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A shale of Cretaceous age is composed of 60% illite, 20% chlorite, and 20% pyrite. The porosity (n)
values at different depths are as follows: n equals 33.5% at 600 ft; 25.4% at 2500 ft; 21.1% at 3500 ft,
and 9.6% at 6100 ft. Estimate the vertical stress at 6000 ft depth in this shale (assuming a continuous
thickness of shale from the surface to depth 6000 ft and saturation with water).

Plot the stress paths of (a) unconfined compression (b) triaxial compression with constant confining
pressure (c) splitting tension (d) ring shear as Mohr circles on the normal stress vs shear stress

diagram?

In a series of triaxial compression tests on a sandstone, the following represent the stresses at peak
load conditions:

Test o, (MPa) o, (MPa)
1 2.5 10
2 5.0 20
3 10 40
4 15.0 60

Determine values of S; and ¢ ? Estimate the unconfined compressive strength and the tensile strength
for this rock?

0 10 10

If values of the stress components of a point in x-y-z coordinates are: 1020 0 | (unit: MPa).
10 0 0

Find the stress components in x’-y’-z’ coordinates in which x’-y’-z’ coordinates are defined as
following:

Zx0x’=45°, /y0y'=45°, £z0z’=(0°

A rock mass to be excavated in an open cut has the following recurrent discontinuities:

Set 1 (Bedding) strikes N 45° E, dipping 30° N 45 W

Set 2 (Jointing) strikes S 45° E, dipping 30° S 45 W

Sketch by hand the projections and dip vectors of Sets 1 and 2, and lines of intersection of Sets 1 and

2 on a lower hemisphere stereographic projection?
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. Please define the terminologies of (a) Spectroscopy (b) Mass-spectroscopy and (c)
Diffraction techniques. (15)

. Fourier Transform Infra-red spectroscopy (FTIR) is commonly applied for analyze the
organic matters. (a) Please tell how “Fourier Transform” employed for this method. (b) For
a powder sample, it is generally required to mix the powder with KBr and forms a pill

before measurement. What is this process for and why KBr? (10)

. Please tell the working principle of X-ray diffraction (XRD) and its major functions for
material analyses. Why X-ray is used in XRD technique as an incident light source instead
of visible light? (10)

. XRD peak broadening may be created by the size or strain effect. Please describe how “size”
and “strain” effect generate to the full-width-half-maximum (FWHM) as a function of the
incident angle of light. (10)

. Describe the working principles of X-ray Photoelectron Spectroscopy (XPS) and list the

material information it may provide. (10)

. Please compare the working principles of Scanning Electron Microscope (SEM) and
Transmission Electron Microscope (TEM). Why do we need to coat conductive layers onto
the specimen for SEM but not for TEM? (15)

. Why the applied voltage of electron gun in SEM and TEM devices determines the

resolution and contrast of the images? (10)

. Please describe how Dynamic Light Scattering (DLS) method being applied for the
measurements to the particle size distribution. How the concentration of the suspension

would affect the analysis results?

. Atomic Absorption spectroscopy (AAS) and Inductive Coupled Plasma spectroscopy (ICP)
is commonly used for measuring the concentration of a solution. Please tell the working

principles and compare the differences of their analyzing data of two instruments. (10)
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1. (10 pt) Explain the Bowen’s Reaction Series.

2. (15 pt) Give the definition of a mineral. According to the definition, is liquid
water a mineral (H20())? Is ice cube a mineral (H20))?

3. (5 pt) (a) Explain the Bragg’s law by plotting the relationship among x-ray
wavelength, interatomic spacing, and angle of diffraction. (5 pt) (b) Write
down the equation and use it to calculate the missing d value in the below
figure. (5 pt) (c) Explain the scientific meaning of the x and y axis. (5 pt)
(d) Explain why there are no brackets for describing the value like 200 or
220.

Halite
200

g 1] halite
’.‘.:E 220
£ 20+ ;5 46 »

1”1.!,17 38 24 3‘5;\.4.\‘ 400 2”‘7 75.29 422

U=3257 ) d=1.628 3{'}’_ f:ﬁu d=1261 3p-g308

b L A . i

4. (10 pt) (a)Explain the A, B, TLe, Tsi, and eutectic point. (10 pt) (b)
Qualitatively determine the mineral composition during the mineral X
cooling pathway at 1700°C, 1400°C, 1100°C, 980°C and 900°C,

. KAISIi,O, - SiO
T C /558'?‘. KAISI.O, - 122";'@ SSHQ 2
1800 et ‘ .
L ]
T X A Tsi
1600 L
crislobalite
+melt |
leucile
1400 - + melt B
tridymile o
. i + melt
12004 Peritectic ~ | : )
eutectic |
K-spar e
1000 leucite | +met
o iR ™ B K-spar + fridymite|
K-spar + quariz
o ™ s p % ™
KPSZLO,_ KAISi.O, Wi% SiO2 SiO.
quartz
leucite K-feldspar tridymite
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SANIDINE—(K,Na)AlSi;O4

Crystallography. Monoclinic; 2/7. Crystals are often
tzbular parallel to {010}; also elongated on # with square cross
section as in Fig. 19.78a. Carlsbad twins common.

C2/mr; for high sanidine, z = 8.56,5 = 13.03,c=7.17 &;
B 115%59"; Z = 4. ds: 4.22(6), 3.78(8), 3.31(10), 3.278(6),
3.225(8).

Physical Properdes. Cleavage {001} perfect, {010} good.
H=6.G=2.56-2.62. Lustervitreous. Color colorless and com-
monly transparent. Streak white. Optics: (—); = 1.518-1.525;
£ =1.523-1.530,y = 1.525-1.531. Occurs in twao orientations
with optic plane parallel with {010} and 2V = 0°-60°, and with
optic plane normal to {010} and 2V = 0°-25°.

Composition and Structure. A complete solid solu-
tion exists at high temperature between sanidine and high
albite; part of the intermediate region is known as anortho-
dlase (see Fig. 18.47). The structure of sanidine shows a dis-
ordered (random) distribution of Al and Si in the tetrahe-
dral framework (see Fig. 18.48). The Al and Si distribution
in orthoclase is more ordered (see Fig. 12.9 and related

TEXT).

Diagnostic Features. Can be characterized with con-
fidence only by optical or X-ray techniques. Optic orienta-

tion and 2V differ from orthoclase. Microcline and plagio-

clase show different types of twinning.

5. Read the following description about SANIDINE and answer the
guestions.

Occurrence. As phenocrysts (see Fig. 19.80) in extru-
sive igneous, rocks such as rhyolites and trachytes. Sanidine is
characteristic of rocks that cooled quickly from an inidal high

temperature of eruption. Most sanidines are cryptoperthitic.

Name. Sanidine is derived from the Greek word sanis
meaning tablet, and the Greek word idos, meaning appearance,

in allusion to its typical tabular habit.

a. (10 pt) There are two symbol “H” and “G” in Physical Properties
section. What do these two symbols mean?

b. (10 pt) According to the symmetry, which crystal system does this
mineral belong to?

c. (5 pt) Why the color and sfreak are different?

d. (5 pt) What kind of information can you learn from the Composition
and Structure section?

e. (5 pt) Can you see the light go through this mineral?
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