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Abstract

Upper Heilongjiang Basin is an important gold metallogenic province found recently . Gold deposits such as
Shabaosi, Laogou, Shabaosilinchang and Ergenhe are strictly controlled by nearly E W-trending Luoguhe- Ergen-
he brittle- ductile shear zone , and the ore bodies normally occur in SN-, NE- and N'W- trending subsidiary tensio-
shear fractures, which were derived from the ductile shear zone. In order to probe into the genetic types of
Shabaosi, Laogou and other gold deposits as well as the ore prospecting potential in this area, the authors carried
out a detailed field investigation, and studied geological characteristics of typical deposits. Meanwhile , based on
the homogenization te mperature , whole components, Laser Raman Microprobe analyses of fluid inclusions in
quartz, and H, O, S and Pb isotopes, the authors syste matically discussed the metallogenesis of the gold de-

posits . The results show that these gold deposits are characterized by poor sulfides with <3 % sulfide minerals
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( mainly pyrite) . Fluid inclusions in the gold deposits can be divided into aqueous two-phase type , CO,- bearing
three- phase type and pure CO, type . The sulfur, lead, hydrogen and oxygen isotopic components of typical ores
and ore-forming fluids indicate that 8*S values of sulfides ( pyrite , pyrrhotite and stibnite) range from - 1 .6 %o
£0 9.6 %, 8'° O values of ore-forming fluids from - 1.3 % to +6 .6 %, while 8D from - 89 % to - 135 %.. Lead
isotopes of ores have characteristics of the orogenic belt. The cations of the ore-forming fluids are mainly Na”
and K", while the anions are chiefly CI~ and SO;” . The vapor-phase components of the ore-forming fluids are
composed mainly of H,O, CO, and N, , with minor amounts of H,, O,, CO, CH,, C,H,, G Hs, G Hg, CgHg
and H,, whereas the content of CH, evidently increased at the late ore-forming stage . The ore-forming fluids be-
long to H, O- NaCl- CO,- CH, syste m characterized by low salinity (averagely 5.0 %) . The homogenization te m-
perature of fluid inclusions ranges from 266 .5 C to 295 .2 'C, belonging to the mesothermal type . The ore type
is of Au-Sb association. Studies show that the gold deposits are similar to the orogenic gold deposits in geological

and geoche mical characteristics , and can hence be assigned to the epizonal orogenic subtype . The formation of

the ore deposits was closely related to Mongolia- Okhotsk orogeny .

Key words: geology, geochemical features, origin of the deposit, orogenic gold deposit, Upper Hei-

longjiang Basin
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Fig. 1 Geological sketch map showing distribution of gold deposits in Upper Heilongjiang basin

( modified from the Bureau of Geology and Mineral Resources of Heilongjiang Province ,1993)

1 —Basalt , andesite and dacite of Upper Jurassic- Lower Cretaceous Tamulan’ gou, Shangkuli and Yiliekede Formations; 2 —Conglomerate , sand-

stone , siltstone and mudstone of Lower- Middle Jurassic Xiufeng , Ershierzhan and Mohe Formations; 3 —Limestone of Lower Devonian Nigiuhe

Formation ; 4 —Marble , slate and metamorphic sandstone of Lower Cambrian Ergunahe Formation; 5 —Granulitite , leucogranulitite and plagioa m-

phibolite of Paleoproterozoic Xinghuadukou Group; 6 — Yanshanian syenogranite ; 7 —Xingkai - Salair monzogranite ; 8 —Geological boundary ; 9 —

Fault and its serial number; 10 —Gold deposit (ore spot) and its serial number; 11 —Provincial boundary ; 12 — National boundary . Major gold de

posits (ore spots) : 1 —Shabaosilinchang ; 2 —Laogou ; 3 —Shabaosi ; 4 —Sanshierzhan ; 5 —Dong mazhaer; 6 —Hulalin ; 7 —Fukeshan ; 8 —Ergenhe ;

9 —Yesuoku ; 10 —Madaer; 11 —Aolaqi; 12 —Ershiyizhan. Major faults: (O —Derbugan fault ; @ — Xilinji- Tahe fault ; ®—Luoguhe- Ergenhe

ductile shear zone
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Fig. 2 Sketch geological and structural map of the southeastern margin of the Mogolia- Okhotsk orogenic belt

( modified from Li et al., 2004b)
a. Ore-control structural sketch map of the Shabaosilinchang gold deposit; b. Ore-control structural sketch map of the Shabaosi gold deposit ;
c. Ore-control structural sketch map of the Laogou gold deposit ; d. Ore-control structural sketchmap of the Ergenhe gold deposit

I —Quaternary ; 2 —Siltstone and mudstone of Middle Jurassic Mohe Formation; 3 —Sandstone and siltstone of Middle Jurassic Ershierzhan Forma-
tion ; 4 —Marble and slate of Lower Cambrian Ergunahe Formation; 5 —Mesozoic volcanic rock ; 6 —Jurassic clastic rock ; 7 —Pre- Jurassic geological
body ; 8 —Cretaceous granite ; 9 —Jurassic granite ; 10 —Diabase dyke; 11 —Diorite porphyrite dyke; 12 —Diorite dyke; 13 —Dacite dyke; 14 —
Granodiorite porphyrite dyke ; 15 —Xingkai- Salair monzogranite ; 16 —Xingkai- Salair quartz diorite ; 17 —Quartz vein; 18 —Geological boundary ;
19 —Unconformity ; 20 —Inferred fault ; 21 — Measured fault ; 22 —Ductile shear zone ; 23 —Shattered fault zone ; 24 —Ore body ( group) and its

serial number
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Table 1 Sulfur isotopic composition of the gold deposits in Upper Heilongjiang basin
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Table 2 Lead isotopic composition of the gold deposits in Upper Heilongjiang basin
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BERE RN A IR 3.

3.3.1 AUEEFENE
3 3 AT LAE B Wi A R 2 A A 0

(168 O fHAZALIE N 5.6 % ~ 18.7 %, V- 3I{H N
11 .3 %0 ATEH S AR X AR RS A 6% o fH
(AR ALAE (6 %0 ~ 13 %) FEA— B P A7 T b
FEAIERIAE X 8% 0 ARAEL(10 %o ~ 13 %) Y5 FH N 3R
B DX Gt R P A ) AR R 2 AL 2 3 5 A
FAX R A TR AR RS .
3.3.2 HRE FERAER

b PRI 7 M SR O AR T 5D (E IR
K- 89 %o~ - 135 %0;8 OfEH N - 1.6 % ~7.0%. 7E
A AR R AR (B 4 T TR T A K
IKIX [ 2R 7 5 RABE AR A i H 4 A 5
AL Ty 0 5 AR 7 1 AT . e
2 G AL S R IR AR L B U

-40

-80

6 D/%

-120

-160
-20

B4 0 IRRT SR AR 5D 6" o 41k &
(¥ Sheppard ,1977)

Fig. 4 68D versus 8'® O diagram of the gold deposits
in the study area ( after Sheppard, 1977 )

x3 LEXRIZHWEH K HORMEARK
Table 3 H and O isotopic compositions of the gold deposits in Upper Heilongjiang basin

W IR AR FE AL NGV EE 2] BEWS WETY 80 % 804/ % 8D/ % VRt C

b =5 1 S0 A AR 2 2 EREEe Hj; Ds VeE 18.7 6.6 - 89 193 .4

AL [ ERSRIAEN A ek Hj L, e 5.6 -13 - 97 300.5

AL [ S50 & A eIk Hj, Ly.3 FE 9.3 1.8 - 120 285 .0

e ISR AR B e ek Hj; Ly.s VeE 10.6 3.5 - 135 295 .2

AL I\RSRIEN ARk Hj Ly VEES 121 5.2 - 119 299 .2
MARAX ST MAT251 EM IR AL o (B30 SR B = SE IR T 90T SRR 00 .2 % . R P ¢, S SR B A A 1 ~F 308 SR AT 4318 07

T 1100010 agsx =3 .38 x 10° T~ 2 - 3 .40( Clayton et al ., 1972) .
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Table 4 Homogenization temperature of fluid inclusions of quartzs from the Shabaosi and Laogou gold deposits
ty/ C
W IR FR FE A NEYEEx FEd 5 bR/
e /ME KA F X ) -1y IR
wE
[ S 4 b Tk Hj; S, 19 230 .4 267.9  230.4~267.9 243 .2
[ S 4 B e ik Hj; Si. 27 245 .9 364.9 280 ~ 320 300 .1
[ S 4 B e ik Hj; S Dy 25 155.5 347 .5 180 ~ 260 248 .1
1 S Rl AR Al hASRD Hj; .2 22 145 .2 276 .5 145 .2 ~ 240 199 .7 266 .5(71)
1 S0 A AR e FSH 5 Ak Hj, D; 12 129 .3 253 .2 130 ~ 250 166 .6
1 S0 A AR 2y B S5 A ik Hj, Ds 22 149 .2 236 .3 180 ~ 220 193 .4
1 S0 A AR 2y TEB 1 16-5 20 164 .1 223 .6 170 ~ 200 182.2
S|
JERSZIEN IR Hj Ly, 30 173 .8 4521 230 ~ 290 300.5
JERSZ N IR Hj L, 20 170 .8 354 .6 250 ~ 354 .6 285 .0
JIIRERTEN L ek Hj; L., 15 225 .7 439 2 250 ~ 310 332.1 295 .2(126)
V5 44 REREET Hji Lyg 26 236 .8 301 .6 236.8 - 290 270 .5
V57 44 REZEESS Hj Ly, 35 231 .2 384.5 231 .2-370 2299 .2
AR LS LINKAM THMS-600 Z0A A IR AT 35 MO 2% M BR B2 2 e 1 R 38 Ak S 46 5 505 5 P 018 AR 1 — B o SR SR

RO TS 6= o

BT ARG KA K SR IR G A
A3 ZE AL
3.4 WHRAEBRERERTRE

AP G R W0 MBI & 12 s
B ARE S A AT T IR E B A A 24 R
TN A .
3.4.0 TR

B NI IR AEAE 3 PSR I i AR AR IR AR
AL

WA R i 2 AL, AR E S BUN T
50 % , RIRTE 10 % ~ 20 %2 [6) 53— B AH .
HPANMEARKRNZAE S ~10 pm 200 . WEMEN
RENTE N PN EUNTE N

T co, “AHAEEAR 1A co, WAH co, i)
—ANBAHA R . co, AT B AT 30 % ~ 90 %,
BIERK G AE co, A A co, F AR co, I
20 % E AN KRN ZAE 10 pm £, KA
I LIS E B AR SRR A

af co, WM A co, 4k, co, At
CO,RMHEMS % = MU EERKRK,— K HA1o ~
15 pm. EFRMAEARIR D W AL A
FE ORI
3.4.2 ¥lRE

WERIEN 7 AFRES B 141 DN ZEATIE
AR 5 FREE T 126 AN TR ZE AR — VL 25
RIWL 4 FIE 5 6.

W& Hjy 'S, JHjy S, . M Hj, SDys ik

oy
i

AT E K, 70 AT AL AR ST 3 B — R R
266 .5 C ;PR Hj, S, AT AR b s N E
A R T I R R 199 .7 C L FE
Hj, Dy A1 Hj, Ds A J5 30 AT D Kk AN ST 2
PERE S T3 — R E N 184 .0 C RN 16-5 Tyl
WM A FEA T XY IR 182 2 C L &
B R AM UL 2B A S, WHjy S AT Hjy SDy
3 NRERF Y IR T (266 .5 CRE TR &
B AR BE A Hj, Dy A Hj, Dy (738538
(184 .0 CYFR T Bl Ja I RGBS FE 5 16-5 11
SRR IR (182 .2 °C) Ay A e SR B AT AL B B
WRE W0 s AFFE A0 0 B o BE K, BE

304
1
i B 2
204 3
£ ]
Z
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5 RENEN IR AR R E T
1 — R IR L 2 —PhAR R T 3 —HEBRAT B BUlR 2
Fig. 5 Histogram showing homogenization te mperature of
fluid inclusions in the Shabaosi gold deposit
1 — Mineralization te mperature ;2 —Te mperature of altered rocks ;

3 —Temperature of stibnite-forming phase
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cat A Mt IR . MR LE AR T R
1 B . o .
30 = %2 I tEREE TS E. Nat/ KT T 0250 ~
20* 15 8952 18] *F ¥ b6 .052. BB 747 F .a” Al
K SO L, EELL a oy E L IR sop LI FE R
Z . .
10- K .,802 /" LT 0.049 ~1 .481 Z[0] P34 K
m 0.519.

%50 190 230 270 310 350 390 430 470 W AR ASA R BL B, 0 F1 co, LK
t/'C N = -
NN, .G Hg Ml CHy i A E) co.0o, Fl H,S X
6 BTG IRFLAL R R — R B H T . Ccoy/ Hy0 LU/ T 0.049 ~0.160 1) TN
| —ORPAH B 2 —& co, =AHE A 0.112. MBT O CO- NoC He CH COH.8

Fig. 6 Histogram showing homogenization te mperature of ’ ° 2 Or No- G He- + Or 2

fluid inclusions in the Laogou gold deposit
1 —Two facies fluid inclusion of vapor and liquid phases ;
2 —Three facies fluid inclusion with CO,

B —IREAN T 270 5 ~ 3321 C2[A] 5 AREFE A
o126 AMMRAR AR 3—REE 295 2 C AR
KT I A RS

S M e I o S A W 8 LN S R (15
PEHA 266 .5 ~295 .2 °C  HRPGEETIK
3.5 WHIRIKEREKRSHAR
3.5 ALEEARSH SR RO BEAR BT

DAL A AT W T BN 5 17 3R ) ™ R
LRy HEAR AR T W ARG 21 5) . ARWBESE T
VEXIHD 5 W A RV A R BOR A D AT T R
B 3 HT IR R WK 5 .

B A4 A T B B D Nat KT

A .

T ELZE PR A3 R HE R W] BF T IX A IR 11 ok
R E TR (125 SR A A A 2 TR R AR T K
FSCA A b s Bl e 2 G K AOK T AR A
PR HE A
3.5.2 HNUERBEOLR 2 EREN 8T

XD RGN R VA S A A 2 RS 1 43
HEAT T WOh S8 o b A5 R 3 6 R 7 .

WO W A 2 PR ™ e TRE R AT (b B B
FURSA™ J5 41 Bk . &5 R B, A oy 32200
N, .CH, .CO, 1 H,0 LN H, /Nl AR AT
DR CORM CyH, . FEBC R 2 ik rnT WL
N, .CH, 1 CO, U (& 7a b) . FE&L Hjy Ly, N ETH 4
W8 e e ik, SL AR G R R BE AR T 2
S B ARG Ry S A EEE N By OFf

#5 MRREVRAERGBRERS REFTSH
Table 5 Compositions and related parameters of quartz fluid inclusions from the gold deposits

N . HOH A w( A /10 cCHBUAH) / (mol/ 1)
WIRAR  HS o - -
K Na* K"  Ca®" Mg* - a so Na* K™  Mg"  F° a so
0 5 Wi
Hj Ds W JEAENK  6.944 0.731 JHE JHE  0.096 11.490 0.766 0.302 0.019 — 0.005 0.324 0.016
e
Hj L, TEAVERK 4.696 22.795 JRE JHE  0.535 4.396 1.286 0.204 0.583 —  0.028 0.124 0.027
Hj L5 TaAYNK  8.999 2.858 JHE JEE 0.256 3.011 0.784 0.391 0.073 — 0.013 0.085 0.016
Hj L5 TaAYNK  3.770 0.783 JEE JHIE 0.144 2.914 2.615 0.164 0.020 — 0.008 0.082 0.054
HjjLyy  S&AKEMK  2.028 6.161 JEE 0.353 0.469 8.332 16.698 0.088 0.158 0.029 0.025 0.235 0.348
s i HWHYH x(“AHY /% FRIESHL
WIRAR  HS o ——
EZ S H, 0 co, CH, CO GCHg H,S N, 0, Na'/K' SO /Cl” CO,/ H,0
b
Hjy D,  JEH G A %K 82.784 11.646 0.898 0.136 0.147 0.002 4.083 0.220 15.895 0.049 0.141
e
Hj L, TaAYENK  88.660 6.849 0.433  0.060 1.497 0.007 1.428 0.446  0.250 0.218 0.077
Hj L5 e 85.517 11.552 0.398 0.388 0.500 0.007 1.038 0.360 5.356 0.188 0.135
Hj L5 eV 82.770 13.241 0.434 0.295 1.318 0.005 1.125 0.668  8.200 0.659 0.160
Hji Lyt TAaAYEK 91 .236  4.509  0.479 0.302 0.813 0.014 1.718 0.537  0.557 1.481 0.049

T A e e BRI STB  B U A 32 [ DIONEX 2 | 21201 AL B T AR A [E 7 ORI 9442 AL T IOBOGIEAY
NO; PO} Al Bro HREACT R o« — R TRDIR . SR TR ZE <5 % AT BT ik 2E <2 %.
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Table 6 Vapor compositions of fluid inclusions in the gold deposits , determined by Laser Raman Spectrometer

FEf 5 K& x(B)/ %
W IK% R £ B R CO0,/ H,0
(" )Ef%\ H,0 €O, CH, H, co N, CeHy GH, GCH, C;H
1 5 MW
16-5 PR MEEED™
AP AH 13.45 10.22 21.79 2.98 0.48 51.09 0.759
P 15.07 19.32 21.37 6.16 38 .06 1.282
IR PIAA 18.00 14.11 16.26 4.23 47 .40 0.784
I 5.88 11.28 24.17 6.70 51.97 1.917
Hj; Dy U™ 5 A1 5k
g S AH 3.22 0.66 20.01 2.01 74 .09 0.206
PR 4.89 21.41 35.60 3.37 33 .69 1.04 4.379
AP AR 3.7 31.61 32.15 1 .44 31 .63 9.964
fE fH 9.55 3.70 16.21 3.41 65 .04 2.09 0.387
ai Al 1.66 2.24 20.38 1.07 74 .66 1.348
AL Hj, Ly B A1 5k
AR AR 75.39 21.61 0.48 2.52 0.287
IR 78 .88 18.27 0.62 0.18 1.80 0.25 0.232
KPR 89.70 6.18 0.56 2.98 0.8 0.27 0.13  0.069
S AN 54.02 37.08 0.71 0.50 7.46 0.22 0.686
MARAX YT Renishaw-2000 %L 5 L ARWOGH B 560 TR AL 75 MROR 22 M BRBE 27 2 B b BTt Ak S 3 =2

S

W frB/om?

CO,

Hj L,
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Fig . 7
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7 WEH W R BB 2 K

a. FEfb 16-5; b, FES Hj; Dy; c.d. FF it Hj Ly,

Laser Raman Spectra of fluid inclusions from the Shabaosi and Laogou gold deposits

a. Sample 16-5; b. Sample Hj; Dy ;c and d. Sample Hj, Ly,

co, N N, fl cH, , Nl EART IR DB
CO .Gy Hg Gy H, Gy Hg A1 Cg Hg ; FE G h7 2 P 3 vp
AR co, AT N, W 7¢ ) .

RREOE L S O6TE U R T E R AR

PR VT A N A R W 2 VA S T R i A 2
SA A Hy0.c0, AN, o 55 034 (R
Hjj Ly.y) 878 T AW IR AR S 5 B0 i B i 1
FURH Ja R A B RS o h AR L iR %
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f] H,0.CO, 1 N, (HZNHIL T K=K CH, (FF
16-5 F1 Hj, Dy) 2 B RO MR SR e J SR 2 1)
St Kl B s K RN

4 Wow

4.1 LERIZHETHRKE

P iE i« EPE*“!&&HW( Mesothermal gold de-
posits) ” A Bl P i B B[ 0T R ARG 7
VDN = I N A S DN L S NI E Y T UNE A -
T UHEFE AL Hodgson et al ., 1993 ;Sillitoe , 1993) . X
ARG IR HKdr 4 HAMEFH G LT 2RO
IARTE e SEE W S0 “BUR ™ « mBUA 4
T Fi 5AR NEA R BKAR E07 55 ( Groves et al .,
1998 ; Sillitoe et al ., 1998 ; Zorin et al . , 2001) ;&K
S IMER T FAC\ T TRIARIE | e Wi oy A 5 73
G ATNKR SR (A EE 1993) A LA
T e AR S TR G (SR A 2000) .
IR S T RAEAS [R] Rl R 5 1 I [ A
ol 1Dt s AL S TS < T oo Y 7 N = R S R B A E P
PEIX — 8w HUE T R IR X 2 IR v 1) 2 f
AT .

BEA S0 PR AIF 90 R BRI 1R R R AATT 38 ¥
NIRRT SL G0 R AT FHARL A b o R A6 22 e AE |, I
HAS & L AE A 9% Groves et al ., 1998 ; Kerrich et
al ., 1994 ; Goldfarb et al., 1998) W KL T & 58
WL % i WAz i S e AR AR AR
I ARERA T IE SR AR T AU AR DO R
H1JEJK( Kerrich et al ., 1994 ;Barley et al ., 1992) .

TN AKX Eq R A — MR B 1 A IR B
Fil(2 ~20 km) JF WA NEKERIY Hg (Hg Sb( JRAD Ji#
BRATY 1A R AKIKCR Au-Sh( R EAH) | Au- As- Te( H1 K
AHY AT Au- As (IR B AH) 1 21 43 73 47 ( Groves , 1993 ;
Hage mann et al ., 1996 ;Ridley et al., 1996) S
R X — AR WIRAFFS Lindgren(1933)
IEE S AT, Groves 45 (1998) HEUCR: L ff« 1
WG R 2 TR RS LR A
K FEZHEFEHI G IK |, Groves 55(1998) i i
Po R Kt L R G R R 40 B 3 AR - vk
(<6 km) ,"FH (6~12 km) AR (>12 km) .

Groves Z5(1998) Al Goldfarb Z5(2001) M 45X
W IR B SO RF m A - @ 38 L R G — A e 2
FLIARE S AT % AR AR ot A AT — BUR G &R

XA RAAEFENE ; @ BT IKE 2 Wi 2440 ; © Az
TAE BR B S Ml E S co, s K FHE
LILE ; @ Bl AR PR A ) 237 ) 78 J LK 21 LK
NN e B I = 1 1 i N I A T R G 2/
WHELEILEKWTEE AN A AR ; O A0
(B PGS A — 80, KR E ) Hy, 0. CO,- CH, it
W SR BTIRE R R L% — 1 co, MR
( 25 mol %) MARKFHE ; ® 7 A i A& AL <
3%~5%) ;@ ISR W E B0 AL R AT
3.8 %o~ 13 .8 %ol [H]  FEAUAT T N 1 AS [H] T
PRI R - 2.1 %~ - 6.6 %) 3 82 C [H
- 4 .47 %o~ 6.62 %, 8% OHAE N HAREEA WA
5 %0 ~ 8 %o AL AEHH IR T T 2 %

Wi e RS RTIR oA T BRI
MY Y 52 I AR P ) SE A (1) 9 T — AR A
PIPE- PIMavE By DAl ) A A T B 1)
IR AR R b 1) S A6 2R 1) RGP 1) ok 5K L 7 54
o XA HE RS TR ARSI S IE
VAT 2 D10 R IE 3R 00 IR T T Al 43 s 1Ly B 5
(Li et al., 1999) Fl & filf 48 3 3 38 55 (2= 40 Bk 25
2004b) . BT B2 W R R a A o 0 LA A Ik
FEPE BER) 7= TR AR S (D i e R
STy AT A T AR AR 2 S K (AR 4
Wy PRI G0 B S RS . 0 R
TR X ) LK R R HOIR R ERR JRAD |
() ARIAT S R BEAIR . Ea h RAA L B AT
HE YIS E - BAET 3 %, AR T
F. FIRT RS EIBIE LT L ( Mao et al .,
2002) FIAEIL i XA 43 3 Lt B2 Fh o ) a7 IR (B
FOCEE 2003) 3978 T 3 1 K A A 3 PR
BE . WTIRIIRIAL 2B FU R B, b B VT 2 P ) 4
R SR AR RIS ALK 1.1 %o ~ 9.6 %o ; K
W HGEI 60N - 1.3 % ~ +6.6 % ;B[R R
PR 3 LA B R 2R . ROl A4 TR R BH S T
FEHN Nat KT LIETEERE a Alsol A
o1 Hy0.Co, BTN, Ay 4aX L s i e,
SEU RN, 5k LJE H,0 NaCl-CO,-CH, K& .
T T RS (2004) BFFT D T S0 AR R A
MIEEE w( NaCly) N 0.8%~9.2%, BN 5.0%,
JEARER BT . IR AR AR — IR 266 .5
~295 .2°C JETIHIK .

ZELFTIA | F ORI A N S0 R H R AE S
SRR IS A — B0 85 G0 IR AR A TR
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JUEE s R EA T A R R TR AR B R R R 1) 227

P 2B e BT AR R B, BRI IR TE %

TR HE & 5 5 —H b ik Bl 4 o (L PR

FIEN IR M 2T Groves 55(1998) & XV

RIS IR G,

42 LERIZHETHIZS
AT AL ANAR BRI P 19 2R 5 DUINZR —58 7 2R 38

MR B 4 A VY AR YR R B Bk T

B Mt Bl HOAORIE A SR BT X T DU e A

Bl RIVER 2 FR (TR P B2 55 1998 A7 F ;1998 ; Zorin,
1999 ; Zorinet al ., 2001) ,M%HW( Bﬂ)i@’?’\*d‘:ﬁ
St —R e PR vt Lo R T B B < 3 REHR —10
BRRZ T 168 52 W 24717 4% 8l ( Zorin , 1999 ; Zorin et
al ., 2001) . %3 s kLB 9 IR S DU 2K i 1X
AR 5 A A M = 8 T — Lok v [ 950y s X 7
rh I PR B R A A AR I e Y SRR
ﬁiﬂ1¢&ﬁpﬁﬂﬁfjﬁﬁgﬂﬁi( Liet al., 1999 ;Zorin,
1999 ; Parfenov et al., 2001 ;Sorokin et al., 2004) .
B 5 DU 2R 3 X ] Kl 4t A e 8 0 <e- EH AT
a7 R 2R 350 PR - 7= B9 B AT 12 X RS <R A R

QD EERES VA VA2 7 SN 71K e T I ST a TS I

SR VIR G IR FE RGN IR A5 (B #% 55,1990 ;
RAEH] 1998 ;Zorin et al ., 2001) . BR7= T 5 (42
EL 1A e 2 v ) 2 B e v AR AR 2 A
G S IR Ttk P Al G A s . b
G IR 52 46 1 R 0 R DT SR g s ) 300 e R g A
SN T B R B A R A ( Tama puros uong
2004) TSI 3 S - TR AL )- A 0 PR R RN 4
FYERRKTY S A WA £ 32 g A - BH - R
WA A AR A S A R A
B AP D BT AT R S 3 B A
g —WEE AL A (BRI R ST IR) (B #R 5 1990 ;
poxogybeB n Mp . ,2004) . XEEH PR H T —5

FE R e LAty o R AT ( Zorin, 1999) KA LT

BEECHLDX 3852 TR AL A R SR (D LA il
A E LR —m i AN AN A As- Te
% Aw- As 5 T Groves 25(1998) 32 LA K
— RS L Y A 1 B R K Y e I b R R
H DX ()4 R LA i AR 2 R A RE AL =08 Ak
e B ACH A S R ER R T 2R Avsb 4
A S R R L A . WIES AR I A A
FHA R KB 1 St Ak He- Sb v U R GBI IR
(I S 2 R 0 AT BB A7 AE T I8 I R AR &R

(K145 R R ( Groves et al ., 1998) , Tl Ak 35 P4 3 bl 7
00 VG B Kusk ok win 7 M AN 51 B RS L TV A
Pinchi B AL R4 JE VR 1K He- b IR -
A R R D A AT R IR PR E IR £ Bk R 2k
AR AL, EATTDTE £E e e J LA e [ A, mf
Ae A I HAGR 0T PR 1) M R AR DL ( Nesbitt et al .,
1989) . IR IS L B G i At 1L 2 e v )
BRI AT T BOR B R B 400 IR 1T ¥ o L
MW 2 T8 A 5 A /N B K ( Goldfarb et al .,
2001) . BIRVCHL X i T TR AR AR DU 1)
T AN 2 P e R I e X R T IR R L
UG i PR s L B A R T R G R
AR A TR o EE S
Hiy P PR I O 4 it S DX O e AR it R 2 R I 5T
JEIZIX T L B A I O

5 4 @

(1) BRI iT N S0 I RS AR S
— SR IR 1L A D) I SR I R A AR T A 2
W Ry 3 Hs ) 0T R S A I B

(2) S IRF BB B R AL 1.1 %
~ 9.6 %o JBH K] S OMEAN - 1.3% ~ +6.6 %,
SDAE N - 89 %o ~ - 135 %o ;8 [FIA7 25 3R I HH 8 1L
B R ZRARFAE

(3) B AR B E N Na T KT LB
BT EER a M s AT Hy0.c0, F
N, AT OR A B W cH, s B RN A
)& H,0 NaCl-CO- CH, AR . i ZE AR 1) 31 %
w( NaCly) ‘1170 5.0 % JBACER LA

(4) S W RIR N 266 .5 ~295 .2°C, A
AR IR .

(5) W RRED IS G A 2R R E
Au-Sb 41758 LAY (1) i L R G

(6) TEIRB T $H IR B th R S RS % X
BN BT 1 .

B eRRSCETI G S TR B A T AR
WICHEE IR 45 21 T B sk WF 78 53 KK 0 3 B
HRG SR ARG MBSO . RS IR B L
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