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Metallic minerals characteristic and geological significance of Longmala skarn
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Abstract

The Longmala lead-zinc polymetallic deposit is a typical Pb-Zn deposit in the Nyaingentanglha skarn type
polymetallic metallogenic belt on the northern margin of the eastern Gangdise metallogenic belt. The deposit is
dominated by lead-zinc-silver mineralization, accompanied by iron-copper mineralization, and characterized by
rich mineralized elements and high grade. Obvious mineralization zonation is developed vertically in the deposit.

Lead-zinc-silver mineralization, zinc-copper mineralization, iron-copper mineralization and iron mineralization

* o RSCIF B E R H AR E IS (45 141902095 ) FlE 5K T i & 50 H (45 : 2022 YFC2905002) 1A ¢ 1)
WA I b, 95,1998 4FA BRI 0 2F IR A2k . Email: 1468294761@qq.com

* ok EIRAEE EBCE RS, B, 1989 AEA: 1 mIIFSY 51, B A IR Ll . Email : zhouaorigele@163.com
Yk HHl 2023-08-15; 2B HI  2024-01-26, TR&TH i .



43 % H2W N 5 DU RS o a BB 22 B R AT PR B A R AR B i 305

are successively developed from the top to foot of the orebody, indicating the element combination and mineral
association were developed from low temperature to high temperature from the top to foot of the orebody. The re-
sults of microscopic identification and electron probe analysis show that the main metal minerals of the deposit
are galena, sphalerite, chalcopyrite, pyrite, pyrrhotite and magnetite, as well as minor bismuth minerals such as
cosalite, natural bismuth and secondary minerals such as marcasite, covellite and malachite. The ore minerals
have a complex intersperses metasomatism relationship, which is studied from detailed field observation and mi-
croscopic identification, and the mineral paragenesis was clarified. The Co/Ni ratio of multi-stage pyrite is con-
centrated in the range of 1~5, showing the characteristics of magmatic hydrothermal origin, and the Fe/(S+As) ra-
tio and colloidal pyrite suggest that the deposit was formed in a mesogene to hypabyssal environment. Sphalerite
in the Longmala deposit is rich in Fe and Mn, mostly marmatite, indicating that it was formed in a medium to
high temperature environment. The Fe element thermometer estimates that the metallogenic temperature of spha-
lerite is 259~305°C. The pyrrhotite is mainly monoclinic pyrrhotite and it occurs in abundance in both ore bodies
and sand slate, indicating that ore forming fluids cooled rapidly after moving to the surface. Sulfide precipitation
occurred under strong reduction condition. The Longmala deposit is a distal magmatic hydrothermal skarn depo-
sit. The bismuth minerals in the deposit have a close relationship with silver, which indicates that bismuth may

play an important role in silver enrichment, and has certain indicative significance for the study of silver minera-

lization in this belt.

Key words: distal skarn deposit, mineralization zonation, mineralogy of metal minerals, bismuth minerals,

Longmala deposit, Gangdise metallogenic belt
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Fig. 1 Tectonic framework map of the Qinghai-Tibet Plateau (a) and generalized geologic map of eastern Nyaingentanglha metallo-
genic belt (b) (modified after Zhu et al., 2011)
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Fig.2 Simplified geologic map (a) and geological section at No. 47 prospecting line (b) of the Longmala deposit

HYRRER B A1 22 N iR KA (181 3b.c) , D HCH
ZPIR (B 3d) SR A 1 (] 3e) , BERRE 01 28
BUR YOI (18 3f.2) , DB IR GOIR (181 3h) 8 %%
AR i (18T 31) 5 B2 T~ M BR800 2 B A B -
FOERCAREE Y , 5 UL 07 W A AU U SR AR 25 1
A A A AL LU [ MR 2 ) AR (181 5) i
FraREEH (18] 5) KRGS . BB GIR Yo7
YO DNEERT R A REERA | BBRAT FIRE BBR
[a] A7 7 A B B REOT HE R BT | 1 SR B S BT ) S
FLERA™ AL A SE A0 AR i
FARET A AR R A PR SR R A
YL R 5 Jr A RO a4 . B RA IR
i R BRI A1 D R L, SRDEE O LB A L 4
BAEATIRZ AT USSR RIS s 4o

X Fl e A2 BN R m i OREA R R
Lo i X DX A/ R A R 3 G o
BB, PR BT A R RS s A B A 20 0%
IR (18] 3a) , HAARR I 0 WIS HE — A RS
— M AKUE T A O T R e B A AR

TR GEEORY KA RO R A RS
Ptz HoA R T A8 R A M A 75 LS A
BANTFIERAE R

G5B 7R YN 40 1A BT A1 i S £ E 5 LA B 3 N A
BA A GRS BT W S T A
FIAH IR AR, B2 R e BRI 5 0 PR A IR i
$1 53 H AR S AN R A ), FE b RS ) D
AT HTBT B A AT B BE BRI B B L K
W5 B B (L 4) o R BTy B 2 2B A 14
FURDHE A1 SF 0K RE R ER 07 ) ARGR T e BT R
AT A fc B BE s S I B 2 i
I BH A A7 45 5 KPR - W S AR AL T AR i 5
SRR R A R ARERE A () I3 BE R AR A 4 A 2%
T AR REERAT s AL Be L2 R i TN
0 D7 T R R LA BOR T R A
BT A IR B D RAE P A MR A ik AR
WA e 7 AT BRI AT 5 AT Y B A b
ARt P AR B ), 2 2O JCA (9 5 0 A - A S K e
WK S IR ST RS R e s AR R A, R R



g

308 o

H

=

2024 4

[E5R7N

Ca-Sift i

0 2 4 6 8 10
|

Lo o s o B T [

| R -

- mwww
h

i 111 g 1
i [ i . ,fm‘. .
§ B I )

B3 eI AT RIMAR 53 KA R
a. LRI X #E R G HIH ;b o R YRV EER ™ A7 s d. SRV B 41 5 e BUIRBYEFIT A1 5 g, BUIRERD™ A1 s h. B YUIRERDT £ 5
i SRR A
Di—iB AT ; Gn—J7 850 ; Sp—INEE™ ; Cop—BLHil ™ s Mag—RERR T ; Act—FHAL AT ; Chl—4% I Ay

Fig. 3 Mineral/alteration zoning and ore features of the Longmala deposit

a. Distance view of the open pit; b, ¢. Disseminated Pb-Zn-Cu ore; d. Banded Zn-Cu ore; e. Massive Pb-Zn-Cu ore; f, g. Massive Fe ore;

h. Disseminated Fe ore; i. Banded Fe ore
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Fig. 5 Microscopic characteristics of metal minerals from the Longmala deposit

a. Galena is associated with sphalerite; b. Galena metasomatize sphalerite along the edge; c. Galena metasomatize chalcopyrite; d, e. Chalcopyrite

exsolution from sphalerite; f. Calcite-sulfide veins in contact with magnetite; g. First stage colloform pyrite; h. Colloform pyrite (Py1) and granular py-

rite (Py2); i. Chalcopyrite and galena metasomatize first stage pyrite; j. Chalcopyrite encloses second stage pyrite; k. Galena is associated with pyr-

rhotite; 1. Galena and idiomorphic cosalite; m, n. Euhedral slaty cosalite; 0. Needle shaped cosalite; p. Galena contains a dense distribution of bismuth
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Table 1 Results of electron probe analysis of galena
) w(B)/%
(i R

Se Ge Ag cd Fe Mn Cu Zn S Pb Te Ni Js¥ |

ZK47-101-12.1-1 0.03 0.04 0.26 0.25 0.07 0.03 0.08 13.11 85.75 0.06 0.02 99.69
ZK4603-14.3 - 0.10 0.15 0.26 0.01 0.03 - 13.45 85.59 0.05 0.01 99.64
ZK4905-8.4-1 0.04 0.03 0.08 0.28 0.04 0.02 0.04 13.68 86.09 0.01 100.30
ZK48-104-69.3-1 - 0.08 0.27 0.22 0.09 0.11 - 13.41 85.84 0.03 0.02 99.97
ZK47-101-10.9 0.01 0.09 0.12 0.32 0.04 - 0.03 13.87 84.79 - - 99.18
ZK46-102-34.75 - - 0.30 0.30 0.07 0.02 0.02 13.28 85.60 0.01 - 99.59
ZK46-102-12.95-1 - 0.07 0.23 0.24 0.01 13.50 85.31 0.05 0.02 99.52
ZK46-102-12.95-2 - 0.03 - 0.24 0.04 13.51 85.63 0.02 0.05 99.59
ZK4905-64.8 0.06 0.08 0.10 0.31 0.04 0.07 - 13.29 85.51 0.05 - 99.56
ZK48-106-14.0-1 - 0.01 0.54 0.26 0.02 0.01 0.06 13.30 86.03 0.06 100.28
ZK48-106-14.0-2 0.02 0.01 0.36 0.34 0.04 - 0.02 13.38 85.66 0.01 - 99.85
ZKA48-104-73.4 - 0.04 0.04 0.24 0.03 13.37 85.36 0.04 - 99.14
ZK4905-13.8 0.02 0.09 - 0.28 13.30 85.95 0.02 - 99.66
ZK46-102-37.2 0.05 0.05 0.02 0.31 0.01 13.24 85.62 0.03 - 99.35
PMO03-0401-1 - 0.07 0.23 0.29 0.02 13.74 85.10 0.05 0.02 99.94
PMO03-0401-2 - 0.05 0.12 0.30 0.02 0.06 0.03 13.22 85.69 0.05 - 99.56
PMO02-0602 0.04 0.05 0.26 0.27 0.04 - - 13.32 86.02 0.05 - 99.86
ZK43-101-38.4 0.02 0.07 - 0.23 0.04 0.14 13.37 86.61 0.06 0.01 100.55
ZK46-103-2.08 0.02 0.02 0.38 0.32 0.01 - 13.50 85.23 0.02 0.04 99.45
ZK46-101-7.62-1 0.07 - 0.07 0.25 0.04 0.21 13.23 86.04 0.02 - 99.94
ZK46-101-7.62-2 0.03 0.06 0.15 0.32 13.56 85.88 0.06 0.02 100.11
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Table 2 Results of electron probe analysis of sphalerite

w(B)/%
FEf > -
As Se Ga Au Cd Sb Fe Mn Zn Co S S5
ZK47-101-12.1-1 - 0.03 - 0.03 0.01 - 9.37 2.72 54.70 0.05 33.48 100.39
ZK4905-8.4-1 0.03 0.01 - - 0.01 - 13.07 5.44 47.66 0.02 33.63 99.87
ZK48-104-69.3-1 0.03 - 0.06 0.04 0.01 - 12.28 1.52 52.34 0.01 33.81 100.10
ZK4603-16.4 - 0.05 0.03 - 0.06 0.01 13.53 5.76 45.65 0.03 34.16 99.26
ZK47-101-10.9 - - - - 0.06 - 8.43 0.51 58.02 0.03 33.39 100.43
ZK46-102-12.95-1 - - - - - 0.01 9.12 0.50 57.47 0.03 33.49 100.64
ZK46-102-12.95-2 0.01 0.03 0.05 0.01 0.02 - 9.84 0.47 56.20 0.07 33.04 99.74
ZK4905-64.8 0.03 - 0.06 - - - 13.33 3.92 48.64 0.06 32.96 99.01
ZK48-106-14.0-1 - 0.08 0.01 0.08 0.03 - 12.00 1.52 52.77 0.04 33.72 100.28
ZK48-106-14.0-2 0.07 - - - 0.04 0.05 12.74 1.95 51.12 0.05 33.39 99.47
ZK4805-74.41-1 - 0.01 - 0.06 0.02 - 7.58 0.76 58.47 0.14 33.72 100.81
ZK4805-74.41-2 0.03 - - - 0.02 - 7.70 0.72 58.89 0.10 32.56 100.08
7ZKA48-104-73.4 - 0.08 - 0.05 0.04 - 12.53 1.25 52.44 0.05 33.44 99.95
PMO03-0401-1 - 0.03 - 0.08 0.02 0.01 9.65 3.18 54.07 0.06 32.61 99.75
PMO03-0401-2 0.02 - - 0.02 0.06 0.02 10.42 2.88 53.13 0.03 32.65 99.28
ZK43-101-38.4 0.02 - - - - - 12.45 4.23 49.79 0.05 33.13 99.71
ZK46-101-7.62 - - - 0.03 0.03 - 7.32 1.13 58.40 0.05 32.39 99.36
ZK48-106-14.0 0.01 0.04 - 0.02 - 0.01 10.57 1.20 56.05 0.07 32.37 100.32
ZK48-106-38.4 - - - 0.04 0.08 - 10.36 1.03 55.44 0.06 32.71 99.82
R3 EETBEFRISWER
Table 3 Results of electron probe analysis of chalcopyrite
w(B)/%
PSR -
Au Sb Fe Cu Zn Co S ps¥il|
ZKA47-101-12.1 - 0.04 30.61 35.96 0.07 0.03 34.16 100.91
ZK4603-14.3 0.13 0.03 30.90 34.16 0.03 - 34.87 100.22
ZK4905-8.4-1 - - 30.72 35.09 0.09 0.07 34.59 100.59
ZK48-104-69.3 0.03 - 30.55 34.59 0.06 0.03 34.63 99.89
ZK4603-16.4 0.02 - 29.48 33.87 0.05 0.05 35.98 99.53
ZK46-102-34.75 - - 30.66 34.38 0.04 0.03 34.34 99.49
ZK47-101-25 0.01 - 30.31 34.99 0.09 0.04 3431 99.85
ZK4905-64.8 - 0.04 30.98 35.43 0.05 0.06 33.15 99.81
ZK48-106-14.0 0.07 - 30.54 34.31 0.07 0.07 34.51 99.61
ZK48-104-73.4 - 0.01 30.49 34.61 0.05 0.06 34.56 99.86
PM03-0401-1 0.02 - 30.76 34.51 0.17 0.06 34.65 100.35
PMO03-0401-2 0.02 - 30.54 34.70 0.14 0.01 34.77 100.25
ZK43-101-38.4 - - 30.79 34.90 0.07 0.06 33.94 99.81
ZK46-103-2.08 0.04 0.01 29.94 34.92 - 0.04 34.24 99.30
ZK4502-6.1 0.08 0.05 30.68 34.75 0.11 0.06 34.69 100.47
34.96%~45.50%, V- B {H  38.75%, w(S) & L {5 ARG 58 F O BB B @, S5 AR BrE 3 &

14.88%~15.92%, ¥ ¥ {H K 15.58%, H fk % X Hy WRCIR S 5 e A (K Sp) o Hob FHRE i
Pb, 795 33B1; 7022 10550 W2 4, w(B) LT FE 4 97.72%~98.71%, E- Y {E
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Table 4 Results of electron probe analysis of pyrite
w(BY/%
(R E R .
As Au Sb Fe Co S Ni S
ZK48-104-69.3 Pyl-1 0.02 - 0.01 46.06 0.12 53.25 0.03 99.53
ZK48-104-69.3 Py1-2 - 0.04 - 46.74 0.10 53.18 0.02 100.22
ZK48-104-69.3 Py1-3 - - - 46.64 0.12 53.10 0.06 100.05
ZK47-101-25 Pyl 0.04 - 0.02 46.64 0.20 53.36 0.13 100.46
ZK4502-6.1Pyl1-1 - 0.08 0.02 45.73 0.15 53.46 0.03 99.97
ZK4502-6.1Py1-2 0.03 - - 46.27 0.12 53.55 - 100.04
ZK4502-6.1Py1-3 - 0.05 - 45.98 0.11 53.18 0.04 99.54
ZK43-101-38.4 Pyl-1 - - - 46.36 0.20 53.02 0.17 99.86
ZK43-101-38.4 Pyl-2 0.05 - 0.01 46.26 0.18 53.01 0.19 99.75
ZK46-103-2.08 Py2 0.05 0.02 - 46.92 0.05 53.32 - 100.36
ZK4603-16.4 Py2 - - - 45.83 0.06 53.40 - 99.32
ZK4502-6.1 Py2-1 0.02 0.09 - 47.01 0.08 53.27 - 100.47
ZK4502-6.1 Py2-2 0.03 0.03 - 47.26 0.07 52.80 - 100.20
ZK47-101-25 Py3 0.03 0.05 - 46.82 0.13 53.07 0.11 100.26
ZK4502-6.1 Py3 0.02 - - 45.62 0.13 53.40 0.04 100.38
ZK4603-14.3 Py3 0.15 0.09 0.05 46.30 0.07 53.21 0.02 99.89
x5 HWIESKTBFRIEIWNER
Table 5 Results of electron probe analysis of pyrrhotite
w(B)/%
BER S ; :
As Au Ccd Fe Cu Co S Ni Je¥ill
ZK4905-8.4 0.07 - - 59.69 0.07 0.09 40.08 - 99.93
ZK47-101-25 0.04 0.05 0.03 58.83 - 0.18 40:14 0.25 99.52
ZK48-104-73.4 0.02 0.15 0.06 59.70 - 0.17 39.51 - 99.60
PM03-0401 - 0.03 - 60.15 - 0.16 39.49 0.02 99.89
ZK4502-6.1 0.02 0.06 - 59.72 - 0.12 39.28 0.04 99.30
ZK4502-6.1 - - - 59.80 0.02 0.12 39.66 - 99.77
ZK4905-8.4 - 0.03 0.02 59.43 0.20 0.17 40.53 - 100.38
ZK48-104-69.3 0.03 0.03 - 59.40 4 0.12 41.13 0.02 100.72
ZK47-101-25 - - - 59.37 0.19 0.21 39.63 0.27 99.77
ZK46-102-34.75 - - - 59.68 0.06 0.15 39.65 0.10 99.65
ZK46-103-38.4 - - - 60.06 - 0.08 39.37 0.03 99.54
ZK4905-12.1 0.08 0.07 0.04 59.37 - 0.12 39.24 - 99.00
98.81%. F, R T 2 E AR, A LD R w(Pb+Zn) Al A
20% LL b, w(Ag)Z KT 300 g/t; 76 EH A HHE (5200~
4 ¥ 5250 m) 0 A AR G DUN BT O O 32

4.1 HF U HEFE

T o TR B T AN SR A O Ph-2 B R R SR
BE B USRS B RAS B FLAT fb o0 2 b 85080 & 3
LN Ny 2= M I T O N O A o G € e o R N o =3
(> 5250 m) , 0 A P AR 25 AT BT INEED

A WL/ B AR D R, e R AR
FEET AR R EE(5150~5200 m) , B 4 W Py 4
& VLB MR 3, 04k e 2 AR O L 1
AT G ARG R A, T R AR R
QI S VAT 3 11 i s Ol I € 7 7 R e %1 94
TR ER  BERRAA T RS . BT, H bt R
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Table 6 Results of electron probe analysis of bismuth minerals
w(B)/%
FEf > ; -

Ag Cd Bi Fe Zn S Pb JEvill
ZK47-101-12.1 0.05 - 98.71 0.03 0.02 98.81
ZK48-104-69.3 0.05 - 97.72 0.04 - 97.81
PM04-0102-1 0.13 0.04 36.57 0.14 0.02 15.89 46.29 99.08
PM04-0102-2 0.29 0.08 36.62 0.27 15.84 44.88 97.98
PM04-0102-3 0.31 0.17 36.72 0.13 15.18 45.61 98.13
PM04-0102-4 0.17 0.12 34.96 0.05 15.79 47.46 98.56
ZK46-102-37.2-1 0.26 0.10 45.50 0.11 15.92 36.90 98.79
ZK46-102-37.2-2 0.18 0.13 42.10 0.44 1.42 14.88 39.73 98.88
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Fig. 6 Sphalerite Zn-Fe (a) and Zn-Mn (b) relationship diagram, genetic diagram of galena (c), pyrite Co-Ni (d) and (As+S)-Fe (e)

relationship diagram and sphalerite temperature estimation diagram (f) of the Longmala deposit
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iGN B 5 Zn/Fe L AH # K T 100, 5 36 TN BE 0
Zn/Fe HAE £ 7E 10~100 Z [1] , & & INFEH™ Zn/Fe
FCAEL DU /N F 10 (AR B A2 55, 1987) , I 3 FL N B 0
Zn/Fe AN 3.37~7.98, -4 5.29, 0 hy i R A
BERT . MRS NEEDT Y Fe & i H 0 e B I BE
w(FeS) M 11.56%~22.14% , XF I i B i 8™ i K
2y 259~305°C (|8l 6f) ( f5 4 &, 1975) , 5 hh &
(2015) X Jo 35 H7 6™ PR W 10 40 - Ak 10 B B 4
D5 A T AR A A I TR A5+ 1 B T B 5 2R (274~
336°C) FEAR —3,

MR IR, BT A D7 B0 18 53 X4 DR i PR A
BT FRBE I 7 R A T B 5 A 22, 9k EE (1987) L &L
TS M ARGE AR IR A D BT R T
ZHE, A T Sb-Bi-Ag = JC B i B LA [
X 53, B 5%k B S A TR s 0 R e A AR
(w(Ag) >1000x1076) Fl % , 1M LA P B i
WA & AR AR, B 5 T AEDOT B 5 (w0(Sb) > 350%1076) , 2k
Ll B R DS, T =3 2Z ) il InAg-Pb B i (5]
6¢) K I ILHL AT R 7 550 Y78 7 0 AR X B,
7 IR R T R R

BRI As Co Ni % 1] DL WL IR IE i3 5t
XTERFEN TR R B A 48 7 B X (BRIGIESE, 1987) 6
AN [] J PR 2 B AR v i 40 19 Co N 7% 1 M2 Co/Ni
FUABAS [R)PE RIS AR 1l R 28 78 T i FH B 8 7 A
FHEH &, Hov Co/Ni BN 85, 5 2K L R # 4k
) Co/Ni WEZ > 5, DU LA Co/Ni LUIEZ < 1, 1
I PR R B #E AR Co/Ni 2 45 i LE 1~5 2 |1
(Bralia et al., 1979) , R HSFL8" PR #& E™ Co \Ni 7% 2
B  w(Co)H 0.05%~0.20% , V3414 0.12% , w(Ni)
MAE TR R 2] 0.19% , F- 44 4 0.05, ¥ £ 5 Co/Ni
FEAE 0.95~5.00, K34 Co/Ni FUAE 4 FP 7E 1~5 2 [1]
(Bl 6d) , HAT 7 B R B 1 e . B4k
W Fe/(As+S) L AE 5 HIE sl TR B 8 Hh 350 1 AH 56
PR, A5 R BOR 0.87, 30 F VR IE B H B T H
254 0.926, TR 21 M 0.846, N 7E 0.863 ££ 45
(22304, 2005) , Jo 30 57 B2k 0° Fe/(As+S) HL(H A
0.854~0.895 (15l 6¢) , V- 241{A A 0.879 , & W] HIE Wi i
JE A v R, FRIRIRE R R A I B R R
BT TR R SRV A, i B3k A R s PR ) R A
(fE = 4245 ,2006 ; Yang et al., 2016; #2545, 2019) .

MR R, W Bk EA ST CRR AR 3 F
] ot 22 R AR A, DS 7 R R e ol 8 UL, e 7S
B TG B SRR o R, HOE LR

L Fe J5 1 70 B x(Fe) Jy 47.0%~47.8% , %t I A4k 2%
I3 F N FeggerS~Feg o168 5 M HURHIE R AT 1Y) St A% fik
PEABNTE 2 , OV G BE AR, — IR T 304°C, x(Fe)
H946.5%~47.0% KR AE2E5T TR Feg g6,S~Feg 5605
(# BH %, 2020) o JE B0 IR w(Fe) 22 1k 18 Bl 2k
58.83%~60.15%, “F-J{H 4 59.59% , w(S) 25 fb 3 [l A
39.24%~41.13%, ¥~ % {8 24 39.80%, H 7 ¥ UK
Feo s o8 N ARG S0, J8 H AR AU . PR
(2015) X g3 hir A A 2244 H-O [F] 7 3= 90 & S e
R AR RABEIK A, SR Bk 7R
RFNEA h ¥ B, 22 B ™ $A0 T BBFE Zead i
FEE it 2R 5, 76 KRR AR 1M & 4
TP IR, BT A S SR SR Rk BT AR B
BT R B IR IR O B S R AR 1
DUTESEHE T 4%

INEER R 45 4 @ 0 1) R R B H T IR
TR ABORVE S 2, R BT =i R e 2R
Bio BRI T WA REIK A AT A GEEAA S
R P2 A Rl AR 3l 0 Ak 43 3R W RO
AL T PR IEHR , B P AT RER VR TR . 456
A PR AL BTREAE , 28 3 D B hi T RO IR AR B AR
AR B R ALK A BT A R PR A i B i
F 3 M FIE R v R BT UK .

43 HFTYMREMREY

Bl SR — T R B AR AR T R (LMCE) , 7E
o T HAR A (271.4°C) I, it T DATE S 3 1 Hh L 4l
IERIE A e e, B R AT B 0 6 4R Au Ag .
PGE 4 J& % 88 71 (Ciobanu et al., 2006 ; Tooth et al.,
2011) o BUME PR XS Bt 4 JB T R I & R 4 AR AF
TE SIS A TN HRIBE UL A v 75 e J3E 0 A T i 2 B, A
T RIS I 5T R W, PR AR S A R I
FEIT, Au Ag 55 5 4 8 J0 2 2350 70 Be 0F A B I 1A
T B0~ CRRO & A, R 38 AR b T 4 CBR ) AN A
SN 8 7 2 A (A NN 10 N N N 4
Au(Ag), NTMTIE B4 AR &0 s 4, 8 A —
FE BB 5 R (Tooth et al., 2008 ; Biagioni et al.,
2013),

B R AT T IR R R AR SR A
WA IR IR EAER, D&l T —2e kil
G -AR AR LG IR, A b A S kR 2 4 R A
PROCE/N®EE,2011) P ZERBTFED IR (T &7
45,2019) JLVHAR IR H-MIARTUR & 2 &80 R (&
KR ,2023) o A& FE P A 2 T 0
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BN EYREAR BT, 2 YRR IR R BT ST
WAy, H-A e Ag 5 BifEZS 1] b O A A
ARV R, 5T g i A I o A (2R Al R
86,2020) . JEFRIET R 3B AR R R R B
WL ARSI ST B I A L RO R L
U3 R NN BN T R R I A L6 W S A a3
5785 30 T [ B sl RS IR B, 7T g2 ) — 1 e
CE) BYATE G AL S AL R D TTE R 25 R X 5 7

T B ) RIER BT AL R 43 A0 7B AR A b o =
SCAHAF o T E AR BT R A A A /N L
AR F RS (] Sp) 2 B VR TE LT 0147 7R 1) B AV RRAIE
(Ciobanu et al., 2005) , B 7~ 2 7 fb Fl i 2 A % D) 1k
F BRI B AR T REAC R T OCHEH

5 %5

(1) JeHSHe™ PRI E 7 W S AR ) - o
ARGy HARR B WA 0] KB —M , % 7 f
HOOR T OB RE EEOOR T AR A O T
AEREAR R EEOY KA RO A R
L B R T UL AN L IR B IR M
TSR A BT RHR AT b BB L BRI Rk
A, B I iy R e B R B T L e e
O, MR AT R B il TR A 7 A L

(2) JeHbHLA™ R 32 2R R &m0 WA B A
AT A, DRI R SR A SR TE A
Fo BRTYIA TR NFE SR SR
SR AN A IR IR S AN
S5, HUATBE 5ok ot 2L i D P A T AR 2R B IR
e TR B AR R AT A S S R B B a2 B ik
T, AR BILA 5 00 B e 12 ity e A 4 A2 AR TR
IR S B R IR

(3) H" IR EZE R BB W) BT RERY B | AR
Bk BT )5 07 BT IR DI A BT AT
PRI B AT A L DA TR O I S AR B =,
X AR B 4 T REAE A F 2R
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