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Abstract: [Objective] The large—scale Huangjindong gold deposit is one representative gold deposit in the Northeastern Hunan ore

cluster, Jiangnan terrain, and it has gold resources about 80 tons, and the average grade is about 5 g/t. The orebodies mainly occur in the
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slates of the Neoproterozoic Lengjiaxi Group. [Methods] In order to reveal the processes of large—scale gold enrichment, the trace
element composition of gold—bearing sulfides and the occurrence mechanisms of invisible gold in the Huangjindong gold deposit are
researched in this study. Detailed field geological investigation, texture revealed by electron probe microstructure and trace elements
determined by laser denudation plasma mass spectrometer (LA—ICP—MS) were carried out in this work. The results show that pyrite
and arsenopyrite have homogeneous texture, and the zone texture is lacking. LA-ICP—MS trace element analyses result show that the
invisible Au content in pyrite ranges from 3.1x10°° to 111.5x10°° with an average of 31.9x10°°. The invisible Au content in
arsenopyrite ranges from 0.6x107% to 279.4x10°°, with an average of 67.2x107°. The invisible gold content in pyrite lies below the
saturation line, suggesting that the invisible gold is mainly lattice gold. There are a few gold nanoparticles revealed by the peak signals.
By comparing the published trace element data of pyrite and arsenopyrite from the Yanshanian large gold deposits from the Jiangnan
terrain, we discover that contents of Sb, Cu, Se and Te are of certain differences among these deposits with different elemental
assemblage, indicating that, to some extent, trace element composition of gold—bearing sulfide could provide important information on
the ore—forming processes differences.

Key words: arsenopyrite; pyrite; Huangjindong gold deposit; Noutheastern Hunan ore cluster; Jiangnan terrain

Highlights: By deciphering the microstructural architecture and trace element signatures of gold-bearing sulfides, this study provides

critical constraints on the mechanisms of massive gold enrichment, while offering a scientific basis for comparative analysis of regional

metallogenic systems and mineral exploration targeting.
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Geological map of the Northeastern Hunan ore cluster, showing main types of mineral deposits and intrusions
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Fig. 2 Geological map of the Huangjindong gold deposit
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Fig. 3 Photographs showing characteristics of the typical orebodies of the Huangjindong gold deposit
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Fig. 4 Photographs showing characteristics of the typical ores of the Huangjindong gold deposit
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Fig. 5 Photographs showing the texture of native gold, arsenopyrite, and pyrite from different types of

ores of the Huangjindong gold deposit
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Table 1 Characteristics of the analyzed samples from the Huangjindong golddeposit
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Fig. 6 Photographs showing the electron probe backscatter microscopic texture of pyrite and

arsenopyrite of the Huangjindong gold deposit
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Table 2 LA-ICP-MS trace element composition of pyrite from the Huangjindong gold deposit 107
R dh 2= Au As Sb w Co Ni Cu Ti Y% Pb Bi Se Te
HID-4-1@1 21.7 42714 2.4 0.3 93.5 521.3 8.2 28.1 0.2 6.7 0.2 bdl bdl
HID-4-1@2 3.1 31073 4.6 329 44.6 202.6 5.7 9345.8 25.6 12.6 0.2 bdl bdl
HID-4-1@3 3.8 26608 4.5 0.5 62.5 221.8 11.0 24.5 2.4 67.2 0.2 bdl bdl
HID-4-1@4 15.2 70112 53 0.4 33.7 204.1 44.7 50.9 1.6 14.0 0.5 bdl bdl
HID-4-1@5 11.1 61131 0.8 1.0 3.7 19.7 10.1 74.2 0.3 2.2 0.1 bdl bdl
HID-12@1 41.8 54586 13.9 1.0 43.0 95.9 13.9 77.1 0.5 36.3 0.6 bdl bdl
HID-12@2 37.2 48303 25.7 2.0 98.8 332.5 16.3 163.8 0.8 65.7 1.1 bdl bdl
HID-12@3 20.1 48327 6.0 0.3 4.8 20.0 12.2 243 0.2 17.2 0.2 bdl bdl
HID-12@4 28.9 44739 47.2 0.4 110.8 366.1 332 13.8 0.2 127.6 1.8 bdl bdl
HID-12@5 29.8 48970 15.0 1.6 102.8 225.6 14.0 117.3 0.9 55.3 0.5 bdl bdl
HID-13@1 36.5 83897 25.8 6.6 101.5 271.3 19.6 4.4 bdl 160.8 0.2 bdl bdl
HID-13@2 79.3 46181 7.9 0.1 21.2 59.6 36.3 18.7 bdl 24.5 0.2 bdl bdl
HID-13@3 354 45264 1.8 bdl 43.7 108.7 16.3 6.3 bdl 3.6 0.0 bdl bdl
HID-13@4 89.3 64204 3.0 bdl 21.9 106.4 58.1 2.6 bdl 6.3 0.1 bdl bdl
HID-13@5 43.0 47252 435 bdl 9.7 29.8 27.1 5.0 bdl 84.8 0.9 bdl bdl
HID-46@1 13.6 31537 54.5 73.6 9.9 11.6 63.9 2799.6 16.1 404.4 10.4 bdl bdl
HID-46@?2 25.1 29978 110.1 0.6 103.4 3133 234.2 143 0.2 1132.4 13.4 bdl bdl
HID-46@3 234 28088 99.3 10.5 182.1 377.0 214.6 460.2 2.1 672.9 10.4 bdl bdl
HID-46@4 7.2 35337 8.5 0.2 bdl bdl 11.2 6.0 bdl 59.8 1.3 bdl bdl
HID-46@5 6.5 31248 21.1 5.7 0.5 2.8 13.2 207.2 0.9 155.0 2.8 bdl bdl
HID-56@1 87.4 57549 12.6 3.8 35 24.8 524 603.0 59 99.7 0.9 bdl bdl
HID-56@2 111.5 56113 9.0 1.4 3.7 13.5 83.4 63.6 0.7 27.9 0.6 bdl bdl
HID-56@3 7.3 44383 4.6 0.9 11.8 49.1 3.7 75.1 0.3 16.1 0.5 bdl bdl
HID-56@4 10.9 59024 11.6 4.0 663.2 2395.4 9.5 516.8 2.5 286.0 32 bdl bdl
HID-56@5 10.1 44033 14.5 8.0 146.8 320.7 15.2 608.3 2.5 181.8 2.7 22.1 bdl
HID-56@6 26.4 70942 13.9 0.4 16.6 89.1 18.2 99.2 0.3 381.9 1.0 bdl bdl
HID-56@7 10.1 57353 4.5 1.6 97.9 84.2 6.3 169.3 0.7 29.9 0.5 bdl bdl
HID-56@8 28.3 48257 7.4 0.6 224.1 245.5 9.4 74.6 bdl 27.2 0.6 bdl bdl
HID-69-2@1 18.1 36864 37.8 58.6 16.9 44.6 32.0 1806.5 7.7 337.0 1.6 bdl bdl
HID-69-2@3 56.7 46211 557.6 237.6 107.6 311.9 205.9 4423.5 107.7 821.8 3.7 bdl bdl
HID-69-2@4 50.7 33198 2573 159.4 73.5 267.2 149.9 3895.8 38.4 594.8 3.6 bdl bdl

TE: bdIFR/R BT AU TR AR T AR R

Sb 4k, & H —ERM Cu, t T 0.3x10 °~13.2x
107 Z[a], P44 4.5%10°°, Se Fll Te S EFEK,
SEX AR 4.1x107° Fi1 5.3%10°°,

5 1

51 AAREBEFERE

TRt/ R N R e o D T B L b S~
L fE7E (Cook and Chryssoulis, 1990; Reich et al.,
2005; Wu et al., 2019), AnEH 9K REMFFE LI, R

AR 4 R BB v B B 4 AN BT UL 4 Sl 4 oK 4
(Liang et al., 2021) . Reich et al.(2005)3&F2FkA
[ 2R BB 0 PR P 0 BBk Au FI As 5 6, 22l
T WA A Ze . B IR T R )RR RN
BRAyrh A ] W4 S ) A TEAR AN T O (18] 7
a), M7~ X BEOR AT 0L 4x 2k (A% 42 (Reich et al.,
2005) o JE i RGERYR AE T A, KB AT
PRECERA T DB B s S AR AE IR RUBE A 4R 0K 42 9
KL 9) o BR Au bb, BLERHT FIRERD s 0 3 A
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®3 EE&ETKEN LA-ICP-MS 2 TEHMK

Table3 LA-ICP-MS trace element composition of arsenpyrite from the Huangjindong deposit 10°°
FEAhR Au Sb w Co Ni Cu Zn Se Te Pb Ti Bi
HID-5-1-1 2.4 574.3 2.8 16.5 48.8 4.7 5741.8 3.0 0.0 9.4 876.6 5.2
HJD-5-1-2 1.4 383.1 0.0 0.6 0.8 0.3 0.1 0.4 0.2 0.8 52 1.8
HID-5-1-3 43 490.5 0.8 53.0 130.6 0.5 0.1 0.2 0.0 2.6 193.2 3.0
HID-5-1-4 0.6 278.9 0.2 1.2 43 1.4 1.0 0.0 0.1 3.3 25.5 1.2
HID-5-1-5 128.8 57.3 0.0 2.9 7.8 4.4 0.6 0.0 0.0 1.5 1.6 0.3
HJD-5-1-6 83.1 57.9 0.0 10.4 37.4 5.7 12.6 0.0 0.2 5.8 308.5 1.1

HID-64-3-1 1.4 493.5 0.3 34 11.7 1.6 1.1 2.0 0.6 7.8 7.7 2.2
HID-64-3-2 3.0 767.6 0.8 37.0 129.5 4.9 0.3 6.1 0.5 18.2 63.3 3.1
HID-64-3-3 41.9 105.1 0.7 50.4 249.5 11.9 0.1 7.7 0.0 333 260.3 1.6
HID-64-3-4 41.7 121.5 0.3 0.7 4.2 3.9 13 0.0 0.0 4.8 8.9 0.6
HID-64-3-5 46.6 110.2 0.0 55.8 59.3 4.3 0.2 0.0 0.5 7.1 59 1.2
HID-64-3-6 99.2 78.2 0.4 34 9.2 5.0 0.3 0.5 0.0 6.0 60.3 1.4
HJID-69-1 18.8 514.8 0.0 0.3 0.2 0.9 0.2 4.5 11.0 4.2 0.3 3.0
HJID-69-2 127.4 243.9 0.1 141.7 552.6 4.9 0.2 7.7 343 4.8 0.0 0.9
HJID-69-3 140.5 217.2 0.1 110.6 544.5 6.4 0.5 2.5 16.2 2.4 1.2 1.1
HJD-69-4 18.6 1024.5 0.0 7.3 6.7 1.2 13 2.3 10.1 0.9 0.0 9.7
HJD-69-5 233.6 208.5 0.2 73.6 302.9 13.2 2.6 4.0 19.4 1155.1 0.0 12.6
HID-69-6 279.4 197.3 0.0 835.8 2758.6 12.7 12.8 6.7 27.5 18.8 0.0 2.2
HID-43-1 145.2 117.8 0.0 37.5 208.6 10.7 0.2 15.4 10.6 18.1 0.0 3.1
HID-43-2 148.1 188.7 0.0 35.1 228.3 10.4 0.5 123 19.1 27.2 0.6 5.2
HJD-43-3 135.9 144.5 0.0 52.1 260.4 5.0 0.0 9.6 1.6 0.6 0.7 0.9
HID-43-4 1.7 732.0 0.1 429 128.9 1.2 0.6 7.8 1.0 5.4 0.0 3.0
HJID-43-5 234.9 65.5 0.3 27.6 171.1 6.9 0.2 4.1 1.0 7.7 0.5 0.3
HJID-43-6 28.5 302.9 0.3 10.2 41.1 2.3 0.4 3.6 0.4 98.5 0.0 33
HJID-46-1 60.1 88.8 0.7 0.1 2.0 2.0 0.6 1.6 1.9 31.5 6.2 33
HID-46-2 19.9 3332 2.4 3.5 21.6 32 2.0 1.5 1.0 8.2 143.4 6.8
HJD-46-3 32.1 92.8 0.0 0.0 0.0 1.1 0.6 34 2.7 2.6 7.1 0.8
HID-46-4 52 236.4 1.4 0.2 0.2 0.9 0.6 39 1.3 13.6 51.8 4.5
HID-46-5 37.7 102.6 13.8 0.2 0.7 2.7 10.2 54 2.8 16.6 597.9 5.1
HID-46-6 29.4 141.8 1.1 0.4 0.7 55 1.2 55 2.4 28.1 40.3 10.8
HJD-58-1 19.2 783.1 0.7 29 7.3 3.6 52 4.0 18.3 1272.4 109.2 26.1
HJID-58-2 62.2 70.1 0.0 0.9 1.6 3.0 35.6 1.6 0.0 7.1 114 3.1
HJD-58-3 10.3 932.1 0.0 0.1 24 33 8.6 3.5 0.8 9.5 11.8 18.6
HJID-58-4 7.4 1032.6 0.7 0.7 29 1.7 0.6 23 43 44 223 12.6
HJID-58-5 124.8 102.2 0.4 3.8 10.2 7.0 0.2 10.4 1.1 3.8 30.1 1.8
HID-58-6 42.7 91.1 0.4 0.6 1.7 4.4 0.0 2.2 0.2 11.0 65.4 3.8

Pb. Cu SFIUER L HA 57 ¥ w6, SR I A A7 A HLAd

BRI, QTR BT A

RETE R, As FEABERE B S nl AR
BRAT R AR BT AR, (8 SRR S R, AT

Au HEABEEH A% (Fleet and Mumin, 1997; Deditius
etal,2014). RO Au Fl As RILHAREFAYIE
MR (] 7-a), FRHH As X} Au & BEH TR R
FERAEEEH ., T2 AR, S ok B
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Fig. 7 Diagrams showing the trace elements of pyrite in the Huangjindong gold deposit
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Fig. 8 Diagrams showing the trace elements of arsenopyrite in the Huangjindong gold deposit

1 Au F1 As BE A DAL IEAH G AR 1k, o nT DAZRIE
AR DGR A . AR VL RS o Rl T R X A B L
MEMIHESH R, LA-ICP-MS JTE B0 &
MARZ B TP Y Au Fl As fRFEBIRS, Al fie 5 ik
B AR L4 AN K R Au TR (AW®) | &5 fhad AR

HORSE AT I Au A As, HiAh oo & (Bi M1 Sb) fig iF
Au HEAEZR, LK A S A A 56 (Li et
al., 2019,2021a) . Wb, BTGRP A ] WL 475
WA T 1~2 MU, Rl — R
H FERD AN BT O 4 e AR R TR kT, dn
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HID-69 K i 1 BE 0 oA A DL 43 55 4 R ik 279.4%
10°°, M B AERTY 56.7x10°°, X H5E&ERLH &
B LR R IS AR AN T UL & LR — 2
(Cook and Chryssoulis, 1990; Li et al., 2019, 2021a) .
KL, B2 St B P RSB AE TR A R Ak, B
PUIE FECGE R Au BIAFA I, J& 5 28R —
FEAARRR T Au AR AR K SR

AN, AR HLIX 22 7 T 22 WK A 3 25 0
By, X LA J b i o R O S O R F B b T
AR L4t — 275 # . Fougerouse et al.(2021)
308 3 0T ) A PR T A B R T R R A AT S
(EBSD) M FHREF 0T, A AN AT DL <3 2R 440K
LA ERMIE X T AR FE A &, R i 2
W ) B BT 5 A 3 4 5 BOR T DL 4 1 3 AR
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%, B0 IR ISP U B R K 22—
52 FELH#HLE

SRR AR EE UK S YIE s, 1
PRI A T, Au 2L Au(HS), . Au(HS)®,
HAu(HS),’. Au,(HS),S* B2 # (Seward, 1973;
Pokrovski et al., 2013) . Wil ANIRBEIEH . Bl &
b, BRERER AL VE 45 2 4 TUVE 1Y = B ML (22555,
2016; W AGE, 2024) o WF5ERW, A Jk AR AR
F A B SR R DL ML, m R S R
Wi eI, 5 & DA i ARTE A A S Bsc U &, =
H T P s T ge HAA BH B 25 5 (Li et al., 2021b),
B ST IR S P T RA K25 AW
i, XS EFAMIE B () M TR A, RIS kel A
e ik 2 sE IR LA T, T LR 2 FLE 2 A iR A
YRR G, 157N B i AR P B K - HE AR X g e,
PR A 04 0 2R A R B B R 5 T R X A
JIN, SR ATREAA TR UE A AL ZE S5 R U T R
W HIC 25 5. BERD ISR A o R E T i
ST PR HP A S oK AR Rl AR 5 A S SRR L AR
IR 22 AR (IMNERAE, 2018) o I iA A ZEAARKHE
PR, B AR B R BAE TR A 320~240°C Z[H],
S A B B AZK VS VR AR AL R A Ry 3, TRARAS TR %S
LGN b, G R Al I AN R R B DIE ) B
N2 (X4, 2017; Deng et al., 2020) ., PAHRE AL
AR A i & B B EERD RN AR AR R 0 B A R A
YEHT, DA K2 Bk AR 3R i e 2 26 AL A 2 4 UTTE Y
FEREHF R (PhE RS, 2018; VR o] MFEan,
2022; F A, 2024) .

& 7—b I, Au A1 Sb S 3 — 5 B TEAHSE
Ak, B~ Sb AT Au BIMIS . 7E 3 AR A RIL M
B HNE Bk BMEREAT, B AN S Ak ) e oo
R IR B AN IRIE it f2rp Sb gk T
Au R & 4, Wi AR+ Sb 45 A9 (1 Sb
(OH),) MR AR UTTE 2 U2 AR Y pH, 5K Au 1%
AW (a0 Au(HS), ) BUTTE, (H 8 &8 RS i A
HY Sb & BRI T RE R MR R K A Y R
Z—o LIRSS N S BT A IR M TR Bl
MR X KR E TN Au-Sb—W JCEAAH KA
o1, 245 Sb 1) & 4EAH T Au IITTTE & 4.

53 MREBHRTIEREX

VLR B & B AR A AR o AR T A ik

REW IR, TR I T ZE Y S 1 o V1 oy i 180

T BHRAL T E 90% LA I A48 W IR, W% A i)
B A (R A, 2020), A0 45 P 48 XA
MR 2 D FEHEX, M EXSNA 170 4%
A Au=Sb-W JTRA BT IR, DL IRIR 4 - 561
WIRFEN W &1l il & -8 R AR (2245
45 2016; Li et al., 2018, 2021a, 2023; K im 4%,
2018b; Zhang et al., 2019b, 2022; B 745, 2023) .
WHZR AL B DX LA FHE L) 3 3% 43 ALy R AR — K7
SR . BN SRR B AE S IR AR ER (VPR I 4%
2017a; JEHESRAE, 2021) o X EEH"PRAY B TR AH 22
AR, AL BRI — R 38 = 24 P T 200~300°C
Z Al BRI, X4 0 PR P A s 3 i B NS 1
FRBAF A B B 25 55, WA 35 4R DR rp i W B i B
W/NT IR, IRIEH PR 8 R 530 3k 1) R A
FIFR R (Li et al., 2023 ), FE B RH i AAM: A7 78
Wl 225 . DL, AR R XA RICRA G
PRI ST 22 53 M FLRL - B, X 46 5 XS4k i 38
EHARRNE L

ARV MCEE T e L) R HR TR VR 4By L B4
LB T A - B R T R R B D Y
LA-ICP-MS %4 (] 10), AIIRED PRAH LB 41
AU AR, A BAT = Sb Al Cu (5] 10—
a, b, e), 4 Sb ¥ 435k 412.6x107°, 46.2x107°,
43.5x10°°(J7 Z245E, 2022; Dai et al., 2023) . 3 M0
PR A B BB ALY Co. Ni &1, /R E i
R (B 10—¢) o BAT AT i3 R 52 Au
SEETIRETRE 10-d), 3% 0] fe 5 8k L &
B IR R- T DO S5, B0 L4 TS AT
B . BRRAT AR (8] B3k e B 4RO A 4 i R
PIRIDG, T3ty A &R AT PR ) BERD Se Al Te & A7
TER 22 5 (8] 10-0), ML Se Fl Te J&d57m Al
W ZR G0 R AU R Y LS A, 2R Bl R 40
IR B2 SR — e 25 5. By
Tl T R AR 2 TSN A 25 5 SR
BT 40 DR PO 40 118 RIS S T2 o 2 1 5 8
T, B B R FEST IR, Hit, Zemibyn
Tl TC R A N — R o] LUE /R i 22 b

6 45

(D) MIAILT 5 X 4R RA 7] 4 T
FAEBRA FEERbrh, & A a] L4 & 9k
111.5%x10°° A1 279.4x10°°, FEAMAHX T 20 00 &
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