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Abstract

The Lunshan gold deposit is located in the east of the Ningzhen ore concentration area. Mineralization stage
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can be divided into sedimentary and hydrothermal epochs. The latter is further divided into hydrothermal I and
hydrothermal Il stages. The analyses of fluid inclusions indicated that the homogenization temperatures of inclu-
sions in quartz of hydrothermal | stage mostly vary from 330C to 366°C with the salinities w(NaCl,,) varying
from 4.96% to 6.74% . The homogenization temperatures of inclusions in calcite of hydrothermal [ stage vary
from 150C to 240°C with the salinities w (NaCl,,) between 0.71% to 9.8% . The ore-forming fluid of hy-
drothermal [ stage was high-medium temperature and low salinity fluid. The homogenization temperatures of
two phases (gas + liquid) fluid inclusions in quartz, calcite and fluorite of hydrothermal I stage vary from
124°C 10 260C with salinities w (NaCl,,) mostly between 1% and 8% . Hydrogen and oxygen isotopic studies
suggested that the ore-forming fluid of hydrothermal | stage was magmatic fluid, and the hydrothermal II
stage fluid was meteoric water with minor magmatic fluid. The sulfur isotope analysis using pyrites of sedimen-
tary epoch indicated that sulfur came from the evaporate bed of the Triassic Qinglong Group with the organic
matters involved in the formation of sedimentary pyrites. The sulfur of hydrothermal, | stage was from activa-
tion, migration and enrichment of sedimentary pyrites. Magmatic sulfur also supplied ore-forming materials of
hydrothermal [ stage. The Sm-Nd isochron age of fluorite of hydrothermal Il stageis (93.7 + 3.1) Ma, rep-
resenting the youngest age of the Lunshan gold deposit. The authors infer that the main ore-forming epoch/stage
occurred during the Late Cretaceous. The formation of the Lunshan gold deposit represented the final
mineralization of the Middle-Lower Yangtze River Metallogenic Belt.

Key words: geochemistry, fluid inclusions, stable isotopes, Sm-Nd dating, genesis of deposit, Lunshan

gold deposit

1991 1992
NW }
1989 2000 SE -
2001 Wang et al. 2014 2013 la
2014  Wang 2014
U-Pb 100~109 Ma 1996 2
2014
EW
- 1 Il
1 I - - 1 -
I\ - vV
1 - 1b NE
1 Il NW EW EW
II NE NW
Sr Y

U-Pb 100

~109 Ma 2013 2014 Wang



36 3 677

119° 15’ 119" 30° B

\A%i%
NHT T

|

1 2014

5— 6— 7T— 8§— 7 a 10— 11— 12—
Fig. 1 Simplified geological regional map of the Ningzhen area modified after Wang et al. 2014
1—Quaternary eluvium and deluvium 2—Andesite andesitic tuff and volcanic breccia of the Cretaceous Shangdang Formation 3—Argillaceous
siltstone and carbonaceous mudstone of the Cretaceous Yangchong Formation 4—Sinian to Jurassic clastic rock and carbonatite 5— Yanshanian

granitic rocks 6—Anticlinorium 7—Synclinorium 8—Fault 9—Iron deposit 10—Iead-zinc-silver deposit 11—Copper deposit 12—Gold deposit

etal. 2014
40 17
4
19 2 2014
2 NE
2.1 2
24 km NE NW NS
Zydn €sg NW NW
0,1 O h F2 F3 F4
Sig S f Dyw NS NE
Cih P g NW NS F1 NE NwW
Tiq Tox Jiz 2
xn Ky Kis



678 w PR i i 2017 F

Kl 2 &bt R D5 B (2312, 2014 1B 50
I— BRI s 2— ES 22 L 22 L ST ACE TR L SR s 3— i e FOM D FIBR e 455 4—Z L BFID s S—HER A4 K
Frs 6—H MK T— IR TS : S—HRUNA R FTUNCE . O— LB A SR A 10—BCkA A 1I—m KIBAICE KD BRI E
HEATWS R—AAE AR 13— ARG U—WERAAZTE; 15— HRAATE; 16—WKIA: 17—HEN KD
s 18— BN 19— REREAT s 20— BT 21— W2 RIS 22— G Rl 23— B AL S G Ty 24— HDERER B 4 S
Fig. 2 Geological map of the Lunshan gold deposit (modified after Zheng, 2014)
1—Quaternary eluvium and deluvium; 2—Andesite, andesitic tuff and volcanic breccia of the Shangdang Formation; 3—Argillaceous siltstone and
carbonaceous mudstone of the Yangchong Formation;s 4—Sandstone of the Xiangshan Group: 5—Limestone of the Xuejiacun Formation; 6—Lime-
stone of the Qinglong Formation; 7—Siliceous shale of the Gufeng Formation; 8—Argillaceous limestone of the Hezhou Formation; 9—Quartz
sandstone of the Wutong Formation: 10—Sandstone of the Wentou Formation: 11—Limestone intercalated with minor siltstone and lithic quartz
sandstine in the Gaojiabian Formation; 12—Limestone of the Honghuayuan Formation; 13—Dolomitic limestone of the Lunshan Formation;

14—Dolomite of the Guanyintai Formation: 15—Dolomite of the Dengying Formation; 16—Diorite Porphyrite; 17—Quartz diorite porphyrite;

18—Gold orebody; 19—Fracture zone; 20— Silicified zone; 21—Fault and its serial number; 22—Lunshan anticline; 23—Dirill hole and its serial

number; 24—Exploration line and its serial number
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Fig. 4 Field and microscopic photos of the Lunshan gold deposit
a. Pyrite is distributed along bedding in the mudstone, and quartz veinlet cuts bedding and pyrite; b. Framboidal pyrite coexists with asphal in the
mudstone with framboidal pyrite recrystallization (reflected light): c. Calcite veinlet cuts the pyrite veinlet in the mudstone: d. In the mudstone,
the calcite veinlet cuts the early pyrite (mixed light); e. Pyrite-calcite vein cuts wall rock, i.e., mudstone (polarized light); f. The debris in the
mudstone was subjected to sericitization and kaolinization, opaque minerals were pyrite (polarized light): g. In the mudstone, pyrite coexists with
chalcopyrite Creflected light); h. Fluorite-quartz-calcite vein cuts wall rock, i.e. silicified mudstone: i. Fluorite-quartz-pyrite veins in the mud-
stone (mixed light)
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Table 1 Geological characteristics of samples in the Lunshan gold deposit

LS-14-14

LS-14-15

LS-14-36

LS-14-39

LS-14-41

LS-14-42

LS-14-66

LS-14-89

LS-14-102

LS-14-103

LS-14-72

LS-14-8

LS-14-9

LS-14-12

LS-14-19

LS-14-24

LS-14-25

LS-14-74

LS-14-75

LS-14-76

LS-14-79

LS-14-110

ZK903 372.5 m

ZK903 375.2 m

ZK1308 292.3 m

ZK1903 320 m

ZK1903 320.7 m

7ZK1903 323.7 m

ZK905 238.7 m

ZK703 221.53 m

ZK1702 157.9 m

ZK1702 167.14 m

ZK905 257.35 m

ZK903 320.5 m

7ZK903 319.8 m

ZK903 337.9 m

ZK1902 212.3 m

ZK1902 213.1 m

7ZK1902 213.2 m

ZK905 267.4 m

ZK905 270.5 m

ZK905 272.0 m

ZK1102 219.01 m

ZK1703 246.97 m

Cal

Cal
Cal

Cal
Cal

Cal

Cal

Cal

Cal
Cal

Cal

Fl Q Cal

Q Cal

Q Cal

Bodnar 1993

1999

3~17 pm
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2
Table 2 Fluid inclusion data of quartz calcite and fluorite from the Lunshan gold deposit
pm % T T % g em®
1
LS-14-15 V-L 4~11 5~10 148~257 13 -1.5~-0.5 8 0.88~2.57 8 0.80~0.92 13
L.S-14-36 V-L 5~15 5~25 158~270 9 -2.6~-1.58 2.57~4.34 8 0.80~0.93 9
LS-14-39 V-L 3~11 15~25 296~343 10 -4.0~-3.010 4.96~6.16 10 0.70~0.78 10
LS-14-41 V-L 4~13 10~20 338~362 5 —4.2~-3.35 5.41-6.74 5 0.65~0.71 5
1L.S-14-42 V-L 6~9 20 327~366 2 -4.1-3.8 2 6.16~6.59 2 0.66~0.73 2
LS-14-66 V-L 4~8 5~25 142~251 14 -3.4~-1.714 2.90~5.56 14 0.84~0.95 14
LS-14-89 V-L 3~12 5~10 150~221 16 -6.0——-4.7 14 7.45~9.80 14 0.90~0.98 16
LS-14-102 V-L 3~14 5~20 177~274 18 -3.3~-2.418 4.03~5.41 18 0.86~0.93 18
1.S-14-103 V-L 5~17 5~10 156~231 12 -3.4~-0.412 0.71~5.56 12 0.83~0.93 12
I
V-L 4~12 5~10 167~170 9 -5.4~-3.09 4.96~8.41 9 0.93~0.96 9
LS-14-8 V-L 5~14 5~15 159~256 10 -3.4~-2.29 5.71-3.71 9 0.82~0.95 10
V-L 8~18 10 134~137 10 -3.2~-1.6 10 2.74~5.26 10 0.96~0.97 10
V-L 4~5 5~10 160~227 3 -2.3~-1.33 2.24~3.87 3 0.86~0.94 3
LS-14-12 V-L+S 5 5 221 1
V-L 5~30 5~15 154~240 13 -1.5~-0.413 0.71—2.57 13 0.83~0.93 13
LS-14-72 V-L 6~11 10~20 169~260 10 -4.2~-2.6 10 4.34~6.88 10 0.84~0.94 10
V-L 3~10 5~12 161~241 5 —-4.8+-2.84 4.65~7.59 4 0.85~0.95 5
LS-14-75 V-L 4~8 5~15 124~211 9 -1.4~-0.8 8 1.40~2.41 8 0.86~0.96 9
V-L 5~31 5~10 158 ~243 10 =~7.4~-4.3 10 7.02~10.98 10 0.88~0.99 10
1S14.76 V-L 3~24 5~10 133~244 6 -3.0~-2.15 3.55~4.96 5 0.91~0.96 6
o V-L 5~13 5~10 153~175 7 —4.3~-1.717 2.90~6.88 7 0.92~0.94 7
LS14.110 V-L 6~13 5~40 168~226 5 -1.6~-0.55 0.88~2.74 5 0.84~0.92 5
i V-L 8~14 10 163~166 2 —4.4~-4.32 6.88~7.02 2 0.95~0.96 2
51
3~18 pym 30 ym 5 pm
5%
3.3
3 1
1 296~ 366C 330 ~ 3661
1 2 6a w NaClg, 4.96% ~6.74%
Sa 2% 2 6b 0.65~0.78 g cm’
1
2 142 ~274C 150 ~240C 2
1 I 6a w NaCly, 0.71% ~9.80%
5b~h 2 6b 0.65~0.98 g cm’
90 % 1
5% ~25% Il
Il 5% ~ 134 ~243C 134 ~170C
20% 40% 2 6¢ w NaClg, 2.90% ~10.98%
2 6d 0.92~0.97 g e’
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Fig. 5 Microphotographs of fluid inclusions in the Lunshan gold deposit
a. Gas phase inclusions in quartz of hydrothermal | stage; b. Gas-liquid two phase inclusions in calcite of hydrothermal [ stage; ¢, d. Gas-liquid
two phase inclusions in quartz of hydrothermal [ stage: e, {. Gas-liquid two phase inclusions in fluorite of hydrothermal Il stage: g. Gas-liquid
two phase inclusions in calcite of hydrothermal [ stage: h. Gas-liquid two phase inclusions in quartz of hydrothermal [ stage; i. Three phase in-
clusions in quartz of hydrothermal [ stage
Q—Quartz; Cal=—Calcite; Fl—Fluorites V—Gas phase; L—Liquid; S—Solid phase
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Fig. 6 Histogram of homogenization temperatures a c and salinities b d of fluid inclusions of the Lunshan gold deposit

3
Table 3  Sulfur isotopic compositions of pyrite in the Lunshan gold deposit

3*S %o
1 LS-14-6 ZK903 253.1 m -12.8
2 [.S-14-33 ZK1309 448.1 m +16.8
3 LS-14-57 ZK1 664.9 m +17.2
4 LS-14-84 ZK703 200.4 m -15.3
5 LS-14-85 ZK703 201.3 m +12
6 L.S-14-87 ZK703 211.2 m -7.2
7 L.S-14-90 ZK703 239.4 m +9.4
8 LS-14-103 ZK1702 167.14 m -10.3
9 L.S-14-31 ZK1309 436.7 m 1 +11.6
10 L.S-14-66 ZK905 238.7 m 1 -3.9
11 LS-14-72 ZK905 257.35 m 1 -3.3
12 LS-14-104 ZK1702 170.66 m 1 -10.4
13 LS-14-107 ZK1702 179.3 m 1 +13.7
14 LS-14-120 ZK1720 593.3 m - 1 +4.9
15 LS-14-121 ZK1720 593.9 m - 1 +7.5
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4
Table 4 Hydrogen and oxygen isotope compositions of quartzs and calcites in the Lunshan gold deposit
oD %o 380 %o T 3180 Y00
LS-14-14 1 -57.2 9.5 214 16.5
LS-14-15 1 -25.0 9.5 214 17.8
LS-14-36 1 -25.0 8.4 225 16.2
LS-14-103 1 —43.5 7.8 204 16.6
LS-14-9 I - 9.2 182 19.2
LS-14-9 Il - -0.3 182 12.6
LS-14-19 I - 0.5 177 13.8
LS-14-24 Il - -1.9 177 11.4
LS-14-25 Il - 0.0 177 13.3
L.S-14-74 Il - 10.6 206 19.3
LS-14-75 Il - 3.3 177 16.6
LS-14-76 I -82.1 0.5 165 14.7
LS-14-79 I - -3.1 177 10.2
LS-14-110 1 - 8.7 206 17.4
LS-14-9 LS-14-8 LS-14-19 LS-14-24 1.S-14-25 LS-14-79
I LS-14-74  LS-14-110 Il o=
0F SJIFVIOW 0.1468 < 10°° ~ 0.5307 x 10°° 7Sm Nd
Nd *Nd 0.0842 ~ 1.257
( 1) 0511 959~ 0.512 665 Isoplot 6
a0} A t= 93.7+3.1 Ma
o 143 144
°Nd "*Nd ; 0.511 897 MSWD 11.3 9
# ®
2 3 9
_80 -
o FRghE K
I
o MUK I MrBUriEA
S0} O kTR EAiE 2016 I
Sm-Nd
=20 -10 0 10 20 93.7+3.1 Ma I
518071\//%0
8
Taylor 1986 6
Fig. 8 Hydrogen and oxygen isotopic composition of
Lunshan gold deposit base map after Taylor 1986 6.1
1991 2012 Sm-Nd .
m- o q
1 Sm Nd 296~366C 330~366C w Na-
m
Cle, 4.96% ~6.74% 2 6b
1
Sm Nd Nd
VG354 142 ~ 274C 150 ~ 240C
Sm-Nd 5 w NaClg, 0.71% ~ 9.80% 2
w Sm 0.0734x10 ©~0.3025%10 ® w Nd 6b
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5 Sm-Nd
Table 5 Sm-Nd content and isotopic compositions of fluorite in the Lunshan gold deposit
wSm pgg wNd pgg  9Sm ¥Nd 3Nd %Nd+1e
LS-14-22 ZK1902 212.9 m Il 0.0734 0.5307 0.0842 0.511959+7
LS-14-23 ZK1902 212.95 m Il 0.1076 0.4263 0.1426 0.511978 £9
LS-14-24 ZK1902 213.1 m Il 0.1348 0.3461 0.2342 0.512037+7
LS-14-25 ZK1902 213.2 m Il 0.3025 0. 1468 1.257 0.512665+8
LS-14-74 7ZK905 267.4 m 11 0.2549 0.1803 0.8534 0.512427+9
LS-14-110 ZK1702 246.97 m If 0.2296 0.4325 0.3261 0.512092 + 10
LS-14-76 &D —82.1%o
0.5128 | 8180 =0.5%0
4 8 I
oate T 5180 2 LS14-
5 05124 |- 9 LS-14-74 LS-14-110 380
E 9.2% 10.6% 8.7% . 4
0.5122
[ (93723 Ma } 310 —3.1%0~3.3%o 4
0.5120 Initial "“Nd/'"*' Nd=0.511897+0. 000013 I
MSWD=11.3
0.12 0.14 0.I6 o.ls 1.|0 1.|2 1.I4
“Tsm/"'Nd 6.2
9 Sm-Nd o1S 2
Fig. 9 Sm-Nd isotopic isochron of fluorite in the 4 s 9.4%0 ~
Lunshan gold deposit 17.2%o 13.9%0
7
1 3180 7.8%0 ~9.5%0 1997
5.5%0 ~9.5%0 Taylor S 28.0%0 ~ 28.8%o
1986 1 1986
oD — 25%0~—57.2%0 2
LS-14-14 1.S-14-103
—80%0 ~ — 40%0 Taylor 1986 4 3*S
= 7.2%0 ~ — 15.3%0
—11.4%o 7 —15.3%0
8
1 2015
1
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