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Research area and motivation
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(Modified after CGS, 2013; Lin et al., 2021)
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The creeping activity of Chegualin can be observed through remote sensing.
Infrastructures lying on the fault trace have been damaged.

Further understanding about deformation mechanism and fault behavior is
important for the seismic hazard assessment.




Research methods

« Optical microscope
Samples were made into thin sections to observe microstructure.

« Scanning Electron Microscope
Thin sections were coated with carbon for the detail microstructural study and the semiquantitative chemical composition.
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Research methods
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« X-Ray diffraction (XRD) S
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Samples were pulverized to determine the mineral assemblages. =
w
c
)
-+
c
180001 | PDF 78-2315 (d x by) SiO2 Quartz
17000 | PDF 52-1044 (Mg,Al)6(Si,Al)4010(OH)8 Chlorite-serpentine
| PDF 26-0911 (d x by) (K,H30)AI2Si3AI010(OH)2 Illite-2M#1 [NR]
16000 Qz | PDF 89-6423 Na(AISi308) Albite
PDF 05-0586 CaCO3 Calcite, syn >
15000— | PDF 89-1305 (Mg0.06Ca0.94)(CO3) Calcite, magnesium, syn
PDF 86-2335 (Mg.064Ca.936)(CO3) Calcite magnesian 2 theta
140007 PDF 78-2109 Al4(OH)8(Si4010) Kaolinite
13000— | PDF 36-0426 CaMg(C03)2 Dolomite ° Pea k a rea
12000:
11000:
w1oooo:
3 9000 N
8000—
7000—- |'
6000 —
il wn
5000— D_
4000 : Chikk Qz o
3007 chu | >
2000—_"2% J ‘ Iag QZ 'a
= \,_vwﬁ’ l R ' ég’ [ "esmr\P _Tw».v A «.% Qz. ‘/’KNQ?‘ k WP o b.,,.,%ﬂw.,,. o ..MQQZ c
0_I”||” i "FI B ST N T |J ; s . - _.q_-z
10 30 50 60 70 -
2Theta (Coupled TwoTheta/Theta) WL=1.54060
s
« Semi-quantification method follow Biscaye, 1965. 2 theta

« lllite crystallinity based on Kl index from Kibler, 1964. « Full Width Half Maximum @



2535000

2530000

2525000

2520000

Sampling sites-Outcrop
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(Modified after CGS, 2013; Lin et al., 2021)
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Outcrop was divided into four rock units based on fracturing intensity and
the density of the black bands of the rocks (Chen et al., 2021).

Five samples were collected from the outcrop including Light gray mudstone
from wall rock and Gray mudstone, Yellowish mudstone and Black
mudstone from the fault zone of CGLF.
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« Outcrop was divided into four rock units based on fracturing intensity and
the density of the black bands of the rocks (Chen et al., 2021).

« Five samples were collected from the outcrop including Light gray mudstone
from wall rock and Gray mudstone, Yellowish mudstone and Black
mudstone from the fault zone of CGLF.
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Sampling sites-Rock core
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(Chen et al., 2021)

The rock core was collected perpendicular to
the fault zone and divided into different rock
units based on the same standard applied to

the outcrop.

Five samples including Light gray mudstone,
Black mudstone and Yellowish mudstones

were collected.



Result Optlcal mlcroscope observations
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« Inthe wall rock, Light gray mudstone is composed of matrix with mineral grains distributed homogeneously.

 Inthe fault rocks, Black bands forming Riedel shear structure and deformed mineral grains are observed.



Result-SEM
Light gray Mudstone
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« The matrix is mainly composed of particles under 10 um with some larger Quartz, Chlorite and Feldspar grains.

« lllite characterized by fabric-like occurrence can be found in the matrix with random alignment.
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Result-SEM

Yellowish Mudstone
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« The quartz grains in the black band showing preferred-orientation and the
alignment of illite have well continuity and distribute parallelly with the black S
band direction. .
« The grain size distribution of Quartz between matrix and black band indicates
that the grain size is smaller in the black band.
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Result-SEM

Black Mudstone
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« Compared with matrix, grain size reduction of quart and the alignment of illite
can be clearly observed in the black band.

0.03

Probability

« Combined with optical microscope observations the mineral grains are rotated,
fractured and the grain size becomes smaller in the black band.
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Result-SEM
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Compared with matrix, grain size reduction of quart and the alignment of illite
can be clearly observed in the black band.

Combined with optical microscope observations the mineral grains are rotated,
fractured and the grain size becomes smaller in the black band.
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Intensity(cps)

Result-XRD(X-ray Diffraction)

Whole rock samples — Outcrop
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The samples from the fault outcrop are composed of quartz, feldspar, calcite, dolomite, illite, chlorite and kaolinite.

The proportion of the clay minerals is 34% in Light gray mudstone, 39% in Gray mudstone, 37% in Yellowish mudstone and 52% in Black

mudstone.

The crystallinity of the illite shows a decreasing trend with increasing deformation intensity.



Result-XRD(X-ray Diffraction)
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« The samples from the rock core are composed of quartz, feldspar, calcite, dolomite, illite, chlorite and kaolinite.
« The proportion of the clay minerals is 38% in Light gray mudstone, 40% in Yellowish mudstone and 66% in Black mudstone.

« The crystallinity of the illite shows a decreasing trend with increasing deformation intensity.



Result-XRD(X-ray Diffraction)

Clay minerals fraction samples

Intensity(cps)

Light Gray Mudstone (LGM)
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The clay minerals are composed of illite, Kaolinite, chlorite and smectite.
Smectite is found within the Light gray mudstone, Yellowish mudstone and Black mudstone.
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Compared with Yellowish Mudstone, Black mudstone has lower smectite but higher illite proportion.
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Discussion
Deformation Mechanism of black bands — brittle or duct
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Minerals with preferred orientation.

« Quartz grains were fractured, mica sheets were bent in the black
bands.

« Order alignment of illite and quartz grains suggest that minerals
were reorganized and rotated during shearing.

« Grain size reduction indicated that comminution of grains occurred
during shearing.

T SN T « These evidence point out that the black bands were formed by
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Discussion

Enrichment of clay minerals in fault rocks — Weathering or Faulting

lllite is detrital in origin based on illite polytype quantification.

Weathering process is limited since all of the values of illite

chemistry index are under 0.5.

Poor crystallinity of illite in rocks with higher deform intensity
and the occurrence of illite suggest that the faulting causes the

illite to be deformed within fault rocks.

Based on these reasons we inferred that the enrichment of clay

minerals were dominated by the faulting.
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Discussion
Fault behavior implicated by clay mineral assemblage — Creeping or Creeping +Seismic slipping

Whole rock samples

Outcrop Rock core
Rock units  LGM = GM -- Rock units  LGM - «  The proportion of the clay minerals
Clay minerals (%) | 33 39 37 52 Clay minerals(%) | 38 40 66 increasing with the deform intensity.
lllite (%) 12 14 | 18 | 23 lllite (%) 15 18 30
Clay minerals fraction samples
Outcrop Rock core
Rock unit LGM  GM Rock units LGM : o ,
O(? HniS - _ o -- « Proportion of lllite increase and Smectite
llite (%) 71 | 74 | 65 " 69 llite (%) 76 | 60 62 decrease in Black mudstone.
Smectite (%) 2 0 7 \\ 4 Smectite (%) 0 7 \\ 2
« lllite within the fault zone is formed by the seismic-slipping and smectite is formed by non-seismic slipping based on previous

research related to lllite-Smectite reaction induced by faulting.
« Inour chase, both Smectite and lllite are observed forming in fault rocks.

« We interpret that during the fault creeping, Gray mudstone and Smectite-rich Yellowish mudstone form first. The accumulation
of Smectite weakens the strength of the interface between Gray mudstone and Yellowish mudstone. Finally seismic-slipping
occurred and formed the illite-rich Black mudstone.



Conclusions

Based on the microstructural observations, we concluded that the black bands in the fault rock were formed through cataclasis.

Which indicated that the deformation of Chegualin fault is brittle deformation.

Through XRD analysis, enrichment of clays and presence of smectite were observed. lllite polytype and chemistry index point
out that the formation of illite through weathering is limited. lllite crystallinity and microstructural observations suggest that
the enrichment of clays is mainly caused by the faulting.

The variation of illite, smectite between Smectite-rich Yellowish mudstone and illite-rich Black mudstone implies that the
faulting behavior of Chegualin fault is not just a creeping fault.
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