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Abstract Heilongjiang is one of China’s most famous gold producing districts. Past production in the area was partially from
epithermal gold mineralization, which was associated with the Mesozoic subaerial volcanic to subvolcanic intrusions. However, a little
work has been done for the petrogenesis of these igneous rocks. In this paper, LA-ICP-MS zircon U-Pb ages, coupled with whole-rock
major, trace elements and Sr-Nd-Pb isotopic data are present to constrain the geochronology and the petrogenesis of ore-bearing
granodiorite in the Wulaga gold deposit, also discuss the epithermal gold mineralization potential of Heilongjiang Province. Two U-Pb
zircon ages from Putaogou granodiorite intrusion and its southern ore-bearing granodiorite porphyry apophysis that occur in the Wulaga
gold district are respectively 108.2 + 1. 2Ma and 106 +1. 1Ma, which are similar to the age of surrounding volcanic rocks. Thus it is
inferred that the gold mineralization hosted within the granodiorite porphyry apophysis was also formed in the Early Cretaceous, which
was contemporaneous with the Dong’an gold deposit and Gaosongshan gold deposits. The granodiorite porphyry is the typically I-type,
calc-alkaline (o =1.83 ~2.18) granitoid with meta-aluminous attributes ( A/NCK =0.97 ~ 1.16). Geochemical and Sr-Nd-Pb
isotopic features suggest that the granodiorite porphyry was likely derived from partial melting of the Neoproterozoic juvenile mafic low-
crust, which is inferred to be the source of partial mineral-forming components by comparing with other gold deposits. Early Cretaceous
magmatism favored an extensional regime in NE China, when complex tectonic activities occurred, at the same time as intense low
crust-sourced magmatism. This result suggests that there is likely huge mineralization potential for epithermal gold deposits in the
Heilongjiang Province, through comparison with regional mining epithermal gold deposits.
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(a) -tectonic framework of northeastern China ( after Gu et al. , 2007) ; (b)-simplified geological map of Wulaga gold deposit (after Nie, 2010) ;

Regional tectonic sketch and local geological map

(¢) -geological cross-section of No. 102 exploration line of Wulaga gold deposit
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Photographs of ore samples (a), granodiorite
porphyry sample ('b), microphotographs of granodiorite
porphyry (¢, d) in Wulaga gold deposit
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Cathodoluminescence ( CL) image and chondrite-

diagrams of zircon from ore-bearing
granodiorite porphyry apophysis in Wulaga gold deposit

(chondrite REE values after Sun and Mcdonough, 1989)
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Fig.4 Cathodoluminescence (CL) image and chondrite-normalized REE diagrams of zircon from ore-baring granodiorite porphyry

in Wulaga gold deposit ( chondrite REE values after Sun and Mcdonough, 1989)

¥IE Ry 603. TMa; £ & PTG-1, [t 47 b AE 7 A, 3= I 4F 1%
2©Ph/ U :597. 9 ~ 612. 4Ma, ITFLE-Y{H K 607. 6Ma, [ i&
FREEATHE , BIAE AR ME(E 603. 12 + 2. 4Ma (HiI/N B 45,2007 )
HIIR2E ( £5% ) RN, AR B0 S AT 48

Frit WLG-W-1, 5 1 19 A A R0k 85 A, 19 A4l
SUES A U-Ph [0 28 20 i 7 158 22 Y0 161 IR 1 A, 34 9 7R T8
L L, Ph/2" U B #4408 S 106 = 1. 1Ma (1] {5 J&
95% ,MSWD =0.61) (& 5),

Fiil PTG-1, M T 19 N RCRTTR A5 A7, 19 NI 5 4
i U-Ph [F)fo; 2 20 TR 52 25 10 B N B 3R, 35998 70 1 F L
1, P/ U IACEYIAERS R 108.2 + 1. 2Ma( T {5 B 95%
MSWD =0.82) (& 6),

4.2 BRMBRKNERFE
4.2.1 EBALEHIE

ARYRWFEIERET 6 NHTEERE T AT 8T, BRI 2 0L 3%
2, MuERAL A FRAE LA AR R Si0, & iR 64.34% ~
65. 62% , Jg TR M 5 T 5 ALO, = 13.85% ~ 16.21% , A/
NCK 3 0.97 ~1. 16, ZHHIE A 1 ~ 1. 1 Z 0], R 40 Bi-55
1R R AL B A AE 5 Na, 0 =3.29% ~3.95% ,K,0 =2.57% ~
3.28% ,Na,0 + K, 0 i, B30 6. 62% , 54 (Na, 0/K,0
>1) 7 SiO-K, 0 Be & FIff b, REBVE A S B ES vk X 3, 5
AL BAREEEL ( = (Na,0 + K,0)%/(Si0,43) ] —3, K
FEHPE(( =185 ~2) s AHXT & 45 (2. 48% ~3.12% ) Fl'E B
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Fig. 5
porphyry apophysis (WLG-W-1) in Wulaga gold district

Concordia diagram of the ore-bearing granodiorite

(1.37% ~2.01% ) BE+R 5 m [ Mg* = Mg® "/ (Mg®* +0.9 x
Fe,0,7/72) =0.49 ~0.527, 5 4h, P05 & &A% H A8 fk /N
(0.11% ~0.15% ) ik TiO, (0. 46% ~0.76% ) ,{%k FeO", %
A R s 7E TAS 1 R1-R2 & (& 7) , 45 AL, o7 T30
BRPERYAE R TN A X ], 55N At e B B A G —PE.
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R2 GHESTETERNKEETELR(W%) BITERMETR( X107 ) HFER

Table 2 The analyzed data of major (wt% ), rare earth and trace elements ( x 10 ®) for ore-bearing granodiorite porphyry in Wulaga

gold deposit

¥SY%S  PIG2 PTIG3  PTG4 PIGS5 PIG6 PTG-7 i3k PIG-2 PTG-3 PTG4 PTG-5 PIG6  PTG-7
Si0, 64.39  65.34  65.6  65.35 65.34 65.62 Cs 5.97  5.93 7.8 7.8  4.56 6.2
Al 0,4 15.82  16.21 13.85 14.01 1551 14.16 Ba 290 369 601 578 504 504
Fe, 0, 2.83  2.74 3.8 3.69 269 3.53 La 17.7 18 30.8  29.6 17.1 28.7
FeO 2.3 2.1 2.55 2.6 1.45 2.4 Ce 34.6 349 569 541 33.4 52.2
MgO 1.47 1.37 2.0l 1.94 1. 44 1.68 Pr 3.77 3.8 6.07  5.81 3. 66 5.71
Ca0 312 2,48 2.63 295  2.65 2.7 Nd 15.7 153 23.6  22.5 14. 4 21.8
Na, O 3.95  3.94 3.5 3.45 3.87 3.29 Sm 2.9 2.7 4.24 406 2.75 3.79
K,0 2.57 2.71 3.28 3.22  2.67 3.28 Fu 0.787 0.828  1.18 1.05  0.868 1.06
MnO 0.06 0.05 0.065 0.061 0.049 0.074 Gd 2,52 2.53 3.5 3.79  2.34 3.62
TiO, 0.47 0.48 0.75 0.73 0.46 0.76 Th 0.405 0.359 0.626 0.647 0.341  0.625
P, 0s 0.11 0.12 0.15 0.15 0.11 0.15 Dy 1.9 1.81 3.0 3.11 1.83 3.19
ek g 4.8 4.25 3.83 4 4.81 4.22 Ho 0.287 0.305 0.549 0.548 0.277  0.53
P8y 99.59  99.69 99.50 99.55 99.60  99.46 Er 0.857 0.877 1.68 1.64  0.861 1.55
Li 26 28.1 51.8 51.6  26.1 42.8 Tm 0.128 0.099 0.248 0.249 0.121  0.265
Be 1.86 1.9 2.93 2.7 1.76  2.68 Yh 0.767 0.772 1.53 1.61  0.741 1.5
Sc 5.72 5.5 7.87  7.41 5.35  7.69 Lu 0.102 0.098 0.225 0.208 0.1l 0.217
\% 90. 1 57.4  92.5 101 64.9  78.9 Ta 0.592 0.584 1.92 1.82  0.503 1.72
Cr 34.8 32,7 53.9 557  33.2  52.4 W 0.636 0.553  1.26 1.19  0.511 1.18
Co 8.43  9.03 12.5 12.4  7.43 10. 4 Tl 0.509 0.564 0.8 0.786 0.548  0.748
Ni 17.7 19.8  25.3 24 22.3 19.1 Pb 20 19 22 1.9  20.5 18.8
Cu 17.2 18.5 18.7 18.8 18. 4 19 Bi 0.085 0.085 0.049 0.049 0.56  0.079
Zn 45.3  63.5 63 58.6 136 52.8 Th 5.2 5.24 11.3 1.2 4.93 10.2
Ga 18.6 19 19. 4 19.3 17.7 17.9 U 1.81 2,02 436 3.36 1.65 3.76
Rb 83.4  85.9 134 129 76.6 120 Zr 56.8 57.5  99.7  99.9  55.1 116
Sr 278 284 307 319 323 281 Hf 1.82 .72 277  3.15 1.76 3.39
Y 9.77  9.43 16.8 17.4  9.04 16.8 Y REE 82.42 82.38 134.3 128.9 78.80  124.8
Nb 6.97  7.24 18.9 18.3 6.77 17 LREE 75.46  75.53  122.8 117.1 72.18  113.3
Mo 0.753 0.47 0.972 1.02  0.324 0.993 HREE 6.97 6.85 11.48 11.80 6.62 11.50
cd 0.051 0.072 0.135 0.057 0.043 0.059 || LREE/HREE 10.83 11.03 10.70 9.92  10.90 9.85
In 0.027 0.031 0.043 0.034 0.031 0.035 (La/Yh) y 16.55 16.72 14.44 13.19 16.55 13.72
Sh 1.93  2.07 0.644 0.556 1.45  0.747 5Eu 0.8  0.97 0.93 0.8 1.05 0. 87

0.024

0.022

0. 020

0.018

Pb/**U
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0.016

Mean=108. 2+1. 2Ma
MSWD=0. 7, probability=0. 82

0.014

0.012 *
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Fig. 6  Concordia diagram of granodiorite porphyry (PTG-

1) in the Putaogou area of the Wulaga gold district

AR 2. 8) o FHARIHE 1 AR ARG, A5k 78. 8
x107° ~ 134.3 x 10 ~°  ERE & A0 R 1 B o045 XA AL G 26 B
M+ EE(YLREE =72. 18 x 107° ~122.8 x 107%) , &
ML TSH (T HREE =6.62 x 10™° ~ 11.8 x 10™°) [ 45 {Fi #<
R, BERAEH R ((La/Yb) =13.19 ~16.72) , T B
BisH (8Eu=0.82 ~ 1.05) , W /R ¥ X T GEA A 18 A 2 AR X
AT YR, HoEIoE (K 8) d i b, 74 Nb.Ta P Zr Hf
TR ICE , B Rb K Sr KRB T AT &, i
FUar4E UFN Pb, 355t Th, &5 Sr & & (278 x 107° ~ 323 x
107) fRY &2(9.04 x107° ~17.4 x107%) , %5 Si/Y [k
H(16.73 ~35. 73,1 24. 61) ; Rb/Sr H{H (0. 24 ~0. 44) A5
AT 5 7 B o345 =X R0 il o o0 Rk B R 22 5 o T, LA T
RS INAE B AR o
4.2.3 Sr-Nd-Pb Rl 4% % 4 42

AU 55 R 2 P & o A A A R (RS
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Table 4 The Pb isotopic determination data and some major parameters for ore-bearing granodiorite porphyry in Wulaga gold deposit

Acta Petrologica Sinica £ %53 2012, 28(2)

§ 206 P}) ) 207 Pb 208 Pb . 206 Pb 207 Pb 208 Pb
BB AwOl) g BSEOD%  mpl 2SEOD% g 2SED% zmpb)i ( ) ( zmpb)i
PTG-2 18.343 0. 002 15.515 0. 002 38. 182 0. 005 18.232 15.510 38. 080
PTG-3 18.373 0. 002 15.517 0. 002 38. 196 0. 004 18.243 15.511 38. 088
PTG4 108 18. 625 0. 002 15. 538 0. 002 38. 402 0. 005 18. 381 15.526 38.200
PTG-5 18. 587 0. 002 15.522 0. 002 38.377 0. 004 18. 368 15.511 38. 144
PTG-6 18. 381 0. 002 15.525 0. 001 38.259 0. 004 18. 282 15.520 38. 165
PTG-7 18. 634 0. 002 15. 549 0. 002 38. 468 0. 004 18.387 15.537 38.254

££(1999) PR R R T S SR AR AT . (H R 37 BR T 2 s Y E A

H(YS/*8r), LA K, 4 F 0.705209 ~ 0. 706178 , -
PIE M 0. 705586 ;" Nd/"* Nd w1 iG % 55 (4 F 0. 512505 ~
0.512533) , P-4 0. 512526, gy, (¢) HaXF{E /N, F 0.1 ~
L1 AT = F A At e P0E 22 T M52 oy, () (- 44 ~
=32;Jahn et al. , 1999), 5524 523 10 W AR # K KA 1)
ena (OH( -2.22 ~7. 11, FHEJg +2. 05 S 4@ 05,1999 ; 3t
K BAF,2000,2003) —F, TSRS 1, BEONFEE,
HAHA T 800 ~ 897Ma Z [H] . WF5E X AL 55 Y fona 29 R 111
8, B LB (A T - 0.46 ~ —0.41) , RUTFRIX 1975 1
JCE Sm Nd ZHAB &, P ittiz B R Il 8o 1 58 19
Z BB R o BB AR R AT AR

AR YR I E A 5 5 B 508 IS 1 o 48 2
AR A B S P B PR Ph, (P Pb/* Pb), = 18.232 ~
18.387, 344 18.315; (™" Ph/*™Ph), =15.51 ~15.537,F
PIE K 15.519; (*® Ph/™ Pb), =38.08 ~ 38.254, LA N
38.155, HEEFIMI R ILATTRILN p HAT 9.3 ~9.34 2
BT w=9.74 ke kg, iR Pb [F 07 AR
DLV HE 3 W] L K M BR AL 248 Pb R 7 2 RRAE (IR BRI,
1995) #H 1Ll

g5 R, B S0 A R B R IR, B B B
WIHRIH , eng (1) W12 T O, B [R5 2877 101 1 08— Iy B A2 U A 1%
BAERR 0w SOV A AL 4y, T O P R 4T P
TR, SRFRIE 7R 245238 L1 WA B AR A R A

5 e
5.1 BB

Loy W 4 B 0 A T A T 286 L i 3T ) 28 B IR B2 5 v
TO SR TR SV A 2 o 5 B 30T ) 30 2R VG I R AT 1Y) Bk
ks, S0 L R AZ IR A RS RS W55 XN
TE R N BEA A 2 DI 2R |, BEA A I8 B4 1 2 2 X ™ i A
AR L, BN X HCHEAT T 25 R0 B AR 2l S
B TR 57 2 AR S 105Ma 114 Ma( VTAfERT,1986) ; 44+ K/Ar
A7 224 0 100Ma, 102Ma 112, 6Ma( 514 4>,1995) ; 554
LA-ICP-MS [f}f; Z4E % 109Ma ( 5 3 7%, 2010) , FE A & 4

D7 AN EORS B2, (A 5 AR I B S R (100 ~ 114Ma) .

AUHFFERH” X % 1 P 5K (WLG-W-1; PTG-1) 73
BRAE, BEFEB A AT R GUE AR, B KT i LA-ICP-MS ¢
ART7 % AR A9 AR 3590 (106 = 1. 1) F1(108.2 £1.2)
Ma, Horp &5 a0 i (WLG-W-1) i T X AL B i) o8 A
(PTG-1) , 5% H ¥ (2010) Prak 3 M 4F RS JLF-— 2. dittsi
TR P 5 7 Ay 4 7 e PR T A ) T R 20 5, LA
W S5 T S o SR AL S, T RE e AR B 2 B U
OF, B PR T B AT

TR DX A AE B 1 2 20 7 A 4 s 58 R
7, HOCe i AU TE] 2 100 ~ 118Ma (4225 K-Ar [d] fif 3 4F
W) TS P (2010 ) G X0 7 8 A 4 9% 22 S S ok TS e
BEDCEHEAT T B0 B A7 ARA QI 5T, BRAS B RIORLEL A1 1) 47
WATE 102 ~ 121Ma, HANKGEA{E N 113.3 1. 2Ma, B H {3
T VR =90 10 DX P9 AR B N BE 4T i 0 106 ~
108Ma, bb KL A I , SEAS g — 0 J Il -5 A =0, 4
BN (PN SR, 1996 5 BT FIXIFR AR, 1996) W 5T, 571
BRI SE AL, HEWT AT I A R A

FRIETLAR A3 A R R0 A R 2 4t -k g
HAP A — R A BRI e, BN 7= TR A A AR 2
S, SR AR AR % 20 551 0 - 112Ma il 108Ma (L 5t i
45,2004) 7R T HIT AL (SEFAL) MY A A B (XEE 1 45,
2006 ; 120145 ,2009 5 FFPUH 45, 2010) 25 Lk A
AR AR e T 1 R, TR B R A
PRI B ARV S 1) 3 A TE AT AR Sy H v SR AR 3 TR A
PRUTHAS 5, A7 B TR Dl iR i e AL 4

5.2 PUEZER

TR 7 1) 70 S D AR 27 SR TE I ST M R, 2 d
W HIRIAE R A R 32807 982 MISA(RIPMLT.S #i1 A B (=
fRICAF,2007) o A TRUFT M TR ELA BB RUARAE , 4 DP9
R E R WY S AN RF, BT LATE A A T BT S AR BT,
Chappell and White(2001) 78 T ZIF0 S BIAE 5 A 43 2542 11 25
JAEZ PR, FROCEEE T PIZEAE R 1Y 70 AR AE  AH LT &, 10
HHAE S RO (AN SR, ELAR AR £
(A/NCK < 1. 1), D 85 5w #) 55



EARMWE, BRI ELELAT KT LR Nk a4 5 U-Pb 8 25 %A AL T &L 567

T 3 6 BRI G A O 4K B DR BE A 1 b BR Ak A
MBI I, 2 E AR D R M (Si0, = 64.34% ~65.62% ) ,
A A R (o =1.85 ~2) , 20 & &5 (6.52% ~
7.31% ) . & 41 (Na,O/K,0 > 1) , FX B 45 (2. 48% ~3.12% )
a8 (1.37% ~2.01%), 5645 B s & (Mg* = 0.49 ~
0.52) ,{H P,0; &k HAE{L/N (0. 11% ~0.15% ) , i i
FEE(A/NCK) R, R 0.97 ~ 1,16, ZEHEEE 1 ~1.1 =
[0, 2 D 58 D55 58 68 B AE b AR . DL D M BR 1k 2 R AR 1
SR HOA MR ) T RIAE B o

RSB 1K LA (TR AL DGR gl H 4l LA iR
PR I-RECA N 32, 44 36 kA (FPE R 46,2010) , 1l
BRAGZEAE ST B 22 0 D40 - 55 2 40 R A 5 itk Ll . e
TEE T, BLor th 4 5 S b AL W TN BEA AL, 39 2 AR
T EAE A T B A s 2, H b A A AR H T A
LB LA I A S, TG AR 5 8 G A T I S
A EA W AR (T EE,2006) , 5 5% B 22 0 Al g R T
FES AR TR BUA T BT KLU T ST 3T, I X 8% B ARG
G, FBIRITTA 1 kLl MR fb 2 4 T AR 2 el
TS RGBS KA, AT, B0 28 KA A 3R
PR BT IR AR £ 07 1 S 2™ %A (Mitchell and Garson,
1981 ; White and Hedenquist,1990)

53 HRERX

HISCHE AR AR RS (A 5 TN B 1 40 5 i 1
RIAG R, R 1 W 518, T E R0 & (Nb Ta,
Ti.P) , EHEKE T EAILE (R Th U Fl Pb) FIf 55 #Y Eu
SR IR R TR KB o (HIE Mg (i (H{E N 0. 51) s
T REP IR A O B (29 0.5) , ERTH T REH T H
SRR A R, S 43 M e By o A o TR A 5 TR
B EAA BRI (Y Se/%Sr), (0.705209 ~0.706178) Fl55 &
19 Nd R ZZ R eng (1) =0.1 ~1. 1], 7E £y, (1) -(¥ St/
S, R CEL9) o BE 38 AL T 5 46 b8 A EMT R
Hiul =2 [, A F 24 58 18 117 A5 A7 76 5 A 1Y ey, (1) fELIX[E]
A, B e T B R S YR A R A (R TLA§,2000) , Wu et
al. (2000) NN ey, (1) >0 LR A 3R A R 0 HT A4 W
BERRIT N HboT . WI4E Ph-Ph R A R (B 10) |, T
N BE 2R S 47 MORB 5 F Mg X 338 Fak . — ik
Shy b0 R 3 4 Rl B TR G v R M K B4 T R A R /N
(Green, 1980 ; Martin, 1999 ) , & bt 2 47 16 45 9 W [l 5 1) U
X 4 J5 7 2% A R 0 I M 2 ) A il IR R TR
7] R B TRE SO R E I 7 1, 455 B A AR
HARR 7 1 Nd B (1, =800 ~897Ma) , 4l
XFPAERR (e EBIE T RTl 20,

5.4 B AERER
[ E AW M PRSP NS R e R (VS A e S
H AR DY ) B AR S AR ) - B AR i M i AR i 5 3. B

Bt PE AT MR N JPRE T, A T — 251 (1) NE-
NNE [a] B 872 FAS g hr A oty , SR W e st gt 2 o 22
— o TEVEAOE B MR B R iV T, b Pl - 1 o 4 iy 234
ST T R EA I Sl 2 M o A B AH s (7w
2 OE FTH WAL AF) Bt & A AR A (Wu et al. , 2005)
FEIEAEAE T —HRRGR PR A &0 ( SRIE ST R L4
WAL ) o

ARYHIGE I L4 WA A 5 [N BEA, FE ek b 2=
FEIEFN Sr-Nd-Pb [A)43; 2 7R, HoR IE AT B e oo Ao AE 1Y
BERRTT Host, HOE % 28 08 5 5 2K 1) 51k Taylor et al.
(1985) Gt Kl Hh7e v 4 F= BT 2B, T 0 KR e 4 2 3
(3.4x1077) BB & T L¥f5E (1.8 x 1077 o I T 4F A2
REN WS WoR , e VE AL R i 72 S 4E T 58 40 5L 1
J5 (B 305, 2002, 2005 5 %1 4 B 45,2003 ), {318 (2004 )
AR A A 352 308 T S A R 5 b i A 25 i YR A ) A A
JH, AT e IRIA T UG AR R B 4 T8 A A B Bk A8 . bt
Wr 5 Hung /e EA BE R T ot vl BRI E 12,
SR ZRZE 40 F R A L &0 B -t ok A 4 1
TR i (BT FIX R 48, 1996 5 534k 55,2004 )t A T 35
UE T 3 —HEWT

DA R 27 £ SR i, , AR R DR 1) 2 SR AT 400 o
I Z B 38 XY 1 4 () 4R Al EL A 20 T O M 0 M T A
W IR BT B2 A - 78 18 B V2 2 (36 B 4 49 0o, 5 0 ) 2 3K
15 SR AL IIR A HG , & 2% HL ok BN 0 4 3 3 Bh 3R It %
B, T S RS T, BIR VLA & G sham F, A R
TR A T B ARG S 45 6 0 A W RTRE
7, XN EA BRI,

6 e

(1) 8547 LA-ICP-MS S 45 345 1 i LA™ X 4 4 38 1A
(PTG) K HRg B & i 73 K (WLG ) 19 B 4F i 73 31 o 108.2
+1.2Ma 1106 + 1. 1Ma , 5 X N T A 41 AL s i 8]
SEAAHAT , HEWT S8 A AR S e, 5 AR L
A A LB R4

(2) MR Al ~2 F 5 22 WA 2E B TN BRE 2 A e 085
PE B T B AE B, Lo ST AN Se-Nd-Ph AF 5%tk 7
HA T S B2 A SRR A, I J 5 DX R R ) o B A R
U oe ety OE LA BE B M7 Y 70 A il ) e 1

(3) 1 T, v [ R A A 7 i A e 1 (A T
e TR S S Z AR IR TR AR T re e IR ) B
R JAE BB, BAT R A P G R B 78 0

s BRIV S G0 R LR AER A
GUNSFAN TAESRAE A B B s 85 41 U-Pb & 4R35 T rh [ 8} 2%
Wt o5 iy R BRI 5 T A £ 4 2 0 A 8 B 5 B ER Lo (2
b ol \Se-Nd-Pb) A5 21 185U Tk 38 = WF 58 Be X 4
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