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Modes of occurrence of Au, Ag, Te and Bi elements and their constraint on
the ore-forming physicochemical conditions of the Jilongshan skarn Au-Cu
deposit, southeast Hubei Province
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(1. Faculty of Sciences and Mineral Resources, China University of Geosciences, Beijing 100083, China; 2. Key Laboratory of Met-
allogeny and Mineral Assessment of MLR, Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037,
China)

Abstract: The Jilongshan skarn Au-Cu deposit is a representative skarn deposit in southeastern Hubei Province.
Its orebodies are mainly hosted in the contact zone between the carbonate of the Lower Triassic Daye Group and
the granite diorite porphyry. The ore-forming process can be divided into four stages, namely prograde skarn
stage, retrograde skarn stage, quartz-sulfides stage and carbonate stage, and the precipitation of Au and Cu oc-

curred at the quartz-sulfides stage. Microscopic observation and electron microprobe analysis suggest that Au and
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Ag occur mainly as visible Au minerals (native gold, electrum) and visible Ag minerals (hessite, matildite), re-
spectively, and Au minerals occur mainly as inclusions in chalcopyrite and tetrahedrite or micro-fracture fillings
in pyrite. Abundant Te-Bi minerals, such as tetradymite and aikinite, were observed in the Jilongshan Au-Cu
deposit. In high temperature hydrothermal fluids, Au and Ag elements were probaboy transported as chloride
complexes. With the decreasing temperature of the fluid and the variation of compositions, Au and Ag elements
might have been transported as sulfide complexes and bismuth-telluride melts or complexes. At the quartz-sul-
fides stage, fluid boiling and sulfurization resulted in the decrease of /s, and the increase of fre,- When {luids lay
in the oxygen fugacity range of pyrite-pyrrhotite buffer, pH values assumed neutral-to-alkaline nature, —10.7
<log fre, < —8.4and —11.4< log 15, < —10.6, there existed the transfer and enrichment of Au by Te, Bi and
As elements, which resulted in the formation of the Jilongshan skarn Au-Cu deposit.

Key words: Jilongshan; skarn Au-Cu deposit; modes of occurrence of Au (Ag); Te-Bi mineral assemblages;
metallogenic mechanism
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Fig. 1 Geological sketch map of the Fengshan orefield (modified from Shu Guanglong, 2004)

X 1112 A S X 8 L AT IR ) RO BE A
AR L S, SR RDIR T, A TR B v S e
PE T RAR B A B, 32 B2 A6 74 1) He - 5K HLPE
P, A LA-ICP-MS #5A U-Pb F#e 0 151 +1
Ma( E#%, 2014b), HXSTE LA AT B 25 A e
TR DA G CRHAETE 2, 2008 17X Py H 5 3 2
B, 5 R A ORI s R B =S R R 4K
FH OB A RS FE Wl TSR

T2, R A B 2L R A, IR A G
SR XS TR s R AT R 2 b &
FAhAs (K T 5 A R Rl S A ety (0 115
HORA™ PR ALk, AR 2 0 e e e 52 B 1Y 1) 23
Ao B4R T BT A A B A A A
KBLA R 7 5,

RGTE L R 5 R e A A PR v R 2 bl 2R 2R e
AR, IX S AR FAT WS ) 70l 1 5 5 A rp R ik AR SR R



658 aOR W

-
SIS

& #35%E

TR R AR T A - A s B fid
W EEREW RAW, Ko am a8 T8 8-k
FY, M E B NIEWE A (Zhao er al . » 1999; 7Kk
B, 1999; T, 2014a); HZH EEE G K5
AR o X 8 L 4 HAT PR IR J T G 35 A ]
AKETT ) E A e 1 gy i, BAR RN BEE 5
FAARBE BRI R, S8 e B - - -4

-/ - a AL A 2), &R 1k 5
WG 28 43y AEDOOE I, 52 B HH B o ek 800K 9 1R V5 £
AT RS, 19935 B —M9 5%, 19990, AT A &
SEFNEY Ab = E ST, o] DURE o /R H X9 ok idE e R
O BB AR AR B BE A DB A B BRT % R £
B B, Forh G Ak 2 SR AR AR AT - TR I B

2949'10"

L T T T T T T 1
-ﬂ IIJIIIH||JiIIH-IIH||J|.l|||-|||].|-"|-|

29948 0"

11572540"
) F=#4% - RAK 1614 14 K
L] w# #IUh BE#
i 27|tk 7 )2
mEda || wmE R ek
pE— W54 R
MR e SH 1

Bl 2 XY R A RS AT IR b ST 1T B Cad RO THT B (o) (BB Zhao et al . » 1999)
Fig. 2 Geological sketch map (a) and geological section (b) of the Jilongshan skarn Au-Cu deposit Cafter Zhao et al.» 1999)

2 AR T A

ARSI A %8 58 L G AT R AN [ R 7R 1
WAGR 1. 158, MG ET SRR % 4 L5, 1B A R
FNEDORE SR T ) AR HEGREE R, R RTE S - I
5 AR R R AT AH 2B I, MDA A A
T AR By PR B E RS D NG Zop i) (AP R /=X 7 $vis
HH AR ) A M R, S BB RS 6 H AR
W YIHEAT F P IRE CEPMAD 23 o HL 3R IR A
Hh ] b TR 2 BT P BRI YT AT, AR S
JXA-8230, 76 3 & 12t 0 AT IR 4% A1 24 = Jin i v s 20
KV, FLRE 20 nAs WBER/ANA 5 pam, BOREEL /N IS R] 4 /)N

21 pme HTAIARHERE i 20 Au-CAu-Ag) CIIR B
7] 20 $)+ Ag-CAgShS, ) I 8] 20 $) Fe-(FeS, ) Gl
IRINTE] 10 )+ Cu-(CuFeS, ) CUARI ] 10 )+ S-(FeS))
GRS TE] 10 ) As- (FeAsS) IR ] 10 )55

3 WY A SRR AR

R LIRS R T A R A B K I R
Py, CLARES B A A B R A B A A A A
IAVFT ST A R 25 B (4, 2014a) s B AL R
W BOE A ) 5 EAT R AT AN R A 45 < s S A
Py A S AL I BOY B ) T2 B AT A o H A
TORRAT BT SRR AR B T BT A



RS W BRI R A S T B A A R 2 659

% 4 W SR 55 S AR B O L R B T R 4
F1 HE—K
Table 1 List of samples
i il PR RVACS
JLO02 KBS BRI 200 m 7&K BT
JLO06 KELAE B F M 4ZK3 219.2 m
JLO09 RN e M 4ZK1 224 m
JLO15 KEA T A —340 m "B 3203 % ik
JLO16 NASIARIS Ty — 340 m "B 3602 %k
JL020 [ Ry e —290 m B 14 FF Kk
JLO25 WA A B 0ZK1 124.3 m
JLO30 AT R RE —490 m T B 512 K
JLO32 R AT A —490 m T B 512 K%
JLO33 WA A —490 m B 512 K
JLO34 R B —490 m P B 512 R
JL037 W RET A —490 m B 261 ik
JLO039 W A —-90 m TR 38 Ltk
JL045 BEA -90 m B 35-5 kY
JLOSS R B A —540 m T B 161 R
JLO75 BEA A £ -90 m T 35-5 %Y
JLO76 BEA A -90 m T 35-5 kY
JLOSO KELH BRI 200 m 7RI
JLOS3 KA H -390 m T Bt 184-1 K%
1271 KEAMT —490 m T 21012 F ik
TR A5 5 IR R i B T G AT 4 = Sy 5 i 3T

A [N A5 R BB ME ST PO . )

L) TR AR B LR N N NV S Tv N G R 0 K
U,
3.1 Wiy

FRA SRR BN R PIR, mT R 20 0 4 AN AR 5
1 AR R (Py 1), 5T S0 WA S5 1™ 1 T8 1
HAse-m AL P b B R, BB R R LR
RIORE PR 4 5 A 52 BKOIR 77 T 0% - 6 R OR B o, 0
Fﬁﬂﬁfflf@ﬁtﬁﬁléfﬁ, HAARBR AR 3 I B2 2 A
5 3 HART R0 2, 1 0 B0 IR S B (R A%
3e:3d); H5 2 AR R (Py2), 5o A G 4R
WL, AIEREERRZE , AT A IR S R AT 1432 1
(Bl 3c0s 55 3 HARTL AT (Py3), e T3 A1 40
W, BTERERERZE , AT 5 40 DR 2 4di B A 4 e
W B 1 AR R I AR A (] 3b. 3d
3g): o5 4 ARG (Py4), H LU TR ™ T K
B, S e M L R A A N IR T 3 A
(30
B S A TR R, o X A R T e
BLRBRAL A, A AR B 2 IR R A A A R
W, AT ST R E T S AR TR B, WS
P TTIRAT AR T TN BT R - -
B W5 WA (B 3a33¢+3e+3g) -

P R ) AT B AR B B A A
W48 e IR B AR, B R B 6 BRI £
—TEARAE, B DX Ay FERN R, L T R s e A (]
3e)o
NEERRT 4324 2 ASHAR: BRI EERT (Sp1) 7=
THo KA FRHLS T A JERCR B AR (K] 3g.4g.
4h), B mGEE T R A, NIEE R E KR B
L7, FAHARTN R (SpD BT B E R R,
10 LB A AN H5 T (G ¥ 0 A s W AR A
FER(Sp2) & HIBERLR, L s F 24, Moy
BORE , A LB A AT FLR 7, W T R AR T
(Kl 3.
T oy Sy 2 AN AR AR T (GnlD
lﬁﬁ’t BRI 5 RN Y], o W T R A A -
B AL A A ) 2 A CAAS R IR | JCHR 7 35 7
TN (Py DR PR sl o A4 K (B 520 5 A8 LA
B 5 M B A4 DA P bR SRS BE I R A T
A CGnDH 7 CEL Sk s B AR 7 850 (Gn2) 5 i
ARINEFAT (Sp2 ) I AR A3 A 1 LUAS J 00 1) 25 i ik 7= T
RHA A AT S B Ae 0 CB 300, 76 4™
PAAME 1R K FRE T B B B T 4k
3.2 &Y
A GE LY R B G A R i e ) E 2 A AR
SRREH . o, ARE B &80, LERRCR A
FRWPREIR b 32, A2 10 ~30 pemC B 420 IG5
SR, U A A 0 TR v R 1~ 30
pC B 45 S A E B 4 LAAS B D)KL R T A7 T 2
W BN A BN 25 4 R O Ak 4 v, A LR A A
AESWE 4g), &0 P FE I FE S R %
A4 B 4D, HLAR 422 TRk e MR B -
3.3 ﬁ%%%%&ﬁﬁ%
BT W 8% gt R R TN S 1 A AR DR A A
)lLf%%l‘)lElﬂ?ﬁEj(EHﬁE‘* R, LN YR
QiR S iR Y T Y N (S N i R N W e X
BB R IRATERE S AR R AT AT B E R
BRETA R iy 44 o B B AR AL 0 Phase C”(Cook and
Ciobanu, 200704, Bif2h 1~20 pumo HH Phase C
FE S TR e, 138 —, SRR H L
FOR B T 7 8 (GnD (B 5555k, Fo= RS
5 Cook 552007 FI IR AL, 1 73X L8 W) 4] 4 A
SRR DR . XTI ST IR A AE A 7] 1) 1 -
AR AL S AR ALG T R B =
S, WIRE R AR A + T BUARET T + AR + T AT



660 = A O W ¥ ik & $35%G

50 pm

200 pm
—

Kl 3 09586y R B8 R LB AL ) i o B o, AR R S o)

Fig. 3 Typical sulfides in the Jilongshan skarn Au-Cu deposit (i is photo of plainlight, others are photos of reflective light)
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a—chalcopyrite-quartz-fluorite veins replacing and cutting the first generation of pyrite; b—the third generation of pyrite growing along the edge of
chalcopyrite; c—the third generation of pyrite coexistent with chalcopyrites d—the third generation of pyrite growing along the edge of the first
generation of pyrite; e—tetrahedrite coexistent with chalcopyrite; f—calcite-realgar veins cutting the limestone, the fourth generation of pyrite dis-
seminated in the limestones g—the third generation of pyrite veins cutting chalcopyrite; h—hematite replacing the first generation of pyrite and chal-
copyrite; i—the late generation of euhedral sphalerite; Cal—calcite; Cecp—chalcopyrite; FI— fluorite; Gn—galena; Hem—hematite; Py—pyrite;
Qtz—quartz; Rlg—realgar; Sp—sphalerite; Td—tetrahedrite
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Fig. 4 Typical ore types and Au minerals of the Jilongshan skarn Au-Cu deposit
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a» b, ¢ are photos of skarn type ore; d» e» f are photos of porphyry type ore; g» hs i are photos of marble type ore; a; ds e are photos of reflective
lights others are photos of BSE; a—native gold coexistent with chalcopyrite; b—sulfides filling the fractures of garnet and native gold coexistent
with chalcopyrites c—electrum filling the fractures of the first generation of pyrite; d—chalcopyrite-native gold-quartz veins replacing and cutting
the first generation of pyrite; e—native gold and galena filling the fractures of the first generation of pyrite; f—granular native gold filling the frac-
tures of the first generation of pyrites g» h—electrum coexistent with chalcopyrite and carrollites i—native gold coexistent with chalcopyrite and tetr-
ahedrite; Au—native gold; Cal—calcite; Carr—carrollite; Ccp—chalcopyrite; Elc—electrum; Fl—fluorite; Grt—garnet;: Hem—hematite;

Py—pyrite; Qtz—quartz; Sp—sphalerite; Td—tetrahedrite
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generation of pyrite particles; i—coloradoite coexistent with realgar; j» k—lamellar bands of hessite and Phase C in host galena; =—close-up view of
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Fig. 6 Mineral-forming sequence of the Jilongshan skarn Au-Cu deposit
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Table 2 Part of electron microprobe analyses of pyrites from the Jilongshan skarn Au-Cu deposit

i Arbr Rty Fe S As Au Ag Ni Co Se Bi Te Total
JLO06-1-19 46.30 53.47 0.03 0.02 0 0 0.10 0 0 0 100.00
JLO09-1-5 46.21 53.71 0.03 0.01 0 0.02 0.07 0 0 0.02 100.12
JLO15-4-1 46.91 53.23 0.05 0.03 0.01 0.03 0.05 0.02 0 0 100.47
JLO16-2-1 46.43 53.66 0.02 0.07 0 0 0.05 0 0 0.02 100.30
JL0O20-4-3 46.10 53.12 0.02 0.04 0 0 0.06 0.03 0 0 99.63

Pyl JL030-2-2  47.15 52.32 0.02 0 0 0 0.04 0.02 0 0 99.69
JLO32-1-2 46.07 53.27 0.03 0.07 0 0 0.06 0.02 0 0.04 99.68

JLO37-6 45.71 53.71 0.06 0.03 0.01 0 0.64 0 0.03 100.28
JL0O39-2-4 46.35 53.27 0.05 0.02 0 0 0.06 0.01 0 0 99.82
JLO45-5-3 46.39 52.98 0.03 0 0 0 0.07 0.02 0 0 99.56
JLO58-14 46.64 53.38 0.03 0.10 0.04 0.09 0 0.09 0 100.46
JLO75-16 46.67 53.89 0.05 0.04 0.03 0.04 0.07 0.02 0 0.02 100.89
JL020-1-4 4649 5322 019 0.03 0 0 004 0 0 0 10031
JLO20-1-3 46.56 53.12 1.01 0.01 0 0 0.04 0 0 0 100.91

JLO20-4 46.70 51.32 1.58 0.08 0 0 0.04 0 0 0.02 99.84
JL025-2-2 4575 51.67 1.71 0.02 0 0.03 0.06 0 0 0 99.52

Py2 JL025-2-7 46.25 51.69 1.19 0.02 u 0 0.06 0 0 0.04 99.44
JLO75-1 45.27 52.66 1.18 0.01 0.02 0.01 0.08 0 0 99.94

JLO75-2 45.86 52.38 1.26 0.04 0.02 0 0.05 0 0.06 0 100.55

JLO75-7 42,79 52.25 1.28 0.10 0.03 0.02 0.07 0 0 0 100.12

JLO75-11 45.15 52.21 1.48 0.06 0.07 0.02 0.12 0 0 0 100.55
JLOO9-1-1 46.46 52.54 0.05 0.01 0 0.02 0.10 0.02 0 0 99.35
JLO09-1-14 4588 52.97 0.07 0.02 0 0 0.05 0 0 0.01 99.18
JL025-2-4 46.50 53.30 0.05 0.03 0 0.02 0.09 0.01 0.03 0.01 100.12
JLO25-2-10  46.61 52.85 0.16 0.01 0 0 0.06 0 0 0 99.73
JLO34-4-1 46.72 53.15 0.03 0.06 0.03 0 0.06 0.01 0 0 100.11

e JLO34-4-2 45.81 53.30 0.08 0.01 0.01 0 0.05 0 0 0.02 99.32
JLO37-1-8 45.51 51.84 0.17 0.02 0.20 0.07 0.45 0.03 0.08 0 99.09
JLO37-1-9 45.78 52.33 0.08 0.05 0.10 0.07 0.26 0.03 0 0 99.38
JLO58-12 45.88 53.31 0.09 0.10 0.03 0 0.06 0 0 0 99.61
JLO5S8-16 46.73 53.48 0.07 0.03 0 0 0.07 0.01 0 0 100.44
JL002-1-7 4630  46.50  7.03 0.03 0 0.01 0.06 0 0 0 100.09
JL002-1-9 45.45 51.61 2.80 0.07 0 0 0.07 0 0 0.01 100.04
JLOO6-1-18  46.13 50.44 1.16 0.01 0 0.01 0.05 0 0 0 98.18

Py4 JLO033-1-6 44.23 51.64 1.11 0.04 0.04 0 0.06 0.01 0 0 99.91
JLO80-3 46.00 51.78 1.20 0 0.01 0.05 0.07 0 0 0 99.21

JLO80-5 46.15 51.55 1.70 0.05 0 0 0.04 0 0.04 0 99.55

JLO80-6 46.30 49.61 3.78 0.02 0 0.01 0.07 0 0 0 99.89
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Table 3 Part of electron microprobe analyses of sulfides from the Jilongshan skarn Au-Cu deposit
{7 STy Cu Fe S As Au Ag Se Te Sn Co Total
JL006-1-3 3547 3025 3513 0 0.05 0.01 0 0 0.01 0.02 100.98
JLO15-1-4 3527 3026 3437 0 0 0.02 0 0 0.01 0.05 100.15
JL016-4-6 3452 2948  35.14 0.01 0.01 0.05 0.01 0 0 0.04 99.38
JL016-4-7 3409 2978 35.05 0.05 0 0.03 0 0 0 0.04 99.13
5 JL034-2-3 3464 2991 35.12 0 0 0.03 0.04 0 0.02 0.04 99.89
il JL037-5 3436 29.88  34.60 0 0 0.02 0 0.02 0 0.06 99.05
W JLO37-1-12 3512 30.51 34.90 0 0.06 0.04 0 0 0.02 0.03 100.92
JLO37-1-20 3570 30.10  33.92 0.04 0 0.04 0 0.03 0.01 0.06 100.08
1.045-4-2 34.61 2085  34.93 0.02 0.02 0.02 0 0.01 0.02 0.04 99.58
JL083-5 3033 2612 2857 0 0 8.43 0.12 2.94 0 0.05 99.40
1271-11 34.51 3058  34.42 0.01 0.08 0.02 0.03 0 0.04 0.04 99.82
Y] v Cu As Sh Zn S Fe Au Ag Te Bi Total
IL006-1-6 41.37 11.45 11.36 6.05 27.90 2.92 0.04 0.02 0 0 101.22
JLO06-1-13 4222 14.18 7.03 438 28.17 4.40 0 0.04 0 0 100.56
JL009-1-9 43 .46 19.21 0.77 3.61 29.47 4.54 0.02 0 0 0 101.12
JLO09-1-10  43.07  20.02 0.68 332 29.42 4.32 0.01 0 0 0 100.90
JLO09-1-11  43.63 19.22 0.75 3.80 28.81 3.36 0.07 0 0 0 99.67
fif JLO09X-3-5 4422 1748 0.39 3.12 27.71 6.27 0 0 0 0.03 99.29
{}f{ JLO09X-3-6  41.20 13.68 7.72 5.77 27.37 4.46 0.02 0.01 0 0 100.24
W JLO16-4-1 43.06 18.28 0.07 5.07 28.31 3.43 0 0 0.09 0.61 98.98
JL016-4-2 43.71 18.33 0.05 5.07 28.78 3.76 0 0.01 0 0.45 100.23
JL016-4-3 43.36 18.49 0 4.83 28.74 3.83 0 0 0.15 0.72 100.17
IL076-9 43.93 11.82 2.63 851 27.27 0.23 0.02 0.05 2.62 222 99.35
JL076-10 43.25 10.35 7.60 8.91 27.10 0.35 0.01 0.04 0 224 99.92
JLO76-11 42.69 10.87 8.41 8.75 26.62 0.42 0 0.05 0 1.71 99.56
JL009-1-8 39.73 10.65 12.27 6.03 27.97 4.26 0 0 0 0.09 101.14
o JL020-4-1 42.75 8.86 13.43 4.68 26.23 3.41 0 0.12 0 0.92 100.45
3’? 1.020-4-7 42.78 8.66 13.06 4.12 26.42 3.58 0.01 0.19 0 1.38 100,22
e JL020-5-2 11.43 8.86 13.85 4.09 26.78 3.44 0 0.56 0 0.90 99.97
_1L076-28 43.08 9.96 11.43 6.97 26.77 0.30 0 0.04 0 1.09 99.71
W Pb S Ag Au Fe Cu Te Se Sb Ni Total
1L.076-8 83.73 13.32 0.03 0 0.05 0.75 0 0.07 0 0 99.88
frmys JL076-21 83.83 13.48 0.56 0 0.01 0.07 0.71 0.81 0 0.01 99.66
(Gnl) JL076-22 85.08 13.45 0.44 0 0.11 0.11 0.12 0.71 0 0 100.10
JL076-29 86.17 13.27 0.34 0 0.02 0.19 0.13 0.53 0.03 0 100.95
s JL039-2-1 85.80 13.37 0.17 0 0 0.03 0 0 0.18 0 99.76
(Gn2) JL039-2-2 85.86 13.33 0.06 0 0.03 0.01 0 0 0.24 0.04 99.68
] STy Zn S Fe Cd Pb Bi Sb Cu Au Mo Total
JL020-1 6422 32.92 2.68 0.21 0 0.08 0 0.06 0.11 0.01 100.32
IR JL020-2 62.52 33.34 3.64 0.07 0.04 0.06 ] 0.17 0.03 0.01 100.13
(Spl) IL076-6 64.76  33.62 0.39 0.16 0 0.04 0.03 0.94 0.05 0.01 100.01
JL076-7 6520  33.48 0.31 0.09 0 0 0 0.73 0.04 0.01 99.93
1.039-2-7 60.23  33.81 5.78 0.12 0 0.07 0.01 0.01 0.03 0.03 100.13
NEER™  11L.039-2-9 5943  33.24 7.33 0.13 0.03 0.03 0.04 0 0 0.03 100.36
(Sp2) JL039-2-10 5895  33.76 7.41 0.32 0 0.11 0 0 0 0.03 100.60
JL039-2-11  59.08  33.51 7.55 0.17 0.20 0 0.02 0.03 0 0.03 100.58
K] rpT Co Cu S Ni Au Ag Bi Te Cd Se Total
12712 38.47 1824 40.48 1.54 0.03 0.01 0 0 0 0 99.22
1271-3 39.27 18.06  39.87 1.49 0 0 0.04 0 0.01 0 99.26
1271-4 38.96 1822 40.56 1.68 0 0.02 0 0.03 0.02 0 99.80
1271-6 37.61 18.31 40.50 2.78 0.02 0 0.04 0 0 0 99.57
ki TkaT 1271-7 37.84 18.19  40.28 2.77 0 0 0.02 0.02 0.01 0.01 99.50
1271-8 37.76 1830 40.15 2.75 0.09 0.02 0.02 0.01 0.01 0.02 99.45
12719 37.58 18.70  40.87 232 0.01 0 0 0.03 0.01 0.03 99.94
1271-10 38.05 18.22 3991 2.08 0.08 0 0.04 0.07 0 0 98.78
J271-12 38.06 18.31 41,22 1.78 0.05 0 0 0.04 0 0.03 99 85
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Table 4 Electron microprobe analyses of Au-Ag-Te-Bi minerals from the Jilongshan skarn Au-Cu deposit

w4 Ay Au Ag S Te Bi As Se Ni Co Total Xag
JLO37-1 89.48 7.93 0 0 0.52 0.01 0 0 0 99.30 0.14

JLO37-1-8 90.85 7.10 0.04 0 0.56 0.01 0.03 0.05 99.89 0.12

f JLO37-1-10  92.04 6.61 0.15 0 0.55 0 0.02 0 99.93 0.12

?ﬁ JLO37-1-11 92.07 7.09 0.06 0.04 0.56 0.05 0.02 0.08 0 100.37 0.12
JLO74-1 95.18 1.78 0.08 0 0.50 0 0 0 0.03 100.15 0.03

JLO75-18 90.96 0.90 5.88 0 0.47 0 0.01 0.03 0 102.27 0.02

JLO75-19 92.06 6.77 0.03 0.01 0.59 0.02 0 0 0 99.75 0.12

JLO37-1-7 89.07 9.11 0.05 0 0.56 0 0 0 0.01 99.02 0.16

JLO37-2 87.07 10.41 0 0.08 0.37 0 0 0 0 99.31 0.18

JLO37-1-15 85.85 10.78 0.43 0.04 0.63 0 0 0 0 99.74 0.19

% JL037-1-22  70.62  25.97 0.08 0.07 0.39 0 0 0.02 0.01 99.35 0.40

w JLO37-4-1 80.65 15.30 0.14 0 0.48 0 0.02 0 0.01 100.39 0.26
JLO58-2 73.12 20.14 0.05 0.12 0.22 0 0.01 0.01 0 99.28 0.33

J1271-1 79.14 13.40 0.06 0.07 0.48 0 0.03 0.04 0.30 99.44 0.24

1271-5 66.03  30.03 0.02 0 0.34 0.01 0 0 0.18 100.32 0.45

L] LiTP=Rz Te Bi Ag S Au Cu — Fe 7n Se cd Total
JLO34-1-1 37.49 0.05 61.41 0.18 0.08 0 0.07 0.50 1.04 100.81
i JLO34-1-2 36.35 0.52 61.48 0.35 0 0.10 0.10 0 0.81 1.07 100.93

il JL034-1-3 32.25 4.67 59.11 0:91 0 0.02 0.02 0 1.30 1.12 99.57
¥ JLO34-1-4 36.76 0.15 61.40 0.20 0.02 0.09 0.07 0.02 0.50 1.16 100.36
JLO33-8 37.02 0.70 58.29 0.23 0 0.73 0.22 0.06 0.73 1.16 99.14
) JLO34-2-1 3.70 46.63 31.12 13.18 0.05 0.64 0.54 0 1.44 0.67 100.08

% J1034-2-2 1.09 48.75  26.19 14.33 0 1.39 4.70 0 1.99 0.50 99.13
% JLU33-7 0.03 50.38 3038 14.93 0.04 1.29 0.25 0.06 345 0.55 101.43

_ JL033-9 0.06 59.98 19.72 17.29 0 1.23 0.39 0.14 0.03 0.72 99.55

JLO76-5 3328  60.07 0.05 3.67 0 0.03 0 0.05 239 0.16 99.68

’ JLO76-13 3220 56.93 0.24 5.89 0 1.94 0.19 0.03 1.44 0.17 99.51

%; JL0O20-2-1 3462 5822 0.04 4.35 0 0.02 0.42 0.04 1.52 0.14 99.40

% JL0O20-2-2 3549  57.62 0.08 4.54 0 0 0.37 0.05 0.93 0 99.07
JL0O20-4-5 3497  57.38 0.16 4.20 0 0.02 0.72 0 1.65 0.17 99.28
JLO76-30 35.14  63.64 0.07 4.28 0 0.01 0.28 0.09 1.31 0.03 104.86

] Vigiig=0s Te Bi Ag S Au Cu Sb Pb Se Cd Total
JLO76-15 0 38.79 0.05 17.78 0 11.54 234 27.30 0.24 0.04 99.06

TR JLO76-17 0 38.41 0.02 17.62 0 12.65 2.85 27.09 0.16 0.08 99.75
JL0O20-1-6 0.47 39.26 1.62 16.70 0 11.24 0 29.16 0.06 0.02 99.22

it il B JLO16-4-5 4.75 54.34 533 16.43 0.00 16.26 0.00 0.00 1.28 0.12 99.69
JLO76-19 29.58  51.92 0.03 5.95 0 0.02 0 10.82 0.82 0.16 99.44

phase C JLO76-20 30,99  55.08 0 5.63 0 0 0 7.14 0.72 0.15 99.74
JLO76-24 3043 5340 0.02 5.79 0 0 0 8.84 0.80 0.01 99.34

JLO76-31 3024 5535 0.03 5.04 0.04 0.00 0 7.12 1.32 0 99.25

TWA AW JL020-5-1 295 44.19 11.02 14.38 0.01 7.52 0 16.07 2.69 0.22 99.45
BT JL020-5-2 1.31 4375 798 1651 0 1224 133 1414  1.23 0.18 100.86
L g JLO83-4 0.06 3428 2350 1535 0 0.58 0 23.19 1.42 0.37 99.89

HYH-
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