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Abstract
Reservoir induced seismicity provides a suitable method for studying the roles of fluid in inducing earthquakes. The fault
structure plays a predominant role in the occurrences of earthquakes, and the influences of fluid also cannot be disregarded. In
this study, we investigate the active Fairy Mount fault in the Three Gorges Reservoir. Since water impoundment in 2003, more
than 4000 detectable earthquakes have occurred along the fault. The vast majority of these earthquakes are associated with the
fault and water impoundment. To explore the effects of water-fault interactions on induced earthquakes, a permeability structure
of the fault zone is established by a series of geological experiments. Fault rocks, including unconsolidated breccias and fault
gouges, collected from a presentative outcrop are employed for detailed microstructural and mineralogical analyses. The results
reveal a complex internal fault structure and widespread fluid-rock interactions. The hydrogeological property of the fault
exhibits a typical conduit/barrier permeability structure. Highly permeable damage zones act as fluid conduits for the infiltration
of reservoir water to the subsurface, while the low permeable fault core renders the fault core as a potential fluids storage area to
weaken the fault in the shallow crust. In sum, both the pore pressure changes due to water infiltration and the long-term chemical
effect of water on the fault plane promote instability of the fault and induce earthquakes.
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Introduction

Since the 1930s, more than 130 reservoir induced seismicity
cases have been reported inmore than 40 countries (Gupta and
Rastogi 1976; Gupta 2002; Gahalaut and Hassoup 2012;
Ellsworth 2013; Grigoli et al. 2017; Gillian et al. 2018). The
occurrence of reservoir induced earthquakes affects the oper-
ation of water conservancy projects to some extent. Therefore,
a reasonable interpretation of the mechanism becomes very
important in earthquake mitigation. In general, it is thought
that geological structures provide tectonic conditions for in-
duced earthquakes, and water plays an important triggering/
inducing role (Gough and Gough 1970; Talwani and Acree

1985; Chen and Talwani 1998; El Hariri et al. 2010; Grigoli
et al. 2017; Gillian et al. 2018). Reservoir induced earthquakes
can be categorized into the fault rupture type and the collapse
type (Chen and Talwani 1998; Kundu et al. 2015). In the fault
rupture type, a preexisting fault is the controlling factor (Lei
et al. 2008, 2013). The stress state of faults, hydraulic proper-
ties of fault rocks and connectivity of fluid pathways have
considerable influences on induced earthquakes (Roeloffs
1988; Lei et al. 2008). When the stress of a fault accumulates
to the peak strength of a new rupture, a small stress distur-
bance can accelerate ruptures to trigger earthquakes (Alt and
Zoback 2017). Lei et al. (2008) investigated the triggering
effects of the Zipingpu reservoir on theWenchuanM8.1 earth-
quake and concluded that both water loading and pore pres-
sure diffusion produced significant stress changes in the un-
derlying seismogenic faults (Lei et al. 2008, 2013). Liu et al.
(2011) noted that fault structures directly affected the pore
pressure diffusion, which changed the process of reservoir
induced earthquakes. Some numerical simulations were per-
formed to study the effects of water on the fault stability based
on simplified homogeneous fault models (Nascimento et al.
2004; Lei et al. 2008; Tao et al. 2015). However, the physical
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properties of fault rocks vary significantly across fault zones.
Zhou et al. (2010) established a detailed geological model of
the Longmenshan fault and suggested that composite perme-
ability structure provided fluid channels to promote the
Wenchuan earthquake. To understand the mechanisms of
faults that interact with water in induced earthquakes, retrieval
information about material composition and the permeability
differences within fault zones is necessary.

The Three Gorges Reservoir, which is located in Yichang
city, central China, is the largest water conservancy project in
the world. Long-term water loading and infiltration have
caused constant and irreversible changes in gravity, seepage,
deformation and tectonic stress fields in the reservoir area and
a remarkable increase in seismicity in the reservoir area (Yao
et al. 2017). The earthquakes after impoundment were primar-
ily clustered at the junction of the Fairy Mount fault and the
Nine Brook fault, near the Gaoqiao fault and the Xietan min-
ing areas (Fig. 1, Zhang et al. 2018). A majority of the earth-
quakes at the northern end of the Fairy Mount fault were
closely associated with the fault structures (Fig. 1). Most stud-
ies explored the roles of water for increased seismicity (Chen
et al. 2004; Li et al. 2009; Jiang et al. 2012; Hua et al. 2013;
Luo and Ma 2016); however, detailed studies of the interac-
tion between faults and water are lacking.

In this paper, we choose the Fairy Mount fault in the reser-
voir as our target. A systematic and detailed mineralogical,
chemical and microstructural analysis of the fault zone is per-
formed. Microstructures of bulk rocks and clay minerals pro-
vided important information about the fault zone architectures
and fluid flow. The permeability structure of the fault zone is
established. Based on the results, we further discuss the influ-
ence of water-fault interactions on induced earthquakes.

Geological setting and typical outcrop

The Three Gorges reservoir is narrow and long as shown
in Fig. 1. The reservoir extends approximately 580 km in
an east-west direction. Figure 1 provides a close-up view
of the head region and highlights the geological/
geographical features and the distribution of the earth-
quakes. The head region is geologically located at the
conjunction of the Yangtze platform and Qinling fold belt.
The Huangling anticline and Zigui basin are two impor-
tant tectonic units in the area (Yi et al. 2012). The
Huangling anticline, which is composed of granite, diorite
and a thick metamorphic complex of the former Sinian
system, is characterized by high velocity anomaly with
P wave velocity of 6.1–6.5 km/s (Li et al. 2009). The
Zigui basin is primarily composed of Jurassic sandstone
and mudstone. A low velocity anomaly appears at the
depths of 0~5 km within the basin, which reflects the
distribution of sedimentary caprocks (Li et al. 2009).

Triassic-Sinian carbonate rocks are extensively distributed
in the remaining areas (Li et al. 2009). As shown in Fig.
1, there are three major fault systems existing in the head
region, in which the NNW and NE-NNE-striking faults
are more active (Yi et al. 2012).

The NNW-striking Fairy Mount fault is a representative
active reverse fault, along which more than four thousand
earthquakes of M < 4.0 have occurred since water impound-
ment in 2003. The fault lies to the west of the Huangling
anticline (Fig. 1) and is divided into three subfaults: Fairy
Mount fault, Duzhenwan fault and Qiaogou fault. Among
the three subfaults, the northern Fairy Mount fault shown in
the blue rectangle of Fig.1 is the most active fault. The Fairy
Mount fault is approximately 21 km long and constitutes the
west boundary of the Cretaceous sedimentary basin. The
Huangkou outcrop is a typical geological profile of the north-
ern subfault (Figs. 1 and 2). The outcrop is well exposed and
systematically investigated, with a foot wall within the lower
Cretaceous stratum, and a hanging wall that cuts through the
Permian stratum (Fig. 2a and b). The fault zone at the outcrop
consists of different units (Fig. 2b). Across the fault profile
from east to west, the units are described as follows: purplish-
red sandstone in the Cretaceous stratum on the foot wall dips
SW with a steep dip angle (230 °/60 °). Near the fault plane,
the host rocks fractured to fault breccias. The main fault zone
dips SW with a dip angle of 75 °. Fault rocks consist of
purplish-red breccias and lenses, and the widest part is approx-
imately 1 m (Fig. 2b and c). The 20-cm-wide Green-grayish
fault gouge attached to the hanging wall (Fig. 2b and d). In the
tectonite, a compressive schistosity zone can be observed (Fig.
2e). Permian black-greyish limestone, dips to NE with a dip
angle of 30 ° (Fig. 2a and d).

Sampling and analytical methods

Sampling

To determine the mineral composition and internal structure of
the fault zone, we sampled at the Huangkou outcrop. First, a
roughly 20 cm thick saprolite layer that covers the surface was
carefully removed using a gardening scoop, after which the
actual samples were collected. To provide reliable data about
the spatial variation of rock properties, both the fault gouge
and host rocks were sampled to preserve the microstructure
and warrant sample representativity.

Fault gouges were sampled by inserting stainless steel
tubes with an inner diameter of Ø25mm at a 1.5 mm wall
thickness into the fault zone for approximately 250 mm par-
allel to the fault plane, to extract the enclosed material.
Samples from the surrounding host rocks were collected by
hammering. A total of nine samples were collected (Fig. 2b).
The samples were numbered in sequence from the host rocks

494 L. Zhang et al.

http://dict.cnki.net/dict_result.aspx?searchword=%e7%89%87%e7%90%86%e5%8c%96%e5%b8%a6&tjType=sentence&style=A011&t=schistosity+zone


to the fault zone. In the outcrop, XHCR-1 and XHCR-2 were
sampled from the host rocks, whereas the remaining samples
were taken from the fault zone. Samples XH-2, XH-5 and
XH-6 were collected from the purplish-red fault rocks, and
samples XH-3, XH-4 and XH-7 were sampled from green-
grayish fault rocks. Due to their very fine-grained nature, these
samples are considered representative for the bulk whole-rock
analysis.

Thin sectioning and optical petrography

All collected samples were carefully packaged and transported
to the laboratory for sample processing and specimen prepa-
ration. Fault gouge samples were pushed out of the steel tubes
in the laboratory using a stainless steel rod, and ~40 mm long
contiguous portions suitable for thin sectioning were carefully

removed using a Stanley knife to protect the delicate micro-
structure. From the host rock samples, billets of 25 × 40 ×
15 mm were cut using a water-cooled diamond blade.
Gouge subcores and host rock billets were carefully dried at
35 °C before impregnation with epoxy (gouge only) and
mounting on a standard petrographic carrier glass with dimen-
sions of 27 × 47 mm. Mounted sample materials were lapped
with even finer carborundum slurries to a final thickness of
~30 μm and finished with a standard 0.17 mm glass cover slip
for optimal specimen preservation and viewing.

Thin sections were examined in a Zeiss AxioImager M2 m
optical petrographic microscope in plane and cross polarized
transmitted light. Micrographs were recorded with a Zeiss
Axiocam 516 digital camera, and are presented in Figs. 3
and 6. Mineral modal contents of host rocks were determined
by visual assessment cf. Folk (1951).
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Fig. 1 Map view of location and geological and geographical features of
the Three Gorges Reservoir and surrounding areas (modified after Zhang
et al. 2019). Black dots denote major cities, red solid lines represent active
faults, and black bold dashed lines show tectonic boundaries. (a) and (b)

indicate the Huangling anticline and the Zigui syncline, respectively. The
blue rectangle shows the target fault: Fairy Mount fault. White solid
circles represent the earthquakes of M > 0.0 since water impoundment
in 2003. Red stars show the locations of three earthquakes of M > 4.0
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In the figures and tables and their captions, mineral names
are abbreviated according to the suggestions of Whitney and
Evans (2010).

Bulk rock mineral modal content and identification
of clay minerals

A mineral modal contents and semiquantitative analysis of
clay minerals were performed by X-ray powder diffraction
(XRPD).

The remaining materials after the thin sectioning of
the gouge cores were first liberated by freeze-thaw cy-
cling, then comminuted under acetone in an agate mor-
tar and pestle. The bulk sample powder was mounted in
a dimpled aluminum specimen holder and analyzed
from 3 to 70 °2θ in 0.01 °2θ steps at 0.3 s counting
time per step, with a total scan time of 33m30s. To
determine the modal contents of minerals and the pro-
portion of clay minerals present in vol%, diffractograms
were indexed using proprietary Diffrac. Suite 4.0 soft-
ware from Bruker AXS GmbH of Karlsruhe/DE.

Fig. 2 a Photograph of the Huangkou outcrop. b The interpretive sketch
of the fault zone traced from the white rectangle in (a). c is an enlarged the
purplish-red fault lens. d shows an enlarged view of green-grayish fault

gouge. e is a compressive schistosity zone. f shows the relationships
between the fault and kinematics. σ1, σ2 and σ3 represents the
maximum, medium and minimum principal stress, respectively
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For a detailed analysis, the clay fraction was prepared from
gouge samples using Stokes segregation. After centrifuging in
distilled water, suspensions with a particle size of <2 μmwere
deposited on glass slides. Thus, prepared oriented specimens
were analyzed by XRPD from 3 to 35 °2θ in 0.01 °2θ steps at
2.0 s counting time per step, with a total scan time of
1h56m40s. Illite was distinguished from illite/smectite mixed
layer after treatment with ethylene glycol. Kaolinite was dis-
tinguished from chlorite by heating at 550 °C.

All diffractograms were acquired on a Bruker D8 diffrac-
tometer operated at 40 kVand 40 mA, with a LynxEye digital
detector using bulk CuKα radiation of λ = 1.54184 Å.

Bulk whole-rock geochemistry

A precisely weighed amount of 0.6 ± 0.0001 g of pulverized
sample material below 75 μm (fault gouges and host rocks)
was digested at ~1050 °Cwith 7× excess Li-metaborate in a Pt
crucible. The glass bead was analyzed for main rock-forming
elements in a Magix Pro 2440 X-ray fluorescence (XRF) in-
strument. Weight loss on ignition (LOI) was gravimetrically
determined in a separate procedure.Main element contents are
reported as oxides in wt%. The detection limits are stated per
oxide in a separate column in the data tables.

Characteristics of the fault zone

Three units that consist of different rock types can be distin-
guished in the outcrop: contiguous host rock, fault breccia,
and fault gouge at the center. Typical characteristics of these
units are illustrated in Fig. 3.

Lithologies, mesostructure, microstructure

Host rock

The materials of the host rocks sampled from the hanging wall
of the fault comprise purplish-red pebbly arkosic sandstone
(Figs. 2and d, 3a). The sandstone conglomerates are typically
clast-supported, coarse grained, with subrounded to
subangular grain shapes and abundant pebble clasts (Fig.
2d). The pores only account for 2 wt%, which are predomi-
nated by intergranular pores and dissolution pores. The clastic
debris account for 57%, and are composed of quartz, feldspar
and rock debris. The remainings are filled with impurities
composed of clay minerals and calcareous cements.

The host rocks of the foot wall comprise pure Permian
limestone with high calcite content and small amounts of ac-
cessory minerals. Marl fragments with granular crystalline
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structure are visible under a microscope. This kind of structure
is caused by recrystallization in the process of metamorphism,
is formed by metasomatism and recrystallization in the pres-
ence of fluids, and has a special metasomatism structure of
intact crystals. Metasomatic calcite can be observed, and the
uniform extinction azimuth is presented under the cross-
polarization (Fig. 3i).

Fault breccias

In the fault zone, the fault rocks with abundant joints and
fissures are cut into rhombic structural lenses and tectonic
breccias of different sizes under tectonic stress. The
purplish-red fault lenses are clast-supported and have a sharp
angular and irregular shape. The long-axis of the fault lenses
intersects with the fault plane with an acute angle, which sug-
gested that the fault had experienced a certain counterclock-
wise rotation and sliding (Fig. 2). Under a microscope, clay
minerals are filled with the debris and recrystallization of min-
erals can be observed (Fig. 3c, d and e).

Green-grayish fault breccias cling to the hanging wall and
show a granular structure (Fig. 2d). Calcite is the main compo-
nent, which accounts for 77 wt%. The remaining consists of clay

minerals. The microstructure shows that some new minerals,
such as chlorite and kaolinite, etc. can be observed (Fig. 3f).

Gouges

Purplish-red fault gouge presents a muddy structure under the
microscope. The content of mud materials exceeds 70 wt%, in
which fine debris with a size smaller than 0.0156 mm and clay
minerals are the major components. Calcite and a small number
of siliceous rocks can be observed (Fig. 3g). Green-grayish fault
gouge that clings to the hangingwall has a brittle fractured debris
with a subangular and subrounded structure, which is rich in
calcite. The debris are composed of marl grains, few fine marl
grains and siliceous rocks. The fine-grained material between the
debris are composed of clay minerals, in which recrystallization
of clayminerals is observed. Abundant solution pores are formed
by the dissolutions of feldspar minerals (Figs. 3h and i).

Mineral assemblages of the fault zone

The X-ray diffraction measurement results show that
the mineral compositions of the host rocks and fault
rocks are different. In the footwall sandstone, quartz,
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Fig. 4 Profiles of the bulk and clay mineral compositions of the Fairy Mount fault zone. Qz-Quartz, Cal-Calcite, Mc-Mircrocline, Ab-albite, Gth-
Goethite, Sme-Smectite, Kln-Kaolinite, Chl-Chlorite, I/S-interlayer of illite and smectite
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calcite and feldspar are major minerals, which account
for 50 wt%, 29 wt% and 17 wt%, respectively. The
limestone sampled from the hanging wall is primarily
composed of calcite, which represents a typical car-
bonate mineral assemblage. In the host rocks, clay
minerals are present only in trace amounts..

Within the fault zone, the contents of clay minerals are dis-
tinctly higher than those in the host rocks. The clay minerals are
composed of illite, kaolinite, chlorite and mixed-layer of illite/
smectite. The concentration of the clay minerals across the fault
profile exhibits an BM^-shape (Fig. 4). Purplish-red and green-
grayish fault gouges are rich in clay minerals, such as samples
XH-3, XH-5 and XH-7. Goethite is detected in the samples of
XH-1, XH-2, XH-5 and XH-6, which explains the fault rocks
that present a purplish-red color. The kaolinite and chlorite are
primarily altered from the sandstone, which are abundant in sam-
ples XH-1 andXH-2. Across the profile, from the foot wall to the
hanging wall, the calcite concentration increases. Conversely, the
contents of quartz, microcline and albite show a decreasing trend
(Fig. 4). The petrographic analyses clarify that the Fairy Mount
fault zone is lithologically complex.

Discussion

Permeability architectures of the fault zone

The geological investigations show that the structure and com-
position of fault rocks across the fault zone vary considerably.

The footwall sandstone presents a grainy sandy structure, and
the clasts are primarily composed of quartz, feldspar and cal-
cite. They exhibit intermediate sorting, and have angular to
sub-rounded morphology. The limestone on the hanging wall
primarily comprises calcite, a small amount of quartz, feldspar
and clay minerals. Within the fault zone, the samples have
microfissures and the contents of clay minerals are higher than
the host rocks (Figs. 4 and 5). Based on the differences in
structures and material composition, the fault zone can be
divided into fracture zone and fault core. The fracture zone
refers to the subordinate structures of the rupture lens, brec-
cias, fissures and secondary ruptures of the lateral fault of the
fault nucleus. The fault core includes the fault-slip surface,
purplish-red and green-grayish fault gouges.

The presented results show that the fracture zone is rich in
quartz and feldspar, which has a good conductivity and is
favorable for fluid infiltration. The fault core is mainly com-
posed of clay minerals and unfavorable to water penetration
(Duan et al. 2017). According to the scheme of the fault per-
meability structure in the low porosity brittle rock mass by
Caine et al. (1996), the relative width of fault damage zone
and fault core in the Fairy mount fault zone is approximately
0.5. The value suggests a combined conduit-barrier perme-
ability structure (Caine et al. 1996). The permeability of the
fault core is dominated by the grain-scale permeability of the
fault rocks, whereas the permeability of the fracture zone is
controlled by the hydraulic properties of the fracture network
(Caine et al. 1996; Billi et al. 2003; Bense et al. 2013).
Permeability data for natural fault gouges from the San
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Fig. 5 X-ray diffraction patterns of the fault rocks. Black lines are the
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Andreas, Carboneras and Nojima Faults show values of 10−18

to 10−22 m2, and the minimum is one order less than the ex-
perimental results achieved in the carbonate gouges
(Wibberley and Shimamoto 2002). Morrow et al. (1981) re-
vealed that the fault gouge has lower permeability than the
fracture zone by measuring the permeability of fault rocks
from the San Andreas fault. Evans et al. (1997) concluded that
there was a permeability contrast between the fault core and
the damage zone on the order of magnitude of 10~104, with a
maximum contrast of 106 (Ganerod et al. 2008; Chen et al.
2013). The fault gouge may hinder fluid flow across the fault
while the damaged zonemay enhance flow parallel to the fault
plane.

Fluid activity within the fault zone

Microstructural analyses of the fault rocks show that the calcite
veins, fluid leaching and rock alteration characteristics are de-
veloped (Fig. 6). They provide extensive fluid migration path-
ways in the Fairy mount fault zone. Multiple calcite veins are
presented in the siliceous rocks (Fig. 6a, b and i). In the early

stage of the fracture, micro-fissures formed; then gradually ex-
panded together, and eventually macroscopic ruptures were
formed. The fractures and fissures provided conduits for the
fluid migration. The crystallization of the carbonate minerals
formed the calcite veins (Fig. 6a, b and i), which are the prod-
ucts of the fluid activity (Ming et al. 2016). The fine-grained
material mixed with debris are mainly composed of clay min-
erals, in which recrystallization of minerals is detected. The
feldspar altered into the clay minerals; the dissolutions of the
feldspar minerals produced dissolution pores (Figs. 6a, b and c).
The recrystallization and dissolution pores all need the partici-
pation of fluid. In addition, the fluid that reacts with fault rocks
caused the weathering and leaching effect (Lawther et al. 2016),
which caused iron leaching (Fig. 6e, g and h). Our results sug-
gested that a higher degree of fluid-rock interaction occurred in
the fracture zone than that of the fault core.

The analysis of mineral composition shows that some hy-
drothermal minerals, such as goethite, exist in the shallow
rupture zones (Fig. 4). This is a clear evidence of fluid activity
in the fault zone. Across the fault profile, the feldspar content
decreases. The decline in feldspar content in the green-grayish

Fig. 6 Microstructures of the fault rocks in the Fairy Mount fault which
indicats fluid activities. a Calcite veins in the siliceous rocks. b Calcite
veins in siliceous rocks and dissolution pores in sample XH-3. c Twins
bending and dissolution pores in sample XH-3. dCalcite bending twins in
sample XH-2. e Iron dissemination and dissolution fissures in sample

XH-5. f Fractured marble and alteration in sample XH-5. g Iron
dissemination and dissolution pores in sample XH-6. h Fluid leaching
and alteration, and iron dissemination in sample XH-7. i Calcite veins in
sample XH-6
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fault gouge suggested that the fault gouge underwent a water-
rock reaction, in which the albite was broken down. The

outcrop basically reflects the characteristics of the shallow
fault, and the fluid is extensively spread in the fault (Fig. 6).
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The fault has a direct hydraulic connection with the reser-
voir and is a conductive structure. The field investigation
shows that there are some springs and ground-water observa-
tion wells along the fault (Fig. 7). The fluxes of wells W2 and
W3 are 0.08 L/s and 6.3 L/s, respectively; near the wells, the
fluxes of the ascending springs are 7.7 L/s and tens L/s, re-
spectively. These springs and wells exhibit a rich flux and
indicate significant ground water flow.

In addition to these geological evidences, seismic results
obstained from other studies also proved the widespread fluid
activity along the fault zone. Zhou et al. (2018) inferred a
significant fluid infiltration at the intersection of the Fairy
Mount fault and the Nine-brook fault from a very strong low
Qs anomaly zone (Fig. 8). The anomaly zone dips to SWwith
a steep angle, which is in accordance with the characteristics
of the Fairy mount fault (Fig. 8). Two seismic profiles showed
that the earthquakes of M > 2.0 were primarily distributed
along the low Qs anomaly zone from the shallow surface to
a depth of 10 km (Fig. 8). The seismic activity also highlighted
the water penetration along the fault.

A mechanism of fluid-induced earthquake

The reservoir is located on the foot wall of the fault.
Theoretically, reservoir water loading will increase the normal
stress and effective stress on the reverse fault, and make the
fault more stable (Chen 2009). However, a large number of
earthquakes occurred around the fault after water impound-
ment. How should we interprete the seismic activity? Previous
studies indicated that an increase in pore pressure played an
important role in triggering earthquakes (Talwani and Acree
1985; Gupta 2002). As shown in Fig. 9, the fault has a

composite conduit-barrier permeability structure and fluids
extensively spread within the fault zone. Highly permeable
damage zones act as fluid conduits for the infiltration of res-
ervoir water to the subsurface. The fault core, which consists
of fine-grained clay minerals, has a low permeability. The low
permeability can restrain the fluid transport and render the
fault core as a potential fluids storage area (Duan et al.
2017). During rapid seismic fault movement, the hydraulic
property can prevent frictional heated fluids in the fault core
from escaping and, consequently, increase the pore pressure to
decrease the effective stress on the fault plane (Sibson 1977).
It is a possible fault slip weakening mechanism in the shallow
part (Duan et al. 2017). In addition, after the reservoir is
impounded, pore pressure diffusion as a mechanism of stress
transmission, increases pore pressure in the fractures as well
(e.g. Nur and Booker 1972; Schloz et al. 1973, etc). There is a
positive feedback between the pore pressure diffusion and
rock failures (Masuda et al. 1990; Lei et al. 2011). The pore
pressure diffusion may cause rock failures and the expansion
of fractures, whereas the rock fractures can enhance the pore
pressure diffusion. Frequent seismic activity as a result of the
rock failures also substantially enhance the water infiltration
within the fault fracture zone (Masuda et al. 1990; Lei et al.
2011).

The interaction between the fluid and the fault zone is very
complex. With the exception that the physical mechanism is
related with a decrease in the effective stress, the chemical
effect is another important factor (Goddard and Evans 1995;
Chen and Talwani 1998; Faulkner et al. 2010). The long-term
chemical effects of fluid changed the material components of
the fault zone, which caused the formation of the clayminerals
and leaching and alteration of the materials in the fault zone.
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Fig. 9 Schematic of the permeability structure of the Fairy Mount fault and the earthquake mechanism induced by water-fault interaction



Clay minerals, such as smectite, and illite/smectite layer, swell
with water, and then soften and weaken the fault zone. That is,
the chemical effect can decrease the friction strength of the
fault and promote its instability.

The physical actions of fluid and the chemical effects caused
failure and instability of the fault zone, which induced earth-
quakes. In addition, the occurrence of shallow microearthquakes
caused the adjustment and concentration of stress at the tip of the
fault. This led to fractures linkage, expansion of rupture volume,
and accumulation of strain energy. In a certain geologic tectonic
setting, this process may keep developing and induce large earth-
quakes. The migration mode and velocity of fluid in the fault
zone are affected by the structure of the fault zone.

Conclusions

Since the water impoundment in 2003, more than four thousand
detectable earthquakes have occurred along the Fairy Mount
fault in the Three Gorges reservoir area. The geological investi-
gations indicate that the fault has a composite conduit-barrier
permeability structure, which is conducive for water infiltration.
An abundance of calcite veins and iron leaching is evidence of
widespread fluid activities in the fault zone. A low Qs anomoly
and the occurrences of a large number of earthquakes along the
low anomaly zone also is strongly indicative of fluid ingress. The
presented analyses suggested that interaction between fluid and
the fault zone triggered the earthquakes. A decrease in the effec-
tive stress on the fault plane due to an increase in pore pressure is
a predominant factor, and the chemical effects of water soften
and weaken the fault by decreasing the friction strength.

A consensus on how fluids trigger earthquakes has not
been reached. Although numerous methods explain the role
of fluids, the long-term dynamic mechanism of fluid in stress
transformation, fissure formation, fault slip, friction instability
and strength changes of the fault zone remains ambiguous. In
addition, the actual fault zone is very complex, and these
mechanisms need to be tested and investigated for different
fault zones.
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