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AR, & BRI B &0 R F R 2
LT 110 Ma £45 ( Zhang et al. ,2010 ;38X P 4246,
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Xof A X 77 A T B (W et al. ,2007,2011)
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2006; Wu et al. ,2011)
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SR EEMAE RS (Wu et al. ,2011) , H /1 220 ~
170 Ma [ 46 5 & K06 I i 1 B S /N %2~
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Table 1 Gold deposits in eastern Jiling and Heilongjiang Provinces
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B1 (a) % -EARH -5 THBRKE VX ZMTRE KM AEIE E E (& Zhou er al. , 2010) ; (b) FERMEERL
ENL -BAESHEERPERBHRS - XA RERBT KEX L EE (#F Zhang ef al. , 2010; Han ef al. , 2013;
Zhang et al. , 2013)

Fig.1 (a) Tectonic setting of the Khanka — Jiamusi — Bureya massif and adjacent areas ( after Zhou ef al. , 2010) ; (b)
Distribution of volcanic and intrusive rocks and location of porphyry — epithermal gold ( copper) deposits in eastern Jiling
and Heilongjiang Provinces ( after Zhang et al. , 2010; Han et al. , 2013; Zhang et al. , 2013)

I =BAkilis 2 - AR g3 - =8 - PRP IOl 4 - R AR A S - =8 - hRP IR A6 - fAmad -
TEARLLAE R AT - FER AL - WAL 458 - Wi s9 - &0 IR (IRBR | & B\ BES 2)

1 - Cenozoic volcanic rocks; 2 — Cretaceous volcanic rocks; 3 — late Triassic — middle Jurassic volcanic rocks; 4 — early Cretaceous granite; 5 — late
Triassic — middle Jurassic granite; 6 — Carboniferous — Devonian granite; 7 — Cambrian — Ordovician gran-ite; 8 — fault; 9 — gold deposit(low sulfur,

high sulfur, porphyry type)

2.2 HRHR (IRTIE7NIVES VIR 72NN W s L U N

BEE 14 AL TN RIEARFAES TR 16K (ORT -0 i & @ W &8, MERZ.
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B - G0 R, OO0 Y E LIRS R JrE BEE RO RLIEE F Sa AL IR T O 3 AR
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% g ) 1 B 80 R

LR T BRI AT PRARAE , R4 =2 B
BB L] &0 NS R Rk TEET
B Ak AR B R A A 45 &0 X - T
BT GEREET REET A4 U
L DY LM 3% 4 0 RS T 4 0 5 T 28 A A 4
AR L BRI PR SR kS 08 4 L = 0 R R 4
B SXUEH PRI REJR T A ) 9 B4 — 1 A A 5 A
B BG4 A T SR A L A L 2 e
M3t P FE ) ( Pirajno ,2013) o BLHT 5 K - S
T S UIAR %
2.3 WE R REKR

AR A PR IR 3 R LT 2 AR
PEIR T AR T o S (H 2 B B X B
FE LRI W r S0 S kT
22 1) B TR 28 4308 AR K, 0 1 BT 20 3 4 5 LA
BF5E.

B R ISR T EEA N a
T BASBREA B PR, KA K S e ) % R % e
FIR I VA G B o 2 0 R D) OO 4 3 5 9 34 2 1 A
DRI R S % DACBRE S 780 1 R 28] 0 AU T A vk 28
PR LR K A8 1 1 T g e e, B b, A T R
Tea sy F T2 (PR 2) 43 3 kg /N D4 22 04 AL S 1 4
X R (BS540 RKEET) 55510 KFik
B AEIXH PR . 3 T BE -5 R I B PR 14 vy 28 4 JEE 4
A, M B 5 L /N 2% 22 I B 4 X A R
() H R . 540, /NP B 2 [ 37 2 5080 0 75 LL
Sy, By 8D %o fH H2 T K W i I K 9 Y5 1L, AT fE
5 EVRRTE SO X, M 6L 52 1 DL M 2 9F
TA SOLT (1724#8,2011) t R AEIE

TR T R A [543 2 2L A 1 A 3 B A
A 3) 5 8™S $E3T , 5 LI B 2 5 i U
FRAE o MBE B — ¥ AR TR PR R T R IR ]
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2 HERMETHKS -ERMLE (D -5"0,%) AR
Ho  KERERK(HYHTFRHAERK) MELEHE LK
(ERERFBHK)WEGLEKEEEKE Talor (1992),
Hedenquist & Lowenstern(1994) ;5 K HIER B H XS
(1994) , 158k ¥ (2008 ), F 5k T (2010) , [T =% (2011) R &
32 ik
Fig.2 Plot of 3D versus §°O values of hydrothermal flu-
ids in various porphyry and epithermal ore deposits in
eastern Jiling and Heilongjiang provinces ( Yang et al. ,
1994; Yang, 2008; Huang, 2010; Men, 2011; and refer-
ences therein). (The data range of hydrogen and oxygen
isotopic compositions of water dissolved in felsic magmas
prior to fluid release are from Talor, 1992; Hedenquist &
Lowenstern, 1994 )
1 = R4 52 - 5K 53 - P 1L 54 - AR ;5 - /NPU e 22556 — AL
FEle 7 - JU=0458 - & )39 ~ A 10 - J 5 1

1 - Dongan; 2 — Tuanjiegou; 3 — Sipingshan; 4 — Sishanlinchang; 5 —
Xiaoxinancha; 6 — Duhuangling; 7 - Jiusangou; 8 — Jinchang; 9 -

Naozhi; 10 - Ciweigou
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1995 ;X % 3 ,2007 ; # 7k 11,2010 ; Pirajno,2013)

Fig. 3 &S values of hydrothermal fluids in various por-
phyry and epithermal copper and gold deposits in eastern

Jiling and Heilongjiang provinces( Rui, 1995; Zhao,
2007 ; Huang, 2010; Pirajno, 2013)
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iR R Z AR (8D - 8" 0. 8™S) $E1E
7T PRI TR AR BT IR MR B S B LS SRR TR R
B TSR AR AT PR U5 R K S R 55 T A
A7) U 2 % e ) A %, DR A 6 R AT
RES /R [ e R il o BRI SRACIR 0 R R A A I -
FBSHT R AR (FD 37 B¢, 2009 5 Pirajno, 2013) , 4 A
BT RE T P AR AR A SR B A K

3 aRTAERLERED
3.1 pE R B

JRW A 4E A F 110 Ma /£ 45 ( Zhang et al.
2010) , 73 A [ 2 120 ~ 100 Ma, Hor, 583K 11
PUF L D bR S AR P U AU R B A T A T T AR
B K, 120 Ma £ 45 (i £ 8155 ,2012; Zhang et
al. ,2013) 5 /2422 W db i 0 B 4E AR 2/ T 110
Ma,ZR %49 0 107. 2 Ma ( Zhang et al. ,2010) , 4]
S5V 40 106 Ma ( E KM 5 ,2012) , @A Il 4 4
7 104 Ma (AR, 2K & R B ) 5 1M K7 08 3 X 47
PR EZH 110 ~ 100 Ma, {HAS BIAEE /N T 100 Ma(#
FIZ24%: 2010 ;Han et al. ,2013)

W XS5l A XHRA - GAEFED AR
Mo RS K o o 3 AR 4 A T 120 ~ 95
Ma, ot /NG 22 W 7R 2 4 07 0 A5 A BT 41 2kl
% 108. 1 Ma(Zhang et al. ,2010) | A 4% V4 &1 K 16 X
B A 108 Ma (RS AR N, R & R &) , Sk 110
~ 105 Ma, 5Eik L ECE 4E40 110 Ma /545 ( Zhang
et al. ,2013) . KV (T - E) KIlE F AR
H1F 116 ~95 Ma ( 284538 ,2007 ; 25 43 52 46,2007 ) ,
T A6 < A W 4E - 120 ~ 100 Ma( Wu et al. ,2011) ,
X5 XK - RS AR AR E . U B
AR B HE— 2D U0 T R AR ER AR AR A il S
Kl - RAE AR K.
3.2 ERAEDSEHET XA

PR AR A A R 5 R IR A (]
KRBV o R H () — 8 3 AR O B 45
IR, FE R E T A AR S5 % KL s R LR A
o MREEW ST RS MEEST A5 TR
B IIE B (Zhou et al. ,2002) , AR 40 7 TEAR
BT 20 i SU 3 5 Z v (Zhang et al. ,2010) , P4 1)
D0 A R IR L AR H ARHS I 808 E A ( Zhang et
al. ,2013)  TMBESRLH PR N 3= 22 5 [6 ) /= A4
AR WA 50 a0 ™ T ki 385 B (Zhou et
al. ,2002) T4 ) 48 W 5 N K B A A O OB E 81
.,2012) , FRARIST K2 5 FE M b ¥ A0 OC,
1252

PR 32 8 77 7 B R IX 0 A Ml 300 2, 32 S S A —
NI I — M, A 88 B PR 2= 5™ A [R] 4 A0 0 Y
A HLAG (BRI AR 55,2011 5 Pirajno,2013)

TR IRER T IR B AR RS S R AR AR — B
EAR IS o T KL L DX A 4 0 — o A I
26,2009 1 Ma B JLA> Ma( 2R 4145 ,2004) o S A
AR A 5 A B S R EYL A AR
FE [A) 7 2 80080 4 78 7 PRASHRAFAE — 9] 110 Ma [ 4
B e S A Kl - R ACE TG S A
Ko HRIRIR & B a - WK A R G 8
IR, 32 32 T PR A5 T RS JE Y S, /N %22 0
FEAGE IR L — K-8 v] B8 3 J& AN Rl 1Y &R &8, 5
[Fi) 52 W2 5 — IR s . XA BB A AE S AL
3 U AH 5 19 R KO 48 (Bryan , 2007 ) , 2 % 1Y)
A IX
3.3 5BKXfEE

TR ERAEAE— A 110 Ma 59440 i 304, 1
5P KA B AR B o A 56 (Zhang et al. ,2010) o A
A PRARER , AR AL b IXC 0 25 0 Bl T RE AR 5 P R
S RE AR AR A 5, AR ARG 1) AR KR T 1), K
AR I A S /N B 3 (Wang et al. ,2006) o [H 1L,
Xif LM 2 e AR b IR H i A E K AT R A B T
fiff DX IS5 RSUA AREAE B R Hb A 38 PR 5K ( Pirajno,2013) o &
SCIRIBC T 7 7 AR el XA [ e BT R R 4

P W I AR b X /) Sikhote — Alin B 7 B4
AL PTE 105 ~55 Ma, 96 Ma .63 Ma £l 55 Ma
AN R 88 5 A SR Sl VA G AH & R
YRk IR A 2 5 ( Genevchuk et al. , 2010) , H A
130 ~95 Ma Mg Fy &1 4 K05 3l , LA 50 A ik 1 I il
2Em N L HRIRA D B RDR B A6 5 - 2%l
R il il B S A= ML) e IR BT, 95 ~ 60 Ma 48 DLART
R T b e S SRR R A ek AR A A B
J&, 7o VR A 4E A in 5% ( Genevchuk et al. , 2010)
o S0 A A TG Bl K il 3 2 BR B {H S RE T T
X,

HE A Au - Ag T FE N IKAETK, 5
K~ R AERAE S ARG, 5 E AR U KA
R R e ), N B AUE T 110 ~45 Ma (So
et al. ,199;Choi et al. ,2005) , & # £ MK 81.9 Ma,
N KB B SRR (So et al. ,1999)
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H W i A A5 7 SRR TR b A AR IO v R M 5 2 B0 5 R AR T

SRR YE g E o HA /N2 Sl s DU R
A, HWHmSCE E I aE i S T, RA S
INRCAE TN By o S8R I Kl RS Ak
P FHRTBCA N E R A DA SN KBy
N B LR AR B BE A O o TR (R T
— &) K DL SR A o O L - S
HHAANE RAGENARE NKEE RN K
AR BEE LM AE B N K BE R A5 R M I B
F4 515 B AL R 5

T AR IR HS R AR A SRR A DX R R Sl - R
AE AR ST R M T (E 4) o Bl BR XL
APkl - RAG#EA Nb Ta Hl Ti %5 &
SROGER T B, A A A - RACH A SRR YR
5P OAN T T 4R B G R B Ak, K
- RAE B AR W Ph 3 BLU A Rl
TR AL . W JRACHS -5 A S 1 FP R K 1L
— (R A T — 7 2 AR o AR S AN e A R )
I 3 PREE AL BE 5 R PR R A SR 8 B K B
LI (22 A58 ,2007 5 7] 22 ,2011) .

10000

i R 41
e esiv )

1000

100 | Hi s

AR g

&) NN KL K
SR X R L

0.1
CsBa U TaLa Pb SrNd ZrGd Ti DYHoTm Lu
RbThNb K Ce Pr P SmHf EuThb Y Er Yb

B4 HEFRMBERTHEHIXNL-BANEHMETERLHKKN
Bl E TR HIRIE Zhang, e al. ,2010; 7] = #,2011) , 4R
#E L %48 #R 48 Sun and Mc-Donough (1989)

Fig.4 Primitive mantle — normalized trace element pat-
terns of the late Mesozoic volcanic rocks in eastern Jiling
and Heilongjiang Provinces. Trace element data are from
Zhang, et al. ( 2010) and Men (2011). Normalized val-
ues are from Sun and Mcdonough (1989)

4.2 hERBRHAERSRT EHERAMETR

T PR AR S v AR S e A AR ) R R S A
PR — 8023, 15 75 K F- PEARBAR oh Ay 56, LB 15 5 9K
A Al o (3B 5 3CAF, 20005 F TLAK 25,2008 ) .
{E v ] R R R AL B I A 22 53, AT BE S B Bk A b
J7 1 I A A 5% (P LA 45,2008 5 B K A%, 2012)

T IR A A ) Y O R R AR R T 110
Ma /245 ( Zhang et al. , 2010; &7k #8558 ,2011 ;] 2%
#i,2001 ), AR B 4 VI T 3 AR T b X %
XAE 122 ~ 110Ma Sy & 3% 1% o)y [a] #3917 55,
2008) ,

Hh 2R L B AR X R AR AR i - iR A
SN B AE X 8 b AT BE A A B I 1) b P b 1) 2R g AT RS
(Wang et al. ,2006 ;Zhang et al. ,2010) , I 7" ¥) & 3
VR ELA |6 BE 1Y 3 4k 8 34 ( Choi et al. ,2005; Genev-
chuk et al. ,2010) , M7 2 % # |n] Sikhote — Alin F
i [ R A X o < A 53 AR O B BT R <6 AR A
0o 3 PRARTR LA P4 S5 O 3 1) 1 2R 7 1) e
HAG S A R B AN, A TE [R) R M A 3 R B
HH O B AN () A4 35 457 ¥ 1 T BE , A0 AR 2P 0T 0 AR b IX R
WA T RE 5 o R AR A e [, 1H S R T i
75 J7 1] ( Genevchuk et al. , 2010) ,

] SR BE A AR G B R S AR S e R G
(Pirajno,2009.)., 17 H 8 2R b AT 1 2 e B AR i 4 7Y
W RAE 1% 4 K AfE 45 i 31 ¢ ( Pirajno, 2009, 2013 ;
Zhang et-al. ,2010) , A5 A B AR o £ AR G, T HL.
5 R AR BEE 0K — R 30 32 KRBT 5 A 1
5 19 A5 25 1) 52 W) ( Pirajno, 2009 ) , 7 J& AR ¥ 130 ~
90Ma 1) i 3 5 F1 5 A Rl e 7% 0 4000 B |
T A R A & PRAR TR A9 110 Ma 4 8 54 ( Pira-
jno,2009,2013; Wu et al. ,2011) , 2 58I &K AH
KHVER — PGB S LB 0 RS 8 AH ¢
KL = ARG AL, I 18 52 DO A O ST R
T4 38 1 58 Ry R T AR HRAE o 5T B K i i % A
I R IR (A

5 #ib

T RARER AT PR 35 TN B R R R AR TR R
RET IR, BT LHBEE RGBT K,

X4 A B AR T 110 Ma, 53 BARAH
A ARG 7 8 U8 K L — AR SR B DDA O

T BIRHR A A 5 KT PR AR LR vh A 56 2 b
Je PRUTAE A 1, AR AR ob o el o 2R AR 1) AR e
07 3R RS B R B A1 Bl 2 3 5 R A AT RS .

B OB ARSI EPRATHE LA
FREARIAEHGREH B, kTR,
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Late Mesozoic Intermediate-Acid Magmatism and Gold Mineralization in

Eastern Jilin and Heilongjiang Provinces

CHEN Yong-fu, YAN Jia-pan, WANG Xiao-jun, GUO Xiao-dong, YANG Yu-xia
(Institute of Gold Geology in Chinese Armed Police Force, Langfang, Hebei 065000 )

Abstract ; Eastern of Jilin and Heilongjiang provinces host a large number of porphyry to epithermal gold deposits with a mineralization age of ca. 110
Ma, most of which are distributed in Wanda Shan, northern Xiao Hingan Ling and Taiping Ling. Stable isotope data indicate that the ore-forming fluids
have features of magma water and mineralization material stems from magma at depth. It implies that the gold ore mineralization in this region is probably
associated with magma activity. Furthermore, studies show that the intermediate-acid volcanic-intrusive rocks with ages of between 120 ~95 Ma are widely
developed in this region, which is closely associated with the 110 Ma gold mineralization events in space and time. These volcanic-intrusive rocks include
rhyolite-dacite and dacite-andesite, and diorite porphyry, granitic porphyry and granite which appear as dikes or/and small intrusions. And petrochemistry
suggests that they belong to calc-alkaline series and derived from mantle wedges which are influenced by metasomatic subduction fluids. Regional compari-
son shows that gold mineralization in eastern Jilin and Heilongjiang provinces, tin mineralization of Sikhote-Alin in Russia Far East and gold-silver miner-
alization in South of Korea all occurred at different localities in a same tectonic setting. With the younger trend of mineralization ages from eastern Jilin and
Heilongjiang provinces to the southeast, the acid content in magma increases while its mantle-source composition reduces. Combined the regional gold
mineralization and magma activity, we propose that the 110 Ma gold mineralization event is associated with the late Mesozoic plate subduction and subse-
quent lithospheric delamination and extension of the back-arc area, which resulted in a continental margin arc.

Key words: gold mineralization, intermediate-acid magmatism, eastern Jilin and Heilongjiang provinces, Late Mesozoic
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