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The utilization of mineral association relationship to determine the metallogenic

environment: A case study of the Haigou gold deposit
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(1. Key Laboratory of Computational Geodynamics, Chinese Academy of Sciences, University of Chinese Academy of Sciences, Bei-
jing 100049, China; 2. Key Laboratory of Mineral Resources, Institute of Geology and Geophysics, Chinese Academy of Sciences,
Beijing 100029, China)

Abstract: The research on the relationship of mineral associations constitutes the basis of revealing metallogenic
geochemical conditions and is also an important aspect in the study of the formation environment, thus having
great significance for the development of the metallogenic theory. With the Haigou gold deposit as an example,
the authors initially determined its physical and chemical conditions. Its metallogenic process can be divided into
four stages: the stage of quartz-K-feldspar, characterized by alkaline nature (pH=7.1~9.2) and weak oxida-
tion environment to weak reducing environment (Eh= —0.3~ +0.5 V); the gold-quartz-pyrite stage, belong-
ing to intermediate-acid weak redox environment; the gold-polymetallic sulfide-quartz stage, characterized by
acid (about 4) and weak reducing environment (lower than —0.2 V); the gold-quartz-carbonate stage, charac-

terized by the gradual transition from pH=4.5 to pH=5.3 with the decreasing temperature, accompanied by

the transition of the metallogenic Eh value from weak reduction ( —0.3 V) to weak oxidation (+0.5 V).
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Table 1 Ore-forming phases of the Haigou gold deposit
T T MPa
- 236~467 370
- - 227~497 330 80~220
- - 189~427 300 70~ 190

- - 130~267 200
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Table 2 Equilibrium reaction of main minerals at the
ore-forming stage

A P R RS
FeS+0.55, = FeS, %))
3FeSi0, + 0, = 2Fe;0, + 3810, o))
NaASHOs + K = KAIS;Og + Na* &)
3KAIS;0; + 21" = KALS1H0;,(OLD, + 650, + 2K @

3NaAIS;Og + 2HY +K7 = KALSHO(OHD, +6S0,+ 2Nat (5)
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ARXFK AN Z, — B KA R EAE
RIS DR 2 PRI R DR .

HARX [ HA A 2K A, 4 o] DUARTE 1
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(13 % , RIA B 5 RN e T, o ik F ae By
AXAEE Eh (H. A0 LUARYE A % 25 (R 301
HAFERE T B ALK-Si-H,O 34 1 & kAl Hil i
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Table 3 AG of Al-K-Si-H, O and Fe-S-H, O system at
different temperatures at the early ore-forming stage of the
Haigou gold deposit

55 AGq AGe AGg
L RFX oty GHT)  @eTe)
KA ALO; H,O  —413.235 —395.708 —382.88
PBA  ALOHO(B) —412.391 —396.229 —384.497
ZKEA ALO3HO —505.102 —475.441  —454.26
EERR ALSIOs  —583.261 —567.799 —556.666
A ALSLO(OHD), —1195.97 —1155.852 —1126.985
{REERR H,Si0, —-229.956 —217.569 —208.167
ERER H,Si,Os 112.32 130.775  144.682
£ K 0 0 0
EEA KAISLO, —658.3  —640.258 —627.172
WA KAISi,03  —856.374  —832.789 —815.882
A Sio, —-195.479 —189.672 —185.506
HET AlC+32)  —105.937 -—93.892 ~78.5
B S 11.417 7.148 0
IR Fe, 0, —163.508 —155.146 —149.207
FRBAREA FeO(H) —145.804 —137.416 —131.464
Wy Fe;0y —225.647 —215.309 —208.038
iR A R FesOu(FD —188.484 —179.159 —172.645
B At £k FeS —24.538 —24.746 —26.992
Ak ER FeS, —35.474  —33.407 —35.994
+3MBBEF  Fel +32) 2.751 11.752 24.085
+2MBEF  Fe(+22)  —21.098 —18.119 —12.767
—2MhBEF  S(-22) 33.663 46.01 54.706
—2MIZEETF S(-2a) 32.968 50.269 66.427
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EME/V
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1 AENEET B Fe-SL,O %% Eh-pH X %
Fig. 1 Eh-pH diagram in the Fe-S-H,O system at

different temperatures
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Table 4 Estimated Eh using thermodynamic principle based
on reaction 1 and 2

wE/C 227 370 497
Eh(AFL FeS,)/V 0.7 0.5 0.4
Eh(AE B Fes0,0/V 1.1 1.0 0.9

K 2

NENRE T A ALK-Si-H,0 7 & Eh-pH
Fig.2 Eh-pH diagram of Al-K-Si-H,O at

different temperatures
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Fig. 3 Eh-pH diagrams of pyrites chalcopyrite, sericite

at different temperatures
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Table 5 The relationship between potassium ion

concentrations and pH values at different temperatures

KT #&E/ pH1E pH & pH1E

mol*L ! (227C) (3307 ) (4977C)
1 6.6 6.0 5.4
0.1 6.7 6.1 5.5
0.01 6.8 6.2 5.7
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Fig. 4 FEh-pH diagrams of galena, chalcopyrite, pyrite at

different temperatures
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3 WIS AR A fo, — fs,
SR IR R R BRI P T PR 1) 8 il B A R
1 2 S, HIF A IF 5T 3R B 48030 3 T R 478 13 A 2R I
B SCE R IR TE A, TBRTE S K PSR S
FRIBRE) Fe BTIEEA K.
3.1 M H: AEHKAMEE
MRAEZR 2 B2 (1) (2) AT DL 54 % D
TR, £ 6 LI E SR, F KR P34 oC
L, ) 2 B R, 224 Fe-S-O 1R R I A IR
E-miEEE 6. MMM FRFESNLE R, 1)
LR BIPF 7 AR E R, (RESHEAR—F,

F o WERE(D.QOMEMSERENRIZE
Table 6 Estimated fo, and fs, based on reaction (1) and (2)

wE/C 227 370 497
SiEE 1.9x10°1 6.8x10710 7.9x10°°
ORE 8.1x10° % 8.6x107% 8.3x10° %
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MR R el AR EE 1 X 10 P~
10 7%, AR EEAE 13100 ~1x 10718,
3.2 MW H: &€ AX ERTHE

AFT B AR B R R B R A KA
Tha s Bt 58 A. THERE RS M
TERALEE (BB S A, v AL H LA %
AN S RS

M7 P RLE S S e AR S R A AR
A B FEARIE I PR R i o i ] LR, (H B A
PR 8 1, A K AT I R T R DS R R A

WA R B B Y R Y KT 107 Y. AFERE T
WHAZR.

40

301

20 f

10} CusFeS, CuFeS; ”’S%(
A u
€ o} n——
;s .
= o) Jezﬁ;

N

30k u Pb Cu(FCC)

40 . . : I .

100 400 500 600
// T
7 EEN RSB E

Fig.7 [s variation of chalcopyrite; pyrite at different

temperatures



104 s A v W

Z X & R

3.3 B H: & ZERHUY-ARNE

AW B A0 SR ST AR AT A i
W, KA K EA T BRSO . FE
0 = B P B AT RE S AT 0 AL AT 20 = B, B
HIEHM KOS s EHME. MERlen iR =&
AR SR . AW R 189 ~427C , Vi
24 300°C « AT LA T3 2 2 500 RSBk L 24
W5 =R A I A S R Al T A BT Y
Bei s s, tH AR LA 8.

40

30+

20 » /
10 | CusFeS, CuFeS, FeS,

PbS

——
e e
|_Fes=———T |
//
u Pb Cu(FCC)
1

- L 1 1
100 200 300

logfsy(g)

4(;0 5(;0 l 600
t/°C
S HEBA AN YRR AR SR E
Fig. 8 [s; variations of galena, chalcopyrites

pyrite with temperature

20
15F /
10F
St FeS,
sl 2
%]-g [ Fey(SOy)3
éﬂ :;(5) : FeS |x
-25 | |
:;(5) i Fe(A) Fe;0y
N
-100 -80 -60 -40 20 0 20
logfo,(8)
9 FeOSHARISEES OBREXR
(130-200.267C )

Fig. 9 [s, = fo, diagram of the Fe-G-S system
at 130, 200, 267C

M 8 n] LLE BB W A TR S
T I A A R, FE AR IR B AR % T R n] LR
&, (B REE 5 P8 v, A A S8 ) 1 s R 5 e /) itk
JEBEIN . MTE R AR B I, A B BEAR % 5 3 B K
F1O B, HTE2FERAE, MREAaHET 1.
[ BT — B B AR L, BRI E TR AR /N .
3.4 R HA: & BE-BREREMER

B AW o R, BRA o A B T
fEAaS &R A. AR EE 130 ~267C , FHE

&4 200C -

APH B BB, 25 a B 9 T LLE
TR AR A 2 8] B TR B AR A 3 Bl BE L M 130°C 1Y)
10" 2FF4G, SR B &, FeS, i S & & TR
Bt m. FORE RGP . ARy BB
RE TR ERAE 102~ 1078, BTl 58
50 SR, B AN S 1. TR T
1090 ~10731, FF B A W3 B 48 B 0 B2 70 [l A7 E 2
L, HREES.

4 RSN R RSN

WIS B BT WA S 4 A R B B K
WA S H W T

(1) gl /i B, o 3R 5 T tE(pH = 7.1
~9.2), RN AL R G (Eh= - 0.3~ +0.5
Vs EORIE 1100 ~1 X 10" BFIBRIEE 1< 1073
~1x107 %, BRI &, AFEZ R Eh TR
The s pH A8 [7] B P 38 58 75 1) i # , B 0% & 5 S0
IR D1 5 .

(2) A 3, AR 2 /i, Eh X 8] & B4R
b, (BHETE Eh=0 FHEEs), ZHa /D, K41+0.5
V Zitq, pH (B B IR 5 T = 8 0 AR R 1, BR AR B
27 6.9~5.9. BPERMEIGEMN-I5ERIEL, S &
ERTF 1x 107 Bl 358 0 9934 5 31555, i 1 &
At 1o 4R FE Bl T Z A0 N A P4 A B
PR B A 0 RO R T B TR AR

(3) R, IVBEDT () HE B, 98 7R A B 3R
A ity B 5 W T ER M (pH = 4, 38 JEER B
Eh BEDHERC-0.2 V~0.6 V); lEEEER I &,
WEE 5o fERJR4F T, PbS Al FeS, REBSTE pH
(Y0 B SE BB T R, &5 6 BT W A 2R 5, 1 LA
HEEA A PR (pH=4 £4), §iEJRIF
B(Eh< =0.2 V), SHB®ERT 1072, RAWHKN 5
TEHRTT R A8 TE % LU T 7 B Y AR A, (R 2 K
W IREE S5 IREE, Rk SIEAAE KT 1. Rk
B T Y AR B A R I 4 R L EE
(T, B oA M AR

(4) B0 )5 B, B A TR pH (B =il SRR
B MRS (pH = 4. 58 A8 g R P30 55 (pH
=5.3). MR Eh tHAFFILRC-0.3 VD555
HC+0.5 VI WNETRATFSHLHI Fe-O-



— 105

1021 ~10""

10°%~10""

References

Chen Yanjing Guo Gangjun and Li Xin. 1998. Metallogenic geodynam-
ic background of gold deposits in granite-green stone terrains of
North China craton J . Science in China Series D 41 2 113
~120.

Chen Zheng. 1984. On mineral sequence and mineral paragenesis ] .
Journal of Chengdu University of Technology 3 1~ 15 in
Chinese .

Feng Ming Wang Haojun Cao Guo et al. 2005. Characteristics of
ore-controlling structures and evolution in Haigou gold ore area
Jilin Province J . Journal of Changchun Institute of Technology 6

1 44~47 in Chinese .

Li Dianchao Zhang Peiping Zhang Deyun et al. 1995. The charac-
terics of quartzninfkared spectrometry and thermoluminecence in
Haigou gold deposit Jilin province ] . Journal of Jilin University

Earth Science Edition 25 1 47~51 in Chinese .

Li Yinging. 1994. Geochemical characteristics of the ore-forming fluids
of the Haigou gold deposit J . Acta Geologica Sinica 68 1 48
~61 in Chinese .

Liang Yingjizo Che Yinchang Liu Xiaoxia et al. 1993. Handbook of
Inorganic Thermodynamic Data M . Northest Normal University
Press.

Liu Jinhong. 2002. The country rock alteration characteristics of the
Haigou Au deposit Jilin Province J . Jilin Geolgy 21 3 15~
21 in Chinese .

Liu Yuging. 1991. Isotope geochemistry and metallogenic regularity of
the Haigou gold deposit in Jilin province J . Mineral Deposits 10
2 131~142 in Chinese .

Nakamura T. 1988. Concept of mineral paragenesis and macrostructure

. Proceedings of the 7th IAGOD Symposium D-

7000 Stuttgart 179~182.

in ore veins J

Udubosa G. 1986. Parageneses of some opaque minerals in rocks and
56~74.
Wang Kuiren. 1989. Genetic Mineralogy of Earth and Universe M .

ores J . Theophrastus Publications S. A. Athens.

Anhui Education Publishing House in Chinese .

Zeng Qingdong Shen Yuanchao and Dai Xinyi. 1998. Location struc-
tures and metallogenic prospection in Haigou gold deposits Jilin
province ] . Gold Science & Technology 6 5~6 19~23 in
Chinese .

Zhang Peiping Li Dianchao and Liu Lihua. 1995. Study on ore-hunting
mineralogy of quartz of Hai-Gou Gold Deposit ] . Gold 16 6 6
~8 in Chinese .

Zhang Song Zeng Qingdong Liu Jianming ez a/. 2011. The charac-
teristics and its geological significance of fluid inclusions in Haigou
lode gold deposit Jilin Province J . Acta Petrologica Sinica 27

5 1287~1298 in Chinese .

. 1984. ]
3 1—15.
. 2005.
I 6 1 44~47.
. 1995.
J. 25 1 4751,
. 1994. J.
68 1 48~o6l.
. 1993. M .
. 2002. I 21
3 15-21.
. 1991.
J. 10 2 131—142.
. 1989. M .
. 1998. J.
6 5~6 19~23.
. 1995. ]
16 6 6—8.
. 2011.
J. 275 1287~1298.





