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A preliminary exploration of Extremal-Entropy Mineralization Theory for Jiaodong gold deposits:
proposal of two metallogenic end members and thermodynamic constraints on their formation

mechanisms

Abstract: [Objective] Traditionally, the Jiaodong gold deposits are mainly classified into altered-rock type and quartz-
vein type. Both types are controlled by a unified geodynamic mechanism, and extensive multi-isotope studies have revealed
a broadly homogeneous nature of the ore-forming fluids, with both the ore-forming materials and hydrothermal fluids
showing predominantly deep-seated characteristics. However, how a common deep-sourced hydrothermal system evolved
to produce two deposits with markedly different geological characteristics remains inadequately understood. [Methods]
We employ thermodynamic modeling to investigate the evolution of ore-forming fluids and the mechanisms of gold
precipitation in the two types of gold deposits. Based on the systematic differences in the spatial configuration of ore-
forming materials between quartz vein-type and altered-rock-type gold deposits, we propose a “low-entropy—high-entropy”
end-member framework: the former is characterized by unloading along preferential fluid pathways and localized
concentration of ore-forming materials, whereas the latter is characterized by fluid infiltration through complex fracture
networks, extensive fluid—rock interaction, and dispersed distribution of ore-forming materials. This end-member
framework provides a geological basis for the thermodynamic modeling, on which two representative metallogenic
scenarios—unloading along preferential pathways and widespread fluid infiltration coupled with fluid-rock
interaction—are established to compare their effects on mineral assemblages and gold precipitation. [Results] The
simulations show that most pyrite crystallized prior to native gold, consistent with the common occurrence of native gold
along intergranular or intragranular fractures in pyrite and its close association with fine-grained pyrite. Extensive pyrite
crystallization continuously consumes HS™ in the fluid and modifies the stability of Au complexes, while inducing reducing
conditions that promote the conversion and precipitation of Au from complexed forms to native gold. [Conclusions] Pyrite
formation and its sustained regulation of fluid chemistry may represent an important mechanism controlling gold unloading
and enrichment in the Jiaodong gold deposits. The final localization of ore bodies is controlled by the regulation of fluid
flow by fault geometry. Gently dipping segments and composite sites of fault branching become favorable sites for gold
precipitation because reduced fluid flow velocity promotes fluid accumulation, while prolonged fluid residence enhances
fluid—rock interaction. In contrast, steeply dipping fault segments mainly serve as fluid conduits. Together, these features
constitute a spatial differentiation mechanism of “ fluid transport—ore-forming material precipitation.” [Significance]

Guided by the end-member metallogenic framework, diagnostic information of the metallogenic end members, including
geological, geophysical, and geochemical characteristics, can be extracted to establish an integrated prospecting model for
the metallogenic system, thereby potentially advancing metallogenic prediction from qualitative to quantitative approaches.

Keywords: Jiaodong gold deposits; ore-forming thermodynamic modeling; ore localization; the Extremal-Entropy

Mineralization Theory; gold precipitation mechanism
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Fig. 1

showing the distribution of gold deposits in the Jiaodong Peninsula

Tectonic setting and simplified geological map of the Jiaodong Peninsula (base map modified after Bo et al., 2025; Wang et al., 2025a),

(a) Simplified tectonic map of eastern China; (b) Simplified geological map of the Jiaodong Peninsula

Mel-Northwestern Jiaodong gold metallogenic district; Me2—Qixia—Penglai—Fushan gold metallogenic district; Me3—Muping—Rushan gold

metallogenic district; Me4—gold metallogenic district along the northeastern margin of the Jiaolai Basin
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Table I Comparison of the geological characteristics of the two types of gold deposits in the Jiaodong Peninsula

URSLRYEN

TEREE  FWEAS  mEnt s EEESE @b
TEY Wary  aerd
R MR, R, KO ARG, A0 A0, W ARRETOL . vk 4. Rl 42
R AR BEINE Lommmnm w00 R hmrmass e @ik mmat
G s Rk ooy ST ARG LB WORRERTUBE, VL G A B

ZEEumiky Y TR AR S udivEN 4

W RERAE D7 I, 7R WURRAE b, “RE A7 a0
PR PR HUBGE H BR, 22 BEARCIR ™ i, P RARE L 1
V-G, B A0 A8 A R BE RN T R g U7 e
f“E‘JEHZHM%%JEBZ/J\(E‘ﬂﬁ%*), FE LKA A

BEHOR T, AR AR

PRI WINEE /S
SWAFRE T |, RGP b, BT

“F P A B PR AR LA B M A 9 O (18 2a,

» i LR AR B OR, JR A



1208 FwOk AT LR L EMTRREH ($ W) https://journal.geomech.ac.cn 2026

Py—# 80" Au—H Sk &

a— = 1L Tl AR 5 B G 7 A5 bR AR AT B IR B B A5 o— SR B BURLUY BB R R A (Sl B e, MRS ) d—H K & B0k S
2 HL B BR AT G (RAR FE 42 07, A0 D8 KAL) 5 e— 1 98 4 AURL AT A 1A A0t 1) L BG40 A (RB A FE 2 7, A1 S Ik AL ) 5 £— 13 48 45 JURLIT & P 24 B 4 A
(RRAR L B8, A0 Bk ) 5 g— 1 9K 4 TORL 23 A7 78 400KE 38 8k 07 L ) (855 TR 8™, A S Bk ) 5 h— 5 98 4 TB0RL I & A LB 20 Al (XLl o 4 4, ol
AT ) s i—H AR A ORI SRR N B O A (0 £ A, Dl s s )

M2 BRAE7 RERMEFAAMEHETH SR FRASFAH
Fig.2 Representative hand specimens and microscopic characteristics of visible gold occurrence in the Jiaodong gold deposits

(a) Sanshandao altered-rock-type gold ore; (b) Denggezhuang quartz-vein-type gold ore; (c) Native gold grains distributed along intragranular
fractures (Sanshandao gold deposit, altered-rock type); (d) Native gold grains associated with fine-grained pyrite (Denggezhuang gold deposit,
quartz-vein type); (¢) Native gold grains hosted by intragranular fractures in pyrite (Denggezhuang gold deposit, quartz-vein type); (f) Native
gold grains filling intragranular fractures in pyrite (Denggezhuang gold deposit, quartz-vein type); (g) Native gold grains occurring between fine-
grained pyrite grains (Jinqingding gold deposit, quartz-vein type); (h) Native gold grains hosted by intragranular fractures in pyrite
(Shuangshantun gold deposit, altered-rock type); (i) Native gold grains hosted by intragranular fractures in pyrite (Xiwangcong gold deposit,
altered-rock type)

Py-pyrite; Au—native gold
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S A AR E AR R CRE4 D6 2%, 20195 Li et al., 2026b) o T
Rk, Hg MM E I Z 3, IRAR &0 EEko . A%
B MR PSS SR B R # 08 1Y A" Hg FRAE, $57R
A T S T BB R Au KR KR A Y T LA T,
Au FE K53 T BELE LR i — A2 A5 e v g AT At
FETE A A P 3 v, 5 1R e R O AL O 2 5
(Zhang et al., 2024; Liu et al., 2026; Wang et al., 2026) .

Bl X B A v T T, R R R R B
7 BT R R A BN B B R s B, T A
T A A R A R AR AR B sty oo v AU LA
LR A 2 45 T A i (Huang et al.,
2023; Dong et al., 2026; Zhang et al., 2026) ,

3 TR 35 T KA LA R

ESCX R, AT MR I &R
CERTES 7 N TR ST (N T =g T o AN o
Rl KA 40 1 Wy W A7 7 X85 7 AT RG22 5
Bt i — M T S, AR TR AR Ml X I T A
T PR 9 S X — MU R ) 8 T
HE, M P R RS AR A 0 4 s e AR, BRI A
™ e A A AL X TR R G 2 A i Y S e R
& BT UK DL ST AR O 3 e
Py o A v ) O 5 BORET O R R B R AR B0 IR
W 35 G, FEARAE Sy AT 1) o 2 T e RE AR R L R O

I, SR A e s iy AR R S AR R DL S
Iz SARNE g L AR A A SO FE 4y HO ot
R YR AT B o 0 S e, HCRREAE 26 I T ) s
[i] 3 A 0 LR B ARE 8 L 5 R TR I i
B A0 R =% M STV B U N il o
B ) BT AE A 23 ) o A A RS S L5 i 2R
FEES . WG AR, iR X M /) i 5
HEFAR S ) — > 51 2 78 o 2 44 AU I ( configurational
entropy) , H R /N TR 2 vy o 20 43 B HE A5 ] 4
A 75 X B Xk A GOWTR AR E ., SO BT B R B AR AR
A7 Jik AL 5 v A ik A e R 2 A i oT, Al — 20 AR
W) Jo 223 [A] C PR A 1) 25 S ofe B R RAIE
R R 5 AT S0 Y 5
258 3 AR A Y 22 7, RO IR B L R T TR
T B ) e A 2R AR 5 AR [R) 1 AL T A ) B
i (1 kg) B R 23 3 70 A T 1 m B A7 S K AT 10 m
DR e LN R T C g G KN R P O g ]
oy RIS 1) 52 MR o K v BR BT RY S 8] 43 A ] A D il
N AN AL H T 5 AL 1Y B AR BRI 2 kL, DA &SR] GOWR S
BQFRMEAMEE A B, R Y528 )
A3 AT RS Ry BA A A 23 [ ROUAR S B R &, 1
B PR B AR T R oK
S eont = ki InQ2 (n
Y, Seone — MBI 5 hp—BE IR 25 2 WG Q—
PR A BE A 23 (B HE SRS H . BOE 1 m B A g koot
REAAE S5 A R AR 7, 10 mo 5 B R ikt AR 2 X5 N A
AR A AEFA vy, W
V, = 10V, (2
G310 P AR S B R B Ry Sy RS, AH I Y A5
] SOWAR S B Ry 2, Fl 2y, WU
S =kgln, (3
S, =kglnQ, 4
TESAR 0 0 B B R, 25 NS AR LT
AT ARL A 7 b TR 3 B A TRV, DN AT Al s T TR
10 £ 23 38 B 4> A B0 5T 1 ] 3 467 R, DA T i
5 H
Q, ~10YQ, (5)
P bR 285 10 4 B 0 22
AS et =S2 =S, = ks In(2/Q)) ~ NkgIn10>0  (6)
PR, SCrb RO HE LB v, o 3 Bk B Ak Rl A K
AR AR 4 0005 3 G, T ok A S AL BT Ak AT A A AR X
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PR i o0 o JREAR M IX 4% 6 0 PR X [ — 4 PR P
A [s) 23 18] RS2 4 87 AR AR AE, 2] B A AR08 3 T 5 5
W0 3y oG 22 ) 2 S P 5 R S T AL R 25 2R, R os 2
] B 23 R ARGk . SCP IR - T T 2
JRAE AR, 5 A TR 005 £ SRS 38 A ) I s i) g
/AR R, AN A5 [ T B A B R T 2 4 X AR A

20 E B, SCE G R R T,
I AR T B 032, T A RLE ) S5 s [ e AR A
A, R G — A RS [R) 2 B < 0 B e A 1) B3
HEZL o AR o 7 A A7 9 Jok 20 A g AR, 1™ ) Jo
b TA BRY™ A 25 0], S WAL A i 35 0 348 3 )
B o I i JC LA A s AT Al S AR R S5 )
S B K Tz e IS, O O K - RN [
SE o P 3 T BT 0 LAY I A s A ST L B, N IR
25 30T A B AN A% 1R U B At SR, O 418 b A A
L F it T8 ) B 5 )2 8 AR B K A RO 2
ST A S o TR, SEAE S T Dy Bk — P T R R A
T B 3t B BE A, AT HSOCEHRT OT R R R 4R
R BEE | R A Y PR B L IR SR L e el A D
B Al 1 23 T A A O &, LA AS ] o 0otk 2 S A
B FB A 5 A 5 T 45 3 A i 0 R 51 U5 kAT s 2
— B FERE

4 ) FARMLAE RITE

4.1 EUFE

SCE R Al GEMS-selektor {4 JE Ak 27 J2 7 45401
WHoE . BT 5L T35 10 BT F el A R/ MU R B, X 4k
b 22 K 2 1) - i IR 25 15 47 5K f# (https:/gems.web.psi.
ch/GEMS3/techinfo.html) . 11 5% i3 & H #% H MINES
23 M B s (Gysi et al, 2023), iZHE EILE T
ZRBBIT . RFF N — BT Y KRB RS
Ry AT 2E 8 lE 1 T R 4R 1 (<500
MPa, <<600°C) T 35K £t 2% b #2 (9 B0, 0 HAE s
YE R 5T vh B 3008 A8 A . 18 Bl GEMS-selektor
B, R ZR G0 20 Ak 2 P R e B Y H) R A A
B8 ab B v 9 o3 A AL B, OF RE S A UL UK A
AHEAE R FARTR A o R DL R Ry A &R o i [ 4 36
SIURAT R, R LT i R Y 2 R TR
42 HESHIETE
421 BB REAEX

TE A R 7 T, “¥r B &0 DL s AR
S E, ARG WL BRI (Bo et al., 2025),

Fe A £ BIE BT I A W AL R BT
Bt R, = WA KA RN . T R R A
AR Y 5 AR BT LA A T R B K IR
N, TR SE R, LR R YA L R AR YE L B
B 2 3 DA Bk 7 AF 5 0 A Y B2 Bl AE A R AR
(Huetal., 2024; £ 2) .

T2 BUERNEKRRMKS (Huetal, 2024)

Table 2 Representative composition of the Linglong granite (Hu et
al., 2024)

AW Sio, ALO, TFeO MgO CaO Na,O K,O0 Total
HR 7260 1553 112 020 211 491

298 99.45

T S A S RO RS %

422 ¥ RA AR B A

e N A 4 RN NN TR 7 R DS A i K A
F b BR Ak 2 B Ty B A AR KA U, —
AR 4 B T2 32 45 T St — B R i AR i 4, T RE
R T w4 b e Y B A o MR (P H AL 19955
Mao et al., 2008; Deng et al., 2020b; Zhu and Sun, 2021;
Yang ct al., 2024) . ¥ IR i AA A B Ry TE RS IR
FEAAE N B TAA, TR AR R R BRI, 3B B i
] REACRAE B T AR AL A A B 1288, HA)
R H —RIVBER R, HAAHF A Hric g2 T

YA 2 55 A0 5 D, AR R A I AR ) B Ak 2
FAFBE T, REENSHBORIRE | pH. AR A
JEJ1 oS00 4G pH T, A IR U AR GE R TR A IR T
Al A&, PRI RN 4G 1R P S B & 4y R T g
A% ) (Hu and Huang, 2026) . iX %& i & 8@ % J& T
H,0-NaCl-CO,-S K &, Bk 2@k, H pH — Rk 7E
2y 3 ~6 Z [\ 4k, HAR B T 48 & 53 1 A7 B =X
KR F B A AL A IR 2 (Sharma et al., 2014; Farsang
and Zajacz, 2025) . H T i B0 344 (>600°C) 7 it
A BT B4 BT T 28 D R AR IR R R M R
(H,S #1 SO,) BT 5y W 8§ & &+, Kt pH ik & 4
2.85, X 5 & A W55 T A5 00— B (Xu et al.,
2016; Hu et al., 2024) . ] 4f %% B 2 N log fo, =
=26.55, LA T B HS 4 LAk JE AR AR A, 5
RAET K KT WAL EE 68 & 0 R 1E —
o WD EG I MARTE BE 1B A2 A 400 °C, DL AR =1l B M
XA AR AE AU (Hu et al., 2024) . #0046 5 f1 %
JE 2N 200 MPa, 5 & A AF 58 i 5% 19 75 Bl — 2 (Hu et
al., 2024), X R F# TR E 29 6.5~7.5 km, 235 4"
1 S BRI BE o
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TIEVL. % BRG0S0 IS NI . BT 5 TE 00 B 1 R LR 3 2 2k 1231

s W RTINS SR R TN AV SR (ACIK A = <}
T AR R, A T TORD Pl AR e A A 3 R AR
— 3, R E Bk A TR . B B AE i LAY
SR 2 B O 82 9 1Y 1l (0.006~0.2 mol/kg H,0;
Kokh et al., 2026), 3¢ H U {H 0.057 mol/kg H,0, tH 24
T .

SiO, & it T, R R R AR ) B
ThAR 2 SiO, e BE 1B 45 58 i R Ak UF R R
i 0.04 mol/kg H,0.

Fe & &7 11, £ 9 fk B 4 5 plw™ LA 78 300 7 =X
R, RS R o A B S s AR A T S Y
Bl A £ B M A 5 A, H TFeO & & — /N T 2%, 1
A SR A R & B RR T 10%. I,
WA K Fe HARERIE T . FeCl ¥k B 3% &
4 0.03 mol/kg H,O, ¥ T & A M 5% 5% M £ 4 {4
FeCl, 7 it i /P {E i Bl (Wang et al., 2022a) .

Au &7, Au FEOR IR T IR E Au A,
O 2 R O ERLELE R R A
£, VI Aulii Kb Aol & S B E N
100x107°, 33X J& 5 F 52 & Au A 2% FIAR 5T 0 14 38 #
T Au %) 20x107°~200x10" [ 52 (Rauchenstein et al.,
2014; Chang et al., 2024; Farsang and Zajacz, 2025) .

Mg, Ca & it J5 I, AR & 0 IR 5 08 O v
3 EL A BAR A Ca Ffl Mg B F R JE (Xu et al., 20165
Ca’" <0.01 mol/kg H,0, Mg*<0.001 mol/kg H,0) . #H
M, AR Mg™ 5 Ca™ #4303 1 A 0.00548 mol/kg
H,0 5 0.0005 mol/kg H,0, 5 ELF #ff 7% A SZ I f 15—

10°, 3.0
10 )s
10~
g 10*3' 2.0
% 104 L 1.5 ﬁ!j
S0 1.0 b
10
1077 [ 05
1078 0
400 350 300 250 200

R/ C

—o pH —o {R% o WHHE o A

#H (Xuetal., 2016) .

C-O Fr i i, O A XA R AH A S
BRI A M 7R, CO, MY EE IR 73 B B 8.0%~
13.0%( Aibai et al., 2023; Hu et al., 2024), X} 3/ T 4.4~
7.2 mol/kg H,O. ¥ & Auidk s CO, i E R E N
5 mol/kg H,O,

W m, RIEERET LFEE =S &0 A
Bk 1) A5 S AR AR AR A0 A R R B A3 o B, IR R
[ 2 43 B2 R 8% (NaCl i ), Hivh NaCl B /R vk i
2% KCI 1 4 f5 (Hu et al., 2021) . A Ik, NaCl 11 KCI
W BE 3 3% 2 A 1.4 mol/kg H,O F1 0.32 mol/kg H,O.,
43 BREAEREESHT BT HH

A1 kA G AR LA SE AR RO 32, Rk &
B BT AR 2 W AL AR AR
Z W FE WK A RN o AR TE T R ) s il
R, B AT BE SR R 5 R RUKIR A O HL i B IR
WA, Za BRI BT

2 JE B 5 I AR A 2 A I B 4 AR D i
400°C, [ A Sk 0 A4 A 1A 0T 2 BB 1 I BE
400°C, B9 Az BRI B R o WG IR A BT
F B IR 2 400°C J5 (i 1 B) #F A 0™ 7 &, B 5 5
KAKIBGHE PRI, md &b ZErE2 1k
2R R R R L (RO 5K RD) o A 8 i 2% 14
TR LA ML ET NI E . WA RE
A, FeCly(aq) ot a2 14 28 7 Uk 59 , 5 8 Fe* WK Tt
o W HIZE 2 360 °C B, FU & 254 (Py) FF 45 b7
(I 3a) o 0™ 9 U0 V€ 2 72 1 B IS W pH 9 KR
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b
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e
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~o-AuCl,” AuOH" = Au(HS),” -~ AuCl,>
—--AuCl® —e-AuHS" -e-TotalAu -epH

a ARV i T BT e R AR O P b4 A G S T Rl 8
M3 KA RAEBRIRDTE T A AR T Auss & B FIRE RN

Fig. 3 Modeled mineral precipitation and variations in Au complex concentrations during cooling of the initial ore-forming fluid B

(a) Trend in the molar amounts of minerals precipitated during hydrothermal cooling; (b) Variation in the concentrations of Au complexes in

hydrothermal fluids with temperature
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Bk, TR B) Hy P A4 B A 0 A 30 i 1 34 5
Fe?*+2H,S — FeS,(s) + H,(aq) + 2H*
8{Fe’" +2H,S — FeSy(s) +4H +2¢~  (R1)

T BE T R 5 B DR 2 DOUE 5 T AR R
R A AR AR 2, 400°C B A7 3 B R B Bl (2
X R2), FB B IEw 1 35 (A i 2 800 /1 0R ) Bt 2%
B B 7 W o

H,SiO,(aq) — SiO,(s)+2H,0  (R2)

B IE B #E T R & HS (Au B 1Y BT
7)) IF A= B K i HL (BB A B L 5 SO XX R1D),
DAL UG A 7E R T Y IS A R 2R T R TG O B2 AR )
B e R3, R RA) o [RIA, FT AR AR AR
() RN 4 3 B AR T AR A pHL HL B = UK —5 I I 2%
B Au A9 UTTE ER E T ARR B, W T Au
FIUTEE (RO R3, IO R4) o [HIE, FL%E 240°C i}, Au
A TR UTTE (B 3a), AR & 2RI NP4 . 200°C
F, AR I 12 19 Au PR AFTE R (8] 3b, FiFR 1) .

2AuHS +H,(aq) — 2Au(s) + 2HS +2H*  (R3)

4AuCly +2H,0 — Au(s) + 12CI"+4H*+0, (R4)

1 kg i 14 B ¥ 31 2= 200°C if 1B 1 (1 A7 35
0.033 mol, #4kH™H 0.026 mol, H K44 3.31x107 mol,
b Audh 7 8 12.6 git, 823 4 S ik AU & 07 ik A
SO VAN L Tl B a1 [ @i B g T O SR 1
BCAT B B R AT DLAE4E SR« Ui BE>250°C B, TiT

TE B 4 LR B T A 9 (1] 4a) 5 TR EE <250°C B,
TEERY 5 ARESTHIT, ARSI &
(N AU Rl NG | 0 A 1 N e 2l R Y A
A £ (K 4b) .

FRECERD . A oA AR A Ah, A B kb E UL
TR AIE AR e LA N4 2 48 i
W, W R ZERT SFEmRREET Y. XETYET
40 1 5% =l 50 DU T B B P, R BT T AR
PRI 2 i 3T 2o PR (7K = L3 T L R M AR 1
) pH T, A NBGE AT, IR TR R
TV WL B B R it PN Bl T 2 It ) 3 s AR gk
(Kl 5a—5¢) -

Zi b, BRI AR TE TR e R SRR R SOKIR
G IR EE B WAL, BT R Ak S RE
PEREAR; B B 45 2 R H, Au R AEDLE, TB
BT SRR A, RS I, A e KR 4 B LA
AR B — o B B LLAE B 5k o E AR, 3K 7 iR
RAeH & —fm s g . 5 S0 RN AT 7E
— AR L R HGOR o R AR, AR AT
VETE 3, R BRET T S 09 A, R AR i 2 4
J& B AL 1 245 i o
44 BEMTEBRET BT HH
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R S, Ja 30 nT L RE T R g s ek . O R
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Fig. 4 Schematic diagram of the thermodynamic mechanism of quartz-vein-type gold mineralization

(a) At temperatures above 250 °C, Au-poor coarse-grained pyrite and quartz precipitate; (b) At temperatures below 250 °C, Au-bearing pyrite

and native gold begin to precipitate; native gold is commonly hosted in intergranular spaces or intragranular fractures of pyrite, and high-grade

ores form in localized fluid-concentrated zones.
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Fig. 5 TIMA integrated mineral phase map of an ore thin section from the Denggezhuang quartz-vein-type gold deposit, showing the spatial

relationships among minerals formed during different mineralization stages
(a) Stage IV sideriteand chalcopyrite clearly crosscuts pyrite along intragranular and intragranular fractures; (b) Stage IV siderite crosscuts and
replaces Stage I pyrite along both intergranular and intragranular fractures; (c) Stage [l chalcopyrite occurs along intergranular fractures in

Stage II pyrite, showing weak local replacement
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DL JE IR i A Ve 20 2 300 °C I 14 20 A Ay ol AR 3NaAlSi;Os+K"+2H" —
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TEE B, K (o) Fph A7 (P, 2 WA 300°C 25 T Vs UL e ; 5™ W 78 400°C %14
h AR AT ) B e 52 B R i AR () R 3K RS, B R X N R/FCH /K FUAE, B A A FIK ) 59 T
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Fig. 6 Schematic diagram of water—rock interaction between deep Au-rich fluids and granites

(a) At 300 °C, the dominant mineral assemblage consists of pyrite, native gold, quartz, and sericite; Native gold precipitates after most of the
pyrite has formed; (b) At 400 °C, the dominant mineral assemblage consists of pyrite, native gold, quartz, sericite and magnetite, with no

carbonate minerals precipitating
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3FeS,;+4H,0 +4H"+4e” — Fe;04(s) + 6H,S  (R7)

5 R, T R ER T A BT RE TR
HS (BCAA ), I B Hy (sl B il i 1) A9 AR G
ZK =4 RN B O B AR (XS, R
B3 6), P Au ik B GE FE AR, Au Bl )58 A
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(4 T s, FARZ W R R, pH T, AR T
E A Yy, WS AR A TR R A — &R
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Ca** +Fe** +2HCO; — CaFe(CO;),(s)+2H" (R11)

Fe’*+HCO; — FeCOs(s)+H*  (R12)
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F0.001 mol, FHIH9.06x10° mol, 415 0.26 mol.,
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T WG, I B 8 2 AU 2k (Cui et al., 2026) ; Jm)
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Fig. 7 Schematic diagram of the thermodynamic mechanism of altered-rock-type gold mineralization

(a) Fluid—rock interaction at 300 °C leads to typical pyrite—sericite alteration. Native gold precipitates mainly after most pyrite has formed,

occurring along intergranular and intragranular fractures within pyrite; (b) Fluid—rock interaction at 400 °C. With decreasing water—rock ratio,

minor pyrite is progressively transformed into magnetite.
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PRI Bt B v 473 1 A (0, P S A T
WARRY AR A B S 281k . 7EF8 B (Lietal., 2026a) |
FE 5 —Fr IR (Dong et al., 2026), =115 . & E—/KHIEJE
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Fig. 8 Schematic illustration of the regional geodynamics of the Jiaodong area and the evolution of local ore-controlling structural activities
(base map modified from Wang et al., 2025a).

(a) 160—126 Ma: the Jiaodong area was dominated by a regional compressional tectonic regime; (b) 160—125 Ma: ore-controlling structures with
reverse-fault kinematics began to develop under a compressional regime; (c) 125-115 Ma: the Jiaodong area shifted to an overall extensional
tectonic regime; (d) 125-115 Ma: under the extensional regime, fault kinematics were reactivated and inverted, fractures opened, and
mineralizing hydrothermal fluids infiltrated the system to form ore deposits

TLF-Tan-Lu Fault; WYF-Wulian—Yantai Fault; NCC—North China Craton; YC-Yangtze Craton
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Fig. 9 Thermodynamic model of ore formation in the Jiaodong gold metallogenic province

A, B, C, and D represent Fluids A, B, C, and D, respectively as described in Section 4.5. Their detailed compositions are provided in Appendix

Table 1.
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