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Abstract The Wulaga gold deposit, located in the northeastern edge of the joint of Paleo-Asiatic and Pacific tectonic domains, is
one of the most important gold deposits in China. The ore bodies are mainly hosted in secondary faults of the Wulaga fault, and
cryptoexplosive breccia zone within the Tuanjiegou plagioclase granite-porphyry, and in the layer fractures of metamorphic Heilongjiang
Group. There are three types of fluid inclusions in quartz phenocryst of plagioclase granite-porphyry,that is, melt inclusions, primary
L-V and L-V-S inclusions, as well as secondary L-V inclusions. Glassy melt inclusions are characterized by acid magma (SiO, =
69.5% ~73.8% ), with the trapping of temperatures higher than 800°C. Secondary L-V inclusions in quartz phenocryst have 210 ~
350°C of homegenization temperatures ( Th) , which represents the features of sub-volcanic hydrothermal fluids and are coincide with
those of pyrite-white chalcedony quartz stage (Q1), while salinities (5% ~ 7% NaCleqv) are slightly higher than those of Q1. Gold
mineralization of the Wulaga can be divided into three stages. Fluid inclusions in pyrite-early white chalcedony quartz stage ( stage I)
are characterized by aqueous solution with homogenization temperatures of 154 ~355°C , mainly in 230 ~270°C. Salinities of fluid
inclusions are 1.3% ~8.29% NaCleqv, with densities of 0. 53 ~0. 88g/cm’. Homogenization temperatures of fluid inclusions in smoky
gray chalcedony quartz-polymetallic sulfide stage (stage IT) are 159 ~196°C , mainly in 170 ~ 190°C , with salinities of 2. 2% ~3.2%
NaCleqv and densities of 0. 79 ~0.92g/cm’. Those in calcite of carbonate-quartz stage ( stage III) are mainly in 170 ~270°C , with
salinities of 0. 5% ~ 2.9% NaCleqv and densities of 0.80 ~ 0. 88g/cm’. Ore-forming fluids in the main mineralization stage are
characterized by mid to low temperatures, low salinities, and lack of CO,, which is similar with epithermal deposit related with
continental volcanic-subvolcanic rocks in the world. Melt and fluid inclusion study show that gold mineralization has a close relationship
with plagioclase granite-porphyry, and it is possible for silicate magma to produce salt-aqueous solution through immiscibility in
magmatic differentiation. The Wulaga gold deposit should belong to epithermal gold deposit related to Cretaceous plagioclase granite-
porphyry.
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Fig. 1 Sketch geological map (left) of the Wulaga gold deposit and a geological profile of Linel25 (right) ( Modified after Sun et

al. , 2008 ; Zhang et al. ; 2002; Wu, 1995)

1-Quatenary; 2-Low Cretaceous Taoqihe Formation; 3-Low Cretaceous Ningyuancun Formation; 4-plagioclase granite porphyry; S-granodiorite

porphyry; 6-basalt; 7-Middle Proterozoic Heilongjiang Ggroup; 8 ~ 10-Legend of the profile: 8-Lower Heilongjiang subgroup crystalline schist;

9-plagioclase granite porphyry; 10-Taoqihe Formation sedimentary rock; 11-structure breccias; 12-infered fault; 13-ore body; 14-location of Wulaga

gold deposit; 15-geological boundary
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Fig.2  Petrography of Wulaga sub-volcanic porphyry

(a) -alterated oligoclase phenocryst (Pl) in the plagioclase granite porphyry and phyllic groundmass, TJG-7B-2; (b) -alterated oligoclase phenocryst,
and biotite phenocryst (Bi), TJG-13b; (¢ ) -recrystallized quartz (Q) at edge of quartz phenocryst, TJG-13a; (d)-recrystallized quartz at edge of

quartz phenocryst and carbonate vein, DZk701-2

1. Z&mEAY-HK @ FEBER A5 (Q2) BB £5
TR /INAN AT B ISR B KM 8 T R 40 S ok (] 3b)
AT SR LA EEAL KA o DL SO K € 3 R A D ok
JREE B B 0 EBEIR A PR E A A S A TR (18 3b) o %
BrBOR S b f 2 G B (18] 3e) , I AT B2 20 19 F 8k
B R B AT SR (18 3d) o A 2R 4 2K
7T HA R4 SRR A T AN ROIR B R s B AT TR B P K
PR E BB A IR E R T AL 2 T R AL

I BRERER -9 (Q3) i BE . LA™ W 0 ) 7™ ) , mI L7 it
A AT SERK S IR B KA, S 203 A T T B A A B
TR B A e BRI VT RE R

3 SEIR-n AR A

3.1 BRMEERZFE

5 L TR e AR ) A1 0 R 8 A 2% I B K A A
sl FARAT G A TR TR 20 B R R S A ) 2 51
filiid

(1) A7 BB it b A B2 PR A0 5 TR AR SR AE, 7T LS
3BT 1) AR B AR A B A S A IRRR R
PRSL A3 A7 A RHS AL 5 BEA A e B i v B i 2, Kb 8 ~
S0pm . ZIET LA 2 A (i 2 5 3 5 A NI 4 SRR ) AR TE
SR R ABR, AR ], ROy AT R 5 £ A
PTG RIEIT HIS AR T 960, BT LUA AR (] 4a) , F
K & el DL ek 1) 1 3 07 10 B8 3l A B 3 AR R AR B 0
JRBE AR, A 502 AU 300 2 SRR % T W Sl PR A L
TSR R A SR N BB AAE T (] de, d) ,JF H 5 A B3R
AEE(L-V) 50 2 A& (L-V-S) 47, S0t
IR GRAE T A AEROK ARG B o A Il WA A, 22
LA X A F A5 h (K 4c) , W [E Bodnar and
Student (2006 ) ##33 AIRKE o — ANy, IRARA R 1 ) A4
BEURAEAAR S (72 20 72 LB/ 1 AL AR T 45 5 T 3 Ak AN
H 455 (Roedder, 1984 ; Bodnar and Student, 2006) ;2) Jf 4=
ISR AR (L-V B) R0 5 F 0 2 AH A R (L-V-S ) |
L-V-S BUAHXS 80 WL, J5 A L-V BRI /NE N 5 ~20um,
SAHFEHUE T 3% ~ 10% Z 8], & S90S ok 2 /N4 7



IS BRI A R KL B R - R AR

R & FAARIEYE 1309

Al 3

Ly U G0 PR A5 W B AL IR AR i
(a) -FHA MR O FERERK (Q2) BeH5 H A TNK(QL) 5 (b) -HEATRLEAFR(QL) HK CATINEET (Q2) 5 (o) -5 & MMR (B -£1 3k
(Py) , BRI 7 m RegFU s (d)-BeREds sy 24800 A ROBEBET (Sb) , S RiIEL Y LTAT 1 3k

Fig.3 Characteristics of veins in different stages of the Wulaga gold deposit

(a) -pyrite-smoky gray chalcedony vein (Q2) cementing white quartz vein (Q1); (b)-breccia-shaped white quartz ( Q1) cemented by gray quartz

(Q2); (c)-Au-riched smoky gray pyrite-quartz vein, level 71m adit at Wulaga; (d)-stibnite (Sb) occurs along fractures, west pit
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Fig. 4  Characteristics of melt and fluid inclusions in the
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Wulaga gold deposit

(a)-glassy inclusions in the quartz phenocryst of alterated porphyry
(MI), WO010; (b)-primary L-V inclusions in the phenocryst of
phyllic rock, TJGO14; (c¢)-a devitrified glassy inclusion (MI) in
quartz phenocryst associated with L-V and L-V-S inclusions,
DZK701-16; (d)-a devitrified glassy inclusion in quartz phenocryst
associated with small L-V inclusions, WO15; (e)-secondary L-V
inclusions in the phenocryst of phyllic rock, WO11; (f)-primary L-V
inclusions ( FI) in the pyrite-gray quartz vein, WO0l4; (g)-a
primary L-V inclusion (FI) in the stibnite quartz vein, W016
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Fig.5 Heating characteristics of a glassy melt inclusion in

quartz phenocryst
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Table 1

(g/cm®)
0.80 ~0. 84
0.72 ~0.87
0.82 ~0.88
0.53 ~0.85
0.79 ~0.92

0. 89
0.80 ~0. 86
0. 80 ~0. 86
0.77 ~0. 86
0.56 ~0.85
0.84 ~1.04

T

1.4~3.5
3.3~8.2
3.5~5.1
2.2~4.6
3.1~3.3
2.2~2.4
0.5~2.9
4.1~5.1
2.1~4.1
2.1~5.7
1.3~21.3

(% NaCleqv )

VK
Tm,ice(C)

-0.8~ -2.1
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Y —iR
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158.9 ~196.4(9)
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231.4 ~370.9
195.7 ~360.7
194. 0 ~308.9

15. 16
5.1~18.5
4~14.6
4.1~14.4
4~10.3
3.9~11.5
4.3~9.5
3.3~12.4
7.6 ~7.8
4.4 ~10.6
3.3~15.6
3.2~14.6
5~15.8

1.5~11
3.3~11.5

F/N(pm)

1
L-V
L-V
L-V
L-V

L-V
L-V

L-V
L-V
L-V
L-V
L-V
L-V
L-V

L-V
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7K
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7K
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7K

w010
Wo18
TJG-25
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TJG-14
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w014
WO008
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WO15
DZK701-16
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ST,

(3) 1T By B i 8 IR AT S b L-V A S A A 24— B
79 158.9 ~196.4°C, FEAH 1L 170 ~ 190°C, £ JE N 2. 2%
~3.2% NaCleqv, B 0.79 ~0.92g/cm’ , Wy BE hy £
WM B, A 0UTIE R B R A PAINR A N . K EAE
BERATE-Z 4 BT Wy BR) 38 i8 & A VE 1 — B <A
AR (V-L AL | 5 L-V A B ARTE ] — P, 1 —
LRI, 2y 190°C 247, mI ARy [0 Bl 4l 4R 1) 000 18 0 2 4, O
Y B2 AT AR iR B ( Roedder, 1984 ) , Ui W il 2 16
BB & A T kR

(4) TIT B Bt bk - 41 9 B B3 v 1 fide A P9 A 2R AR A 2 —
TELEE 151.3 ~315.2°C 2 ifE 170 ~270°C ;32 B 0.5% ~2.9%
NaCleqv, 82 H17E 1% ~2% NaCleqv ; 25 0. 80 ~0. 88g/cm’

3.3 MR BT OW

HOGHL 2 RE S HTE AL Bt K2 3K 5 25 [ Bh 2222 B
R S O AT, WA AL S Renishaw 23 7] RM-
1000 B, 5256 2524 S1dnm A + BOGHE G AT ] 10s,
WOCHREE 1 ~2pum, 45 RR W BRI B LS 25
H, O, FEHOEHL 2 A1 F 3400em ™" BFUT b =l 3 38 Wi (9 H,0
T, L-V ARG B E R H,0 (I8 7)), B0 R A
CO, X G NG 1A B ARAR AR 76 38 B 1A A0 52
WA IeR L T N, , HIE T RE 58K B UMERA X,
5738 /e th = B e K A TP NH, * (143 f# ( Andersen et al. |
1993) AR,

3.4 BEERMEEFRETST

1E T E Rl 2 e Bt 5 b R B 5 T B TR E = A
BEBE Aty P B B A A A R o iR AT T L AR A BT, DU
RAUAS & JEOL-JXA-8100, FRBE FLA% 3 ~ 20 um SEEG 4514 Jn
BHL R 20KV, B3 20nA , T4 ] 300s, 25 (8] 43 B4 Tom,
DR 2SR W2 2 B B IS A A L Ab i 23 WT A, sk e )
BRI Si0, M BARE 15 69. 5% ~73.8% , JRIMEAH M
RIS . 50 BB A 1) A7 58 A RHR A W B B X TN
KECHEAML (£ 2),Si0, FHEEE 5.29% , ALO, T
0.89% , i FeO ( + Fe,0,) .MgO F1 CaO N K1R £, 4 Bk
5.11% 1.59% FZE 1. 47% , X2 KA DEBE G T BT ]
FHOABE A A= BEBE I B, B (9 5 S8 o0 LB R
AR B RRYEL AN B Mg Fe \Ca Z520 7R S bk )
KASEIEMIE R R T E e, A B A 0 R A
TR RIS I & SRR A, 5 R B Pl

FIFfE A TR
S

5.1 ARMBAPEE-RESREEL
Rl B A (2004) S22, & 10 ARG BRI R P AR
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Fig.6 Histograms of homogenization temperatures (left) and salinities (right) for fluid inclusions in vein quartz of various stages

in the Wulaga gold deposit

R2 SBEHEXMLEAEHRPEBRECERENETFRIIHER (%)

Table 2 Results of EPMA analysis for glass melt inclusions in quartz phenocryst of sub-volcanic rock in the Wulaga (wt% )

) = Si0, Al, 04 FeO MgO CaO Na, O K,0 Cr, 0,4 MnO TiO, NiO Zn0 Cl Total
10B-a 69.48 15.44 0.6l 0.14 1.19 2.99 5.44 0.00 0.02 0.13 0.00 0.00 0.06 95.50
10B-b 69.77 15.54 0.64 0.12 1.30 3.53 5.52 0.00 0.11 0.07 0.03 0.05 0.04 96.73
10B-¢ 69.67 15.33 0.54 0.11 1.30 3.31 5.64 0.01 0.08 0.10 0.05 0.02 0.04 96.21
10B-d 73.76  13.49  0.53 0.12 1.14 2.97 4.76 0.00 0.04 0.05 0.01 0.03 0.06 96.96
29-b 71.19  16.56  0.13 0.00 1.11 4.38 5.84 0.01 0.04 0.14 0.00 0.01 0.04 99.43
29-¢ 71.96 16.19  0.13 0.00 1.26 3.94 5.27 0.00 0.06 0.10 0.00 0.00 0.06 98.92
29-d 70.07 16.40  0.16 0.02 1.39 3.48 5.98 0.01 0.07 0.12 0.00 0.03 0.04 97.74
29-e 70.00 16.82  0.17 0.03 1.59 4.12 5.22 0.02 0.00 0.13 0.02 0.03 0.04 98.18
29-f 69.96 16.58  0.11 0.02 1.32 3.58 6.31 0.00 0.01 0.07 0.04 0.04 0.06 98.05
Sy 70.56 15.82  0.34 0.06 1.29 3.59 5.55 0.01 0.05 0.10 0.02 0.02 0.03 97.52

Wkl 64.39 ~ 14.01 ~ 4.14~ 1.37~ 2.48~ 3.29~ 2.57~ 0.049 ~ 0.46 ~ y Y y 99.46 ~

A 65.62  16.21 6.38 2.01 3.12 3.95 3.28 0.07 0.76 99. 69
6 fiH 65.27 14.93  5.45 1.65 2.76 3.67 2.96 / 0.06 0.61 / / / 99.56
e . . . . . . . . . .

B 1) BRI IR EPMA iy o [= B2 B 5T 55 b Bk ) BRI BT L TR %8 TEOL-TXA-8100 4347, PR URA L, A A% 7 m Sy of o7 244
DA RBE B4R 2) WK s A A% Tolk AL st BRAFSE B PHILIPS PW-2404 X-S& AT , BB IR : EAM AR (2012) ,FeO Tk

FeO + Fe, 05

FL B IRTEA R R i B 47 e & P B AR BN 35 5, T A il L
AR R TER o ARAEA SCHILEE , AN [RTRE i 1) 47 S BE i o
BRSO A BRI AT AR I 50 A LE M B A S B P
RS UG IR A 17 55 —Se M 5 & A 9 L-V g8k, B
fIIATBE S e 1 B fy S AL B AR AL 2 T o A7 BBt rh B
R AL AR AR 1 BE ARG it B AR A S AR, A
BRI KLY 800°C , I FRPEFEH 1) SiO, & KM 69. 5%
~73. 8% , BRI IRV B R Oy A A B A O 4G S e
BeAli g, ORI A ) LV LA Jay 3 M B I A Sy HA
B Y ERE  BOTTE /b ) 7 NaCl - A i B A 7 9%
BEA AR B S AR A R (L-V) (T Y £
AR (L-V-S) SLAF RSS2 SR 1 7 S B AR R I 2 22

KM T AR IERE SR AR B 5 X e AN [R] B A B4R A A
oy ) S e T R R AR R/ ER KR A o B R By —
(Kamenetsky et al. , 2004) . 5350 5 id B st 19 IR 4% %
BIER OB R A ) , Zeid & AR OF iUt dh s ) L 25K
TR (I B AT 3 ok R PR ), B A% 8 AH 1R 8 23 28 A AR K
(Roedder, 1992) . X TG &8, i TRHSAE R BEA 195
W BERLE (A R ik YRR BVRIE AR B R iy 3,
JEHSEAE AR DI WL B PR R 3 5% 5 25 77 2 1 LB R R A
[R5 BEA A1 bR B Ak o 9K PR 7 A7 S5 i TP A T A
S4B HLY R A AT ZE A [R] I X6 BRE S 1 i 5 i 4 AT 5 AR
PR RIS o B O (A (L TR A R A0 R B X 5
MM (SRXRF) W] (73 30) , B MK b Au As %5 5 G008
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BARE AT SERE S T B R BRI 5 L-V-S 1 L-V
AR FNUER L-V AL A SRR H 6 7 A R AE, HLE
— LR R TR, SO T UK LA I S I, h A
I AL A A i A i T

5.2 ERTEMENXERY KKE

BRI 405 &0 AR S 145 B B A S rh it R 1K
R YRS TR AR LV A B AR B Rk
AT £ 43 SR B A I B 0 R K G R BRR A Yo i LV
BRI —IRBE (Th) FIFE TR —E B LS (18 8) , Th
FEVE FELE WAL, A 210 ~ 350°C (B & Rk A L-V AL 52
) 210 ~330°C (1 BiriB Q1) £ 170 ~ 190°C (11 Bt Q2) 5 &k
FEWAHR M 5% ~7% NaCleqv 4% ~6% NaCleqv 5| 2% ~3%
NaCleqv,, T 7] B3 % (2004 ) {75 5§ v 2L 7 NaCl 4
BRI 58 43— 1R AR AL Y5 [l 290 ~450°C , EhJE (AL T T
43% ~50% NaCleqv, JFiA: L-V £ 32 45— 5 B A5 4 7 ] 190
~350°C , R T 4% ~ 7% NaCleqv, X LEHUIE AT &
LKA BN ERR AR R P N IR AR 4 8 ok TR S
REARG (3 BB 32 72 /N e AL B o

T AR TR B (3% 25 B AIG, 5 UK L B R e A
5, M TR E B T Bk 35, R PT R 5 00 M4 A 3 M 36 2 (4
A 5 AR A I ER B (0 TR A A 6. AT Ak 10 2
TP EULIR VKK AT b RIS AR AR N4 DT . A A
XA B B A 26 B g 4G R oR 87 S (B AR Ak Rl K
( =33.6%0 ~10. 1%0) (¥ 4x,1984) , W= IR 1) &2 24 P Al
R AR SR 2 A, R A B R SIS 5, i
JE R BRI T T Ay, EURTE R 8 Oy K
=2.73%0 ~5.81%0, 8D, H — T8.25%0 ~ — 132. 64%0 ( 5 i
42,1984) , WoRH LB BE R RAUK NS S . IRIET REA K
KA P FIRE AL A IR Bl S 7 FH 00 & A e i e TR BE L
A IR ZE 4 BB 190 JTR A 3 5 , 3K B0 55 i B 7 13 BT I 4



1314

7 HAT U PRI PRIVRAIE o U0 A ZE AR A I A1
ERFERNTT CO, MR KR R AR RHRRAE , BRI R 5 ik 1L B 45
BRI E CO, TR A IR K2 ( Goldfarb et al. , 2001 ; Groves
et al. , 2003; YU FG4F,2003) , b 0 WA REA B
W R AT A A B D, SR G 4 i S AR AR S
55T JUIEVE -2 M R AH -0 ek It RO B 2 4 TR IR
TR Osilo 3 X GARG™PR N RAFEIEHE LE V.1 Shasta
SRR B EE JE P T B 1Y Pongkor ¥ IR Au-Ag-
(Mn) ' PREE (BRILAESE, 2006 ) (1 R f 22 R G 1R 2 AE L Z
Ab o A AR 5 A -k LA K B T AT TR A
W IR, HoA RS R 2R Eh K %W (White et al. , 1995
Cooke et al. , 2011; Sillitoe and Hedenquist, 2003 ; Heinrich,
2007 ; BRATHL4E,2007) 34 —IRE £ 7F 100 ~300°C, #hE7E
0% ~10% NaCleqv zZ 8], — & /N T 4% NaCleqv ( Hedenquist,
1998 ; 7% 545 ,1997) A2 AL R AH WU A RSkZS 5
WA AR RS A, O HLARSE IR 3R HU A i 22 A B AR (£
FIIH45,2005) .

HbBRAAE J7 T, S5 M 4 PR Y 2 [B) 434 5 Rl ek
W BEA K HAR DGR Il s BB A, 0 52 5 iy M R R L )
IR TE TSR WA ] . B M SR, 1
YR TR A R R AR R E R A T AN R AR B2 AN
R, B TERENER A R E R R 0y ) 424t 17 &
FPBORIE . B, SRR AR 0 B0 AR R 5 5 i 2
T REAR S -YR K AR TR B 25 U0 1 PRI &R, AR SO -
AT B AABIF S g 5 r EE 5  PAR 147 Bt A KL= L BB P
IAPUFT AR T BRI PRV s B AR 1B

6 &5k

(1) BRI RHE AL B BEA I A BT i R R F 3 K
A, ROBE 38 B IR bl A R L-V (8 L-V-S) 2k LA
R L-V R, B I8 2 R 0 A A W 0 v 4R T
WA M, Si0, SrE ik 69. 48% ~73.76% , JR R A
IAERINEE o 8 0 2 A 1) S 0 T 3% I 4 o B o8 P Al
FIRE R 800°C LA b o A7 T BE i A A 30 I fu 2 1 R L
FE R T KL ST S0 30T, R Ak R R o A8 o AN TRV T
AET R E K E A T RE, L T & R S B 19 B R

(2) SHE 4 0 R A ] LA 43 3 BB T #eks-
B A6 BB A S B DK (6 BRI A 9-2 &8 i
R B s MARIREE -G e BB, 1 1T HrBea S ik
Y —JE AR T AE 210 ~330°C F1 170 ~ 190°C |, 1fij T |5 B3 110 5 fi
A B R IR 170 ~ 270°C s R B A IAE P 7E 4% ~
6% NaCleqv 3% ~ 4% NaCleqv,1% ~ 2% NaCleqv, H F I-1I
KB, LR 1L B 4 B B LB B, BT DL B H R 45
PRE 1R B T IRIR IR R B 4FAIE

(3) ABBE S TP A L-V A ZRAER T UK LA K
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PR HRAE , G BRI — IR 42 P 7E 210 ~ 350°C (2R ¥ 5%
~7% NaCleqv, 5 #4730 6 T BER A 9E B Beh Q1 /Y
BRI BEVE IR AT, TR B2 Wt 5 T 1 (8 IR A1 3
Q1 Fh o 7L ™ F) J A AL A% Ok D55 W 1 4 1 i A K 1 -
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