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Abstract. Based on the Xigeda clay rock exposed in the back mountain of
Nanshan Villa in Xichang City, the microstructure changes of Xigeda clay rock
before and after water softening were studied by scanning electron microscope and
image recognition of PCAS software. The results show that: (1) the clay rock of
Xigeda group has flake and layered micro structural characteristics, and the
surface of aggregates in natural state has honeycomb characteristics. After water
softening, the aggregate particles decompose, the average size of particles
becomes smaller, the honeycomb characteristics disappear, and the surface
contours of particles become smooth and round. (2) With the increase of water
saturation time, the number of aggregate particles and pores increases, the porosity
decreases in advance and increases in the later stage. (3) Micro structural changes
of the clay rock in Xigeda formation have two stages, in the first stage, the
aggregates decompose and the produced fine granular clays fill the original pores,
resulting in the decrease of porosity.In the second stage, the fine clay particles
further soften, decompose and lose in the water, the porosity increases suddenly.
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1. Introduction

Clay rock of Xigeda formation is mainly distributed in Panzhihua and Xichang areas in
southwest Sichuan Province [1], and is the iconic stratum of late Cenozoic in Panxi
area. This set of stratum is a kind of semi-diagenetic rock deposited in river and lake
facies. It has high sensitivity to water, hard when dry, rapid disintegration in water, and
almost complete loss of strength. It is like rock and not completely like rock, like soil
and not completely like soil, prone to landslides. In the 1960s, due to ignoring the
particularity of the stratum, many geological hazards were induced in the construction
of large-scale projects such as Chengkun Railway in Panxi area. In order to understand
the causes and characteristics of the formation, many scholars began to study the clay
rock of Xigeda formation.With the construction and improvement of the traffic
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network in Southwest China, this stratum is paid more and more attention in the
engineering construction.

The stratigraphic study of Xigeda Formation started in 1938 when Chang
Longgqing conducted geological survey in Panxi area [1]. By means of X ray diffraction
and scanning electron microscope, the composition and structure characteristics of
Xigeda clay in Dukou area were studied by Peng Shengen in 1980s [2]. Wang Sijing
collected the data of cohesive force and angle of internal friction of Xigeda clay rock in
Panzhihua area [3]. Huang Jun studied the microscopic properties of Xigeda Formation
[4]. Zhou Yunjin's research found that Xigeda stratum in Xinmin Township of Yanbian
has high water sensitivity [5]. Teng Yanguo determined the geochemical characteristics
of soil trace elements in Xigeda formation in Panzhihua region [6]. Through the
laboratory geotechnical test of clay rock of Xigeda formation in Panzhihua New Steel
V-Ti Base, Yangbi analyzed the related physical properties from the aspects of particle
analysis, mineral chemical composition and microstructure [7]. Zhang Jiaming
obtained some mechanical parameters of clay of Xichang Xigeda formation under
different consolidation conditions [8]. Xu Zemin gave details on the problems needing
attention in the stratigraphic research of Xigeda Formation [9]. Zhang Wei studied the
hydraulic properties of Xigeda clay rock in Xichang city and analyzed the influence of
moisture content on shear strength of clay rock [10-11]. Taking the slope of Sichuan
Jiangtong Rare Earth Industrial Park as an example, Liao Hengyun studied the creep
characteristics of Xigeda clay rock [12]. Wang Zhijie deeply studied the deformation
characteristics of Tongzilin tunnel excavation in Xigeda Formation [13]. Du Yuxiang
studied the Xigeda formation in Zhaizi village, Jinsha River and found that the strength
and deformation changes of Xigeda formation through the tri-axial compression test
[14].

2. Distribution of Xigeda Stratum

The Xigeda formation forms between the Neogene and the Quaternary Pleistocene (4.2
~ 1 Ma) [15-16]. The Xigeda formation is widely distributed in Sichuan Province,
especially in Panxi area, mainly in strip or flake form, with an area of 21x10* km®
(figure 1). The Xigeda stratum in Liangshan state is mainly distributed in Xichang City,
Mianning County and Dechang County along the Anning Valley.The stratum is mainly
composed of pale yellow (figure 2a), gray-black (figure 2b), pale yellow and gray-
black interbedded (figure 2c) clay rock. With obvious horizontal layered structure, it is
typical of lake phase deposition.

Figure 1. Distribution of Xigeda stratum [17].
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Figure 2. Xigeda clay rock. Note: a) the back hill of Xichang Nanshan Villa, b) Dechang, ¢) Mianning.

3. Study on Softening Test and Microstructure Characteristics of Clay Rock
3.1. Basic Physical Indicators

The samples are collected in the deep of 2m from the back hill of Nanshan Villa,
Xichang City, and the average natural moisture content was 22.76% and the average
natural density was 1.78 g/cm’. The clay rock samples consist mainly of clay minerals
and quartz, the clay composition is mainly illite, and less of kaolinite and chlorite.

3.2. Study on Microstructure Characteristics Based on Softening Test

In order to understand the microstructure characteristics of clay rock after saturated
softening, this paper designs 1 group of reference sample, 2 groups of test samples.
Direct drying of clay rock sample is reference sample. One group of test samples was
dried after 60 days water softening test, the other group was dried after 180 days water
softening test. Three groups of dried samples were amplified 2000 times under
TM3000 electron microscope, as shown in figure 3.
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Figure 3. Micro structure of Xigeda clay rock. Note: a) natural state dry sample, b) dry after 60d saturated, c)
dry after 180d saturated.

Figure 3a is the dry sample of the natural state, aggregate particles sizes are at 25 ~
45um.They have the characteristics of lamellar, and the surfaces of particles have the
characteristic of honeycomb. There are larger pores between larger aggregates and
filled by less small particles. Figure 3b shows drying sample saturated after 60 days
with aggregate particles size of 15 ~ 25um.They also have the characteristics of
lamellar. A large number of small particles are deposited on the surface of aggregates,
and the pores are obviously smaller than those in figure 3a.It is assumed that the
aggregate particles decompose after saturated softening and some new formed small
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particles fill in the pores. Figure 3¢ shows drying sample saturated after 180 days, the
overall structure becomes loose, the average size of particles decreases significantly,
and the aggregate particles sizes are at 5 ~ 20um.They have the characteristics of
lamellar. The aggregates have certain directional alignment along the layered direction.
Compared with figure 3a, the surface profiles of aggregate particles become smooth
and round and the pores are obviously larger. It is inferred that after long-term
saturated softening, the aggregate particles are gradually decomposed into small
particles, and some new formed small particles are lost in water, resulting in further
increase of porosity.

3.3. Research on Microstructure Characteristics Based on Image Recognition

PCAS software is a quantitative analysis software for particles and pores image
recognition.The software can automatically identify all kinds of pores and particles in
the image, and obtain the number, area, length, width, orientation, shape coefficient and
other statistical parameters of pores and particles after binarization and vectorization
[18]. For quantitative analysis of the change characteristics of particle size and pore
structure before and after softening test of Xigeda clay rock, PCAS software is used to
identify and statistics the image of Xigeda clay rock.
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Figure 4. Micro-image recognition of Xigeda clay rock. Note: a) natural state dry sample, b) dry after 60d
saturated, c) dry after 180d saturated.
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Figure 5. Pores in Xigeda clay rock. Note: a) natural state dry sample, b) dry after 60d saturated, c) dry after
180d saturated.

The figure 3 is imported into the PCAS software,after binary processing [19],
figure 4 is obtained. Blacks are the identified particles and whites are the identified
pores. The pores are further treated to obtain figure 5, in which blacks are the identified
particles, colors are the identified pores, and different pores are distinguished by
different colors. Further statistics the pixel areas and quantities of particles and pores
using the automatic identification and statistical function of PCAS software. Each
image has a total pixel area of 640x480.As shown in figure 6, the number of particles,
72, the number of pores, 52 and the porosity, 25.1% were identified in the natural state
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drying sample (dry sample after 0 day saturated). A total of 106 particles, 58 pores and
15.2% porosity were identified in the drying sample after 60 days saturated. After 180
days saturated, drying sample is identified 123 particles, 88 pores and porosity of
33.5%. The number of cluster particles and pores continuously increase as saturated
time increases. The number of particles of 60d saturated sample increase 47.2%
compared with natural sample and pores increase 11.5 %. The number of particles of
180d saturated sample increase 16.0% compared with 60d saturated sample and pores
increase 51.7% .Compared with natural samples, the porosity of 60d saturated sample
decrease by 39.4% in advance. With the increase of saturation time, the porosity of
180d saturated sample increase by 120.4% compared with 60d saturated samples. This
is due to the decomposition of clay rock in water. It is speculated that in the first stage,
the decomposed fine clay particles fill the original pores, resulting in the decrease of
porosity. In the later stage, the fine clay particles further soften and decompose, and
lose in water, resulting in a sudden increase of porosity.
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Figure 6. Relationship between number of particles and pores, porosity, and days of water saturation.

4. Conclusion

In this paper, scanning electron microscopy (SEM) and image recognition methods
were used to study the microstructural characteristics of the Xigeda clay rock exposed
in the back mountain of Nanshan Villa in Xichang City after water softening. The
following conclusions were obtained:

(1) The results of electron microscopy shows that the Xigeda clay rock has
lamellar and layered characteristics, the surfaces of natural dry aggregates have
honeycomb characteristics, the average size of particles is relatively large, and the
aggregate particles decompose with the increase of saturation time, the average size of
particles becomes smaller, and the particle surface profiles become smooth and round.
(2) Image recognition and statistical analysis of particles and pores in electron
microscope images were carried out by PCAS software. It is found that with the
increase of water saturation time, the number of aggregate particles and pores increase,
the porosity decreases in advance and increases in the later stage.(3) The
decomposition of Xigda clay rock saturated in water has two stages: the fine clay
particles decomposed in the first stage fill the original pores, resulting in the decrease
of porosity, and the fine clay particles further soften ,decompose and lose in the water,
resulting in the sudden increase of porosity.(4) The stability in water of the Xigda clay
rock is very important for engineering. In this paper, the microstructural characteristics
of the Xigda clay rock after water softening are studied. However, the effect of water
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softening on the reduction of rock mass strength should be studied by combined
mechanical test.
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