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Abstract The large-sized Duobaoshan porphyry Cu (Mo) deposit, located in the northwestern part of Lesser Hinggan Range, is the
biggest porphyry Cu (Mo) deposit in the northeast section of Central Asian-Mongolian-Hinggan orogenic belt. Its orebodies are mainly
hosted in Caledonian granodiorite and Middle Ordovician Duobaoshan Formation andesite and tuff. Copper mineralization is closely
associated with silicification and sericitization, and molybdenum mineralization occurs mainly in silicification-potassic feldspathization
zone. Six main types of veins have been identified, namely quartz-potassic feldspar vein, early stage quartz-molybdenite vein, late
stage quartz-molybdenite vein, quartz-chalcopyrite-pyrite vein, quartz-pyrite vein and calcite-quartz vein. Four types of fluid inclusions
are distinguished from various quartz veins, i. e. aqueous two-phase ( W-type) , pure vapor-phase ( G-type), CO,-bearing three-phase
(C-type) and daughter mineral-bearing multiphase (S-type) inclusions. Fluid inclusions of the quartz-potassic feldspar vein are mainly
aqueous two-phase inclusions, their homogenization temperatures and salinities vary > 550°C and from 16.2% to 18.1% NaCl
equivalent, respectively. Fluid inclusions of the early stage quartz-molybdenite vein are mainly composed of aqueous two-phase and
daughter mineral-bearing multiphase inclusions with minor CO,-bearing three-phase inclusions, their homogenization temperatures and
salinities vary from 350°C to 450°C and from 1. 1% to 65.3% NaCl equivalent, respectively. Fluid inclusions of late stage quartz-
molybdenite vein consist mainly of CO,-bearing three-phase and daughter mineral-bearing multiphase inclusions with minor aqueous
two-phase inclusions, their homogenization temperatures and salinities vary from 270°C to 350°C and from 0.8% 1o 42.4% NaCl
equivalent, respectively. Fluid inclusions of quartz-chalcopyrite-pyrite vein are mainly aqueous two-phase inclusions with minor CO,-
bearing three-phase, daughter mineral-bearing multiphase and pure vapor inclusions, their homogenization temperatures and salinities
vary from 230°C to 330°C and from 0.8% to 42.4% NaCl equivalent, respectively. Fluid inclusions of the quartz-pyrite vein and
calcite-quartz vein are characterized by aqueous two-phase inclusions, with homogenization temperatures of 110°C to 200°C and
salinities of 3.9% to 8.4% NaCl equivalent, respectively. When the ore-forming fluid with temperatures of 230°C to 450°C and
pressures of 10MPa to 41MPa ascended up to 4. 1km, boiling action of ore-forming fluid occurred intensively, inducing a lot of CO,
escape from this fluid. As solubility of ore-forming fluid abruptly depressed, this process resulted in abundant chalcopyrite, bornite and
molybdenite deposited, forming Cu (Mo) ore body. The ore-forming fluid generally belongs to H,0-CO,-NaCl fluid system, and the
multi-stages boiling action of ore-forming fluid is the dominant factor for metallic sulfide deposition.

Key words Fluid inclusion; Fluid boiling; Duobaoshan porphyry Cu (Mo) deposit; Heilongjiang Province; Lesser Hinggan Range
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Fig. 1 Sketch regional geological map of the Duobaoshan porphyry Cu (Mo) deposit in NW Heilongjiang, showing geotectonic units

(a, modified from Ge et al. , 2007) and locations of major deposits (b, modified from Han et al. , 2004 )
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Fig.2  Simplified geological map (a) and schematic geological cross section of three ore belt (b) of Duobaoshan porphyry Cu

(Mo) deposit (modified from Du et al. , 1988 ; Zhao and Zhang, 1997)
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Fig.3 Photographs of various generational veinlets and veins from the Duobaoshan porphyry Cu (Mo) deposit

(a)-A type veinlet; (b)-irregular A type vein; (c)-BE vein cut by BL vein; (d)-molybdenite-chlorite veinlet; (e)-A type vein cut by C type vein;

(f)-C veinlet; (g) and (h)-C type vein cut by D type vein; (i)-E type vein
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Fig.4  Photomicrographs of representative fluid inclusions in
quartz crystals from Duobaoshan porphyry Cu (Mo) deposit
(a)-WL-type fluid inclusion; (b)-WG-type fluid inclusion; (c¢)-G-
type fluid inclusion; (d)-C-type fluid inclusion; (e)-SH-type fluid
inclusion; (f)-SH-type fluid inclusion; ( g)-SH-type fluid inclusion;
(h)-SC-type fluid inclusion; (1)-SS-type fluid inclusion; (j)-WL-,
WG- and SH-type fluid inclusions; ( k )-WG- and C-type fluid
inclusions.  Vy,-Vapor phase H,O; Ly,q-Liquid phase H, 05 V¢, -
Vapor phase carbon dioxide; L, -Liquid phase carbon dioxide; Th-
Halite; Sy-sylvite; Cec-calcite; Tr-unidentified transparent daughter

mineral ; Op-unidentified opaque daughter mineral

WA

WA AR (WL A ) - B4 BDE 5 2 e, K/
— S ~ 10pm, DEORT 10pm, TR AT 5% ~40% Z
[, AR 2 — BN . 2SR R AR SR T0%
ZEAT  REE IS AP AE T4 B B A 98 h (18] 4a, ) o



M EE. BRITE S EDEERA(4) T RRA RSB IRL 1455

BAPIHALER (WG WA ) < S FE o e, Ko
— 5 ~Tpum, DR F Tpm, W AL T 50% ~90% 2
[, AR 3 — B R AR A R B 5%
Zeh BB AFAE T B R C 18 ik R i 3 b (1] 4b,
i K)o

(2) S SARBL AR (G RY) (A A 5 -2 4 S R
WEBDE 8 fIE , R/ N—E S ~ 10pwm, %2R BEAR 5 f0 3
A BE) 5% ,IRSL B2 FIA (3l [ #E A A5 4 755, 2008 ; Hamdy
et al. , 2009) FEA = H T B RUFN C BB A3 95 (& 4e) .

(3) % CO, =ML EAR (C HY) ; Z 54 1B JE SR B )
W, KN 5 ~ 12pm, 2 (5 AL AR BB 15% o 1040 5
PRE IR R = A0, RIVROH R /K IR + WA CO, + S €O, W
#H CO, + 5 M CO, HaEAE BRI 10% ~50% ,<AH CO,
i CO, HHEMARUY 5% ~25% , kit —fB ) — 2R CO,,
DRGSR — o ZR AR A T B AR C B KA A
T, g IS a R FIA =t (K 4d, k) .

(4) HETFT Y ZARCEMR (S B« L BEAR E 5%
SR BN A3 A1 ARG AR D ) (R AR ST 8K
HE—2L 43k 3 AN,

SH IV 7 . 524 R sl B TR , 7 S 780 40 3 A B 50
70% , K/N—ME5 ~Tpm  FIPKTF Tpm, I HAERT 5% ~
10% , FH Y LA 7 R+ 0 3, B A 3R A8 & 4 Hofth T3~
Py, WL 4 IR B AL SR T, AR S e T Ok,
TR ATER TN R 38— 2R, A7 46 T B U C 7 ik A b (1
de, f, g, )0

SC AL : 2 A B8 sl BN, S 74 2 AR B B
20% ,K/N—RE 5 ~Tpum , S AT 5% ~10% , &—AT7
AT, A SR ST O, ¥ — B, THR & 550°C
W, 7 AT A AN A A R S A T C AL AR
(Kl 4h),

SS A SEIEITE , 7 S R AL B AR B 10% , K /h—
BT ~9um, I HARL T 10% ~15% ALEHE— AN AEH T
Yy, <lum, nJRER 4 8 BRALY , NS e i 2, ¥ — )
TR, THEZ 550°C I, T YR 1% R BRS04 T BE
RUpkAA (P 4i)

4.2 FEEREHNSHME

R T BRIV B TR 2384 Bk A4 9 G0 S A4 4 5, 53 #1 T
hFL BK6 1 BK7 HS [ R B AN [ 28 78 fik A rp 4 44 119 43
AR

A FIKAR (FE 5 BK6-63m 1 BK7-200m) D) % & K& 1
VR PR A A R REAE A R LA R, KN — S ~
7, S AT 10% ~40% Z J0), 957 SR 7341

BE Bk (65 BK7-117m) o & & K& S WA K%
WERERME FU Y2 MaE R, R & €O, =R
TR TR R B A A TR ORI, RN — i 6 ~
Hpm, SE AT 10% ~40% Z 18], 5 RE 53 A6 5 9857 4>

A5 &Y 2 AR R — B AR, RN, — S ~
Tum, BT 5% ~15% Z J8) , AR N F LT3 9
Ll BPEL W 04 R B RN T8, R o A Bk ST
A3 5 SR A B R — S S R BT [, R/ — 5 5 ~
Hum, ST 80% ~85% =[], PR 2316 5 & CO, =
AL ZER— B EFDE , K/N— M 7 ~ 1, 34 CO, + X
1 CO, AR SRR 10% ~50% , S AH CO, & CO, #
SRR 5% ~25% , R4 A5 5 AT 53 o

BL Bk (FEF BK7-117m) F LR B E &M E CO, =
AR & T Y S A B R RAE , 34 2D 3 0 SR
KRR, & CO, —MHEEK—BEMFIE, K/h—
A5 ~ 1, AR CO, + S AH CO, (AR RAFR 10% ~
40% 'S CO, 5 CO, M BARFN 5% ~15% , i fE 4 %
WLty & FU LM ER— 2L, — 85 ~
T, WA T 5% ~10% ZIa) ALEARN & WF 5 9A
AR ER BT 5 VR AH A A 2 A R R R
W, K/N—f 6 ~8pum, I LLAELTF 10% ~15% Z[H],

C Rkt (BE 5 BK7-108m , BK7-98m A1 BK7-97m) i fif
FEWWA AR LR AENEE, WO RE T YL
AR & CO, MM EAR A5 EEENE WA
FEUR B TR PR A AR S A IR sAS R, KN —f 5 ~
15um, S AT 5% ~40% 2 [a] , WA o A sk ORST 534 5
T AR SRR, S RN, S ~
T, ST 5% ~10% 2 ) AL 3K 98 WF0- A
A BIER TR A TR T, US4 SRS A A 5 4l
AR ZE AR — B S A R BT R, KN —J& 5 ~ 12um, 9K
SEATAT 5 B SPAE ALE AR — B 2 A DR 5 DY, Kb —
10 ~ 2pm, KK 28 6T 50% ~90% 2 [a], IR 7 53 A 5 &
CO, =M ZE AR — i M IATE , K/N—f 6 ~ 12um, YR A
CO, + 5 M CO, N EEMAEMARFN 10% ~25% ,SAH CO, (5
CO, MLAETY 5% ~10% | BLRESM i TR IR 4075

D Bk AR (B 5L BK7-84m) W {UR B & WA AL 1, 12
BRSO 7™, K/AN— 5 ~ 8pum, R LL AR FL T
10% ~40% Z [] , WA 53T

E B (BE & BK7-76m) & B 4 E 5 1) B 0 A
AR B VR AR B ZE AR S R R AR (R, K — T ~
12pm, WAL T 5% ~ 10% Z (0], U 58 8 22 17 43 A 31
%

4.3 REEREBHMIESER

T8 X A5 il AR Y £ S B KR Y R S I, L3R AR T
300 4 P A f 2 R o S TR AR (% 1, | 5) . 2 LR
JE LT 58 0 IR EE YR, A8 4L F 110 ~ > 550°C, KET L4y
> 550°C 350 ~ 450°C 270 ~ 350%C 230 ~ 330C . 110 ~
200°C ILANRE X 1], EZT LIRS T 230 ~450C, H
W > 550°C X 8] 349 Sk i T AH A 24485 350 ~ 450°C Z [H] LA S,
WM 3, A & T2 AaEik; 270 ~350°C



£ L¥FI/ 2010, 26(5)

Acta Petrologica Sinica

1456

BG40 “00- (P00 ) L FEH S £ - (B0 ) "L Wi (900) "L FHE [ “0D

AW

[5]-(%0D) "L * XL LM Y HE C0D & C0D NS~ (F0D) P4 08y B Mg Y W T 4 Y Y00 (F0D) 9 F

86°0~26°0 €L~6'¢ 681~ 911 €C~9v- 0l~¢ =L 94 A fiit o
960~ €60 ¥'8~ L9 861~ <91 6 V- ~v'S- 0y~ 0l 8~ ¢ €l ™ fii (1
96°0~ 260 T6~L9 ¥0CT~ S91 Tr-~09- 01~¢ L~¢ 6 08
60 1~ L0 Vv~ vLE £5€~ 88¢ 0l~¢ L~§ 9 HS
6L°0~1L°0 9%~8°0 Tle~ LST v 0E~ €°LT 9°6~9°L 9°96- ~¢65-  0I~S ST~ 01 <r~9 8 0 fil D
6L°0~ LL0 €L~T9 I1€~ 88C 8¢~ ~9'%- 06~0S  TI~O0I 4 oM
96°0~SL°0 L0I~9¥ seE~ 8LI - ~TL- oy~ ¢ SI~¢ 09 ™
Ol I~L0"1 Vv~ L79¢ LyE~ 8LT 0l~¢ L~§ It HS
0°'T~0L°0 €¢€~8°0 €ce~ 1LC ['1€~8°9C 9'6~¢'8 9°96- ~9°LS— SI~¢ 0¥~ 01 I~g 4 J filt 19
18°0~9L°0 0°6~99 Tee~ L8T ['v— ~8'¢- SI~ 01 8~9 9 ™
06°0~68°0 8°0C~ €78l cee~ S0 9vl—- ~8'LI- SI~0I 6~ L € SS
SI'T~80°1 €69 < ~L"9¢ 0SS < ~8LT 0I~¢ 6~ ¢ 81 HS
LLO~TL0 [AX%al 2! e~ €LT ['1€~9°8C £€6~6'8 9°96- ~ 165~ §¢~ ¢ 0S~ 01 I~L 4 J fie 44
9°0~ €0 €6~¢'8 %S~ T0v €6 ~1'9- 8~08 II~S € I
660~ 050 Y E€l~9°9 S0S ~ 9¢¢ I'v=~6'6- 0¥~ 0l I~9 8¢ ™
L0~ S50 ['8I~C91 0SS < ~op¢ €C- ~¥vvi- 0y~ 0l L~§ Iy ™ filt V
(qwo/3) (abadeN 91 ) () () () () () (%) (%) (%) (wi) P X WK
I A L (‘00)' (e) " (1) "1 o'z M(Foo)® (foo)d MR N Yk WED S
11sodep op-n7) A1dydiod ueysoeqon(] ut suorsnjoul pinfj jo siojoweied sANR[OI PUR BIRP ANQWOWLISYIODI | 9[qR],
BREXHYBMHTYED YU L (B BEMTES 1 ¥



X EE. BRITE S E LB ERR(4) T RRA RS AEBIRAL 1457

24+ — o] . =
M7 Amnk ] we T ks i
4 N4l KR C 6 B ks b ik e
AVG> ~ S
@ 16 AVG=500TC B s o
= * AVG—13.4C
8- 2
4 (a) |_| (a)
0 T T T T T T T T T T T :—!_!_II 1 T T L] T T T T \__ 0 1 1 1 T I I I L] I I \ I I 1
e
124 g i " AVGmel o §4 (b)) Vb0
] N=66 # i==0.0 1
10 —
£ g
- AVG=9.1T
i
44
24 (b)
VT U I\I J
204 BLALIE ]
N=42 - AVG=9.0'C Q
AVG=306C s
16 ¢
e 124
il AVG=-5.0T
4
O T T 777 — T |\ T
249 cmpk s N=s1
4 n-gs
niil AVG-292'C l AVG=-5.1C
= L S o 164 e M AVG=8.5C
8- 8
- | = (d) = (dy) ’_ ,_|
04 Pl 1] 1 1 1 1 1 1 1] ] ] 1] 1] 1 0 1 1 1 1 I I I I
o Dk N=6
N=13 6 AVG--5.0T )
= AVG=186T
% 4 44
2
- 2_
(e) (e))
04— T T T T T T T T T T T T T T T O —T—TT T 77 r\ B
sd [ ] E ik N=8
N=25 64  AVG=-34C
- AVG=144C
= 4
4
24 —
24 n (f)
0 1 I I I 1] I 1 1 1 1 1 1 1 1 I I I I 1] 1] | 0 1 1 1 1 I I I I \ 1] 1 1
.. N=272 48 N=117 .
48 i
& 321 32:
164 16—
1T plagsy
04—t T"T1T" . ERE 1 1 Y 0= I-—f_!_! t—+ !
HHHHH L T T e T LV I - U e S L I I o [ ' (N o ose —
B e B e L B B = e LY T T = e L B | —_— i Ln Lh B e = R =
oo o (= — I — R — I — T — S — N — B — T — T I — T — T — N — S — T — I = B — = (=2 - - R S S ]
e Tw(T)
KI5 B (R 67 PRI A G0 2 U Sl B2 7
N ARG AVG-F XM

Fig.5 Histograms of melting temperature of ice and clathrate, and homogenization temperatures of fluid inclusions in Duobaoshan
porphyry Cu (Mo) deposit
N-Number of fluid inclusions; AVG-Average
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Fig. 6 Laser Raman spectra of fluid inclusions of Duobaoshan porphyry Cu (Mo) deposit

(a)-The vapor phase composition of liquid-rich two-phase aqueous inclusion in A type vein; (b)-The vapor phase composition of daughter mineral-

bearing multiphase inclusion in BE type vein; (¢ )-The daughter mineral composition of daughter mineral-bearing multiphase inclusion in BE type

vein; (d)-The vapor phase composition of daughter mineral-bearing multiphase inclusion in BL type vein; (e)-The vapor phase composition of vapor-

rich two-phase aqueous inclusion in C type vein; (f)-The vapor phase composition of liquid-rich two-phase aqueous inclusion in D type vein
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of fluid inclusions in Duobaoshan porphyry Cu (Mo) deposit
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S R P BT 5% B 0 DR B A ¥t A 1 4 14 BT P AE o B
T s AIZETE (2009) A H , Bl IRBEAS 8] T KBG A3 , dA TR
T B, WA T 3 Z (8], H o i R o B A P A
TE-Blit PR AR b A A B AR AR, W 2 S 1 R
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ATRE HH FREG T & RO T I R KA A FRAE
(& &R EERE, & Co, =MHERRRZ, & T
AL BAREE D) B0 RTE P -4 58 i LA N R, W
Sl Y m A A AT IR BRI VAR AR L (4R 0 RS, B AT
WA 7= Bk S I R B (28 SO 45, 20075 ) 4F,
2009) .

7 5B

(1) ZIBEAH (57) 57 IR B 404 TAE 4 N K B
RPN B 283 AL B N KA A2 L v B iR 2 4 IR ER
BECRF=H A KR YR T A b 3, &8 T £
G BT BT AR AT, L AR DR AR 2R
Yo AR 8 Ao e 5, FLRI A 5 PRI AR RRAE

(2) ZFBEAH ) B R A Bk & B, R B AR R
A+ R K R BEA S+ AT K W B+
RESHT Kk ATHE + BT + BRIk AT 0 + B kOR
fifdT + ek, A% + SR A KPR B S P AL,
R/ BEAE + MEART KRG L + BT + R kR &
BFEEWSWEPAE IR A CO, ZMERIEMES T
MR, A0 + BT Ry fif A + A Bk AUk BRI
P LA

(3) AT + KA ok o I A ZE R B8 R B 240 >
550°C kb 16.2% ~18.1% NaCleqv; F [y BE A 3% + #E4H
Bk AL BRI SR 4 P e 350 ~450°C (R AR 1k
T 1.1% ~ > 65.3% NaCleqv; MLl Bz A1 9% + MEERB ik v i
A A B I B UL B 4 HP TR 270 ~ 350°C (R 9 0.8% ~
42. 4% NaCleqv; f19¢ + BEHIA + BEEA ik i A ZE AR 1)
A% W B 4 e 230 ~ 330°C . b N 0.8% ~ 42.4%
NaCleqv; 15 + BEERT KA fif A7 + A0 9% Jik v T 440 £ 22 1k
T IR 42 TP AE 110 ~200°C £k & 2 3.9% ~8.4% NaCl
eqve UM BRI B F R L = L B H,0-CO,-NaCl £
Fo ZHIRI T TS 1R P %0 R 220 HL

it EPANTARS R T RIETIAE 25 R B A BR 2
AR Bl s P T AR vh A 21 1 5 e AT 5E 5% B 1)y s o
WG R ERBIEFE G T SR IR, R I T TR AR
Bl TR —IF B LA s
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