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Constraints of f, and f; on the Paragenesis and Separation of
Mineral Assemblages in Hongqi Pb-Zn Deposit, Xiuyan
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Abstract; Based on field investigation and microscopic mineral identification results, the
thermodynamic lgfo,-lgfs, parameter state diagrams of Fe-Pb-Zn-Cu-O-S system were plotted by
calculating the oxygen-sulfur fugacity of main minerals in Hongqi Pb-Zn deposit, Xiuyan, at
different temperatures. The controlling factors and physicochemical conditions of minerals
paragenesis were studied to provide a reference for solving the ore-forming fluid evolution of the
same type of deposits in the Liaoji metallogenic belt. The results indicated that T, fo,, fs, are key
factors for the precipitation of ore-forming elements and the paragenesis of mineral assemblage.
The large stable range of sphalerite is controlled by fo,, fs,, making Zn" still transportable after
galena and pyrite precipitation. Cooling is conducive to mineralization because the minimum
lgfo,, lgfs, formed by minerals decrease when the temperature is lowered. The tectonic fracture
zone provides a migration channel for fluid, and it is also a good geochemical barrier. In
prospecting process, it is important to pay special attention to the places with fault structure,
gossan and medium-low temperature alterations.

Key words: Liaoji metallogenic belt; Xiuyan; Hongqi Pb-Zn deposit; Igfo,-lgfs, diagram;
mineral assemblage
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Fig. 1 Regional geology and mineral map of Liaoji
metallogenic belt
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Table 1 Characteristics of the major orebodies in Honggi Pb-Zn deposit, Xiuyan
LR UNESIN T % IRESSN
Wk g (i —
FE 7] i 7] i £y Pb Zn KEE/m  JEE/m EHE/m

I EwW NE 47° ~49° 1.15 1.75 200 1.22 100

I -1 NE NE 55° ~57° WX ILHEP 1.05 1. 67 150 1.3 80

I -2 NE NE 59° ~61° 1.28 1.96 150 1.26 30
I EwW N 30° ~70° N 1. 04 1. 47 500 — 168

[X Y
I NE SE 30° ~60° TR 1.85 1.3 300 1. 15 126
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Fig. 2 Typical mineral assemblages of Honggi Pb-Zn deposit in Xiuyan

(a)—Sp + Gn + Py, I LA B B 52l i 0y g B2

L5 BRI N AT 5 5 T R B R A

(b)—Sp + Py, IR BERE A5 A T BT 1 RSB k™, AT DL s v bR il
(¢)—Sp + Gn, J5 By LR = A FLWL. R ARG SO U R B I BT
(d)—Gn + Sp + Po + Cep, W B i B H 6 o B S AN BET I S AR AR5, 5 IN B S A H 7

AL TANINEZ 20N 4R 7R T N R U B SA S RS

(e)—Py +Gn + Sp, B EA NIV 1, BN AL J& T HeLE i, Jr 8 s ARB k™, N B S RO B,

Az Y Py—Gn—Sp;

(f)—Py +Sp + Gn + Po + Cep , I AL A B ERAT N BEET D7 YR 18 5 B B 058 01 26 B iy il s R 52 AR TR

SARFAREEHA.

A=A REIE R ], %8 K i Fe - Pb - Zn -
Cu - O — S PR M AL, AR 154 1) 1 1 o
TEiz A% i B P BE ) BRAL 7 S R U T R AR DOTE,
FHd A A ) B 3L LR o S, AT A [
AL 5

3 lgfo, —lgfs, EIRIFEER KW H

AR 2 B ) A0 BT TR A
BRI -4 ) R — A 1 B %
TR AR, SEHGR R RUCR AR - I

i ) R A BRI ) o B AR R T T R
F MLz —") il i 22 WBE WL I B 2 5 B
R R R P B 2R A R R AR X
TCEATHAHIZY, AT AR - B B i A o e
TR Ml £ B ™ it A vp A A R R i B
TE2EABE AR S R AR SCHER A0 A A 0F
FEMFERE I AR MRS 5 R R i R AR A R R
RN S FNoC R AR, FE ST 6 N (1A 27 s
X, IFiz FHSCHR[ 26 ] iyl DR RS SR B
Tt 5 TR ) B I A B AL 2 S AR A TR
22l T I LA PET K Fe ~Pb -~ Zn - Cu - O —



1002

AKX FFR(ARFFIR)

%41 %

SRR T 7 1gfo, — lgfs, ZHUIREK, LI #r

AR GEGRBE BOREAAE F I E R R,

x2 AMEBHTAEIEYTYMBRMNT YERRT (XK 11]2)
Table 2 Metallogenic stages and mineral-forming sequence of Honggi Pb-Zn deposit
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#*3 25 MPa fIRRIEE TYWRHAFSEH (HIERIEXE[26])

Table 3 Thermodynamic parameters of matter at different temperatures with 25 MPa kJ/mol
Y AG(298.15K) AG(473 K) AG(533 K) AG(593 K) AG(653 K)
S, 79. 456 52.599 52 44.249 14 36. 123 94 28.294 48
S, 48. 835 24.357 62 18. 946 01 14.264 21 10. 479 17
Cu, S(HEHIH™) - 86. 869 -91.792 69 -93.726 07 -95. 693 47 -97.773 76
FeS (REHERA™) -101.334 -101. 844 19 -102. 15133 -102.51193 -102.91970
FeS, (BEH") - 160. 23 - 152.099 32 - 148.561 03 —144. 835 63 — 140. 870 67
PbS( 7451 -96.075 —-94.493 65 -93.617 65 -92. 660 65 -91.18796
ZnS(NBE) -202. 497 -199. 166 15 -197.670 71 -196. 102 91 —194. 37505
CuO(EHH) —-129.582 —-113.62332 -108.247 71 -102. 899 91 -97.641 68
Cu, O(FREH™) —146. 046 -132.85257 - 128.788 56 -124.48776 -120. 258 51
Fe, O, (#F4:H") —742. 435 - 695.034 37 -679.111 00 - 663.331 00 —647.825 54
Fe, O, (HERRA™) -1012.634 -953.581 80 -933.788 94 -914.119 74 - 895. 020 29
ZnO(LL5EE0") -320. 493 -303.077 21 -297.17126 -291.304 46 -285.422 82
PbO, -215.347 —181. 040 30 - 169. 412 96 -157.840 16 —145.939 29
PbO (41 #) - 188.589 —171. 569 07 - 165. 829 35 - 160. 126 35 —154.052 88
Pb,O, (H)1) -600. 932 —532.447 07 -509. 067 02 —485.723 42 -461.134 32

x4 ARIBRETHXT Y Igh, -1gfs, ARARITELER
Table 4 Chemical reaction and calculation results for mineral assemblages’ Igfo,-Igfs, at different temperatures

= fe i fFs lgfo:w3 Klgfs2 lgf02533 Klgfs2 lgfojg3 Klgfs2 lgfoz653 Klgfs2
3Fe +20, =Fe,0, (1) -52.64 — -45.74 — -40.25 — -35.79 —
2Fe,0, +1/20, =3Fe, 0, (2)  -39.29 — -33.26 — 28.49 — -24.54 —
Fe +1/28, =FeS (3) — -28.30 — -24.35 — -21.24 — -18.72
Fe FeS +1/28S, =FeS, (4) — -16.90 — -13.43 — -10. 64 — -8.33
3FeS +20, =Fe,0, +3/2S, (5) — — — — — — — —
3FeS, +20, =Fe,0, +38, (6) — — — — — — — —
2FeS, +3/20, =Fe,0, +2S, (7) — — — — — — — —
Pb +1/20, =PbO (8) -37.88 — -32.49 — -28.20 — -24.64 —
3Pb +20, =Pb,0, (9) -29.39 — -24.94 — -21.39 — -18.44 —
Pb + 0, =Pb0O, (10) -19.99 — -16.60 — -13.90 — -11.67 —
Pb Pb +1/2S, =PbS (11) — -26.67 — -22.68 — -19.50 — -16.85
PbS +1/20, =PbO +1/2S,  (12) — — — — — — — —
3PbS +20, =Pb,0, +3/25,  (13) — — — — — — —_ —
PbS + 0, =Pb0, +1/28, (14) — — — — — — — —
Zn +1/20, =Zn0 (15) -66.92 — -58.23 — -51.31  — -45.65 —
Zn Zn +1/2S, =ZnS (16) — -49.78 — -43.07 — -31.72 — -33.35
ZnS +1/20, =7Zn0 +1/2S,  (17) — — — — — — — —
2Cu +1/20, =Cu,0 (18) -29.33 — -25.24 — -21.93 — -19.23 —
Cu,0 +1/20, =2Cu0 (19) -20.84 — -17.19  — -14.32 — -12.00 —
Cu 2Cu +1/28, =Cu,S (20) — -26.08 — -22.70 — -20.04 — -17.90
Cu,S +1/20, =Cu,0 +1/2S, (21) — — — — — — — —
Cu,S +0, =2Cu0 +1/28, (22) — — — — — — — —
S 48, =5, (23) — -5.13 — -3.87 — -2.87 — -2.05

TE:S, URHMATR, Sy KU RE MW A, 2 lofs, A8 —E E, Z8RHEER N B, 58 SCHE A U BEIE . PRI A S
'S, 5 Sy BIPBIEAT N TR EIBERZL.
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Fig. 3 Igfo,-lgfs, parameter state diagrams at different temperatures

(a)—T=473K; (b)—T=533K; (¢)—T=593K; (d)—T=653 K.

R 1gfo, , 1gfs, MIR/INAT LU E AL 5 1Y
FEEE. 1gfo, , lgfs, #E A, T 156 B 421 30 D 2 3
1. X LSRR fo, Tl A A ALA IR FE 2L T 5,
JIra i B A AL SR AR . L i AR & Zn JT
R, EAHE - 66.92 ) 1gfo, #hL7E ML,
M —49. 78 1 1gfs, A2 LM INEED, B [A) 45
KR/NB GRS BT R TR B ) SRS AmiE

WAEA ). AR T I CLE A B IR b e
I AR L) S 2, A H v 2 B R
B 2 28 D AR E T, T2 BBk IR B 17, 15t
WA I A B TR AR 2 8 Tl IR i
SILARTE T EET ) B i AR IR A8,
TiE I U £ AT T B A S HE S
07, S0 R AR X A



% 7

BFAE . B R E ST BT R A S F g a Y 1005

XA # g (58 B Y Pb AN R
MITHR, LA 473 K 1550 T 6, 24 Pb 4: 5L PbO
i, R 4k2E 2L PbO 4325 S Ak il Pb, O, , Pb,0, Al
PbO, , H M S B A 18] 3 7 v & 3R, B 6520 Pb, O,
EAESE , B Pb 4320 S A0 i 75 28 1 SR 3 Ty
b 42 Pb AE % Pb,O, i Pb 4l PbO, 1% iRk
R 2. 0 Pb A= B Pb,O, AT lgfo, 1K
-33.05,T PbO 7325 A AL A Pb,O, JIrdi 1Y lgfo,
H-5.26( LR AL, Pb A K PO, i
lgfo, S —22.722 1 Pb,O, & ALK PbO, T HY
lgfo, BT FKF] - 2. 22 (SCh ARG HAR) X
UL Pb (AL E R TE |, A ik — 2 A L7
S AR BE L T Pb JC 2 B Ak 1 T AR TR
K, BAG SRREERN, RE P FEEAL,
W AT R R, HURR TR AR B D R
AT R AL SOAR SCIEL 3 R e T Ph AL
PRI A0 AL T2 ELEE Pb 55— i 4
ST = 2 A

fb2E A REEC (10) AN(13) 38 W A T— 5, B
ZEREN TEREN T, BwE X (14)
AILLH B, {HAE 593 K Al 653 K 1Y 1gfo, — lgfs, I
AC AL TRRBERL M 17 I A A (14) fEiX
AR T AT RE H B, PbS 7E 593 K Fil 653 K
KU BsiIoik 5534 PoO, , RIE A 78 2.
JRK7E T PbO, 7E M il M, — il B K
F 300 C (573 K) ,PbO, %5 4t AR B 451k
Yy, 1573 K if, J7 =X (10) A1 (13) 192 s LT
WGP TEBER 2 | X 5 SEPR s DUARAT & 5 IF HLET
SCU R E] R E A A P b, #E— b A AL T
o B AR B TR AT O 5B R PbS 1Y
S JFiF, & E PbS—PbO—PbO, , 7£ & il A5 i T
JLFRANTTRER.

ZEA XL B 3 AN A1 B i A 0y 24 AT L &
WM EE BT OISR A m AL id R 4 E AR
ey, Fr s By 1gfo, | lgfs, #RRE T, HA ALl
JAE 3 i, B Ak 0 R A8 AR o ) DX R (B
P Re e Y D) B/t 3k R 156, 6 A W) 420 BR 3R
AN FHEAR T2 AL S TE, #52Z,
R 25 5 T BN, 315385 38 TA Sk 174 L B [ A1
JE R A —A B A ) ER AR SR ARAT S . LLIA
BRI, TE 473 K B TR L 1gfs, S -49. 78,
16533 K W TFEn g —43. 07, 7E 5 @ AR T s
B 1gfs, B . AEANIRIREE TR AN R 4 r it
I EIS 1gfo, , lgfs, BN 4 F1E 5 Jis. A3
WSR2 J5 H5 0 R RG  BR 14) SF- il A 2R SR —
B, BWE N + W0 00 A A FEAE X

AR TINEED™ + REBERD™ + A 10 P 4l
A DXIRAR K, BRI, 5 B3 B AR IR A TN BT +
BEFEERA™ + TP E 0 + B0 4 R i A
EZT) B, AN + B o A&
2 A I AN B B B B T LR 1 4
R—E K 3 iR WoR, F L0 E (4 Pb, Cu 55) 7F
ANFRREET B R &Y 1gfo, , 1gfs, (AL
A, oy B (9) A (18) A (10)
(19) R (11) 1 (20). VABLAL Y~ B, 78
473 Kild BT, 5 B (1) 755 AR 05 4 0 B
a0 1gfs, i —26. 67, 7 FE (20 ) 71 H A v
W Fras ) 1gfs, A —26. 08, i JLF-H 4. il it
Ao BT & B AR Y Pb A4k (Pb, O, ) 51K
it Cu ALY (Cu,O) FIT 75 A9 % B A1 ], i
) Pb % 1k41 (PbO, ) 5 i th i) Cu %4k (CuO)
JUTT 0 SR A R). RA AN, 3 5 X 1gfo, -
lefs, IRyt — 20 M %R I, 7E 473 K B, 7 X
(11) (7o) fE 5 B2 (20) OFESA™) B9 S U7,
JrE(9) (B FF) e R (18) (AR ) 2
Ty, MiE T 533 K M AR R, r (1)
AE| T AR (20) 1 B 7, T REER(9) AR T
PR (18) WA 7 1 473,533,593 K i), 7 f =k,
(2) (FRERT) FE T 2K (8) (4 i) 223l (HE
12 [R]85 Bl 2 I 3 v T3 T 31 T 653 K
BF, 7 (2) B F R (8) AT 3. T HLAE
T -1gfo, , T - lgfs, W, JE A0 N 5 49 Jor 2 (1)
A 1gfo, , 1gfs, L T 38 . i B4 3 i idd B X
SO TR SR A7 AR B S I A I AR Al
SRR IE R — A EE N E.

_10 L
Py Gn
-20
Cc Po
& -30
40 Se—{yg
Sp Po—RETREKD
-50 Go—H 450
Ce—EHH-
60 1 1 1 Py_l %E“
o 473 533 593 653
TIK

4 AEBRERUYUIERR g, BHE
Fig. 4 Trend of minimum Igfs, of sulfides at different
temperatures

G DL BAr T, S5 XU BT 5, AR SCIA
TS A AR RIR &y T 4R b el 4 A1
P53 22 5 DM R R 2 R JE AR B )y 8
BONAR DR 1 AR B TR sl s 5. 4



1006 ARRXFFR(BAFFIR)

%41 %

-10
PbO, Pl
-20 To Cup
-30
. Li
(=]
& 40 Hm Spa—ZL 7"
Mt—#EERH
Li—4H
Cop 5
—60} Cup—784H
Spa Tor
PbO—_F L4t
_70 1 1 1 1
473 533 593 653

T/K
5 AREBESLYAERR g, BFEE
Fig. 5 Trend of minimum Igfo, of oxides at different
temperatures

K H R UE A IR S B R G A E KA Y Fe,
Pb,Zn B, LA A W T X7 4 1 4 G 3K 30
T, W AT A R S AR R R
b T AW AR AR ok A v R [R5 R B Y R R E
TG AR R, B Fe B T RERMAK P REE
4 JBIC R TEIB B IRk 2= BT, S R 1Y
PR, R A LA ) BT B B B i
JFEBW T B AR IR T IR B A
FHFT TR RN R I TIENT |, 3SR I
(B R , I8 RS Y R . i e Ak ek T
Wi, BCRR A BT e B AR 3 B D I | VA R A Y
TRALY) FIHFE TR0 S, , (H IR A A W L vE B
i 1 1gfs, FRARMRBE SR (424 T =653 K ), R B¢
WIS 1gfs, = -33.35; 24 T =593 K i, (N4
WIS 1gfs, = —37. 7224 T =473 K B, [N4¥
W IR 1gfs, = —49.78) , ik FVLTE T 1Y
HA A ST, B BT . e i T IN B
W7 SRR T R B ST 1) e ™
ARG BN INEE 850 oh  INBET + 75
W+ A 3 A 4t mT SRR B, 6 T 22
SIEBAL B B, v LUE B, TR R A B AR
A LU R AR R — XTI
RPITE R TEAEH, & 7 20 WH G4t
Ao HIIRAR.

5 4k 1w

1) %A BB R S E Y AR A A
M E N R Z—. INBED T 1 1gfs, {EA (K HH.
ABRATEETER , (eI B Ui fs
PInT iR ULHE , B At 1 A 88T R AN R A9 0 )
HEIRM.

2) U PEFETE SR YULE A o . iR

WA, B Wy ULTE T s B B fIX 1gfo, , 1gfs, ELI/DN,
TCREGIE AL S PIHT . R I R S T

3) AT, & Pybr i it i o B B AR 1k
RECFZIRINEER™ 7 858" BBk MR DLTE. 8
WA B 2253, W07 BT 7 it BE B IR I BT 5 B i
JEARR TG, 8 T i 7 BT R B R T
RESRR”. AE—E PR Bl 1 AN [ 4 @ A 4 i 3
H o5t

4) fo,.fs, FEHIE LRI AL TS, X L
KF fo, P E AL IR L BE5R T fs, P42 il
(AR SRR E . N A E A ML IX A BRLAL T TR
S A AT RE ELAT DRI SR AR AR, X S ILAR S
ST B R — B, SN B i LR BT 2
TR EEE B ANE AL, 5 T X H A
FRARLAY DX I 251

5) ME MR O AR T A il R
L AR BR A~ Rt ESEPr AT i R, B2
Faysds RIE | P EIRL IR AR 7 B M5 (AT EERL.

SE WK

[1] YangZS,Li S G, Yu B X. Structural deformation and
mineralization in the early Proterozoic Liaojititesuite, eastern
Liaoning province, China[ J]. Precambrian Research,1988,
39(1/2) .31 -38.

(2] HZR,UEE B, % LA 1 EE LS R

[J]. s A 5 W5 ,2005,28 (4) ;213 -220.
(Zhai An-min, Shen Bao-feng, Yang Chun-liang, et al.
Geological evolvement and ore-forming of the Liaoning-Jilin
Paleoproterozoic rift[ J ]. Geological Survey and Research,
2005,28(4) :213 -220. )

[3] LanTG,Fan HR, Yang K F, et al. Geochronology,
mineralogy and geochemistry of alkali-feldspar granite and
albite granite association from the Changyi area of Jiao-Liao-
Ji belt; implications for Paleoproterozoic rifting of eastern
North China Craton [ J]. Precambrian Research,2015 266 .
86 - 107.

[4] ChenJF,Yu G,Xue C J,et al. Pb isotope geochemistry of
lead, zinc, gold and silver deposit clustered region, Liaodong
rift zone , northeastern China[ J]. Science in China Series D
Earth Sciences 2005 ,48 (4) :467 - 476.

[5] MaY B,Bagas L,Xing S W,et al. Genesis of the stratiform
Zhenzigou Pb-Zn deposit in the North China Craton; Rb-Sr
and C-O-S-Pb isotope constraints[ J]. Ore Geology Reviews,
2016,79 .88 - 104.

[6] Duan X X,Zeng Q D,Wang Y B, et al. Genesis of the Pb-Zn
depositsof the Qingchengzi ore field, eastern Liaoning,
China: constraints from carbonate LA-ICPMS trace element
analysis and C-O-S-Pb isotopes[ J]. Ore Geology Reviews,
2017,89.752 -771.

[7] Risg, BRGE, EEE, 5. L7 5 M S8l ik
AL AT ) ORI R [T ] #0545 ), 2017,53 (2) -
259 -269.

(Song Yun-hong, Yang Feng-chao, Yan Guo-lei, et al.
Characteristics of mineralization fluids and tracers of

mineralization material sources of the Qingchengzi lead-zinc



2 piid

b

B B BRI B LA R e 2 R e H 4

1007

[8]

[10]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

deposit in Liaoning Province[ J]. Geology and Exploration,
2017,53(2) ;259 -269. )

Yu G,Chen J,Xue C,et al. Geochronological framework and
Pb, Sr isotope geochemistry of the Qingchengzi Pb-Zn-Ag-Au
orefield, Northeastern China [ J ].
2009,35(3/4) 367 - 382.

Sun G T,Zeng Q D,Li T Y,et al. Ore genesis of the Baiyun

gold deposit in Liaoning province ,NE China constraints from

Ore Geology Reviews,

fluid inclusions and zircon U-Pb ages[ J]. Arabian Journal of

Geosciences ,2019,12(9) :299.

Jiang S Y, Chen C X, Chen Y Q, et al. Geochemistry and
genetic model for the giant magnesite deposits in the eastern
Liaoning Province,China[ J]. Acta Petrologica Sinica 2004 ,
20(4) .765 -772.

R I LD PR R AR S R B AT Y [ D]
TEBA AR LKA 2015,

( Li Jian-yuan. Researches on metallogenic model and
prospecting model of Hongqgi Pb-Zn ore deposit in Xiuyan
[D]. Shenyang : Northeastern University,2015. )

Worley B, Powell
changing in pressure temperature composition and time[ J].
Geological Society of London of Special Publications,1998,
138:269 —280.

Nriagu J O, Anderson G M. Stability of the lead( Il ) chloride
complexes at elevated temperatures [ J]. Chemical Geology,
1971,7(3) :171 - 183.

Nriagu J O. Studies in the system PbS-NaCl-H,S-H,O:
stability of lead ( Il ) thiocomplexes at 90 C [ J]. Chemical
Geology,1971,8(4) :299 -310.

Seward T M. The formation of lead( Il ) chloride complexes

R. Making movies: phase diagrams

to 300 C: a spectrophotometric study [ J]. Geochimica et
Cosmochimica Acta 1984 ,48(1) :121 - 134.

Ruaya J R, Seward T M. The stability of chlorozinc ( II )
complexes in hydrothermal solutions up to 350 C [J].
Geochimica et Cosmochimica Acta ,1986,50(5) ;651 —661.

Bourcier W L, Barnes H L. Ore solution chemistry VI.
stability of chloride and bisulfide complexes of zinc to 350 C
[J]. Economic Geology,1987,82(7) :1839 - 1863.

A E. Hydrothermal
geochemistry of electrum: thermodynamic constraints [ J ].
Economic Geology,1995,90(2) :420 —432.

TR 2y, T A AR IR AL E DT Y LA R T ] b5
HBRIEA: 1997 (3) 49 —57.

(Zhang De-hui. Some new advances in ore-forming fluid

Gammons C H, Williams-Jones

geochemistry [ J ]. Geology-Geochemistry, 1997 (3):49 -
57.)

Reed M, James
hydrothermal fluids [ J ]. Reviews
Geochemistry ,2006,61 (1) ;609 —631.

P. Sulfide mineral precipitation from

in  Mineralogy and

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Brugger J, Mcphail D C, Wallace M, et al. Formation of
willemite in hydrothermal environments [ J |. Economic
Geology,2003,98(4) :819 - 835.

Xu W G,Fan H R,Hu F F, et al. Gold mineralization in the
Guilaizhuang deposit, southwestern Shandong Province,
China: insights from phase relations among sulfides,
tellurides, selenides and oxides [ J]. Ore Geology Reviews,
2014,56:276 - 291.

TR R A RS 4. S EE AT R B R L A A S i
AR B ) 24— DAEL R L Il B e IR ) [ 7). Kb
3 5 W4 ,2014,38 (4) ;898 —907.

(Zhang Yan,Han Run-sheng, Wu Peng, et al. The restrictions
of fo, and fs, for Pb-Zn paragenesis and separation of the
Huize type lead-zinc deposit in Zhaotong, Yunnan [ J].
Geotectonica et Metallogenia 2014 ,38(4) :898 —907. )

gkt BRI A BT, 4E. oM RGBS BT pH - log fo, FI
pH - loga #H I XF 85 B 2L 42 20 S il 29 [ 7], b [ b ot
2015,42(2) 607 —620.

(Zhang Yan,Han Run-sheng, Wei Ping-tang, et al. pH-logfo,
and pH-loga for Pb-Zn paragenesis and separation in the
Zhaotong lead-zinc deposit[ J]. Geology in China,2015 ,42
(2):607 -620. )

Bese e, MR T iR 2 [ ML JEat Bl R
1979:1 -299.

(Rao Ji-long. Thermodynamics in geochemistry [ M ].
Beijing : Science Press, 19791 -299. )

MAEAl, FIEAE SR AR, 09 A A S T A R T
WM. dest b Rk, 198501 - 355.

( Lin Chuan-xian, Bai Zheng-hua, Zhang Zhe-ru. The
thermodynamic manual of minerals and related compounds
[ M]. Beijing ; Science Press,1985:1 —355. )

2t R KA, T, . LU R R A A
FE[I]. BABOARAIH,2017(15) <115,

(Li Jian-yuan, Yuan Qiu-ju, Wang Ze, et al. Research on
fluid inclusion in Hongqi lead-zinc deposit[ J]. Scientific and
Technological Innovation ,2017(15) :115.)

Yang J H,Wu F Y, Wilde S A. A review of the geodynamic
setting of large-scale Late Mesozoic gold mineralization in the
North China Craton ;an association with lithospheric thinning
[J]. Ore Geology Reviews,2003,23(3/4) :125 —152.

Wu FY,LinJ Q,Wilde S A, et al. Nature and significance of
the early Cretaceous giant igneous event in eastern China
[J]. Earth and Planetary Science Letters,2005,233(1/2) .
103 - 119.

Jiang Y H,Jiang S Y,Zhao K D, et al. SHRIMP U-Pb zircon
dating for lamprophyre from Liaodong Peninsula: constraints
on the initial time of Mesozoic lithosphere thinning beneath
eastern China[ J]. Chinese Science Bulletin,2005,50 (22) .
2612 -2620.



