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The rheological structures of crust and mechanics of high-angle

reverse fault slip for Wenchuan M;8. 0 earthquake

ZHOU Yong-Sheng, HE Chang-Rong

State Key Laboratory of Earthquake Dynamics, Institute of Geology s China Earthquake Administration, Beijing 100029, China

Abstract  The rheological structures of tectonic units related to Wenchuan earthquake is
estimated based on geological and geophysical field data, as well as experimental P-velocity and
creep data. There are two to three plastic layers in western Sichuan plateau and Longmenshan
tectonic zone, but it is almost no any plastic layer in Sichuan basin. It plays a significant role for
the complicated rheological structures to accumulate the tectonic stress and forming Wenchuan
earthquake. The high temperature and high pressure experiments show that the strength of rocks
is very high in earthquake source (mainly granitic rocks, such as adamellite) , which could sustain
great different stress and accumulate huge energy. This is one of major causes for high-angle
reverse fault slip and high intensity of Wenchuan earthquake. However, high fluid pressure is a
necessary condition for sliding of high-angle reverse fault and triggering Wenchuan earthquake,
and Longmenshan tectonic zone might have provided with the requirement.
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The rheological structure of crust in Longmenshan region

(a) Western Sichuan plateau; (b) Longmenshan tectonic zone; (c) Sichuan basin.

In figures, straight line stands for strength of fault friction (pore pressure is hydrostatic pressure), curve line stands for

rheological strength of rock (solid curve stands for felsc rock, and dash curve for mafic rock). The strength of fault is

for case of strike slip in western Sichuan plateau and Sichuan basin but for cases of strike slip (line 1),

strike slip-reverse (line 2) and revese (line 3).
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Fig. 2 The focal depth distribution of relocated aftershocks for Wenchuan Ms8. 0 earthquake
(a) The focal depth distribution of relocated aftershocks recorded before 26" June (plotted according to data given by Zhu Ailan et al. ©21));

(b) The focal depth distribution of relocated aftershocks recorded before 8 July (from Huang Yuan et al. [?2]),
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Fig. 3 The experimental results of fracture and stick-slip of granite

[36]

(a) Stress versus time (confining pressure 400 MPa,room temperature) ; (b) Acoustic emission during fracture

and stick-slip of granite (confining pressure 500 MPa, room temperature).

2000 (a)

1600 [F—u

#ZMNJ1/MPa

[es]

o

o
T

)

=
N
o
o
T

\ [E /£ 400MPa

* 1.0 62x10%

2000
T = KAE R (b)
[ :400MPa
A 62x10%"
- 4 -5x10°"
—A—2x10%"

1500

L

JE i FAEHK &
1000

R /MPa

—z—2x10%"

OISR ENKE
[# /= 1000MPa

500

400

r \O'%.\e

- & -5x10%"
—a—2x10%"

\‘8\9
]

1 1 1 1 [o NN

0 200 400 600 800 100

10 15 20 25 30 35
WRBE/km

0 1
0 5
LEEN(C)

K4 A6 a1 5 B R AE
(a) & HIE-2F AR ACIRA A 1 T8 8 A6 5 A i 208 8 3 T 3 BT A 1 S G O AL 1 5 R ]
APNK AR ;s (D) ZEH T 15~25 km AR E S T 46 5 A B A R 5 A 3 %
Fig. 4 The fracture strength of granite
(a) The fracture strength of Tibetan adamellite with cuhedral to subhedral feldspar is higher than that of
Juyunguan granite and Zhoukoudian quartz diorite with anhedral feldspar; (b) Strength of granite is

still very high at temperature and pressure corresponding to depth of 15~25 km.
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Fig.5 The friction coefficient of different minerals and rocks from high temperature and pressure experiments

In figure, Gab-Py-PI-D stands for dry gabbro, pyroxene and plagioclasel®:*); Gab-Py-PI-W is wet gabbro, pyroxene

and plagioclasel** 161 ; Gra-D is dry granitel37:38); Gra-W is wet granitel*!+2]; Q-D is dry quartzt391;

Q-W is wet quartz*°) ; Mon is montmorillonite”) ; Ser is serpentintet*8); Mica is biotitel?2!;

Q-Kao is quartz and kaolinite**~°"); Hal-Kao is halite and kaolinitel*?~5!1,
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Fig. 6 The rheological structure of Longmenshan tectonic zone under different fluid pressure condition

(a) Fluid pressure is 2 times of hydrostatic pressure; (b) Fluid pressure is hydrostatic pressure; (¢) No any fluid pressure.

In figures, lines stand for strength of fault friction (solid line is strike slip fault, dash line is strike slip-reverse fault) ,

curves stand for rheological strength of rocks (solid curve stands for felsc rock, and dash curve for mafic rock).
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