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Abstract The stress existing in the crustal rock mass is called in-situ stress. The ASR ('short for anelastic strain recovery )
technique is widely used in deep 3-D stress measurements of rocks in crustal drilling, especially in seismic fracture zones with complex
geologic conditions and broken formations. The 3-D ASR measurement results of the well WFSD-1 show that there are major differences
between the Longmenshan foreland obduction zone and its underlying Longmenshan foreland basin and overlying Songpan-Garzé block in
terms of structure and stress state. On the whole, during the Wenchuan Earthquake, the Longmenshan foreland obduction zone
displayed SW to NE “laminar” flow of deep materials along the inter-crustal detached layer, and then turned into rapid vertical
extrusion along the Yingxiu-Beichuan fault in the upper crust; while the Songpan-Garzé block on its west side showed SE to NW
gravitational slipping, and the Longmenshan foreland basin on its east side showed NE to SW strike-slip or dextral rotation. There has
not occurred apparent or large-scale intracontinental subduction of the Yangtze block toward the Longmenshan orogenic zone on the
eastern margin of the Qinghai-Tibet Plateau since the Late Cenozoic. The rapid and vertical up-going flow and extrusion of deep high-
temperature low-viscosity materials in the Longmenshan foreland obduction zone is the direct cause for the occurrence of the May-12
Wenchuan Earthquake, while the intensive compression and crustal thickening of the Longmenshan foreland area as well as
accumulation of deep stress and seismic energy as a result of E-trending expansion of the Songpan-Garzé block are the main cause
inducing abrupt change of the deep-seated shift field and rapid vertical extrusion of materials. The latter is the necessary condition for

the former and not the direct result. The orientation of the principal compressive stress obtained by the ASR siress measurement is
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exactly parallel to the shift direction of the GPS coseismal velocity field, which indicates that the in-situ stress measured with the ASR
technique may actually reflect or most approach the tectonic stress state during the earthquake.

Key words Wenchuan Earthquake Fault Scientific Drilling Hole-1 ( WFSD-1); Anelastic strain recovery ( ASR) earth stress
measurement; Formation mechanism of earthquakes; Thrusting; Dextral strike-slip faulting (or dextral rotary); Normal slipping;
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Fig.1 Coseismic surface ruptures in the Yingxiu-Beichuan fault zone

(a) -deformation of the buildings and roads in the epicentral area, arch and subsidence of the road, the relative height of 2. 5Sm; (b) -original six-story
building, two layers disappear in the earthquake as a whole, three floors above floor level with respect to a whole by the early passage from NW to SE
direction ( thrust shear) into the direction from NE to SW over ( dextral slip shear) , the estimated amount of displacement the right line is 1. 5m.

Yingxiu; (c¢)-compression schistosity of the Lower Cambrian Qingping Formation in the Yingxiu-Beichuan fault zone, fault occurrence; 325° 2 80°,Si-
quartzite veins, Ca-calcite veins, Sa-siliceous breccia. Gaochuan Township, Anxian County; (d)-flow cleavage in Late Proterozoic metamorphic
brecciated tuff of the Wenchuan-Maoxian fault zone, parallel to the axial plane of the deformed breccia in flow cleavage, flow cleavage occurrence :
336° £60°. Si-siliceous rock, Sa-metasandstone, Vr-volcannic rock. Weimen Township, Mianzhu County; (e)-two roughty quartz scratches lineation
parallel flow cleavage tendency in Late Proterozoic metamorphic brecciated tuff, L, -early thrust shear sliding direction ( thrust striation lineation) ; L, -
late positive-slip shear sliding direction ( positive slip striation lineation). Weimen Township, Mianzhu County; (f)-a series of normal faults and
tectonic gliding to the SE direction tilt in Yingxiu-Beichuan fault ( YBF) hanger Pengguan complex, strong rock mass collapse occurred geological

disasters along the faults. Gaochuan Township, Anxian County
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Fig.2 Sketch of regional structure of the Longmenshan and its adjacent areas (a, modified after Xu et al. , 2008 ; Li et al. , 2008) ,
GPS displacement field (b, modified after Zhang et al. , 2002) and GPS coseismic displacement field (¢, modified after MNSE
“CMONC” PG, 2008)

1-Longmenshan complex; 2-Sinian-Paleozoic; 3-Triassic flysch; 4-Meso-Cenozoic granite; 5-Upper Triassic-Quaternary; 6-ductile detachment fault;
7-stretched lineation; 8-thrust fault; 9-dextral strike-slip fault; 10-sinistral strike-slip fault; 11-nappe; 12-epicenter location of the May 12 earthquake.
WMF-Wenchuan-Maoxian fault; YBF-Yingxiu-Beichuan fault; GAF-Guanxian-Anxian fault; PQF-Pingwu-Qingchuan fault; XSHF-Xianshuiuhe fault;
PGC-Pengguan complex; BXC-Baoxing complex; KDC-Kangding complex; LMSB-Longmenshan foreland basin; WFSD-1; Wenchuan Earthquake Fault
Scientific Drilling Hole-1
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Fig.3 Geological sketch map of the WFSD-1 well site (a) and tectonic profile perpendicular to the YBF (b)

1-upper member of Upper Triassic Xujiahe Formation (T;x”) ; 2-middle member of Upper Triassic Xujiahe Formation ( T;x%) ; 3-lower member of Upper
Triassic Xujiahe Formation ( Tyx'); 4-Lower Triassic (T, ); 5-Upper Permian (P, ); 6-Lower Permian (P, ); 7-Upper Devonian (Dj); 8-Middle
Devonian (D, ) ; 9-Lower Sinian metavolcanite formation (Z, ) ; 10-Proterozoic granite (r,); 11- thrust fault (a); 12-thrust fault (b) ; 13-thrust-nappe

(a); 14-klippe (b); 15-river; 16-road
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Fig.4 Lithologic section of WFSD-1

(a) strata and lithology of the well, Neoproterozoic Pengguan complex: 1-Sinian metavolcanite; 2-Neoproterozoic granite. Upper Triassic: 3-sandstone;
4-siltstone ; 5-thrust fault; 6-normal fault; 7-sampling location and sample number; F-fault; YBF-Yingxiu-Beichuan fault. (b, ¢) core at 587.6 ~

588. 1m well depth: A-breccia; B-cataclasite; C-fault gouge
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Table 1  Orientations and magnitudes of the in-situ stresses in samples from WFSD-1
FENiJs HERE IR S ON S OUw)]
Hedh s i 1) (IR 7 1), R AR ) () K/ (MPa) /N(MPa) i (°) K/ (MPa)
Ty oy oy o oy o3 o, ou ou oy
No. 2 141,57 316,33 48,2 10. 8 10.4 6.0 10.7 316 10.5 6.0
No. 4 316,4 46,7 191,83 16.7 13.8 13.2 13.2 315 16.7 13.8
No. 5 325,7 60,34 224,55 21.5 17.2 12.8 14.3 323 21.4 15.8
No. 7 291,50 136,37 36,13 23.7 18.6 14.9 17.1 303 21.6 18.5
No. 8 311, - 11 37,19 249,68 25.2 21.5 18.5 19.1 328 25.0 21.1
No. 14 298,38 132,51 347 35.0 23.5 21.1 27.9 299 30.6 21.2
No. 15 296,26 188,33 56,46 35.3 29.0 27.7 29.5 301 34.0 28.5
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Fig. 5

orientations with the surface strike of the Yingxiu-Beichuan

Relationship of the maximum principal stress

fault in the well site

Surface attitude of the fault; strike 60°,dipping NW , dip angle 86°.
No. 2 to No. 15 are the sample numbers of WFSD-1, the fine arrow
indicates the orientation of maximum principal stress corresponding
specimens, and the bold arrow showing the average orientation of

maximum principal stress for the 7 samples
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Fig.6  Depth profile of the magnitudes of stresses in WFSD-1

(a)-depth profile of the magnitudes of principal stresses; (b)-depth profile of the magnitudes of horizontal stresses. No. 2 to No. 15 are the sample
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the vertical stress respectively
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basin. P-compressive stress axis; B-intermediate stress axis; T-tensile

stress axis
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