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Genesis of Gaojiadian gold deposit in eastern Hebei Province: Evidences from
chemical composition of gold and gold-bearing pyrite, fluid inclusions,
and H-O-S isotopes

YANG AiXue, LU Shui, XU Man, XING YunTao, LIU HaiLong, WEI WenGuo and AN MengYing
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ment Survey Centre), Tangshan 063000, Hebei, China)

Abstract

The Gaojiadian gold deposit is located in the central part of the ore concentration area from eastern Hebei
Province on the northern North China Craton. It is a typical altered rock type gold deposit, with a small portion
being quartz vein type. It occurs in the granite and diorite of the Gaojiadian rock body and is controlled by fault
structures. In order to explore the genesis of the Gaojiadian gold deposit, a systematic studies of deposit geology,
the chemical composition of gold and gold-bearing pyrite, fluid inclusions, and H-O-S isotopes have been carried
out in this paper. The results indicate that the hydrothermal mineralization period of the Gaojiadian gold deposit

includes four stages, with stages Il and Il being the main mineralization stages. Pyrite is the main carrier of gold
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minerals, gold minerals are divided into natural gold and silver-gold ore, accumulated within pyrite as indepen-
dent gold minerals. The Fe and S content and Fe/S element ratio of pyrite during the main mineralization stage re-
veal that the gold deposit has the characteristics of magmatic hydrothermal type. The type of fluid inclusions in

the main mineralisation stage is dominated by liquid-rich two-phase H,O solution inclusions, followed by CO,-

containing three-phase inclusions, which are medium-temperature, medium-low-salinity fluids. The 5]801420 val-
ues of the fluids in different mineralisation stages range from 1.82%o to 5.60%o, and the 8D values range from
—83.3%0 to~—55.3%o, indicating that the fluids are mainly from magma water, with a small amount of atmospheric
precipitation mixed in. The 8*S value of pyrite in the main mineralisation stage is 2.40%0~5.61%o, showing the
characteristics of mantle sulphur or magma sulphur, revealing that the sulphur of mineralisation material mainly
comes from deep magma. The comprehensive study concludes that the multi-phase magmatic intrusion activities
of the Gaojiadian rock body provided sufficient heat sources and metallogenic fluids for gold mineralisation, and
thus the Gaogadian gold deposit is of magmatic-hydrothermal type.
Key words: pyrite, EMPA, fluid inclusions, H-O-S isotopes, Gaojiadian gold deposit, eastern Hebei Province
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Fig. 4 Characteristics of ore and surrounding rock alteration in the Gaojiadian gold deposit

a. Quartz vein-type gold ore, pyrite is distributed in quartz as vein-shape; b. Altered granite-type gold ore, pyrite is distributed in the granite as dis-
seminated; c. Altered diorite-type gold ore, pyrite is distributed in the diorite as disseminated; d. Euhedral pyrite (Unipolar ligh); e. Gold is
distributed between subhedral-anhedral pyrite particles (Unipolar light); f. Gold is distributed within subhedral-anhedral pyrite (Unipolar
light); g, h. The surrounding rock is a type of alteration of granite and diorite

Py—Pyrite; Cpy—Chalcopyrite; Au—Native gold
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Fig. 5 Field and microscopic photos of different mineralization stages in the Gaojiadian gold deposit

a, b. Stage | quartz and scattered cubic pyrite; ¢, d. Stage Il quartz and the occurrence state of gold ; e, f. Stage Il pyrite is distributed in strong
sericite-quartzite altered rock as disseminated, and the occurrence state of gold; g, h. Stage IV carbonate veins (calcite veins)
The b, d, f under the plane-polarized light and the h under the crossed polarized light; Q1, Q2—Stage I , Il quartz;
Py—Pyrite; Cpy—Chalcopyrite; Au—Native gold
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Wil H AR S B AR S
Mo Forb AR | R AR ERIR Z . R
F N AR SR AR B B RS S A S
AR 25 UUF 24285

1 A0 2R -H,0 ¥ WA 22 1R (WA L 1] 6a~d) ,
R AR LR, K/N—h 3~10 pm, S AH
I3 TEAE 5%~25% Z 18], TR LIASRLIUAR A 3, 356
SRR K MEDE , DR =M B8, Z 5
T DB RS AR A3

I A4 BEAR -5 CO, AR (=, B 6e ), 1238
R AR R T — M, K/N— N 3~9 pum, A 534X
TE 5%~20% Z [0] , JE 25 35 BN FLIIDIR , 20 %50 5 A (B
¥ =M KAEE, SHOB KB ER—E,
BAT 7 o

I3 WL B 2 SO A A S Al B A, Horp 4
SARL RS N R R,

43 REERGEH—RE.HE

A B B A S A A R 5 SR DL 2% 3,
J& J& M| F MacFlincor iT 8 AL ¥ B 45 . Y— R
FER B E5 LI 7a b MRSE SR R, 1324
A 2R ¥ — R B b 202~322°C , 9 {E N
264.5°C , & B w(NaCl) N 1.82%~12.29% , ¥ {H K
7.06%.

Horp 1054~ T AV AR IS 24— 20 AE , 2
—JRE 4 201.7~322.2°C, 3 B4E TP 1E 240~260°C (&
7a) , VK 5 IR E R —8.5~—1.1°C , £k ¥ w(NaCl,,) A
1.82%~12.29% , FEEHTE 8%~10% (& 7b) o

274~ T R4 BE AR B — Z AR K, 353 — R
A CO,, ¥ —JE K 228.3~321.1°C, FHAE 1 7E 260~
280°C, FETE YT IR JE K 5.5~9°C , #4315 — IR Ny
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Table 1 EPMA major and trace element test results of pyrite from the Gaojiadian gold deposit
TR B Fe/S
Fe S Au Ag  Co Ni Cu As Zn Te Sb Bi Pb pe¥ill
D09-4-Py-1  45.957 53.446 0.041 0 0 0 0 0.007 0.04 0 0 0 0 99.491 0.86
D09-4-Py-2  46.342 53.211 0.032 0 0.196 0.011 0.008 0 0.034 0.002 0.01 0 0 99.846 0.87
D25-Py-1 46.388 53.113 0.025 0 0.062 0 0.01 0.036 0 0 0 0 0 99.634 0.87
D25-Py-2  46.458 53.557 0 0 0 0.016 0.004 0 0 0 0 0 0 100.035 0.87
D26-2-Py-1  46.439 53.765 0 0 0 0 0018 O 0 0.004 0 0 0 100.226 0.86
D26-2-Py-2  46.247 53.432 0.05 0 0 0 0.01 0 0.001 0.004 0 0 0 99.744 0.87
D47-Py-1 45.691 54.369 0 0 0.044 0 0 0 0.011 0.002 0.004 0 0 100.121 0.84
D47-Py-2 46.373 53.273 0 0.002 0 0.001 0 0 0 0.014 0 0 0 99.663 0.87
D47-Py-3 45.831 53.14 0.027 0 0.097 0 0 0 0 0.027  0.013 0 0 99.135 0.86
D48-Py-1 46.287 53.72 0 0 0 0  0.045 0 0 0 0 0 0 100.052 0.86
D48-Py-2  46.254 53.544 0.007  0.003 0.013 0.016 0 0 0.024 0 0 0 0 99.861 0.86
D48-Py-3 46.31 53.6 0.01 0 0.009 0.013 0 0 0 0.008 0 0 0 99.95 0.86
D49-Py-1  46.547 53.676 0.038 0 0 0 0017 O 0 0.007  0.017 0 0 100.302 0.87
D49-Py-2  46.649 53.422 0.002 0 0.071 0 0 0 0 0.001 0 0 0 100.145 0.87
D59-Py-1 46.763 53.6 0.002 0 0 0 0 0 0 0 0 0 0 100.365 0.87
D59-Py-2 46472 52.924 0.016 0 0 0 0 0 0.021 0 0 0 0 99.433 0.88
D59-Py-3  46.336 54.16 0.01 0 0 0.022 0 0 0.029 0.033 0.006 0 0 100.596 0.86
D68-Py-1 46.281 53.074 0 0 0.044 0 0 0029 0 0 0 0 0 99.428 0.87
D68-Py-2  46.578 53.523 0.015 0 0.164 0.01 0 0.024 0.004 0 0 0 0 100.318 0.87
D68-Py-3 46.24 53.54 0.012 0 0.084 0 0017 0 0 0.009  0.011 0 0 99.913 0.86
D91-Py-1 46.694 53.479 0.004 0 0 0 0 0 0 0.013 0 0 0 100.19 0.87
D71-Py-1 46.501 53.071 0.022  0.006 0.049 0 0 0 0.003 0 0.007 0 0 99.659 0.88
D71-Py-2  45.882 54.267 0.014 0 0 0 0018 0 0.021 0.019 0 0 0 100.221 0.85
D77-Py-1 46.232 53.271 0.022  0.003 0 0.001 0.039 0 0.015 0 0 0 0 99.583 0.87
D77-Py-2  46.708 53.878 0.022  0.004 0 0.006 0.021 0 0 0 0 0 0 100.639 0.87
D90-Py-1 46.06 54.257 0.03 0 0 0 0 0 0 0 0 0 0 100.347 0.85
®2 BERESVASTYBFRIEMETEMNRLERK
Table 2 EPMA major and trace element test results of gold minerals from the Gaojiadian gold deposit
B4 Y -
Fe S Au Ag Co Ni Cu As Zn Te Sb Bi Pb Jsv e
D09-4-Elc-1  0.514  0.093  65.153 32.713 0 0 0 0 0 0.292 0 0 0 98.765
D49-Elc-1 0.338 0.115  85.367 12479 0.063  0.003 0 0 0.002 0.06 0 0 0 98.427
D59-Elc-1 0.405  0.192 73.231 24.136 0.051 0.042  0.029 0.019 0.017 0.16 0 0 0 98.282
D91-Elc-1 0.234 0.124 82262 15.813 0.154 0.008 0.009 0.003 0 0 0 0 0 98.607

28~30.9°C , £ i w(NaCl,,) 4 2.00%~8.19%, F L 4
HE 4%~6%

FHS T I A AR, T 280 40, 2 4 S 30 g s A1 1)
YR R R
44 H-OREIEHAMK

H-O [F) 7 2 4R L 2R e 8150y, o T4 R I

T4, BWFEIE ST IRAR BB BA 9 8" Oysmow
I F 10.12%0~13.90%o , ~F- 24 {EL 12.07%0 5 8 Dy.smow
A F—83.3%0~—55.3%o , - I ~70.74%0 . i T
BE 11 830 y.gmow N 10.96~12.24, 8Dy gvow N — 63.7%0~
- 61.6%; 11 B Bt 1Y 8"0yquow N 10.11~12.48,
8Dy.smow M — 73.4~—55.3; T B Bt (4 83 0y.gyow N
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Fig. 6 Characteristics of fluid inclusions in the main mineralization stage of the Gaojiadian gold deposit

a~d. Type | H,O solution inclusions in quartz; e, f. Type 1l CO, containing inclusions in quartz

L, o—Liquid phase water; L., —Liquid phase carbon dioxide; V., —Gaseous carbon dioxide
2 2 2
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B 25F R 30
B
20}
20
15+
10+ 1ok
5_
0 0
200 220 240 260 280 300 320 340 0 2 4 6 8 10 12 14 16
¥—RE/C w(NaCl,)/%

BT 00 B PR A e B A — R (a) R BT € (b)

Fig. 7 Histogram of uniform temperatures (a) and salinities (b) of fluid inclusions in the Gaojiadian gold deposit
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Table 3 Temperature test results of fluid inclusions in the Gaojiadian gold deposit

Hedhs f T PIIELEL/PC VI JGREPC 3 — R PC B2 —IRAEE/°C PKAURIESC wNaCl, )/ % ot/ A
D09-4 [ # H,0 %l AL F ik 213.8~322.2 ~7~=15  247~10.48 11
A CO, sk —59.1~-58.1 5.5~7.9 28~30.5 257~278.1 4.07~8.19 4
D09-8 I 7 H,0 kB ik 226.4~316.9 —7.4~-2.6  4.23~10.98 9
I #9%% COo, fusEfk  -58~-575 6.9~7.9 28.6~30.8 270.7~308.7 4.07~5.86 6
D10-2 [ % H,0 &AL E A 209.2~297.1 ~72~-58  7.39~11.34 13
11 %18 CO, fu 34 -58.5 7.8 30.5 278.8 426 1
D25 [ B H,OE R LA 201.7~253.7 -74~-3.6  5.78~10.98 10
I #9%% CO, fuzEfk  -58.6~57.5 6.1~7.5 29~30.5 228.3~299.9 4.80~7.21 4
D43 [ B H,O %Rk 211.5~250.8 -6.6~1.1  1.82~9.97 8
I 7% CO 3k —58.7~579 6.3~7 28.9~30.9 234.1~321.1 5.68~6.88 3
D49 [ B H,0 %I 217.5~263.1 -8.5~4.1  6.52~12.29 12
I #9% CO, fusEfk  —58.4~57.5 7~9 30.5~30.8 254.3~306.1 2.00~5.68 3
D53 | T H,O Bk 217~268.3 ~7.1~44  6.96~10.61 14
1 %18 CO, fu A -57.7 7.5 30 294.2 4.80 1
D60 [ #H,O %R Ik 220.4~289.4 ~7.4~-38  6.08~10.98 12
I #E COo, MM -58.2~-57.6 6.9~7.6 29.5~30.7 278.2~307.3 4.62~5.86 2
D69 | T H,O A 233.2 -5.8 8.92 1
11 %455 CO, A FE R -59.3 8.3 29.2 313.8 3.33 1
D75 | B HOE R R 218~221.9 —6.8~-4.3  6.82~10.23 3
D91 [ B H,OE WL 216.4~284.6 -7.5~42 | 6.67~11.10 12
I #9%% CO, fu sk —58.3~57.4 6.8~7.3 29.9~30.8 280~286.2 5.15~6.03 2
11.33~13.90, 8Dy.gyow N —83.3%0~—67.2%0, A [7] i
B9 B 8" Oygpow 1 8Dysyow A M B, @ 5 5f 8

i 8150y o HHE 23 315 2 R UK B 07 R AY 810y o /1
T 1.82%0~5.60%0, “F 4] {H 3.78%0, 1 1 B Bt
2.67%0~3.94%o, 1 B Bt A 1.82%0~4.18%o, Il B Bt 4
3.03%0~5.60%o , AN [F] AT B B 1Y 830y, o B EL /N o
SR 3R 8D gyion OB . ’
4.5 TiEIGIERAMK

F R B B B4k 1Y LA-MC-ICP-MS J5 i S
[ ZE MRS R L2 5, 25 3 7, 18 Bk %S
(I E A 2.40%0~5.61%o , - 41 {E K 4.05%o , KI5 5 Fl
B MR ZEB N, BT A AR — R
Ohmoto %5 (1979 ) I\ A TER A1 W 4 20 W3 ff R HL R
LA R R I, PR BT T FH T ) 834 -
AR . @RS &0 RSP 1o 5 s Ak &
BN, ALY B, HOR K A B R £
W AEAE , RIL, 57 v 634S - {8 m] AR 2 B
S 8MSAHE, 2 4.05%o00

51 &MEERES

AR ARG BB T B R I R T RO
UG B R IE &0 A AR, &0 ke 24 T 25~
70 um, FBAFNT 1~25 pm, P HHEAEATIK 123 pm, £
BUm T ORI A AR 4 D RO AR 4 B IR
THURL 4 (AR 42 : <10 pm; 40K7 4 : 10~37 pm; HokE
45 37~74 pm; HLRLSS : 74~295 pm; EURL4S : > 295 pm)
(BkAictny , 1991 ; 15 5% 12022, THME4,2022), 40
YIRS IR IRLRCIR ORI BRI R 32, Rk 22 hE
AR Z A5 R AR AR S DL R 43 o 3 (&
8a~1) , & W) EZ A T LR el b i
AR,

455 AT LA I H TR AT S SR R (22) 28
J ARG 2O S . ARSI w(Aw) 735 R
82.262%.85.367%, w (Ag) 73 5| 4 15.813%. 12.479%
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Table 4 Hydrogen and oxygen isotope test results of
quartz in the Gaojiadian gold deposit

FERS RO BTBE 3Dy gyow/%0 550y suow/%o 8150y, /%0 1/°C

D06-2 -62.9 12.24 3.95 264.5
DO07-1 I BB —61.6 12.15 3.86 264.5
D08 —63.7 10.97 2.67 264.5
D09-4 -73.4 11.50 3.21 264.5
D09-8 —65.5 10.77 2.48 264.5
D10-2 —60.3 10.12 1.82 264.5
D10-3 e -553 10.23 1.93 264.5
D25 -71.4 12.48 4.18 264.5
D26-2 -71.4 11.84 3.55 264.5
D29 —65.6 10.62 2.32 264.5
D49 -71.9 11.33 3.03 264.5
D53 =76.5 12.58 4.29 264.5
D60 —4.4 12.61 4.31 264.5
D65 -75.1 13.30 5.00 264.5
D66 -4.2 13.40 5.11 264.5
D67 MFEL —83.3 13.90 5.60 264.5
D72 -74.4 12.68 4.39 264.5
D73 —67.2 12.29 4.00 264.5
D77 -78.9 12.81 4.51 264.5
D90 -81.9 13.12 4.82 264.5
D91 -76.7 12.57 4.27 264.5

T : 100010t 415 4y o=3. 38%10°/T°-3.4 (Clayton et al., 1972), H 15
H T=1+273.15 1 TN 4 P AR B — R (CC) I BT ARSI R
RRHCFEILEE 264.5°C

(HSR4 , Au: Au>80%.Ag<20%) ; 541 H1w(Au) 235
H65.153%.73.231%,w(Ag) 73919 32.713%.24.136%

(4R, Au-Ag: Au 80%~ 50%.Ag 20%~50%) .

26 WUE R L FHRE BT 25 L s, 6 4 AR
THEIMBR , 4% 20 J A5 10(Au)=0.002%~0.050% , #fE
D )5 i PR AEAS T WA, o0 A T Bk b 1
o 1HH T w(Au)(0.002%~0.050% ) FRA , 322 346 H
BEL, PRI I 5 G0 0 TR A e AN AT UL 4 4 A 7
E— 5

SRS, B ZG S0 R gk e ) £
HART Y. Au EELIST &0 W (ARE RET)
HIE 2UAFE T3k op D B SR AR A T,

52 EERF RO KM ERE R

R RGBT IR BT BT A DU A 1 25 R 3k
M ,w(Fe) h 45.69%~46.76%, V- {H N 46.33%,10(S)
4 52.92%~54.37% , Y8 53.55%; H w(S) \w(Fe)
BT R4 (w(S) :51.03% w(Fe) :44.86%) ; 5
7 JF IR RIAR L (w0 (S) :52.72% w(Fe) : 46.76%) , Bf
FE X P B R 2R IR A 1 1 0 (S) FAAR Y w0 (Fe ) o
BRI Fe/S SEX(H 4 0.865 , 5 HUIR IR #5440 (1)
Fe/S{H (0.877) (451~ ,1987; /% i#,2012; L1
85, 2013) 43, AT HEDN = 2805 G0 IRy 5 K OB
P AN B 5 (D09-4-Py-1,D25-Py-1 . D68-Py-
1 F1 D68 -Py-2) 1Y w(As ) ¥ &, 43 51 4 0.007% .
0.036% . 0.029% Fi1 0.024% , H: 43 I sk 4 4% H 4G )
28, 578 ] e D i KA KA (Zhang Y W, 2020
VF5E, 2021) .

53 HH REMERSKRIE

308 3 AR YD I A R A 2 A I B 5 2R
W53 BT VR E R B B (I TR B ) 2k
H,O % W0 35 (K & Co, L B, &3 T M Al
(LH20+VC02) ﬁ ;*ﬁ (LH20+LC02+VC02) ’ Hzo {ﬁ'@@

RS BRIEEVAESRT RURBMERSTERR

Table 5 In-situ sulfur isotope analysis results of pyrite in the Gaojiadian gold deposit

bz 5 B B 3%4S%o 75 H5 T B Bt 3%4S/%o0
1 D09-4-1 F R B 2.65 10 D49-1 TR BB 4.05
2 D09-4-2 F R B 2.40 11 D49-2 TR BB 4.02
3 D25-1 F B B 4.29 12 D59-1 F R BB 3.97
4 D26-2-1 F AT BB 4.97 13 D68-1 F A H B 3.07
5 D26-2-2 T BB 4.21 14 D68-2 FHH W B 3.38
6 D48-1 F BB 4.25 15 D71-1 F L H B 438
7 D48-3 F R B B 4.24 16 D71-2 F R B B 5.38
8 D47-2 F AT BB 5.61 17 D77-1 F R BB 3.14
9 D47-3 F A BB 5.43 18 D91-1 FEHH B 3.43
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d. 4 B RCRI AT 5 2k 245
Py— KT ; Au—4: 1) ; D09-4-Elc/Py-1—4: W 1)/ FE kA0 IS0 634 il 47 B K 44 5

Fig. 8 BSE images of ore minerals showing gold is distributed in pyrite as fissure-type from the Gaojiadian gold deposit

a, e, f. Gold occurs as breccias in pyrite fissures; b. Gold occurs as branches in pyrite fissures and extends to the quartz on both sides; c. Gold occurs
as oblate granules in pyrite fissures; d. Gold occurs as wheat grains in pyrite fissures

Py—Pyrite; Au—Gold mineral; D09-4-Elc/Py-1—Laser ablation location and numbering of gold mineral/pyrite

T 15 50% AL, 58 At — 5 N 202~322°C,  {H 4 7.06%, J& HiL R EL EE A
I R 264.5°C , B w(NaCl, ) K 1.82%~12.29% , ¥ A TR BT A BT R H-O [ i R AR
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LTI VHERE LR B H-O R 2 45 R H A —
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54 BEYERFKIR

TR AR BB A %S H A 2.40%0~
5.61%0, V- YI1E Jy 4.05%o0, = 4L T T 4%0~5%o (K]
10a) , I 7% Ml Bt 55 J% B 4R AiE (8%4S=—5%0~5%o )
(Ohmoto, 1972; Ohmoto et al., 1979) (&l 10b) , 5 %
7 M DG L 30 MR ) B S SRR Y A B i H-
FE A (—0.3%0~5.3%0) , 42 M B (—5%0~6%o) , HER
B (1.5%0~5.4%0) , 40> 11 &7 (3.1%0~6.3%0), T 4
FAW (=0.2%0~3.7%0) , 7R B2 A1 (—2.1%0~4.3%o0) Fl1 fi
B 47 (2.1%0~5.5%o) it [ 47 28 41 B S A — 2 ([&]
10b) , FBH & Z05 40 R B 1 0 v (9 i 32 220k B
T AHK

10 125 208 BB PRB IR] 7 3% ZH 0
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BRI H R 45| A 41,2013 ;Kong et al., 2015; Liu et al.,
20164 ) IR 40" 5] F 5k FK 5%, 1991 5 Song et al., 2016; Zhang et
al., 2020b; #EA B 5| A A1 BESE, 2015 400l 47 5| A ARAK
2017; FEE A6 5] A Liv etal., 20185 REEGH5] A A7,
2014 JEAL T84 5] FI#UC, 2015
Fig. 10  Sulfur isotope composition of the Gaojiadian gold
deposit
a. Histogram of sulfur isotopes from the Gaojiadian gold deposit; b. The
sulfur isotope composition of the Gaojiadian gold deposit and the main
gold deposits in eastern Hebei Province during the Yanshan period
Source of data: Yu’ erya gold deposit cited in Jie, 2013; Kong et al.,
2015; Liu et al., 2016; Jinchangyu gold deposit cited in Zhangetal.,
1991; Song etal., 2016; Zhang et al., 2020b; Huajian gold deposit cited in
Shietal.,2015; Niuxinshan gold mine cited in Xiong, 2017 ; Xiajinbao
gold depositcited in Liu et al., 2018; Dongliang gold deposit cited in Xin,
2014; Tangzhangzi gold deposit cited in He, 2015
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A AT P RRAE
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322°C, #h ¥ w(NaCl,) K 1.82%~12.29%, J& i .
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REHERY], WK F 2ok A A HOK IR DR
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