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Yanshanian gold metallogenic system and metallogenic model of the Guilaizhuang gold ore field,

western Shandong

Abstract: The Guilaizhuang gold ore field is one of the essential tellurium-rich goldfields in eastern China and the only
super-large goldfield in western Shandong so far. These gold deposits controlled by the Tongshi subvolcanic dome occur in
different depths, geological structures, and geological bodies. Though their mineralization types are diverse, their host wall
rocks, formation environment, geological background, and metallogenic characteristics are generally consistent: (1) The
Guilaizhuang gold ore field, mainly composed of Precambrian basement rocks and early Paleozoic carbonate cap rocks, is
an endogenous medium—low hydrothermal gold concentration area of relatively developed Mesozoic tectonic magmatism.
(2) Yangan fault, a derivative structure of the Tanlu Fault Zone, controls the distribution of strata, magmatic rocks,
secondary structures, and gold deposits (points) in this area. The sub-faults of the Yangan fault and the radial and circular
structures of subvolcanic domes are good places for ore fluid migration and sedimentation. (3) The mineralization types are
mainly cryptoexplosive breccia, magnesian carbonate micro-disseminated, porphyry, skarn superposition, and altered
fracture zone. The ores generally develop into disseminated, veinlet disseminated, stockwork, crumb, and block structures,
reflecting that they were formed in the post-magmatic hydrothermal environment. (4) It shows a distinguished character of
coexistence of tellurium and gold super concentration. In addition to common native gold and electrum, there are also
tellurium-containing minerals such as bessmertnovite, petzite, hessite, calaverite, etc. (5) The early Jurassic intermediate
alkaline magma initially started the gold mineralization process in this area and provided parent rock and material source
for the early Cretaceous alkaline magmatic activities. The main mineralization period of the Guilaizhuang gold ore field in
western Shandong may be in the early Cretaceous. (6) The ore-forming fluid has the characteristics of low temperature and
low salinity. The isotopic characteristics are multi-sourced. They are dominated by magmatic water and atmospheric
precipitation, with a small amount of metamorphic water. (7) Au likely combines with Te and S to form transportable
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complexes for migration in the ore-forming hydrothermal fluid. There is a high tellurium fugacity in the ore-forming
hydrothermal fluid. Under medium- and low- temperature conditions, tellurium can easily replace sulfur and enter the
sulfide lattice. Under high tellurium fugacity conditions, tellurium is prone to form telluride with elements such as gold,
silver and lead to mineralization. The consistency of the regional metallogenic characteristics indicates that the Mesozoic
large-scale gold mineralization in the Guilaizhuang area of western Shandong is controlled by a unified geological event
and can be classified into a unified subvolcanic medium-low hydrothermal gold metallogenic system.

Keywords: cryptoexplosive breccia; tellurium-rich gold deposit; metallogenic system; Guilaizhuang; western Shandong
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Fig. 1 Sketch geological map of the gold deposits in western Shandong( Yu et al., 2016)

1-Archean intrusions; 2—Proterozoic intrusions; 3—Mesozoic intrusions; 4—Stratum; 5—Faults and inferred faults; 6-Gold deposits ( occurrence );

7-Guilaizhuang gold ore field
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Fig.2 Sketch geological map of the Guilaizhuang gold ore field(Yu et al., 2019)

1—-Quaternary; 2—Cretaceous; 3—Jurassic; 4—Ordovician; 5—Cambrian; 6—Shancaoyu formation of the Taishan group in the Neoarchean; 7—Early
Yanshanian monzodiorite porphyrite; 8—Early Yanshanian monzonite porphyry; 9—Neoarchean granodiorite; 10—Neoarchean monzonitic granite;
11-Cryptoexplosive breccia; 12—Angular unconformity geological boundary; 13—Fault and its serial number; 14—Cryptoexplosive breccia type
(Guilaizhuang type) gold deposit; 15—Micro-disseminated magnesium carbonate (Mofanggou type) gold deposit; 16—Other hydrothermal gold
deposits (ore spots); F;—Yan—Gan fault; F,—Guilaizhuang fault; F,—Yingziwa fault
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Fig. 3 Section map of the No.32 prospecting line in the Guilaizhuang gold deposit(Yu et al., 2016)

1-Cambrian—Ordovician Sanshanzi group, Chaomidian group and Gushan group; 2—Cambrian Zhangxia group, Mantou group and Zhushadong

group; 3—Jurassic monzonitic diorite porphyrite; 4—Precambrian metamorphic basement; 5—Broken alteration breccia; 6-Gold ore bodies
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Fig. 4 Mineralogical characteristics of the Te-rich gold ores in the Zhuojiazhuang gold deposit(Yu et al., 2019)

(a) Zhuojiazhuang gold ores: Quartz, fluorspar-polymetallic sulfide-gold telluride vein bodies are filled along the early quartz-pyritization rock
fractures, and then interspersed with the later sericite vein bodies; (b) Zhuojiazhuang gold ores: Altaite and sylvanite are distributed around pyrite
and formed later than pyrite; (c) Guilaizhuang gold ores: Hessite and argentite are irregularly distributed together with galena, sphalerite and
chalcopyrite. Tellurite deposits are metasomatized along the chalcopyrite edges. Many tellurite crystals are distributed between quartz grains; (d)
Guilaizhuang gold ores: Hessite and pyrite are distributed among quartz fluorite minerals. The residual bulk pyrite is distributed between tellurite
and quartz fluorite grains; (e) Zhuojiazhuang gold ores: Altaite and sylvanite are distributed at the edge of cuzticite. The micrograined pyrite is
distributed in quartz, fluorite and so on; (f) Zhuojiazhuang gold ores: Native tellurium and sylvanite coexist in minerals such as quartz and
fluorite; (g) Zhuojiazhuang gold ores: Cuzticite, native tellurium and sylvanite are symbiotically distributed in quartz and fluorite; (h)
Zhuojiazhuang gold ores: Native tellurium is distributed in the cements

Alt—Altaite; Syl —Sylvanite; Py —Pyrite; Qtz —Quartz; Fl1—Fluorite; Ser —Sericite; Hes —Hessite; Am —Argentite; Gn —Galena; Sp —Sphalerite;
Ccp—Chalcopyrite; Pro—Cuzticite; Tel-Native tellurium
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Table2 Results of the EMPA spectroscopic quantitative analysis of main telluride and native gold in the Guilaizhuang gold ore field
YR FE/% Sit%
Fe Co Ni Cu Zn Hg Bi Te Au Ag Sb Se
1 SRk 0.06 - 0.02 0.02 0.02 — 0.11 98.77 — — 0.68 0.07 99.75
H AT — — 0.02 — 0.01 0.13 0.07  99.14 0.05 — 0.65 — 100.08
1 SR Tk — — — — — — 0.11 98.84 — — 0.65 0.03 99.65
H AT — — 0.03 — 0.02 — 0.05  99.01 0.01 — 0.67 0.07 99.87
ROTREEA 0.01 — — 0.16 — — 0.29 59.01 30.32 8.20 0.40 0.08 98.45
ROTRE A 0.01 — — 0.16 — — 034  59.11 30.31 8.40 0.39 0.04 98.76
ROTRE A — — — 0.19 0.01 — 029  59.16  30.60 8.18 0.40 0.03 98.88
ROTRE A 0.01 — — 0.18 — — 0.38 58.48 30.06 8.62 0.41 — 98.15
ROTRE A 0.01 0.04 — 0.08 1.65 — 0.31 59.31 29.18 9.25 0.36 — 100.23
ARG — 0.02 0.08 0.01 0.02 — 0.22 61.92 25.81 12.13 — — 100.22
AR — — — 0.01 — — 0.24 61.63 27.00 11.30 — — 100.20
T — — — — 0.02 — 0.02 39.04 0.04 60.02 — — 99.15
AR 0.59 0.04 0.04 0.05 0.02 0.56 — 39.15 0.03  59.78 — — 100.26
AR 0.94 0.04 0.06 0.05 — 1.25 — 41.11 — 57.14 — — 100.60
AR 0.04 0.01 — 0.02 0.01 0.50 — 38.40 — 60.31 — — 99.37
AR — — — — 0.02 0.51 0.04 38.30 — 60.66 — — 99.55
Tl G2 AR~ 0.03 — 0.03 — 0.04 — 0.25 33.16 25.78 41.79 — — 101.07
Tl AR — — 0.01 — 0.05 — 022 3334 2618  4l.64 — — 101.45
Tl AR 0.03 — 0.01 0.01 0.03 0.09 0.18  33.02 2509  41.84 — — 100.31
Ak4 — 0.11 - 0.05 0.05 0.36 0.68 0.07  89.80 10.52 — — 101.67
8R4 0.03 0.02 — 0.03 0.08 0.11 0.85 0.07  90.09 10.55 — — 101.83
8R4 0.02 0.02 0.05 0.04 — — 0.76 0.01 86.69 13.15 — — 100.74
AR 4 — 0.02 0.04 — 0.04 — 0.85 0.03 87.44 12.60 — — 101.02

3 BV RSN

3.1 MEEH T
3.1.1 B R M

e 13z Bl 4, BE S K7V AR H i A6 AL P ) RR
SV A AR o, B0 R R A AT LS, YR AR — &
F A6 PG L kb P ) 3 2 e R w2 (FE 6) .
2 XN T 58 kS B AL R, BF 5 X
25k, FohdbAr v g H W 2oy XN £ T
W 24, 35 7R Y 1) B ALV i B 2 Sy HE H 0T 24 6 Tk %
FAl R Z X B, S HE XN &R
() AR LS 53

At b P 1) M H T R )3 0k R A T Y S
4, Wi 40 52 L BT Y, R 4T B R A, A
B H R, 1 7R 5 S /AL IR AL 1 R 5 W 28
HHZE T 80 5 W 2T P ), 2 L UR AR R &M
R M R Y A LR 4y, P E R XM )E
Wt G 18 T VAR E 4 0 Y R A o XA e 4
SVAGE 1] 345°~350°, Wi b AR, 006 R 64°~80°,
HGERE R 5~25m, 7 N K B W24 R R A KO
HEW RV, Wraa 2 R a ek, gtk 5
At B, SR AT a1 .

THE T W7 24 13 8 22 UK K 1 T B, IR AR AT 3 AR P 1)
[ A T e U e o A TR T 13
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Fig. 5 Geological profile of the Mofanggou gold deposit in Pingyi county (Yu et al., 2009)

1-Limestone; 2—Dolomitic limestone; 3—Flint-bearing nodule limestone; 4-Fluoritized dolomitic limestone; 5S-Mesozoic Yanshanian monzonitic

porphyry; 6-Neoarchean admellite; 7-Gold ore body; 8—Early Cambrian Zhushadong formation

R

Qﬁkﬁfﬁ%m
7 B %1
<

€d1 -2

0 1 km

152 00 T J2 A 73 /()5 2— 00 1 )22

e #HEBMAKRAEREMAEHERFEH (FHhE
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Fig. 6 Structural distribution map of the Yan—gan fault and its sub-

faults(Lin et al., 1997)

1-Faults and dip angle(°); 2—Inferred faults

T, XA IR (50 2 4341 T I 2 20 B 24 P4 5 H 55 )
B3 3 7R G ) D A R VAR T F L F, Wi RO
TEWT R BRI R R R, A GE )
260°~290°, [ FE i, B Ff hy 65°~82°, F, Wil ok
FEW R W, K 246 a2
NN R I R S A | AT TN A VA o R B
PR, NE BT R BRIGWIR B L R
R E W 24 PR B3 — AR IR 3 DR 284 S el b 1) e AR R 4
Ao BVARGE 1] 290°~310°, 14 1] B5 75, {5 £ S 60°~

80°, X ZH KT 245 il 2 LA | BB VA S A IR 434
312 HKLTHME

2 DX IR 1 N ) B e K W B4 R B RS, % X
A AR S B, R g A KRR LT, &
b 7 [ AL TR B AE FE i — B % A K, 12 A B8 5L IX
5 R YA G 1w B Y B — A SRR, 52 )
A6 VG B G AR, SEA ot L L AN LR, AR IA
il RN S A N EEA K-
WA A AR A5 R R RO R R B A
Wo AR S 2 G W T, T8 5 R Y TS M A
WA A, T — ZR 50 B SR LRk R % Bl 2k
ARWTZL S BAIR |k S bR B Bl ) bR A i 5 X
PERY & B Z . B A RS 2L, =T R A T
W R4S BT, BERE S S RET WS, CRIA
KB BLGEE A AT IR B 32 e S A 1 45
32 HMREEH

TERCH™ ) 50 75 10, 28 110 B AT B8 Sk i R 4t T
550 R R SN NI AV S =i e s B
FORE L R AL, HEAEE DRI OB (T A g,
2010), INFIRA T B AR KA IKAE S TR S &
H95.9x107°(n=45) . KIEFT F AL ICR & N 7.04%
10°(n=17) . R K M N A 4 o0 & & & - 8.2x107
(n=5) o F B S O 0 ok Kk 3 (1998) BF 58 iU 2R, 28 11
HREA TR SR N 10.14x10°(n=68) . 7] WL, &75 5
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KRB AHETETREBEFEEMEDY
3~ 5 4% (Hb5E FBEE A 2.19%107% Z2JE, 1992) . X
IR Ay TRE EZORIE T HA £ & &0 Rk
(IETIPSyiEN

TE LA 23 18] 5 T8, — J7 16 2 AN 3 5 o i i 48
Tz, ERE R INANE S TRrER 2N
AR AR Z b, R K L = A, iR, 1k
SIS PESR, AR E IR R E, AT
TP ANB IR, 5 50 WOR R s AUE
TR B0 ks 55—y i, TR o 28R =
S5, LA BOR A2 TE Bk 22, X A T B 1 RAE K
WS 2 B P 85 AR, % U2 A R Y B B 1 X 4
W EZEAL, AL, FERR AR R TR
HuBKA . Hoa%, BHEREXEST AR
FEE=
33 EREETHL

r A AR HE L P 1) 9800 By S A0 AT Ak T o D
DX b VG 1) W 54 kAR Rk, g A K R AR T A
o 5 AR A AR R R AN AL
ERREILER PN EET I, THRMERRM)ZE K
FHEH T 241 U R B LAk T Ao, 22 U0 35 SR S IE
T AW AR AR — 2 B g
AT TR 1A o S0 B P Vs Ll S B, RGP A
3INFEEE: O KNKEAANE, EE6T
T A RO IR @ K- 1E K FUA A B B, 40 A T4
AT A% 5 U 1 TR 5 (3D RH TET BE A B B R A R A B B
Be e A R A S IR SOBKCIR 40 A T A s R
O F A B ik A A, & R B R AETE B
B, CHMREN, T HNTZ om0 KINK S
M AR B A E B T T 189~ 180 Ma( R 5t AT
&% 1997; Lan et al., 2012; Xu et al., 2015), —F [ )&
M1l L. AR, VR BT N S R G
RE YR AR A (IE ) BE 5 BkOR — K B8 2 A R
TFR R G IR IE, IRA5 4 R85 A U-Pb 4R i 4 b
T 127~ 124 Ma, X W% 7R fi A 4% 5 R e B B i — K
CIER) BEA Bk CA IR 1l BB IE AT 5. (1 22 1k, 1 4 7
AL

W HH P A AR B s Ll 2R T Bh o e T R R
AW BAEGIEN. NSRERLE, CMET
PR 88 B Ak S0 T4 A A RE N, B2
G3 A T4 55 VR 0 3 Gk Bz A B O N Ak 5 A K

AR RE, T FE R AT m e — K-
IERBUAE RGP BeoR W o A A X & 1k i 5
il 1 E BER BT, — T T, 2 ORI K A
I 2y i e T SR R BRI AR AR . 2
2 W B 1) e S0 0001 VS K Ll s RS Bl et R iR e
# H,0. CO,. S ¥ K 73 Kl o3 ot iy s w™ $A 0, #4
WAE BT is R ad B b, i — 200 A0 28 L BE b A
JUR, (LA Wy ok — 2L W R IR, TR 2 A ) B
oo 2 E T ULVE RAE, B R . 55—, H K
I SR I B0 B A Bk () . R BEA A IR
IR BT L 2 S AR i R A AR BOIR
Wi, B W AT R4 U R I ULTE R R T A
H 23]

4 H 1

4.1 HH ERKIE

KF LT R YRR, 46K 25024
T HZ oM A, BERTE N E, SRR,
WSO 25 A VR R E A B BB A B 45 M 5 R [ 37 28
BRAG A B A X B W) BRI S AL AT T LR A AR

(1) Bt [R5 2 7 1

AT A AT, B G 0 B (] 67 2R 2 R H TR E
pH {H | 3% B A ES 7 76 M S W B Ak 2 A A e, i
FE IR BEAR T 350°C . i A4 i LA H,S iy = 1Y 8 i O
AT, GRAL Y 0 SF ¥ 60'S He ik O Y 0MS
( Sakai, 1968; Ohmoto and Rye, 1979; Hoefs, 1997; % 7k
TCORIFRVLIE, 2000) o JH 2K 40 HUE T I e
JRH B, AR S Rk, HoAf R b
SEHE . TR INBERT . BT RO, R Kk
AR R ER 01 . UL, B ALY 4 1 7 2 6%S fE ]
DL RIEE . O AR, % X R A iR
RIS W IR R 1 0*SE R 0.71 %0 ~5.50 %o (Hu et
al., 2006; Li and Santosh, 2017) , £ i ik g £h & i 42
YL B R 6S (B AZ Ak LR 16.5 %0 ~ 0.4 %o o
FH I T D, BeURR i s LB B TR 7 2R A AR AR AR R
& A B ) e TR A 2R R AR T B Bk R R
20 YL R B 1 6™S (H AR K2 A2 M )2 v oK Y 1
FHUTRUBE (5™S (H 4223 20%0 ) TR A 1 AL A o

(2) B[R4 2 7 T

UH R FE 0 Bk AR iR A AL BT A 1Y 2Pb/ A MPb il
207pb2¥Ph Jii HE L4 A 16.94~17.42 Fl 15.36~15.42
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(Chen and Zhao, 1998) . Li et al.(2018) {23 T £ i fik
R 3 Tl Al = e B B R A Y WA R B Ll
18.207~ 18.908(Pb/**Pb) | 15.575~15.757(*"Pb/"™Pb) .
38.313~39.252(*Pb/"Pb) A (**U/*Pb) Mlew(**Th/
24ph) 43 511 4 9.37~9.79 Fil 36.83~39.17, {7 F 1L & 4+
) u(8.686~9.238) Fl w(35.55£0.59), LI | % Kl &
B, Beuds A ik e B 0 A B R S0k A e, ]
fE5 N Hb 5T IR G, T BE A R A i A i e B
T LB A — B 43k H Bk BR 3 5 1 A

(3) A A Inl 6 & J7 |

A2 B T RER AR B &0 A 57 A
mn A T AL AR K I A R R AR, A BH SR JE

B R AP, O f# A1 & 7K OD{E S —73 %o ~—48 %o,

SO fH J—1.1%0 ~8.7 %0 (MK 5t AT 45, 1997; Chen and
Zhao, 1998; H 45k, 2005; T 2404, 2010), 5 5 4= 2+
oK Fe A8 oK AH Y, B T B AR A AL T th A AR
KA BEIK ) ODAE (=70 %0 ~—110%0 ) o H1 It 7] 3
B, 0 O HL A 2R TR, DLA KO KR K
hE, AL RETR KNS,

(4) ik S R 457 3 J7 T

% FH TR T R E M5 TAE, #F785IN h R
PR A AL A T T e s R R R R
B I Bk TR R A SN R Y R S 0 A R R R ROk B
BRIREE 7 & (Li et al., 2018) o

(5) gnER a4 R J7

A H RS B R R A R S T W) A
Sr [A] 3 Z HAH i(*7Sr/*Sr) 2y 0.7024~0.7061( Chen and
Zhao, 1998) , B J51 ik 2 #h A AR IR G AL & 07 A1 1Y W)
I Sr A A7 & e AH i(YSr/*Sr) A 0.712429+0.000076( Li
etal, 2018) . Hi UL Al WL, Hi & 55 0 U5 5 45 P 1) 45 4L
it 422 305 (<0.7037), J& 75 0B HE & T X R (<0.704)
15 F Bifi VB Bk R £k (>0.720; Faure, 1986), % B W85 4
J R ) & Rb F Stk B IR, 76 LT IR B A K
Rl bt 5 o2 ¥ iR &

5 LR, B VE R R AT H R ARk B 4
— I AR ——5e A BRI AR R S
42 REMER

XiF LT B B TR I A B | A i A AR Y
D G Ak 22 B, IR P 4 07 IR A 3 P A AR 2 82 Ny
RO B, 280N AR R, D R AR A
., BEZH, AL HEE. A, KFTE.
AHMIEZS, K/NLA 3~8 um A 355 7 fiff A7 40 B2 1A

FARAT A WA, WA, B UIR . K&
AR, TR ARRR . BRI, KNZ
H3~6 pm; M E BB A, B RS 5
i, SIE R, B R AR R, KR
AR MR DR L ORBIR 20 AR A B AR, A Sk R
K, A 5~20 um, EFEH S5~10 um . ALH B A
A R R D

(R UNTR RN S WS A LR RN SN B
— R BE N 179~341 C, FELE P F 230~260 C, F
B Ky 244 °C, K g G F o —82~-3.2 °C; i fitfah
TR AR B Y — IR R 114~259 C, FEEF T
140~170 °C, 1 K 158 C, VK &S E-7.9~-2.5 C;
A L A A Y 3 — TR B 121~ 268 C, B
F 160~ 190 °C, B{H N 179 °C, VKA FE-10.5~-2.4 °C.,
DL b R0E R 3 — R e | A A I
JPB B REAR, X — S5 R S A A EECR A FE
TR, T Ak AT IR A — B
AR AL AR B — IR VO [ Ry 114~ 341 °C, )0 IR
JiE 4 P TE 130~250 °C, F 0 58 g 00 3R R A U A AR,
SEE(E A 187 °C, FWIH R 0 R L i BE AR, R
BRI T K. AP R R E R
5.26%~12.39%, Y18 1 8.39%:; J7 fit 41 if A 40 22 1k
1 B2 3 BN 4.18%~ 11.58%, Y 1H K 7.14%; % 1
o R A R B R 4.03%~ 14.46%, ¥ {E N
7.1%; 4= FB A0 L AR R FE A 7.54%, 2% W L i 14
RARER A

(OF USSR TE=E g T3 N & al OBk )
FER EZ S 2 H0, Hodh & B R SR Na', KO
Ca™/Mg*#l Fe*'4§ FH B 1 ) CO,. F,. Cl,. CH,,
H,S %5 40 4%, {# /R & /b B Fe? M N, 1 %% A1+ A9 3
R R E & CO,. H,S. SO, & /b &Y SO . HCO;,
A RE U B A I A Ak A R T B R PR R bR, CO, B
HITHE AT REE A AT 2T R M. H,S MR
B K /D ) SO, Ml SO A7 78, AT BEE /8 T 3B 4
Al RE LB 45 A& 0 e B (L L 45, 20015 F 22 0%
4.2009) o
43 WERH TEMIE

il AL 0 IR S I B T IR 4 A A — b
B, R E R AU A AR KRR
Yy, 1R 500 vh 35 5 T A Mo AR i AR Bk | S
M 2R S A O, WAk 2 40 AT A R T B Y
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K 1l & # (Fornadel et al., 2014; Kelley and Spry,
2016) o fE A b VF 2 0 T A W) 20 G R T, A
YE S5 ARGE YA, H A& BE LN ALY
M) o OB, 2 OOE AH G 36 &R (Kelley et al., 1998;
Tombros et al., 2007) , A I 22 3 AifF 5% DA A fife (Al /%82 o
RIBEYRERESET S XREE. 8. &
£ R RS R A 3 3R K (Ciobanu et al., 2006;
Voudouris et al., 2011) . HLFHF#E KR & Y A
A H AR Te/Au Fl Te/Ag HAH , A R Bl AR 2 LLAT
ROz A EUR, R4 &Y IFAE R 20 4 e i 84
A (Kesler et al., 2007) o 75 M5 I\ A 78 5 3% ik ok
B LA B B R BEULIE, AR AR, k2S5
iz #% 4> 7C & (Henley and Berger, 2011; Pokrovski et al.,
2013; Zhai and Liu, 2014; Liu et al., 2017) . K #H 52
Z2IRAH (1997) A A i Ak 4 B 4 7 DR A4 B AR 42
0 v 118 T DAL 2 B0 3 YA v A v T T OO R R R
XA AR G S A E R, BRIUR
£ (2000) TA Ay 4 AR il A0 42 7 L 0 b 2 R B o R T
AR R WP Au, Ag. Te JG % 1Yk B S H 7
FEfE . Mao et al.(2003 ) 38 i 7 A A [ 62 = B 55 T
IR FE A T IR 43w T AR IR T b, A
A e E BT E P i % St . Voudouris et
al.(2011) BF 5% & B AE 80 I 4 i) 3 b il 2 P,
G 368 55 ) o ALK ORI s 3 BE 1) e R AR ) R B Y
R,

VA Ok FE 4 A A B AL ) & AR X D, B As 1R
B RE R 21 Au 2 AT BRAY, AR AL ) T B0
R SR R NN S R P R R T N g f A 7
FEAL WAL A 0 A ] BB R X A0 B R EE Y A
W, WA PRI BR K& K E 0 H AR, 1B
AR WERS . TSR R . iR
W, WA SRR SR AR, R R e R, =
AR 3% ~ 5%, Wi F6 /8 T H B #OR h A B
R I JBE (2= 18 P55, 20155 T o7 5%, 2019) . U
ik AL W 2 . JT R M ER AR 2F R AE 2 Te-
Au-Ag X RFHAT TIWRAMR, DLiF— LR
Tilf 4 B B AR MLEE o Oy 1T I AT b UE 5 A
YR OCE o A FLAE, XA R T A - A SR i
f A AR HEAT T A b (B 7)), RIS
X RHYIMICE A Bi. Co. Zn, Ni, As, Cu, Sb. Se.
C1 %5, Sb B fiil [n] T &5 SR 7 B SR FH o, T Se B2 i 1] T

B ARTE M L AW 3k A IR 3 BT R, Au.
Ag TERN T B A0 v 43 A AN 3457, AR R AR IR S
TR UTVE T AL o A R AL W 0 B ) o RO 4R
HE Au-Ag-Te = MEMF (K 8), AJLLAEH, KIB
O3 W RN bR T 1 0 6 2 G, 3 U 10 B B 4 4R
TR Y/Pry i oE | SO | B TN N VST VTR B A0
SRR (N L R T e R A S N T
Y IE BB A

Au 5 S 854 A BnT s 1 LA WAk, i T g
5 Te. Se. Bi%h & m vl % iz W) i & 4 (Boyle,
1979) o S HARFE GO WA o B th AE e — I A D —
Ak B B, AEL XA i B B R e DX P A R R 4
W EH . w2444 S, Br, F457T
BT EEAH Ag. Au, Pb & LR, XS5 &
Tl B 2 3K 0 S 2k AR b B W s VR R RDR A 1
LA S Ak R AR A SN T R 1Y) Te 3% BE T
Ak bR T HA Te ik B & 0 FFAE S, B E HK /iR
iR R B & CLL FL Br % K GG R 4FIE . 7,
RIRZME T, Te & B 4 S i LA S5 [F] 42 14 98 =X 40 1L
T ALY A& b (B R RORE R R, Te 2 5
Au. Ag. Pb S LR 45 A Y UK SR, X R oT
RS 50 0 EBHERIFAT R WL, FERK
TP Au ] BEY Te. S 2545 A A Al AT 2 19 e
G iHITIER
44 B HK

Ak FE X 08 5 A A e L R Ll e
A R B PO R G 0 BT AR — R T R I
o T A 28 XA R AR AT R AR
2 TAE . il an, 878 48 55 (1993) . bk 5t 41 4
(1996) 3% JH #f1 TN A7 CAr/P Ar ¥ 15 4 395 — K N K By
A K BE A AR IR 4 i 189.840.2 Ma I 188.4+
1.6 Ma; ] 48 %k 25 (2004) 90 15 40 ki N K A& 85 £
SHRIMP U-Pb 4 #% {8 & 175.743.8 Ma; Lan et al.
(2012) F) F %5 45 LA-ICP-MS U-Pb %= Jl| 15 41 %7 47 B
TR A AR A 184.7£1.0 Ma, BEAIR AP K 4R
1% R 181.5£0.9 Ma, "4 BECIR IE 4 75 4F i 4 180.1+
0.7 Ma, 4t #i BEAR 1E K 5 4F % Oy 180.5+0.9 Ma; Xu et
al.(2015) W 15 1F K %5 o 85 4 U-Pb 4FE iy 179.7+
1.4 Ma; 2=t 55 45 (2021) W45 0 K B 4 87 IR 4k A K
By (%5 47 U-Pb 4544 4 181.5+1.8 Ma~ 178.6£2.0 Ma,,
AL UL, U R FE 4 7 A7 AR BLAR 2 25 0 Bl 2 B
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BEER . XUk R T R AE S A ST, K
S AR A B I A B Ml BT G R M, SR A D i
W REA . TR R R 2R AR I A A
T 188~ 175 Ma( e 1L 181 ), TA Ry 4 >k FE 4 87 H 1Y
B AE & T b [ 2R 38 PR 2 I 55 3R - i =R
(Chen and Zhao, 1998; Xie et al., 2000; i 1€ %, 2005;
F 2R E4E, 2009; R 4, 2014; Xu et al., 2015; 2 % &
2,2020) .

VT ARk, A 2 T BT AR FE A 5 i O¢ R %
Y1 4k — 4 (IE ) B Bk — K B85 A R T e
RGEACTIFT, Jo b BB AR R XA R A U-

H7 may-frmey-aAmtERTE A A

Fig. 7 Element distribution of altaite—krennerite—tellurium symbiont

Pb 4E % ¥ 48 vh T 127~ 124 Ma, 4 W 7 15 15 £ Wy (15
KIEET)WEHBEAERELST ) ZHR KB
K SRR WA T R K BE A A IR T00 A i S
(BN &0); 13X — B 85 1 s 10Ok 1 &0 | 32 %
W 491 M ] BE S 7E +£125 Ma A9 L (1 i, R R R 2
o HIZIX T2 & T ROk 2 e v L
A A TR T A ] (2R Tz 28 A K &
) B A A R RRAE (0 A B Rl AL 3R 5 2 B R LRy
RS I S5 Wy CRAEFEY . mik, 29240t
TN, TR B e fl 001 25 R DS 7
B DTk AR X R E R RO 3 T2 X

- -
JUE H 4 o —

T
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Ag,Te,
AgTe,

Au *® Ag
PGSR AP0 00 200 B 2 R

K8 Au-Ag-Te= # E # (& B 4 Cabri, 1965;
Afifietal., 1988 )

Fig. 8 Triangular diagram of Au—-Ag-Te(Base diagram after Cabri,
1965; Afifi et al., 1988)

Mass percentage of mineral elements is used in the diagram

S AT A, B O R S A B A SR B
feft 7 RS s I, TR 2 AT AR R B YRR
S B BRI . AR, X I T AR B AR
LR A MW TEA [R) A B B i A2 4 W e Ak, P03
AT B BEAC M AL 7y R AT AR AR W 5T, O AT gk
— 25 B 24 RO 3o e B SR I AR

5 EWERKREKT 2R ME—%

EA

XoF JEE 2R M DX R S o TG S S R B, 5 &
BCAT B[] 422 30 1 55 53 A R AE B e R A 1 LU AR A B
R MR IR AR K 5 2, S HORTE T R B K
Fii s 7C W) BT 5 w4 A A B E Y 34 45 Al (Goss et
al., 2010; Yang et al., 2012; 4= 42 45, 2020; AR5 W 45,
2020; K F 4, 20205 5 FHESE, 2021), kA KR
TRRYE A AR AL, 46 <1 55 v ok B 0 IR Y GOk T K BT
RS AR 15%, AKX &5 RHEE T
FEVENK A DE IR R WY, AT 5 N b BR Ak 2 R AE AV
5 2w M K AL 2 R AE 1Y A S K A (Deng et all,
2020), 43 ) by 3 AR b 8 V5 X 4R Hb e YR X 7
Yo WA A0 B ST R BT, L IR AR Ol e e TR A
Ui, LAog IR BT ARy 3 (B 51 55, 2014) 5 AT

S IR, R IR R B R T A T IR Y 32
Yy AR SR R (R HAE 45, 2015) o X 4 B0 Z HiF 1)
Yo B AU A i W 9T 3R B, Oy il 5 O R AE 1
L W) BRI T AR AL B R T M 5¢ 19 F8 43 4 il (Yang
etal,2012) . W[ UL, AR 4 0 WA At Ak 5 TR AR Ay
T XA R R A IR EN I, &R 5 LS IR
FHBBESHWAEKERRAEGH L, Tl EHK
TR AT A 1 I B AR ol 4 T 32 448 TP R 3R
Bl 3 S A RV SRR, S IR T A R R A
TR A BT R L T A R 2 R 3 E RN R AE 25 E), M
ST P AR T IR 4 BT UE 4R I T3 A ) ) R AL
27 254 (Song et al., 2015), 4 76 $A [ — B A4 15 1
AT CRIIARSE, 2014) o

BVGIE R & Tz 40 A B4R A A AR A
EFEIRG BRAS, T HARKZE T 1 e Tt
Feilt, ARl kB AR S EMERE, Ra 5K
IR A B AR AL 1) AR B — i R IR A5 0 . BV M DX
BAHBHELRAE, KR I n = A
K, TR MR | SR R A, ks rh B A R
JEH A A0 oA (R DA FE IR S I D g R
Z 50 AE WA 2 B ¢ R %
I, H A &0 ok X 2 8 kU)W, 5 58 4
WK, XWE/R T35 bk 5 X i 76 1 % ),
VLI e X R IR G . LRI EMRAE
SEA R T A . B TR R 1Y A A A S [R] 4
NN A WL 3 S PN e Y I S R0 R TN (TS
WY BT 2 50 I ARAE 5 A K EA XN ST IR
REE G R (R (AT I

Sr-Nd [l 37 32 2 F 00 5 J U8 IX ) e hm ki, B
SRR T UL ERHIR Y 5 U A DG Y B P R A
Ao B A K L BRI SR 08 R AE B
A7 1L AL A b 25 R0 M KA 1Y Se-Nd R 7 2R s
(Chen and Zhao, 1998; X5 % 48 %5, 2003; Li et al., 2018;
KRBT A, 2020) o A 7R B PG 0K AR M X
g PR BT AN [R], 70 X 2 EM B R A i, R
ZR M0 DN E By EM2 R R RS . 2R BIACh, &
H5BRASR R EZRS ZHNERAL LR
FAX, X AT LEEAY 21 7%EIER SR
fR A, W50 EM1 B s A2 e G R M IX & & R
i R SR A A K A 2SR EM2 Y
Hh
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V5 Hb XA EMI R b 8 o A2 AL 5 BE i 2 1
A 0 JE b T i EY 7 ) (Guo et al, 2003;
Ve AN AE, 2011), T M 7R i IX () EM2 20 3l 6 Oy 52 4§
R B LSS S T Y BR i 7Y M 02 (Zhou et al.,
2003) o FEMRZ 20— WAl i 4, ORF 7 Al B 1) BR
A A e, e AR R A TR b B ) R A
e, 518 A BT B R UT A RO P R, PR R
A1 B D, JFAE R S 40 3k B 5 8 4 (Gao et all,
1998; Deng et al., 2003; Yang et al., 2003; Hou et al.,
2007; 5K H A5k & ¥, 2007; Zhang et al., 2013) . %R
FIE TG b XA 306 3 A4 i R B Y 22 S 2 i R
V- M AR e B v b B A i T R[] 51
(Guoetal., 2013) ., 5 WA M X AH L, & VG s X {7 T
BN X B 1 8 B8 (An et al., 2009) . 7F 6 75 1
DX, PR 2 40 N 0T A T A B el 0 0 3 B B, 7 Ak
PR P A RBIRGRAS, R REST L, B
1A A 5 A Bl o 2o, P AR B W I R K A TR
JBEAR Ml DX, P 2 2 2 A P YRR B R, T R T
JEETT b 58 ¥ 53 il ) KR AR B8 3l 7R A < ( Zhang et
al., 20105 Jiang et al., 2012), B H ¥4 5 A B & 4
R Rl 98, 7 A R T e R G AR B e, 4
WAREE T AR KM G EITR, IRP L — P al
IRV Al e B AR v 5 R 2 v P D9 X S A 0
TR AN, S PG IR AR M X R A A 2
I RBE R o

6 A HER

VUM I S0 5 S O, T T R R B
(BHICAF,2005) . AR LIz S R4, 320l K-F
HEP 23 3 (Izanagi) Mg B J6 7 [a) 0 wh 3% JE A H A 52
Wi, R 7 W 4 AR 20 AT LB 0T IR 2R i X G P
A6 b PG 1) A 3 W A R R G T B, SRy R Bl e A
WHE Rt TiEiE . HaE e, ok A b g
B & ORI B B AR B, R-IER AR
MR R A A K, FAL T B S R A A
(BB, IR . I T A g Augt &, il
Au W EBE(E B & . mEH R A E R R A
FAE LIK N ER AR5y o R A R A BE T,
WA IR B TR BT N, T R B e R 3 P R
B, W 77« R B B W, 24 N R A R
e 25 2 T B0 B W oK L B AR 5 iR K Y 1N R T

58 TR 7R E (3B =R T * AW TR 3 AR =9 A 582 3
ANFRR A BB AE R AR B BRI T T B B R
K, RAFER S WA K AHOR A, IS Bl
KA IKESHAE I, AE0 IRZ TP Au, Ag SEICRTE
e I A%, U RUE & 05 R K R K L e SR
JE AR A T B0 UE B I RUR R A AR A
AT 1T 2R AR A IR, UL RS s 2 A e A A R e 2R
CE R O & 87 R Y0 RSB I B AR LT 4
N FER R m BUR A A = a8 T ITTE R T,
RIVIE n B Jo e 12 6 o S A 152 e 1 (% 5 1 X0 2 5
W Is B B S W R & Bk R A R BT
TE RGBT, WITE B B KA LB T &

VAR a8 WY N a0 28T 24, BTk
{ELAY 5 BEA BB R A B2 B PR (JA R )
B Bk R S A iR e M B R (B 5 ) 5
Hb, A BRR 4 A R s R e e (i) | B
TG A CHRR A 20 Ry K5 & A & a1k (7
JE) o Z ARG LA = i, 2 i kS
], AT T AN RIREE L AN [R] 3t J5 4 3 A
WA A [R] A9 b J5 S 2 1 i 8 KL e 3l A
WO R G A a0 B 5 (81 9) .

7 ik

(1) 8 74 3t DX rp A AR A T RO 19 5 B 2
P, AR IR 4 0 TH R BT G A B o 28 | B O ik
BRER A AR Y AL | B B | Y R 2A RS SRR Y 4
07K, 2 SR AT T 00 A1 A 2 ok K Ll s e AN TR TR
JE N[ 5K 3 B AN ] B A, R T
T — MR PR T R G

(2) A 40 Jo A U5 T 58 W AR AR o A v i
AR R GE s T L A AR | AR R B AR AE, [
B R R R B AT 2ok PR, LLA SRR AR K
A LS RAETURNZ S .

(3)ix X G BAT 6l 5 48 W R I ) 3
FRAE, £E B A AT BB Au 5 Te, S 45 & £ AT
iz i Bl P HEAT 2 B 5 B RCE A R Te HRE
i R TR AR, Te AR R i B X & e S 2
Te LR S5 Au A 9 EZ BRI 17 0

(4) B0k 2 1 v g B4 S SR AR 2028 ) 3 1%
DB < A5 A, by B A AR R Sl 4R
TR RS ) ORI, R T RT AR RS P Aok
JE 4B FH A 32 2 AT i 4 .
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Fig. 9 Metallogenic model of the Guilaizhuang gold ore field

1-Jurassic; 2—Ordovician; 3—Cambrian; 4—Shancaoyu formationin of the Neoarchean Taishan group; 5—Paleogene conglomerate; 6—Limestone;
7 —Dolomite; 8 —-Monzonitic porphyry; 9 —Monzonitic dioritic porphyry; 10 —Gneissoid granodiorite;11 —Biotite hornblende granulites; 12 —
Cryptoexplosive breccia; 13—Gold ore body; 14—-Gold ore mineralization; 15—-Hydrothermal migration direction; 16—Precambrian basement;
17-Palaeozoic strata; 18—Mesozoic strata; 19—Cenozoic strata; 20—Mesozoic magmatic rocks; 21—faults; ®7Cryptoexplosive intrusive breccia
type gold deposit (Guilaizhuang type); @-Magnesium carbonate micro-disseminated gold deposit (Mofanggou type); (@-Cryptoexplosive
breccia type gold mineralization (Baogushan type); @-Porphyry type gold mineralization (Yindonggou type); (5-Skarn-stacking type gold

mineralization (Shizizhuang type)
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