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Abstract: Rock fracturing is crucial for hydrothermal fluid migration and metal enrichment, influencing
the scale, shape, and spatial distribution of ore bodies. The mechanisms governing differences in fracture modes
are controlled by multiple factors such as rock lithology, mechanical properties, and tectonic stress regimes. The
mechanisms by which different factors lead to variations in fracture modes require quantitative constraints.
Based on Anderson's fault theory and the modified Griffith criterion, this study systematically analyzes the
control mechanisms of pore fluid factor (Ay) and differential stress (c1-063) on three types of fracture modes
(extensional fractures, extensional-shear fractures, and shear fractures) for different lithologies (granite and slate)
under various tectonic regimes (normal fault, reverse fault, and strike-slip fault) at different depths. At the same
depth (4 km or 6 km), granite (with a ratio of tensile strength to cohesive strength of approximately 0.55-0.62)
develops a complete sequence of all three fracture types under different tectonic regimes, whereas slate (with a
ratio of tensile strength to cohesive strength of approximately 0.66-0.75) lacks extensional-shear fractures in all
tectonic regimes. For normal faults, the increase in differential stress is relatively slow, with extensional fractures
dominating at shallow depths, while shear fractures dominate at greater depths. For reverse faults, differential
stress increases rapidly with depth, leading to a preference for shear fracturing. During the reactivation of rock
fractures, shear fractures dominate at all depths. If subsequent fault healing occurs, shear fractures may develop.
The calculation results indicate that, at the same depth, lithological differences are the primary factor controlling
variations in fracture modes. Under the same tectonic regime, depth variations significantly influence rock

fracture modes, while lithological differences have a minor effect. Differences in fracture modes between



different tectonic regimes are more pronounced. For pre-existing fractures under varying conditions, reactivation
due to changes in mechanical properties generally manifests as shear fractures. This study contributes to
deepening the understanding of fracture dynamics theory in hydrothermal mineralization systems and provides
a theoretical reference for target selection in deep hydrothermal mineral exploration.

Keywords: Rock fracture modes; Anderson's fault theory; Modified Griffith criterion; Pore fluid factor;

Differential stress; Reactivation
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Figure 1. Field profile illustrating different fracture modes. A. Shear veins and associated extensional veins related to a small
reverse fault. They collectively reveal the orientation of fault motion and the local tectonic stress field. Wattle Gully Gold Mine,
central Victoria. B. Fault-controlled arrays of calcite extensional veins in limestones at Kilve, Somerset, UK. The image is after
Cox, 2020.
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Table 1. Mechanical parameters of granite at 4 km and 6 km

WE (z; km) DLpiRE (T; MPa) SEEEAATEE (C; MPa) AEEES (v AREE (p;g/emd)

4 19 30.35 0.6 2.63

6 18 32.6 0.7 2.63

X2 WA 4km. 6 km %S

Table 2. Mechanical parameters of slate at 4 km and 6 km

FE (z; km) PihE (T; MPa) SERAAATRE (C;MPa) P EEBERIS (p) AREE (p;g/em’)

4 17 225 0.65 2.74

6 15.8 24 0.7 2.74
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Figure 2. Diagram showing fracture modes in slate at depths of 4 km (A) and 6 km (B), where z is depth, p is the internal friction
coefficient, T is tensile strength, and C is cohesive strength. The red, green, and dark blue lines represent extensional,

extensional-shear, and shear fractures of intact rock, respectively.
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Figure 3. Diagram showing fracture modes in granite at depths of 4 km (A) and 6 km (B), where z is depth, p is the internal friction

coefficient, T is tensile strength, and C is cohesive strength. The red, green, and dark blue lines represent extensional, extensional-

shear, and shear fractures of intact rock, respectively.
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indicate the fracture paths of the reactivation process in granite under different tectonic regimes.
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Figure 8. Reactivation of granite fractures after the fault has healed: where z is depth, p is the internal friction coefficient, T is
tensile strength, and C is cohesive strength. The red line represents extensional fractures in the originally intact rock; the dark blue
line represents shear fractures in the originally intact rock; the light blue line represents shear fractures during the rock reactivation
process. The solid lines in Figures A to F indicate the fracture paths of the reactivation process in slate under different tectonic

regimes.
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Figure 9. Reactivation of slate fractures after the fault has healed: where z is depth, p is the internal friction coefficient, T is tensile

strength, and C is cohesive strength. The red line represents extensional fractures in the originally intact rock; the dark blue line

represents shear fractures in the originally intact rock; the light blue line represents shear fractures during the rock reactivation

process. The solid lines in Figures A to F indicate the fracture paths of the reactivation process in slate under different tectonic

regimes.
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BREA.
TR 2 AR S E LR S R 0 PRI (T/C=0.55-0.62), I SE R = W B
BFF] B RBR BRI VIR . W 3 FR, SR R 6L L -0 ) s L
BT IR LR LRTE 0103 = 4T J 01-03= 4T/sin20 Kb RUFHTHE, TRRCT —MESEME A%,
B o T R T TR SR 5 S BRI IO LA (T/C = 0.66-0.75), 5358k T M-8 e
S, TR OGS R E, I RIS B DTRE S (Hou etal, 2024). {HFh 2 51
HRAR SR A, A2 AT > T2t 0 R A 0 e 5 R AN S (P 2D, B -3

“cos20

DIRTCE I I X — B R R, FEE IR T A2 R R R R & SR EEH AR,
ey 36 A H1) PR 22 S5 0 FLSE AL/

TE BES BT AR 58 Ougnat B3l 57 20 55 2 B (Saghro group) A2 i ¥ c. HH &R I Paradoxides
TUAE AL BB Fezouata 55 Tachilla TU&MLUZE 1, TUE PRI A= AR BT & SR R PIAL AR E, 8 R I
EE AR PN SR S B AR RS i T/C EUAEL, AR R R b B o A A i BAR A B0 s (e 2=
RANRAIENKS, EHREGERE, BAR KN REE, BEOTLREES SR B AR
(Samaoui et al., 2023). FEI&EF KB Ougnat HiuBR (1) 5451 5 AR 70 BB AL 45 SR AH HLEDIE: /& T/C Lk
ERE A, BT BRI SRR 5 T T Bk MR A1t FEAIE S g4 R M U e il 1 R A
-SRI SEW L R EH A MRAE. MR, I8 T/C WEEH, EH TRER
BHERFFS, AR IRAE T RAF RIS, (LA B U A3 R S BCR ™ 4
4.2 RG] SR KRR A N

2R 3 A [ S I, R P AR A PR A R N 3 R A0 RN (FE RN ) o) FIAHXS KN (ZERE T 61
03), T FHEHIAE AT NG, 10 T2 S AR ARG N RIS s A, A
A BER R I R 2 5 (B4, 5).

IEWR SIS, AN (o) MERNERKER T, KPR JARGECS, 78 77 BHIA ) 3 KA
NGNS . RS SIREN AT, DU RIER v T, BRI, TR (o) 8 KFE
FEPLDITE, WAL ) i 22 B IXAER , 45 BT ) BICRAE VR R IZ M B B 5 R A BB, oK EE T
1% i 1L Twin Hills #51X RS2 BARCIR AL 1 F2iE. thAb R 3 Dy AT R 55 R M 855 (SR IE Wr 2 ARk,
REEZ) 9km LAV, k1% 3KPa), VIR & T R B INUZ M A TERK, BKARARZ BT YIEE; M
BRIBHERN S (o) BN GREL 10 km - 25 km, JE/%13 -8 KPa), ZNHTFE, MkiE# D, HE
BIY)efid (Shilunga et al., 2022).
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AR AS 5 3 I R L, 3 T P SR A AN 7, B i SR AR R i) BT ) ) 2 8k
4.3 AW EEI RN 11

EARAEWER)G, HIAEBURSERAIE SR, RIDINIERE (O BEFEI GFE i E&
# C=0; Cox,2020; ##h%E, 2023). ST Ay- (o1-03 ) BB (Bl 6, 7), EILIRET, BT
AW A AR, SRR R R R e A R B 2 R R 5 R e — 8L (HNRBER 0,
(PR = 1, SRR S — (BT URESR B, T th IR B -0 VR (] 6.

B 7). B BRI R MR TA A B S PR LR NV RN ), 4 T IE T o i, fE
TR R AR A - BY IRy — R YR, HAPAE AR T T 5 C IRFELLE, EM
FREILT 0 I, XA BRI R T . R RR IR SR 26 AF RIS t=p( on-Pr), HP ol
BINTT, W NNEEREG o0 NIERTT. il AR IUBRGR T B R BN IER. 77 (Cox, 20100, X35
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FST A SR A A M A R AL A T, R YRR R G S P S A 2 IR DVE I O B R R
(Cox,2016; Lietal.,,2025). %140 Hutti <A, fESBIYIA/ERS, TR A X i 22
J82 31 R AT A R S /K i, R B2 e O KB 4k (Kolb et al., 2001 Kolb et al., 2008;
MiRkEE, 2023).
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B2 (Cox, 2005;2016; Qiu et al., 2024a; Giilyiiz et al., 2023). R E G A S LA 22
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PR AR L, (HERRAR B AT DABT DI RON 3 .

FESR W R 0 P T Ay B AR s, AR IR A (BT V-4 5K B A M, 2 K
Vg2 CEFEFTE . EWAMED Er (IR 7oA MG -ARE 28 (Deng etal., 2023; Qiuet
al., 2023a; Qiu et al., 2023b; Deng et al., 2020a; Deng et al., 2020b; Qiu et al., 2023a; Qiu et al., 2023b;
Deng et al., 2020b;  Goldfarb et al., 2019; Qiu et al., 2020; Qiu etal., 2024b). TFFE&H KA T A K Wi
P, SRS RRIE M I TR A S TR A R SRR R SR AR TR B R
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