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Abstract

Based on field geological exploration and research, this paper systematically describes the basic geological
characteristics of the San’ guanmiao gold deposit. According to the systematic observation with optical micro-
scope and scanning electron microscope (SEM), the hydrothermal metallogenic stage of the San’ guanmiao gold
deposit is divided into pre-ore stage (S1), main-ore stage (S2) and post-ore stage (S3). Massive sulfide and cal-

calite quartz veins were formed in the main stage with gold mineralization. The gold-bearing sulfides are mainly
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arsenopyrite and pyrite, which are of the same paragenesis and were formed under stable environmental condi-
tions and at the same time as gold. Based on the electron probe micro analysis (EPMA) results of gold-bearing
sulfides and the scanning images, the authors hold that "invisible gold" in the San’ guanmiao gold deposit is wide-
ly distributed in pyrite, arsenopyrite and other sulfides, "invisible gold" mainly exists as nanoparticles in pyrite,
and there exists solid solution in arsenopyrite. The hydrothermal pyrite in the San’ guanmiao gold deposit has a
high Co/Ni value and is located in the magmatic hydrothermal region on the ternary diagram of As-Co-Ni. It is in-
dicated that pyrite is of magmatic hydrothermal origin. Based on REE concentrations of ores, albitite-breccias and
wall rocks of the San’ guanmiao gold deposit, it is considered that the ore shows the inheritance and evolution
from albitite-breccia and, meanwhile, indicates the genetic relationship between the deposit and albitite-breccia.
According to the Au/Ag value, hydrothermal sulfide association combination, and typomorphic characteristics of
arsenopyrite, the authors consider that the fluid properties of the main metallogenic stage are alkaline, oxygen fu-
gacity logf(0,)<-28.5, and average of sulfur fugacity log/(S,)=—8.4. The mineralization temperature calculated
with the arsenopyrite thermometry is about 350°C. Based on the comprehensive geological and geochemical char-

acteristics, the authors have reached the conclusion that the San’ guanmiao gold deposit is a magmatic hydrother-

mal deposit, which is controlled by fault structures and genetically related to albitite(-breccia).
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Fig.1 Major geological units of Qinling orogenic belt(a, modified after Wang et al., 2016) and geological map of the San’ guan-
miao ore district(b)
1—Upper Devonian—Lower Carboniferous Jiuliping Formation: Schist, phyllite and marble; 2—Middle Devonian Chigou Formation: Slate and
phyllite; 3—Third member of Yaolinghe Formation, Qingbaikou System: Phyllite and schist; 4—Archean-Early Proterozoic Douling Group: Gneiss
and hornblende schist; 5—Albite (breccia) rock; 6—Mylonitized granodiorite; 7—Geological boundary; 8—Fault and its serial number and attitude;

9—Attitude of schistosity; 10—Auttitude of stratum; 11—San’ guanmiao gold deposit; 12—City
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Fig.2 Geological map of the San’ guanmiao gold deposit (a) and geological section along No. 16 exploration line (b)

1—Upper Devonian—Lower Carboniferous Jiuliping Formation: Schist, phyllite-and marble; 2—Third member of Yaolinghe Formation, Qingbaikou

System: phyllite and schist; 3—Albite (breccia) rock; 4—Mylonitized granodiorite; 5—Phyllite; 6—Schist; 7—Geological boundary; 8—Fault and

its serial number; 9—Gold orebody and its serial number; 10—Gold mineralized body; 11—Tunnel and its serial number;

12—Drill hole and its serial number; 13—Attitude of stratum
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Table 1 Chemical composition of the ores from the San’ guanmiao gold deposit(after Wang et al., 2017b)
w(B)/%
XHIWH w(Au)/107
i0, ALO, Fe0, Na0 CaO SO, K0 MgO MnO As0, P,0, TiO, Zr0, Cl
SN 1.02 55.46 11.80  9.59 4.33 2.59 0.51 0.27 0.51 0.15 0.01 0.12 0.51 0.07 0.01
ek 10.70 65.70 14.77 1489  6.97 7.15 3.64 1.69 1.03 0.32 0.80 0.22 0.81 0.12 0.10
P 3.88 5754 1339 1144 6.22 4.88 1.40 1.21 0.72 0.27 0.26 0.15 0.66 0.10 0.03
RS 4.47 58.69 1336 11.96  6.19 4.72 1.58 1.12 0.74 0.25 0.33 0.16 0.65 0.10 0.03
JIRCR S| 3.67 58.62 1332 11.84 6.14 4.50 1.37 0.96 0.72 0.25 0.21 0.16 0.65 0.09 0.03
R2 ZEEETEVYRY A AWAgHHE
Table 2 Gold and silver mass ratio in gold minerals and ores from the San’ guanmiao gold deposit
S LY (TS, 2017a) W (HE T4, 2017b)
2 3 1y GP1 GP2 GP3 GP4 GP5 GP6 GP7 GP8 GPY GP10  Fy
w(Au)/10° 9214 9235 92,78 9242 3440 2230 1020 6070 1720 3670 4080 10700 6820 4930 4468
w(Ag)/106  7.86 7.65 7.22 7.58 259 340 166 1086 307 457 357 724 477 557 473
Au/Ag 11,72 12.07 12.85 1221 1328 656 614 559 560 803 1143 1478 1430 8.85 946
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Fig.3 Diamond drill core samples showing the vein paragenesis of the San’ guanmiao gold ores

a, b. Albitic rocks (S1) replaced by calcite-quartz veins or masses (S2), both of which are cut through by calcite-quartz veinlets (S3)

S1—Pre-ore stage; S2—Main-ore stage; S3—Post-ore stage
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Fig. 4 Mineral paragenesis in the San’ guanmiao gold deposit
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Fig. 5 Macroscopic characteristics of San’ guanmiao gold ores(polished section)

a~c. Albitized rock with metasomatic calcite-quartz veins, pyrite veinlets (some are intermittent) and disseminated pyrites; d. Albitized rock cut

through by arsenopyrite vein; e. Arsenopyrites distributed in masses at the edge of metasomatic calcite-quartz veins, associated with pyrites;

f. Albitized rock with disseminated and aggregate arsenopyrite. Some pyrites are associated with arsenopyrite, and some are cut through by the

pyrite veinlets; g. Albitized rock with disseminated arsenopyrite; h. Arsenopyrite masses and bands associated with disseminated pyrites

Qz—CQuartz; Cal—Calcite; Py—Pyrite; Apy—Arsenopyrite
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Fig. 6 Microscopic characteristics of San’ guanmiao gold ores(a~c Crossed nicols, d~k Reflected plainlight)

a. Albitized rock with quartz veinlet; b. Albitized rock with calcite veinlets; c. Calcite-quartz vein with arsenopyrite aggregates (main-ore stage S2)

on the top left part, and albitized rock on the lower right part; d. Pyrite cut through by arsenopyrite vein; e. Arsenopyrite cut through by pyrite vein-

lets; f. Arsenopyrite with native gold-sphalerite-chalcopyrite veinlets; g. Arsenopyrite coexistent with pyrite, and intergranular native gold between

these metallic sulfides; h. Arsenopyrite with inclusion native gold, and intergranular native gold between arsenopyrite and nonmetallic mineral;

i. Pyrite veinlets; j. Intergranular native gold between pyrite and nonmetallic mineral; k. Arsenopyrite, pyrite, pyrrhotite and ilmentie

between nonmetallic minerals

Qz—~Quartz; Cal—Calcite; Ms—Muscovite; Bt—Biotite; Chl—Chlorite; Py—Pyrite; Apy—Arsenopyrite; Po—Pyrrhotite; Sp—Sphalerite;

Ccp—Chalcopyrite; [lm—IImentie; Ng—Native gold
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Fig. 7 SEM back-scattered (BSE) image of native gold and gold-bearing sulfides in the San’ guanmiao gold deposit

a, b. Inclusion native gold and pyrite within subhedral arsenopyrite; c, d. Inclusion native gold within allotriomorphic pyrite; e, f. Inclusion native

gold within allotriomorphic arsenopyrite; g, h. Euhedral arsenopyrite and allotriomorphic pyrite;

i, j. Anhedral arsenopyrite aggregates

Py—Pyrite; Apy—Arsenopyrite; Ng—Native gold
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Fig. 8 EPMA scanning images of the gold-bearing arsenopyrite in the San’ guanmiao gold deposit (The level bands represent

the relative signal strength)

Py—Pyrite; Apy—Arsenopyrite; Ng—Native gold
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Fig. 9 Chondrite-normalized REE patterns of pyrites from

ores, albitite-breccias and wall rocks in the San’ guanmiao

gold deposit

1.14, 73 1.04, S A BRA IO L0 R S E BT,
J&EH £t R WM Euis R H , 5Euh 0.72~
0.81,°F-340.77; Ce 55 1 5%, 8Ce 4 0.91~1.00, ~F- 14
0.96. FlAM HouR B %, B LocRE 4%
K Eu 5 5%, 6Eu b 0.82~1.01;Ce 55 1E 7%, 6Ce
4 1.01~1.07,

33 mUYRETE

TEA 5 M T2 R A U N A B ORAE 8 1 4
WA, T30 2B B e i BOT i A e ik, R R
BT B B w3 B B A B R B A, 2%
JER L T H R R 55 A PR /AT A 2™
Ykt . XHPkE IS A7 A AR 1Y 4 3200 3 13
R B, A% Tl At 5 H 5T B 5 B S 36 3 rh
O, AT ST R MK, AL #8815 ELEMENT XR
A TR AN IR 22.3°C, 1R ¥ 28%., iR 4
WK 4, b HsehnifE ik A LR 10,

BERP i TR A E AR XS T 7 (Rudnick
et al., 2003) 3 Z1 & 4 (B i/ L Hi5E > 10)Co Mo In,
Sb.Bi, £ & 4 (10=4f 5/ L #5% > 1) Cu.Cd . Pb; &
T > kS EH5E>0.1)Be \Ni.Zn W . T1.Th .U,
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Table 3 REE concentrations of ores, albitite-breccias and wall rocks in the San’ guanmiao gold deposit
44 B R A A
S2 S4 S6 S8 S10  Fy S12 S14 S18 S21 S24 S26  FHy S27 S28  Fy
w(B)/10°°

La 324 383 16.3 61.0 584 413 80.9  65.1 103 53.7 613 96.1 76.7 368  26.5 31.6
Ce 60.0 73.6 326 101 109 75.2 159 138 198 126 127 199 158 81.9 603 71.1
Pr 5.78 8.47 4.55 10.0 10.3 7.82 17.2 14.2 22.1 12.7 13.8 20.6 16.8 9.1 8.0 8.55
Nd 26.7  30.1 16.1 423 431 31.7 621 50.8 789  46.1 494 752 604 348 319 334
Sm 6.06 6.51 3.17 7.84 8.87 6.49 14.0 12.2 17.2 12.1 12.4 16.9 14.1 7.39 8.65 8.02
Eu 1.59 1.67 0.76 1.88 2.39 1.66  2.48 2.57 3.19 2.05 2.35 3.44 2.68 2.01 3.03 2.52
Gd 5.97 6.25 3.26 7.14 8.95 6.31 13.1 11.7 15.1 11.8 12.4 16.4 13.4 7.36 9.67 8.52
Tb 0.99 1.06 0.58 1.08 1.39 .02 2.15 1.91 2.37 2.12 2.10 2.77 2.24 1.20 1.78 1.49
Dy 5.71 6.94  4.07 6.61 8.37 6.34 14.8 12.5 14.1 14.7 13.8 18.1 14.7 7.76 11.8 9.78
Ho 1.21 1.23 0.83 1.20 1.44 1.18 290 236 278 286 248 337 279 1.40  2.07 1.74
Er 3.29 3.37 2.60 3.45 3.82 3.31 8.61 7.07 7.93 8.51 7.02 9.82 8.16 3.96 5.47 4.72
Tm 0.47 0.47 0.39 0.50 0.52 0.47 1.26 1.07 1.20 1.24 1.02 1.43 1.20 0.56 0.74 0.65
Yb 2.74  2.65 2.48 297 278 2.72 7.57 6.77 7.65 7.37 6.14 8.62 7.35 340 4.09 3.75
Lu 0.38 0.35 0.41 0.45 0.40 0.40 1.22 1.13 1.20 1.18 0.99 1.36 1.18 0.56 0.59 0.58

Y 31.8 24.6 20.8 26.6 322 27.2 69.6 58.5 65.5 69.3 55.7 78.5 66.2 29.3 43.1 36.2
~REE 153.29 180.97 88.10 247.42 259.73 185.90 387.29 327.38 474.72.302.43 312.20 473.11 379.52 198.20 174.59 186.40
LREE 132.53 158.65 73.48 224.02 232.06 164.15 335.68 282.87 422.39 252.65 266.25 411.24 328.51 172.00 138.38 155.19
HREE 20.76 2232 14.62 2340 27.67 21.75 51.61 44.51 5233 49.78 4595 61.87 51.01 2620 36.21 31.21
LREE/HREE 6.38 7.11 5.03 9.57 8.39 7.30  6.50 6.36 8.07 5.08 5.79 6.65 6.41 6.56 3.82 5.19
Lay/Yby 848 1037 471 1473 15.07 10.67 7.67 6.90 9.66 5.23 7.16 8.00 7.43 7.76  4.65 6.21
La,/Smy 3.45 3.80 3.32 5.02 425 3.97 3.73 3.44 3.87 2.87 3.19 3.67 3.46 3.21 1.98 2.60
SEu 0.80 0.79 0.72 0.75 0.81 0.77 .0.55 0.65 0.59 0.52 0.57 0.62 0.58 0.82 1.01 0.92
5Ce 0.99 096 091 0.91 1.00 096 0.99 1.06 097 1.14 1.03 1.04 1.04 1.07 1.01 1.04

T HAE AR M 1;8Bu = (Eu)y / (SmyxGdy)"2,5Ce =
etal., 1989,

g Z 5 4 (0.1 > FE 5/ B 5e )L Se. V. Cr.Ga . Rb,

Sr.Cs.Ba,Re %5 0 &K . BN fil it 70 2 F II(E AT
T #7258 5 5 4 Co.Cu. Sb.Bi, & £ Ni.Mo . TI.

Pb; % 541 Be .Sc.Zn .Cd . In W . Th, 58 5#i Li. V.
Cr.Ga.Rb.Sr.Cs.Ba.Re U%ILEK.
34 EBFIRE
XFRT IR 8 PR B A ifE AT L 0 Il X 40
B, D389 Sk ™ J2 B BOR s i A 4 Cn fiketk
W R B ILE  RERD R W”Fﬁ-/\%ﬁﬁﬁlﬁw%
fr) BRI 1 a5 AR E T W kT
EINESE: 7% S| 1E,T¢E¢Eliﬂlﬁlﬂ§}%@tciﬂ
JoT A T SIS I 8 B, HL R S R TXA-
8230 AU s M 414l L 1 20 KV HL AL 1x1078 A R B
BEAR 1 um K A 40° B IRLEE 23°C W 55%, 1%
1E 730 ZAF 8 0E o K 2 AT 77 A GB/T15074 -

(Ce)y/ (LayxPry)"*,LREE / HREE = X(La-Sm) / =(Gd-Lu); BRALFA brifE (L {4 Sun

2008 .GB/T15246-2002 tr#E . MK IC Z S K 13 PR
JFR A3 H0) J As243%107¢ . Sel103x10°¢ Fel38x107°,
Co125x107° Nil128x 107, Cul61x107°,Zn190x 1076,
Au207 x 1076, S42 x 1076, Pb240 x 107, Ag85 x 1076,
Te94x10°6 V118x1076 Tio1x1076, JMHKZER WS,
BT 3 o B s B AR EE b, 13N 6
Au & B KT K ER, w(Au) 0.03%~0.20%, F 1
0.09%. FIC & M KA E , w(Fe) N 35.08%~
35.90%, “F-3°4 35.43% ,w (As) 4 42.22% ~ 44.08%,
2N 43.29%, w (S) N 20.62%~21.97%, F- 34 N
21.15%, J&F & i x(Fe) 4 33.70~34.08 mol% , ‘F-1)
33.90 mol% ; x(As) 4 29.79~31.53 mol% , ¥4 30.87
mol% ;x(S) 5 34.66~36.22 mol% , F-34 35.23 mol%;
JRTF& 5 As/S 1 0.82~0.91, 1 0.88; Fe/( As+S )
¥10.51; 385> 72X FeAsy /S, 00 (£ 6) , B 51101 25
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Table 4 Trace element composition of sulfides in the San’ guanmiao gold deposit
w(B)/10°°
5 U7 - -
Li Be Sc \ Cr Co Ni Cu Zn Ga Rb Sr Mo
S13 i) 0.429 0716 0743 0326 0207 1271 284 159 163  0.659 0.134 219  19.1
S15Apy G20 0242 0906 0463 029 0267 489 18.6  7.08 19 0624 0043 0842 208
S19 2 149 059 244 246 0362 1380 86 123 176 333 0987  7.09 12
S23Apy AP 0279 0617 0568 021  0.195 1110 345 59 774 0394 0219 0913 124
S R 0.610 0707 1.05 0.822 0258 1062 419 512 152 125 0346 276  16.1
S15Py WEET 0749 0217 242 0.602 0224 219 493 792 21.8 137 0437 531 1.44
S16 WEET 0491 0211 132 037 0287 168 392 893 209 0948 0211 318 681
S23Py WEET 0443 0411 1.1 155 0971 356 295 2000 208  0.84 0445 12 1.08
P2 WG 0561 0280  1.61  0.841 0494 248 276 960 212 1.05 0364 323 3.1
I #15%¢ (Rudnick et al.,
2003) 24 2.1 14 97 92 17.3 47 28 67 17.5 82 320 1.1
w(B)/10°
5 U7 .
Cd In Sb Cs Ba w Re Tl Pb Bi Th U
S13 RERD 0.157  1.09 914  0.062 471 0579 0.004 0859 384 232 12 0941
S15Apy BERD 0229 137 695  0.024 263 0554 0.004 0029 977 835 122 025
S19 R 0224  0.969 406 0404 723 0244  0.004 0.079 256 352 3.1 0.595
S23Apy ) <0.002 1.16 364 0.1 1.67 0284 <0.002 | 0.03 17.7 17.7 127 0354
S RERD 0203 1.15 595  0.148 406 0415 0004 0249 449 211 170 0.535
S15Py WG 0.082  0.02 22 0766 103 0571 '<0.002 0.818 179 413 0832 0.147
S16 WD <0.002 0.071 209 0439 541, 0528 0.004 2.15 258 1.97 134 0.392
S23Py WEET 0079 0038 63 0188 331 . 0.647 <0.002 031 194 42 1.06  0.228
T3 W 0.081  0.043 164 0464 634 0582 0004 109 210 343 108  0.256
| H5¢ (Rudnick et al.,
2003) 0.09 0.056 0.4 49 628 19 0198 09 17 0.16 105 2.7
PRAE AP 4> F 30 FeAs, S, (#<10.13]) (Sharp et al., &P AR (FES),

1985), Wk 7 41 As HRIE . b As 5SE R I
KARE 1), e 78 L R ay i A LU 5
W0 P T 2 As/S B 32 SR SRR Rl TR T
1, As/S L Tt & (Sharp et al., 1985;Koh et al., 1992;
Lentz, 2002), P, Autg As Cu Nig§AHLE, 5
Co ARG, 5 SHIIEAMC, 5 Fe IEAHDC, HH ARG
PRI (F5),

BT BB AR H T ERE AT, 8 AN A v
6 1~ Au i KT A H R, w(Au) 4 0.04%~0.10%,
F10.053%. EoCRM KRB E, w(S)H
51.29%~54.21% , 44 4 53.20% ; w (Fe ) }y 45.95%~
47.14% , V-394 46.54% . w(S)/w(Fe) HLH K 1.10~
117, F 34 1.14; J5& 7 i1 5t S/Fe 7 1.92~2.03, -1
1.99; 5 #4485 FE (1 (w(S) N 53.45%, w (Fe) Ky
46.55% , S/Fe=2) A Y . WY 1 Au 5 S IE
X, S5Fe A, 5Ti.CoMAR L, 5HAM

4 BRI THE

PIRIAE 0.1 pm S 5807 R v 440 43 /] I
47 (>0.1 pm) A1 A I 427 (<0.1 pm )2 28 (Cook et
al., 1990) . — B A PR “nl W47 F“ANnl W4
FRIEER GHE T .
41 "E

I 8 e B 4 4 L B X = B i A A ]
&7 AT TR AR, v] L 4 DIk 4o 32, /b
HREAUR; k4 B Rk ORIk ZE Rk
BRI ASKEIAR | 22 254K Rk (1 66~h . j, ]
7b.d £, K 8), FAK4 LIk F(<0.037 mm),
K43 (0.037~0.074 mm) R Z s HLKL (E R 42 (> 0.074
mm) /D&, A A A B R 4 PSR

WG 3T S A8 924.2% (£ 2) , N H
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after Rudnick et al., 2003)
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K& (AREB ST &0 Y, UFRBARE) F2 i [F 4
& (PR R4 A% 42 ) o Reich 55 (2005) 0K,
RARIR S 1 R BRI B 4 1 T 24 150~250°C i
TR, 5 AR R v A AR 4 (Au™) AV i (2R
37 mol% ) #% BR AT LA Au-As IV i BE 6 2R (C, =
0.02C,,+4x107%5) F ik . Deditius 55 (2014) A Ky , 1
LAY G T Bk T LA R 4 (Au™) BT A B2 (R

San”guanmiao gold deposit

57 mol%o ) i FR T LA i 15 56 725X (C L, =0.004 - Cy +
2x10°) ik, /N T R 4 07 R IR R 4
PR ARG R P, Y Au e i S B AR T
ik Au-As KR, UK FEM S RZ Ak
Az LRI OLVE , T BGEE b L R I A K 4

“HIEEST R IE 34 Au  As IR H Y
W, Au B3 R T RTR Au-As LR, WA N
AR 3NN AL AT L AT UK S A . B
ANTT LAY Au-As i OE R IR Reich $2 H 1)
VA fi R FL A (Reich et al., 2005 ; Cepedal et al., 2008 ;
FAHREEAE 2013 KO ARARAE,2017) s =B R &0 KRS
8 A Fr 4 A, Au B YK T AT Au-As X R
3, WA R R T] UL A7 DL A A 4 T SAF
FE o H 7% 8 F i A Au ., As TCFE A H B4
1 (w(As) ] 243x107° . (Au) A 207x107°) , 1| F H:
IR ECHE 2 B AN ] UL 4 B IR AT RS SR A7 AR 3
K2z, Ht, =B im0 RN A] W4 AR
O 1Y S B8 7i s 2311 45 W& S

5 WIRMAETT
5.1 REYHE

Pal"Yanova (2008 ) i i X AS [A] 4 47 IR 4 19 R 6,
WA AwWAg IIESE, 845 T AR Aw/AgRFAE S 1) %
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Table 5 EPMA results of sulfides from the San’ guanmiao gold deposit
. w(B)/%
WRTS 0Y%HS 7Y% - - -
As Se Cu Ni Co Fe Ti Te Ag Pb S Hg Au sl
1 SGM7-1  HE#™  0.04 0 0 0 0.06 46.88 0 0 0 0 5327 0 0 100.25
2 SGM7-2  HEHKH 0 0 005 0 005 47.14 009 004 0 011 5336 0 004 100.88
3 SGM10-2  HEH™ 004 0 002 002 005 4595 0 0 0 0 5333 0 010 9951
4 SGM14-1-2  #EkH 0 0 0 0 003 4648 003 0 0 007 5129 0 004 9794
5 SGM14-4-1  #EKW~ 006 0 0 0 005 4613 0 0 0 0 5348 0 005 99.77
6 SGMS5-1 @™ 044 0 0 0 007 46.66 004 0 0 0 5308 0 004 10033
7 SGMS5-4 K 0 0 0 003 011 4666 004 0 0 0 5357 0 0 100.41
8 SGMS5-5  EHKH 0 0 0 003 016 4642 0 0 0 0 5421 0 005 100.87
9 SGM10-3  REMEE" 0 0 0 0 010 35960 0 0 0 0 3974 0 0 99.44
10 SGM15-1 #4335 0 0 0 002 3558 0 0 003 0 2107 0 020 100.25
11 SGM15-2 #4278 011 004 0 005 3542 008 0 0 0 2155 0 003 100.06
12 SGM1-2 #HH 4346 011 006 0 009 3531 008 0 0 0 2062 0 0 99.73
13 SGM13-1 #FHP 4222 012 003 0 005 3590 002 0 002 0 ' 2197 0 007 100.40
14 SGM13-2 #4248 014 0 002 003 3543 008 0 0. 006 2136 0 007 99.67
15 SGM13-3  #HP 4342 016 0 0 007 3508 0 0 0 005 2076 0 0 99.54
16 SGM22-1 P 4371 017 0.02 0 0.02 3527 002 0 0 0 2077 0 0.07 100.05
17 SGM10-1 AP 4408 019 0 002 007 3512 0 0 0 008 2080 0 0 100.36
18 SGM10-5  #HEP 4296 0.15 002 0 006 3530003 0 0 0 2141 0 0 99.93
19 SGM14-1-1  #fF 4369 023 0 0 005 3565 0 0 0 007 2114 0 0 100.83
20 SGM14-2 WEP 4294 0.11 0 0.02 0.06 3568 0 0 0 0 2162 0 0 100.43
21 SGM14-3 #4396 0.18 0 0 0. 3543 0 0 003 001 208 0 0 100.41
22 SGM14-4-2  FEP 4367 021 0 002 006 3542 004 0 0 004 2106 0 0.10 100.62
*6 =EESVASUITESFX
Table 6 Calculating molecular formula of arsenopyrite from the San’ guanmiao gold deposit
FE w(Aw)/% #(B Ymolté Fe/(As+S) As/S HRATH
S S Fe Fe As S
SGM15-1 0.20 30.89 35.09 34.02 0.52 0.88 1 0.91 1.03
SGM15-2 0.03 30.42 35.80 33.79 0.51 0.85 1 0.90 1.06
SGM1-2 0 31.26 34.66 34.08 0.52 0.90 1 0.92 1.02
SGM13-1 0.07 29.79 36.22 33.99 0.51 0.82 1 0.88 1.07
SGM13-2 0.07 30.36 35.67 33.97 0.51 0.85 1 0.89 1.05
SGM13-3 0 31.24 34.90 33.86 0.51 0.90 1 0.92 1.03
SGM22-1 0.07 31.32 34.77 33.91 0.51 0.85 1 0.92 1.03
SGM10-1 0 31.53 34.76 33.70 0.51 0.89 1 0.94 1.03
SGM10-5 0 30.61 35.64 33.74 0.51 0.90 1 0.91 1.06
SGM14-1 0 31.01 35.05 33.94 0.51 0.91 1 0.91 1.03
SGM14-2 0 30.38 35.74 33.87 0.51 0.86 1 0.90 1.06
SGM14-3 0 31.38 34.69 33.93 0.51 0.88 1 0.92 1.02
SGM14-4-2 0.10 31.10 35.05 33.85 0.51 0.90 1 0.92 1.04

WA, = HEET ARE AuAg TN 12.21,8"
A1 Au/Ag VY0 9.46 HEMNFAAE BORBRE R 200~
500°C VAW Au.Ag L Au(HS)> Fl1 Ag(HS)> 2% &)

4 5 (Pal'Yanova, 2008) . X5 ='EJH4&H 4 R
U, SO; AHIEH™ Wy 1y b S5 S SEAH M) 4
SV AT YA E ST As
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] BR E BN R B (Kretschmart et al., 1976) . £ st Y 2544 o

b U B AR T IR R Tz (R4, 1993
Lentz, 2002; 7 JE £ % ,2018; Pal et al., 2019) , R #
AR B A By Bo Py e A 4 A O RIS As i
T B 5 B T B % B 1ogf(S,) - i JE (1) % & K it
(Kretschmar et al., 1976; Sharp et al., 1985)1, LI 3R H
BEIE A EE(E B o

EMEN IR S\ By A |
SR (R B R 5 A, (X4 A - 4 1 24
AR AR, 78 -logf(S,) I fif v, =B i 487 hLA™
WAL T #E b+ B 5 dE D+ 1 R A 0 L
o &t BERP Y B0 BE Y [ 315~393°C, -3
357°C o X I Y FE 0T A logf(S,) YE Fl h—7.3~-10,
V1 -8.4(812) . = HEV IR, #0 Sy R
FEH SN Y, 3 SRS g R AR, AT DL B
W ITE IR E (BIR B logf(S,) S5 AT LR R A TTE

[ ]!

_]2 1 | 1
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t/°C.

K12 =EEST RFADHLEE logf(S,)-TEE (1) 7 K
(RS E ¥ Kretschmar et al., 1976; Sharp et al., 1985)
| — TR+ e A DX 5 2— TP+ B A X 3— b+ R T
IR SR DX 4— =B B R BERD As JELT B
5—RERY As Ji T A LR
Fig. 12 logf(S,)-temperature (¢) projection of the arsenopyrite
from the San’ guanmiao gold deposit(base map after
Kretschmar et al., 1976; Sharp et al., 1985)
1—Association zone of arsenopyrite and pyrite; 2—Association zone
of arsenopyrite and pyrrhotite; 3—Association zone of arsenopyrite
and loellingite; 4—As atomic content range of arsenopyrite
in the Sanguanmiao gold deposit; 5—As atomic content

contours of arsenopyrite

TEZY 350°CHRBE AT, I HS R AETE Y
pH1{H > 6.2,l0ogf(0,) <-28.5(Pokrovski et al., 2011),
(B R Y e T = R Y U TR DR s b5
FEIT 350°C , M4 Au/Ag HHFE B AT e 44 A D Bl b
PR , AT DA P B A BT B B logf(O,) < -28.5,

25 L HEWT — B S0 R B B AR iR
Bt SRR E logf(0,) <—28.5; 115 Bk & logf(S,)
P84 5 B IR EE 24 350°C,

52 I ERE

B R &N A o0 A SREE U8 5 T
FRANK RS . E RS A AR AR SEu
Broh f 5w, B X5 T LA SEu BE AR JC S0 1R
fE(E9) .

TEARR AN B2 R e R 5 4R B R ) 2
R, SR pHAE R IE L 7EAGR GE R AT,
BRAEAKIE IO LU= A 3, Y IR 2T 250°CHT
T S A 7524 250°C I, Bu? R RE A TE Y AR
BE F R AT HS AL AL SO, ™ B T i % B, HLBE
T g SR P 22 (B K (Sverjensky, 1984) . — B i
S AR SO, AT, BT B L HS B R
FELE  PE M AEGR B 251 T, HEWT R B P SR FEE
K Eu?'s — M AE IR T, Bud' 55 REE> /14 i 4
oL, FL[mIERS YK TP AAAE Eu i), 5 REES A A
1) b 3R Ak 2 P B 2 HH B SEu S 19 BL Rl . 24 Bu2t Ay
fit R BRI Cn A7 B S A TE R, S80S
BRAFAW H REE> 3 25, {1 5% A3 T [0] g 75 4 Eu i
b, B SEu 7 58 (I IE 58 FRAIC, it St w8 )
(Hanson, 1980; [ & 1% 4§ , 1990; Kalliomaiki et al.,
2019)., = HIHAH A SEull 0.58, K Mk e mHh
SEufH 0.77, &0 1 1 SBu i 7 7 B A Bk A e
PR X GRS SO R, KA PR Bu?t
)53 B & R 5%, BT FR A U IR A X B
TR Bu, BAKRE, EHIEEV IR TR SR
fIE 7R T XHEN A A B i 0 R AR B gk, B
R AR SR R e R 2R e T
B AR AR, Bu os F AR & TR AR T
G FE AR AR Fe ST 3EIY 4 T AR ) 2 R epr % D
PR U RS T T A e, O R 4
A1 0 3 SR AR T B AR 1) 5 48 Bu, M
BT K MR Bu g 5P K,

53 WETETRE
BERHT Y Co (Ni Jit 52 73 400FT w (Co) /w (N1) /2 fi
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Hom R s 3 B 2 %0 (Brill, 1989; Campbell,
1984; " H i 4F,2012) . Co* I N> 2 i [F] 52 1
By Fe? T8R0T 1 A S EUN K. FeS, 5
CoS, JE 1 22 [ A, i 5 NiS, B A 14 2 [ 75 1k
" HiE%,2012), 7EmEFAMET, Co L NifE i
AN TG, w(Co)/w(Ni) > 1 TEARIR AT,
Z,Co/Ni< 1(BREHEA,2019), 78K LM A
AT G0 rh PIROR JE 2 A KRR 43 KK
IR A HOK TR &, A K& Co B i[ME
B Fe, BT DA S AR B RN 25 20 G T 4 0 HAT
1= 9 Co/Ni LU (™ F 3/ 5%, 2012) .

B AR R R A B R w(Co)/w(Ni) AT
—5E AL PE (Campbell, 1984 ; Bajwah et al., 1987;
Brill, 1989), Large % (2014) BF 5% 1 #b J5 [y s it 48]
PR 2 A0 DU TR P Bk 0 1Y Co N B iyl
Rl , @A AT I 0 (Co ) — B (30~300)x 1076, 0(Ni)—f
(200~2000)x107¢.,

UE O A R PR BT Y w(Co) (200~
1000) x 1076, w0 (Ni) 24 (100~300) x 10, Co/Ni *F
3.85, Fa R B IR BE H 5 , AF  JCLL BRIR AR S R
TR R B REAE B X T U0 A AR AR
(Campbell, 1984 ; Bajwah et al., 1987; Brill, 1989; /™
Hil4%,2012),

LW S Co-Ni-As L6 &, 7] LLHE AR
[F] P B PRI 2 70 5 As #E BT v ] 2R R [R] e ke S, &
EE SRR RAUK /7 EHROKR L E R IR, #m)
TR E . ™HE5(2012)ia H Co-Ni-As Jii
Fb = £ PRI 45 B PR 2R R 4 1 P PP B B R R T R
HEFTAYHT A T 45 B 28 A & R BBk il e R
PREBURRIE . =B i A R B2k 7E As-Co-Ni [
i (B 13) TP F O, R BB ER R a3 IR A
54 REAIR

SEIEST R TR RS, EEINAY
Wi se A b F SEIAE e A, JRiR & E FA,
7R LA IO R UL M TR R AE . TR OB %
(2017a) KA &0 A B P ARG AR ) 0 IR S Al
K AR A MRS, 5T —Hher s
W XA (R ) A B R o ARWRBFIEIA R, =
IR0 R A S T XA iAo R RE
4k R AL, PE— B AEIE T 3 Z AR B &
“H AT IR P B ST BA B R 1 w(Co)/w(Ni)
{H , #£ As-Co-Ni il i 7T K (181 13) i T2 J R
T DX SR RRAE , Y B 48 7R BBk R A B

As

Co Ni

Fl13 = EA0 IR E RS As-Co-Nil&lfif O 4™ 7 il
%,2012)
@D, @, K3 H IR AT AL B 47
PR IX
Fig. 13 Ternary diagram of As-Co-Ni of pyrite from the San’
guanmiao gold deposit(base map after Yan et al., 2012)
(D, @), Brespectively represent concentration districts of pyrite form
magmatic hydrothermal, Carlin-type and metamorphic

hydrothermal gold deposits

Au/Ag(H FRBAL Y I E A A TR RRAE A5 R
W, = E A PR FE B B (A B A ik | At
J& logf(0O,) <-28.5 il ik i logf(S,) V- 34 -8.4, i
EEZ1350°C, 27 LK, = HIR&V RN 5K S
HH I 52 W A8 it 425 1] 100 2 AR B 4 40 TR

6 4% it

(1) =F i B R 8™ B B T &l 73 1l
BB BL(ST) A BB (S2) Bl B BrBe (S3)
BT BELA SR ZUEH A A BRI LA R AL T I
WA s T B BOY O B K7 il 4141 9%
Jk (TR ), BEB BOE B0 5 1 I B B P B
(4 77 kA A7 SR ik, U5 R B B e 3 B BOE Y
A

2) Bemfiey EEZ hTL GFE 2 7K
FeAsy oS, o0) BLERE™, BA LS G R A= e 77 A1
BERD APTHOIR BRIR 0 =, B8k A AR o £ o 2k
SR R — AR, R SR AR o

(3) =B & A IAF RS 20 o ml UL 427 5
AP AT Lo AR, LA Bl
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(4) =B W& RS IR 6% logf(S,)
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