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The first hole of the Wenchuan earthquake Fault Scientific Drilling (WFSD-1) was started on Nov. 6, 2008 as a
rapid response to the May 12, 2008 Wenchuan earthquake (Mw 7.9), which slipped along the Longmen Shan
fault on the eastern margin of the Tibetan Plateau. WFSD-1 was drilled to a depth of 1201.15 m and intersected
the presumed active fault zone at a depth of 590 m (FZ590), which contains themaximum value of fracture den-
sity and fresh fault gouge. Here we characterized fault rocks of FZ590 by conducting XRD analyses with cohesive
and non-cohesive rock samples collected fromWFSD-1 borehole cores. The results indicate that a clay anomaly
zone is located in the FZ590 fault zone. The slight enrichment of smectite distributed in fresh fault gouge implies
that there is a fault-related authigenic clay formation. In addition, the location of the slight enrichment of smec-
tite is consistentwith the plausible active slip zone determined by previous results, adding confidence to the sup-
position that the principal slip zone (PSZ) of the 2008Wenchuan earthquake is located at a depth of 589.2 m and
situated at the lithological boundary of the Neoproterozoic Pengguan Complex and Triassic Xujiahe Formation.
The tiny clay anomaly signal captured from borehole cores implies that low frictional heat was generated by
coseismic slip, which drives only slight authigenesis processes. Thus, other dynamic weakening mechanisms,
such as thermal pressurization may be involved in the fault zone of the Yingxiu–Beichuan fault during 2008
Wenchuan earthquake.

© 2013 Elsevier B.V. All rights reserved.
1. Introduction

The Mw 7.9 Wenchuan earthquake affected the whole country of
China in 2008 and produced coseismic surface ruptures 270 km and
80 km long along the Yingxiu–Beichuan and Anxian–Guanxian faults,
respectively (Fig. 1) (Fu et al., 2011; Li et al., 2008; Liu-Zeng et al.,
2010; Xu et al., 2009). To obtain a better understanding of the mechan-
ical, physical and chemical characteristics of the ruptured faults, the
Wenchuan earthquake Fault Scientific Drilling project (WFSD) was un-
dertaken with the support of Chinese government. The first borehole
(WFSD-1), targeting the fault zone with the maximum co-seismic slip
of the southern Yingxiu–Beichuan fault zone in Bajiaomiao Village,
was drilled just 178 days after the earthquake where the surface verti-
cal displacement was about 6 m (Li et al., 2008) (Fig. 1) and the hori-
zontal displacement was about 3 m. WFSD-1 obtained 1201.15 m of
inese Academy of Geological
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core with a recovery rate of 95.4% and 12 fault zones were recognized
in the core profile (Fig. 2).

Fault cores, accumulating themost slip and shear stress during an in-
dividual coseismic event, are often characterized by abundant clayey
gouge (Caine et al., 1996). As the most common constituent of fault
gouge, the characteristics of clay minerals may allow us to infer me-
chanical properties of the fault zone (Collettini et al., 2009a, 2009b;
Moore and Lockner, 2008; Moore and Rymer, 2007; Saffer et al., 2001;
Tembe et al., 2010), and physical-chemical processes taking place
during coseismic and interseismic periods, such as the fluid-rock
interaction, e.g., illite–smectite reaction (Solum et al., 2005; Vrolijk
and Pluijm, 1999), and the pseudotachylyte–smectite transformation
(Janssen et al., 2013; Kuo et al., 2009).

In the case of the TaiwanChelungpu fault Drilling Project (TCDP), the
location of the principal slip zone (PSZ: Sibson, 2003) was determined
through physical, chemical, microstructural and seismological observa-
tions (Boullier et al., 2009; Boutareaud et al., 2008, 2010; Chou et al.,
2012a,b; Hirono et al., 2006a,b, 2008; Ishikawa et al., 2008; Kuo et al.,
2009, 2011, in press; Ma et al., 2006; Mishima et al., 2006, 2009). The
characteristics of clay minerals within the TCDP PSZ suggest that fric-
tional melting localized in a thickness of 1-mm took place and produced
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Fig. 1. Sketch map show the structures of the Longmen Shan, the adjacent area and the profile of the WFSD-1 borehole (revised after Li et al., 2013a). (a) Geological structures of the
Longmen Shan and its adjacent area and WFSD drilling site location. (b) Geologic cross-section across the WFSD-1 site of the 1201 m hole. The Yingxiu–Beichuan fault zone is about
100 m wide in the WFSD-1 cores and with the dip angle of about 65° at a depth of ~1 km.
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pseudotachylyte during the 1999 Chi-Chi earthquake, and that pseudo-
tachylytewas transformed to smectite by the process offluid infiltration
(Kuo et al., 2009, 2011, in press).

Samples from drilled active faults, therefore, provide unique oppor-
tunities to determine in situ characteristics of fault rocks (e.g., Solum
and Pluijm, 2004). WFSD-1 provides samples from depth, where the
characteristics of clay minerals preserved within the active fault zone
enable us to (1) determine the presumed location of the PSZ, (2)
study the faulting behavior and (3) investigate the plausible faulting
mechanism soon after a large earthquake. High gamma radiation, high
porosity and P-wave velocity, as well as low resistivity and temperature
anomalies indicate that theWenchuan earthquake fault zone is located
at 585.75–594.5 m-depth. Based on further examination of the core
from the deep drilling project, the PSZ corresponding to the 2008
Wenchuan earthquake was suggested to be at a depth of 590 m
(Li et al., 2013a,in this issue). To address the goals mentioned above,
this paper will report the characteristics of clay minerals at depths
surrounding 590 m, the analyses were performed on dense samples
collected from borehole cores.

2. Tectonic setting

The Longmen Shan Mountains are the topographic boundary be-
tween the Tibetan Plateau and the Sichuan Basin with a steep topo-
graphic gradient and a high topographic relief of 3000–4500 m. As the
front thrust belt of the Songpan–Ganzi orogen (Xu et al., 1992), the
Longmen Shan fault zone is mainly composed of three thrust faults
named the Wenchuan–Maoxian fault, the Yingxiu–Beichuan fault and
the Guanxian–Anxian fault, from west to east (Fig. 1) (Li et al., 2006).
In 2008, the Wenchuan earthquake (Mw 7.9) produced about 270 km
and 80 km long surface ruptures along the NE-striking Yingxiu–
Beichuan fault and Guanxian–Anxian fault, respectively (Fig. 1) (Li
et al., 2008). The rupture zones generally followed those preexisting
fault traces.

Based on detailed field work, the first hole of the Wenchuan earth-
quake Fault Scientific Drilling (WFSD-1) was sited at Bajiaomiao Village
of Hongkou Town (Dujiangyan, Sichuan) (N31.149°, E103.691°) where
the maximum vertical offset along the south segment of the Yingxiu–
Beichuan fault developed (Fig. 1). The borehole is about 385 m
west of the surface rupture, where Pengguan complex rocks outcrop
in the hanging wall of the Yingxiu–Beichuan fault zone. This complex
mainly consists of biotite granite, plagiogranite, mylonite, granodiorite,
tonalite, intermediate-acidic intrusive rocks similar to diorite, and some
mafic–ultramafic intrusive rocks, volcanics, pyroclastic rocks andmeta-
morphic rocks of green schist phases (Li et al., 2013a). To intersect the
Wenchuan earthquake fault zone at the shallowest possible depth, as
well as study the characteristics of the fault zone and monitor the fric-
tion heat produced during the earthquake and its aftershocks, WFSD-1
was designed to be an inclined hole, with 80° inclination angle in the
NE134° direction, i.e. perpendicular to the surface rupture zone whose
strike was about ~NE40° (Fig. 1c) (Li et al., 2012). Due to a fracture of
the 127 mm-wide casing, which occurred at 167 m-depth, a second
hole from 166.88 m-depth had to be initiated. Another casing fracture
occurred at 585 m and a third hole was sidetracked from 580 m. After
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Fig. 2. Fault zone distribution in theWFSD-1 core and brief description of FZ233, FZ590 and FZ759. The left chart indicates the distribution of fault rocks. For specific calculation see Li et al.
(2013a).
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overcoming a variety of difficulties, the WFSD-1 borehole reached a
depth of 1201.15 m,with a total core length of 1368.29 m (total core re-
covery rate was 95.4%) on July 12, 2009 (Li et al., 2013a).

In the WFSD-1 cores, 12 major fault zones were identified in the in-
terval from 30 m to 1201 mand named after the depth as FZ233, FZ590,
FZ608, FZ621, FZ628, FZ639, FZ646, FZ655, FZ669, FZ678, FZ759 and
FZ970, with widths ranging from 1.8 m to 14.28 m and different
gouge thicknesses (from 0.72 m to 3.79 m with the thickest gouge en-
countered in FZ590) (Fig. 2). The named depths of the fault zones corre-
spond to the maximum fracture density which are generally in the
middle of the gouge zones. Most fault zones have cumulative thick
gouge layers composed of numerous sub-faults with thin gouge layers
(such as FZ590 and FZ608). Three fault zones including FZ233, FZ590
and FZ759 are composed of a particularly large number of such sub-
faults which might suggest an intense and long-term activation. The
three fault zones (Fig. 2) are located in the Pengguan complex
(FZ233), the Late Triassic Xujiahe Formation (FZ759) and the boundary
zone between these two units (FZ590). The Xujiahe Formation is com-
posed of sandstone, siltstone, shale and liquefied breccia.

3. Samples and analytical method

The WFSD-1 hole was drilled through the boundary of the upper
Neoproterozoic Pengguan complex and the Triassic Xujiahe Formation
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sedimentary rocks at a depth of 585.75 m. The borehole cores contained
rock types such as diorite, volcanic rocks, pyroclastics, sandstone
(including coal-bearing sandstone), siltstone, shale, liquefied breccias
which result from soft sediment deformation (Qiao et al., 2012) and a
series of fault-related rocks. In this study we collected 139 samples
within the boundary of the Pengguan complex and Xujiahe Formation
from depths of 584.68 m to 595.74 (FZ590 hereafter) to target the plau-
sible active fault zone suggested by Li et al. (2013b).

X-ray Diffraction (XRD) analyses were conductedwith a PANalytical
X'Pert PRO X-ray diffractometer in National Taiwan University under
the condition of filtered CuKα (1.540 Å) radiation at 45 kV and
40 mA, 1.0° min−1 scanning speed, and 5o–40o of 2θ interval for all
analyses. Grain mounts of oriented clay samples were made for identi-
fying and quantifying bulk rocks and clay minerals of b2 μm grain-
size. For analyses of clay minerals, samples were disaggregated in dis-
tilled water using an ultrasonic bath. After centrifugation, suspensions
of b2 μm fraction were deposited on glass slides. Two XRD runs were
performed following air-drying and ethylene-glycol solvation for 72 h,
to identify swelling clays (e.g., smectite). Identification of clay minerals
was made mainly according to the position of the (001) series of the
basal reflections on the air-dried and glycolated XRD diagrams. We uti-
lize the most common approach for semi-quantitative analysis of clay
minerals in powders, involving peak intensity ratios and mineral inten-
sity factors (MIFs) (Kahle et al., 2002). This approach simplifies the gen-
eral relationship between the integrated intensity of a diffraction peak
area and the weight fraction of the mineral in a mixture. Peak areas of
illite (10 Å), kaolinite (7 Å), and chlorite (14 Å) were divided based
on their reflection factors, which were calculated on the glycolated
curve. The mixed-layer phase of illite/smectite 001/001 (x N 10 Å)
upon glycolation was determined (Biscaye, 1965; Fagel et al., 2003;
Solum et al., 2003). Relative proportions of kaolinite and chlorite were
determined on the basis of the ratio at the 3.57/3.54 Å peak area (Liu
et al., 2007).
4. Results

Themajormineral assemblageswithin the samples surrounding and
within FZ590 via XRD analyses were identified as quartz, feldspar, and
phyllosilicate minerals such as illite, smectite, chlorite, and kaolinite
(Fig. 3). The variation of quartz, feldspar, illite, chlorite, and kaolinite
within the samples surrounding and within FZ590 represents the nor-
mal variability of mineral proportion without significant anomalies of
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Fig. 3. Plot of relativeweight percentage of major minerals and clayminerals fromWFSD-1
cores from 584 m to 596 m in depth. The gray area shows the analyzed segment in Fig. 4.
minerals. However, the relative proportion of smectite increases from
2% to 4% (Fig. 3). The XRD results of 1-cm interval sampling from a
depth of 589.04 m to a depth of 589.53 m (50 samples) (Fig. 4a) show
that the relative abundances of illite, chlorite and kaolinite have small
variance (Table 1). Smectite is slightly enriched and its relative percent-
age increases from ~3 to 4 relative weight % at a depth of 589.22 m
(Fig. 4b), which was the location of the plausible PSZ suggested by Li
et al. (2013a) (Fig. 4c). In addition, the relative percentage of chlorite
and kaolinite are slightly higher than the normal range, at 6% and 4%, re-
spectively, in the depth range 589.38 m–589.39 m, and the relative per-
centage of quartz decreases to 30%. Overall, quartz and illite are the
most abundant phases among theminerals, with an average abundance
of 19–64% and 29–55%, respectively. Chlorite and kaolinite are less
abundant with an average content of 0–6% and 0–2%, respectively. The
relative percentage of feldspar averages at 0–5%, except for the sample
at a depth of 584.44 m (17%) which contains feldspar detrital material.
Smectite is the least abundant claymineral, with an average percentage
ranging from 1 to 2%.

The XRD patterns of 9 samples from a depth of 589.17 m to
589.25 m display a slight enrichment of smectite in the PSZ (Fig. 5a).
In contrast, the XRD patterns of 7 samples from a depth of 589.35 m
to 589.41 m show that the abundance of clay minerals remains similar
in each sample for this interval (Fig. 5a). It is notable that very little
graphite was detected in the XRD patterns at a depth of 589.2 m.

Swelling clays in our samples were determined through the XRD
analysis under air-dried and glycolated conditions. The results suggest
that smectite-rich illite phases were dominant (Fig. 5b). Here we follow
the definition for illite provided by Meunier et al. (2004) and hereafter
simply call a smectite-rich illite mixed-layer as smectite.
5. Discussion

5.1. Mineralogical changes in the fault gouges generated by coseismic
faulting

The depth (~590 m) of the active fault zone inWFSD-1 correspond-
ing to the 2008Wenchuan earthquakewas previously determinedwith
conventional logging curves and temperature measurements (Li et al.,
2012, 2013b). The darkest gouge layer can only be seen at the 8 cm-
thick interval in FZ590 (589.17–589.25 m), which also has the highest
magnetic susceptibility (Li et al., 2013a). In addition, continuous thin
sections from the 589.04–589.34 m segment of WFSD-1 were made to
check the microstructures. Several features that form by fault-related
processes, such as calcite clasts and small veins, S-C fabrics and asym-
metric rotational structures, were found in all thin sections. Within
this interval, the thin section at a depth of 589.21–589.22 m contained
an ultra-fine, uniform and clean matrix (Fig. 4c) and was suggested as
the PSZ of the Yingxiu–Beichuan fault (Li et al., 2013a). It is reasonable
to conclude that the signature of the in-situ physical-chemical processes
(e.g., melting, dehydration, etc.) triggered by frictional heat during seis-
mic slip might be recorded in the PSZ (e.g., Kuo et al., 2012).

In the TCDP case, significant variations were observed in the clay
mineralogy within the 1 mm-thick PSZ of the Chelungpu fault and
smectite was enriched by 80% (the abundance of smectite is none to
rare in the host rock; Kuo et al., 2009, 2011, in press). The presumed
mechanism for the clay anomaly formation in the TCDP borehole is
that clay minerals that include illite, chlorite and kaolinite were ther-
mally decomposed/dehydroxylated by frictional heat generated by
coseismic slip, and then the products of the thermal decomposition/
dehydroxylation processes (amorphous materials or pseudotachylyte)
were altered into smectite (Kuo et al., 2009). Within the active Nojma
fault zone, a similar transformation of glass-smectite was determined
by TEM analysis and inferred the alteration of pseudotachylyte
(Janssen et al., 2013). Thus, compared with the content of host rocks,
the presence and/or the enrichment of smectite within the active fault
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Fig. 4. (a) Image of black gouge analyzedwith 1 cm intervals from 589.04 m to 589.54 mwhere the sampling locations are indicated by yellow. The sampling locations are indicatedwith
red rhombus and pentagon symbols. (b) Detailed distribution of major minerals and clay minerals percentage across the FZ590. (c) Images of microstructures within the PSZ.
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zones might be one piece of the evidence to identify the plausible PSZ
during coseismic events.

In our study, a slight enrichment of smectite was discovered within
the FZ590 PSZ which was suggested by Li et al. (2013a) to have slipped
during the 2008 Wenchuan earthquake (Fig. 5a). Several mechanisms
could be responsible for the formation of smectite within the PSZ such
as (1) deposition by sedimentary processes, (2) illite/smectite reaction,
and (3) glass/smectite transformation (Kuo et al., 2009; Solum et al.,
2005; Velde et al., 1986; Vrolijk and Pluijm, 1999). The deposition by
sedimentary processes might play a role, but can only supply a very
small amount of smectite, since the abundance of smectite in all ana-
lyzed samples is shown to be less than 2%. Enrichment of smectite with-
in the PSZ might be the result of fault-related processes of the illite/
smectite reaction and glass/smectite transformation (Kuo et al., 2009;
Solum et al., 2005).

The XRDpatterns of air-dried and glycolated condition samples indi-
cate that smectite was present in all samples and was more abundant
within the PSZ (Fig. 5b). Smectite is classified by the number and degree
of ordering of smectite- and illite-like interlayers. The degree of order-
ing is expressed by ‘Reichweite’ (R), where R0 corresponds to random
interlayering, R1 corresponds to alternating illite and smectite inter-
layers, R2 corresponds to two smectite interlayers followed by an illite,
etc. The number of interlayers given by the percent smectite seems to be
different between the samples of the PSZ and the sample within the
FZ590 (Fig. 5b), but the exact interlayers of smectite and illite could
not be identified in our study. Furtherwork, such asXRDpatterns for var-
ious mixtures of illite and illite–smectite (with varying numbers and or-
derings of smectite interlayers) are required to reference our results and
the TEManalyses. However, the additional abundance of smectitewithin
the PSZ is likely the result from fault-related authigenesis (e.g., illite/
smectite reaction and/or pseudotachylyte/smectite transformation)
(Kuo et al., 2009; Solum et al., 2005).
Another anomaly of clay minerals within FZ590 was the slightly in-
creased abundance of chlorite and kaolinite and the slightly decreased
quartz content at a depth of 589.4 m (Fig. 4). The similar XRD patterns
of analyzed samples at this depth indicate that the ratio of chlorite
and kaolinite in each sample is roughly equivalent. Thus, the increase
of the abundance of chlorite and kaolinite might be the result of the
high abundance of clay minerals, which causes the decrease in the
abundance of quartz.

5.2. The implication for the faulting mechanism

The strength of seismogenic faults in terms of frictional resistance
has been a major subject of debate in fault mechanics for several de-
cades (Collettini et al., 2009a, 2009b; Scholz, 2002; Zoback et al.,
1987). Several slip weakening mechanisms have been suggested in
the literature to account for low frictional strength of faults during
earthquake propagation: flash heating (Rice, 2006), thermal pressuriza-
tion (Rice, 2006; Sibson, 1973), frictional melting (Di Toro et al., 2006;
Hirose and Shimamoto, 2005; Spray, 1987), gel formation (Di Toro
et al., 2004; Goldsby and Tullis, 2002), thermal decomposition (Han
et al., 2007), nanopowder lubrication (Han et al., 2010), recrystallization
(Smith et al., 2012), graphitization (Oohashi et al., 2011), and
elastohydrodynamic lubrication (Brodsky and Kanamori, 2001).

In the TCDP case, the Chi-Chi PSZ accommodated a coseismic dis-
placement of 8.3 m (Ma et al., 2006), and the evidence of thermal per-
turbations (Chou et al., 2012a,b; Hirono et al., 2006b, 2008; Ishikawa
et al., 2008; Kuo et al., 2009, 2011; Mishima et al., 2006, 2009) and
fluid infiltrations (Boullier et al., 2009; Chou et al., 2012a,b; Ishikawa
et al., 2008) within the PSZ were obtained from borehole core samples.
Combined with the current data mentioned above, the faulting mecha-
nism of the Chelungpu fault during 1999 Chi-Chi earthquake could be
explained as melt lubrication and/or thermal pressurization.



Table 1
XRD test result of black gouge samples with 1-cm interval from 589.04 m to 589.54 m in
depth.

Depth (m) Quartz Feldspar Illite Smectite Chlorite Kaolinite

589.04 64.35 5.22 28.13 1.09 0.42 0.27
589.05 61.33 4.74 28.93 2.35 1.06 0.64
589.06 63.62 2.25 29.33 1.62 1.27 0.76
589.07 55.77 1.02 40.68 1.14 0.52 0.33
589.08 56.25 0.81 38.29 1.79 0.97 0.64
589.09 55.24 1.26 40.01 1.65 0.7 0.43
589.1 67.01 0.82 28.67 1.56 0.83 0.48
589.11 48.09 1.06 46.28 1.18 1.25 0.79
589.12 38.16 1.02 55.2 1.72 1.95 0.97
589.13 35.55 3.53 54.39 2.11 2.3 1.1
589.14 47.47 1.31 45.48 1.66 2.79 0.88
589.15 47.41 4.91 40.95 2.13 2.92 1.07
589.16 41.33 2.67 48.83 2.42 3.09 1.08
589.17 54.5 0.95 37.81 2.06 2.34 1.17
589.18 40.75 1.72 52.35 0.56 2.38 1.15
589.19 46.14 3 45.62 2.04 1.81 0.79
589.2 53.05 1.91 39.38 2.9 1.38 0.69
589.21 37.07 1.48 53.52 2.66 2.87 1.31
589.22 40.83 1.7 51.74 3.64 1.11 0.52
589.23 44.41 3.6 50.07 0.8 0.58 0.28
589.24 42.03 2.46 52.22 1.27 1.12 0.5
589.25 43.56 1.68 51.29 1.26 1.27 0.54
589.26 66.19 3.3 27.01 0.77 1.46 0.68
589.27 57.7 1.66 37.72 0.72 1.14 0.55
589.28 55.62 2.4 37.7 1.18 1.24 0.74
589.29 61.09 1.69 32.94 0.92 1.12 0.75
589.3 40.31 0.37 56.69 0.66 0.79 0.47
589.31 63.04 0.59 31.73 0.93 2.06 0.92
589.32 51.06 1.2 40.9 2.27 2.53 1.13
589.33 38.48 0.6 54.48 0.65 3.2 1.43
589.34 35.52 0.33 54.59 1.34 4.26 2.05
589.35 43.96 1.35 48.25 1.54 2.53 1.22
589.36 34.56 1.38 57.27 1.4 3.37 1.26
589.37 30.92 0.78 55.58 0.29 4.97 2.98
589.38 26.62 1.59 56.37 0.73 5.88 3.53
589.39 36.53 2.26 46.34 1.45 5.47 3.24
589.4 31.28 3.06 53.04 2 4.33 2.56
589.41 48.74 2.44 40.8 0.91 3.16 1.76
589.42 37.6 0.63 49.95 2.48 3.89 2.27
589.43 44.96 1.78 45.6 0.11 3.53 1.88
589.44 50.48 0.43 42.06 0.58 2.76 1.58
589.45 42.82 0.15 49.72 0.34 2.61 1.63
589.46 42.13 0.56 51.07 0.43 2.18 1.36
589.47 46.44 0.68 47.74 0.11 1.89 1.18
589.48 43.51 0.93 46.78 0.42 3.13 1.96
589.49 43.86 1.05 37.14 0.33 8.26 4.39
589.5 39.36 0.14 50.9 0.17 5.5 2.29
589.51 44.1 0.54 42.38 0.22 7.48 3.09
589.52 47.26 1.31 40.68 0.26 6.15 2.55
589.53 48.87 1.08 40.69 0.2 4.88 2.28

(a)

(b)

Fig. 5. (a) The clay mineral assemblage is quantified using X-ray diffraction patterns with
the samples at a depth of 589.2 and 589.4 m. All XRD results are shown with gray lines,
and the average value of all experiments is shown in black. The results of the PSZ are
shown in red. (b) X-ray diffraction patterns of PSZ and samples at a depth of 589.4 m
under air-dried and glycoated conditionwere shown for the identification of the presence
of smectite.
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In our study, the Wenchuan PSZ accommodated a coseismic dis-
placement of 6 m (Li et al., 2012) but only slight mineralogical changes
to the PSZ were observed in the borehole cores. This suggests that total
frictional heat generated during coseismic slip of several meters would
be small. This finding is in agreement with preliminary temperature
measurements performed less than one year after drilling, which
resulted in the detection of a small thermal anomaly (b0.15 °C) in the
vicinity of the natural PSZ (Brodsky et al., 2012; Mori et al., 2010).
Thus, our results suggest that the coefficient of friction during seismic
faulting was extremely low. We thus suggest that possible weakening
mechanisms associated with low temperature, e.g., powder lubrication
(Han et al., 2007; Reches and Lockner, 2010), flash heating (Goldsby
and Tullis, 2011), and thermal and thermochemical pressurization
(Rice, 2006; Brantut et al., 2010; Ferri et al., 2010), might be involved
during the 2008 Wenchuan earthquake.

In addition, the Yingxiu–Beichuan fault zone is about 240 m-wide at
the outcrop while it is about 100 m in theWFSD-1 drilling core. We can
also find gouge veins at the outcrop that were injected into the fault
breccia, which indicate fluidization from thermal pressurization during
fault activity (Wang et al., 2013). Therefore, the dynamic weakening
mechanisms can likely be assumed to be thermal pressurization during
the 2008 Wenchuan earthquake.

6. Conclusion

Wecharacterized the fault rockswithin the FZ590 and suggest that it
is the active fault zone corresponding to 2008 Wenchuan earthquake.
Our results indicate that at a depth of 589.2 m there is a zone of anom-
alous clay abundance, within which the abundance of smectite was
slightly enriched. The slight enrichment of smectite distributed in
fresh fault gouge suggests that fault-related authigenesis processes
took place during or after coseismic events. The location of slight enrich-
ment of smectite is consistent with the plausible principal slip zone
(PSZ) location determinedwith the current results. The tiny clay anom-
aly signal observed in the borehole cores implies that low frictional heat
was generated by coseismic slips, and dynamic weakeningmechanisms
such as thermal pressurizationmay have lubricated the fault zone of the
Yingxiu–Beichuan fault during 2008 Wenchuan earthquake.
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