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Tectonic stress field and crustal strength of the central-southern Tanlu Fault Zone

Abstract: [Significance] The accurate estimation of crustal strength—the capacity of the lithosphere to resist tectonic
deformation—is fundamental to both seismic hazard assessment and geodynamic studies. [Methods] This study integrates
borehole logging data and focal mechanism solutions from the central-southern Tanlu Fault Zone. [Objective] The study
aims to analyze the characteristics of the tectonic stress field. [Results] The study reveals that the stress states in the
shallow and deep crust are generally consistent, with a predominant strike-slip stress regime and a preferential ENE-WSW
orientation of the maximum horizontal principal stress. The regional fault friction coefficient is approximately 0.3,
significantly lower than the 0.6-1.0 range suggested by Byerlee's law, indicating a moderate level of fault frictional
strength. Furthermore, constrained by these findings, a crustal strength profile was established for the central-southern
Tanlu Fault Zone. [Conclusion] This profile reveals a relatively strong upper and middle crust underlain by an extremely
weak lower crust. Regional tectonic forces are primarily transmitted through the upper and middle crust. This extremely
weak lower crust is closely linked to the destruction of the North China Craton since the Mesozoic, likely serving as both a
consequence and a facilitating mechanism of the deep deformation processes that led to lithospheric thinning.
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Fig. 1 Maps of the regional tectonic background and seismic activity

(a) Distribution of seismicity along the Jiangsu—Shandong segment of the Tanlu Fault Zone; (b) Simplified tectonic map of the North China
Craton (modified from Huang et al., 2020); (c) Focal mechanism solutions for the studied region

In Fig la, the blue symbols represent epicenters of earthquakes with magnitudes =M?2, the red symbols represent those with magnitudes = M35,
the solid black lines represent the block boundaries, and the dashed black box indicates the study area enlarged in panel c. The frame with blue
outline in Fig 1b represents panel b. In Fig lc, the solid black lines represent faults from Wu et al., 2004; CCSD—Chinese Continental Scientific

Drilling; TF—thrust faulting; SS— strike-slip faulting; NF-normal faulting.
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Fig. 2 Stress values and frictional strength of the brittle crust

(a) Distribution of the maximum horizontal principal stress with depth in the Chinese Continental Scientific Drilling (CCSD); (b) Frictional
strength of the brittle crust.

In Fig 2a, red and blue lines respectively represent the fitted trends of Sy, and Sy The gray solid line and dashed line respectively represent
theoretical values under different friction coefficients. In Fig 2b, the green and orange shaded areas represent the 95% confidence uncertainty

ranges for the crustal frictional strength estimated from borehole log data and focal mechanism solutions, respectively. The solid gray lines

represent the theoretical strength values under different friction coefficients calculated using Eq (3).
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Table 1  Stress field parameters obtained from focal mechanism solution inversion
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Fig. 3 Inversion results of the tectonic stress field in the central-southern part of the Tanlu Fault Zone.

(a) Relative stress magnitude and maximum horizontal principal stress direction; (b) Regional principal stress directions from stress inversion; (c)
The shape ratio (R-value) from stress inversion

In Fig la, As— a parameter for characterizing relative principal stresses (Simpson, 1997); TF— thrust faulting; SS— strike-slip faulting; NF—
normal faulting; The blue and red lines represent the maximum horizontal principal stress direction inverted from 0.5°x0.5° gridded data (blue:

grids with =5 data points; red: grids with <5 data points). In Fig 1b, red, green, and blue colors correspond to the S, S, and S5 stress

directions, respectively.
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X kA8 3 77 2 B b b s AR ek, HAL T IR
FUOIRAS o MO, BN B L 7 B0 Bl (i XA & N

x2 FRMERXEMTEEEE

AR AR R T3 AR AL, R N ) ik % S FR R RG] Kk
M 5E Bl 2L, 3 AT RE 2 B 9 IX b RE I Bl A B Y
o ML, BAREREHZF5E5 10° Nm™
JKF B g B A B b X (Wang, 2001; Li et al.,
2023 ), M 752 17 2 W AH X B

TEHF L 1 RSP FE AR AN v B3l R, 2R 0 K 1l
BLR G A Bk AR R, S BUR b s b AR
12 A R A e AR A RLOR kAR 3 R, T
BB A BB AR B A0 e b W i JBCAR (Zhao
et al., 2009), 5 FH & A R 22 Y | ph AR v 3K 2 Y
W, IF 51K Tz 0 s J T B A e 20 (Zhu et al.,
2024) o KB W BLH T BE A S 4 UK R A% Y
I, X AR AR X B AR AT S
(Deng, 2013), F A& TE BT #5005 Wi 2445 K R i1 IX 3
Y 1 UL (~ 70 mWm'>; Jiang et al., 2019) Fl 7 5 1 Pl
JREE (~80 km; B i 4255, 2024) o =2 vh A5 RN
JEE 45 R 0, S [ 3 i1 AR 5 5 1 v — b 5 A
W55 1) T e o A, b 5E 9 6 R T 2l 119 45 (6]
& Jry B H S W, A P i B R SR AR R B4R
HHLRRNG ) Rz, LR IS B T LAE VR A B R
5y 1 AR Y (4 45 B8 Z — (Wang, 2001; Pasquale et al.,
2010) o H1 KR P B 2471 rh g B A Pl i R R b 7R TR
J& 3 A Re AR (] 5b) mT DLAR Y M 5% 3% 3 R Eak T
5~20 km {5 [ A, A X 9 A 1Yt — |
56, 2 WA P B 2440 b g B AR BS Tabot . R
R b 5 A 2R G b ) A B bV S R AR B L X

Table 2 Different strength models of different faults and surrounding crust

W)= /Wiy W)z 58 /M Pa Hi 5/ MPa S5 3wk
~200(~ 0.6) ~200(u ~ 0.6) Scholz, 2000
Esg b A ~200(u~ 0.6) ~20(x<0.1) Townend and Zoback, 2001
~20(u<0.1) ~20(u<0.1) Hardebeck and Michael, 2004
RidgecrestiZ4y <10(x <0.05) <10(u<0.05) Zhang et al., 2024
KR TR TR B ~100(x ~0.3) ~100(u~ 0.3) X

®3 MRXOSBEHRRARLEEARLESY

Table 3  Structure, composition, and rheological parameters of the study area

B WAL AT JEHSEREE /km” (g - em) A/(MPa™ + s7)' n' Q/(kJ + mol™)*
L AER# 10.41 274 1.8x10°7 32 123
5 A 21.83 2.83 3.2x107™* 32 238
T HbE KLU 31.97 2.92 8.0x10°7 3.1 243
A P A A ~80 3.26 2.0x10° 4.0 471

TE: RS ARG SE5, 2002; R S] I CRUSTI1.0BE1Y; A— KL 5 n—NR 11465 0—TE 1Rk
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Fig. 5 Lithospheric strength profiles and distribution of earthquakes with depth.

(a) Lithospheric strength profile of the central-southern Tanlu Fault Zone; (b) Focal depth and distribution of maximum horizontal principal

stress, fast-wave direction, and absolute plate motion direction in different layers

In Fig 5a, é—strain rate; u—fault friction coefficient. In Fig 5b, The rose diagrams in the upper right illustrates the Sy, directions interpreted from

borehole logging data and focal mechanism solutions. BO/DITF-borehole breakout/ drilling-induced fractures; FMS—focal mechanism solutions;

FPD-fast polarization directions; APM—absolute plate motion.

NS IE AL T M5 AU PR R AR . Zhu et al. (2024) %
FH 42 B0 RR BT A 7R T 0 T 4 R I - e B AR
Hby 7 FAS R IA A L, IR A DT R R A SR IR R A
FH o SR 56 T 2 b B 3 A b 5 (R R
(Tian et al., 2020; Zou et al., 2022) F1 X Ji7 ¥ A B 5 4
(kg 2r %5, 2010) W B T AR fA7E . X — 51k
I B AT A8 [ B R PR R O A R M e R (A
AR MR A E KRR ZBE, Xt
5 20 0 P L b 2 (Zou et al, 2022),
1M R 51 & 0T db e o 5 BRSO, e 4] e
fih & 7 &8 4> N Hu5E B9 BF UUAE H (Miao et al., 2023),
W SFET TR E g M8y T
7 W T Rl BE — 2B R IT I T A A R i

I

5 ##

(1) %P )5 W 2437 v R B b 70 TR i) 18 g 7 RS
FRAEFE A — B, Ny 2 22 Rk i A, i KK P
F 0 77 ] LA AR AR ) 2 35 5 ke DA o7 T O ¢
ek K 7 U5 T R R IR AL A A 1 B PR A R A2 0.3,
I Ik F Byerlee & A (19 0.6~1.0

(2) 5 F W BEHE R 8. LB e g % B+
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