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A remarkable risk in the field of rock engineering is the natural exposure of low-grade metamorphic rock to the freeze-thaw
process. Examples of such materials are slate and phyllite, which are employed approximately mountainous permafrost zones.
In order to study the weathering processes and mechanisms in low-grade metamorphic rock following freeze-thaw weathering
processes, the freeze-thaw cycles were applied. Accordingly to this process, low-grade metamorphic rock partially or
completely deteriorates, and mechanical properties, microstructure, and mineral content changes are commonly associated
with freeze-thaw processes. This study shows that, following numerous freeze-thaw cycles processes, the quality, wave velocity,
and compressive strength of rock reduce; calcite, mica, feldspar, and pyrite contents decrease; and clay minerals and gypsum
content increase. Furthermore, the study also demonstrated that the changes in quality, wave velocity, and compressive
strength caused by weathering of the rock followed the sequence slate > phyllite. However, the mineral contents of slate and
phyllite alter in the same way. Because of this increase in volume and subsequent F-T cycles, new cracks form on the surfaces
of pores due to outward pressure, and a lot of water is absorbed by clay minerals. The amount of water increases once again
due to freezing as the temperature falls below zero degrees Celsius. This course duplicates with cyclic temperature changes and
causes deterioration of low-grade metamorphic rock materials. By analysis of an examination of the damage variables based on
wave velocity, it is possible to conclude that mineral changes during the freeze-thaw effect may make for the formation of
voids and the deterioration of metamorphic rock. This research contributes to a better understanding of weathering processes
and mechanisms of low-grade metamorphic rock following freeze-thaw weathering processes.

1. Introduction

Low-grade metamorphic rock, such as slate and phyllite, a
thin rock found around mountainous permafrost regions,
is weathered to the freeze-thaw process, and this repre-
sents a significant hazard in rock engineering. The rock
can break down after F-T cycles and accumulates in val-
leys of mountainous permafrost regions, such as the Alps
[1], the Himalayas [2], and the north-eastern edge of the
Tibetan Plateau [3]. These large volumes of fragmentary
material obstruct engineering construction and increase
the risks of a wide range of geological hazards.

Temperature, moisture content, and rock type are the
main factors causing rock damage [4–6]. The significance of

temperature conditions, including minimum temperature
and pace of decreasing, has been investigated in a number of
studies [7], and moisture content has also been reported as a
significant factor leading to rock failure following freeze-
thaw cycles [8]. The mineral composition, the distribution of
pore sizes, and the initial porosity of the rock are other charac-
teristics that impact the chance of rock collapse [9–11].

Deterioration processes and mechanisms for pyrolith
rock and sedimentary strata (granite, basalt, andesite, and
sandstone, for instance) have been reported in mountainous
permafrost regions [12–15]. To measure the effects of
numerous cycles of freeze-thaw weathering, many physical
and mechanical tests for sandstone have been developed,
including the coefficient of compressibility, shear rate,
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specific resistance, uniaxial compressive strength, and triax-
ial compressive strength [16–20]. Similar to this, other
physical and mechanical indices have been set up to describe
the impact of freeze-thaw cycles on granites and andesites,
including compressive strength, ultrasonic waved velocity,
and hardness [21–24]. Bayram projected the uniaxial com-
pressive strength of limestone after a certain number of
freeze-thaw cycles [25]. Additionally, the weakening of rock
in reaction to freezing temperatures may be determined by
measuring the attenuation of ultrasonic wave velocity [26].
In summary, studies on the deterioration process and mech-
anism of rocks under different freeze-thaw environments are
mainly focused on pyrolith rock and sedimentary rocks such
as granites, sandstones, and shales, and there are few reports
on low-level metamorphic rocks such as slates and phyllite
under freeze-thaw effects.

However, overall, the number of studies on this topic in
general is somewhat low, and even fewer systematic studies
have been conducted on mineralogy and microscopic mech-
anisms of low-grade metamorphic rock following F-T
weathering. Factors contributing to weakening of slate and
phyllite through the action of water have not previously been
identified. According to preliminary experiments, the min-
eral grains expand after absorbing water, which reduces the
cementation between the mineral grains and improves the
porosity, and the strength and failure modes of low-grade
metamorphic rock are dependent on local variations in its
structure [27–32]. Rocks that contain water lose some of
their strength due to the weaker capillary force between
grains.

In this study, macroscopic methods were applied to find
the change law, and microscopic methods were used to detect
microstructural changes in low-grade metamorphic rock, as
it was experienced freeze-thaw cycles, to further investigate
the failure mechanisms. Experiments were conducted after
samples were encountered repeated freeze-thaw cycles, and
its degree was ascertained using quality tests, wave velocity
tests, uniaxial compression tests, and X-ray diffraction
(XRD). After subjecting low-grade metamorphic rock to
freeze-thaw weathering test, experiments were carried out.
To clarify the weathering and behavioral mechanisms behind
rock failures, the response of low-grade metamorphic rock to
freeze-thaw weathering processes was evaluated. The results
serve as a guide for assessing slope stability, estimating the
likelihood of debris-flow disasters, and figuring out the safety
measures required to maintain stability.

2. Materials and Methods

2.1. Study Site. To confirm weathering and behavioral mech-
anisms behind rock failures, the response of low-grade
metamorphic rock to freeze-thaw weathering processes was
evaluated. The results serve as a guide for assessing slope
stability, estimating the likelihood of debris-flow disasters,
and figuring out the safety measures required to maintain
stability in the study area. During field investigations, we
identified 281 mudslides occurring on one stratum of
low-grade metamorphic rock within the Bailong basin
(Figure 1). Furthermore, field investigations of landslide

and mudslide gullies reveal that low-grade metamorphic rock
within the slopes is easily crushed by gravity and other forces
to create colluvial deposits. The surface of mudslide gullies
contains low-grade metamorphic rock that weathers easily,
adding mass to subsequent landslides. The subhumid cli-
mate, which varies greatly with elevation in study area, is
favourable for freeze-thaw weathering processes.

According to examinations and investigation of mud-
slide occurrences, low-grade metamorphic rock is more
likely to weather in areas where sliding surfaces and the
accumulation of material in mudslide gullies are more
common. For instance of Huoshao valley at Wudu
(Figure 2), the source material reserve at the debris flow
gully is 4,083:85 × 104m3, and the source formed by falling
from superficial rock mass is 2,829:4 × 104m3, 69.2% of all
source material. In addition, the investigation also finds that
the source material reserve at debris flow gully falling from
the metamorphic rocks of slate and phyllite slope is
1359:87 × 104m3, 33.30% all source material. That means
the weathering of metamorphic rock of slate and phyllite
on the superficial slope under supergene processes is an
important replenishment for source material of debris flow.

Evaporation and precipitation capacity from the Wudu
regions show that precipitation capacity is greater than
20mm from November to March, and the lowest surface
temperature is -10°C. From November through March, the
minimum monthly surface temperatures in Wudu are -5.1,
-10.1, -10.5, -7.1, and -4.7°C. These results show that a
freeze-thaw climate only lasts for a brief time in the area
(Figure 3).

2.2. Samples. The samples were collected from 2m below the
typical slope at Huoshao valley in Wudu region. Polarized
light microscopy was used to examine the structure of the
samples (Figure 4). The slate has spherical and microscale
spherical textures as well as microlaminar, lamellar, and
dense massive structures, consisting mainly of sericite,
quartz, lepidolite, and chlorite minerals (Figure 4(a)). The
phyllite has an amphibolite texture and microlaminated,
lamellar, and dense massive structure, consisting mainly of
sericite, quartz, and smectite minerals.

The wave velocity of each sample was tested using an
RSM-SY5 smart acoustic detector, and samples with similar
wave velocities were selected. The experimental samples
were extracted from folds in metamorphic rocks like slate
and micrite that occurred naturally. The specimens are non-
standard cubic shapes with dimensions of 50mm ∗ 50mm ∗

their natural foliation. The samples were separated into ten
groups, each with four pieces of metamorphic rock, then
baked at 105°C for 48 hours to fulfil a consistent weight.
After cooling, the samples were equilibrated at ambient tem-
perature, and the dried samples were saturated with the
proper vacuum venting apparatus. These samples were also
weighed, and the key physical characteristics based on parti-
cle density were computed (Table 1).

2.3. Methods. To survey the process and mechanism of the
low-grade metamorphic rock samples following freeze-thaw,
a freeze-thaw test was applied. The two kinds of samples
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were preserved and divided into five groups, each containing
four metamorphic rocks of slate and phyllite, and subjected
to 0, 5, 10, 20, and 30 F-T cycles, respectively. Quality, wave
velocity, and uniaxial compression tests were performed in

order to investigate the mechanisms causing changes in the
samples’ compressive intensity and velocity characteristics
as a result of the F-T processes. In addition, X-ray diffraction
(XRD) analysis and scanning electron microscopy (SEM)
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Figure 1: The sampling areas on a map of Wudu and representative debris flow gully.
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analysis were performed on the samples to investigate the
weathering mechanisms, and the variation in mineral com-
position and micromorphology in the samples encountered
the freeze-thaw process.

The freeze-thaw experiments were conducted according
to the Specification for Rock Testing in Water Conservancy
and Hydropower Engineering (DL/T 5368-2007, China)
and the Rock Testing Methods for Highway Engineering
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Figure 4: Mirror micrograph of two low-grade metamorphic rock samples.

4 Geofluids



(JTG E41-2005, China) by repeatedly saturating low-grade
metamorphic rock samples in distilled water at ambient
temperature and then freezing them in a refrigerator at
approximately -10°C. These experiments were performed
for 12 hours.

3. Results

3.1. Macromorphological Changes. Surface cracks in the
freeze-thaw weathering samples were parallel to the bedding
plane orientation. The cracks in two low-grade metamorphic
rock samples were all parallel to the layering. After 30 cycles,
13 surface fractures with maximum length and depth of 4.0
and 0.2 cm each were found on the slate samples. All of these
fractures were parallel to the layering (Figure 5(a)). Only one
surface fracture, parallel to the layers, with a maximum
length and depth of 5.0 and 0.5 cm, respectively, was found
in phyllite samples. (Figure 5(b)).

3.2. Changes in Quality. The requirements for test tech-
niques of rock for highway engineering served as the
foundation for the methodology created to evaluate the sam-
ples’ quality. After the freeze-thaw, the quality of the sample
was evaluated. The samples’ quality barely changed as a
result of freeze-thaw weathering. However, the samples that
went through the freeze-thaw weathering process showed
more obvious quality changes (Figure 6). The mass loss rate
of low-grade metamorphic rocks was determined using the
formula given in JTG E41-2005 part 5 (test methods of rock
for highway engineering, 2005) as follows:

L =
ms −mf

ms
, ð1Þ

where L is the mass loss rate (%), ms is the quality of satu-
rated specimens before freeze-thaw testing (g), and mf is
the quality of saturated specimens after freeze-thaw testing.

The results showed mass loss rate increased quickly at
first and decreased then with increasing number of weather-
ing cycles in two low-grade metamorphic rocks (Figure 7).
In contrast, mass loss rate increased before 5th freeze-thaw

cycle and decreased after 20th freeze-thaw cycle in the
following order: slate > phyllite.

3.3. Changes in Wave Velocity. An RSM-SY5 intelligent
acoustic detector was used to analyze the wave velocity of
the vertical aspects of the two low-grade metamorphic
samples. Wave velocity decreased across the board in all
experimental samples as the number of weathering cycles
rose (Figure 7). The freeze-thaw series of phyllite samples
differ from the slate samples, which underwent studies that
showed a 21.44% decrease in wave velocity.

3.4. Variation in Uniaxial Compression. The findings dem-
onstrated that the shift to uniaxial compression characteris-
tics grew more significant as the number of cycles increased
(Figure 8). The coefficient of freezing resistance of two low-
grade metamorphic rocks was determined using the formula
given in JTG E41-2005 part 5 (test methods of rock for high-
way engineering, 2005) as follows:

K f =
Rf

Rs
, ð2Þ

where K f is the coefficient of freezing resistance, Rf is the
compressive strength of saturated specimens after freeze-
thaw testing (MPa), and Rs is the compressive strength of
saturated specimens before freeze-thaw testing (MPa).

For slate, the coefficient of freezing resistance of the slate
decreased quickly in the freeze-thaw series, from 1.0 to 0.792
(20.8%), by the 5th cycle. The proportion of coefficient of
freezing resistance of the slate lost increased from 32.95%
to 65.73% and, finally, to 58.79% at all stages of the freeze-
thaw cycle. The strength of the slate sample dropped by
92.5% overall. By the fifth F-T cycle, the freezing resistance
coefficient of phyllite has dropped from 1 to 0.942 (5.8%).
The sample strength was reduced by 36.8%, while the pro-
portion of overall strength lost fell from 7.22% to 9.73% to
19.9% at all stages of the freeze-thaw cycle, respectively.

3.5. Features of Stress-Strain Curves. Uniaxial compression
studies conducted after experimental weathering identified
significant similarities between the stress-strain curves of
the two low-grade metamorphic rock sample groups. From
loading and transformation until destruction, four separate
phases were found. The following terms are stated in that
order: yield, failure, elastic deformation, and compaction-
deformation. The gradients of the stress-stain curves
shifted downward for all of the slate samples, showing that
the modulus of deformation dropped as the number of
weathering cycles increased. With more weathering cycles,
the compaction-deformation stage’s duration also became
longer, but the elastic and yield stages also reduced. Finally,
when more weathering cycles occurred, the samples’ yield
strength and ultimate strength dropped (Figure 9).

The stress-strain curves of the phyllite and slate samples
showed distinct differences after the freeze-thaw cycles. In
every experiment, the modulus of deformation, yield
strength, and ultimate strength was reduced by slate com-
pared to phyllite. During freeze-thaw testing, the properties

Table 1: Primary index of two samples.

Samples
Dry density
Pd (g/cm3)

Saturated
density

Ρ (g/cm3)

Saturated
moisture

content (ω %-1)
Porosity η

S-0 2.47 2.60 1.61 2.31

S-1 2.49 2.61 1.63 2.49

S-2 2.48 2.60 1.62 2.32

S-3 2.35 2.49 1.76 2.39

S-4 2.55 2.59 1.56 2.32

P-0 2.36 2.61 1.69 2.31

P-1 2.46 2.68 1.61 2.31

P-2 2.44 2.62 1.62 2.29

P-3 2.34 2.55 1.61 2.31

P-4 2.31 2.51 1.88 2.33
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of slate’s yield and failure phases were varied, and the sam-
ples also displayed various ductility traits. On the other
hand, freeze-thaw experiments on phyllite samples failed to
distinguish between yield and failure stages, but they did
highlight particular stiffness traits.

3.6. XRD Analysis. XRD analysis was conducted on two low-
grade metamorphic rock samples undergone F-T cycles to
investigate changes in mineralogical composition. The 50 g
air-dried samples collected from uniaxial compression test
were passed through a 0.075mm sieve, and different
treatments (i.e., air-drying, heating, and glycolation) were
applied to XRD tests. A Philips PW 3710 diffractometer
was used for XRD analysis of the three slides. The diffraction
patterns were determined using Cu–Kα radiation with a
Bragg angle (2θ) range of 3–30°, running at a rate of 0.05°/s.

Figure 10 shows the distributions of minerals in two
low-grade metamorphic rock samples subjected to differ-
ent numbers of F-T cycles. Based on the XRD analyses,
the two low-grade metamorphic rock samples were com-
posed of minerals including quartz, mica, calcite, feld-
spar, pyrite, gypsum, and clay minerals. Figure 11 also
indicates the relative contents of clay minerals and gyp-
sum increased with increasing number of F-T cycles,
while the relative contents of calcite, mica, feldspar,
and pyrite decreased. In addition, Figure 10 also shows
that the change law of the minerals in slate is similar
to it in phyllite and that the number of different content
of mineral is different. The content of clay and gypsum
followed the sequence of slate > phyllite, but the content
of mica, feldspar, calcite, and pyrite followed the sequence
of slate < phyllite.

(a) Slate (b) Phyllite

Figure 5: Variation of morphological at 30 F-T cycles of two low-grade metamorphic rocks.
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3.7. Microstructural Features. SEM analysis was conducted
on two low-grade metamorphic rock samples undergone
F-T cycles to investigate changes inmineralogical composition.

The particle size of the specimen showed a pattern of
increasing first, then keeping the same, and finally increasing
again [33–37]. Specifically, from beginning to 5 times, the
particle size of the specimen increased from 6-15μm to 10-

20μm in slate and from 4-10μm to 6-10μm in phyllite.
From 5 times to 10 times, the particle size remained
unchanged, 10-20μm in slate and 6-10μm in phyllite. From
10 times to 20 times, the particle size changed again, from
6-15μm to 10-20μm in slate and from 4-10μm to 6-
10μm in phyllite. At last, the particle size changed signifi-
cantly to 20-25μm in slate and 10-18μm in phyllite. The
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specimens showed the following pattern: 0 and 5 times of
maintenance showed “clearer local openings,” and 10, 20,
and 30 times of maintenance showed “loose openings.”
Additionally, the specimens showed a loose shape at 10,
20, and 30 times of maintenance. We also found that the
parameters of adhesion, compactness, porosity (%), pore
width (μm), etc., showed similar patterns to those of parti-
cle size, which are not repeated here, as detailed in Table 2.

4. Discuss

4.1. Analysis of Results. Low-grade metamorphic rocks pro-
duced by local metamorphism, such as slate and phyllite,
frequently become exposed in places that are undergoing
complicated deformation, including the current study sites.
This regularly results in dangerous occurrences like mud-
slides and landslides. Slate and phyllite are examples of
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low-grade metamorphic rocks that respond visibly to weath-
ering techniques like freeze-thaw weathering. These pro-
cesses may cause the rock to lose both its mechanical and
physical qualities and fracture along its foliations.

Macrophotograph, quality test, macrophotograph wave
velocity test, and uniaxial compression test were applied to
study the processes in the two low-grade metamorphic rocks
subjected to freeze-thaw cycles. These tests showed quality,

wave velocity, and compressive strength decreased. Accord-
ing to the weathering index, wave velocity, stress-strain
curve, and compressive strength, the various types of meta-
morphic rocks responded to freeze-thaw cycles in the fol-
lowing order: slate samples > phyllite samples.

XRD analyses were conducted to study the processes and
mechanisms operating in low-grade metamorphic rock sub-
jected to F-T cycles. These tests showed that the most
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significant changes in mineral composition with weathering
were the disappearance of feldspar, calcite, pyrite, and mica
and a large increase in clay and gypsum contents. These
changes in mineral composition were not controlled by the
original composition of the material but were caused by
weathering associated with F-T cycles, because the mica,
feldspar, soda feldspar, and calcite are easily degraded dur-
ing F-T cycles. In addition, feldspar is easily weathered
under normal temperature and pressure conditions to pro-
duce illite or kaolinite.

The mica corrosion reactions are as follows:

KAl3Si3O10 OHð Þ2 + 6SiO2 + 2K+ ⟶ 3KAlSi3O8 + 2H+

KAl3Si3O10 OHð Þ2 + 6SiO2 + 3Na+ ⟶ 3NaAlSi3O8
+ 2H+ + K+

ð3Þ

The feldspar corrosion reactions are as follows:

2KAl3Si3O8 + 2H+ + 9H2O⟶Al2Si3O8 OHð Þ4 + 2K+

+ 4H4SiO4

3KAlSi3O8 + 2H+ + 12H2O⟶KAl3Si3O10 OHð Þ2
+ H4SiO4 + 2K+

ð4Þ

The soda feldspar corrosion reactions are as follows:

2NaAlSi3O8 + 2H+ + 9H2O⟶Al2Si2O5 OHð Þ4
+ 2Na+ + 4H4SiO4

ð5Þ

The calcite corrosion reactions are as follows:

CaCO3 + 2H+ ⟶ Ca2+ + H2O + CO2 ð6Þ

The pyrite corrosion reactions are as follows:

FeS2 +
1
2O2 + 2H+ ⟶ Fe2+ + S2 + H2O

FeS2 + 3:5O2 + H2O⟶ Fe2+2SO2−
4 + 2H+

2Fe2+ + 1
2O2 + 2H+ ⟶ 2Fe3+ + H2O

ð7Þ

4.2. Damage Analysis. The above SEM microstructure and
mineral composition analysis of the specimens qualitatively
revealed that the different degrees of changes in pore type,
number, and connectivity of the specimens by different
hydrothermal actions are the essential reasons for the differ-
ent degrees and cumulative damage of the specimens. There-
fore, the change in porosity was introduced as the basis for
establishing the damage variable D [38] to quantitatively
evaluate the degree of specimen damage in specimens under
different hydrothermal effects. This damage variable can
quantitatively reflect the degree of internal microstructural
damage in slate and micrite, and the relationship between
the damage variable D and pore space was calculated by
the equation below. The damage variables are

D =
n t1ð Þ − n t0ð Þ
1 − n t0ð Þ

= 1 −
1 − n t1ð Þ
1 − n t0ð Þ

,

1
vp tð Þ

=
1 − n tð Þ
vm

+
n tð Þ
vf

,

n tð Þ =
a

vp tð Þ
+ b,

a =
vmvf
vm − vf

,

b =
−vf

vm − vf
� � ,

ð8Þ

Table 2: SEM parameters of the low-grade metamorphic rock
samples.

Samples
Number of
F-T cycles

Particle
size (μm)

Porosity (%)
Pore

width (μm)

Slate

0 6-15 15-20 3-5

5 10-20 18-25 6-8

10 10-20 18-25 6-8

20 15-20 20-30 6-8

30 20-25 25-30 10-15

Phyllite

0 4-10 10-15 1-3

5 6-10 12-20 2-6

10 6-10 12-20 2-6

20 8-15 15-25 5-10

30 10-18 15-25 8-12 0 5 10 15 20 25 30
–0.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

Slate

Phyllite

D
am

ag
e 

va
ri

ab
le

Number of F-T

Figure 12: Damage variables of specimens under different
hydrothermal conditions versus the number of cycles.
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where nðt0Þ is the original void ratio of metamorphic sand-
stone, nðt1Þ is the void ratio after t1 cycles of freeze-thaw,
vpðtÞ is the measured longitudinal wave velocity (m/s) of
the specimen after t cycles, vm is the standard value of longi-
tudinal wave velocity (m/s) of the metamorphic sandstone
specimen, vm can be taken as the velocity of fresh sample
from Section 3.3, vf is the fluid wave velocity (m/s) in the
void, and vf can be taken as 1500m/s in aqueous chemical
solutions.

Since the lithology of this specimen is the same, a and b
are constant, and the void ratio is only a function of the
longitudinal wave velocity of the sandstone specimen at this
time. From equation (8), the calculation result is a = 2301
and b = −0:53 for slate and a = 2358 and b = −0:57 for phyl-
lite, where the values of vm and vf are selected from Section
3.2. The results of the damage variable D are shown in
Figure 12.

For purpose of clarifying the quantitative relationship
between microstructural changes and mineral content of
slate and micrite specimens, the fitted regression analysis
was performed on the damage variable D and its mineral
composition of specimens under F-T effect (Figure 12),
and the fitted equations and correlation coefficients were
compiled (Figure 13).

The results showed that the correlation coefficients
between the mineral content Ct and the damage variable D
of the specimens under F-T effects were all greater than
0.806. The correlation coefficients were greater than 0.893
for slate and 0.824 for phyllite rock, respectively, which dem-

onstrated that the microstructural changes correspond with
compound contents of the specimens quantitatively under
F-T effect. The mineral contents of the specimens were ana-
lyzed freeze-thaw effects, and it was found that there were
different correspondences between the mineral contents of
the specimens and the damage variables. The clay minerals
and gypsum were positively correlated with the damage var-
iables; that is, the clay minerals and gypsum contents tended
to increase with the microscopic damage, while pyrite, feld-
spar, calcite, and mica were negatively correlated with the
damage variables. It shows that the content of these minerals
decreases with the increase of microscopic damage. Mean-
while, the specimens were analyzed in depth for kaolinite
and other clay minerals, and the results showed that kaolin-
ite and illite were positively correlated with the damage var-
iables, while smectite and chlorite were negatively correlated.

4.3. Damage Mechanism. The most remarkable changes in
the low-grade metamorphic rocks of slate and phyllite were
the increases in void space and water content. The corrosion
of mica, feldspar, and calcite increased the void space, and
the formation of channels increased the free water content.
Furthermore, the clay minerals and gypsum adsorbed more
water and increased the free water content. The volume of
free water in the slate expanded during the freezing process
and generated microcracks, and more water was absorbed
during the thawing process. These processes and mecha-
nisms were repeated sequentially to deteriorate the slate.

Liquid and solid phases can vary during F-T weathering.
Free water that has been allowed to accumulate in the rock’s
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Figure 13: Relationship between mineral content of specimens and damage variables.
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pores freezes, enlarging the mineral particles and causing
localized changes in the tension of the rock that stop volume
expansion. This process changes the particle morphology
and holes generated by corrosion of minerals such as feld-
spar, calcite, and mica, which are squeezed by stress to
expand the void space. This results in structural alterations
due to elastic-plastic deformation [39]. The migration of
water vapour and tension release during thawing restore
flexibility; however, any plastic deformation is retained.
Meanwhile, the feldspar, calcite, and mica contents will
decrease, and new voids will be generated, containing more
water. The original and new clay minerals will absorb more
water, further increasing the amount of free water. In con-
clusion, expanding pores and increasing clay mineral and
gypsum contents increase the amount of free water available
to the F-T process. This action is repeated over several F-T
cycles; the plastic deformation piles up to produce a local-
ized area of damage. As the region grows, the fundamental
structure of the rock is gradually damaged, resulting in
microfissures that spread further and reduce the overall
strength of the rock.

5. Conclusions

The changes in macroscopic properties, and mechanical
property in particular, on the deterioration of metamorphic
rock such as slate and phyllite subjected to F-T test were
investigated, and the influence of mineral content during
above test was researched. The main conclusions can be
summarised as follows:

(1) The weathering of metamorphic rock of slate and
phyllite on the superficial slope under F-T weather-
ing processes is an important replenishment for
source material of debris flow. In addition, the inves-
tigation also finds the source material reserves at
debris flow gully falling from the metamorphic rocks
of slate and phyllite slope, 33.30% all source material

(2) The findings of studies on wave velocity and uniaxial
compression show that freeze-thaw weathering pro-
cesses clearly modify the macroscopic shape, quality,
wave velocity, stress-strain curve, and compressive
strength of slate and phyllite metamorphic rocks.
Slate > phyllite were the two metamorphic rocks that
underwent the greatest changes through weathering

(3) XRD analysis results for two kinds of metamorphic
rocks both indicate corrosion of calcite, feldspar,
and mica, and generation of gypsum and clay min-
erals after reiterant freeze-thaw cycles is the primary
cause of metamorphic rocks of slate and phyllite
deterioration. Furthermore, XRD analysis showed
the clay mineral content and gypsum content
increased with increasing numbers of F-T cycles;
however, the feldspar, calcite, and mica contents
decreased. Thus, these results indicate clear changes
in mineral contents after repeated F-T cycles. The
content of clay and gypsum followed the sequence
of slate > phyllite, but the content of mica, feldspar,

calcite, and pyrite followed the sequence of slate <
phyllite

(4) The damage variable D was established based on the
change of void fraction of metamorphic sandstone,
and it was concluded that the damage variable D
increased with the increase of the cycle number of
metamorphic sandstone. With the increasing of
damage variable, the mass change rate, longitudinal
wave velocity, and peak intensity of metamorphic
sandstone gradually decreased, among which the
mass change rate was exponentially correlated with
the damage variable, and the longitudinal wave
velocity and peak intensity were negatively linearly
correlated with the damage variable
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