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Abstract: The Hongnipo deposit is a large Cu deposit newly discovered in southwestern margin of Yangtze Block.
In this study, fluid inclusion petrography, microthermometry, laser Raman and in-situ S isotope analysis of sulfide
were carried out aiming to reveal the source of metallogenic materials, ore-forming fluid and mineral precipitation
mechanism. The mineralization process includes volcano-sedimentary and hydrothermal stages. The fluid inclusions
in the quartz from the quartz-calcite-polymetallic sulfide stage (1) include pure CO,, aqueous-CO,, aqueous-CO,
with crystals, liquid-vapor aqueous with crystals and liquid-vapor. These inclusions are usually densely distributed,
The results of laser

Sulfides

with a wide range of homogenization temperature (106~500°C ) and salinity (8.8% ~59.8%).
Raman spectrum analysis show the volatiles of ore-forming fluid are mainly H,0, CO, and a little CH,.
from the volcano-sedimentary stage have 8S values ranging from 9. 18%o to 9. 34%o, suggesting the mixed deriva-
tion of sulfur from seawater sulfates and magmatic fluids. Sulfides from the hydrothermal stage have §*S values that
range from 4. 42%o to 5. 26%0, which implies a significant contribution of magmatic-sourced sulfur with minor stratal
sulfur. Based on the geochronology, fluid inclusions and in-situ S isotopic composition of sulfides, it is considered
that Paleoproterozoic volcano-sedimentary processes formed Fe and Cu containing source beds. In the Neoproterozo-
ic, with the breakup of the Rodinia supercontinent, the magmatic hydrothermal fluid from the deep carrying a large
number of ore-forming materials mixed with the metamorphic fluid of medium and low salinity and rich CO,, which
triggered the saturated precipitation of ore-forming materials and formed the industrial copper body of Hongnipo deposit.
Lala ore concentration area; fluid

Key words: southwestern margin of Yangtze Block; Hongnipo copper deposit;

inclusion; in-situ S isotope
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Fig. 1 Tectonic map of South China(a) and simplified geological map of Kangdian metallogenic belt (b) (modified after
Lin et al. , 2020)
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Fig. 2 Simplified geological map of Hongnipo copper deposit area(a) and the geological profile of exploration line 3 of

Hongnipo copper deposit(b) (modified after Lin et al. , 2020)
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a, b, c—laminated ore with sulfides, calcite and quartz parallel to the foliation; d—quartz+calcite+sulfide veins filling the fractures of the host rock;

e, f, g, h—vein ores are composed of chalcopyrite, pyrite, quartz and calcite; i—calcite+quartz veins cut through quartz+calcite+sulfide veins;

Py—pyrite; Cep—chalcopyrite; Bi—biotite; Cal—calcite; Qz—quartz
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with magnetite, muscovite and quartz; g—the euhedral-hemihedral pyrite and cobaltite are encased in chalcopyrite; h, i—chalcopyrite and rutile are
distributed along the quartz edges; j, k, I—chalcopyrite is closely associated with rutile, and it can be seen to be distributed around the edges of
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Fig. 6 The photomicrographs of different types of fluid inclusions in quartz from the quartz+calcite+sulfide stage( 1 ) of

Hongnipo copper deposit
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a—pure CO, inclusion (C, type) ; b—CO, two phase inclusion; (C, type) ; c—aqueous-CO, three phase inclusions ( L+C type) ; d—liquid-crystals
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Fig. 7 Distribution characteristics of fluid inclusion in Hongnipo copper deposit
a—4li CO, WHENRRE (group-1) 5 b—H C L+C A A B9 A AR BE (group-2) 5 ¢ d—H L+V+S B L+S 704 28 (A 4 A% 1) 0 2 (A B
(group-3) ; e f.g—H L+C+S 8 C L+C L+V L+V+S B R A R AY L BLRRE (group-4) ; h—HH L+V B L+C+S B C B J T+C+S B4
TR A=A AR (group-1R/E)
a—pure CO, inclusion group ( group-1) ; b—inclusion group composed of C, L+C type inclusions ( group-2) ; ¢, d —inclusion group composed of L
+V+S type and L+S type inclusions (group-3) ; e, f, g—inclusion group composed of L+C+S, C, L+C, L+V, L+V+S type inclusions ( group-4) ;
h—secondary inclusion group composed of L+V type, L+C+S type, C type, and L+C+S type ( group-secondary)
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*1

Z I8 MBI T 8% ~ 15% 2 18], S IR 2 K
SRR, B BN 20 A, IR AT W L+C+S AU ¢ RID)
Fo L+C+S RIS EARSEE | 581 ] DL E 1] 53 A
FRIE, B2 E 0 W0 R A A AR (18] Th) .
4.1.2  WigE 2

CLYRIE R PR I A A A i S R A5 R L3R 1
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Table 1 The microthemometric results of fluid inclusions from the Hongnipo copper deposit
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LAV4S, % -50.9~-37.1 23.7~-225 147~152 214389 387421 326462
AR (n=3) (=2) (n=5) (rn=6) (n=4) (n=6)
group-3
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FHBSLEE (£, o) A0 F=20. 9~ ~8. 1°C Z[H], AH S
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€O, M 5E 2 Rl AL IR (1, 00,) T - 56. 9 ~
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CH,) . v CO, i@*i(ﬁi*ﬁé@(ﬂ%ﬁ(lhmz){l\ﬂ: 7.6
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Fig. 8 The microthemometric results of fluid inclusions in the Hongnipo copper deposit

b co,— T CO, FILIRIE s 1, co, —CO, WA —IE o —TETOADMSIRNE o 1, —HREUELIE s ¢, —UKHORIRELIE : 1, ., —VK AL
L— AR

tm,co, ™ final CO, melting temperature ; thvcothomogenization temperature of CO, phase; ¢, ,—final clathrate dissolution temperature ;

m,ice

—final ice-melting temperature; ¢, — total homogenization temperature
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Fig. 9 The results of laser Raman spectra of fluid inclusions in the Hongnipo copper deposit
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Table 2 In-situ 6*S results of sulfide in the Hongnipo copper deposit
FE b s W ik FEGh R LR ] F45/%0
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522-15-3 A RN P I S ek 933
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522-15-4 AT SN L P ) e Rk 9.18
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21-522-11-5 WEAR AR R 5.04
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Fig. 10 Frequency histogram of 6*S values from sulfides of the Fe-Cu deposit in Kangdian region
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AAGNAE 372~ 412°C RABRR) . LiRFhFp g R
P 3K 0 A A R AR AN 2 e 3 A ) A TR A A X T
TR, AR R Y — RS R AR,
HoFHHAAIEMEXRE 1), Z s S [H
P R R HIRA RIEFFAE , R A RARIR AR AT
RESE I B A 25 FSA BRI 1) =ML
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S B U NS EAR 68 & L7 R~ a3/ R NI 2 LN
RO BT Y b s SR AR S & Co,
AR MR AR A 5 K AR AR Y — 3R BT LY
Horr, group-3 AR v iy £k B2 U 44 % B2, group-1 I
group-2 fUFHREL & CO, Wik 51, MifE B0 9
HHE /A ) C \L+C L+C+S L+V DL L+V+S #Y
AR (group-4) A3 Wi ity 51 I BB &3 47
5.3 WE REHERREEERE

TR B AR A B S e B I A e Ak 2 i Al
RERS H AR B RAR AL 43 A1 U5 ( Roedder, 1984) , i
AT SCA] AT, £0 PR3 AR AT IR A0 TR A A i T
RS PRI E E CO,(+CH,) Wik & AR 4,
Jri AR — R T, s AR AT Rk A 2%
R R EUA J 0 4 8 (SRR 2555, 20035 Cline,
2003 ; Kesler, 2005) , ZLIBBARAT TR L+V+S Kty
b VNN B e oy R = ey =S ST IR N T

FR(RALCEE, 2008) , R BZ A AR KT BB
K A 78R A BB 2 TR, AR vT GBI T4 2K
MBS . AN, BB B AL P 1 87'S H 5
FIRRE BT (CFYIME 4. 95%0) , H PG B =1 B
HE F SR IE (AT 5. 202% ~ 6. 343% 2 J8] | 4]
4§, 2022) XS] —BERIIE KPR ES ST
WA AR, HI, PLL-V-S B4 B A AR E A
RN RIE T AR B mE, FX b, F2
R ST ZR 48 HP ) Hp i R B AR — B O HLA R
(2L SCEE, 2008; Li et al., 2015; Williams et
al. , 2015) . AN, FREVE BLAT4H7 (1) R L0 LA A R 3 42
KT ERAK(L+AV) (T MEHM(L+SxV) 4l
CO, % 3 KM EM, LW 8¥s (HA 1k H
=0. 6%0~ 10. 9%o, N B L Fe A7 5 KBGO 1) 2
5, UETMmEMa g AR (RIL3CEF, 2008)
VLR B ) AR (R ) R A Th S e
WA (L+V) BRI 1 & F 2 A (L+S+V) 1
SR B A w5 R (273 ~ 500°C) A ER (36 2% ~
59. 89 ) FHIE , BEHIE™ 6S (B ( =2. 8%0~+2. T%0) BA
G A R xR AR R N L R
TR BRI (Li et al. | 2015) . AN, 7EIRKH]
V. Cloncurry #11X i) Monakoff F1 E1 Cu-Au " IR f#) #4
T YR REER B B RAK(L+V) TP (L+
S+V) gl CO, R, Hrh HAT il | & 3 B R AR
M5 F b2 A (L+S£V ) WK IR T 46 i AR 5 B8
SR Y 53 OB ( Williams et al. | 2015)

£ 10CG il R gt h e S Rk E2 W 3K
SRR A K K DA AR K LFIOR IR (Li et
al. , 2015; EMEE | 2015; Kirckenbaur et al. , 2016;
Schlegeal et al. , 2018; ¥ MR, 2019) , AFERIEAY
TUAARIE 5 23 T8 BN [R) 2 78 14 0 DR AR 1R 0 58 1A 4
G Bl sk A RAREK, EEIE R H,0 R
BRI /D& CO,+H,0 A BT 34 I
ARG UK, DL H,O0 A 3 A T Aok I
T K DT R R AR A A A 2
A T A8 S5 i A 5 HG At DA B K DX AE TR
Kit CO,, "B K& & CO, B FM (I 45,
2019) , H, LU 3 H 0 R I ™ B B, IR
& CO,(xCH,) MY AR S 51, AT BE K U6 228 it i
T, HAR 8T AR AR 7 AR R B AR IR —
B CO, X T BARAR B A M 5, He o ke
7 Jo AR E I A B K AR SRR, — Rk U A AR BT
Ve P2 A2 B RAR B & 1,0, i 90728 JFRR vh 7 28 A
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KL EIE COo, W, T, HRA MR TR,
WAL DL~ A2 5 CO, Fil H,0 B U 14 (3 A= 45,
2011) , EARTERIRLHH A A R 8A &R K
A bt s BB R A%, BARME TSRS
AH ABTEIZ X A 4 1 2 P 348 R e oA A A7 AE
HLHAE R R IO AR LA, LA A AR AR T
RATREIE A CO, M2 BT A, vl LA R AT B
PRALER S AR

5.4 FHRIEVH

SR TARH  T R DIE ) R R R EA TR
JE TR RAR IR G K= RO AR AR
TAE AN B8 4E A ( Drummond and Ohmoto, 1985;
Hedenquist et al. , 2000; Pollard, 2001; Federico et
al. , 2002) , YFZ KA 10CG B K ) A ML BT 58
T H 295 F B S PRORT AR A AR A s b EL
TR A S 2 e RS B 2817 3% FHIE
5 ( Haynes et al. , 1995; Baker et al. , 2008; Li et
al. , 2015) ,

LRI H T RIS WA E C L+C L+C+S,
L+V DAS L+V+S B 5 KRR 2k 15 2Rk
AR TSR R 2R A AR 2R . group-
1 C BRI, ¢, o M T-20.9~ -8.1CZ
] ; group-2 M1 €\ L+C BV GL ML, 1, o, 539010
7.6~22.4°C F123.7~24.8C,L+C BIfuZfhk ¢ N
~7.9~ =9.2% (¥ 20. 3% ~20.5%) ; group-3 Hi L
+V+S, Al L+V+S, 415 0R fr 40 B8, A7 2% T B
4 150. 4 ~156. 4°C., [EAHE AL IR EE A 213. 8 ~ 500°C
(£RFF 32.6%~59.8%) ;group-4 H C . L+C L+C+S L
+V DI LAV +S B AR AL A, 35— R S 3 A
K, By Jg i i (196, 2 ~ 500°C ) | i R
(31.7% ~59. 8% ) A K (105. 9~254.7°C) \HHI%
ERBE (8. 8% ~26. 4%) Wi fff, R AR IR & FR1E
TR BRI 2 — I B 5 R B 5 AR A R R I
IRIRG B J1EdE, B S WAk 9 S [l
KRR S AR, YR L0 Ve a7 R Al
Wi AR T REAETE AR IR SR . AR SR
i FU W (A5 SRR S DA I ARTE A
VEF AT fig 2 BRI A 1m0 T 0E 1Y =22 IR
R, =52 b L JR B A DR i A AR R AR 5 R T
BT AR LT IR B 7 R (L+V B L+S+V AU C
R 3 e FARIAE ) Fnta gl 2k (B 1) B IR (L+V
AURT L+S+V B B ARSAE ) S EAARINE, ATAA
RS T IRAARIR A AR, AR A A RO & TR

W4 o3 B DT E (= L SCAE, 20085 Lioet al.
2015) , HAMN, ZEAEIPE B LouLo #7 XA Gara HI 4™
PE(CO,+CH, =N, f3ZE & H,0-C0,-NaCl £ 3 14 Fil
H,0-CO,-NaCl-FeCl, [0 {AILA7 ) AR A FIE Clon-
curry #1IX ) Monakoff 1 E1 Cu-Au #7 K (L+V . L+S=+
V F4li CO, A7) IR AU AR 2H 5 AR E ( Law-
rence el al. , 2013; Williams et al. , 2015) ,ZH T&
ARG AR TR AR B (FE M K K ) KA TRARTR A BT
IR TR A 5 R B 7 A A T | ALk 3 45
SRR AR AR, HE IS BUSHT A P T R A
YT ¥E ( Lawrence et al., 2013; Williams et al. ,
2015) . ZLURHARA PRAE 25 18] b 55 DX Jal e 05 366 1
WRREYVI(E2) TR 52 A AR, KA
TR A 2 ) T A T B AR AL T = O L 5, ]
AN ¥R 2 AR50 07 R 5 DU — K Lyt J2 A0 A 3
PET P AT E I A B 4 P I R R
G5 AR AR O T, 51 B i A P HE
SRR TR T R W R AR N DTRE
5.5 HHEKRE

T A P B RS M A AR 2 A e B R R
10CG W e 2 W E, EELT T 1.67~
1.6 Ga .29 1.2 Ga 1.1~1.0 Ga £1 0. 8 Ga i 4 ],
WA (253 3245, 2003; Zhao et al., 2013; Zhu
and Sun, 2013;%K%=, 2014; Zhou et al. , 2014 ; Zhao
et al. , 2017; Zhu et al. , 2018; TR, 2019; FhiA
B, 2019) o SR 1R &k AR AR T AR R
(1.67~1.6 Ga) , AT g5 FHEE X |32 /Y Ll 4 —
UURWERA ¢, 0 b 5B U LT W & 4R 32
BN Fe-Cu-REE W4k, JE 8.7 Fe 1 Cu WY H" IR 2
(Zhao et al. , 2013, 2017 ; B &, 2019; Lin et al. ,
2020) , FICEARTHI(Z 1.2 Ga) B L4 TT fiE
Je T XA B A T U5 2 s o 3 R 4
A Bhh AR I AU R R R R B TR K
WX B 4 R #4E Fe-Cu-REE 7 41 ( Zhu
and Sun, 2013; Zhu et al. , 2018; B MR, 2019),
FOCE AR (1. 1~1. 0 Ga) J2 A X FE /Y s B i
Wz —  ZWH L F S Rodinia #8 K i 19 BF 05 A
K 6 R Il 8 9 ol X 388 e A KRS PR B fin s ™
YER T B ARRAR IR R 12 ek Aotk & 9
1, FEHN Fe-Cu-Mo-REE-# £ - it A4 04k ( 225
BELE 2003 Zhao et al. , 2017; K%, 2014; Zhu et
al. , 2018; MM, 2019; FRiGH, 2019), Fiood
fR(0.8 Ga) %X Fe-Cu B R A B 1) 55 — = 0
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1, TR ST A SRR R A (=) AR RVE A G,
F F K 4 Fe-Cu-Mo-U-REE 8”1k, & i ik IR 5 £1
( Greentree, 2007 ; #4145, 2013 ; Zhou et al. , 2014
Zhao et al. , 2017; Zhu et al. , 2018; M, 2019;
JMAHR, 2019)

Lin 5§ (2020) XFELYE3 4 57 R 802 R 2™ A
%%E%HﬁwL 7T Rb-Sr Fl Re-Os SE4E T AE, 3k
PR PR AT 4 () 8 AR 1% 43 3 R 1 552480 Ma Fil
7%8ﬂ9M%5ﬁZﬁEﬁﬁ*%%kmm@\
AR To AR A BOR E F AR X R (Lin et al.
2020) , T ACERIE LI Y2 A AR 4 K L I - T
TS ™ 9 0 4 8 IR S IR )2, (B IR R 7
21 B b XY B HLA T A B 14, 78 SR R IE
BT R R REER T B (] 4a) . B AR Ro-
dinia 8 KB TF LR 246, DX K& A2 112 U XA K
T3, RS R EGEEH (R, 2019), 5
BEIRIES , i A DX 3k & A T 5 ZU RS AR AR AR (#
4145 2013; Zhou et al. , 2014; K5, 2014 ), X B
ﬂ%ﬁiﬁﬁ%ﬁ%&ﬁﬁﬂﬁakﬁﬁ%% ¢ 4
TR HET K 1 B T ] R WE R B AR i
IR A BT, %liﬁiﬁm%%@%%%“iﬂglﬁ

Ak T IR R AR T AR T 4T Ve MR
B9 Tl 81
6 45t

u>q%ﬁﬁﬁﬁm&mH%mMW@%w*
R % dLA 20, LR S5 AR b i K, BA Hi ik
TRA BRI

(2) ZLPRIAR TR K 1L =T R IY) B) B A I T 7

IKBRRER A JE A A998 5 B 5 PR9B0T 3 (HR Ak
) BB R o SRR L2 A O TR A5 A

(3) LU PRI B 191 1) #5 R i AR f 2
A, J2 F G R B A R RO AR (2S4BT H,0-CO,
+CH, WM R ) FLEAG s £ B R AF A9 5 I O 14k
(21T H,0-NaCxCaCl,+FeCl, 1K %) &R ES1EH]

FITE I, TRAARTR & 5 | e s e A 4 A 2 25 AR 1R 2
75 SR LA ) B TLVE Y =ML
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