doi:10.3799/dgkx.2026.044

ETHRTTBENS N IEBREDRNRARER GRS
B R ER A F

R 2 st R 2

1. FEMFTRS (dbgD) HiIkEE 53R b, dba 100083

2. WWRFEESH . CGEND BRAFEREN, RN 261438
OB RARERWR NI RIE IR SR P ISR S I 5 R BE S0 XA B &
W, BN R ZES, RE QISR TEMKREESIR TR, TREE T k. A8
IR R GUIE P, AR R TR A BUA R, R R R AL, HR s TR R BRI R R AL
sERFR, ARSI R - IR B TR DARSK MW E MR . - B TR S R B K B TR
X AR T A oy =5 o LR - R B K LT A O R )R i (ACFS) iy 0.15-0.5MPa [1[X
B e IR A m RS, FEJE R UL BARA 3-5km L EJE Xk (ACFS 4 0.15-0.5MPa) &
RIS R KT HRRSE . K ] S A DR M misE R, N E SR . H RO I\ A
EREL, AL ER S, SR R HAEE XS b EAi R . KRB B R b, B N
FERAD B S 20 20 5 S50 B R P R AT ARG, B R B E S (R o0 A, T FO e B X, 2
TE78 5 DX 3D 2 A I 11 AR JCER & PR 1) — P R0 7%
RG] AIEARY s BERWTR: OB S NARRAEIL: WA BL: BORENTIK
HESES: P612 ek H . 2025-12-15

Deep Ore-forming Prediction of the Southern Segment of the Jiaojia Fault Zone,
Jiaodong Peninsula Based on the Fault-segment Rupture and Stress Transfer
Modelling

Li Shiging?, Wang Zhongliang?, Wang Enjing?
1. School of Earth Sciences and Resources, China University of Geosciences, Beijing 100083,
China
2. Jiaojia Gold Company, Shandong gold mining stock co., LTD, Laizhou city, Shandong province
261438, China

Abstract: The Jiaojia fault zone in the Jiaodong Peninsula, a giant gold metallogenic belt, which both conduits and
hosts ore deposits, is formed under the superimposed tectonic setting of the destruction of the North China Craton
and the West Pacific tectonic domain, the southern segment of which is extensively covered by Quaternary
deposits, and no economic ore bodies have been identified to date despite the deployment of comprehensive
geophysical-geochemical surveys and extensive drilling programs. To address this issue, this study clarifies the
segmented structure of the Jiaojia Fault Zone by means of surface and underground adit mapping, and further

reveals the favorable deep-seated metallogenic targets in the southern segment by applying stress transfer
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modelling. The results indicate that the Jiaojia Fault Zone consists of a dilatant fault bridge, i.e. the
middle-northern fault-segment to the north of Xincheng, the main fault-segment in the middle-southern part from
Xincheng to Houzhao, and the fault tip in the southern fault-segment to the south of Houzhao. In the
central-southern segment, positive Coulomb failure stress changes (+ACFS) on the footwall of the main Jiaojia
fault plane exhibit a striking spatial correlation with the distribution of known gold deposits. In the southern
segment, south of Houzhao, the approximately circular positive ACFS zone with a diameter of 3-5 km constitutes
a high-permeability belt, which is characterized by clustered aftershock networks and protracted elevated fluid flux,
and thus delineated as a priority prospecting target. Based on these insights, a total of eight drill holes have been
drilled to date, six of which have successfully intersected gold ore bodies. Therefore, we propose an effective
method for mineral exploration as to the lode gold deposits in the Quaternary covered area, which is to, firstly,
identify the fault segments of the regional-scale large faults with high-displacement and the locations for
paleo-rupture arrest (such as fault bridges, fault bends and tips), then, calculate the ACFS in surrounding crust
resulting from the main rupture activity by applying the stress-transfer modeling, and lastly predict the locations of
high-permeability zones corresponding to the regions of increased ACFS and thus the new targets for gold
exploration.
Key words: Structural ore prospecting; Jiaojia fault; Coulomb failure stress; Stress transfer modeling;

Fault-segment; Lode gold deposit
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Fig. 1 Tectonic location(a)and regional geologic sketch map of the Jiaodong Peninsula (b)(modified from Wang

etal., 2022)
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Fig. 2 a-A simplified geological map of the Jiaojia gold camp (modified from Wang et al., 2022), the inset

indicates the schematic of horsetail-shaped secondary faults at right-lateral strike-slip fault tips; b-Simplified
geological map of the middle-northern segment of the Jiaojia fault zone (modified from Wang et al., 2022), the
inset indicates the schematic of extensional fault bridge at right-lateral strike-slip fault (Sibson,1987); c-vertical

projection map of the main orebodies within the Jiaojia fault (modified from Song et al., 2014)
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Fig. 3 Underground photographs of the Jiaojia fault zone exposed in gold deposits
a. Slickensides with top-to-left-down sense developed on the Jiaojia main fault, having a pitch angle of 30 “with the north in Xincheng
gold deposit; b. Fault core composed of foliated fault gouge, cataclasite, and breccia in Jiaojia gold deposit; c. Sericitized cataclasite
adjacent to the fault core in Jiaojia gold deposit; d. Steeply dipping NNE-trending faults developed in the potassic granite, and the
associated steeply dipping quartz-sulfide veins in the hanging wall and footwall in Jiaojia gold deposit; e. Laminated shear quartz-sulfide
veins within the steeply dipping NNE-trending faults in Sizhuang gold deposit; f. Extensional and extensional-shear quartz-sulfide veins

within the hanging walls and footwalls of the steeply dipping NNE-trending faults in Sizhuang gold deposit
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Fig. 4 Structure-alteration-mineralization characteristics of the Sizhuang gold deposit

a. Geologic map of Sizhuang gold deposit and b. Typical cross-section of the ore body in the Sizhuang gold deposit (modified from Wang

etal., 2022); c and d. Field view of the extensional ore-bearing quartz sulfide vein
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Fig. 5 Structure-alteration-mineralization characteristics of the Jiaojia gold deposit

a. Geologic map of Jioajia gold deposit; b. Typical cross-section of the ore body and fault zone in the Jiaojia gold deposit; ¢ and d. Field
view of series of NNE-trending shear quartz sulfide thin veins within potassic granite; e. Extensional quartz veins developed at the tip of

secondary ore-bearing faults
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Fig. 6 Structure-alteration-mineralization characteristics of the Xincheng gold deposit
a. Geologic map of Xincheng gold deposit and b. Typical cross-section of the ore body in the Xincheng gold deposit (modified from

Wang et al., 2015); c. Field view of steeply dipping extensional quartz vein
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Fig. 7 Mohr-Coulomb failure diagram (modified from Cox and Ruming, 2004)

a. Mohr diagram showing whether failure occurs (solid line circle) or not (dashed line circle), depends on the Coulomb failure stress (CFS,
i.e. the difference between the shear stress t and the shear strength ts) for given ¢’; and 6’s. When the CFS is zero i.e. the Mohr circle
touches the failure envelope (solid line circle), the failure occurs; whereas the failure does not occur if the CFS is negative indicated by
the dashed line circle; b. Example of the shear stress t and the effective normal ¢’ on an optimally-oriented failure plane inclined at angle
a to o1, the values of which can be derived from the Mohr diagram (a); c. Example of positive changes in the Coulomb failure stress
(ACFS) on a potentially aftershock-hosting fault, as a consequence of mainshock rupture moving the Mohr circle to the left or right, and
also changing its diameter, which has moved closer to failure; d. Example of negative changes in the Coulomb failure stress (ACFS) on a
potentially aftershock-hosting fault, as a consequence of mainshock rupture moving the Mohr circle to the left or right, and also changing
its diameter, which has moved further away from failure. Note: T is the rock tensile strength, C is the cohesive strength, ¢’; and ¢’ are the
effective maximum and minimum principal stresses, respectively, 1 and o3 are the maximum and minimum principal stresses,
respectively. The ACFS in (c) and (d) is the difference between the CFS indicated by the dashed line circle which represents stress state

after the main shock and that indicated by the solid line circle which represents stress state before the main shock.
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NIRRT, on WL FIRERNIER J, RARIEEN T o1 o3 IR/ WL 5 3N



B2 18]I AR (0 BRBOR REAT VR, TS BUEAE . Rtk CFS R [E B ACFS=Az-p(Aon-APy)
A AR /R AE AR FE W BRI PIRS R EHITIC R Em s T (B 7c. d o Hr,
At W E BT R B, Aon & IER I HIAANAE, APs 2 FLBRIRAAR R AR AE . (B
w Fl C IRFFAZE

T P P L - PR 8 ) S AU, e T T SRR L s B W 3 R S B P O il
ZR 7N B FAn AT 5 0 FE AR B R AR R AT, VBRI 1 e B AR, 7 L King
etal. (1994) o P JFERARIMEBRE T — D RHZK BIFLBRIR A S 1F,  BDILRE R A Al
BN R AR MRS, DL T8A KA BB LB IT RS, R ) AR B RAS 1
FEARAA A I FLEAE BN SR S 301 (Rice and Cleary, 1976) o X i # (Wi 247 i As
HABRVER AR K (AR A5 W7 2V 18 IE R T AR IE LG, BIAP=BAGy; Hob B 2 Wil
1l %% (Cocco and Rice, 2002) , sEARHE I8 & FIME, B 1E 0.4 £ 0.9 2 [H] (King etal.,
1994; Cocco and Rice, 2002) . HRiff], ACFS=Az-p(Acn-AP)A] LI S A CFS=A7-1’Aon,
Hrb w=u(1-B), BEIARIEALEE SR R %0, I8 % /NT 0.75, # H1E 2 0.45 (Cocco and Rice, 2002) .
SR, —EefEE i, IR W E R RER AR )R, a2 B #&ifT 1 (Gross and
Burgmann, 1998) , HARRIZERE NG w/h T 0.1 B A< B2 (Kingetal., 1994) .
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Fig. 8 Stress transfer modeling of the Jiaojia fault zone
a. Geological model map for the Jiaojia fault showing the area covered by 3-D finite element modelling using Coulomb 2.2.1. Position of
the modelled rupture surface on the Jiaojia fault zone is indicated, together with the location of some major gold deposits in the Jiaojia
goldfield. The modelled rupture surface on the Jiaojia fault has its north-eastern termination at the Xincheng fault bridge and is indicated
by the black line. Fault segment numbers (1-8) are indicated. Modelling is performed with an NE-SW maximum principal stress with the
61, 62 and o3 of 212-21< 326-47<and 106-36 < respectively. The stress difference at the depth of deposit formation is set at 5 MPa.
Apparent friction is 0.45; b. Distribution of Coulomb failure stress change around the Jiaojia fault system for optimally-oriented thrust
faults; c. Distribution of Coulomb failure stress change for optimally-oriented strike-slip faults; d. Distribution of Coulomb failure stress

change for optimally-oriented normal faults
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Fig. 9 Distribution of Coulomb failure stress change at different ore-forming depths around the Jiaojia fault system
for optimally-oriented thrust faults
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Fig. 10 Distribution of Coulomb failure stress change at different ore-forming depths around the Jiaojia fault

system for optimally-oriented strike-slip faults
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system for optimally-oriented normal faults



5 Wi

5.1 ACFS 5&F KRBz R0

BT fe, TR SR SR R 2 IRAE R 8 6 B 28 1 R . i B8 3
A R EN R BTSSR R RN 128 Ak, IR R BH 1k 3 FE R R 1 A A 3k G by 2 S
i a0, AT L B S B R B ) AT AR, R R B RS AR
TR 42 R W 2RI 47 R 40 A5 1 54 (Cox and Ruming, 2004) . TG IRIRE 756 R I 55 5
B, BRI E RS A SIS QAR E) | MR R, Wi shE.
[X 358 25 N 377 TR RN 22 8 KNS BUN 202 IEACFS A 61 ACFS {H J% IEACFS Fl141ACFS 43
ARTARI RS, TR LTS I IR 7 B S B 2 MRS ACFS (3 Azl (Cox and
Ruming, 2004) . IEACFS I8 & 4 fE Wi 2L BN AN S0 PR E B B v] Be X3, Wy py J
JE 2R  PR ) 70 AT A2 75 5 B ) e R BLAUL T 3R A5 TEACFS W) 4 B S A& 1) DL A R A 56
e J LA 244 Y & 75 IE A (Cox and Ruming, 2004)

TGS (2016) X FEFKW AT AT T MR, RIS IEACFS 75 W24 1% o 5 2
BRACHRIR /A0, KRIARIIAACFS IR EWRm A (CEE4E, 2016 11 6a) , X5
AW FTIRAF (1) IEACFS W AR R WL T 2 IRER Bk 0 A (1 8) Wy o 40
PRI S5 () B 3 A 7 -1 BT - e i R R B e A — 80 (] 20 o SEbr b, FEEGSE
(2016) CANIRE TiX— i, HE OIS SEE>200 MR FIN SN K SR
3T IEACFS X 38— S5 AR S A ADL 2 Hh A8 S 3 1) AR I 2R 7 B &l o BB T 1R (F
{BHG5E, 2016 H 2502 T1) o BURAYIE, T HOR 2 EORARIRER 20 A 75 £5 5 W 24 5 vy = I 2
T F A IEACFS WIS ORISR (IARZE, K. B8, SFD s msr i —im s
W — B FERE N A RS I BT 15 2 1 MR R 8 5 S SEAR Y & (EAR RS, 2016 H 2502 11) ”
KRG R —— XS RN NS REEAR E e TERF MR i, TIEmE
(2016) K A [RIR FE A IR AR R W B B0 7R /KPR RO R B TE W 2L 2 e 14
——HUEH R VR BN BRI 1 T R, EIERMARA AU LT,

TEWTR R G, S0 A B i A s B R X IR pAr G, Hie KR EIT B ]
Re R AETE WSS shi A K 2 5. EWTR RGN b, T W2 a5 /) i B 3 5 K I 2
M A2 25 R R S W RE B (R S L 2 R B IE R M — s R & (Sibson, 2001) . 2R
1M, X TR, RETEFIUALHEER AR R S 7 — a4 e 5 10
TR, B NIEERIEL N RILEN IR, (AEWTEN DAL W2 IR A7 A /B K
HEET s (B 1b fIE 2a) , R H5ZXIHNACFS 2 HAAH A G TRl Fgs
IEEBES G CFFRARERAIERZ) 2 —81 (F8-11) .

WIRTSCHTIR, BT ORI S0 IR LAZ) 2km 18] BE 5 B 20 A T H2 5 W 24 vh -1 BOK B AN
i 10km FETI-E R B EZ S HRN (F 2a) , X5 AR TR AR AT 10km
W IR B 10 B i 45 B R R IR X R 3T 4 (%) IEACFS 52 Wi 2 25 s Ao sz i 5 SO0V
F G R W A O T R b, [AIEEZ) 2km) FIE B B4R ES O T
B FIEWTSE, R aIEE L) 2km) & —80f; Hih QA& IR T ACFS A
0.15-0.5MPa /A X3 (P& 8-11) o mf ML, AESKIBRLHT A BT =25 i fr 2 I &2 2 IR BH
IR A RR 0 T LA BEAS , R WS s A A 2 JR 8@ R i — s hl R &, I FEL
TERR T K3 30 (1 W 2 3 1 O R St

13 N N 157 5 T b -y [ O BN = T L0 T A I R EYEAE S TPTN - 2 8
TR T £ ) IEACFS XI5 10.5km 3] 12km B 1R BE M 78 K205 1) B —1k, ix 5



A KE IR PRI 7~ 1) AR KWL WA IR AR AR DRI A — R ) e — 80 (B 2b)

Zx LFTR, N R AR AT I £ SRR A () TEACFS 52 W 2883 9 1R W J2 25 i fr
i, HHACFS 4 0.15-0.5MPa (1 [X 385 £ 5 Wi 247 3 IR &0 R LA IR (1 AH O
5.2 BA TR A EE X Bk

ST N (M S IR 5 ) R AU T SR AR I IEACFS 38 1 2 [l 0 A5 B K
(AH e, FRATTAT DIARE 5 K I IEACFS X381 T e $E X 0 o (H2 TR BRI /2, ek
[P IEACFS DX I8 R I E I T e R AE R R RS sh ) X 3k, o0 iR ok &0
PRIV i R 8 B T R G, AR KA 38 119 23 A 30 52 38 2 ol 28 Jo BB PRt A 7 43 B 3 3 0 i Ak s )
ALK (Cocco and Rice, 2002) o K, EHRAGRE A 244, FAKIETE ST
ZBR N BT 32 5B G T AR AR 32 7R 1S (1) B ) B o AR SL R T R R B Ak
Wah & BSR4 (Cox and Ruming, 2004) .

B R f, RGBS 4 R B, 0 Tt M id, e Emr e, 3
K IEACFS 7E £ 58 - WL HI 16 b 3R R 80396 234, HAE 10km PR R R FE L AE E i
SRR T N AL, R H AT EA AR RITIE TAE 4R R X W IR &0 1A
BRBIEAEREWR N, ANE DS IR ACR AR S0 R I e R X AL R AR
T E A ST IAKE, X5 Cox and Ruming (2004) @it 57 /7% B AT 78 #6751
F2 R 51 R I 4 AT N T RE S AR R AT T U AR 0 AR A R ] TR o
URMET EX S WAMEZHIREEX ALY

FER EWR— WA E 55 (209509 PIHRHETRY, LR TH el s &K 8 AR
N AS R AT L (Berg and Skar, 2005) , TV BH% TR 4 7 Tl A Bl B 70 £ K =
H b FTHREMBANKEE (B3, KGRI RI R K IEACFS IS
FER EMR IR B NS0 B AR A0 B B R R AR RS R — B0 (B 8-1D) .
BT AE IR IKCIR 4 ™ RGN , Wi 2R A R T B i R i ) B8 R i 2 FELAS B IR A4 i 5
1 B¢ B B e T AR T R S A B E R i (Sibson, 2001) , [RIMTEAR 5K 3 Wi I,
NI E K IEACFS X3S, SR A5 SR I R0 24 T — 25 8 10 5 1 FELRS RSO Ji Ak [ b3
188, FT R FARLE R 38 A AR R 13K, SBURETESN . ARSI RS0 R A
MAEIEACFS A/ A fE AR SR Wi - A sl B AL sy, U@ 7E IEACFS X3 K B &0 Wi
MGG R HHt, ASCA N LA TR KW 3 A R AT Bh RIS, X1 B %
RN by NERE B KIEACFS HUEA, BR TR BAE N IEACFS XI5
Wi BEAh, ATEAER WA B ER B BN IEACFS X 38075 /& 8 22 (1 I IR R X .

ERERR S, RECAH 2 KX PAAAER MR BE R 2R P K A K ER
TREFERA FRE) TV A, AE AR SCAE I8 I VEGH (1 30 T B 5 A O IR 2 TAE 2 i £
R W 2y G i) LA o o A 2 55 B O — iy Dy BB SR I SR SR () Aty R FH R 77 3 RS AR UL 4
TNAE G B LS T S ST AR AE — AN B4R 3-5km L AR B IEACFS X1, H.7F 11.5km %=
12km [ SR R FE L IEACFS THIARABXTRR (B 10 A 11) o ik, MRIE AT SO R EER
Wr s N NS R 5 ACFS iy 0.15-0.5MPa 1 X 38275 # A O AH 5% 1 45 &1 AN BT 780
NEE RN LR B 7 i DX ORI BT T 775 FRATTHR H AR SO 7 5 R UL 48 7 19 0 A
78 J5 X DL I B4y 3-5km 1 ABL R T FIACFS 4 0.15-0.5MPa [ [X 35 g 2 5% i 24 5 B 45 Y
BRI EEX N E SR m, Horh 11.5km & 12km (8RR BE N SR TR B ik
M B o AR HE AT SO K AR K WA WILA I Om AR s AH 2T 10km R IR B, AR
1500-2000m F#JI By SIZ it S 4% TR (10 e e b B

o, FRATHE AR IR X Y kR 1500-2000m 8 FE 56 5 St 424ZK2 (L



bR 1538.519m) . 504ZK4 (I3 Wb 1632.25m)  520ZK2 (WL 3 i hnm 1671.06m) o
520ZK1 (WL FWrZdbnm 1671.86m) o 408ZK4 (L WrZdbrim 1732.619m) . 504ZK6 (W3
Wr %Az Ry 1851.901m ) 520Z K3 I 3= W br = 1872.75m) . 520ZK4AC I = Wr by 2104.98m)
AL (E12) , HA AL 424ZK2 F1 520ZK4 4k, e NGB E T 4014,
A TE AR KW R8s P IR iR RRCHR B 4R BICIR BB 28 0 5 2H

"

sy B swens [F] seswensy 7] ma PR [@e] &0k |l gikms [0 HiE

112 FR oKk 28w B DU 2 7 o XK Bl L Ao Y 1
a. -1500m b B fLAL E . 8 SR B R s BCT T &, 2RIV IE 10¢ B4 AT TR SR X ARG 11.5km Bl IR L ) B K
+ACFS [X3%; b.-2000m FrmhifLAr B, 5ROV ER MR BOr It &, LBl 1E] 10d /A 78 588 AR 12km Rl
IRIEHIBCR+ACFS [X 35
Fig. 12 Plan map showing the locations of deep boreholes in the Quaternary covered area of the southern segment
of the Jiaojia fault zone
a. Locations for the boreholes at the -1500m level. The background is the planar geological map of the southern segment of the Jiaojia
fault zone, and the red shaded area represents the largest +ACFS region for the ore-forming depth of 11.5 km to the south of Houzhao as
shown in figure 10c; b. Locations for the boreholes at the -2000m level. The background is the planar geological map of the southern
segment of the Jiaojia fault zone, and the red shaded area represents the largest +ACFS region for the ore-forming depth of 12 km to the

south of Houzhao as shown in figure 10d
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