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KO &0 AL S A A 2R 2 & SiO, B (73%~95%), P38 90% 5 ALO, &
AR K (1. 13% ~10. 44 %) , P32k 3. 49% ; Fe,O5 4 0. 96 % ~6. 25% . F-#44 2. 46 % ; K,O
>Na,O, £ 1 A A KU G R A A Ak, /E Al-Fe-Mn = A K% (K 1), R4k
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Table 1. Chemical composition of hydrothermal siliceous rocks

F 5 Si0, TiO, Al, Oy Fe, Oy FeO MnO MgO CaO Na,O K.O P,0;
1 90. 23 0. 08 3. 49 2.46 0.27 0.08 0.19 1. 46 0.17 0.68 0.07
2 95.7 0.03 1.6 0. 66 0.10 0.21 0. 06 0. 04 0. 04 0.26 0. 07
3 91.15 0. 05 1. 34 1. 62 0.02 0.26 0.61 0. 04 0. 26 0. 20
4 91.61 0. 08 1. 55 1. 71 0. 47 0. 46 0. 35 0. 34 0.23 0. 41 0. 09

VE 1 KHUH R R 18 AR @O s, o ik AR S REAL A B 0905 3 WAL KA R MR &
B3 F D14 ANREOT S 4 HOKPUBUE A DO 30

S REAEY A AL T IE W KBTI IX , B 8 0 1 2 5 B sS AR R =400, e AL A
R 5 SO GURUE A R T 57 Fe X, KHUREIL 2 18 ANFE S O R ALY IR & 4
R 14 ANRE S USRS R S AT T X 4 Sk, ELRT I 12 ANRE VR TE K R R X B
Oy AR IRAT , S W G Ak R T UTR LA I R R A, BT R S R AR S iR e R K
LA 22 i, I AHXTE AL, 7T Fe. Mn WJFRFE
2.2 Mito#®

ML EaRANTORY, FESH A1 SREE 4 33. 94X 10 °~91.86X10 %, ¥
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BMLEER, 75— 1M Ce M Eu i 57,
i FURN A A R AR K, SREE=1. 94 X
10°° ~ 45.18 X 10°°, “F ¥ J 15.84 X 10 °%;
LREE/HREE=4.7~11.8, ®&# t+ & LR LK T
SN A BER LSRN S ST A BT FERY
1] Ce T4 5%, Eu 7% W IE 0] i (JEu=0. 65~
1.25), XS5 A& A g bkf o0, B4 sk oy
IF Eu 59 52, & WU A R 4 B 3t
PE, XAEAYE, T B 1o AT i 2 Sk AL T =
w20 (B 2), KM Grant J RV K 5284
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KA, BET AR, 5E T 8
WA I A A ) — 3T L, AT R A L
WA A E LREE, [A 0B 350 4 B9 A & A
B B R 4 10 S BP9

R I W5 18 A K R S AR O G4
8.44X10° %), WK T Ha KA RN ITEA, 1M
5B 2 A0 KK e R s A A
2.3 THEIGHE

RELGW AWM &M F¥ A 11,74 X10°°,
Au/Ag=1.1, LE® &M As, Sb, Bi, Hg. Ba
HRFAE s RE R A R ST 34h 174 X107,
Au/Ag=1.8X10"7°, LEHE K Zn Pb,Cu N
RFE, As, Sb, Hg. Ba & & LL &0 A1 B AK 5 AH I
(EATS Ky i b v A 2~ 3 AN B g7, o il 4 VR

Bl BB IR T (1) Al-Fe-Mn %y
= A
DO IE R ARG ;1 OBl (B it
LR
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Fig. 1. Al-Fe-Mn ternary diagram of hy-
drothermal siliceous rocks.
Domain 1 —Normal waterborne deposit; Domain 1
— Hydrothermal (hot water) deposit; 1—Ore-bear-
ing silicified rock in the Changkeng ore deposit; 2—
Average ore — bearing silicified rock in the
Changkeng ore deposit; 3— Silicified rock and ore in
the Carlin-type gold deposit; 4 — Auriferous jasper
rock in the Carlin-type gold deposit; 5—Hydrother-

mallydeposited chert.
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—2.4%,; W AW S BANER N —7.2%,~7. 3%, FWMHENL 2.5%,, iBambPxres s
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Fig. 2. Chondrite-normalized REE patterns
of ores and rocks.
1—Siliceous gold ore; 2—Siliceous silver ore;

3— Average limestone.
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() 0°'S X ) BEAL 2 2 B i AR A AR B0, B I
pH Al fo, Be s RV AT A 6°'S ALK ) 5 (8 48 45
AN TEAR X AT DL UE B G A 10 [R) A7 3% 20 Ry
il s BAR PERRAR, pH A fo X 6°'S 1 52 i 32 i
kg5, B oS AHAAL NI S, X T g S Ik
T AR Gk 5 $O ) BB [H)
LR (0%'S<g) KB 4%~ 7% e 473 7]
AT, IX Ul IR Bk B DT, BT S
SR KB IR ER I, 3L 0°'S 435 4 0%, F1 20%,
ek, MEAEME (5%,~15%) K — Bk A H
R GRBR AL ) BOH B B ZETR T

%2 KYUEWR KA R A7 2 4%
Table 2. Isotope composition of the Changkeng gold-silver deposit
[l fr % ﬁ v —= ﬂq v e kW
21 i [ FE i 54 21 B FE i 5L
—5.1 1 —6.1~5.8 9 kA, 1996
0% Sgiem / %o —35.4~2.3 9 0.3~5.2 14 (6]
—6.6~8.8 12 —7.2~17.3 6 (8]
OBCoimr / %o —1.9 1 —3.2~0.2 3 KA. 1996
—0.6 1 (8]
4.9 1 0.1~0.8 4 gk, 1996
3“‘0|-|2r>/%[: —0.8 1 [6]
—5.5~—4.9 2 —4.1~9.0 4 (8]
—56 1 —48~—39 2 kA, 1996
aDI-Iz(}/%l: —46 1 (6]
—59~—43 2 —59~—145 4 (8]
205pPh /204 Ph 18. 737~19. 537 2 18. 687~18. 871 4
18. 580~19. 885 4 18. 820~18. 891 5
207ph /201 Ph 15. 736~15. 745 2 15. 682~15. 941 4 7Kk, 1996
15. 672~15. 824 4 15. 848~15. 914 5 (6]
208p}y /204 Ph 38.930~39.177 2 38.991~39. 854 4
38. 700~39. 184 4 39.579~39. 786 5

3.2 . AL ER
FREF 0BC J—3. 2%, ~0. 2%, F¥H—1.14%, (& 2); 60 K 8.6%,~18.6%,, I
YR 14. 43%, . A JERKI 070 [HABLB N, 15 9. 6%, ~13. 0%, 2 18], “FI3J K 11. 90%,.,
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—17. 0%, , RAFEIIRESH T A",

3.3 &y, BUFALE

G, WA ET AL R AR B ZER GR 2), B P°Ph/* ' Phb Ju [ 8K
(18.580~19.885) . Ja & & "Pb M**Pb, &, MWW 41 5 [A A7 28 HC A 1 AR 46 2588 Hi 1E W 45 1Y
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B A T FR TS P s DR PR DX AR RS T 1242 X 10°~1087 X 10%a, A2 T HLAL s 55— 1E % &Y i
TAE 928X 10°% a | ALY IX 20 BS ok, B A0 19 7 0 AR nT e 2 M &0 T s
Pb F1*Pb 5O P Bl X 4 759 5 17 4 .

= A I TR AT S Se /%Sy BN 0. 71213~0. 71657, “FY¥ R 0. 7150, B3 & T Eiuig
W R 45 1) 5 K¥Sr/%Sr LUAE (0. 70600, Fg A 7E Ui,

4 AT GRARE B R L ER

4.1 WK 5k

WA A LR A (D 4y B R F D8RR A W00 25 4R (0 W AH 2 AR AL, BH B8 7 &5
T Ca?m >K" >Na" >Mg?" a, K" >Ca’ >Na’" >Mg’", K" /Na i} 1. 32~8. 74;
B 77 i 47 W J& Na®™>K*, Kf/Na® 4 0.19~0.64, B 5 Nat88hn; @ W& E8G
SOi .Cl7, Cl" /F 4 1.03~12. 55 @A Hsr LA H,O 24 3 (BEIR 53208 0. 890~0. 996) ,CO,
>N,>CO>CH,>H,,

7t Na-K- (Ca+Mg) =K, RE KRR S 8RR AT E Ca+Mg F Na, 71
K (NF20%) AFefE, KET&W Mk s S5 2 B 2 m a0, R & K i 2 2R 4
CBE 3, 1T 7K 5 B AR e B W% 38 R 20 A T & Na 8 — iy, 5 K G0 IR AR AR B &0 10 3 4
J 43 30 5, DRI AR AR AL 2 B R WK T A R PR AN AT i 5 B pl AOK GUR R ES W3R 1)
BUHI BT B, [R) S 4 5 e BB TR &k 2 I I ) J A 4 % 1 & Ca 81 Ca+Mg Wi & K K3t
SRR I B R AT AN 2R AE

WA KBS AR Z Al T R AR KRS KK Z 8], 80 Fl oD 18 73 ) 3= %
M —5.5%~9. 0% M —59%,~—39%, (X 2), Bk B A KAKEBIA AT RAL KA E
BRSO EERSARE A, WO AR N 2 B AL T R R B AR AR B & K, BT AR A Al
L T RAKGHFKKMREG X, MAEMSEREEEA D> EK B ML =SS RKEN,
AT A R K ALAS FE B e R oRT fig
4.2 NI ERAG A AT
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Fig. 3. Na-K-(Ca+Mg) ternary diagram of
different hydrothermal fluids.
Domain I — Ore-forming hydrothermal solutions in
Carlin-type gold deposits of China; Domain 1 —Mod-
ern submarine exhalative fluids and seawater; 1 —
Changkeng gold deposit; 2 — Changkeng silver de-
posit; 3— Laerma gold deposit; 4 —Pingding arsenic —
gold deposit; 5—Liba gold deposit; 6 —Baguamiao gold
deposit; 7—Zimudang gold deposit; 8— Yata gold de-
posit; 9—Bangi gold deposit; 10— Jinya gold deposit;
11 —Gaolong gold deposit; 12— Dongbeizhai gold de-
posit; 13— Modern submarine hydrothermal solution;

14— Seawater.

~225C, thEN 12. 6wt % ~12. 9wt % NaCl Fl
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Fig. 4. Relationships between solubilities of mineral assemblages and pH values.
Solutions are in equilibrium with the pyrite+gold+ pyrargyrite+quartz assemblage (a) and the pyrite+sphalerite+ga-

lena-+gold + pyrargyrite +quartz assemblage (b) respectively
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(4 FE 24 %%, 1994 F1 ZhangHu et al, 1996)
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Fig. 5. Geological sketch map showing distribution and zoning of ore deposits in Changkeng area.
1 —Quaternary; 2— Tertiary; 3— Upper Triassic; 4 —Lower Carboniferous; 5— Upper Devonian; 6 —Geological boundary;
7 —Unconformity; 8 —Measured and inferred faults; 9—Gold-silver deposit; 10— Silver-lead-zinc deposit; 11— Boundary

of ore zone; 12—Gold ore zone; 13— Silver ore zone.
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GEOCHEMISTRY AND GENESIS OF
THE CHANGKENG LARGE-SUPERLARGE GOLD-SILVER
DEPOSIT, GUANGDONG PROVINCE

Zhang Sheng, Li Tongjing and Wang Liankui

(Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou 510640)

Key words: gold-silver deposit, hydrothermal metasomatism, ore-forming mechanism,

metallogenic series, Guangdong Province

Abstract

In the Changkeng gold —silver deposit, SiO, and Al,O; contents of mineralized silicified
rocks, whose compositions are distributed in both hydrothermal and hydrogenous regions of
the Al-Fe-Mn ternary diagram, are 73% to 95% and 1.13% to 10.44% , respectively. The
siliceous gold ores with ZREE contents of 33. 94X 10 °to 91. 86X 10 " are distinctly enriched
in LREE, while the LREE enrichment of siliceous silver ores with ZREE contents of 1. 94 X
10 °to 45.18X 10 °is lower. Both gold and silver siliceous ores are rich in As, Sb, Bi, Hg
and Ba. In addition, Zn, Pb, Cu contents of the silver ores are also high. The transitional
element patterns of ores are similar to those of country rocks. The 6*S values of sulfides in
gold ores vary widely from —35. 4%, to 8. 8%, with an average of —2. 4%,.but the ¢"'S values

of sulfides in silver ores are comparatively concentrated, varying from —7. 2%, to 7. 3%, ., with
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an average of 2. 5%,. The calculated sulfur isotopic composition of the hydrothermal solution
is 4%, to 7%y, and the 6"°C values of calcite are —3.23%, to 0. 25%,. The gold ores are en-
cirhed in **°Pb with a wide range of *°Pb/*'Pb ratio from 18. 580 to 19. 885, whereas the sil-
ver ores are relatively enriched in *’Pb and **Pb, with the **"Pb/*'Pb ratios being 15. 682 to
15. 941. Both kinds of ore lead are anomalous lead enriched in radiogenic lead. The sulfur,car-
bon and lead isotopes of the ore deposit are crust materials or of sedimentary origin. The ¢'°
O and 6D values of the ore-forming solutions derived from evolved heated meteoric waters of
formation waters are —5. 5% to 9. 0%, and —59%, to 39%,. The ore-forming solutions mainly
contain K, Ca’", Na', Cl and SO? with salinity of 6. 0wt % to 15. 8wt % NaCl, and the
mineralizing temperatures are between 170 C and 300 C. The metalogenic mechanisms in-
clude solution boiling, mixing of fluids, and water-rock interaction. Both siliceous gold ore
and silver ore are formed by hydrothermal percolating metasomatism and filling, and hence
are products of a unified hydrothermal event in different metallogenic environments and un-
der different ore-controlling conditions. The gold-silver deposit and the Ag-Pb-Zn deposit in

this region belong to the same metallogenic series.



