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Research on recently occurred reservoir-induced
Kamenziwan rockslide in Three Gorges Reservoir, China

Abstract A landslide occurred in Kamenziwan, Zigui, the Three
Gorges Reservoir area, located about 43 km from the dam on
December 10, 2019. Due to a successful early warning system, no
casualties were reported following the Kamenziwan landslide.
However, roads, citrus groves, water supply lines, and 280-V
power lines were damaged, resulting in a direct economic loss of
5.8 million RMB. This landslide is a newborn, wedge-shaped (ap-
parent dip) red-layer rockslide, controlled by double-slip surface
and covers an area of about 2.1 × 104 m2 and a volume of about
42 × 104 m3. The sliding mechanism includes leading-edge traction
in the early stage and middle-rear gravity displacement in the late
stage. The landslide movement was rapid, with a maximum sliding
velocity of about 0.15 m/s, a movement time of more than 15 min,
and a movement distance of about 18 m. Based on our investiga-
tion, the Kamenziwan landslide is not triggered by the reservoir
water level and rainfall; indeed, this landslide has no obvious
triggering factors. The results from our study suggest the long-
term water level fluctuation in the Three Gorges Reservoir area has
eroded the key anti-slip section in the middle-lower part of the
Kamenziwan landslide, greatly accelerating its evolution process.
The landslide that occurs “naturally”, due to the degradation of
rock mass in the water level fluctuation zone, may be an important
path for the development of new landslides in the later stage of
water impoundment. The Kamenziwan landslide is of great refer-
ence value for understanding the development of a new type of
reservoir-induced landslide in the Three Gorges Reservoir area.
Comprehensive studies on this landslide help to identify potential
geohazards, similar to Kamenziwan landslide, in the early stage of
their development.
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Introduction
On December 10, 2019, at 16:50, a large displacement rock landslide
(Kamenziwan landslide) occurred 2.1 km away from the town of
Xietan, on the left bank of Xietan river, a secondary tributary of
Yangtze River in Zigui County, Three Gorges Reservoir, China
(Fig. 1). The Xietan Town and Shuping landslides are across the
Yangtze river, and Kamenziwan landslide is located in a distance of
about 3 km away from the Shuping landslide (Wang et al. 2008)
and about 43 km from the Three Gorges Dam (Fig. 1). The recently
occurred landslide is also about 6 km from the Qianjiangping
landslide (Wang et al. 2004) and about 7 km away from the
Shanshucao landslide, which are both located in the floodplain
of the Qinggan river, another tributary of the Yangtze river.

Following the landslide, no casualties were reported, because of
reliable procedures for early warning of landslide and perfor-
mance of related controls in advance. However, the Kamenziwan
landslide damaged a 135-m highway, affecting public

transportation of 12,300 people from 13 villages in the area. More-
over, 90 acres of citrus groves, water supply lines in town, and 280-
V power lines were damaged, resulting in direct economic loss of
5.8 million. The failure of Kamenziwan landslide can be related to
the degradation of rock mass in water level fluctuation zone,
caused by periodic fluctuation of water level. Therefore, the breed-
ing path of a new type of reservoir-induced landslide could have
been developed in the Three Gorges Reservoir, causing occurrence
of this type of landslide on a more frequent basis in the future.
This explains the importance of conducting comprehensive re-
search on this specific landslide.

Therefore, this study aims to (1) characterise the Kamenziwan
landslide and describe its evolution, (2) analyse possible triggering
factors (such as water level change, rainfall, and rock mass degra-
dation) and failure mechanism, and (3) investigate the enlighten-
ment of Kamenziwan landslide for identification of newborn
landslide in the Three Gorges Reservoir area.

Geological settings and slope characteristics
The Kamenziwan landslide is located in the south-west limb of
Zigui syncline, within Exi fold tectonic zone, which is an area with
middle-high mountains and steep valleys. The elevation of the
highest mountain in this region is about 1180 m above sea level
(asl.), accompanied with the relative height difference of 300–
1000 m. In the study area, the prevalent strata are the Middle
Jurassic clastic sedimentary rocks (known as a red layer) (Xu
et al. 2015), and the slope is generally between 20 and 40°. There
are no major faults in this area, and the sedimentary strata are
stable.

The outcrop strata mainly consist of the Middle Jurassic
Shaximiao formations, which include interbed yellow-green medi-
um-thick feldspar siltstone and fuchsia medium-thin silty mud-
stone, with a bedding attitude of 30–45°∠30–45°. Kamenziwan
slope is an oblique bedding, with a slope direction of 340°. In the
Kamenziwan slope, there is a high correlation between micro-
geomorphology and lithology. The sandstone outcrop area forms
the ridge, while the mudstone outcrop area is relatively gentle
(Fig. 2). A small distribution of residual sediment (Qel) is observed
on the slope, including mainly clay with gravel. The distribution
area of Qel is mostly mudstone outcrop area, formed a very gentle
slope. As a whole, the middle-lower part of slopes is steep, with an
average slope of about 40°, while the upper part of the slope is
relatively gentle, with an average slope of about 30°. Except for the
exposed sandstone cliffs and road scarp, the vegetation on the
slope is well developed, and the slope is mainly covered by trees
and citrus groves.

Regarding the attitude of the sliding rock mass in the
Kamenziwan landslide, rock mass of the same layers as the slide
mass is found at the outcrop of the excavated cliff of Wan-Weng
road, at the trailing edge (Fig. 3). The rock mass is sandstone-silty
mudstone with unequal thickness and non-interbedded
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deposition. On the outcrop, a continuous development of yellow
medium-thick feldspar sandstone is observed, with well-developed

joints. According to the field investigation of the bedrock outcrop,
there are three groups of structural planes developed in the rock

Fig. 1 The location map of Kamenziwan landslide. The left upper map shows the relative location between the Kamenziwan landslide and the Three Gorges Dam

Fig. 2 The geological plan of Kamenziwan landslide. The landslide terrain is pre-destruction terrain. 1, residual deposit; 2, landslide; 3, the boundary of landslide; 4, the
boundary of retrogressive zone; 5, geological boundary; 6 A–F are simple monitoring points for cracks before landslide; G–I are simple monitoring points for cracks after
landslide; 7, landslide bedrock outcrop observation zone
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mass. The structural planes in group A with an attitude of 270–
290°∠50–70° are the major large structural planes. Occasionally,
scratches with calcium crystal deposition are presented on this set
of structural surfaces, suggesting possible movement occurrence
in the slope history. The attitudes of the other two groups of small
structural surfaces (group B and group C) were 230–250°∠45–55°
and 325–340°∠60–70°. Combination of these three groups of struc-
tural planes and beddings forms triangular prisms and rectangular
columns. On the south of the outcrop, silty mudstone with

unequal thickness is observed; the middle layer of silty mudstone
is indistinguishable, which can be crushed by hand and intensively
weathered. Additionally, the structural planes of A and B groups
are also developed in silty mudstone.

There are two roads in the slope area, including a highway and
a dual carriageway road, called the Wan-Weng road. The highway
was built around 20 years ago as the main road of the Xietan
Town, with an elevation between 200 and 210 m asl. The Wan-
Weng road, located on the top of the mountain, was excavated in

Fig. 3 The outcrop and sketch of sandstone-mudstone of unequal thickness in the same strata as the slide mass. See Fig. 2 for a specific location

Fig. 4 The crack change in point E on November 28 (a) and December 7 (b). The crack was partially lowered by 5 cm on December 7
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February–March 2019. No other major engineering activities took
place on the slope long before the landslide occurred.

Landslide process
On November 20, 2019, some cracks on the highway were reported
by villagers, which is to the location of the Kamenziwan landslide.
During the investigation at that time, cracks were found in many
places on the slope (see Fig. 2A–D), which were caused by slope
sliding. According to the Three Gorges geological disaster moni-
toring and early warning network system requirements, simple
monitoring points and corresponding inspection-monitoring sys-
tem were established on the Kamenziwan landslide, in an early
stage.

On November 28, inspectors found new cracks in another area
(i.e. at point E in Fig.4 a), and on November 29, the slope began to
show significant deformation. The slide mass slipped slowly along
the silty mudstone (weak plane) for about 20 cm after measured
siltstone (Fig. 5), and the sliding direction was nearly consistent

with the slope direction (about 340°). After this slip, the leading
edge was partially lowered by 5–30 cm, with a crack depth of 1.2 m.
A tensile crack appeared at the downstream of the slope, with a
strike of 315° and a width of 10–25 cm, and the downstream
boundary of the landslide began to form. A near arc tensile crack
appeared at the trailing edge of the landslide, with a trend of 150–
225–275° and a width of 5–25 cm, hence, forming the boundary at
the trailing edge of the landslide.

The slope deformation has been intensified, since December 5.
From 15:00 p.m. on the 5th to 9:00 a.m. on the 6th, the width of the
tensile crack at the downstream of the landslide re-increased by
8 mm, increasing the width of the crack at the trailing edge of the
landslide by 11 mm; furthermore, new cracks appeared on the
highway. On December 7, obvious falling appeared at the crack
of point E (Fig. 4b). Consequently, the surrounding roads were
closed by the relevant authority, and the geological disaster warn-
ing was disseminated. On December 8, new cracks appeared in a
new area (i.e. point F in Fig. 2).

Fig. 5 Photos of the slip phenomenon and boundary cracks caused on November 29, clearly showing the lithology and rock mass structure of some slide mass, slip zone,
and sliding bed

Fig. 6 Photos of transverse cracks in the middle of the slide mass, taken on December 9
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On December 9, accelerated deformation of the landslide was
observed, where the falling deformation of the trailing edge cracks
reached 20 cm, followed by the formation of many transverse
cracks in the middle of the slide mass (Fig. 6). The leading edge
of the landslide along the river showed swelling, and the crack of
downstream boundary increased by about 12 cm. A connection
existed between the cracks in the downstream side and the trailing
edge of the landslide.

In the morning of December 10, the upstream boundary of
the landslide formed and connected with the crack in the
trailing edge. At this stage, the landslide boundary was fully
connected. The sandstone cliff re-slipped briefly at a speed of
about 0.8 cm/h. At the downstream boundary, the rock mass
above the highway kept falling, generating the rock mass
friction and fracture sound. The water in the river had a lot
of foams, due to the inflow of rocks and the possible inflow
of groundwater from the slide mass (Fig. 7). At 16:18, the
Kamenziwan landslide began to show overall sliding.

A close monitoring of the process was backed by multiple
witnesses and monitors to provide multi-angle and multi-period
video shooting of the sliding process. Figure 8 shows the slip
moment at the most violent moment of the landslide. In the
moving process, the sidewall of the landslide continued to col-
lapse, accompanied by loud rock fractures, collisions, and friction
sounds. The surface of the slide mass was constantly pulled apart,
drifting dust from the pulled cracks. The leading-edge slide mass
pushed the water slowly, and the local rock mass disintegrated into
the water, producing waves and shock waves, which turned into
the turbid, at a later stage.

Based on Fig. 8, considering the road and sandstone cliff as the
reference, the velocity and acceleration of the landslide in the
overall sliding can be roughly obtained, using the relation of
displacement, velocity, and time in Newton’s law (Huang et al.
2012). At about 20 s, the sliding velocity reached its maximum, i.e.
about 0.15 m/s (Figs. 9 and 10). During the 58 s, the average
velocity of the landslide reached about 0.1 m/s. At about 60 s,
the acceleration of landslide reached the maximum, i.e. about
0.1 m/s2. From 16:18, the landslide began to move, and the land-
slide did not slow down until 16:31. Therefore, it can be estimated

that the whole movement time of the landslide was more than
15 min, with the average sliding speed of about 0.02 m/s. Accord-
ing to the Varnes classification, the landslide speed is classified as
very rapid (Hungr et al. 2014). Since the movement speed did not
exceed 1 m/s, the amount of water, flowing into the landslide, was
limited, with no solid impulse wave, consistent with the conclu-
sions of previous studies (Heller et al. 2009).

On the day of the landslide, the water level in the Three
Gorges Reservoir was 174.6 m asl. Since October 31, 2019, the
water level in the Three Gorges Reservoir has been slowly
falling from 175 m asl. and fluctuating between 173.8 and
174.8 m asl. (Fig. 11). During this period, the maximum rate
of water level rise was 0.17 m/day (occurred on November
29), while the maximum water level declining rate was
0.39 m/day (occurred on November 4). The average declining
rate during the last 5 days before the landslide was 0.04 m/
day. Based on the current literature, the rate of fluctuation of
water level should not be enough to induce landslide (Tang
et al. 2019; Yin et al. 2016). From November 30 to the day of
landslide occurrence, the weather was sunny for 10 consecu-
tive days, and no rain was reported in the area (Fig. 11).
Moreover, the cumulative rainfall in the last 40 days before
the landslide occurrence was only 24.4 mm, suggesting the
low possibility of rain-induced landslides (Brooks et al. 1993;
He et al. 2010; Xia et al. 2013; Yang et al. 2017). Consequently,
it is very unlikely that the Kamenziwan landslide was trig-
gered by the water level fluctuation and rainfall. In other
words, no immediate and obvious triggering factors can be
considered for this reservoir landslide.

Landslide features
Since the Kamenziwan landslide occurred, a full range of ground
surveys and unmanned aerial vehicle (UAV) topographical surveys
have been conducted (Fig. 12). A series of structural planes of
group A constitute the main rear wall of the landslide and the
upstream boundary of the landslide (Fig. 12b). The downstream
boundary of the landslide is the sliding bed consisting of sand-
stone, most of which is exposed after sliding (Fig. 12c). The max-
imum elevation of the trailing edge of the landslide is 280 m. The

Fig. 7 The water in the river has a lot of foams before sliding on December 10
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trailing edge is serrated, the boundary on both sides is flat, and the
plane shape is approximately tongue shape. The width of the
middle-lower part of the landslide is about 135 m, and the mini-
mum width of the crown of the trailing edge is 40 m. Comparing
the location of highway, the linear movement distance of the
landslide is calculated, which is about 18 m, with horizontal move-
ment distance of 15 m and vertical movement distance of 10 m.

In terms of the landslide images (Fig. 12), in the local area of the
trailing edge, the local area of the leading edge, and the shear
boundary of both sides, there are loose and overhead stone accu-
mulation, with the internal cracks of the slide mass. However, the
overall form of the slide mass remains unchanged, maintaining the
roads, trees, and orange trees on the slide mass in their original
conditions. This indicates that there is no collision, covering, and

Fig. 8 Instantaneous photos of lateral motion of the Kamenziwan landslide. The video was filmed at 16:29 (photo taken by local patroller Chen YJ on date)
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pushing of the internal blocks, caused by the movement difference
inside the landslide (Wang et al. 2004), and no mixed accumula-
tion of the slide mass is formed. Therefore, the slide mass has
similar dynamic characteristic in the motion process, and the
motion difference of each region is small, which is related to the
uniformed slip zone and sliding bed.

The analysis of the UAV image is verified by tracking the down-
stream boundary of landslide. The sliding bed on the top of the slide
mass is the same layer as the sliding bed on the highway cliff (Fig. 5).
The sliding bed consists of a very flat yellow-green sandstone surface,
with an attitude of 44°∠36°. Striated scratches, slip zone, and
polished surfaces are observed on local sandstone surfaces (Fig. 13).
The slip zone contains purplish-red clay with crushed stones, which
evolved from silty mudstone and can be easily found on the down-
stream sideslip bed, located between two yellow sandstone layers
(Fig. 14). The total thickness of the silty mudstone is about 0.3–0.5 m,
including the slip zone with a thickness of about 0.1 m and fractured
silty mudstone, located above the slip zone. Due to intense extrusion,
the slip zone has a sheet structure, with obvious scratches and
polished surface. The striping trend of sliding bed and slip zone is
340–350°, indicating that the sliding direction is about 340°.

Obviously,, this sliding direction (340°) is approximately 55° from
the rock strata tendency (30–45°), with an angle of approximately 70°
from the structural plane of group A (270–290°). Based on the stereo-
graphic projection analysis (Fig. 15), the sliding direction falls within
the intersection line between the rock layer and the structure plane of
group A (Stead et al. 2006). The Kamenziwan landslide is controlled
by two sets of sliding surfaces of rock strata and the structural surface
of group A; hence, the real sliding direction is the intersection line of
these two sets of sliding surfaces (Fig. 15). Therefore, the Kamenziwan
landslide is indeed a wedge sliding, controlled by two sets of sliding
surfaces (Stead et al. 2006).

Although the slide mass slides in a wedge-shaped flume,
formed in the structural surface and bedding of group A, it still
slides along the bedding (Fig. 16) from the longitudinal profile,
similar to the apparent dip slide. Based on the sliding bed and
outcrop of underlying bedrock strata, it can be concluded that the
shear outlet of the Kamenziwan landslide is located near the
elevation of 174 m (Fig. 17). According to the profile estimation,
the thickest part of the slide mass is about 30 m, and the average
thickness is about 20 m. Therefore, the sliding area on December
10 can be calculated as 2.1 × 104 m2, with the landslide volume of
about 42 × 104 m3.

After the overall sliding, the retrogressive zone is formed, where a
large number of cracks are developed (Fig. 11). The highest crack is
located on the Wan-Weng road, extending in a series of en echelon
(Fig. 18). After the landslide, the retrogressive zone has experienced
deformation. Until 1 p.m. on December 20, the crack has a maximum
width of about 15 cm and a subsidence of about 18 cm. The retrogres-
sive zone is determined by the boundary of the crack development
zone (detailed region seen in Figs. 2 and 12). The area of the retrogres-
sive zone is 0.6 × 104 m2, and the corresponding volume is about 12 ×
104 m3, when calculated at an average thickness of 20 m.

After landslide, the relative displacement of G, H, and I crack
points (Fig. 2) at the trailing edge is monitored (Fig. 19). According
to the daily relative displacement, G and H cracks (Fig. 18) have
been expanded and deformed rapidly every day, with the average
deformation between 9.5 and 12.5 mm. The deformation of crack I
is small, with an average deformation of 1.5 mm. The maximum

Fig. 9 Displacement time curve of the steep cliff on the highway. According to Fig. 8, the
displacement of the steep cliff on the highway in theX andY directions of the landslide is
analysed. X and Y direction refers to the horizontal direction and vertical direction of the
sliding direction. The negative displacement means the direction of motion is down

Fig. 10 The velocity process of landslide. According to Fig. 8, the slip displacement and time are analysed, and the instantaneous slip velocity can be obtained by
calculating Newton’s law of motion. V refers to the sliding velocity, and Vx and Vy refer to the horizontal and the vertical velocity of V, respectively. The negative velocity
of Vy means the direction of motion is down
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Fig. 11 Changes in water levels and rainfall, since October 31. Since November, the water level has been fluctuating slightly between 173.8 and 174.8 m, with the
occurrence of mostly sunny days and limited rainfall, during this period

Fig. 12 The UAV images of the Kamenziwan landslide. Red solid line represents the landslide borderline, red dashed line demonstrates the border of retrogressive region,
and the magenta lines represent cracks. a Shows the crack layout of the whole region and retrogressive region after the landslide. b Shows the landslide trailing edge and
upstream boundary, and yellow arrows indicate the exposed area of group A structure surface. c Shows the sliding bed on the downstream side, and the cyan arrows
indicate the exposed area of the same siltstone bedding
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relative deformation rate of these three cracks has reached up to
17 mm/day, on December 12 (Fig. 20). However, due to the short
monitoring time and only relative displacement monitoring, the
stability trend of the retrogressive zone cannot be determined.

Failure mechanism
After the deformation on November 20, the relative displacement
monitoring of the A–F crack points (Fig. 2) was conducted.
Figure 21 shows the relative displacement time curves of crack
measuring points. Point A is located in the highway at the leading
edge of the landslide, while points E and F are located in the
trailing edge of the landslide. In terms of relative displacement,
the relative deformation of point E exceeds the relative deforma-
tion of point A, in a later stage. On December 10, rapid deforma-
tion was observed at point A. Based on the relative deformation
rate of cracks (Fig. 22), point A has the highest deformation rate at
first. After point E started to deform, its deformation rate exceeds
the deformation of point A. In the afternoon of the landslide
occurrence, the deformation rate at point A accelerated clearly.

As it is very dangerous, only point A was monitored on December
10, the day the landslide failed.

From the above analysis, the relative displacement monitoring
can also reflect the deformation process of the landslide. In con-
sideration of the spatio-temporal location of the crack, the land-
slide deformation occurred first at the leading edge, followed by its
occurrence at the middle and trailing edges. In terms of the
deformation extent, the deformation of the trailing edge exceeds
that of the leading edge. Therefore, the sliding of Kamenziwan
landslide is caused by the traction of the leading edge and the
thrust of the middle-rear part. Indeed, the leading-edge traction is
crucial to the landslide initiation. It took 8 days from November 20
until the cracks appeared on the highway at point E of the trailing
edge, which was the crucial period for the traction-type process.
After the formation of cracks at the trailing edge, the gravity shift
in the middle-rear parts began to play a major role.

It is significant to explore the damage mechanism of the leading
edge in Kamenziwan landslide. Figure 23 shows the leading-edge
photo of the landslide in July 2019, suggesting that siltstone and
mudstone (slip zone) are exposed below 175 m asl. In terms of
micro-geomorphology, a small “sea cliff” is formed above 175 m.
Below the elevation of 175 m, the strata above the sandstone in
sliding bed are eroded, completely. The erosion of rock mass
causes the landslide to lose a key anti-slide section, exposing the
slip zone to form shear outlet. The elevation of 145 to 175 m
corresponds to the water level fluctuation zone of the Three
Gorges Reservoir, where periodic changes in the surface water
level cause periodic changes in the groundwater level. Generally
speaking, the groundwater fluctuation zone, caused by reservoir
water fluctuation, is mainly concentrated in the middle-lower part
of the slide mass (Tang et al. 2019; Yin et al. 2016; Xia et al. 2013; He
et al. 2010).

Fig. 13 The remaining fuchsia slip zone on the sliding bed-yellow sandstone
surface, with a large area of polished surface and striated scratches on the slip zone
(photo taken by Bolin Huang after failed)

Fig. 14 Photos of slide mass, slip zone, and sliding bed in the trailing edge. Right-
upper map is the photo of slip zone, with a large area of polished surface and
striated scratches (photo taken by Bolin Huang after failed)

Fig. 15 Stereographic projection analysis of the double sliding surfaces of
Kamenziwan landslide. The red line demonstrates the intersection of two sets of
sliding surfaces, and the dotted line represents the actual sliding direction
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The periodic fluctuation of water level leads to the degradation
of rock mass, including the degradation of quality and physical
and mechanical properties of the rock mass (Huang et al. 2019).
According to the studies of Deng et al. (2016) and Liu et al. (2018),
strong degradation of siltstone and mudstone is reported, which is
associated with the water level fluctuation and wetting-drying
cycles. Indeed, the porosity of the rock enhances and the mineral
alternation occurs, resulting in the formation of clay minerals.
Moreover, the mechanical strength of the rock decreases, resulting
in the average compressive decline rate of 3% for each wetting-
drying cycle. It should be considered that rock mass degradation is
a cumulative damage process. Since the 175-m asl. impoundment
in 2008, there have been more than 11 cycles of water level changes.
Therefore, the degradation of rock mass in the fluctuation zone of
surface and groundwater (middle-lower part of landslide) is the
key factor for the failure of the leading part of Kamenziwan

landslide, which is considered one of the important forming fac-
tors of the landslide (Huang et al. 2019).

The slip zone is considered an important key factor for land-
slide. The slip zone in Kamenziwan landslide consists of fuchsia
clay. Based on the scanning electron microscopy (SEM) images
(Fig. 24) and X-ray diffraction (XRD) analyses, the slip zone
mainly consists of quartz and montmorillonite. Montmorillonite
has strong swelling and water absorption capability, which result-
ed in the characteristics of easy sludge and softening. The presence
of these types of minerals in the slip zone makes it more suscep-
tible to landslide.

Field investigation shows that multiple movements have oc-
curred along the slip zone. After a careful cleaning of the down-
stream part of the slip zone, two different sets of scratches were
observed on the sliding bed (Fig. 25). Group S1 corresponds to the
direction of the landslide movement, with a strike of about 340°,
and the strike of group S2 is about the true tendency of rock strata,

Fig. 16 Engineering geological profile of Kamenziwan landslide. The water level on the day of the landslide is 174.6 m

Fig. 17 The full-face photo of the Kamenziwan landslide. The white arrows
indicate the position of the slide bed, suggesting that the landslide shear outlet
is near 174 m

Fig. 18 Retrogressive zone photo. The crack on the left side extends very long,
about 15 m, and the crack on the right side is only visible on the road surface. G
and H are the measuring points of crack relative displacement
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Fig. 19 Relative displacement time curve of the cracks on retrogressive zone

Fig. 20 Relative deformation rate time curve of the cracks on retrogressive zone

Fig. 21 The relative displacement time curve of A‑F monitoring points. The small figure shows the deformation of crack A monitoring point before sliding
on December 10
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which is 40°. This means that the slope has been creeping along this
“slip zone”, towards the true tendency in the early stages. In other
words, the formation of the slip zone can be related to the early
movement. The movement is probably tectonic movement, causing
the weak layer to form an interlayer shear zone (Wang et al. 2004),
which then evolves into the slip zone (Li et al. 2007). After 175-m
impoundment, the degradation of rock mass in water level fluctua-
tion zone accelerates the evolution of weak layer to the slip zone.

Discussion
Based on our observation, the wedge-shaped or apparent dip
sliding of Kamenziwan landslide is related to the slope structure
and rock mass structure. When the rock is inclined and the

bedding slide is blocked, the slope will also slide in the apparent
dip, the same as what happened in the cases of Jiweishan landslide
and Shanyang landslide (Yin 2010; Xu et al. 2010). In terms of the
inclined limestone slope, Yin (2010), Xu et al. (2010), and Li et al.
(2016) proposed methods for early identification of potential cat-
astrophic geohazards.

Terrain and geomorphology characteristics in Kamenziwan
slope and adjacent areas can provide enlightenment for early
identification of similar potential geohazards. Figure 26 shows
some typical topographic and geomorphic characteristics of the
600-m area, near the Kamenziwan landslide. Before sliding, the
Kamenziwan slope was a prominent ridge, with two free sides and
one siltstone ridge. However, after instability, the geomorphology
of Kamenziwan landslide changed into the siltstone ridge clip
groove. It is obvious that this area is a stepped geomorphology,
with a large number of micro-geomorphologies on the sides of the
siltstone ridge clip grooves. On the one hand, the formation of
groove micro-geomorphology occurred due to easy weathering of
siltstone. On the other hand, it could be caused by landslides in
sandstone, which occurred in the historical period. Especially in
this area, there are a large number of grooves, with the features of

Fig. 22 The relative displacement velocity time curve of A‑F monitoring points. The small figure shows the deformation of crack A monitoring point before sliding on
December 10

Fig. 23 Photo of the water level fluctuation zone before the Kamenziwan
landslide (July 10, 2019)

Fig. 24 Scanning electron microscopy image of the montmorillonite minerals,
intersected in hexagonal slices
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ancient landslides, such as gentle leading-edge platforms and
chair-like geomorphology at the trailing edges (Ahmed and
Rogers 2016), suggesting they were formed by historical landslides.
Because this accumulation slope, formed by the historical failure
of rock landslide, is gentle, and the loose accumulation thickness is
not large and the stability is good, these historical landslides have
not been identified yet. After the occurrence of multi-layered rock
landslide, the stepped geomorphology will be formed (Xu et al.
2015). Therefore, in this area or similar areas, features such as
near-parallel stepped geomorphology, bedding, oblique bedding,
or apparent dip bedding geomorphology in the area cause poten-
tial geohazards in the adjacent bedrock mountains on both sides

of the area, similar to Kamenziwan. When the slope base of these
potential geohazards is located in the water level fluctuation zone,
further investigation and monitoring are required, in order to
minimise the impacts of such a hazard on the environment and
society.

When soft and hard sandwich-like red layer develops in bed-
ding or inclined bedding, rock landslides are usually prone to
occur. Therefore, the red layers in the Three Gorges Reservoir area
correspond to the densely developed areas of rock landslides
(Tang et al. 2019; Xu et al. 2015; Wang et al. 2004). Important
information on the sandwich-like rocky landslide of the Three
Gorges Reservoir is listed in Table 1.

As it can be seen from Table 1, the occurrence of the sandwich-
like red-layer rocky landslide in the early stage is related to the
first water impoundment (Wang et al. 2004; Tian and Lu 2012).
After impounding for a period, the water level fluctuations, in
response to the superposition of heavy rainfall, are considered
the inducing factor of these kinds of landslides (Yin et al. 2016;
Huang et al. 2015; Xu et al. 2015), which are a typical form of
reservoir-induced landslides. Currently, there are no obvious trig-
gering factors in Kamenziwan landslide. However, 11 years of
reservoir/groundwater level fluctuations have resulted in the ero-
sion of slope base and rock mass degradation of the middle-lower
part of the slide mass, causing the leading-edge traction. The long-
term periodic water level fluctuations cause a disadvantageous
time effect, namely water level fluctuation zone rock mass degra-
dation. Furthermore, the hydrophilicity of clay minerals in the red
layer causes continuous downgrade of the quality and physical-
mechanical properties of the rock mass in the water level fluctu-
ation zone. Finally, rock mass degradation accelerates the slope
evolution towards the instability. This “naturally occurring”

Fig. 25 Two sets of scratches on the yellow slide bed. The direction of the pen
indicates the direction of the two groups of scratches

Fig. 26 Identification instructions of Kamenziwan landslide. Topographic map and shadow image, before sliding. The yellow frame represents the ridgeline, the red solid
line demonstrates the Kamenziwan landslide, and the red dashed line refers to the grooved landform, which may represent the history rocky landslide area
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landslide due to the degradation of rock mass in the water level
fluctuation zone can be also considered as a type of reservoir-
induced landslide, which could be one of the main forms of a
reservoir-induced landslide in the later stage of water storage in
the future and one of the important paths of newborn landslide
generation.

Conclusions
Following a comprehensive field investigation of the Kamenziwan
landslide, which occurred on December 10, 2019, the process,
characteristics, and mechanism of landslide are analysed in detail.
The Kamenziwan landslide is a newborn landslide, which is of
great significance for understanding the development of a new
type of reservoir-induced landslide in the Three Gorges Reservoir
area. Based on field investigation and analysis, the main findings
of this study are as follows:

1. The Kamenziwan landslide is a wedge-shaped (apparent dip)
red-layer rock landslide, controlled by two sliding surfaces.
The downstream side of the landslide is bounded by a siltstone
stratum, while the upstream side is bounded by the structural
surface. The downstream slip zone of fuchsia clay is formed by
the silty mudstone that has experienced multiple movements
throughout the history. The landslide volume is estimated
about 42 × 104 m3, resulting in a fractured retrogressive zone
with volume of 12 × 104 m3.

2. The landslide deformation occurred on November 20, devel-
oping cracks from the leading edge to the trailing edge. The
sliding mechanism of the landslide is the leading-edge traction
in the early stage and the middle-rear gravity pushment in the
later stage. The maximum sliding rate of the landslide is
estimated about 0.15 m/s, the movement distance of the land-
slide is around 18 m, and the movement duration is more than
15 min.

3. The Kamenziwan landslide is not induced by the reservoir
water level and rainfall, and no obvious triggering factors can
be considered, in this regard. However, the long-term water
level fluctuations in the Three Gorges Reservoir area have
eroded the key anti-slip section below the elevation of 175 m
asl., revealing the slip zone. Therefore, the degradation of the
rock mass in the surface and groundwater fluctuation zone
(middle-lower part of the landslide) has greatly accelerated the
evolution process of Kamenziwan landslide. The landslide that
occurs due to the degradation of rock mass in the water level
fluctuation zone may be one of the important paths for

developing the new reservoir-induced landslides in the later
stage of water impoundment in the future.

4. An early warning was successfully disseminated in the case of
Kamenziwan landslide, minimising the potential casualties.
However, it is still necessary to carry out early identifica-
tion of the landslide potential geohazards in the soft and
hard red-layer clastic rock areas, as they may occur more fre-
quently in this area. Similar to the Kamenziwan landslide, the
free bedding layer or oblique bedding layer bedrock slopes on
both sides should be considered potential geohazards.
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