SRS A N Nt T H (370°C ).

IH3H: 11-2as [ -2bs 11 -2¢ M Berh Ao 22 R 2R ALY
T AL, g N E A AR I UM R 4 1 R K
(B 6efg)s MR FR A NaCl+ H,O R &R . Wi 45
TR IR B AR AR L (210~ 230°C , AR {E TS
FEDCE 7b-1, B 9b), A& ERFE 10% ~ 12% » ARG
FEICE 7b-2, B 9b) W4 AE. 76 il i l R 228 8
Fe? " iT4, i =22 LL CuCl, ™ F1 CuCl JERITH , 11:bl
Hapm At gl b, WA R — P EAE T U
AN B 7038 Ay T A o
TCE, LA R B A il I R T AR B 48 5 B A
PN 4 I 465 ) 93 FAR R A 2 Y AR S D BRI, (2 3
EJBBLAEVIATIE . Reed 5 (1985 WA A 1A R
(A 27 110 4 T A, Bk A AL R v 3 5 1 ok, 3 3
&8 A A RS, TR GG, SO A B
REVUE . FARTAT IRTE BT CAJS A7 — S A Bk Ay
F R 5 B IR .

M R T AL, 4y 2 % e B
AAHFBAH B3 38 O B KB (B 6h) o 7Y o BE 45
(2003)TA A 7 K 5 R AR IR £, i Bl e
A, el ) O R P ok AL AR IR 45 R Wiz By
Brm R LA (170 — 190°C , A D (B 7e-1,
9a), (IRERBEC29% ~ 4% , AR ATTE D (B 7¢-2, B 9a) K
RFAE o B 8 AT B B — 7 A A Ik, 36 B R
S WA A A 1R PR A R R BT . e R 3 A B
L ARTRAREK N FBE S A, WK 8
AT LU Y BN KA B KR &8 2 AR R,
AFN T T -

5.3 W RIUENLE

HAK R & B Y R 2A BT IR EAT T Rl
AR IR 2 0T 5T, G5 SRR WY B 3 A% 1 990 s 4 A
N VE 2 BT R 45 J@ DO & A 1 T ZEHL T (Rod-
der, 1984; Diamonds 2002; Calagari, 2004; /7t
&, 2004; Pokrovski et al., 2008). L4 [ 1o X 5
L3 2T UG L 5 LA™ PR 32 ™ B B R A
TR o B AT AR X Y R
Fr AT RIEAT T O IR A M kAL 2 LU A (R
4, RKIBLEIR B8 K e AL 5 e IR 45 0
AT . K 4 P RALZE AR AR XS L T LA H
S 2Rl RUBL L 7 1L 0 S AR R S %, A
B E UM AR A A A,
PRI COy~ CHys Ny Hy O 55, 3 B2« 85 7 Hovp 31
et ~ B v A R TR AE s 0TS AR AT B B
AL AR RIAON ' O, B 5 A HLO,
R R R B B .l B R X LR ST, T L
Fr L AT RO L I LT R S R B B
A I A 3 SO R R 2 B, Wb 1R I AR
SR — R A AR AL, ST T A R I A1 4 44
5 FHCAUM HyO BLK H,S.CO, HCL AF R AL 73 A
Ji 5 3850 TR R A AH AN T 3% S 2855 4 TR AR E T B
T A AR i dor 25 3 B SR A AL ) R 3R
WOUCHE . TSR IRAE AT SRt A P i B o, 2 1426
BRI TSR T 2, AR R G A4 s R AN VRV IR %2
SR R O™ A4 55 00707 FE A R O™ It A A7
FE D3] B S DS AT BT

(D NEPAMRAKF , A RFE AL T X kBT

R4 ERTEXARET K EREFFEN LR

Table 4 Comparison of inclusion characteristics betweenthe typical ore deposits in the Tongling ore concentration area
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TS BT 220~347 B T5:28.43~42.59
B WO B WA 141~278; P
RNl BRE B A AR 18-44.9 CONCHATLO il gﬁ;;ggﬁ
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KR R Bk A A AR &< AH:399; &5 AH:13.9; NAELO PR Wl BEVAEESE, 2011
(ERETIN WA 258 W AR 15.04 e
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Pl ks W4 ”‘é@;%ﬁﬁ 337~439 3~30 s 1 2B, 2002
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T8, BT R AR I RE b 119 45 SR 32 2 s et 9 R 1 3 1 AR
ACRFAE o 33 0 C O™ A fish AR AR IR 42 fk A2 AR AR
AR sREY, B R ) B AR O i R A e X A
KB W RE>YOREY KA — 2R 25— K8
H A O TE, 2003) . Bk Ar T B4 kAL L 4%
TATA R IR Eh A ST A 4, JLROR BB 1h L AR Bk
WA s Ak, S INERY R AR B L2 b
BT JRARLE RS R TR A, FL i P BRI, 36
FERERRRE, DR, ™ i A b R W AR I IS .
PR AEQOISOWILE K, TR R A -3
W B AR R AR R O R R LV
A, ¥ — BE O 203 ~ 344°C , 5 AR SCWE 5T 45 A
Bho SXRFAIE S5 et AR DR Y 38 4 A A4 LA FE 1)
PRI AR, AR AR B A4 1) VR A 3 S e
VE o AT BT PRI e b N KA B R K E
P Y AN L A R SR A i Y AN S PR N Y AT
A S PR AR (R IR AR 55, 2014, B 7R 20 B
A BT Ry R A B - AT, R IR
RAEBIRAE e PR AE(2015) 70 AT R0 1A 41,
FEARY)— W E N 227 ~398°C , Bl Ui A4 EL b i s ik«
DRI 5 A VRS2 06 45 Q36 1 B B IR VR S ™ A4 1 U
IRFAE o

(2) Z=HE 22007 )b SHFT AT IR FF /K= X .
SR A U BRI AT T8 3 A A R I AR R LA
FEEEIE o PRI AR, U R B
T 100°C I, EZRA TCER Cu AN K AENE £
(RIS H 5 s A T 2 ARG 5 1l B T v 21 200°C B AT
TS Cu WA AT 7 h il 45 1, Cu A
AR I S X AER W] Cu fE A T AT
IERARAS, Bl 7K =24 ] N I HEAT , KA R K 5 A
TUARANWIR B SO AL A4 A4 2R U B2 328 3 PR A, Cu 1)
TR T R A . A AR R Ak 2 Sy
Hrah R ARG CEL 920, A T B Be 21 1T B B sl i 4 it
JEE R 5 34 5 DSk A AR AR A A, 3 P il P AR
AR RS L A 5 ) A T R A T 2 A AT R
AR ™ P e 1) 2 BRI o
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(1) R I SR AT DK % B B
PR 5 B M CTD 5 F8 CITRD 37U
CIITD3 2 WOBRL R AR5 HTR DL A @ A
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TR BRI SR KR R

(2) H-O [FI47 F 05T R B AE 5L 2 B B
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(3 WIRHIE SRR 50 3 B, Hrbay
REBEBCT BBOXRIS R 2 NH B, B R
FrEeC T -1 B BOWAR LS (543 ~6317C), - #h
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FUHARY R A B B AR B A KA. -7 A SR
AR BLCT 2 B Bo A L sl (290 — 420°C), 7
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Yy BRI CIT B B v 4l 53 24 19 /S W e B, 4804k
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Y B A0 28 AT B GOR M- T7 il A1 C I -2a B
BOVHCR A A7 55-J7 fi# 41 CI-2b B B otk 38
A= SR 7 A CIL-2¢ BrBO . 11-2 B Besen™
R R DL AR L (172 ~ 298°C ), Ik - 55 Eh E
(5.9% ~16.9% ) AR s B IR R 391 CIT 0D A4 LAAIG
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