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Abstract: This paper is the result of mineral exploration engineering.

[Objective] The Zhongshangou gold deposit is located in the north margin of North China Craton and the south side of Shangyi—
Chongli — Chicheng deep fault. It is one of the typical gold deposits in Zhangjiakou— Xuanhua gold concentration area, Hebei
Province. This paper discusses the characteristics and evolution of ore—forming fluids, in order to provide a theoretical basis for the
exploration of the deposit. [Methods] This paper summarizes the regional mineralizing setting, geological characteristics of the
mining area, ore body and ore characteristics. Representative samples from four metallogenic stages were selected to conduct
research on fluid inclusion petrography and micro thermometry, hydrogen and oxygen isotopes, and helium and argon
isotopes. [Results|] The results indicate that it can be divided into four metallogenic stages: K—feldspar—pyrite —quartz stage (1),
milky white quartz—pyrite stage (II), smoky gray quartz—sulfide stage (III) and sulfide—poor—carbonate stage (IV). Gas—liquid two—
phase primary fluid inclusions are mainly developed in each mineralization stage. The temperature measurement data of fluid
inclusions show that the homogenization temperature and salinity of main ore— forming stage are respectively 210—250 °C and
6.01%— 13.62%NaCleqv. Hydrogen and oxygen isotope show that 6"*Omo and dDy-swow values are respectively —2.97%o —6.96%o
and —94.6%0——80.2%o, which show that the §"*Oio values drift to the atmospheric water line and show a linear change. Helium and
argon isotope of the pyrite show that *He/'He values are 1.82x107=9.24x107", *Ar/*Ar values are 699.9—2200.4, R/Ra values are
0.13—0.66, radiogenic “Ar* values are 55.89%—86.57%, and mantle derived helium values are 2.00%—10.86%. [Conclusions] The
ore—forming fluid has experienced a continuous evolution process from medium—high temperature and medium—low salinity to low
temperature and medium—low salinity. The main ore—forming stage experienced strong boiling. In the late stage of mineralization,
there mixed in a large amount of meteoric water. With the development of mineralization, the proportion of mantle derived materials
in mineralization increased gradually. The ore—forming fluid has the characteristics of magma fluid mixed with the crust and mantle.

To sum up, the ore—forming fluid of Zhongshangou gold deposit is characterized by the intrusive rock related telluride—gold deposit.

Key words: gold deposit; ore— forming fluid; fluid inclusion; isotope; mineral exploration engineering; Zhongshangou;
Zhangjiakou—Xuanhua area; Hebei Province

Highlights: (1) The regional mineralizing setting, geological characteristics of the mining area, ore body and ore characteristics are
summarized; (2) The characteristics of fluid inclusion, hydrogen and oxygen isotopes, and helium and argon isotopes have been
determined; (3) The ore—forming fluid of Zhongshangou gold deposit is characterized by the intrusive rock related telluride—gold
deposit.
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Fig. 1 Sketch map of (a) geotectonic location and (b) regional geology (modified from Song Ruixian et al., 2013; Bao et al., 2016)

1—Quaternary; 2—Cretaceous volcanic rock; 3—Proterozoic Hongqiyingzi Formation; 4—Archaeozoic Sanggan Group; 5—Yanshanian intrusive rock;

6—Indosinian intrusive rock; 7—Hercynian intrusive rock; 8—Proterozoic intrusive rock; 9—Archean—Proterozoic granitic gneiss; 10—Fault and
number; 11—Gold deposit; 12—Study area; F1—Shangyi—Chongli—Chicheng fault; F2—Shangtaizicheng—Wenquan fault; F3—Hanjiagou—Guzuizi—
Changdi fault
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Fig.2 Geological map of the Zhongshangou gold deposit (modified from Liu Huifeng and Wang Jiyu, 1992)
1—Holocene alluvial and diluvial sediments in the Quaternary; 2—Upper Pleistocene alluvial, diluvial and acolian sediments in the Quaternary; 3—
Metamorphic rocks of Jiangouhe Formation of Sanggan Group; 4—Hercynian hornblende pyroxene monzonite; 5—Alteration fractured zone and
number of the gold—bearing orebody; 6—Altered rock; 7—Altered breccia of the fault; 8—Measured (inferred) geological boundary; 9—Presumption
of reverse faults; 10—Location and number of the exploration line
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Fig.4 Photographs of the main ore types and the characteristics of ore textures and structures in the Zhongshangou gold deposit
a—Quartz vein ore; b—Potassium altered rock type ore; c—Silicified breccia ore; d—Sparse disseminated structure; e—Mottled structure; f—Veined

structure; g—Heterogeneous filling structure (reflected light); h—Metasomatization reaction edge structure (reflected light); i—Unequal granular
crushing structure (reflected light); Au—Natural gold; Dol—Ferrodolomite; Mo—Molybdenite; Py—Pyrite; Qz—Quartz
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Fig.5 Typical photographs of metallogenic stages and mineral assemblages in the Zhongshangou gold deposit
a—Quartz veins cut through the potassium altered rocks; b—Sulfide vein in the milky white quartz; c—Massive sulfide in the milky white quartz; d—

Smokey grey quartz veins cut through the milky white quartz; e—Barite vein cut through the sulfide (reflected light); f—Calaverite and bornite in the
galena (reflected light); g—Sulfide in the smoky grey quartz; h—Carbonate veins cut through the smoky grey quartz veins; Bn—Bornite; Brt—Barite;
Cav—Calaverite; Ccp—Chalcopyrite; Dol—Ferrodolomite; Gn—Galena; Mo—Molybdenite; Py—Pyrite; Qz—Quartz
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V5 BIF B i 1) A B L 7R LSS 45T F 500°C ~
680°C 5 4li BrF, i 17 18 i s b $E B 9 42, J5 T
T00°CHEAAMEAL I MIFE R T 5 A SRR B Ak 1l C O,
SR B T ISR Y COL MR R AT ) 7 25 5 33 1
o A S AR A 2 AR R R ok
A BERTT A T WU RE SO AR, SBR T  TE
14 52 B K R A= A R AR, B8 38 3 B 28 T vk
FIFF AR, 43 B34S HaO, 55 76 BL 28 41 N
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B HE R R R RO TE DN S VR R R
Pk 20 min, K5 RBRA AT A s ER A T
FEIRAF: it 2 T IT R o ) R A B AR
R PR B R Y AR B R R
TR B A28 4 G alifl, L BRTEPES MR, Ar Xe B
R ZE AR VA B, 4000 He  Ne JEA 20 &

G, I 2 IR A B THEZE Tk alifk B ot 1Y)
H, Ar LR 7E-78°CIN & T B Ar, 3 A4
Mr RS AT R 2 AT o ik o B R e [
GV5400He RIF A HA3Fi AT AR TR, "He HIFL T~
s a0, *He FRERLEE AR BRI

5 SEEIREEAR

5.1 Mk G R AFIE
51147 K B—H5 T — 6 N

Z B R YA, FEEE
SRR A AL AR R K/ NE 3~10 pm,
ZHN 5 um 2 AT, SAH BT 7 R 15%~25% (1A
7a.b), ZHCN10%LEA . BRI — 2
WA 00 32, AR 8 41, ¥ — IR AL IE Fl N
300~330°C (¥l 8a, K19) . 7R i —FHilad f i, 7%
AT AR VK TR N —2.8~—4.3°C AR AR 23 28
(Hall et al., 1988) TH5 R AT AH N G AR ER 4 4.65%~
6.88 % NaCleqv(/¥ 8b) .

51258 & 63#E—F8%T K&

Z B R YA, FEEE
SRR A I AL A AR/ NE 3~10 pm,
ZHRAE S pm A2 A, SO AT o EE R 10%~20% (]
7c) , ZHAE 5% A o IS BRI — W
AOm 3, R K 27 4, 89— IR ARk R R 230~
310°C, %24 250~290°C (& 8a, K19) . TER HR—TFt
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Fig.6 Metallogenic stages and mineral generating sequence of the Zhongshangou gold deposit
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Fig.7 Photomicrographs of aqueous two—phase primary fluid inclusions in the each stages quartz
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Fig.8 Histograms of homogeneous temperature and salinity of the fluid inclusions
S1-Stage I; S2—Stage 1I; S3—Stage 11I; S4—Stage IV
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—6.5°C , AN 2520 (Hall et al., 1988 ) 3R ASAH
TARERE 4 4.18%~9.86%NaCleqv( 5] 8b) .
5.1.3 JAKR & 6 - M-

Z B R AR 0N A 0, FERE
SRR A A AR AL AR K/ NPE 3~15 pm,
ZARAE S pm Ao A, S BLAT 7 R 10%~15% (&
7d), ZEHE 15% A . R R LI — E M
7528 L IR s 47 40, B — R AR ARG Bl o

210~250°C([#l 8a, [l 9) . FEV R—FHi I fEr, AT
IR VK TR —3.7~—9.7°C , KA R 23 3K
(Hall et al., 1988) 3K 45 AH Vi Uit 14 £ B -y 6.01% ~
13.62 %NaCleqv (& 8b) .,
5.1.4 FARACY—55 B B

W B AR AT YR A SRy A
FERE IR AR G A AR R R K NE
3~10 pm, ZE07E S pm A A7, AR 7 LR 10%~
15% (18 7e . f) , ZBAE 10% A4 . WAL TR DL
— B WAH T E MR 8 4, 4R AR A
Fil 47 180~200°C (%] 8a, &19) o 1E¥& R—F il i i
H, A2 2R A B AR DR IR B R —2.6~—4.7°C , HAH
N 25 3 (Hall et al., 1988) 3K 15 A1 B 7 74 £ B
4.34%~7.45 %NaCleqv (% 8b) .
5.2 . EEAIRFFE

ODv-swow ZH I —94.6%~—80.2% , 6" Ov-smow ZH Ji
H6.4%~14% (F 1) o 455 L RE i 1) It 1A 6 44
Y — B, MR A SO ARG W A T 670, Yo I H
H—2.97%0~6.96%.,
5.3 R.RENEFHHE

B AR AR R R 2 R R 2R A AR A
B, *He M 1.58%x10~3.07x10"" cm’ STP/g, ‘He
A 3.2%x10 *~3.32x 10 'em’ STP/g, *He/*He / 1.82 x
10 7~9.24x10 ", R/Ra 4 0.13~0.66, ““Ar/*Ar 5 i}y

®1 PGS S \RULERSTER

Table 1 Hydrogen and oxygen isotopic compositions in the Zhongshangou gold deposit

BB WAEY O FERSES 0Duswow/%o  0"Ouswow/%o B REE 0%Omo/%0  BRLKIE
g ZS-54 -87.9 11 310 3.96
IR B g 7S-60 -80.2 10.4 300 3.36 AR
VEES 78-111 -90.5 14 300 6.96
VEE 78-6 929 113 230 1.11
PaE 78-13 -84.9 10.6 235 0.41
e PaE 78-34 81.7 11.9 240 1.71 .
AR FgE 78-66 91.5 12.3 235 2.11 AL
g 78-67 -85.1 12.3 230 2.11
i 7S-96 -93.4 11.9 225 1.71
BV ﬁﬁfﬂ 7S-4 -84.4 6.4 190 297 K
T iRA 78-16 91.5 6.4 190 297
VEE ZS-8 -88 13.0 204 1.54
FgE 7S8-13 -85 12.7 190 0.34 .
PEp 7S-19 -86.4 8.1 260 0.4 IR, 2009
VEES 78-22 94.6 12.88 260 4.83

Tz 60, ool 24201155 (Clayton et al., 1972) , 1000In 5 x=0"0 45—0"0 x, 10°lna=3.38x10%/T°~3.4,

1000100 475 x=0"0 3 —0"0 ., 10°In0=2.78x10%/T°~2.89
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699.9~2200.4(%2),
6 1 e
6.1 REBRGEES. . ERMEMNIEREX

JE A A AR T LA 7 SR B i A 1 1 o
KV (Fan et al., 2011; PR AT 5 55, 2017; X1 5% 5%,
2021), W& R 8L T WA EA m iR
B, BRI T BT 300°CRE 255 TV BBt
180~200°C([&18,1519) ., KZHCk A AT LB
TR BLARH EA R < 9%NaCleqv FUFFAE ., 45 11T
B B P R B (53K 13.62% NaCleqv) AR ER 40
RIS, H H— IR AR —2(&19) , %=
TARTESS WL BOR AR s s VE T AR 43 2 UL B
FIEER B AR AR . B TRAARTESS TV BB IRER
JE(9) 0K TR ARG NI R AN EIRBE, S T
HNTTARBI A, ARSI IA

IR AR EEAR L 3 T R ) i e fAc
AIRESE A KRS 7K FIAK CEIR K B K (R
FER A B AR FH 7K ) (G SCRES 4R AR, 2003 5 Bk
A EAY4AE,2004) , B TiAR A A U R 2R A U2
X AN R R IR K ) B Z R B . g &0 19
"0, fE A5 AL T —2.97%0~6.96%:0 , Dy swiow TH A% 1L T
~93.4%0~—80.2%0 1E 6Dswow—0"0, J& 1 (K 10), 53
Mt R e s s A R K A A Sk
TR T AKX, 28 BRI TV
BB, AR 60, AR ATE B, BA IR ) R
BRI T S 2 AL RRAE, St T v Ly
S RIS AR R L S HOK O 3 PR VR

FESLIEA T, FE BT MRHHIE AR AR I KK

2 BTk, A e WERR A A5 fr B (D) |
AL A - B (1D K o -tk B
B (D 23—k Eh BB (1V) |, i iR G 22 A %K
i ST A AR A R (300~330°C) | H IR 2
(4.65%~6.88%NaCleqv) [A] ik i (180~200°C) , HH Ik
R (4.34%~7.45%NaCleqv) FU 2L fLid 2 , Horp
F R Hr B (D &8 T ZUn s, & A Rz
R T B 5 B A RABEK A . ik
IV RIS AR K AT B A B I AR 1 4 B A 2 2
G e S A INTTES = TR AR/ T R 7R R 71D
KEVIHE. TIAEST BRI EAR IR 2
SWWIAE, 538 IS0 IR E CO AR —3L
(Groves et al., 2020) ; B A& L BE & T 1 AR TR
PRI 41 IR (— % < 5%NaCleqv; Simmons et al.,
2005;Bodnar et al., 2014) , B0 i AR P 5 ¥ il
TIRIR I 4 R (3222 KABE 7K 5 Simmons et al.,
2005; Zhai et al., 2018) 7775 B i 22 53 s 0 A 32 2
FETHEVE K IR I K A kb, oI i s
i, KT RKE RS (k) ,, HA B K
R, 55k X AR RS VA S e — 3
(Cook et al., 2009; Wang et al., 2019) , K1, Hr il 74)
SR TRAE IR &0 R (XK 4245 ,2020) .
6.2 [.EEMEMIBETENX

Wi AR SR R ) He 532K H RCHT B (9 $0R
TSN OV REAZ 5 WY B E R R ARSI R
RO . (HET N R M, iR m 2R
)25 £ YRR R R AL I aT , R P G A

F2 AT BERY S ERMCEAN

Table 2 Helium and argon isotopic compositions of pyrite in the Zhongshangou gold deposit

18IS He UM I ©Ar

AR FERS WA CHe S E/10" ‘He % E/10° (Hel'He)/107 R/Ra “Ar/°Ar  “Ar/°Ar
7 /% 07t /%
78-3 iR 16.324 26.5 6.16 0.44  1908.6 0.203 7.18 84.52%
B ZS-11 BT 3.7745 6.27 6.02 0.43 952.6 0.211 7.02 68.98%
7S-30 BT 1.5761 8.66 1.82 0.13 898.5 0.216 2.00 67.11%
ZS-33 BT 2.2848 3.20 7.14 0.51 669.9 0.195 8.35 55.89%
FUME  7S-47 BT 14.599 15.8 9.24 0.66 1217.5 0.202 10.86 75.73%
7S8-85 BN 7.6076 143 5.32 038  1497.6 0.196 6.18 80.27%
7S-108 B 16.695 225 7.42 0.53 1226.4 0.194 8.69 75.91%
U ZS-113 W 30.677 332 9.24 0.66  2200.4 0.214 10.86 86.57%
78-117 Tk 8.1245 9.36 8.68 0.62  1419.5 0.2 10.19 79.18%

e R AR AT 5 R 2845t B Ry em?/g (STP) s R A it "He/*He i fH ; Ra K< *He/*He B, 1 Ra=1.4x10"; i He (5
o/ %=[(CHe/*He)ws—(He/*He) e )/ [CHe/*He)ws— CHe/He) s ]x 100 , CHe/*He) e MCHe/ He ) )R FRAE 251 2x 10 F1 47 1.1x107° (Stuart et
al., 1995; 157K B, 1996, 1998 ) 5 LS ALK “Ar*/%=[1-295.5/(“ Ar/* Ar)s4]x100(Kendrick et al., 2001 )
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Fig.10 The 6D—0"0,, ,composition maps of the
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SRR AR 5 A 23 LR W 8 B 4 B2 2% (Trull et
al., 1991; Jean— Baptiste and Fouquet, 1996; i#f] Fi
4, 1999;Hu et al., 2004) , AU Y1 E kD™,
PRI AT LAHERR S5 Y B R R s . REWTIE R
W, A SR TR T H AR R 3R, 7R A 2%
AT RN 4 B 72— A 277 A B B i [m) 37 3R
4> 18 (Podosek et al., 1981; Jean— Baptiste and
Fouquet, 1996; # #i & 45 , 1999; Ballentine et al.,
2002) o PRt , AR R Y v e rh A A Y
M A AR ZH B TT DR AR W B 2 Al b 5E 0
PR A SR TR0 23 SR K b YA R L 5 i
SRR = AN AR TR X AR IR 2[R
A28 U AR LU A B A 2.3 22 5] (Trull et all.,
1991 ; Turner et al., 1993 ;Hu et al., 1998, 2004,2009,
2012;Burnard et al., 1999; 5Kiz 3455 ,2012; % 3),
R AR L R Y *He/'He L0 0.13~
0.66 Ra(N=9, 3% 2) , LA T My % 7t 1A FH B2 45 - {E
(6~9 Ra) , M = T Hu 5€ WA 11 LE 1B (0.01~0.05 Ra)
(Stuart et al.,1995) ., 7F *He—*He Ef# (& 11b) |-, %k
P i FEEEVEAE T e 2 M S I A i
S B, R T AR LA e TR G R R
Mo ool “InIRABR IR SR BN (3R2), 85
By i A A A g IR He BT o5 HU I S8 T B M
2.00%~7.18% (N=3) , -2} 5.40% ; 5% 1L B BEAY

R3 Bkt He—Ar RERBFTIESE

Table 3 Sources and eigenvalue of He—Ar in the earth

He—-Ar <& ‘He/'He  “Ar/*Ar  “Ar/‘He
KAMIFIZK He—Ar 1 Ra 295.5 0.01
HhIE IR AR He—Ar 6~9Ra  >40000 0.33~0.56
HUFE U A He—Ar - <0.01 Ra =45000  0.16~0.25

KA He—Ar — — —

1 :RafRERKTANY "He/ He fi, 77 1.4x10°°,

6.18%~10.86%(N=3) , F-HJ{E 1 8.46% ; 55 11 Fr Bt Ny
8.69%~10.86%(N=3) , V- 34J{H 4 9.91%. 18] He 7F
B BT LA AN [R) S B T RS IR A 2
VE B LB 20 5 o

AT/ Ar TE SR TR B A 898.5~1908.6 (N=3, &
2), XM M 1253.23 5 25 T B 669.9~1497.6 (N=
3), Y Ky 1128.33 5 55 I By Bt M 1226.4~2200.4
(N=3) ,F-HI{E ] 1615.43 . ZLEBUE L & T8 T
IR R AR [ 2R A (Y Ar/°Ar=295.5) , LR K
I F b 5 F M0 3 AR 1 A/ fAr (R 2, R 3) .
FE “Ar/*Ar—R/Ra EIfift I (B 11a) , i #E i 4 4
AT A M52 AR A K 22 18] 114 X ek, 158 B 37 A
R TR B Ar Ak B A RS Ar TR A .
BA O A B 7R TR B 67.11%~84.52%(N=3) , -
BIE A 73.54% (2 2) 5 58 LY BE M 55.89%~80.27%
(N=3) , I {H N 70.63% ; & 11 By Bt A 75.91%~
86.57% (N=3) , F- 4 {f & 80.55% . Qiu (1996) Al
Turner and Wang (1992 )57 15 It 74 ZE 44 PN Ji7 i
SR AT 2 G5 R, EAR X EE T
Py b i U A B 25 R S R 5 4 HE R M S
LA i & BT AR B 8 ) (AR SC@ T Fil
1500 ), 0 A A A A Dt S S s R A 1) i D)
AT WA, oL VA A T B A A AR X
1155 (55.89%~86.57% ) , Al RS2 f LW A b s &
K AR TR

25 TR, He/'He HL{E R ML T 5l Ji i B 5%
IR A AR A I He 76 R ] 5 B BEFT 5 L A1)
(AN [) B Bl 1 0 5400 ot 2 5 ™ A FH 1) L 4610 328
ThiE o A/ Ar BT AR TR TR A Ar s,
AR Ar AR A o BRI B A Al fig B g
WA SR K AR, X SRR ST E
REEE0 (B 5 AR, 2001; Mao et al.,
2003) RIpVTL =BT T (KT RS, 2012; Zhai
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