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Fig. 1 Geological sketch map of the Haigou gold deposit (modified from Fifth
Geological Party of the Jilin Geological Bureau, 1990)

LARARE MK AN E; 2.75KE; 3.WRIENE: 4. K& 5. ZRIERS: 6. NEHEK:
T.E2AERRRS; 8.4,
1. Amphibolite, plagioclase-hornblende schist: 2. granite; 3. potash-granite: 4. monzonite;
5. monzogranite; 6. dioritic porphyrite veins; 7. suriferous quartz veins and number; 8. fault

H0 B(E 2); BXE=HM CO,-NaCl-H,0 F(J& 2) fiC XHMEE Co, B, MHDH—
 NaCl-H,0 #AEEAMEFSEEHE NaCl-HO @2k, :

HEARRMRT BE — S KBRS B RN E RS, RIS Ak
THEE,MREK (10—20um), PAKNE, ALK BEAIEKELRSH, BRI HEE
HH, BEMIEKRTD CO BB, B AT S RARY 80%; &5 RARBBA g
Bk, FRSAERDAEEDT/N, BRE—, ETHA K, BL—4H NaCl-H,0 %
o
22 H—EEMBNERE

SR ERFMME R EH AW EE RS —~REME | & 3 FR, 434
B X EIET 430—350°C (ﬁéqﬂ:ﬁ 400—360°C); 370—290°C(4gfF 340—300°C);300—
210°C(HHFT 280—240°C)AT 220°CLL T, AR ES 1111 Fl IV BREM B RS RE S
B, 300—200°CH AR &6 L, 3 BEB, NaCl-H,0 @ 3{&RI CO,-NaCl-H,D
ERERNREEEER -8, FEFIABENS BT, TLUASEITERNERY,
ETR—RE M B . I & & A E kAR R —RE % 115—324°C, £ hF 140°C
+
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-Fig. 2. Different types of fluid inclusions from the Haigou gold deposit

1. AZSEFE NaCl-H, 0 BIE4&E (D,-B, §&AER); 2. AXESHE NaCl-H,0 g%k
(Dy-B, LB 3,4 BEZI CO,~NaCl-H,0 %4 (D;-B, & HEK)
1. A-type two-phase gas-liguid NaCl-H,0 inclusions, auriferous quartz vein, sample D,-Bj;
2. A-type gas-rich phase NaCl-H,O inclusions, auriferous quartz vein, sample D,(-B,;
3.,4. B-type three-phase CO,-NaCl-H,0 inclusions, auriferous quartz vein, sample D,-B,
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Fig. 3 Frequency map of the homogenization temperatures of fluid inclusions in
suriferous quartz veins and altered monzonitic granite from the Haigou gold deposit
1. NaCl-H,0 @3ik; 2. CO,-NaCI-H,0 @ik
1. NaCl-H,O0 inclusion; 2. CO,-NaCl-H,0 ‘inclusion
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Table 1 The homogenization temperature, salinity and deasity of NaCl-H,0 inclusions

= o & ~ % 8RB o
=32 it l!.]l% (=) (W<N*_‘_Zbl)/ (g/cm*) «c) WRAETBAL
s 2K 107%)
D-B, | B | 7 | 2.0-3.1 |3.34—5.04| 0.817—0.885 | 227—279 @%Eé‘é%
DB, | Bk | 5 | 1.7—2.4 |2.85—3.96| 0.857—0.897 | 216—250 HE
D,B, | B#& | 10 1.7 2.85 0.811—0.874 | 216—264 CEXAEC
181
Lo by
DB, | FfEGE ! 4 | 1.a—1.2 | 1.86—2.03| 0.842—0.928 | 164—242 ff;@,&*
DB, | H3k | 8 | 2.4—3.4 |3.96—5.50| 0.812—0.917 | 198—283 CEZEES
1B
D,-B, | B#x | 7 | 1.0=2.9 | 1.70—4.73 | 0.540—0.864 | 224—381 @%Eg%
D,-B, | m# | 7 | 1.0—1.2 |1.70—2.03| 0.816—0.835 | 247—261 ""a&?iﬁ%ﬁﬁ
D,-B, | mx | 2 1.1 1.86 0.771 290 fﬂgﬁ
DB, | Bz | 6 4.0 6.43 | 0.729—0.813 | 282—329 @%ggﬂ*
D-B, | A% 1 3.3 5.35 0.856 251 Q%Egﬂﬂc
DB, | H#& | 8 | 3.4—4.4 |5.50—7.00] 0.578—0.798 | 292—389 Rk
D,-B, | B | 3| 1.4—3.0 |2.36—4.89 | 0.575—0.896 | 196—379 BST K
DB, | Bx: | 2 1.9 3.18 0.565—0.899 | 193—377 CEZES S
2
D,-B, | m# | 2 | 1.9-3.2 |3.18-5.20| 0.729—0.923 | 169—329 Bk

>430°C\400—300°C,300—210°C.<<200°C, U KB T AKX RA-1E RS 4 M B BN EE
BHNEREERENNS—RERS, FATRAUBERERFEEM LR, 5—EBER
TR RE TIRA— &, ARAR R REREAE CO, BEFLBRRERKY,

2.3 R .REFOES
2.3.1

ZiA NaCl-H,0 BF CO,-NaCl-H,0 BlaBkHECI5IFE 1 fiE 2, &4
AERAEHE RN E B ESREXAME 4 BrR, WE4 fE 1. 2 AUEH,
KX RE F R B EEE % 1.7—9w (NaCl)/107%;  CO,-NaCl-H,0 B KIEE %
4.0——11.8w(NaCI)/10"2;/}\%{{%%% NaCl-H,0 @%{ZKE}’\J%&E{%@ 28—-—45w(NaCl)/10‘2°
KRR W42 28 BHEE CO, B9 NaCl-H,0 #ifk; KA NaCl-H,0 ¥k,
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Fig. 4. The relationship of the homogenization temperature and salinity of flaid inclusions

in auriferous quartz veins and altered monzonitic granite from the Haigou gold deposit

1.7#8 NaCl-H,0 @%; 2.4Ff5 NaCl-H,O @¥{k; 3.CO,-NaCl-H,0 @3k
L BRE BRI EH B3 BN 4.8—9.0w(NaCl)/107%; 1L &M TERN LM BB EEA 1.7—8.0w(NaCl)/
10725 2 2.0—7.0w(NaCl1)/107%;  III. R FKIFTLH B EL» BB <4w(NaCl)/107?

1. Two-phase NaCl-H,0 inclusion; 2. NaCl-H,O inclusion containing daughter crystal;
3. three-phase CO,-NaCl-H,0 inclusion

I. represents pre-mineralization alteration stage; the salinity was high, about 4.8—9.0w(NaCl)/10715
I1. represents the main mineralization stage of gold; the salinity dropped te 1.7—8.0w(NaCl)/
1072, 2.0—7.0w(NaCl)/107? mainly; Ill. represents non-mineralization stage; the salinity
<4w(NaCl)/107?

HBEREBEST 220°C K, BEIRE 7, 3B Pk K, 7F 220—420°C BEXE, SR
100°C, FHEEMML 4w(NaCl)/107%, HRERT 280°C I, A3 B H R EE FEIKT
BN, TREE Y 280°C (%2 120°C B, BEFIA% 24 2—4w(NaCl)/ 1072, 7E 220—280°C B4
TR EREXEN, R REE/N, TREFLMBRA, HPAREBBYRT AR, H
AERHARREERARERR, REE KA, REERHBRERAMmMEL; HHM
Wk, FEEE &, R, GARAMREMRER, RPNELERSEK, GENE
Rk EEFSATEREREN 1.7—6.70(NaCl)/107?, FAEAHTH NaCl-H,0 B,
BERERNBEER, BLHBEE, RERRE AT MR ER

232 WME

= NaCl-H,C HAEME CO, MKEAXRI IBHE™ERNREEM, L co, A
NaCl-H,0 43 B4 H ¥ RSy , EHEB R RP R REEEEGE 1,2), HR 1,2 FIE 57
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Fig. 5 The relationship of the homogenization temperature and density of fluid inclusions

1 1

in auriferous quartz veins and altered monzonitic granite from the Haigou gold deposit

1.748 NaCIl-H,0 3% #k; 2.8 F& NaCl-H,0 f3¥k; 3.=# CO,-NaCl-H,0 @Ek
1. Two-phase NaCl-H,0 inclusion; 2. NaCl-H,O inclusion containing daughter crystal;
3. taree-phase CO,-NaCl-H,0 inclusion

DIFEH, NaCl-H,O RiABE >4 0.540—0.962g/cm®, T 0.706—0.899g/cm®, /DL
>lg/em’, CO, MAHFERBSH 24, 0.240—0.351g/cm® (Veo,); 0.552—0.887g/
sm’ (Lgo,)o XU AKRLETHERREHN, REAFERERFENSES, REME, A
MIRGEHREZERIN) HBREST 300°C i, ABEERN NaCl-H0 & (I X), &
HRFERN COo, itk (U X), AN HEREER NaCl-HO0 SERE(ERRER),
KPREKRET b, ELREE.EEEERET, CO, FEAKPIEFMEERND, AR
P4 CO, 5 NaCl-H,0 WARBBEEM; BEs5H I REATKFESTNREFX
(8], NaCl-H,0 HEXE>40.706—0.897g/cm?®, CO, BFE X524 0.552—0.716g/cm’, [A
NEFEREE (>lg/cm’) B NaCl-H,0 FREE (<0.351g/cm®) By CO,, A&
Wb AR PR AE T HEE, B CO;, 5§ NaCl-H,0 RBZERE B, KiExkd co, &
BAFER, NEEL—EFE 0.894—0.96g/cm® By NaCl-H,O ik, EHHIAEE. T
MAME:, NaCl-H,O FiKZE 51k 0.740—0.969g/cm® (£ 0.886g/cm®), #RIE CO,-
NaCl-H,O #1358 Z¥IBERE. |S& CO, fikA CO, HAERE, CO, KEWHKRIRELL
EBAy Bk, AR MR R HO b, KL CO, &iithk%, H& CO, @3{kS NaCl-H,0
BEAREERTAY, BRI HAARY
eor = (Pco, X Aco,) = (Pn,o X AH,O)
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-‘;‘Tdﬂ Or—ﬁﬁilﬁﬁgi Pco,_coz %Eﬁz;pﬂzo_Hso %‘Eﬁ’ Aco;"‘COz WEQAHzoﬂ
H,0 &
RGO E T AT PR B R B 04 0.644g/cm’s CO, BRENRET
;B 68w (CO;)/107%, BARHT CO, HUREM, f iM% MK

233 H4

MARBEARSRERS L& 3, SHERLIH HO /b, Co, &&E, E&E& AR
1 CO,/H,O {34 0.12—0.44, P34 0.23(LLAM G125 0.13—0.58, 1524 0.35), JE&
&HERK CO/H,0 {E24 0.07(LAM 4 0.09), CO/H,O EHAX S AX & & AKX
EEEHERKNEERE, CO/H,0 {F > 0.12 X &EAEK, CO/H0 {H <0124
EEEAERK. SEAEKBMERSEE Frh Na* Fhkd, Ry K, Cav, Mg,
Na*t/K* {534 0.67—16.03, 25{bEKk, Au &4t f 4.4 X 107 F18.6 X 107°C 2 MREADo
A Fh Cl7 SE5E, CI7/F {H24 1.40—43.13, EEE&FEKM Nat/K* ~ 1, Cl7/
F~ =~ 0.65, ERRSBFESHRARSEEFRAEE C7, /A F- WER—H.

R4 CO, &Ew, M CH, & itBK, Nat 1tk KET Ca* M1 Mg, XHAE
MERX(R)ERBERRRK,

3 BB KM

3.1 RTBE.RVEARNTHEE

BT Co, WM, AXFBHERESHRK, NAEM L, mEEH, AXKRY
R RE A ERE, NBEER, RS —RETEIRIEE. RVRELENY
420—124°C; & LAY EIREE ) 300—220°C; £ I R M BRI AT F R B
35 420—350°C (JEHh T 400—360°C); % U R4 YrER(BRE-FEME)N 370—290°C
(BEHF 340—300°C); B I B (BRE-HMALHHE) % 300—210°C (T
280—240°C); B IV RE M BECEH BERMB)RT 220°0C, B XIMNEIES SR EKRN
324—115°C, 5 HT 140°C £,

PR s R B Y 380—240°C &+, HAAELEES 2—T7w(NaCl)/1072, 7#£ NaCl-H,0 &k
ANPESRENERE-EH-FERBE(H6) EREBAFVKEERT WMBRRESED
% 4—20MPa, B LEERYT 04—2.7km, XREBEATKSHELTLHE CO, M
NaCl-H,0 P4 RBHRIER, # CO, f1 NaCl-H,0 2 BERKNBEELRKMEREDIIRE
EREEN 30—102MPa; A ABEN 2.7g/cm® T, T EREMASET 1.1—3.7km,
BRAAX FESEREEN Llkm, WA K WERELN 1—3km,

3.2 By ##m pH.FO. .Eh f0EFSH

AXE&E&EAERBEE-——RKIENEYBRTEAB=EL, AN KA. HEME
ZRERT SEREED FRERMY: ;
3K A1Si,05 4 2H* = K A1,Si,0,,( OH), -+ 65i0, + 2K*
R AKE) H=BF(Ser) A%EWQ)
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BERTFKREBE LSRN
: P RGBSR
500t b A
O\ w(NaCl)
/102
w(NaCl1)/10-2 ’
1000 '
E 10Mpa
2.1 ER TP
1500 Jbs R AR
% (RS
20001 itk 15Mpa
2500}
¢ 000 1 - L
» 100 200 300 400 500

t°C)
B 6 NaCl-H,0 ZAFHESRENRE-EH-RERBGEII BN REE,1984)M

/ ‘ i P
Fig. ¢ Temperature-pressure-depth diagram of two-phase separation in the NaCl-H,O
system (modified from Rui Zongyao etc. 1984)%?

B ik, AR B S W BB AR S — IR BE VB  h KCL IREE BB, AU AR

pH = —i—ng — lgag+ — -;—lgas—i;éf——@’-
SRS EE T RE WA o E(E 4), % o EE5RERE TARhESR S, AKX R
R R - S R , BRET R IR, U R ERER B~ SBR M ~IT T R o

*x4

ALY REY i pH,FO, F0 Eb {§

Table 4 pH, fO, and Eh of ore fluids in the Haigou gold, deposit

BE(C) 1gk lgat pH 1870, ERY) | mEmE
380 7.44 —0.347 4.1 —25 —0.55 I

320 8.16 —0.347 4.4 —30 ~0.5. I

. 280 8.64 —0.394 4.7 —33.5 —0.4 1

240 9.12 —~0.579 5.1 —38 —0.35 i

200 9.60 —0.708 5.5 —42.5 ~0.3 v
REOQREASHERS, E6RVEENMRTES, FAT YT EBESHERSHY

TSR, REBRT B 10,% 107°—10"5MPa (£4); $THERRRE &6
FEIE LB A% —0.5——0.3V (£ ), ISR HEIE RS Y 0.41—0.95(%
3), T B K R TR BB R R XM T AR T i R & R MR, B
BT WIRDHERR L.
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4 PR ERIEERS B A RIR

AXRTEE LI BB, B E 54 1.7—9.50(NaCl)/ 1072, JBEF% 420—
220°C, CO, HURE/R ¥4 0.05—0.40+, BT 7 PG ELEE, ZHEEXB S B T
CO, 5 NaCl-H,0 BAEOARERBEXY, XUEBAKRT KA 420—220°C BEEEN, KT #K
HA—RBENIESSER(BHMSITMESIEE).

BESEBEAELAXSSAERIME_RKEISNEEPLEERE, HBBEE
FEH 380—240°C, FEHEBERE—RONSEMEES E—RNEEERANRERIA R
HBBSEAE S, RERERERK, NiRE&EBV UHNER, ARNEBET Co, 5
NaCl-H,O W RBEHEER, CO, FARREH, BRETELALEWHIDE, MKk
B, S5 Au IKRIETIEE,

seeers Gehrig et al 1979
—— Tédheide& Franck1963

Naumov et al 1974
I Luckscheiter & Morteani 1980

{»25 —+— Takegouchi& Kemnedy. 1965
i ——— Hendel & Hollister 1981

200r!

Xcoz

(COEH: 0P RIBIR )

B 7 NaCl 3} CO,-H,0 RERHERHAVEN (32 Sisson %5,1981)
Fig. 7 Data on the effect of salt on the CO,-H,0 solvns (modified from Holister, 1981)%?

Eh#HFEN H,0 1 «(NaCl)/107%; FEMIEDSNAXGEEKRIMNERTE, BRT
DAHPNEREDRBATHELER
Numbers are w(NaCl1)/10™% in aqueous phase; The solid line of the square represents
data from compositions of inclusions and the dotted line of the square represents data
of single inclusions under the microscope of the Haigou gold deposit

BEXRRAN AKX 4 ALK LR ZFFREA, R WA 6D 4 —149%—
—64%038%0 % —21.5%0—+8.4%0; 6YC X —13.5%0——6.0%0, RIL T 4 6D,8"%0 A5 4k,
K, URFHRFE RBMEIHRORF L. R RANSEARMEAR A 8 f7R, Au
FrH/PRE T R ME, 6D 424 —100%0——64%0, 6*0 %)% 5%0—8.4%0, 6“C Xg—
7.8%0—+4.8%0; Au [ EZRT Y Bt 6D 424 —126%0——100%0, 50 4125 2%0—6%o,
SBC 2925 —7.8%0——13.2%0; A KERBENE, 6D < —140%0, 80 < —25%,
S8C ~ 13.5%0, REAT AKX BRI WA HE F ARG RSMEASLFEHER, BRI, &K
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Fig. 8 &D-6'*0 isotopic composition of mineralizing fluid of the Haigou gold &eposit
(modified from Lu Yuging, 1990)

LB 2.07A; 3.HEDs 4 HHFs S.EEERAR

1. Quartz; 2. calcite; 3. pyrite; 4. galena; 5. limits of normal-magmatic hydrothermal solution

SMEKEERMRBREE, URERTEASENSRARE. EREZMEIERT
MrEdifkd CO,/H0 E <0.5, RIS RHROBIE, R KPEE LA EASHE
Ko

5 4

BRI R AR R, B ISR S TR RE ik B JL A g AR

1.E®& COp, Nat,Clm 8%, K .Ca* . F~ &8I%; CO/H0 &5(0.12—0.44),.
Na*/K* &% >4, CI°/F~ ~ 9, #i{k/f CO-NaCl-H,0 i,

2. RA I MEERY: SHEE CO, #Y NaCl-H,0 HEMKHE NaCl-H.0 #i
W EE EERBETE R, FENRBETHERSMK. 2 BRENBERKART A
R A Bk,

3. B R R 2—T2(NaCl)/ 1072, FEEX 0.644g/cm’, 2R -HEslE
(pH = 4.8), fO, % 107MPa, Eh ~ —0.42V, JRJESEH 0.57, % R EHRE, R
BAEREY 220—300°C, iR #E I8 4—20MPa, - {LIRELA2H 1—3km, RKBIEKSD ..
HEBERESHERERSBELEST BIE—8.
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GEOCHEMICAL CHARACTERISTICS OF THE ORE-
FORMING FLUIDS OF THE HAIGOU
GOLD DEPOSIT

Li Yinqing
(Institute of Mineral Deposits, CAGS, Beijing)

Abstract

The Haigou gold deposit is located in Antu county, eastern Jilin province. The
strata cropping out in the ore field are mainly low-grade motamorphic sequences of the
Middl: Proterozoic Seluohe Group. The orebodies consist of tens of en-echelon aurif-
erous quartz veins striking in a NE direction and dipping to the northwest in gen-
eral. The veins occur in a NE-trending fault zone within the Yanshanian monzonitic
granite intrusion which is situated in the axial region of the Haigou plunging anti-
cline.

Fluid inclusions in transparent minerals, such as quartz and calcite, are mainly:
A. two-phase gas-liquid NaCl-H,O inclusions; B. three-phase CO,~NaCl-H,O ones;
C. two-phase CO,-rich ones, with a small amount of one-phase liquid inclusions
and polyphase inclusions containing daughter crystals. The characteristics of fluid
inclusions in the auriferous quartz veins are very similar to those in the altered mon-
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zonitic granite. Both of them contain abundant B-type and C-type inclusions; in the
gold quartz veins the inclusions of several types are especially well developed, being
randomly distributed and mixed with each other, showing paragenetic relations. Inclu-
sions in a critical and boiling state are also observed. CO, content in th: ore-forming
fluids is high with ratios of CO,/H,0 of 0.12—0.44; the salinity, density and pH
values of the fluids are 2—7wt.% NaCl, 0.644g/cm® and 4.8 (acid to weak acid),
respectively. fo, about 1073®MPa, Eh = 0.42V and the reduction parameter = 0.57.
The ore-forming environment is a reducing one. The most favourable conditions for
gold mineralization are as follows: temperatures ranging between 200—300°C, fluid
static pressures about 4—20MPa and depths about 1 = 3km. The ore fluids can be
classified into two types which were derived from two sources: the high-salinity,
CO,-rich, NaCl-H,0 solution was derived from the post-magmatic hydrothermal solu-
tion; whereas the NaCl-H,0O solution with Jow salinity was derived from the an-
cient meteoric water. The 6D, 6®0 and §°C values of the fluids for the main min-
eralization stage(s)are —120% to —100%e, 2%0 to 6% and —7.8% to —13.2%s, re-
spectively. In the initial mineralization stage the fluid was in the supercritical and
critical state and in the maximum stage the fluid boiled, which led to the unmix-
ing of CO, with NaCl-H,0 and thus the decomposition of gold chlorine complexes
and bulk deposition of gold.

The types and association, homogenization temperatures and composition charac-
teristics (CO,/H,0 ratios, etc.) of inclusions are the microscopic criteria for distin-
guishing the auriferous quartz veins from barren quartz veins.

Key words: monzonitic granite, fluid inclusion, boiling, unmixing
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