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Fig.1 Simplified geological map of the Jinlongshan gold ore district (modified after reference!'!, 2008)

Q—Quaternary; T>/—Middle Triassic Linggou Formation; Tjj—Lower Triassic Jinjiling Formation; P,y—Upper Permian

Yundoutan Formation; Po/=Upper Permian Longdongchuan Formation; Pax—Upper Permian Xikou Formation; Pis—Lower

Permian Shuixiakou Formation; C,t—Middle Carboniferous Tiechangpu Formation; C,s—Middle Carboniferous Sixiakou

Formation; C;y—Lower Carboniferous Yuanjiagou Formation; D;/—Upper Devonian Lengshuihe Formation; Dsn—Upper

Devonian Nanyangshan Formation; D,y—Middle Devonian Yanglinggou Formation; D,d—Middle Devonian Dafenggou

Formation; 1—Fault structure line; 2—Arc structure; 3—Angular unconformity ; 4—Gold deposit; 5—Antimony deposit
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Fig.2 Ore textures in the Jinlongshan gold deposit(All microphotographs are under plainlight)

A—Early sedimentary diagenesis framboidal pyrite; B, C—Biogenic oval—shaped pyrite; D—Pyrite replacing
asenopyrite, asenopyrite showing euhedral, subhedral granular forms; E—Radial texture of asenopyrite ; F—Girdles of
pyrite; G— Pyrite assuming pyritohedron; H— Coexistence of pyrite and asenopyrite, pyrite showing rim texture.

apy— Asenopyrite; py— Pyrite; ca—Calcite; qz—Quartz
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Fig.3 Ore textures in the Jinlongshan gold deposit

A— Rim texture of recrystallized pyrite, plainlight; B—Girdles of recrystallized asenopyrite, plainlight; C—Asenopyrite contained in

girdles pyrite, plainlight; D—Asenopyrite cutting pyrite, plainlight; E—Cataclastic texture of pyrite, plainlight; F—Sphalerite replacing
chalcopyrite, asenopyrite contained in chalcopyrite, pyrite coexisting with chalcopyrite, plainlight; G— Emulsion texture of
chalcopyrite, quartz vein cutting pyrite, plainlight; H—Polysynthetic twin texture of stibnite, crossed nicols. apy—Asenopyrite; py—
Pyrite; sp—Sphalerite ;  cp—Chalcopyrite; stb—Stibnite; ca—Calcite; qz—Quartz
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Table 1 Representative electron microprobe analyses of pyrite in the Jinlongshan deposit

FES (M) S Fe As Co Ni Cu Zn Se Total  Fe/(S+As)
JLS-3-1(N) 4744 4459 8.11 0.06 0.17 - 0.14 0.12 100.64 0.80
JLS-3-1(4F) 46.50  43.96 836 036 0.07 0.25 - 0.03 99.53 0.80
JLS-8(1) 5147  46.02 1.84 0.16 0.58 0.30 - - 100.37 0.86
JLS-11-2(W) 5253 44.59 1.16 146  0.06 - - - 99.8 0.83
JLS-11-2(4F) 4655 4352 9.19 - 0.12 - - - 99.36 0.78
JLS-11-3(W) 5152 4517 143 028 0.18 - - - 98.57 0.85
JLS-11-3(4F) 4563 4342 959 047 032 - - 0.22 99.64 0.79
JLS-11-7(W) 5298  46.41 - - - - - 99.39 0.88
JLS-11-7(4F) 4597 4284 974  0.12 - - - 0.11 98.79 0.77
JLS-23-1(N) 5068 4521 4.22 - - - - - 100.11 0.82
JLS-23-1(4F) 4598 4424 935 - 0.16 - - - 99.73 0.80
JLS-27-9 5198  46.25 0.67 - 0.13 0.05 - - 99.09 0.88
JLS-34(1) 52.31 46.74  0.12 - 0.32 - - - 99.49 0.89
JLS-34(2) 5240  46.82 - 022  -0.02 - - - 9943 0.89

T =R G AR TR A DI R, o [ M B 2 (A 5T 236 oo it T IR T R BUR 4
AT LT, H AR 8 27 34 73BN BOR FADIR BOR S ERET HA R R A5 | MR R PR
TOERI N AL AN IR BRI SRR AT B AN

x2 SRSV REWRTIRMDTER(%)

Table 2 Representative electron microprobe analyses of arsenopyrite in the Jinlongshan deposit

FE5(55) S Fe As Co Ni Cu Se Sb Total (i 52N
JLS-11-2(1) 2188 3397 4286 036 046 - - 0.07  99.60  FeogoAsgssS
JLS-18(1) 2120 3458 4334 008 022 0.08 - - 99.50  Fego4AsossS
JLS-18(4) 2190 3488 4140 029  0.03 - - - 98.50  FepsAsos:S
JLS-23(2)  21.08 3550 4298 0.53 - - - - 100.09  FeporAsosrS
JLS-24-6(3) 2122 3422 4257 - 0.34 - 0.52 - 98.87  FeoosAsoseS
JLS-24-6(5) 2224 3499 4221 - 0.36 - 0.31 - 100.12  FepoAsosS
TE = Fom S T AR I B o [ b 5 O 2 (Al ) S8 rhoD AL R IR S A AR T
507,

x3 ERLETAIWMBLYT I Au.As BRFREDITER (%)™
Table 3 Representative electron microprobe analyses of Au and As in As-bearing sulfide minerals
from the Jinlongshan gold deposit
FATIG A TA BRI 2 A s R

PR Bk sh R
As Au As Au As Au
HL 0.47~0.65 0.00~0.03 520~11.59 0.14~0.23 42.17~43.32 0.06~0.38
6 341 0.00~0.29 0.00~0.12 7.89~9.18 0.16~0.19 4291~43.83 0.09~0.49

TE . P52 b B 7 BF 58 B L 7 F4 20 S 23 A7

(S+As)E 5 HIE B BE AT B4 09 A e vk A C &R fH29°8 0.863 , 1M 0.926, & 1140 IR EZR T H
ok 0.8781 ) JEl 2E iR AF O SY SR A | TR LR 7 Y 1Y ) Fe/ (S+As)H N 0.77~0.89, #hai EEHEHTE 0.77~
B Fe/ (SHASHZA N 0.846, TR B 0.80, WIEZEETTTE 0.80~0.88, F- AL F LA ] i 2k
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Fig.4 Elemental relationships of As and S in the
Jinlongshan gold deposit
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Image 1 = JLS3-1.BSE

Image 3 : jIs3-2.S-Ka Inage 5 : JLS3-2.As-la

Image 2 - jIs3-2. Au-Na Inage 4 : jls3-2.Se-Ka
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Fig.5 Microphotographs, back—scattered electron images, X—ray scanning images of S, As, Au, and Se

elements in arsenian pyrite from the Jinlongshan gold deposit
A— Coexistence of arsenian pyrite and asenopyrite, plainlight; B— Back—scattered electron images; C, D, E, F— X—

ray scanning images of S, As, Au, and Se elements;py— Pyrite;apy— Asenopyrite
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Fig.6  Microphotographs, back—scattered electron images, X—ray scanning images of Fe and S
elements in arsenian pyrite from the Jinlongshan gold deposit
A— Arsenian pyrite, plainlight; B—Back—scattered electron images; C, D and E— X—ray scanning images of Fe,
S and As elements. py— Pyrite ;apy—Asenopyrite; Fe—cal—Iron—bearing calcite
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Fig.7 Calculated excess enthalpy of mixing (A Hexcess) for pyrite and marcasite solid solution series, as a

function of temperature (in K) and composition (X, molar fraction of As /(As+S)) (after Reich et al., 2006)
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Fig.8 Calculated phase diagram for the FeS,—FeAsS—FeAs, solid solution (after Reich et al., 2006)
pyss— Arsenian pyrite (Fe(S,As),) ;mress— Arsenian marcasite (Fe(S,As),) ; py— Pyrite ;mrc— Marcasite ;japy— Arsenopyrite ; lo—Lollingite
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Fig.9 Comparison of arsenic variations in arsenian pyrite

1-Jinglongshan gold deposit™;2—Zhaishang gold deposit®™;3—Yangshan gold deposit™;4—Lannigou gold deposit®; 5—Shuiyindong gold

deposit™;6— Mingshan gold deposit™;7— Linwang gold deposit®;8— Nevada Twin Creeks gold deposit”; Thin line represents arsenic in

pyrite, probably having the highest (EPMA) content; Thick line represents arsenic in pyrite in a quite centralized (EPMA) range

T 6% T MRS RS, Xl
A BB B A A e 1L A 0 A B B e RO I Y
CRLE SR U R /RN i 95 NES
3.3 FETFIFAEXS & T iE RN
FERARBL G R | Simon 55 (1999) Wik 4 7
R EAR T RO R A (Au) MIES A A T4
(Au®), 40 a0 IR 4 32 DAROR G0 K S vt 4
AR Ty b, JF FEIRA T Sk b,
T Au As BA B FEE K OCR | TTRUA
BN A BUE O IR (H G 0GE SR Y
$8 A PR B AR T T As Au R T U A
WOPE TR 4 D0 vE B HE M E A S AR IR
F GBI ST S B BORL R B P AV s R
UDUBER EE N Ry Eh H pH A, 5L FAR AL P
AR I TR NV 22 N 0 T3 € TR T N A | | £ 7 N
B By B it i v SO & it Lo e 01 B g | ekt A
F LT B B AR B HS T SPIE B T LT R By
Bt DA W B Be— FE B Be— M B B, L I A 4R
i WA TR AE AR BAIG, W s T AE X  JE RE

fiE, VLA JE A A R a0 R E (| 10), Sk
YL T 1 &8 R B ) BG4 2 1k A PRI IR
FRAE, T — IR B AR AL O 59 W 1k AR %
WIR A, HA K—Na'/S*—HS —HCO; B ok
PR, 07 A4 R BT i — 32 % 31 T ) R el ]
4) A 1A i P A IR R R e i A 4 R 1L 4
IR, T2 ™ 80 21 1 g 30, 34— 385 32 s A1
Wi AE R AR AU R T R A B R G T
HAFIF 4 DL AaTE 2 A S S 2 i 454
R 45 4 T LI It AR 40 22 R R AE 0, 3 i B B Ui
K& —E B CO,, Fe WAL, KL B i
A 1 Qi 55 TR 4 T RE SR VR T AR T oL B AR
W IR Kt B A (3 B 2 ) TP Y Fe AR FT RE SR R
THLZA G FRRIR &0 2 2 b S m e RV e i
B Fe(BFAMN L& BT A1 2 A e ), SRS
WP WAE A DU B BB SR DL Al b fif
S FE 5 S AHCE VI R ICE As . Sb Hg t[7]
BFHEA SO, O A LR R 5 R R ek E
SSIRE E ARG Au FE L) AuHS) IE



712 h [

Hi J 2011 4F

x4 SR ERET R RN FSH™
Table 4 Physicochemical parameters of ore—forming
fluid in Jinlongshan and Qiuling gold deposits
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A TR /km 1.9 1.72
HE(gem®) 0.908 0.945
R 1% (NaCl)/% 57 7.85
B AL (/L) 63.78 51.2
LIRS H 0.17 0.09
pH fii 5.54 548
1g[0 (CO2)/10°Pa] 10.25 12.44
1g[0 (0,)/10°Pa] -40.57 -40.20
1g[0(S2)/10°Pa] -16~-15 -15.8~15
Eh/V -0.527 -0.509
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Fig.10 Relationship of 1gf{O,) and 1gf(S,) in the Jinlongshan antimony—gold deposit™!
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Mode of occurrence of arsenic and its influence on the precipitation of gold in
the Jinlongshan gold deposit, southern Qinling

YANG Yong—chun', LIU Jia—jun"’, LIU Xin—hui*, WU Sheng—hua'

(1. School of Earth Science and Resources, China University of Geosciences, Beijing 100083, China,
2. No. 4 Institute of Geology and Mineral Exploration of Gansu Bureau of Geology and Mineral Resources, Jiuguan 735000, Gansu, China;
3. State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing 100083, China;
4. No. 5 Gold Geological Party of Chinese Armed Police Force, Xi’an 710100, Shaanxi, China)

Abstract:Located in Zhen’an—Xunyang basin of southern Qinling Mountains, the Jinlongshan gold deposit is a
superlarge Carlin —type disseminated gold deposit discovered in the 1980°s. The ore deposit occurs in Upper
Devonian and Lower Carboniferous clastic and carbonate strata composed of calcareous siltstone, silty shale, silty
limestone and argillaceous limestone intercalated with flyschoid formation. Ore bodies are strictly controlled by
fault zones. Ores were examined by such means as optical microscope, electron microprobe analyzer (EMPA) and
X —ray surface scanning for the purpose of probing into the content and distribution of Fe, As and S in arsenian
pyrite and arsenopyrite in primary ore samples from the Jinlongshan ore deposit. The results show that As of low
content is likely to be concentrated in pyrite, and As in pyrite is stable. When the As content is higher than ~6
wt%, two—phase mixtures of pyrite and arsenopyrite are stable. The dissolution of ferruginous limestone in the
host rocks, the sulfidation of the dissolved iron by H,S , and the exsolution of partial metastable auriferous
arsenian pyrite may provide favorable conditions for gold precipitation in the Jinlongshan gold deposit.

Key words: gold deposit;geological characteristics ;arsenic occurrence ; gold precipitation; Jinlongshan
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