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The discovery of tellurides in the Songligou gold deposit in Songxian County,
Henan Province, and its geological significance
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Abstract: The Songligou gold deposit (26 t Au) which is confined in NWW-trending fracture of Meso-
Neoarchean to Paleoproterozoic Taihua Group gneiss is located in the Xiong’er Mountain area, forming a part of
the southern margin of the North China Craton. The ore-forming hydrothermal processes can be divided into
four stages: pyrite-quartz stage, quartz-pyrite stage, gold-tellurides stage, and quartz-carbonate stage. Micro-
scopic observation reveals that large amounts of tellurides display affinity with gold. In order to clarify mineralo-
gy, intergrowth relationships and ore-forming conditions, the authors conducted electron microprobe and energy

spectrum analyses. The results show that there are many subtypes of tellurides such as rucklidgeite, altaite, tel-
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lurobismuthite, calaverite, petzite, buckhornite and tetradymite. Additionally, abundant native gold and a littlle
bismuthinite were also detected. The Songligou gold deposit is a Te-Au gold deposit related to magmatism. Gold
mainly exists in the forms of native gold and Au-Ag-telluride. Au and Ag were transported by the bisulfide com-
plexing. Condensation of Te,(g) and H,Te(g) into chloride solution containing noble metals seems to have been
the main mechanism for telluride precipitation. Furthermore, phase diagrams and chemical reaction equations
suggest that gold and tellurides formation was mainly controlled by the ¢, fre,» fs,» fo, and pH value. Pyrite-
quartz stage and quartz-pyrite stage formed under the conditions log fTez < —14.4, and log sz =—-11.1~
—6.5. Gold-tellurides stage formed under the conditions ¢ = 110 ~313C, log fre = —15.2~-9.4, and

log fs, =~ 16.5~ —14.6, with increasing Jo, and reducing pH value. Overall, the discovery of telluride in the

Songligou gold deposit provides an ideal basis for deciphering the genesis of this deposit, and also offers useful in-

formation for exploration of the similar gold deposits in this area.

Key words: gold deposit; tellurides; native gold; Songligou; Henan
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Fig. 1 Geological map of the Xiong” ershan Au-Mo ore district (modified after Guo Baojian et al.» 2005)
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Table 2 Electron microprobe analyses of rucklidgeite from the Songligou gold deposit
ERE 1-18 1-23 1-26 1-29 1-30 1-54 1-58 1-65 1-88 2-6
wg/ %
Pb 12.57 12.49 12.86 13.18 12.62 12.58 12.44 12.74 13.83 13.17
Bi 39.49 40.07 40.06 39.42 39.12 43.90 40.84 38.21 38.05 39.76
Ag 0.33 0.49 0.68 0.47 0.63 0.80 0.43 0.58 0.42 0.25
Au - - 0.06 - - 0.50 - 0.01 - -
Te 45.55 43.41 44.81 46.04 45.02 41.47 44.97 45.70 45.47 46.02
Cu 0.04 - - - 0.01 - 0.02 - - -
Fe 1.82 2.11 1.28 0.28 1.65 0.48 0.79 1.77 0.74 0.04
Total 99.80 98.57 99.75 99.39 99.05 99.74 99.49 99.00 98.51 99.23
apfu
Pb 0.66 0.67 0.68 0.72 0.67 0.69 0.67 0.67 0.75 0.72
Bi 2.06 2.12 2.11 2.12 2.06 2.39 2.18 2.00 2.05 2.16
Ag 0.03 0.05 0.07 0.05 0.06 0.08 0.04 0.06 0.04 0.03
Au - - - - - 0.03 - - - -
Te 3.89 3.75 3.88 4.006 3.88 3.70 3.94 3.92 4.01 4.09
Cu 0.01 - - - - - - - -
Fe 0.35 0.42 0.25 0.06 0.32 0.10 0.16 0.35 0.15 0.01
Total 7 7 7 7 7 7 7 7 7 7
B = "R wp<0.01% 3 apfu<0.01.
=3 MREBEASH WIAY Y ETFIRE SNER
Table 3 Electron microprobe analyses of altaite and tellurobismuthite from the Songligou gold deposit
i BT T
ETRS)
1-46 1-59 1-86 1-89 2-7 4-15 1-11 1-72 1-34 1-70 1-82 1-79 3-10d
wg/ %
Pb 62.57 60.98 59.86 60.53 60.28 61.26 2.15 5.47 - - - - -
Bi ~ Y - - - - 50.46  45.83  52.29 52.89  50.31 50.27  57.30
Ag 0.17 0.07 0.06 0.11 0.22 0.35 1.47 0.26 0.21 0.13 0.55 0.09 0.01
Au - - - - - - 0.07 0.04 - - 0.03 0.06 0.04
Te 36.07 39.33 37.51 38.34 38.92 37.19 45.36 45.87 46.46 47.01 47.84 48.56 42.35
Cu 0.02 - - 0.01 0.07 - - 0.03 - - - - 0.04
Fe 0.64 0.39 1.70 0.82 0.08 0.61 1.09 1.48 0.69 0.15 1.00 1.08 0.14
Total 99.46  100.78  99.13 99.81 99.55 99.42  100.60  98.98 99.64 100.17  99.73 100.05  99.88
apfu
Pb 1.01 0.96 0.94 0.96 0.97 0.98 0.08 0.21 - - - - -
Bi - - - - - - 1.88 1.73 1.99 2.02 1.88 1.87 2.25
Ag 0.01 - - - 0.01 0.01 0.11 0.02 0.02 0.01 0.04 0.01 -
Au - - - - - - - - - - - - -
Te 0.95 1.01 0.96 0.99 1.02 0.97 2.77 2.83 2.90 2.95 2.93 2.97 2.72
Cu - - - - - - - - - - 0.01
Fe 0.04 0.02 0.10 0.05 - 0.04 0.15 0.21 0.10 0.02 0.14 0.15 0.02
Total 2 2 2 2 2 2 5 5 5 5 5 5 5
BV = "R wp<0.01% 2 apfu<0.01-
RN FeAusAg, 73 TR THERDMUAERERG™ P SO R 50, A7 I AN (0, S & T s ik

(BiTe) Z I8, JE R T b Fi ™ + HAR 4 (SO

>

=1 o

(4) Ej’/ﬂsiﬁf(AuTez
il ™ 2 AE A AL ) R B R AR

o5 AL

7 575 SR BN KPR 7 - S BR AT R o AR

24 10~30 pm, > EIE 80 pmo 12 KiFFEH™ Te
TriE 54.43% ~ 57.04%, P 55.97%, Au % &

39.00%

~43.12%, 3 41.43% , & /D& 1) FesAg-



HaM £ OMEAE: TR L LA A IR R R ) () e B B H i 635

B 5 KBS SRR K Te-Pb-Bi # ) AH6)
Fig. 5 Te-Pb-Bi minerals cementing crack of pyrite in the Songligou gold deposit (reflected light)
a— WA bS8 BRI AL c— R R R T S AR T R AR R BT s e R ARG MRS
AREEHY TN oW A1 ARG b INEED R A0 A8 s — AR SRR AT L 28 s o A ™ RIS A (1 [ V5 £ 4 5 45
s k— ARE SR R Ale—RRETE s Au— B S B WMEE: Cop— 30N : Gn—J7 80 Py— 3080 Quz—A
Y RRI—HEEVERAT s Sp— BN s Teb—MikE"

a—tellurobismuthite; b—rucklidgeite, altaite and galena; ¢c—quartz, galena and tellurides: d—intergrowth aggregate of rucklidgeite and altaite;

e—intergrowth aggregate of galena and native gold: f—bismuthinite replacing chalcopyrite and sphalerite; g—intergrowth aggregate of rucklidgeite
and native gold; h—intergrowth aggregate of sphalerite, altaite and native gold: —intergrowth aggregate of tellurobismuthite and native gold; j—
sold solution of altaite infolded with tellurobismuthite; k—intergrowth aggregate of gold, rucklidgeite; I—rucklidgeite; Alt—altaite; Au—native
gold; Bmt—bismuthinite; Ccp—chalcopyrite; Gn—galena; Py—pyrite; Qtz—quartz; Rkl—rucklidgeite; Sp—sphalerite; Teb—tellurobismuthite
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Table 4 Electron microprobe analyses of calaverite from the Songligou gold deposit
5 1-1 1-4b 1-9 1-12 1-36 1-40d 1-42d-1 1-47 1-56 1-84 1-92 4-13
wp/ %
Pb 0.37  0.72 - - - - - - - - - -
Bi 0.53 0.50 0.38 0.37 0.29 0.34 0.38 0.32 0.49 0.37 - -
Ag 1.55 0.86 0.58 0.59 0.72 0.57 2.72 0.54 0.62 0.51 0.66 0.69
Au 42.34 41.86 41.73 43.12 41.31 42.69 39.00 41.01 41.76 39.30 40.65 42.44
Te 55.52 54.43 56.10 56.31 56.26 56.33 56.44 56.23 56.44 54.48 57.04 56.08
Cu - - .08 0.02 0.02 0.06 0.17 0.06 0.01 - 0.07 0.04
Fe 0.73 1.40 0.64 0.51 1.49 0.32 0.74 1.54 0.08 4.02 1.04 0.69
Total 101.03 99.76 99.52 100.91 100.09  100.31 99.45 99.71 99.40 98.68 99.46 99.94
apfu
Pb 0.01 0.02 - - - - - - - - - -
Bi 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 - -
Ag 0.06 0.04 0.02 0.02 0.03 0.02 0.11 0.02 0.03 0.02 0.03 0.03
Au 0.95 0.94 0.95 0.97 0.92 0.97 0.87 0.91 0.96 0.85 0.91 0.96
Te 1.91 1.89 1.96 1.96 1.93 1.97 1.94 1.93 2.00 1.82 1.97 1.96
Cu - 0.01 - - 0.01 0.01 - - - 0.01 -
Fe 0.06 0.11 0.05 0.04 0.12 0.03 0.06 0.12 0.01 0.31 0.08 0.05
Total 3 3 3 3 3 3 3 3 3 3 3 3

B “ = "RIR wp<0.01% 3 apfu<0.01.

Bi, FHE RSN 1.10%0.89%-0.33% (£ 4),
H U a0 (K 6g-61) & + Bk 4 + w4y +
Tt (K 6bs 6d- 6« 6h) B & + i & 480 (&

6b) A + AT (& 60 S ILATE A .
(5) A" (AuAg; Te,)

it B AR S A A () S P o I R A AL

Yo BRI, SO AT 380, B4k
AR T AT 3, BEAR AN, K 10~20 pmo 5 KA
SHNT Ag TR 40.34% —44.05% T3 42.00 % s
Te &5 30.73% —33.41%, ) 32.37%: Au &% &
22.74% ~24.96% 134 23.00% , 75 H /D=1 Fes
BiCus P35 01.16%0.14%-0.11% (£5).

k5 MERESYHERY MWHNAET GEMRT JENY B TR OSSR
Table 5 Electron microprobe analyses of petzitte, buckhornite, tetradymite and bismuthinite from the Songligou gold deposit

4 i 4 AT IR GRS TR HEART™
- 1-10 1-40 1-67 1-69 4-14 1-24 1-25 1-42d-2 1-64
wp/ %
S - - - - - 8.72 4.59 4.28 17.74
Pb - - - - - 36. 14 - - -
Bi 0.35 0.18 - 0.19 - 14.61 58.36 61.65 79.58
Ag 40.61 44.05 42.64 40.34 42.38 - 0.04 0.04 -
Au 24.19 23.40 24.71 22.74 24.96 17.90 - 0.04 -
Te 32.60 30.73 32.35 33.41 32.74 22.03 36.05 32.54 0.34
Cu - 0.16 0.05 0.21 - 0.15 - 0.02 1.49
Fe 1.45 0.85 0.90 1.82 0.77 0.43 0.72 0.92 0.65
Zn - - - - - 0.00 0.07 0.03 0.81
Total 99.20 99.37 100. 65 98.71 100. 84 99.98 99.83 99.52 100. 60
apfu
S - - - - - 3.10 1.00 0.95 2.80
Pb - - - - - 1.99 - - -
Bi 0.01 0.01 - 0.01 - 0.80 1.94 2.10 1.93
Ag 2.89 3.11 3.00 2.85 2.98 - - - -
Au 0.94 0.91 0.95 0.88 0.96 1.03 - - -
Te 1.96 1.84 1.92 1.99 1.95 1.97 1.96 1.82 0.01
Cu - 0.02 0.01 0.03 - 0.03 - - 0.14
Fe 0.20 0.12 0.12 0.25 0.10 0.09 0.09 0.12 0.06
Zn - - - - - - - - 0.06
Total 6 6 6 6 6 9 5 5 5
HiE: “ = "RIR wp<0.01% 3 apfu<0.01.
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Kl 6 MHEBET mAN R Te-Au-Ag TR
Fig. 6 Te-Au-Ag minerals cementing crack of pyrite in the Songligou gold deposit Creflected light)
a— MR AR & IS s bR VR ST A IR AR, ST RS AR & IR TR BRI A R A
R & AT ARSI BT VRS ARG IR — ARE RS I RN R IR oA i 4
W5 ARG RSN AR s Au— B8RS Cop— M ; Clv—Fi Sl s Mag—HEBAT; Py—3080™; PR &840 Rkl—
T BB s Sp—INEFNT s Teb—fi S8 40

a—aggregate of rucklidgeite, native gold and calaverite; b—aggregate of tellurobismuthite, petzite and calaverite, and intergrowth aggregate of

chalcopyrite, calaverite and native gold; c—aggregate of rucklidgeite, native gold, calaverite and altaite; d—intergrowth aggregate of chalcopyrite,

calaverite and native gold; e—intergrowth aggregate of altaite, petzite and native gold; f—intergrowth aggregate of native gold, calaverite, mag-

netite and sphalerite; g—calaverite; h—intergrowth aggregate of native gold, calaverite; i—calaverite; Alt—altaites Au—gold; Ccp—chalcopyrites

Clv—calaverite; Mag—magnetite; Py—pyrte; Ptz—petzite; Rkl—rucklidgeite; Sp—sphalerite; Teb—tellurobismuthite

HOURE G0 + 6 AR + SR () 6b) i 4
A+ ARG + WY B AR + TR + 3%
BT CE 7O RS HIRAT + T + AR A (& 6e) il
S+ W (K 6 LA &7 .

(6) WA 41 (AuPb,BiTe,S3)

W AR B 1 ORLGR fi BB AT A, S O 6 5 I 4N
IR, RS A T AR SN RUDIR 7= 3 Bk
W, KR40 50 pme B R HT 4 AT Pb

36.14%, Te ¥ 1 22.03% > Au 7 & 17.90%, Bi %
H 14.61%,S 7 8.72% , A /D RN Fe.Cul(£
5, B T R AR EL AL S + KMEREARE S A A A (K
Ta) s 5 /NG AZ EL I R TH] 40 HP 1R B A Bk A 4
L5 AR —F(Jian et al . » 2014, 2015),

(7) WEREERN (Bi, Te,S)

WA AR I 2 R RE BT, S € 5 I AN K
o, SORRAR T RGBT o 2 AR 77 T3 k™
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Fig. 7 Sulfur-bearing minerals cementing crack of pyrite in the Songliogu gold deposit Creflected light)
a— T A A A A HOVER A 34 s b—REREERE RIS &0 Sh A 3R VRS R BARSEA: Au— B4 Buck— e 40"
Cep— B HIN" s Clv—fif &0 Py—3BY: PR 8 To— MR
—intergrowth aggregate of buckhornite and tetradymite; b—intergrowth aggregate of tetradymite and calaverite; ¢ —aggregate of
chalcopyrites petzite and navite gold; Au—native gold; Buck—buckhornite; Cep—chalcopyrite; Clv—calaverite: Py—pyrite; Ptz—petzite;
Ttr—tetradymite

I\

™
g;ﬂﬁ

B8 MEWET ARSI
Fig. 8 Native gold in the Songligou gold deposit (reflected light)
— BRSEE RGN I, BB bae— BARS HRAET B HORT T gy R, d— B RS SRS A I, Bk
R T W e— HARS ERBURSH — AR S A RRIET RSN BRI Ac—HAR % Br—E WA Py—m%0; Qu—~a
Yy Sp— BN Teb—HESAE"

—intergrowth aggregate of native gold and sphalerite, and native gold containing pyrite cementing crack of pyrite; b, c—intergrowth aggregate of

native gold and tellurobismuthite vein cementing crack of pyrite; d—intergrowth aggregate of native gold and barite vein cementing crack of pyrite;
e—native gold cementing crack of pyrite; f—native gold filling somewhere between pyrite particles; Au—gold; Brt—barite; Py—pyrite; Qtz—

quartz; Sp—sphalerite; Teb—tellurobismuthite

KR 0 150 A1 20 pme 1 RiARUHESS TIEREEEET Bi 1 Zn Ag(R 5D, U T MERHBLAT + B fii S 41 S0
B 58.36% > Te & 36.05%,S 5 4.59%, & A 7). 1 K B R B &5 5 61.65%, Te
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T 32.54%, S T 4.28%, M E M Fes Ags Aus
Zn, TR T i B MERTERA + i A 2415 (B 7h) o
5.2 FEEL(BIi,Sy)

AL S I €0 B Al P K €0 R K 8 10, O
T VBT TR T B0k AR Y R Ag
7 10~50 pmo 1 KSR Bi & &K 79.58% S &
HH17.74%, 10 EALEK Cu(X 5, XH5HEH
/NP CRIBERE S BDA K. M LR
WLV S 23 5 45 R 1) DN BE T — SO O AR RE R T T
BN BT B A (&L 5D
5.3 BAE(AW

HARG RN A= i RSB, WY
B BB A e 0 3L A B LR 7 T S R LB
o, (R SRR A AT AR ST TR
WNEER A A . TSR R =M
TE KGR 4IRS SR RS JUR 77 o R3S
AT W, — L 30 ~70 pm A, KA 300
prs BN < Spme PR B EG T B
Bt 7= R S ST JSUR I 7 H 3 ol

HAR G 1) 35 A2 7 th RG34 A = g 3L AR ]
AR 3 B, G S IR ) e ST S AT R
H ARG 5 S A i AT BT B R
AP AR A BT - AR R (B 6dD
T ET BRI — AR G-t 0 (T o) FR B AT — H AR 4
(K 8b) Al ATERA— 1 SR B Hiff B HT A (1] 600+
T SR AR 7o), AR
= B SRl < R (B 6 B A — 1 9K - Filf <8
(B 6b). a5 NE (B 8a) 7 (& 5e) . fii
SAr B 6h) SHEERT (B SO VRFETERT (8] 5 I
A CE 8D A7 TR A A =

RS R —, TES A
TR 1)L B (1] 8e) s B MURLER I, 3 > 100 pme

ST JBUR PR 4 43 A LE SR R (K 3 2 (I 8D)
FIP, REARIR /N, 3 <30 pamo

24 K R4 Au B 89.98% ~96.35%
Ag A 2.40% ~8.32% LL1 000 Au/CAu+ Ag)
Crop/ %) EH S AT 915~976 211, *F-34 936(F
60, KAl F R4

ko MEBHESNVBASTHFROWMER
Table 6 Electron microprobe analyses of native gold from the Songligou gold deposit

wp/ % JR ¥

4%

Bi Ag Au Fe Total 1000 Au/CAu+Ag)  Bi Ag Au Fe Total Nag
12 0.63 5.68 92.03 0.87 99.21 942 0.01 0.10 0.87 0.03 1 0.101
1-14 0.58 5.66 91.93 0.43 98.59 942 0.01 0.10 0.88 0.01 1 0.101
1-27 0.56 5.80 92.00 0.74 99.10 941 0.01 0.10 0.87 0.02 1 0.103
1-37 0.54 5.83 92.27 1.03 99.67 941 - 0.10 0.86 0.03 1 0.103
1-39 0.89 5.61 91.66 0.59 98.75 942 0.01 0.10 0.87 0.02 1 0.101
1-42 0.55 6.16 93.03 0.18 99.92 938 - 0.11 0.88 0.01 1 0.108
1-44 0.58 5.89 92.99 0.36 99.82 940 0.01 0.10 0.88 0.01 1 0.104
1-49 0.61 6.10 92.44 0.02 99.17 938 0.01 0.11 0.89 - 1 0.107
1-55 0.74 5.46 92.67 0.37 99.24 944 0.01 0.10 0.89 0.01 1 0.097
1-60 - 2.40 96.35 0.82 99.57 976 - 0.04 0.93 0.03 1 0.044
1-71 - 7.14 92.44 1.10 100. 68 928 - 0.12 0.85 0.04 1 0.124
1-73 0.46 6.98 89.98 1.65 99.07 928 - 0.12 0.83 0.05 1 0.124
1-76 - 6.42 92.88 0.61 99.91 935 - 0.11 0.87 0.02 1 0.112
1-77 - 6.85 91.78 1.16 99.79 931 - 0.12 0.85 0.04 1 0.120
1-81 - 7.02 92.07 0.45 99.54 929 - 0.12 0.86 0.01 1 0.122
1-85 0.57 6.32 92.03 0.82 99.74 936 - 0.11 0.86 0.03 1 0.111
2-4 - 5.72 92.99 0.26 98.97 942 - 0.10 0.89 0.01 1 0.101
2-11 - 6.31 92.37 0.70 99.38 936 - 0.11 0.87 0.02 1 0.111
3-1 - 6.72 93.10 0.89 100.71 933 - 0.11 0.86 0.03 1 0.116
3-7 - 6.14 92.85 0.53 99.51 938 - 0.11 0.88 0.02 1 0.108
3-10 - 5.68 93.73 0.30 99.70 943 - 0.10 0.89 0.01 1 0.100
4-6 - 7.63 90.94 0.65 99.21 923 - 0.13 0.85 0.02 1 0.133
4-12 - 8.32 90.00 0.83 99.15 915 - 0.14 0.83 0.03 1 0.144
4-16 - 8.26 90.69 0.32 99.26 917 - 0.14 0.85 0.01 1 0.143

U N BRETT Ag BT 73K 1A N N = Ag/ (Ag+ Aw,s“ —

"R wp<0.01% B apfu<0.01.
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AU E A B &0 oA 7 e, £
Fh il &Y 4 CPbBiy Tey ) fifi #5 B (PbTe ) i 4 1
(Biy Tey) it &8 CAuTey ) i &R0 CAuAgs Tey )~ it
AT 4 ( AuPh, BiTe, S) ~ BT (Biy Te, S) o il
W5 FAR G ST BT TR A T
FIE BT ZRIEA A, WSS + RS +
VR + BER RS0 + B4R + BEALE 4
W+ HRE + Wi SR + AR+
WA VAT + FAR S TR + AR A + R 4
W+ WEET R ETVERAT + NBE SRR + AR 4
WA + B VR + H AR & B A e
+ RER BB A B R T L AR R AR AL
Ab, DR = AR CITRE S + E AR 4 + S
B RETR™ + Bl B AR + 1 AR B ) I EL [ v A 4 5 S A
CANRERTR™ + BSR4l & fEX LA R R
HOR )4 R DLH A A 4 1 T 2™ (8] 9, 1l
CEB OB ) 5 3 35 AR, TR A LY 4 o0 i ¢
(R G IR X FF A Cook 55 (2009a) A 1l 47 IR
152 Lo

NZE R HE LA g L b X 4 R DR A7
L S A A R 24+ (Mao et al . »

Te

Ag

wi/%e

Bl 9 MAMEEEN Au- Ag— Te R Markham,
1960; Cabri, 1965)
Fig. 9 The ternary system Au—- Ag— Te of the Songligou
gold deposit Cafter Markham, 1960; Cabri, 1965)

2002; /DA, 2009; Li et al.» 2012a). {HiRIEAH
KANRIE G IR TR, XL G0 T
T 119 — 154 Ma, 54 K AE A KX (Wang et al»
2002; 4JEIEF,2007; Lier al.s 2012a, 2012bs i#
LS, 201300 RS LARTIA R 5 BD S (L /E A
KRR AT, B A tA b 2 5 s A
DRI AT A 28 I AE B S I BH el 4B 2 |
(Li et al.» 20115 Jian er al., 2015). REH-L-4FJ5
LR X b5 /N 23 U b X [R] Ja 1 e b bk B g 2, A A
[F) ) ) T Y A B FRARARA T G RO AR o R IR R fig
SRAFHA BLVA G0 1 A B AR, A K I 4 208 2 1
AEEL L4 5 Ll B X 1) 4 i AR AR P 7 115~ 135
163 Ma( BB 48 %40 (Han et al.» 2007bs
Chen et al.» 2008; BEZEHHAE, 2009 & 855, 2012;
JEREAR; 20145 KRR, 2015 PR %, 20160, X 5
P2 DX 3 L A A I TE] C 12 ~ 157 Ma)(Mao
et al .» 20100 FEA4°— 55, An Vg RE G0 K 5 h 218
DR G R O™ DX A WA 228D HA AL )
Yk, J5# O IE S 5 5 KAE A L (Jian et al .
2015). Voudouris Z£(2013) A\ 4 A5 i Zr b 48 7 3£
S X R WA A D A Cus Pbs Mos Aus Ags
Te G MM KINIE T H K« Fa IS T E A Cus
Pb-Au-Ag-Te 55 70 5 4L W), FF 0 & B0,
BREFRPR R Rl R 3E (LAE AR 220 Ma )G
SER AR SR ZE, 2007), 2 J5 e 40 o Bl P54k B B
gE b, RSO B S0 — S5 RIEM A 4
MNITE (S ERITETE
6.2 EWRMFRESH

P HLVE G BT K HR () B AR 4 R 4 B A Ak
W), BRSNS E BT

Cook Z5£(2009b) I\ by, B fE R AR G40 v, &
FRGAE 5% B A TewSb BBV As, (E 5 As
— BRI, SR R KRR AR, T 3
BAwBEAN A o IR BT A T R R O A A 4
/NI G AR A A T 2 4

SR T BR G SARmL  A kT
SET] A K 42 1 £ 3K AP, Ciobanu %5 (2009) A4
5 Bi, X5 BA AR5 7 S5 R R AT il B i
MEBR AT B ] DLE 42 PR2T ORI Ag® I AH 96 1 FR s
PH? AT Ag ™t 3E N it B A RV B B AT AR\ T A4 AR
BT CEHR N A PR + Agt =B ), & LL Aut
TE B H FERE Ag ™ BEAN MG ). [FIFE, Ag 7T LLIE
NFFE™ Pb 1))\ £ (Ciobanu et al.» 2009), I LA
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A AT LL# < (Cook ez al.» 2009a).

P BV G0 R B ORI H AR 4 SR AL 38
BB Bi AL Ph B fE AL B O A8 A7 281 )
Au BFIE AR T AT B, 3X 2L 4 34 g A HLVA G0
6.3 FEILHIHORL B IR

Bi HARE R (Q271°C ), 728 Bi LRI W&
IR, Bi-M AR WA B B Au-Bi 45 1K 1 3L 05
e & w WA BHUEL W Au-Bi SRR IG5
SAE 241°C FEATZ19% 1 Aus EAEAE TR (1)
RGNV I Sl | S AN A A NVAI I < WS E
4 Au(HS); Cag) +4 H Cag) +2 HLO(D = 4 Ad’(Bi
AR + 8 HySCaq) + O, Cag) (Tooth et al. s
2008), e A Au 1) & SR L 19 LA 0 2
(Ciobanu and Cook, 2005; Tooth et al., 2008,
200900 AHAHICSE 5 W] Bi-Jf A0 Au BB H
Ja e TR E IR Bi 1 Au & B S + HARHS +
AL 4 W Cmaldonite) 4 & (Tooth er al.»> 2008,
2009, 201100 JUEFA B BRI TR fif B
W YRR, AF I R IR B AR B AR BT, AR
Bi- S AR SRR A AR B S A A7 PRI o

Reed 1 PalandriC2006 )W\ 4 7 EH SRR 2 1 HF &
WS T, WA &8 S G- A HS 26 4 (Cmetal
complexing ) TE ¥R A1 WS i B 5 1 A AR 558 19 4 1,
DU ¥ I TS AR Cln CL AN HS ™ D R 22 4 &)
PH 11 <5 8 A A ) IR KD TTE . 7 25— 550°C WAH
R I pH D, Fes Zn DLW 1B 47
75, 1M CusPbyAg~Au W LU AL 80# I A 2% 5 W)
TEAAFAE . PbyZn. Fe M4 S WA Al T 218
SEM, W T BRI 2 25 A, TE B Pba Zn. Fe AL
Yo AusAg-Cu~Pb XU & 4% & W) 1E Rl T8
R, R8O —SURPE R, & Sl P iz, i
AuAg~Cu [ 48 G WIAE 25 ~ 550°C WA H R E
PEEAR, AE SR TP ITE . Pal’ yanova(2008) 1A
h s AR <A R T, H AR B AT AR
55 B B A4 21 0 B B 1 b k- 55 R M 1 O A
)38 A o R R Y 1 5 i 0 4 1) 2 R TT DA R
N Au TC AL HI O AR GT B R DR R A
(Au/ A, ALK, 55 5 T B 28 H ARG 7E 99 TR
PEE P PR A CAu/ Ag), TEAN T B 20 B 55
K (Pal’ yanova, 2008 Jo #4HIAH X M T Br B
PRSI S 1T B B s Bk 25 o AL AR UE B T A
N i) T A ) W o TR B 2 BRI A e [ 4 2

RN FFERA: 3 NaAISEOg(s) + K Cag) +2 H' (ag)
= KAL (AIS;;0,0)(OHD,(s) + 6 SiO,(s) +3 Na* (ag)
3 KAIS;;Os(s) + H,O(D = KAL (AISi;0y9 0 (OHD, (s) +
6 SIO,(s) +3 KOHCag)» Pal’ yanova(2008 il i #H Kl it
FUBSR AR pH HYE T Aus Ag 2 a8 W IAPE,
7E 200~ 500°C B R AR Aus Ag FIER T AL
Au(HS); Ag(HS); M.

Cooke Fl Mcphail(2001)F1 Ciobanu % (20060 A
h» 7EHU TR Cgeothermal ) P4 358 A1 v B3I I A 24
B R, HARV HIRREE 2 B BE R Wb I IR AR TR & K
SRR AT BEHE N TR ) DT E )
B Z,H Te, (@ Hy Te( R BN 5 & B 1
SRR BRI DTUE I ME— T REHLIEL . T i
AL AT B AL 7 SN T R s AuCHS), Cag)
+H" Cag) + 1/2 H,O(D = Auls) +2 H,S(g) + 1/4
0,(g), Ag(HS); (ag) + ' Cag) +1/2 H,O(D = Ag
(s) +2 HS(g) + 1/4 O,(g), Auls) + Te, (g) =
AuTe,(s)5 Au(s) +3 Agl(s) +Tey(g) = AuAgy Te, (Do

TERS BV G0, BB~ o BKORT A7 9 — 3 Bk
Wk P R E AR AR DTTE T BBk R R, 3R
B ERAT SR G, fA) s AR SR L. X — IR
ZIREE UL I, 75 TR — A7 S By BOR A7 95— 3 2R i
B, B W FE BRI, Fe 48 B W IA, S04 G T K
TR WTIX HAR GBI m A HARE R 60, R
BCHIE KA T A AR, g 7= 15 <5 AR i kM R
KIZH , 446 Reed 1 Palandri(2006) ) 5256 25 5L, 4k
W AusAg FEERTE AL AuCHS); ~Ag(HS), A .
TR B KR PUVE BT B IR S FRAR, (7] I i i
BEARXS FH &7 e Tey (@R Hy Te( )R HEREN S Dt &2 )8
TUER I A, AL AT K R A ) S L AR )
DUOE TR R .
6.4 BE FHSH

CO L E

T A i 3 AR 5C & n] LU 7R L% i (Borr-
thikov ez al.» 1988). A HLVAGH"™ AOHE B4 + il
A CIEL 6b) F AR B + Tl G 4R (K 6e) Fig 7 H L
A A AR E W N T 313C . AR (Ny, =
0.116,% 6) + fi & H” (& 61. 3K 6)« ARG (N, =
0.101, % 6) + i 8" (& 6bs6d) 4 &, FIE 1l )&
HIHEZI N 140°C A2 110C (100 4 BB &4
NI RAE R 0.143CN A BREH Ag )T
7380 Borthikov 5 (19984 1, 24 HARE T Ny,
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Fig. 10 Diagram of tellurium activity versus temperature
for the system Au-Ag-Te of the Songligou gold deposit
Cafter Borthikov et al., 1988)
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By B A A ) 3 AR 21 A R 19 T G R R 110 ~
313C, ATREAREE T & - b W) o BE R ¥ B2 19 b F
B BT a0 DB B A - T I B
FIG— A IB BL fr M fs HOAE A, AR ST £ P 4
() vl #1873 (300°C MVE A BRI —F Je B B 03
BRAT B 1) R L B, 36 PR v i ARG L 1 v
(200°C Mk =i A0 A B BT RO ket B2, I DA o
SR A DR B A - R B BOT &R AL )
BB fr A1 s CBE 1D o T o SIS S Ty
e Afifi 5(1988b), H A H HEES % Simon
H1 Essene(1996)

BEERE A7 e BRI S-SR AT B BT log fre,
<-l4idlogfs = — 111~ = 6.5 11a). EHA
B B o SZHEBTRRDT - BORRAT S I e S S B - 5

I I [ R AN\ TR I T N T T TR
r 2000
& L
7] o y Z -
e e 7
2] '\§Cg gl « i
4 - I e :?' 2 2 -
s 5 SR s
; sl% 2 S R 315 -
15+ 4L g o i - kK] 1 .
e o L
: Ae A 3 - | /] [ Muspiany |
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1988b)
Fig. 11 Relative variations of logfir% and logfs in pyrite-quartz, quartz-pyrite (a) and gold-tellurides (b) stages of the

Songligou gold deposit (modified after Afifi ez al., 1988b)
355 5 23 AR TV B — A S B A7 S-S R B B < <t AL B B logfr., — log_/'sz%ﬁ:, a P AR T £ R A (5 DX 35y PR

T DR K £ X A Ay S o ) e X3
Shaded areas represent the conditions of log ch2 —log fgz of the pyrite-quartz, quartz-pyrite and gold-telluride stages of the Songligou gold deposit.

For Fig. a» the light gray and the dark gray areas are the theoretical areas, whereas the dark gray area is the more possible practical area
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B+ AT RNV R . P BOR B KR 13
YA, B RIS AL SRR, PTEL £ T
LEBCH - BEAAT + BRI IR S5 B 2 16 Ae 3, Jee S A
B — R I N R (AT W BERY o 32
TR W HR T 1) e N e 45 o A BRI 4t K 4 o
Th S BARIURARE AT RE N log fr. < —9.8CTK
TR DX IR AR EL X 380, AHER] Ay 3 79 ) B A 1 A 42)
R 1 ) o i o I A R B AL 0, il 268 2 ) e e
ELAN I 122 i 55 i 398 5 g v L FRD AR AT T A7 1) Sl ) PRI
CB MY BE AW AT TH =D, BT LA Te 38 52 1) 5z e W] e
TEMG RN BRSO 2 5 s R0 W AR s V. &
FRIAT s Ak o BRI A DAy 3K 1 I B ) s 3 J32 5 A ] e K
log fre, < — 14 4CGR KX .

2

S m AL BT logfr. = — 15.2~ = 9.4
logfs = —16.5~ —14.6( 11b). 1 T A BIE K
TRE I S AL A Wy CAn e BB AT S B4
RN I oW -8 NEE N T NI R/ S
75 T A fTeZE(J]ﬁﬁLE Te()(Te MWL) Z T, K H
TERHRLA — FAR BRI R R~ H AR R Rk 2 Fo A
BB fs B AR - BRSO M S BB~ 3
PR + AR I R N e sl BT AR BOR B R
WA, AT RO R S 5 SR SR AR ) A
B, BT L o B0 AE R - B R T + IR R R
IR R0 300, I T AR B R AT - B R R N R ) A
o TEERAT I R ) T 20 B SRR AT () H IR
Tl A IR B R A T A4 R At

eGP B B, 2 Bl 3L AR A 4, JU L2 i
A RV B 1) [T 35 A4 2 8 5 4, 3998 7 i B 2
FIA 40 ) LT 1R B JE fle E A AR 400 5 358 23 B Ak 4 C
TR R O T AR e R R R TT T Bk
T BT AT RN B0 A AR, R B BB AR AR 3 5 B
SR 4 I A, BRI 2 7 B L TR AL R B AR & T
JRCHAAAERR 7 B AR 4 5 7 v SL 2D s BRI AR
IR, INEEDT 5 AR a2k, B DOVESRE I T 11 4R
EIEH. Afifi 5 (1988b) $& H A A A™ A2 A7 854 (1)
2z N RECA s 2 PbSH+ Te, =2 PhTe+ S, A
BRALMITEIUS fr AR T g YEI, B4 A ) E A
BRI s % 24 1) H IR O3E 1 A B B A A 1o 2% v 1)
368 52 « 1y S5 i 1 1T PR BB AR A AL DI DT IS S
RS T s, AR A5 A AL 2 1L B2 CAGE et ol
1988b). Zf b, JiE/ BAR &/ BT (1D — B A4

+ e + BRSO ARE+ ERACGOREKRT
AW BT fr / fs TR R BRI LR CE 11b).

Ak 3R 4 S /b R ALY P T R B B
PR B, R N T M T SR AR R
P BORIAT SR I B, K AT 1 TR A 1
S, WA, o AR T R, - AR B, AR D B
FIRERR T TR B E ot S R R4 &
ERCK R BRI + AR S + T +
IBED™ A7 B 1E AR s B A AL 1) KT 1 e,
BEAG, A A0 P M A, (ETE R T B AR 4 + B 4l
Bro PTEL fr / fs fH A2 AR P2 AR HLIG B DT UE

(3) SR SEC fo )RR pH i)

TR A RV IR 20 280 W) 10 G R n] LU R
N fo M pH AET Ao K2 HLIA G0 i AL W B B
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3FeS(s) + 11 0,(g) + 6 H,O(D = Fey;0,(s) +
6 H,SO, (D H, SO, (D = 2 H+ Cag) + SOF Cag) Al
BaS(s) + 2 0,(g) = BaSO,(S)(Simon and Essene,
19960« Fa MLV G0 BRI A1 DB B A -3 Bk
B B B - T A B, 4000 B2 T, pH R .
7 R

FA B 0 0 FAGB S o B L 4E 4 A B
Bt SR DR B A SR B R AL )
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i A1) LA BORE R R 1 AR 4, i A 400 B 68 o s B
(PbBi, Te, ) H ™ (PhTe) il B (Biy Tes )~ fili 4™
(AuTe, )~ Tl 4 B C AuAgsTe, )~ B i B B 4 00
(AuPb,BiTe, ) HERHEE (Bi, Te,S) o 4x LB LL AR
SRS REBET IR — 55
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XRAETH, Te, (@M HyTe( @)W EEHEN T 51 4 )8
(A A A A A P e L. SR -
GeBr BN =BT BOB T log e, < — 14.4
(BRI logfs = — 11.1~ — 6.5 [NHLIR LS
ST BB TR EE A 110~ 313°C Vi 5k
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