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Microfabric Analysis using Scanning Electron
Microscopy as Potential Method for Determining
Instability of Weathered Rock Slope

M.F. Irfah', M.R. Shahril', H. Omar’, Azlan A. Aziz', S. Maail’ and Bujang B.K.H’

Abstract

The instability of weathered rock slope is often caused by the structural discontinuities, groundwater,
lithology, weathering, alteration, and climatic conditions. All of these causes may develop changes in
microfabric structure of the rocks. This paper presents the overview of Scanning Electron Microscope (SEM)
method to capturs the changes in microfabric structure of rock to show microcracks that may be the caused
for instability of weathered rock slope. SEM was employed to capture images from the surface of rock
specimens. The SEM method can thenbe widely used as a tool to observe microcracks chang, a potential

factor for instability of weathered rock slope.

Key words: microfabric, scanning electron microscope, instability of weathered rock slope.

Introduction to study fracture and microcracks in metals and
: . ceramic (Majumdar, 1972) and is now being applied
The scanning electron microscope (SEM)

to these same topics in the study of rocks (Sprunt,

1973).

is one of the most versatile instruments available

for the examination and analysis of microstructural

s ol | , SEM may have the advantages and disad-
characteristics of solid objects. The primary reason

, ) vantages for the research. The advantages are such
for the usefulness of SEM is the range of magnifi-

; - . ’ as having the ability to examine the specimen under
cation that varies from 10 times to 50,000 times.

. _ load, did not alters the original of the rock behaviors
Previous research has shown that scanning

! i during specimen preparations, and has a high
electron microscope has been a powerful tool in

} } resolution with sensitivity in detecting cracks.
geologic endeavor. In recent years it has been used

L}
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As the disadvantages of the SEM are most
likely that it did not take into account some of the
complications which arise in minerals such as
difficulty of obtaining two beams conditions and
elastic anisotropy.

The study of changes in fracture and
microcracks of rock, a potential factor for the insta-
bility of weathered rock slope, is the main concern
in this study. There are many causes for the
microcracks and fracture including structural
discontinuities, groundwater, lithology, weathering,
alteration, and climatic conditions.  All of these
causes may develop changes in microfabric struc-
ture, which could not be observed directly but need
high magnification tool such as SEM.

The observations of microfabric change
are to view microcracks and fractures of weathered
rocks in this study. The grade of weathering ranges
from grade III to grade V, which is moderately
weathered to extremely, weathered. It is hoped that
this review can explore the use of SEM as a tool to

determine the instability of weathered rock slope.

Basic Principles of SEM

Scanning electron microscope is a micro-
scope that uses electrons rather than light to form an
image and to examine objects on a very fine scale.
This examination can yield the following informa-
tion; topography, morphology, composition, and
crystallographic information. Topography is the
surface features of the sample, morphology is lEle
shape and size of the sample, composition is the
elements and compounds of the sample and crystal-
lographic information tells us about the atoms

arrangement in the sample.

The scanning electron microscope
operates under high vacuum and has an electron gun
as a source of electrons. This electron beam is
accelerated through a hole in the anode and down
the column of the microscope. On passing through
the first two condenser lenses, the diameter of the
'virtual source' of electrons is reduced. The third lens
focuses the beam on the surface of the object.
As the beam hits the specimen, some electrons are
reflected (backscattered), while secondary electrons
are liberated from the specimen. The reflected
electrons are of high energy and travel in straight
lines towards an electron collector consisting of a
scintillator and light guide, where each electron
impact converted into an emission of light. This light
is then reconverted into an electrical signal and
amplified before being used to modulate the
intensity of the 'spot' on the display tube.

The electron beam is in contact with only
one point of the specimen at any one time and to
build up an image the beam scans across the
specimen in synchronization with the display tube.
Magnification is thus simply the ratio of the area
scanned on the display tube to that scanned on the
specimens. The basic concept of SEM is briefly
described in the Figure 1. In the figure shown, when
the electron beam strikes the sample, it would emit

both photon and electron signals.



UNANY MIFITIMENAEAT uY. TN 33 atun 3-4 89

Incident Beam

X-rays
Through Thickness
Composition Information

Auger Electron
Surface Sensitive
Compositional Information

Primary Backscattered Electrons
Atomic Number and Topographical Information

Cathodoluminescence
Electrical Information

Secondary Electron
Topographical Information

Sample

Figure 1 The SEM Setup

Preparations of Electron Trans-

parent Specimens

Electron microscopy and its accessory
equipment are being redesigned and developed
continuously in order to improve resolution,
penetration, and specimen handling facilities.
Electron microscopy provides useful information on
microstructure and its relationship to physical and
chemical properties particularly when defects
observed in thin foil specimens can be related
directly to microstructural features in bulk and
massive samples (Tighe, 1976).

Electron microscope specimens are made
cither as disks, which fit directly in the specimen
holders and are profiled to produce an electron
transparent region in the center, or as fracture
fragments and cleavage flakes, \)Nhich are electron-
transparent near an edge or across the flake. Disk
specimens usually are made to be representatives of
the bulk microstructure (Paulus and Reverchon,

1962; Tighe, 1964; Drum, 1965; Barber, 1970).

Disk specimens can be produced so that the
electron transparent regions are free of grinding
defects and can be prepared from any material by
chemical dissolution or ionic bombardment.
Fracture fragments can be prepared rapidly from any
brittle material but they are more likely to contain
defects such as twins and slips bands of dislocations
produced by crushing. Thin insulating specimens
must be coated with a thin carbon film to prevent
charging in the microscope. This carbon layer can

be removed by ionic bombardment.

(a) Fragmentation and Cleavage
Fragmentation and cleavage are the
simplest and most rapid procedure for preparing
electron-transparent specimens. It is to crush small
pieces of a mineral and retrieve the thin flakes. The
flakes usually form surface parallel to cleavage or
parting planes, for example micacaeous minerals,
such as mica; graphite (Amelinckx, 1964) and
hematite cleave readily into flakes with surfaces

parallel to basal plane.
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Amelinckx (1964) using a slightly different
procedure for easily cleaved materials, fixed a thick
flake to a glass slide with adhesive or double-sided
adhesive tape, and pulled pieces away from the flake
by touching it with adhesive tape. This process was
repeated until flakes thin enough for clectron
microscopy adhered to the tape. An adhesive tape
was chosen which dissolve readily so that the
thinnest flakes were released by soaking the tape in

appropriate solvents.

(b) Thin-section Preparation

Petrographic thin sections are excellent
starting samples for cutting disk specimens.
However, to reach a thickness of 30-50 micrometer
the initial selection and preparation stage requires
some effort and planning. Polishing sections to 30
micrometer thickness requires considerable skill or

semiautomatic polishing machines.

(c) Ionic Bombardment

lonic bombardment or sputter-etching
methods are as essential for preparing thin foils from
non-conducting materials as electrochemical
methods are for preparing thin foils from metals and
conducting materials. Ionic bombardment produces
uniquely etched surfaces, which are easily recog-
nized in light and electron micrographs. By slowly
rotating the specimen these ridges are smoothed and

undulating orange-peel surface is produced. The

severity of etching decreases when the angle of

incidence is decreased to near gazing angles but
etching is never eliminated. The surface etching
phenomena and the subsurface ion damage are

always present and are accepted as conditions for

obtaining thin foil. The ion damage may affect the
reaction rates in some experiments and can be
annealed out or removed from the surface layers by

chemical etching when necessary.

Discussion

The instability of weathered rock slope is
often caused by the structural discontinuities,
groundwater, lithology, weathering, alteration, and
climatic conditions. All of these causes may develop
changes in microfabric structure of the rocks.

Weathered rock slope is described as the
rock slope that exposed with different degree of
weathering whether by chemical or mechanical agent
that change from solid rock to soil. There are six
degrees of weathering in engineering classifications.
The early stages of weathering are usually repre-
sented by discoloration of the rock material which
increases from slightly discolor to highly discolor

as the degree of weathering increases.

Weathering causes changes in engineering
properties, in particular it commonly leads to an
increase in bulk and so in porosity with a corresponding
reduction in density and strength - these changes
are reflected in the amount of discoloration. In other
words the engineering properties of a slightly
discolored rock may differ notably from those of
the same rock, which is highly discolored (Dearman,
1986). Chemical weathering is most effective where
the layer is thicker and finer and thus holds water
better. Chemical weathering is much less important
on the convex slope than on the lower concave
slopes, where increasing fineness and impermeability
hold water better. The weathering rock would result

in changes in microfabric.
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Weathered

Figure 2 The common zonation of weathered rock slope in Malaysia

Microfabrics contain important informa-
tion about the physical conditions, the kinematics
and the processes of deformation. The analyses of
the microfabrics in terms of deformation are deter-
mined from the microcracks that can be observed
from the scanning electron microscope. Some
example on the analysis of microfabric done by
Dengler (1976) showing microcracks observed
under SEM is shown in figure 3(b). Microcracks
are thought to play an important role in the physical
behavior of rocks. The physical behavior of rocks
would determine whether the weathered rock slopes
are stable or not stable. Dengler (1976) has
compared the stressed and unstressed samples of
rock. In stressed samples there were an increased
number of cracks in all samples studied. In quartz,
transgranular cracks were common with preferred
orientation parallel to the direction of maximum

stress. In plagioclase, extensive transgranular

fracturing was also observed. These fractures
generally followed cleavage planes, tending to join
up in a series if right angle steps traversing a grain.
In biotites, the affect of stress varied in samples
studied. An optical investigation of the same samples
showed some degree of kink banding in all stressed
micas, a stress affect which may not be observable
on the SEM. The SEM study showed grain boundary
cracks in all the micas, frequent opening of cleavage
plates and transgranular cracks across the cleavage
plates and extensive folding especially in samples
tested under confining pressure.

The study of fracture surfaces by SEM
yields valuable information about actual shape and
size of microcracks in rocks. The study is further
explore to be used in stressed weathered rock and
clay minerals identifications to study the instability

of the rock slope (Jaboyedoff et al., 2004).
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Figure 3 (a) original size of clay shale (b) microfabric of clay shale (Pusch, 1995) (¢c) microcracks in stressed

rock by SEM method showing detail structure of microfabric (Omar, 2002).

The mineral composition of the weathered
rock can determine the structural characterization
of rock material with the presence of zones of weak
minerals such as mica and chlorite bands, for iden-
tification of weathering that causes slaking or ex-
pansion on exposure to water like in clay mineral,
and finally for estimating the wearing of drill bits
by determining the richness in quartz of the rock

encountered.

The mineral types that may be encountered
on the rock forming mineral are divided into six
groups which of different chemical composition,
crystal lattice type and physical properties as been

specified in Table 1.
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Table 1 Common rock-forming minerals (Pusch, 1995)

Group Mineral Species Elements
Silicates (S) Quartz (Q) Si, 0
Feldspar (F) Microcline Si, ALK, O
Orthoclase Si, ALK, O
Plagioclase Si, Al, Na, Ca, O
Pyroxene (P) Si, Fe, Mg, O
Amphibole (A) Si, Al, Fe, Mg, O,
OH
Mica (M) Muscovite Si, ALK, O, OH
Biotite Si, Al, K, Mg, Fe, O,
OH
Epidote (E) Si, Al, (Fe), Ca, O,
OH
Chlorite (Ch) Si, Al, Mg, Fe, O,
OH
Oxides (O) Magnetite Fe, O
Hematite Fe, O
Carbonates (C) Calcite Ca, O
Dolomite Ca, Mg, O
Sulphates (S) Gypsum Ca, S, 0
Barite Ba, S, 0
Chlorides (CI) Halite Na, Cl
Elements Graphite (G) &

It is also sufficient to recognize quartz,
feldspar, micas, chlorite, clay minerals, carbonates,
chlorides, Sulphates, and graphite and this can be
identified by use of their hardness, luster and color
of macroscopic crystals. Table 2 serves as a guide
for identification of these minerals.

The hardness is determined with scale

starts from 1-10. Diamond is considered as 10 the

hardest species, 7 means that scratching can be made
with hard steel, 6 with ordinary steel, 3 with bronze,
2 with nails, while 1 is easily crushed between the
finger nails.

After recognizing the rock forming min-
erals, it is easier to observe the weak zones on the
rock specimen. By the color, hardness and luster,

the properties of the rock is characterized.
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Table 2 Characteristic properties of major rock forming minerals (Pusch, 1995)
Mineral Relative Color Luster Disintegration
hardness in water
Quartz (Q) 7 None Oily None
Feldspars (F) 6 Red, white Shiny None
Micas (M) 1 Black, white Shiny, None
transparent
Chlorite (Ch) 1 Black, green Shiny None
transparent
Clay mineral - - - Strong
(CM)
Carbonates (C) 3 White Shiny Weak
transparent
Chlorides (Cl) 1 White Shiny Strong
transparent
Sulphate (S) 7 Yellow, white Metallic Some
Graphite (G) 1 Grey Shiny None

Expected Outcome

The observation on microfabric from this
paper is summarized in table 3. The degree of weath-
ering changes the microfabric in terms of the strength
and the discoloration of the rock. The microfabric
of weathered rock is changed from rock to soil; the
strength of the rock is getting weaker. The original

fabric of the rock is completely destroyed. The

actual content of mineral in the rock specimen can
be determined from thin section preparation and x-
ray diffraction method. The sample of rock are taken
from grade III and grade V, which is from
moderately weathered to extremely weathered. Then
the samples are compared between its microfabric

structures.

Table 3 Expected Outcome from the Observations (Bell, 1992)

Grade Degree of Decomposition

Observation on Rock Sample

I

Fresh rock

The rock may show no discoloration, or other effect
due to weathering, no loss in strength.

I

Slightly Weathered

The rock may be slightly discolored; intact rock is not
noticeably weaker than fresh rock. Over 90% rocks.

IT1

Moderately Weathered

The rock is discolored, discontinuities may be open,
and the intact rock is noticeably weaker. 50% to 90%
rock.

IV

Highly Weathered

The rock is discolored, discontinuities may be open,
the original fabric of the rock near the discontinuities is
altered. Less than 50% rock.

Extremely Weathered

The rock is discolored, original fabric is preserved, and
the rock mass properties depend in part on the nature
of the parent rock.

VI

Residual Soil

The rock is discolored and is completely change to a
soil in which original fabric of the rock is completely
destroyed.
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Figure 4 (a) The common weathered rock slope in Malaysia and (b) The degree of weathering according to

its grade.

Summary

The instability of weathered rock slope is
often caused by the structural discontinuities,
groundwater, lithology, weathering, alteration, and
climatic conditions. All of these causes may develop
changes in microfabric structure of the rocks. This
paper presents the overview of scanning electron
microscope (SEM) method to capture the changes
in microfabric structure of rock to show microcracks
that may be the caused for instability of weathered
rock slope. The proposed methodology started from
data collection to the output from the scanning elec-

tron microscope is shown in Figure 6.

The SEM method for sample preparation
would make it easier to choose the most suitable
method to study fracture in weathered rock. It can
be concluded that ion bombardment are the easiest
method and produce less damage on the rock sample.

In conclusion, this review would expand
the usage of SEM to study the instability of
weathered rock slope as a potential method. There
is potential to relate the microfabric change in the
instability of weathered rock slope. The change in
microfabric in terms of strength, the discoloration
and the mineral contents are the main objectives for

this research.
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Sample collection on
weathered rock slope

!
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Figure 6 Schematic diagram on the proposed methodélogy for microfabric analysis using SEM.
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Abstract

Analysis and monitoring of some heavy metals, which have potentially been toxic for human
consumption, are recently main important missions for foods and drinks quality control by Thai Industrial
Standards Institute. In this report, trace analysis of lead (Pb) and arsenic (As) residues in locally distilled
spirits using standard methods has been conducted in order to certify them underlining with the Regulation
Standard No. 2088-2544 (less than 0.2 and 0.1 mg/L for Pb and As, respectively). The results obtained from
more than 30 samples revealed that both Pb and As were not detectable in some spirit samples probably due
to the metal contents were lower than their detection limit (1.0 mg Pb/L and 0.33 g As/L). However, the
trace amounts of these toxic metals were ranged from non-detectable to 0.223 mg/L and 6.0 JAg/L for Pband
As, respectively. It is shown that there is only a residual content of Pb, but not As, in some samples or about
6% of the spirits analyzed found higher than that of the accepfable value. Certainly, it has a susceptible risk of

its accumulation in heavy drinking person bodies.
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NSAAASUA NSAAIRAAN LASAAAISU LU UNRATUS A
78 HPLC/PDA

a = Ho Eh o o
la 1o uae Taau Yuigynswe

Qs ¥
iinacaga

quiinenmanimsunndvenuiu ldfnuuaznassuanugndesveinsinssinsawu Tada
nsaweiiin nsamasanuasdamiulinihduiniaiiuzd103s HPLC/PDA wu i3t ide Ao 1855wt
Tasmanudududmgaiilins 18 wop)lunsinnsinsawulesa nsawedin nsawadanas
FAMTUNINY 1.40, 1.80, 2.50, 1Az 3.15 Aaaniuaen lanfumuadu mvasidaveansiadalsuim
(LOQ) i1l 10, 3, 6 uag 10 fiadnsuden lanfumuaduuazyannuihudunse (Linearity) ¥99013
AnTMIiAY 10-75, 3-80, 6-80 uaz 10-75 faanfudedlaniy mwddy Mnmsdinszinndunia
fiugiru 100 Fre61dedensn Tasfilsznoums Weveumzdoumivemssenhadousunay
2546 - FamAy 2547 wunsauu lada nsasesauazsAnITuSaEaT 7.34, 3.67 LAz 0.92 AINEIFL
DlSwnanglugig 10.54 - 42, 3.45 - 27.14 uag 15.94 Hadnsusof lansuaumdudseghunuaimmua

AmlsEmAnIEnINmBITUgURTUR 214 (WAL, 2543)

Abstract

A method validation for the determination of benzoic acid, sorbic acid, salicylic acid and saccharin
in orange juice using HPLC/PDA was tested by the Reginal Medical Science center Khon Kaen. The results
showed that the method was reliable. The limits of detection (LOD) for benzoic acid, sorbic acid, salicylic
acid and saccharin were 1.40, 1.80, 2.50 and 3.15 mg/kg, respectively. The limits of quantitation (LOQ) for
benzoic acid sorbic acid, salicylic acid and saccharin were 10, 3, 6 and 10 mg/kg, respectively. The linearities
were 10-75, 3-80, 6-80 and 10-75 mg/kg, respectively. One hundred and nine samples of orange juice from
producer that were registered for food certificate during December 2003 to August 2004 were analysed
using this method. Benzoic acid, sorbic acid and saccharin were found 7.34, 3.67 and 0.92 %, respectively.
The contents of benzoic acid, sorbic acid and saccharin found were 10.54-42, 3.45-27 and 15.94 mg/kg,
respectively. It can be concluded that all the analysed sample were conformed to the Ministry of public
Health Notification No. 214 (B.E. 2543).
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Fungi in Saline Soil Area of Ubonratchathani Province
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sp. No.2, Gigaspora sp. No.3, Glomus ambisporum, Gl. dimorphicum, Gl. glomerulatum, GI. multicaulis,

Gl. scintillans, Glomus sp. No.l, Scutellospora calospora, Sc. dipapillosa Ua¢ Sc. heterogama.

Abstract

The various areas of saline soil in Ubonratchathani province, such as Amphur Khueangnai, Amphur
Tragranpuadpon, Amphur Muangsamsip and Amphur Muang were surveyed. The differences of total spore
number per gram of soil and percentage of root colonization of VA mycorrhizal fungi were observed from
seventy-one soil samples. In addition, the total spore member was effected by species of host plant. Whereas,
the salinity of soil did not effect the spore number. As a result, the spore number was noticeably highly
observed although the soil salinity wag quite high. This indicates the adaptation of each fungal species to their

growth at various salinity. VA mycorrhizal spores of eighty-one groups were isolated using morphological
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characteristics and subsequently multiplied by pot culture technique with corn as host plant. The results

shown that thirty-seven of fungal groups could be multiplied and identified as nineteen species, namely,

Acaulospora longula, A. mellea, A. nicolsonii, A. rehmii, A. scrobiculata, Entrophospora colombiana, E.

schenckii, Gigaspora sp. No.l, Gigaspora sp. No.2, Gigaspora sp. No.3, Glomus ambisporum, GI.

dimorphicum, Gl. glomerulatum, Gl. multicaulis, Gl. scintillans, Glomus sp. No.l, Scutellospora calospora,
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IKCHI0 72.33 61.300 E. colombiana TTNSR24 21.50 68.16 E. colombiana
2KRR32 31.40 18.30 E. colombiana 5.53 61.00 A. nicolsonii
SKRR36 10.00 3.00 Sc. calospora 1.86 33.33 Gl. seintillans
4KND2 8.80 49.16 Gigasopra sp. No.3 ITNP26 333 75.80 Gl dimorphicum
6KND! 7.40 15.80 Sc. heterogama 2TNP25 333 18.50 Gl. glomerulatum
2MsTY2 120.60 16.00 Acaulospora scrobiculata 5.00 34.50 A. mellea

117.80 1.16 E. colombiana 0.60 2233 Gl. multicaulis
SMsTY40 300 1.80 Glomus ambisporum IMNK20 12.20 26.66 E. colombiana

13.40 2.50 Gigaspora sp. No.3 6.26 58.66 Gigaspora sp. No.2

9.80 28.50 A, rehmii IMNK3I 1.00 81.30 Glomus sp. No.1
6MsTY3 89.40 0.66 E. colombiana 0.26 4630 Gl. scintillans
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19.80 39.66 Sc. calospora IMNH33 3.20 12,60 E. colombiana
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KRR =

15“‘5N?I TNSR = 1. qum’[w B, mvmmwn TINP = 11, HINU B. ﬂi”ﬂ'ﬁ‘ﬂﬁiﬂﬁ

KND = 1. 11U ©. Wosly, KCH = u. 9w 0. Woalu

v, e 0. @oalu , MsTY = 1. vjalng) 8. 329amdu, MsKD = . YUY 9. 1A WY
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T;distribution Magnetic Resonance Imaging
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Abstract

Tz-distribution Magnetic Resonance Imaging was studied. Four different T2 samples was packed
together for imaging. '1'2 of solutions in the bottles are 200, 116, 59, 20 ms, respectively, Magnetic field
strength of 0.3 Tesla and the CPMG pulse sequence were used. Six images were received with different TE
value of 45, 60, 80, 100, 120 and 150 ms. The 6 T ,~weighted images were then calculated and a T -distribu-
tion image was made. The image shows T distribution. The measured T from the distribution image were
different from Tz of solution in the range between 10 to 30 percent. The technique was used with human ri ight

leg and the image of T -distribution was received.
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