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The Yanghuidongzi copper deposit is located in the Yanbian-Dongning metallogenic belt along the northern
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part of Xingkai-Yanbian magmatic-tectonic zone. The orebodies are mainly hosted in breccia zone of the inner
contact zone between granodioritic porphyry and Triassic metamorphic rocks of Yanwangdian Formation in
Huangsong Group , which are mainly lenticular and veinlike in shape. Detailed studies of geological features of
ore deposit geology and petrography indicate that the wall-rock alterations include mainly biotitization, sericitiza-
tion, silicification, chloritization, epidotization and carbonation, and the alteration zoning from the lithosome to
the wall rock is in order of potassium silicate zone, phyllic zone and propylitization zone. The ore minerals are
mainly chalcopyrite, pyrite and pyrrhotite, subordinately arsenopyrite, molybdenite, sphalerite and galena. The
oreforming process can be divided into four stages: ( I ) quartz-pyrite-arsenopyrite stage; ( Il ) quartz-
pyrrhotite-molybdenite stage; (Il ) quartz-polymetallic sulfides stage; and (IV) quartz-carbonate stage. The flu-
id inclusions in the Yanghuidongzi copper deposit are mainly liquid-rich inclusion (WL-type), vapor-rich inclu-
sion (WV-type), pure liquid inclusion (L-type), pure vapor inclusion (V-type) and daughter-minerals bearing
three-phase inclusion (S-type). The [ stage quartz contains WL-type fluid inclusions, the [l stage quartz con-
tains WL-type and very small S-type fluid inclusions; the [l stage quartz contains WL-type, WV-type, L-type,
V-type and S-type fluid inclusions, which occurs in isolated form or in group; and the IV stage quartz contains
WL-type and L-type fluid inclusions. The homogeneous temperature of the fluid inclusions from [ to IV stage
are 380~417C, 304~368C, 171 ~310C and 116 ~189C, respectively, which correspond to the four ore-
forming stages. The w(NaCly,) of fluid inclusions from [ and Il stage are 4.63% ~14.5% and 5.09% ~
14.63% ; the w(NaCly,) of fluid inclusions from |l stage could be divided into two groups: 1.73% ~10.37%
and 13.44% ~15.35% ; the w(NaCl,,) of IV stage is 0.87% ~9.08% . Laser Raman spectroscopic analysis
indicates that the gas components of fluid inclusions at the early stage is dominated by H,O and a little CO,,
while the gas components of fluid inclusions from the main ore-forming stage is dominated by H,O and a little
CHy; the component of fluid inclusions from the late stage is only H,O, suggesting that the ore-forming process
evolved from the CO,-bearing salt-water system to CH,-bearing salt-water system gradually with decreasing tem-
perature. The study of H-O isotope of quartz from phenocrysts of granodioritic porphyry and from sulfide quartz
veins of every ore-forming stage and Pb isotope of sulfides show that the primary ore-forming fluid was mainly
derived from granodioritic magma or was probably the product of exsolved fluid, and ore material was derived
from deep magma. The ore-forming process experienced the emplacement of granitoid magmas, fluid exsolution,
the formation of ore-bearing fluid, cryptoexplosion and the mixing of ore-forming fluid and meteoric water,
which resulted in the formation of pyritization-dominated altered rock, copper-dominated sulfide quartz vein and
quartz-carbonate vein in succession. Comparative studies suggest that the Yanghuidongzi copper deposit belongs
to the porphyry copper type.

Key Words: geochemistry, fluid inclusion, stable isotope, ore genesis, Yanghuidongzi, copper deposit,

eastern Heilongjiang Province
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Fig. 1 Tectonic location map a modified after Sun et al. 2009 and simplified geological map of the Yanghuidongzi
area b modified after Lii 2014

1—Holocene 2—Chuandishan Formation 3—Suifenhe Formation —4—Shuangzigiao Formation 5—Yanwangdian Formation 6—Yangmu Forma-
tion 7—Rhyolite-porphyry of Early Yanshanian period 8—Granite-porphyry of Early Yanshanian period 9—Granodioritic-porphyry of Early Yan-
shanian period 10—Granodiorite of Early Yanshanian period 11—Granodiorite of Late Indo-Chinese epoch 12—Adamellite of Late Indo-Chinese

epoch 13—Granodiorite of Zhangguangcailingian period 14—Geological boundary 15—Measured fault 16—Inferred fault 17—Anticline axis

18—Syncline axis 19—National boundaries 20— Yanghuidongzi mining area 21—Residential points 22— Yanghuidongzi copper deposit
Faults F1—Xilamulun-Changchun Fault F2—Dunhua-Mishan Fault F3—Yitong-Yilan Fault F4—Mudanjiang Fault F5—Hegenshan-Heihe
Fault F6—Tayuan-Xiguitu Fault
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Fig. 2 Geological map of the Yanghuidongzi Cu deposits (a) and geological section along No. 13 exploration line of
the Yanghuidongzi Cu deposit{modified after Lii et al. » 2014)
1—Yanwangdian Formation sericite-phyllite; 2—Granodiorite; 3—Granodioritic porphyry: 4—Mica—plagioclase lamprophyre: 5—Biotite-quartz-
sericitization belt: 6—Quartz-sericitization belt: 7—Propylitization belt: 8 —Copper orebody: 9—Copper mineralization body; 10—Boundry of al-

teration zone; 11—Fractures 12—Drill hole and its serial number; 13—Section lines 14—Shaft
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Table 1 Size; attitude and geological characteristics of orebodies in the Yanghuidongzi Cu depositmodified after Meng, 2612)
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Fig. 3 Photographs showing ore petrography of the Yanghuidongzi Cu deposit
a. | stage grayish white quartz vein containing arsenopyrite: b. |l stage milky quartz vein containing molybdenite: c. |l stage sulfides ore: d. |l
stage gray sulfides ore; e. |l stage gray sulfides wrapping |l stage milky quartz vein containing molybdenite; f. Hydrothermal breccias; g. Early-
stage euhedral pyrite replaced by chalcopyrite showing metasomatic relict texture: sphalerite showing duration of exsolution texture in chalcopyrite:
h. Chalcopyrite genetically coexisting with molybdenite, arsenopyrite showing skeleton texture: i. Pyrite filling broken quartz crack showing net view
Q| —Quartz of | stage; Q) —Quartz of Il stage: Q) —Quartz of lll stages Qy —Quartz of IV stages Cpy—Chalcopyrite: Cv—Covellites
Mo—Molybdenite; Py—Pyrite: Sp—Sphalerite: Apy—Arsenopyrite: Ser—Sericite
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Table 2 Characteristics and parameters of the fluid inclusions in the Yanghuidongzi Cu deposit

A BB REEEM O KANpm  SMESE/% HE t./T 1/ C w(NaCl)/ % o/g/ et
| WL 4~11 10~30 9 ~2.8~-10.5 380417 4.63~14.52  0.56~0.74
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WL 614 5~30 89 ~1.0~-11.3 171~310 1.73~15.35  0.72~0.97
i wv 712 =80 13 ~1.4~-3.8 173~275 2.40~6.14 0.77-~0.94
IV WL 4~16 =5~30 63 -0.5~-5.9 116~189 0.87~9.08 0.91~0.98
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Fig. 5 Histogram of homogenization temperatures and salinity for fluid inclusions of different ore-forming stages

in the Yanghuidongzi Cu deposit
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Fig. 4 Microphotographs of fluid inclusions in the Yanghuidongzi Cu deposit

a. | stage liquid-rich {luid inclusion: b. |l stage liquid-rich fluid inclusion: c. |l stage daughter-minerals bearing three-phase fluid inclusion: d. |l

stage gas-rich fluid inclusion: e- Il stage daughter-minerals bearing three-phase fluid inclusion: f. Il stage pure gas fluid inclusion: g. |l stage liquid-

rich fluid inclusion: h. IV stage pure liquid fluid inclusion: i. IV stage liquid-rich fluid inclusion: j. Il stage coexisting liquid-gas with different gas-

liquid ratios: k. lll stage coexisting liquid-gas with different gas-liquid ratios, pure gas inclusions in one optic field: indicating fluid boiling

LHZQ*Liquid H,Os VHZO*Vapor H,Os V002+ HZQ*Vapor; S—Potassium salt daughter minerals

H—Metallic daughter mineral
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Table 2 Characteristics and parameters of the fluid inclusions in the Yanghuidongzi Cu deposit
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Fig. 5 Histogram of homogenization temperatures and salinity for fluid inclusions of different ore-forming stages

in the Yanghuidongzi Cu deposit
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Table 3 Hydrogen and oxygen isotopic data of the Yanghuidongzi Cu deposit
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Cu deposit Cafter Hedenquist et al.» 1994)

~18.3274, 2"Pb/MP{E AN T 15.5045 ~ 15.5468;
28pp,/ 2P {EA T 37.9808 ~38.1128, Pb [F AL & Lk
EENBZR DS, B H B A IEH 8 R R PFFE.
Horp, 4R A 2 Ph/2MPL{E A 18.3224 F11 18.3274,
D7pL/2MPh E R 15.5371H8115.5468 , Pb/?™Ph
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Table 4 Lead isotopic data of the Yanghuidongzi Cu deposit
ZUSPb/ 204Pb 207Pb/204Pb ZUGPb/ 204Pb
RS WA 4
tb{E 26 th{ 26 th{E 26
09vhdz2 FAR 38.0583 0.0023 15.5371 0. 0009 18.3224 0.0012
09yhdz3 AT 38.1128 0.0038 15. 5468 0.0015 18.3274 0.0018
09yhdz4 EEHH 37.9808 0.0033 15.5045 0.0013 18.2796 0.0018
3951 @ b
L5 16.1 | &
39.0 &
et »
5%
159 |
e}
gn:u
5157
‘\Bq
155 |
A I 30 Z A R
a8 o W 153 | ""/ =
SN
36.0 d ! ! L L L . L f L 1 . L
160 165 170 175 180 185 19.0 195  20.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0
Zl)(be/ZUAPb zu(»Pb/zu-JPb

9 FEKFFHET B AT E AL =M IEFIE A A B (8 Zartman et al. » 1981
Fig. 9 27Pb/?Pb versus 2%Pb/?"Ph diagram (a) and 2% Pb/?"Ph versus 206Ph/2%Ph diagram (b) of sulfides
from the Yanghuidongzi Cu deposit Cafter Zartman et al. , 1981

) 38.0583 Fll 38.1128. Bk K 29°Ph/2% Ph.
207 P/ 24 L AT PL/ 24 Ph E 4351 M 18.2796+15.5045
F 37.9808
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B AL 2 AE 0 — PR A I Rk Ak 2 R BR A
A AMUBETR A Mo ST AL, 10 B AT DR 7R o 4 ok
JR(Zartman et al. » 2009; TR¥55,2000). ¥ KT
B AR AL YRS R AR —, B A K,
FOATE A A F AR T 4 TR YR AR 0T B — 0 e AR
FaTE o TEBTFIAT 28 A i 5 2 BB v, o) A3 T 70 i
WSS R A 2 15 e L v A 8 2 ) 9 ) o L b 2 5
T CE 920, R IR ETHRIE 28R, A D=
FEUR T s 705 R 22 M R 00 B s ) B 40l
%1E MORB X 8¢ MORB 544 T Hi7% 73 5 X 35 (
Ob), FE7R AT A BT 5 R 1 SR I 2 A B b g AN AR
O 1 = B SR e e - 87 N - 7 e v

(2005 )X VE AR 7 B PR A i R A 5T 8o,
WAk SMSMH A 7E — 3.8%0~ — 1. 1% 2 I8, 38
H = 3.0%0, 221 Y0 [ B 72, I 7= B 1 >R U5 0T R AR X
B B AWy 84S E 518 FHH (0 + 3%,
Ohmoto et al., 1997; Hoefs, 1997)4Hif, 38 B A
AR PR R IR T BB IR AR EAE KA. Ak, %
TRl R AETE M = B iR, sl B P E R A
AR R i 1 2 30 85, B gk — 5 HE W e 4 o v 46 ]
BE 55 IR R VAR BROKVE 1 1 & AR M e %, Ak
0 28 AR o0 0 Rl ) 8 L R I SR A 55 8 X R 4
iy B Hi 72 4% (Sillitoes 1997

e FIRBE TN, A E R B TR
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@
Lowell et al. 1970 Sillitoe 1973
- 3
5.4 116 ~417C w NaCl,
4.63% ~15.35% H,O
2 CO, CH,
2004 2005 2014 2
2012 @©
)
5
1
201.2+1.7 Ma ~ 204.4+£2.8 Ma
2014 4
2
5

Table 5 Characteristics of the Yanghuidongzi copper deposit and typical porphyry copper deposit

250~800C
300~450C 2% ~25% 116 ~ 417C w NaCl,, 4.63% ~
30% ~ 60% 15.35% H,O CO, CH,
HO CO, CHy; N, H,S H
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WL \VAY
L A\ S 4
380 ~ 417C 304 ~
116~189C I 1
4.63% ~ 14.52%
w NaCl,, 1.73%

368C 171~310C
w  NaCl,
5.09% ~14.63% [l
~10.37% 13.44% ~15.35% I\
w NaCl,  0.87% ~9.08%
3 HOS Pb
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