1000-0569,/2015/031 (08 ) -2402-16 Acta Petrologica Sinica £ % F IR

ERIZELNT HSEXEET KEXR U-Pb £FRFER
H LML

REZ" HFrE EFRT N4 FAEE KEH oz’ ke
SONG GuoXue'* %, QIN KeZhang®, WANG Le'* >, GUO JiHai® , LI ZhenZhen” , TONG KuangYin® , ZOU XinYu'" * and LI GuangMing’

L ERRE B HER B2 B, JEAT 100049

2. W ERRA B BHEOT R SR E TP E R B B R BT, LA 100029

3. BRI ARPBUBAR A FRA R IR /REE 150090

1. College of Earth Science, University of Chinese Academy of Sciences, Beijing 100049, China

2. Key Laboratory of Mineral Resources, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China
3. Heilong Mining Goup Limited Comparny, Harbin 150090, China

2014-12-20 ¥%A45, 2014-20-11 #% = .

Song GX, Qin KZ, Wang L, Guo JH, Li ZZ, Dong KY, Zou XY and Li GM. 2015. Type, zircon U-Pb age and Paleo-
volcano edifice of Zhengguang gold deposit in Duobaoshan orefield in Heilongjiang Province, NE-China. Acta Petrologica
Sinica, 31(8) :2402 —2416

Abstract Zhengguang gold deposit is located in the southeast of the famous Duobaoshan Cu-Au metallogenic belt in Heilongjiang
Province in China, with distance of 10km from Duobaoshan porphyry Cu-Au deposit, Skm away from Tongshan copper deposit. The
deposit’ s tectonic location is in the superposition area of Paleo-Asian Ocean metallogenic domain and the Pacific Ocean metallogenic
domain. Ordovician Duobaoshan Formation of andesitic rock strata are developed in a large area, and the volcanic lithofacies include
airfall facies volcano, lava overflow facies, volcanic debris flow facies, and volcanic sedimentary facies. The explosive facies and
eruption facies are interbedded with each other and show that the volcano activity alternated between eruption of lava and volcano
pyroclastics during the outbreak of volcano. According to the spatial distribution and variation characteristics of ignmibrites, volcano
breccias, volcano pyroclastics rocks, we speculate that there is paleo-volcano edifice within the ore district. Influenced by the NW
trending structure, the volcanic strata have been experienced weak deformation of NW-trending, and are the main ore-host rock of gold
ore bodies. The gold bearing veins appeared as vein and stockwork along the three group faults of north-west, north-east and north-
south. The main ore minerals are pyrite, chalcopyrite, sphalerite and galena, and gold appeared in the form of fissure gold,
intercrystalline gold and inclusion gold in these sulfides. The combination of veins characteristics, mineral assemblage, alteration,
sulphide content in vein, Fe content in sphalerites show that the deposit could be defined as intermediate-sulfidation (IS) type
epithermal Au deposit. The intrusions in the region are diorite stock, porphyry diorite dikes, lamprophyre dikes, granodiorite porphyry
dikes and plagioclase porphyry dikes. All of them cut across Duobaoshan Formation volcanic rocks and gold ore bodies as the post ore
dikes. Zircon U-Pb dating results of the porphyry diorite dikes, granodiorite porphyry dikes and plagioclase porphyry dikes show that
the latest time of gold mineralization should earlier than 454Ma. A comprehensive conclusion is that the Zhengguang gold deposit,
Duobaoshan copper deposit and Tongshan copper deposit were formed under arc setting that is controlled by the Asian Ocean subduction
during 480 ~452Ma, and formed a complete metallogenic system from porphyry Cu-Au mineralization to intermediate-sulfidation type
epithermal Au mineralization. This approach has a great significance for the further exploration under Zhengguang Au(Zn) ore district
and adjacent regions.

Key words Zhengguang gold deposit; Paleo-volcano edifice; Zircon U-Pb age; Intermediate-sulfidation type; Epithermal;
Duobaoshan orefield; NE-China
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Fig.2 The geological map of Zhengguang gold deposit in Heihe city, Heilongjiang Province (modified after Tong et al. , 2015)
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Fig.3 Microscopic photos of rocks (a-e), typical alteration (f-h) and main sulphide minerals (i-1) from the Zhengguang ore
district

(a) volcanic clastic rock; (b) andesite; (c¢) alteration diorite porphyrite; (d) granite diorite porphyry; (e) diabasic dike; (f) andesitic volcanic
rock with sericitization and carbonatization; (g) leaf-shaped quartz in quartz-pyrite vein; (h) directional calcite in calcite-pyrite vein; (i) pyrite
replaced by sphalerite; (j) early pyrite included by coexistent sphalerite and galena; (k) hematite include pyrite and chalcopyrite filling in hematite
intergranular; (1) between chalcopyrite filled in pyrite intergranular and included by later sphalerite. Ccp-Chalcopyrite; Hbl-hornblende; Gn-galena;
Pl-plagioclase ; Py-pyrite; Q-quartz; Sph-sphalerite
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Fig. 4
breccias ( d-g ),

The surface-oxidized ore ( a-c), hydrothermal

volcanic breccias ( h-j ) and main

lithofacies (k-0) in Zhengguang ore district

(a) oxidized ore body in surface; (b) jarosite in oxidized ore; (c)
limonite and clay minerals in oxidized ore; (d) hydrothermal breccia
with carbonate cements; (e) hydrothermal breccia with quartz and
carbonate cements; (f) volcanic breccia in the No. 2 ore belt; (g)
volcanic breccia with melt flow characteristics in the north of tailings
dam; (h) volcanic agglomerate in the pit of No. 2 ore belt; (i) two
stages of hydrothermal breccia with epidotization; (j) epidotization
hydrothermal breccia in drill core; (k) contact zone of two periods of
diorite porphyry dikes; (1) diorite outcrop; (m) feldspar porphyry
in drill core; (n) altered granite diorite porphyry; (o) pyroxene
andesite
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Fig.5 Hydrothermal veins from Zhengguang gold ore district

(a) quartz-K-feldspar vein; (b) quartz-pyrite-sphalerite vein; (c¢) two periods of veins: pyrite-sphalerite vein and quartz-pyrite-sphalerite vein; (d)
quartz-sphalerite-chalcopyrite vein; (e) two periods of vein: pyrite-sphalerite vein cut quartz-sphalerite-chalcopyrite vein; (f) quartz-sphalerite-pyrite
vein deformed by structure; (g) early pyrite vein was cut by late hematite vein; (h) early deformed pyrite was cut by quartz-sphalerite-pyrite vein;
(1) sphalerite-pyrite vein was cut by late fine quartz and pyrite veins; (j) pyrite-sphalerite and quartz-pyrite-sphalerite-chalcopyrite veins; (k)
quartz-sphalerite-chalcopyrite vein; (1) quartz-calcite-sphalerite-chalcopyrite vein. Cec-calcite; Ccp-chalcopyrite; Hem-hematite; Kf-K-feldspar; Py-

pyrite; Q-quartz; Sph-sphalerite

4 RIS

AU A — € I TRIVE R P B R B T [R5 A TR
Ly o PR SRR X HERR TR IR A — RE TR A AL A 4 56
AT ILAE ™ P10 B A o DB F i K gk
SRAN, RERER KIS, B Z FINGL, 0 E G AR
AR IO A MG A 1R AR i TR KR AT K
INGURARSE (18 6) o K A ARG di A AR5 ) 7 90 B0 L
VERATEIE A I o (68 -5 K LLRE TS ) )k e S A T

PRI B LR £ 5 1 E 22 s R AR . o =52k
SFCRT LI 4 P T S A A RRBE I -BE -2 1
HIZ G, TR G D L o RS AE . 87 DX R A
FARRLK NS BEA A KN BRA £, EE T =5 RI0
PALHER A AL KOt A IR R Lkm 48 (18] 4h-j) 5
FRRI I LRI K oA 3 e R A AL C-C &
T _E R 7 0 K AR B A B Hh B w8 R AIE (1 4
Bl 6) o JILBEJE AR K TR B 52 2, 4ot a0 X
LANE R AT P LUK B A i A T o Kl
FANLZ A N, R T L L I, U S 0 i
FLHER], Zlrs EES R RE R A R ERR =



REFF: BTS2 LA AHFA2H REL U-Ph FREF AL Kb 2409

R 7 1

i Fpsk i = AN 4 s % o s
& R iﬁ’,/%?'?ii%
iz [P

&«
&
b’
=3
i

vaov

&
b 135

<ol

D
v
A

=

oo <> <
< ool
Hr

e

HE

<D
<> <S> < B> < O

b )g W

mon 7 Rl cusmEtE

#1452

=

oo <
< oo
oo

%
DiE

70°

ZE148 180° 0°
bl 72

VvV /[T VOV
VVIV SvIVY vvvyd v :
VVie veAVVfivvvyY v v v

B16 4ot Jolid M S KLU BT P (A-A S5 BB #1198 748 v 4 et 25 5 402 BA,2013D)

Fig.6 Measured volcanic lithofacie profiles and prediction map of paleo-volcano edifice in Zhengguang ore district
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x1 BEIAFXEY A U-Pb WiKEE
Table 1  Zircon U-Pb dating results of the Zhengguang ore district in Heilongjiang Province
207 py, 207 py, 206 pt, 208 ZZO:S—P]’ TFIEE
Spot No. Th/U Ty, 1 W lo W lo o, lo BU lo (%)
(Ma)
7G58-8-1 0. 47 0.05534  0.00074  0.56051  0.00594 0.07349 0.00046  0.02618  0.00019 457 3 0.9
7G58-82  0.23 0.05597  0.00095  0.56767 0.00832  0.07358 0. 0005 0.02802  0.00038 458 3 0.9
7G58-8-3  0.42 0.05645  0.00083  0.56869  0.00687  0.07307 0.00047  0.02626  0.00022 455 3 0.9
7G58-84  0.28 0.05704  0.00095 0. 60046 0. 0086 0.07635  0.00051  0.02904  0.00034 474 3 0.9
7G58-8-5  0.47 0.05657  0.00099  0.57166 0. 0088 0.0733 0. 00051 0.021 0. 00024 456 3 0.9
7G58-8-6  0.23 0.05809  0.00174 0. 5861 0.01682  0.07318  0.00061  0.02269 0.00016 455 4 0. 85
7G58-8-7  0.28 0.06327  0.00126 0. 6347 0.01134  0.07275 0.00053  0.02861  0.00044 453 3 0.9
7G58-8-8  0.32 0.05498  0.00101  0.55084  0.00896  0.07265 0.00051  0.02751  0.00034 452 3 0.9
7G58-89  0.21 0.05617 0.00129  0.55876  0.01181  0.07214  0.00056  0.02754  0.00055 449 3 0.9
7G58-8-10  0.33 0.05537  0.00093  0.55609  0.00813  0.07282  0.00049  0.02882  0.00031 453 3 0.9
7G58-8-11  0.39 0. 05551 0.00098  0.56138  0.00873  0.07331 0.00051  0.02684  0.00029 456 3 0.9
7G58-8-12  0.40 0.05725  0.00076  0.57188  0.00598  0.07241  0.00046  0.02697 0. 0002 451 3 0.9
7G58-8-13  0.25 0. 0546 0.00117  0.55658 0.01087  0.07388  0.00055  0.02957  0.00045 459 3 0.9
7G58-8-14  0.41 0. 0562 0.00121  0.56492  0.01108  0.07286  0.00056  0.02635  0.00037 453 3 0.9
7G58-8-15  0.49 0.05964  0.00133  0.59935 0.0123 0.07283  0.00057  0.02799  0.00036 453 3 0.9
7G58-8-16  0.24 0.05577  0.00121  0.56109  0.01117 0.0729 0.00055  0.02485  0.00044 454 3 0.9
7G58-8-17  0.24 0.05604 0.00118 0.56032 0.01082  0.07246  0.00054  0.02574  0.00044 451 3 0.9
7G58-8-18  0.36 0.05567  0.00086  0.56737  0.00744  0.07385 0.00049 0.02517  0.00024 459 3 0.9
7G58-8-19  0.38 0. 0558 0.00094  0.56362  0.00825 0.07318 0. 0005 0.02442  0.00026 455 3 0.9
7G58-820  0.39 0.05617  0.00089  0.56687  0.00765 0.07312 0. 00049 0. 0251 0. 00024 455 3 0.9
7G46-8-1  0.22 0.05231  0.00066  0.50696  0.00501 0. 0702 0.00044  0.02619  0.00021 437 3 0.9
7G46-8-2  0.27 0.05564  0.00075  0.53999  0.00586 0.0703 0.00046  0.02574  0.00024 438 3 0.9
7G46-8-3  0.24 0.05514  0.00074  0.53107 0.00572  0.06976  0.00045 0.02591  0.00023 435 3 0.9
7G46-84  0.23 0.05659  0.00076  0.54245 0. 0058 0.06943  0.00045  0.02874  0.00025 433 3 0.9
7G46-8-5  0.22 0.05548  0.00078  0.54004  0.00624 0. 0705 0.00046  0.02638  0.00026 439 3 0.9
7G46-8-6  0.27 0. 0558 0.00079  0.53831  0.00623  0.06987  0.00046  0.02823  0.00029 435 3 0.9
7G46-8-7  0.20 0.05454  0.00073  0.57416  0.00614  0.07624  0.00049  0.02681  0.00025 474 3 0.9
7G46-8-8  0.19 0.05919  0.00125 0.61617 0.01186  0.07539  0.00058  0.02985  0.00055 469 3 0.9
7G46-89  0.35 0.05658  0.00083  0.59365 0.00734  0.07597  0.00051 0.0253 0. 00021 472 3 0.9
7G46-8-10 0. 45 0.05675  0.00079  0.63377 0.00725 0.08084  0.00054 0.02467  0.00019 501 3 0.9
7G46-8-11  0.23 0.05699  0.00095 0.62123  0.00904 0.07891  0.00055 0.0254 0. 00034 490 3 0.9
7G46-8-12  0.44 0.05336  0.00084 0.51942  0.00698 0.07046  0.00048  0.02292  0.00021 439 3 0.9
7G46-8-13  0.27 0.05515 0.00078  0.53283  0.00619  0.06993  0.00047 0.02115  0.00021 436 3 0.9
7G46-8-14  0.29 0.05315  0.00079  0.51748  0.00648  0.07047  0.00047  0.01964 0. 0002 439 3 0.9
7G46-8-15  0.37 0.05556  0.00084  0.53871  0.00692  0.07017  0.00048 0. 0206 0. 00021 437 3 0.9
7G46-8-16  0.24 0.05339  0.00087  0.51439  0.00725  0.06973  0.00048  0.02052  0.00027 435 3 0.9
7G46-8-17  0.43 0.05517  0.00088  0.53826  0.00744  0.07061 0.00049  0.02172 0. 00022 440 3 0.9
7G46-8-18  0.30 0.05527  0.00065  0.52948  0.00465 0.06933  0.00044 0.02014  0.00014 432 3 0.9
7G46-8-19  0.36 0.05564  0.00077  0.54156  0.00617  0.07044  0.00047 0.02168  0.00019 439 3 0.9
7G46-8-20  0.32 0.05461  0.00079  0.52094 0.00635 0.06903  0.00047 0.02155  0.00022 430 3 0.9
7G003-1 0.24 0.05574  0.00132 0.5328 0.01171 0.06932  0.00055 0.02376  0.00049 432 3 0.9
7G003-2 0.78 0.05247  0.00112 0.31701  0.00616  0.04382  0.00032 0.01389  0.00014 276 2 0.9
7G003-3 0.05 0. 0573 0.00071  0.34812  0.00325 0.04406  0.00028 0.02763  0.00034 278 2 0.9
7G0034 1.43 0.04848  0.00083  0.22119  0.00329  0.03309 0.00022 0.01067  0.00007 210 1 0.9
7G003-5 0.93 0. 04959 0. 001 0. 22595 0. 0041 0.03305  0.00024  0.01105 0. 0001 210 1 0.9
7G003-6 1.25 0.05113  0.00163  0.32219  0.00977 0. 0457 0.00041  0.01491  0.00018 288 3 0.9
7G003-7 2.86 0. 0498 0.00062  0.24578  0.00236 0. 0358 0.00023  0.01147 0. 00005 227 1 0.9
7G101-1 0.09 0.06475  0.00075  0.39587  0.00336  0.04435 0.00028 0.03185  0.00027 280 2 0.9
7G101-2 2.00 0.06915  0.00082  0.44622 0. 0039 0. 0468 0. 0003 0.01284 0. 00006 295 2 0.9
7G101-3 1.28 0.07377  0.00108  0.47895  0.00578 0.0471 0.00032  0.01405  0.00009 297 2 0.9
7G1014 1. 47 0.05535 0.00063  0.35896  0.00296 0.04705  0.00029 0.0146 0. 00007 296 2 0.9
7G101-5 1.56 0. 0564 0.00072  0.36076  0.00362 0. 0464 0. 0003 0.01384  0.00007 292 2 0.9
7G101-6 1. 14 0.07243  0.00201  0.46943  0.01248 0.04701  0.00037  0.01421 0. 00009 296 2 0.9
7G101-7 1.18 0.06307  0.00251  0.39432 0.0153 0. 04535 0. 0004 0.01392  0.00009 286 2 0. 88
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Ho MROIJE Y (Sillite, 2010) , FEZE 4310 T 75 5 19
I BB B RS- VY B 2 1) 7 i I b X, 76 33X 4 X9 i A1
TPVRER IRFRE )2 40 Ao A6 TP B R LA & /N E rg
WOWRIESE, 1995) AR TZAR) (Sun et al., 2012) (K1l -+
J& - RIS BEA AT R S - 5 LR SARIR 4 5 (Qin et
al. , 2002; B4, 2007) PGP A H1-AVLAT LR 2R 4%
BB TR IR (2560158, 2007; Lier al. , 2012) FIX]JE
Wb v Bk AT Cu-Au &7 IR (5 25 2% 5%, 2010) . R 20 %% 5F
(1997) FIZE4H (1998 ) X i X W WF5¢ & B, Wt 2 5210
HIXE A AT R R R 7 5 Ry H B 0 15 9
K ARSI F IR SN CINFER RS ) o W% T5E
(2012) A h Z I AEARBEE T Cu #7 IRITE B 1 R 58
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DL TV R AP R B A R B o 5 IR (FEAE
RS M85 5 (Sillitoe and Mortensen, 2010) , Wu et al.
(2011) BFFE R WILE B 7R AU AU/R Ty g ik e b e 8 1T
BRI A R 4% F R AR AR (2 460 ~ S00Ma) 53
TEBN, Ay Tty 2R A 22 552 LUl DX A 32 oy S I AR o s ol i
TR IR, 250 Co-Au B0 1E T BT Rl AR AR
BIE R T (Wu et al. , 20115 Zeng et al. , 2014) B W Z %
WFRFH T

eI SNV SN D EAI O QIR PPN E S
S AL R EfIAR BT, Bl AR o6 X Rk
IHLR R s R s 22— JELE R E T R4 22 52 I AR 1L
LA KLCE L) S IR AR TURR B B o P Bl IRF b 1
FBIHER RN 22 5 1005 A T TR, 7.2 480 ~ 454Ma I LAAE B
NG FE R AR B A Dy EE R G RAIFER T Z 510
W (4) 0 AR 56 4E, B T 588 WIS Cu-
Au 5 BRI AR IR A Au BT R GE o LN T X
2 PR E AR B T B L R A R S

7 g

(1) el IR BRI A, A2 B KA i
TAR LT AR DU AR S, B A e 5 XLl i
JE YRR A S AT T R AR E K LA . 87 R
PRI S22 QPR 2RO QI L e R ey R ) P &
IER IO B8 XN AT A b UL, HEWT LA T8 X
AR AR A SRR I

(2) 4t WA ALRHIE Dk R FRAE IS RS AE TR T
AR PGS s WARIEG W25 R AL & B L INAERT Fe 35
R YA S L, At B IR A R T R B 2 AR R
TG, TS Je% v i 28 ) PR A 2 e 98 i) 2K T - e g Y
EB R AT L e S S R SR S A

(3) ZRkE BB A1 U-Pb AR TAR R 4re 607 K
BRI T 454Ma , 543 FI W 5 X8E 22 52 10 RER 14
AR . Ot r 25 AR5 5 LR 6T R T R
T AEAR (480 ~ 454 Ma) , 57 T3ty S Y AT b A4 42 1 ) 8 30
5, HAR 752 BB Cu-Au 15 P Bk 78 32 A A1 IR 4
Au JEAm R G X ETAPUN Ot e B TR S B
OB TR AR , X DX B At AT T A AN (R

gt  EPANTAEA S BRI ML AR B A BRZS R X BB
BN B B DB ERE RS CE , Blrs B PG
RORFINL AR LRI SR ST R &, 2 AR A
WA e U RGHE 2 ) I s 5 A PR B R A e
H 55 R B TS I LA-ICP-MS 5255 %849 i i F S 61 119
RIVSCRR ARSIV SR G MRS 53 25 T 20 0o B
FEBCEEMCE W s TR — R 2R O A
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