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Abstract  Sublithostatic pore fluid pressure in faults cutting the middle crust is considered to
trigger slip on the high-angle reverse fault slip for the Wenchuan M.,8.0 earthquake, the
mechanism of which is suggested to be related to crack healing. We conducted microcrack healing
experiments on Carrara marble samples with different water contents to reveal the formation
conditions of high pore fluid pressure using a molten-cell solid medium triaxial apparatus under
high temperature and pressure. The experiments were designed to be three types as A, A+B and

A+B+C, respectively. All the samples were fractured at room temperature in phase A, leading

E£MAB HEZEAARPERESEA0972146) FIihiZ 8 J) B K A 5550 % A F B (LED2009A0 D) ¥ Bl
fEERA  ®ise. 5. 1983 44 05T 4E  #  H BT % %l . E-mail : hanliangla@163. com
* BWAEE  JH KM, E-mail:zhouysh@ies. ac. cn



92

i BR ) PR 2% R (Chinese J. Geophys. )

56 &

to conjugate fractures as the result of brittle deformation, and then healed at a constant
temperature of 600 C, confining pressure of 700 MPa and a strain rate of 10" °s~

causing a transition from cataclastic flow to plastic deformation.

' in phase B,
Finally, we simulated a
curves show that the dynamic recrystallization can heal the micro-cracks and pore, and the
pressure in a fault.
Keywords

dilatation by reducing the axial stress instantaneously, and then loading again with the same
presence of water can enhance the process of the dynamic recrystallization.

strain rate to examine the degree of crack-healing by comparing the ultimate strength of stress-

strain curves in phase C. The microstructures of samples after deformation and the stress-strain

Our experiments
suggest that higher water content and the larger strain are favorable to form high pore fluid
Middle crustal fault, Wenchuan Ms8. 0 earthquake, High pore fluid pressure, Molten-

transform infrared spectrum (FTIR)

cell solid medium triaxial apparatus,Crack healing, Dynamic recrystallization, Fourier
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Fig. 2 Stress-strain curves of the experiments
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Fig. 3 Microstructure of the starting rock sample

(a) Micrograph of original sample (Carrara marble) under polarized light showing a uniform structure; (b) Image produced using

backscatter electron mode shows a compacting grain contact. Grain size is from 60 to 100 um; (c¢)Pores developed in the grain boundaries

and triple junction; (d) Pits and twin lines developed on the smooth surfaces of calcite grains using secondary electron imaging; (e) The

composition of the spectrum obtained by the measuring point e ; (f) The composition of the spectrum obtained by the measuring point f. In

the figure, the positions marked by black arrows are pores along grain boundaries, and the ones marked by white arrows are twin lines.
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Fig.4 Microstructure of sample S10-29
after A type experiment

The microstructure around the major fracture surface was taken
under polarized light. In the photo, the confining pressure is
applied in the horizontal direction, and shortening compressive

stress is in the vertical direction.
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Fig. 5

Microstructures of sample S10-42 after A+ B type experiment

(a)Micrograph of the sample taken under polarized light. A series of conjugate fractures developed in the fine-grained sample marked by

dashed lines; (b) Backscattered electron image showing that some fractures marked by dashed lines were partly healed by white-colored new

grains; (¢) The sample were crushed by cataclastic deformation, forming large number of micro-cracks and pores; (d) Magnified area of the

image (c)showing rough grain surfaces and some micro-cracks healed by white-colored grains; (e) The composition of the sample at point

e measured by EDS; (f) The composition of the sample at point f measured by EDS. In the photo, confining pressure is in the horizontal

direction, and shortening compressive stress is in the vertical direction.
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Fig. 6 Microstructures of sample S10-45 after A+B+C type experiment
(a) Micrograph of the sample taken under polarized light. The strain is about 62% and structures of horizontal flow developed in the
sample; (b) Backscattered electron image showing porous structure; (¢) Most of the partly-healed microcracks lie around grain boundaries;
(d) Magnified area of image (¢)showing the grains which fully healed transgranular microcracks in gray color,and the new growing grains

in white color; (e) The composition of the sample at point e measured by EDS; (f) The composition of the sample at point f measured by

EDS. In the photo, confining pressure is in the horizontal direction, and shortening compressive stress is in the vertical direction.
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Fig. 7 Microstructures of sample S10-48 after A+B-+C type experiment
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(a) Micrograph of the sample taken under polarized light. The total strain is about 55% ; (b) Backscattered electron image showing no
significant fractures in the sample; (¢) Few pores exist in the sample, and there are no microcracks; (d) Magnified area of image (c)
showing close contact between grains ; (e) The composition of the sample at point e measured by EDS, (f) The composition of the sample

at point { measured by EDS. In the photo, confining pressure is in the horizontal direction, and shortening compressive stress is in the vertical direction.
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Fig. 8 Absorbance spectra normalized by thickness of thin sections
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Fig. 9 Comparison of water content between the

original sample and the samples after deformation
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Fig. 10 The profile in Jiguanshan ductile shear zone showing crack healing

(a) The crack in granitic gneiss healed by quartz veins; (b)Quartz in the horizontal veins deformed by dynamic recrystallization.
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