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Fig. 1 Geological map of the Qingchengzi orefield (Modified from Xue Chunji et al. , 2003 )
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K—Cretaceous volecanic rock; Pt;—Paleoproterozoic Liaohe Group; Pt;g—mica schist of Gaixian Formation; Pt;d—marble of Dashigiao
Formation; Pti/ --granulitite of Langzishan Formation; ¥} ?—the Second stage Indosinian granite; ¥~ !-—the First stage Indosinian granite;

Yo,—Mesoproterozoic sodium granite; ¥,—Paleoproterozoic potassic granite; A —lead-zinc deposit; <—silver deposit; @—gold deposit
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Fig. 2 Photographs of different stages of hydrothermal alternation phase
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(a)—Veinlet structure (Pyrite as veinlets in quartz veins) ; (b)—metasomatic texture

(argentite replacing natural silver) ; Py—pyrite; Ag—natural silver AgS—argentite
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Fig. 3 Micrographs of fluid inclusions in Gaojiapuzi silver deposit
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B .=f%K; 1bEGEEKR/N—HKN 8~20 pm,
Lcoﬁﬁﬁiﬁﬁﬁ‘tlﬁjﬂ 20%~25% ’VCOZIE CO, Hiik
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I #EEE.FETE CO, KWMME L CO,
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~60% . ZRBEERK/PN—BRIE 10~15 pm, HIE&
X BT AR TE R EE T 4 (] 3-a.de), K
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LR AR RS, - IBUHE AR
HEE EFR— E%%ﬁﬂqﬂr%ﬂl EATA (A 3-
a), BR BATIE LT [R] B 4 IR 9 AP 1E .
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I B B 2R T i WA RSB A B, |
WA K, — BN 5% ~10% . ZRBEEME KN
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FE R AR AL ORI A E (B 3-0), iz B B B R 5
B 80U LS.
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1985; 3K CHESF,1993) . EERIKIEBE R —2.0
~ —12.0C, 8 i Wi & & B K 3.9%~ 15.9%
NaCl,, ZHEEEE P T 9.5%~12.5% NaCly,
(B 4-b), BEEEXY-BRSHFRANFE . H—1k
B E AL TEE N 136.8~358.5C, I I&{H N 220
~260C(E 4-a), KWL KBBRUERBRE—F
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Fig. 4 The histograms of homogenization temperature
and salinity of fluid inclusions of

quartz-pyrite stage
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1— I ~type fluid inclusion; 2— I a-type fluid inclusion;
3— I b-type fluid inclusion
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HoH—2mAF T, PRERY—, Y —BE
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~340'C , iR B IE(E 7E 300~340C (B 4-a), HdF I a
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MBI, 1 b BN FEEEPF 210~260CZ[H;



®7H

REBE UTRRETERT KA ARET R 1059

HIE CO, M —F REH —BIRMERH—FIR
ML, EERRE CO, kR M2 7 B F A E G
WL IWER %, 1999, 65 1 BBk CO, HEE N
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g/em®, AR XUR 1999 F#J %# 4+ E R HO-
CO,-NaCl th R P K A 4 & &, n(COD N THh~
60% ;n (H,0) K 40%~91% ;2 (NaCD K 0.4%~
1.5%.,

B CO, BER. AR —mdRd, 1 5aE
& CO, ke EhREES I TR L,y —56. 9~
—59.3C & T4 CO, B LB EME—56.6C,
KRBT CO, M CH, % B4 MAETE ; CO, A R
3L —FIWAR CO, F K E, MR CO, &8
BEEBRIERY —;CO, Moy —EEALE
Bl 25.1~28.8C; ZEIRTFTE2ERMELER CO, &
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H,O 7 i bm VAR S 45 1B BE 1 — 20. 8°C, IR R BRI
PAETE Na® KT, Ca?* Mg EZ M HE T R4
(Shepherd et al. ,1985; 7k C#ESE,1993) . AKX
BALBE R —0.9~—7.6C, F¥—3.0C, A&
REREEHR 1.0% ~5.6% NaCl,,, 2h E 4 (F 2. 0% ~
5.5% NaCl, ( 5-b) U BEUH—ZWAH R F, 3
— AL B E AL TEE Y 114~190°C, iR BE1E{E Hy 130
~170C (B 5-a). KK BB EEFRE &
BORE—EHIXEFTRGIRE, 1999, M EH#K
FE S 0.9~1.01 g/cm®, 3 0. 95 g/cm’®,

8f (a) Q)
6 4
B
§4 B r

2}

0 0
100 140 180 220 01 2 4 5 6

¥H—8E (1, C) £ (%, NaClyy)

5 MIMHBSBEAEAY—RE @
RHEEEITE D
Fig. 5 The histograms of homogenization temperature

and salinity of fluid inclusions of nature silver stage
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AP CO, BENFEEME HO FREG, I
SR EF B CH, H,S £ 84 (F 6-b.o), B8R,
O ¥—HED B B R AE BB NaCl-H,0-CO,

ML B MR EEER S N E L HO B E
(F 6-d) , A& EE M. XFRERS LR
HERE-BEHRTHMBEREWEAR, S&R
NaCl-H,O & & il

6 Tt
6.1 HF REMRE

BEREBETHV KRBT REUKBERAE. & CO, =
OB CO, HEEERNE, HkAR—EE&EMI B
RAEGEERRT ER M ERAEKNEARIE. B
FZMBEAEPRINEE L. LI RN BJEARE
B, AR A = 1 T F — A B R,
HAHEBERRT RRLETF-HAHIRES
(Shepherd et al. ,1985; 7K 3CH#ESE,1993) . = X Fp
A K R REH B A . @ NaCl-H,0 5 CO, B #
AR FERGEEER; @ FEXH4S NaCl-H,0-CO,
Wik R ERNBE X THI#E , Bt NaCl-H,O & CO, B
AR EREBEAMERSLOELR HEEE
REFFEB KBS A, Ra, i A SR
B E CO, BARKWEER, H CO, g HE X
BE,XS5ARUERLIRESEAF. WERK.®
gy ah .l MaBEARERANEE, ER
3.9% ~15.9% NaCly,, I&{H 9. 5% ~12. 5% NaCl.;
J5# R 3.1%~8.6% NaCl,, B 5.0%~7.5%
NaCle,, BB R S8 2 71 18 X P L
SHEHE, FEOFAREBEEATAERSY —8
NaCl-H,0-CO, Hifk# 4> 8t 8 CO, Wik, |
PSR ERA R R NEEEAR S TERENR,
I.IRABEAEMEREE—REBET 1 &
B X — AR B A A AN R /R AL, B
4 JE 1 ¥ 51 B9 NaCl-H,0-CO, 7 F Br &b 18 . 1 &
AT A AR B AE R, B E NaCl-HO Bl
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Fig. 7 Diagram showing homogen{zat!’ion temperature
versus salinity of fluid mclusmns
(O—FHEEET W 1 WEEE; (b 1.Eé‘iﬁﬁﬂ“ly‘
BIEE CO, mEE;()— ZEJ_ﬁB"&‘ 1 BB
(a)— I -type fluid inclusions of quartz— pyrlte stage; (b)— 1 -
type CO,-riched fluid inclusions of quartz*pyrlte stage; (c)— 1

type fluid inclusions of independent silver stage_!
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Fig. 6 RamanI spectra of fluid inclusions from the Gaollapum silver deposit
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Fig. 8 The #,—n(CO;) phase diagram of carbon

dioxide-bearing three-phase fluid inclusions

NaCly,, FHESE S RIAEEEY—BBAH, SEK
¥—REN 110~190C, FELEH TF 130~170C,
X—-REEARRTZV KEGRHEERT BE.
R4 L H,O #1 CO, HE,REF—-FEHIHMK
B KR A NaCl-H,O R R AR .
6.2 MERHRWBESH

ERERRESE PHRORIACQER, HE
WU TCA A TR SRR Y — B AL B EAAER
TRFER B E GESCHESF 1993 X% ,1999).
ARAR-HETME IR Ia RIAEKNHIR
T8 NaCl-H,O W& K& & CO, A It 1 % F it 7T I
R AR, B —RE T RBR R E TR R
BB EE AR B R UEENBEREE, [ 8
SHREHEERY - REEABET Ia 2E CO,
fE Y — B, X F B4 7E £ K Sigma, Star
Lake % R 26 & 7" 13 38 77 7E , Robert % (1987) .
Thbrahim % (199D EIA A . XM AL R B T E K
HERELEZRANRBEEAMER. EXMBELT
1 AR — R R R R EEMRK, &
Ela Rk 1 B@BEET, 1aBQEEY—REHER
ARMEBRTRTREE EEREF, 1a BGE
IR — B E  298~340C, EW B R ETHT
KRB R VE AR EIRE N 298~340C,

MIREHRASEARMTHEHATTHER. AR
BFRRBREP KRG TATHEREN 0.77~
0.97g/cm®, 3 0. 92 g/cm®; CO, Sr It 7 %
0. 63~0. 73 g/cm?®, -1 0. 68 g/cm® FIFHE AL

ARG RT MAEMIREI{ERN 82.0~142.0
MPa, 3 E f1 Rk 112. 0 MPa (B 9), KA £ 4 =
(Shepherd et al, 1985) {5 &, HAH N KT EE X
3.09~5. 36 km,

HFEARMIVENBRT AFEETLUERK
BT, REEE, RE - RUERTE, KR
THREEANTEKEHEENZNE,EEHKE
J1, R R E I B 3 B 8 5K 88 AR i
(198 WML/ AN, KRBT ESH 8. 83~
15.57 MPa, ¥k 11.18 MPa; fE B B0 R E K
0.89~1.57 km,

180}

0 100 200 300 400 500 600
,(°C)

B9 B A
(K B #& Roedder %,1980)

Fig. 9 The pressure estimation diagram of fluid
inclusions(after Roedder et al. ,1980)
D—CO, &% Q—HO KBS EL
(D—isochores of CO;; @—isochores of H;O

6.3 HH SRR _
EEEMN AN T KIS ERAEEER
RO (R D, LUK I, Hil A Ak LU SB B A
% CO, =M. B CO, BBEARME TV W=l E.
I BB R —REF 139~371C, 8 & 8. 2%~
13. 2% NaCl,, B 0. 75~1. 03 g/cm®; 1 Bifu B ik
H—EE 254~390C; V RIGEEKY —RE 184~
303, E5BF 31. 1% ~38.4% NaCl,,, XU E &K ¥ L
TR —A ZJOR P, WA s L H0.CO, h %,
/& CH, .H,S.N,, B F W& &4k 8 NaCl-H,0-CO,
BRR ATARRH, BRETEY R ERY BBk
X AR NaCl-H,0-CO, & &R, H KM R 5 E X
s E PR AR B MU, RABHRETHY
RERD B B R EE R 8 B A R s,
BEAELD BN (2003) B4 K Al Rb-Sr Al Ar/¥
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ArEMNERETHRVERUBT —H+ 28 HE
THRRPER . BT A T AR AEEARR Rb—
Sr 4R R4 I % 234+ 14 Ma;®Ar/® Ar 378 R
BRAR B4R A FEPPEAE S 1,—238. 80£0. 60 Ma, HT 48
£ £,=240. 354+0. 88 Ma, B, ERERSXKNH
BN 3 B B 3 — 2 S 1 A AR A R R S R D B S
WAEEFERGEFIRK.

HAFME SN (FEHE, 199 R, Wy 1EH
W M B 4k D= —51. 0%, ~ —70. 6%, 55 FK K
3D Rl ZEHE IR ;00 = —8.63%~ —7.74%,, 5
I RARBEKL, X 0T e % 24 K B AR S IR
B 5 RS MK, X500 B B w ik
HEML. ZMBEEAXREY —BE . HE &
RS LHERAEARTAHER—EET MERRER
B, BKE RSB NaCl-H,O & R &, X #
IR R ER BE 0 T 4 15 BT LT 44k e B B T R
FHEE D, ARG ERABRIAERIBEKNYIE
Ao
6-4 Y TEHTIES

KEMBREH  REWNBEBERNEET
EWTMENEEEEENHAER EEBENEE
HENEZ — GRS ,1997) . R R YA 1 —F
{RAR R B A DL LAY S AR, AR T R
B HHIRES , BB A 4 UL R (R SCHE
%%,1996) ., 1N Alaska B F & AT S B UTIE T REZ
1 FE CO,-CH,-H.O & # AE% 518 pH E &1L
T fik & i (Read, 1986); Ibrahim (1999) X fif 22
Masumbiri 1 Sierra Leone B" FE & & 7 J% Jk 9 Wi &
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H,O 4 8, B 8 T & — % E # NaCl-H,O %
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T RF W pH.Eh. fo,. /s, £ &4 B ET 1k, ¥
HREBHRAY IR SH A4 2 HETIERY .
FHRABRANBRT XRREEWE R T KE
i TR M 3 . B 2 R PR L BEAT B e B A ST AR B R
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7 &g
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(2) T MBI AR —EHEY B &, iiER
43 L H,O #1 CO, £, F B & F M E K CH,.H,S
&, A Wik & NaCl-H,0-CO, RBH KR, M E &
Y—JBE 136~359C,#hE 3. 1% ~12.5% NaCl,,
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®1 BEREFRTVEKREERTRGETESHR

Table 1 Main parameters of ore-forming fluids in sil ver deposit of Gaojiapuzi and granite rock

- - ¥—HE BEWW, WAk E HIRE S By B
TR/ A BY #R HERER | W5 e NaCley) (g/em®) (MPa> 5 (>
0.77~1.01
GECHE A JILELN | 126 136~359C1) 3:97~15.9C1) (PHO) 82.0~142. 0/ 3. 09~5. 36
HMREET B 210~340(T) 3.1~8.6(1) 0.63~0.73 '
(CO2
IS AR B B IV 20 114~190C 1) 2.0~5.5(1) 0.90~1.01 |[8.83~15.57| 0.89~1.57
[,0.1 139~371C1) 8.2~13.2(1)
Hig 2 Ei 32 107 254~390( 1) 0.75~1.03(C 1) / /
V.V 31.1~38.4(V)
184~303( V)

e LU I —& CO, ZA@BEA; 1 -

B CO, BB V- B HaEE, V & Foy = Mask.
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MPa, [R5 E 3. 09~5. 36 km ; B 3 7 <7 4R B B
Wik EE R HO, 7 fikE NaCl-H,O f& &,
AEEY R 110~190C, i EHN 2. 0% ~5.5%
NaCle,, % E 0. 9~1.01 g/cm’®, AR H K E s 8. 83
~15.57 MPa, iF B X 0. 89~1.57 km,

(3) ST bk A R PR KA SErh ik A
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Fluid Inclusions in ihe Gaojiapuzi Silver Deéosit, Liaoning Province

DAI Junzhi!® g .WANG Keyong”, MAO Jingwen"”, YANG Yanchen?
1) Institute of M meral Resources, Chinese Academy of Geologzcal Sciences, Beijing, 100037
2) College of Earth Science, Jilin University, Changchun, Jilin, 130061

! P Abstract .

The Gaojiapuzi silver dep;os‘it' underwent earlier sedlmentatlon —metamorphism phase and later
hydrothermal alternation phase. Detalled microthermometric studles and Laser Raman Spectroscopic analysis of
fluid inclusions indicate that there afelots of primary fluid mclusmns developed in the hydrothermal alternation
phase, whereas hardly any in the sedlmentat10n metamorphism phase There are four types of primary fluid
inclusions in the quartz—pyrite stage I, two-phase aqueous, II; three phase carbon dioxide-bearing, III,
aqueous-phase carbon dioxide and IV liquid only. The ore-forming f1u1ds are of NaCl—H,0—CQ, immiscible
hydrothermal system. Mlcrothermometrlc studies indicate that the temperature, salinities and pressure vary
from 136 to 359°C, 3.1% to 12. 5/ NaCles 82.0 to 142. 0 MPa, respectively. The fluid inclusions in quartz
from independent silver stage are mamly of types I and IV, with lower homogenization temperature (110 to
190°C), lower salinities(2. 0% to 5. 5% NaCl,,) and lower pressure /(8. 83 to 15. 57 MPa). The ore-forming
fluids belong to the NaCl—H,0 f1u1"d system. Comparing with the'}jfli;tgid inclusions of Xinlin pluton nearby, it
can be concluded that the ore-forming fluids in the main stage derived from magma. In the ore-forming -
process the ore-forming fluids underwent immiscible process to m15c1b1e process that brought positive influence

on the concentration and prec1p1tat1on “of silver. : W

Key words: Gaojiapuzi sﬂver dep051t fluid inclusion; ore- formmg fluid ; fluid 1mrn1501b111ty
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