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Abstract: Located in the western Qinling orogen, the Qiuling gold deposit is a typical Carlin-type gold deposit. Gold mineraliza-
tion is hosted in calcareous siltstones, silty shales, and argillaceous limestones of the Upper Devonian Nanyangshan Formation
and the Lower Carboniferous Yuanjiagou Formation. Pyrite and arsenopyrite dominate the metallic minerals, whereas quartz,
calcite, and sericite are the main non-metallic alteration minerals. An integration of optical microscopy, scanning electron mi-
croscopy equipped with energy dispersive system, electron microprobe, and laser ablation ICP-MS was used to study the occur-
rence, distribution, and enrichment mechanism of gold in the Qiuling gold deposit. The results indicate that gold occurs as sub-
microscopic and, less significantly, microscopic species. The submicroscopic gold is present as nanoparticles of native gold

(Au") in the coarse-grained pyrite and solid solution (Au™) in the arsenian rims of zoned pyrite and arsenopyrite, with lesser
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amount of gold nanoparticles in the As-deficient core of zoned pyrite. The sub-microscopic gold particles in the core of zoned

pyrite were likely formed during the diagenesis of the host rocks through adsorption, while the structure-bounded Au (Au’ and

Au") in fine-grained zoned pyrite and arsenopyrite may have been transported as sulfur and arsenic complexes in ore-forming

{luids of the main hydrothermal stage. Microscopic gold grains are mostly less than 3 to 5 pm in size and are contained in the

marginal areas fine-grained pyrite and included in hydrothermal sericite, quartz, and calcite. They formed likely due to local

saturation of gold in the ore fluids or as a result of leaching of the submicroscopic gold by late-stage fluids and subsequent re-

precipitation,

Key words: Qiuling gold deposit; Carlin-type gold deposit; gold solid solution; invisible gold; Qinling orogen.
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Fig. 1 Geological map of the Qiuling gold deposit (modified from Zhang and Shen, 1996)
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Table 1 Elemental concentrations in Au ores and Au-Sb ores of the Qiuling gold deposit
TS As Au S Fe Ag Sh Hg 7n Cu Pb
QL31-2 1. 130 0.023 1. 95 3.40 0. 2 8 1 63 33 13
QL31-3 3. 340 5.120 3.02 3.91 0.4 19 1 100 48 12
QL31-5 2.120 3. 540 3.12 4. 00 0.3 16 1 67 80 11
QL58 3. 980 3. 870 2.93 4. 55 0.4 18 1 42 52 3
QL61 0. 040 0.765 1. 90 1. 67 <0.2 10 1 48 21 12
QL35 5. 440 0.612 4. 00 6. 06 <0. 2 21 <1 48 24 4
QL40 1. 760 6. 050 3.12 3.76 <0.2 11 1 43 42 9
QIL.26 0. 380 0. 553 0. 88 1. 25 0.2 9 <1 21 30 6
QL52 1. 100 0. 090 2.47 4.75 <0.2 12 1 65 46 6
QL59 2.790 6. 940 4. 67 5,42 <0.2 14 1 67 45 10
QLA47 0. 007 0.011 <0.01 0. 74 <0.2 3 <1 6 2 7
QL60 0. 040 0.474 2. 40 1. 89 <0. 2 7 <1 27 18 12

T:As, S, Fe BN wt. %0, HARITTRIYBA R 1070, REM S HIZEBLSE T O MDA BRZS w) 58 . i 4 R Y ol 4 T ik 4y
A - VRN G 52 125 AT » AR TT 28 ] T R T A v o R 2 25 B T I S Il 52 .
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Fig. 2
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Photomicrographs and SEM images of pyrite and ar-
senopyrite in the Qiuling gold deposit
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Fig. 3 Photomicrographs showing main alterations in the
Qiuling gold deposit
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Fig. 4 SEM image of Fine-grained zoned pyrite and arse-
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Fig. 5 Occurrence of microscopic gold grains in the Qiuling
gold deposit
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54. 250 AN E As. — DM A S T RN
21310, 1T HAR 43 B o5 D) 34 A A6 ) 381 4 1 A7 AE
PO AR R Fe 19 & &R 410 5706 ~
44.94%, S By &N 42, 11% ~ 53. 80%. FE &
QL100 H Ay 4ihr #5403 3 & As. frih 1. 09%
~8.81%, & & E AR —. fem ik 800X 1077,
AR 144100 AH AR 43 38 o 4 9 % AT
HL ARG HE PR 5 100 B B k0 vp 4 1 20 A AR 1
A, PR e B Be R R R Bk Fe i B
43.48%~45. 34%,S W& 50. 10%~53. 84 %,
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Table 2 Electron microprobe analysis results of arsenopyrite and pyrite
e VIR Fe S Au As Cu 7n Pb Co Ni Total
QL61-11  FERIRBEH™  45.08  53.96 — — - - 0.17 bdl 0. 06 99. 29
QL61-11 45. 32 53.91 - — — - 0.17 bdl 0. 25 99. 68
QL61-13 44, 04 50. 37 — — — bdl 0. 20 - - 94. 67
QL61-13 45. 15 54. 25 213 — bdl 0.13 0. 27 — — 99. 85
QL61-13 44,08 50. 48 — — bdl 0.19 0.21 bdl bdl 95. 00
QL61-13 43. 57 50. 56 - — — bdl 0.12 bdl 0. 04 94. 36
QL61-1 AL B 44, 64 51. 30 bdl — 0.11 — 0. 24 0.10 0. 14 96. 54
QL61-1 44,94 51.45 bdl — bdl — 0.18 bdl — 96. 61
QL61-4 43.21 51. 98 — — bdl - 0.12 bdl 0. 06 95. 42
QL61-6 44,41 53. 27 202 — — — 0. 15 - 0.02 97. 87
QL61-6 44. 43 53. 80 — — bdl - 0. 22 0. 08 0.12 98. 65
QL61-6 44,55 51. 97 — — — — 0. 24 bdl — 96. 77
QL61-6 44, 47 52. 96 - - bdl — 0. 27 bdl 0.03 97.78
QL61-6 43. 54 51.32 164 - — bdl 0. 22 - bdl 95. 14
QL61-6 44, 23 53. 26 — — 0. 14 — 0. 26 0.03 0.12 98. 04
QL100-2 42.49 44,70 — 5. 67 — — 0.18 bdl — 93.07
QL100-2 42. 04 43.72 800 5.01 — - 0.13 bdl 0. 04 91.02
QL100-2 42.03 47. 52 — 1.09 0. 45 — 0. 26 0.41 0.16 91. 95
QL100-2 41. 89 42. 68 — 8. 81 0. 50 — 0.31 0. 82 5.47 100. 48
QL100-2 41,57 42.11 144 6.21 bdl - 0.19 bdl 0.02 90. 19
QL100-2 43. 60 43. 04 — 4. 98 bdl - bdl bdl 0.03 91. 74
QL100-2 44, 20 47.99 — 4. 08 bdl — 0. 27 0.12 0. 36 97.05
QL100-2 43.22 47. 64 — 3. 30 — — 0. 25 0.70 1. 60 96. 71
QL61-7 M 44, 80 51.43 167 0. 56 bdl - 0.13 bdl - 96. 94
QL61-7 45. 08 50. 99 - - - - 0. 16 - - 96. 24
QL61-7 44,71 50. 10 — 0.11 - — 0. 06 — — 94. 98
QL61-7 43.48 50. 61 241 — bdl bdl 0. 20 — — 94. 42
QL61-7 45, 34 51.53 - - bdl bdl 0. 16 bdl - 97.17
QL61-7 45,17 51. 66 - - — bdl 0.18 bdl — 97.12
QL61-8 44,13 53. 84 178 — - — bdl — 1. 50 99. 56
QL100-1 T 36. 19 19. 29 421 36. 81 - — bdl — — 92. 34
QL100-1 35. 97 19.52 407 39. 46 — - bdl bdl — 95. 04
QL100-1 35.52 17.76 401 38.73 — — 0. 20 — — 92.25
QL100-1 35. 11 18. 01 300 40. 08 — — 0.11 bdl — 93. 35
QL100-1 35. 74 17. 37 462 37.72 bdl - bdl bdl — 90. 99
QL100-1 37.12 20. 08 254 37.35 bdl — 0.12 bdl - 94. 74
QL100-1 36. 55 18. 81 160 33. 88 bdl - bdl bdl — 89. 32
QL100-1 34.72 15. 96 930 38.99 bdl — bdl bdl — 89. 82
QL100-1 35. 70 16. 80 835 37.15 bdl - bdl — — 89. 78

VE: “bdl”" RN AR T BR 5 * — "3R8 RAFLE s Au ISy 10705 HABTT R I BNy we. 6.

o 15. 96 % ~20. 08% , As [y ity 33. 88 % ~
10, 08%. HERS o ¥l 5 4 » AT 5007 45 0 R 0 ) 4
A7 FC PR A B 930 X100, B fiE 160 X
105, & il 463X 1005 e e FE b b 4 1Y 40 A
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TR AT 225 SR 2 T AR B0 35 B A
S RIS R (B 6a), R As HEA S 1)
RARR AR S, SR T . Bk AEERD P Fe 1 Au (194
S BRI G CFE] 6b). 53 Ah . i S B AR o ok
Wb S AW B BR T, P R — E & 1 Pb (— it

0.3%~0.1%),Co(H Ak 0. 03 wt. ¥, HcfE 0. 82
wt. Y0 F NiCA] @ik 5. 47 wt. %5, {H Z 5050 R /)
F 0.1 wt. %0). A AP —EA & Pb, Co, Ni
FARIRE P A I 1) Zn(<0. 19 wt. Y0), 1M
PR FR WA — ') Cu(<20. 5 wt. %0).
4.3 LA-ICP-MS 4#f

IR AE KL B e A A A Y LA-ICP-MS
AATEE R ILFE 3. BT LA-ICP-MS HH FHR 4 e
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F 3 EHRT M LAICP-MS 53T R (107°)
Table 3 LA-ICP-MS analysis results of pyrite

LR VA Co Ni Au As Ag Sh Pb Bi
WA 1 e 5. 20 38.76  83.05 48404 — 128. 88 36. 70 —
i - — 12.08 46127 12. 66 491. 86 53. 20 —
e 9.47  117.20 77.74 46917 13.32 1162.49  49.60 —
HERA 2 e — — 17.56 60121 — 59. 70 32. 48 —
(R — — 16.76 89742 — 31. 50 15. 55 —
i — — — 18 143 3.14 192.05  255.12  2.99
Y3 i 18 30.50  176.80  6.34 87775 — 84. 20 32.29 3.27
e 8.98 67.58 21.06 73401 3.81 63.92 25.55 2.94
(25 8. 22 71.35  1.56 79 652 — 43.87 14. 84 3.45
LR — — 2. 60 83 164 — 81. 36 32. 70 3.51
FERH 4 e 9.18 50.41  66.33 41519 — 453. 43 24. 28 —
e — 35.56  4.30 47 402 4. 64 373,41 48. 82 2.56
Y 5 R 17.89  145.26 10.51 75161.21 - 46. 95 14. 69 —
3 — — 7.31 83203.51 — 35. 85 14. 45 2.25
6 ik 5.07 55.15  6.71 83649.77 — 46. 23 19. 26 2. 40

VL R A,

PERR (32 pm) o 5 B0 B AR BT R 19 LA-ICP-
MS 43+ B9 B 38 .
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HOHRRE ST T Au P E RN 23085 X
10°, A% S An dEHIL, TR ER & Au HUAZ R
EEARY—, A3k 83. 05X 10 5 (& 7,3 3). %
JEXTHE i QL7 BY4RET AL 0. 015 mm Ay [H] F& 5K
2 1.5 em BYIEZE S Au T Fe FIT As 1 BEE
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PRI DX 0 SRR R A5 5 it 2643 an 4] 8b Fil
& 8c fir7n. B 8b En A XA Au BYE(E ., o 16
AR il i B 2R R X 5, B U4 3R B k™ i 341
(7 g A Bk [X 3. 3 i SEM X ) foft i 2k 11 W 2%
RPN BT RPRLEE A 300 nm 1 [ 4K 4 BUkL, 17 05 o
X A —~ 5% B ZE B A 2% T R ke, AT R AR
TRRLAK A A B ) SR 4 TSR (R L B R k)

TR F AR G R AR /DN 78 OG0 il i B v 25
S ar. I 8c & 8a i B X (55 AR, Sk
B Au 555 BRI S TS Au 155
SRIEE, H Au FERERD 40 A R AN 5] AN AT DL
43X 5 LA-ICP-MS 19 &35 B F L £ 4R 51 53 By 45
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£ AATER R R BN EAE LR P R kB
A U4 AR AE S TR BH 4 A6 S S i Ak i 1 vh 22 LA
YIS AT L 4 1 JE AP E.

Reich ez al. (2005) FFXf L [EH 10 >R ARA 4
W R S B BB ) H P4 AT L B P AT A i o
237 S L B OB 0 B B B L T DL 4 A R A
TRAEIRAS o B A A 4 (Au™) Rk 9% [ 8% 4 ks
(AU 5 AR [ AR 4 7E & B B e (R ) )
BEREALU T L ER : Cau=0. 02X Cyo +4 X107,
XK RIE Au-As X E R p 230 — Fk i £
CHY Au FERERD R 8RR 8™ 04 05 RV A B 1t 2.
WY h &0 & E Az MLz b, U 4 LIgK
G ARG FORE AP, 2 4 DA 8 A7 7E
FEME ST MW (Reich ez al. , 2005). FI&
S IR BB B 10 L R S W B o A

VA B AR 2R P (] 9) o Herp KR B8 BB 43 AT 7E 42
A R AP FEE T 28 LA T 20 3 IR o e 2
WA FIZ MR AR 5 Ul B 4 e ML 3 4 T
YK A IR 4 (AU ORI A7 AE , T 7E AR IR A7
ARBEER FFE h W DL R Ao B AE.
L1 Au-As KR EIfA UL , BERD S AR 5 4k
T Au 5 As BYIAHC, DL 4 A W62 Fise
BATEFENEM (Pals et al. , 2003).

X BURR B A R S R 1 F B LS e B, Fr Ui 4
WK RIES & & A 8 nT W4 ok (B 5) . (B4 11
AR R N — <5 pm. BT W4 2T
A B B TR 28 2 B i B T 22 R LR A3 A A
W I AL 2. [ P Ah At — S bR G o
W Bhiss & B K 60T W& A7 e AR TR
Getchell 4 & H 0] UL 4 i k7 # 35 80 pm (Bowell
etal. , 1999). f3lF Su et al. (2008) 7F M K42 IR
RARAL Gt & T K A 0T U 4, L R R
H ARG FEARAE T & i k™ 3 1 sl &%, 1 A A
AR 4 W43 A TS 58 i B ™ () 42 ki A

25 LR B0e G IR Hh 4 2 DI O AT
TR RAE T R A7 R e | B D FURLRL 2 k™
h, HOR DA AT W4 I UAF e T A 98 B =)
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etal. , 1993) Y ETERERN Rk B i 1R AN,
Au K RS A BB BT O R A R R
T 5 PR F T W B G Au BT LUZ T R4 A= KB A
H 4R 4 WU (Scaini et al. , 1998; Reich et al. ,
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AT Au(HS) 5 Z M8k B R Ak 4 % & A
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