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GENERAL INSTRUCTIONS

1. The examination is of 3 hours (180 minutes) duration.
2. The paper consists of 65 questions carrying a total of 100 marks.

3. Sections include: (i) General Aptitude (15 marks) and (ii) Aerospace Engineering

subject section (85 marks).
4. Question Types:

* MCQs — Multiple Choice Questions with one correct option.

* MSQs — Multiple Select Questions with one or more correct options.

* NATs — Numerical Answer Type, where a number is to be entered using the
virtual keyboard.

5. Marking Scheme:

* MCQs: +1 or +2 marks for correct; —1/3 or —2/3 negative for wrong.
* MSQs: +1 or +2 marks for correct; no negative marking.

* NATs: +1 or +2 marks for correct; no negative marking.

6. Only the on-screen virtual calculator is permitted; personal calculators are not al-

lowed.

7. Use of mobile phones, smartwatches, or any electronic devices is strictly prohibited.




Q1. The village was nestled in a green spot, _____ the ocean and the hills.

(A) through
(B) in
(C) at
(D) between

Correct Answer: (D) between

Solution:

Step 1: Understand the context.

The sentence describes the location of the village relative to two things: the ocean and the
hills.

Step 2: Recall the grammar rule.

The word “between” is used when referring to two distinct objects, persons, or places. On
the other hand: - “in” refers to being inside something. - “at” refers to a specific point/place.
- “through” implies motion across something.

Step 3: Apply rule to the sentence.

Since the village lies in a spot that is surrounded on one side by the ocean and on the other

side by the hills (two entities), the correct preposition is:

between the ocean and the hills

Final Answer:

Use “between’ when exactly two objects/places are being referred to; use ‘“among”

when more than two are involved.

Q2. Disagree : Protest :: Agree: _____ (By word meaning)



(A) Refuse
(B) Pretext
(C) Recommend

(D) Refute
Correct Answer: (C) Recommend

Solution:

Step 1: Analyze the analogy.

The first pair is “Disagree : Protest”. - To “disagree” means to hold a different opinion. - The
act that results from strong disagreement is to “protest”.

Step 2: Find parallel relation.

Now, for “Agree : 7 - To “agree” means to accept/support an idea. - The act that results
from strong agreement is to “recommend” (i.e., supporting or advocating positively).

Step 3: Eliminate incorrect options.

- (A) Refuse — opposite of accept; does not fit. - (B) Pretext — false reason; irrelevant. - (D)
Refute — means to prove wrong; linked to disagreement, not agreement. - (C) Recommend
— logically matches as the action of showing agreement.

Thus, the correct choice is “Recommend”.

Final Answer:

| Recommend |

In analogy questions, identify the relationship of action/result. Here, “disagree —

protest” and “agree — recommend” follow the same logic.

Q3. A ‘frabjous’ number is defined as a 3-digit number with all digits odd, and no two
adjacent digits being the same. For example, 137 is a frabjous number, while 133 is not.

How many such frabjous numbers exist?

(A) 125



(B) 720
(C) 60
(D) 80

Correct Answer: (D) 80

Solution:

Step 1: Define the set of digits.

The odd digits are: {1,3,5,7,9}. So there are 5 choices for each digit if considered
independently.

Step 2: Condition for the first digit.
The number must be a 3-digit number. The first digit can be any odd digit (5 choices).

Step 3: Condition for the second digit.
The second digit must be odd, but not equal to the first digit. So there are 5 — 1 = 4 choices.

Step 4: Condition for the third digit.
The third digit must be odd, but not equal to the second digit. Again, there are 4 choices.

Step 5: Total count.
Total frabjous numbers =5 x 4 x 4 = 80

Final Answer:

When dealing with digit problems with restrictions, always multiply choices step by

step, considering restrictions on adjacency or repetition.

Q4. Which one among the following statements must be TRUE about the mean and the
median of the scores of all candidates appearing for GATE 2023?
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(A) The median is at least as large as the mean.
(B) The mean is at least as large as the median.
(C) At most half the candidates have a score that is larger than the median.

(D) At most half the candidates have a score that is larger than the mean.
Correct Answer: (C) At most half the candidates have a score that is larger than the median.

Solution:

Step 1: Recall the definition of the median.

The median is the middle value (or average of two middle values) when all scores are
arranged in order. By definition, at least half the candidates have scores less than or equal to

the median, and at least half have scores greater than or equal to the median.

Step 2: Recall the definition of the mean.
The mean (average) can be influenced heavily by extreme values (outliers). Hence, no fixed

relation (greater or smaller) must always hold between the mean and the median.

Step 3: Eliminate incorrect options.

- (A) Median Mean — Not always true. In skewed distributions, mean can be larger. - (B)
Mean Median — Not always true either; depends on skewness. - (D) At most half the
candidates have a score larger than the mean — Not necessarily true. For example, if many

students score below the mean, more than half could be above the mean.

Step 4: Verify correct option.
(C) “At most half the candidates have a score that is larger than the median” — This is

always true because by definition, the median divides the data into two equal halves.

Final Answer:

At most half the candidates have a score larger than the median.

The median is a positional measure that always divides the dataset into two halves.

Unlike the mean, it is not affected by extreme values.




QS. In the given diagram, ovals are marked at different heights (%) of a hill. Which one of
the following options P, Q, R, and S depicts the top view of the hill?
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Correct Answer: (C) R

Solution:
Step 1: Understand the given diagram.
The figure shows a hill with different horizontal cross-sections taken at increasing altitudes.

At each altitude, the horizontal cross-section is represented as an oval (ellipse-like curve).

Step 2: Interpret cross-sections.
- At the bottom (near ground level), the hill’s cross-section is the largest oval. - As we move
up in height, the cross-sections become smaller and smaller. - At the top, the cross-section

reduces to the smallest oval.

Step 3: Recall how top view looks.



A top view of such a hill would show concentric ovals (or nearly circular contours), with the
largest oval representing the base and progressively smaller ovals inside representing higher

altitudes.

Step 4: Match with given options.

- Option P: Shows ellipses but not concentric; they are shifted. Wrong. - Option Q: Shows
ovals elongated sideways, not concentric. Wrong. - Option R: Shows concentric ovals,
largest outside and smaller ones inside — correct. - Option S: Shows irregular ellipses, not

representing concentric cross-sections. Wrong.

Final Answer:

Contour maps or top views of hills are always represented by concentric closed curves

(circles or ovals), with smaller curves indicating higher altitudes.

Q6. Residency is a famous housing complex with many well-established individuals among
its residents. A recent survey conducted among the residents of the complex revealed that all
of those residents who are well established in their respective fields happen to be
academicians. The survey also revealed that most of these academicians are authors of some
best-selling books.

Based only on the information provided above, which one of the following statements can be

logically inferred with certainty?

(A) Some residents of the complex who are well established in their fields are also authors of
some best-selling books.

(B) All academicians residing in the complex are well established in their fields.

(C) Some authors of best-selling books are residents of the complex who are well established
in their fields.

(D) Some academicians residing in the complex are well established in their fields.
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Correct Answer: (D) Some academicians residing in the complex are well established in

their fields.

Solution:
Step 1: Analyze given facts. 1. All well-established residents are academicians. 2. Most of

these academicians are authors of best-selling books.

Step 2: What can we say with certainty? - From (1): Every resident who is well
established must be an academician. = So, at least some academicians are well established.
- From (2): “Most” academicians are authors, but not necessarily all. Therefore, we cannot

conclude about “some” with certainty.

SN 13

Step 3: Check options. - (A): Cannot be said with certainty, as “most” “some” (it could be
none of the well-established ones are authors). - (B): Wrong, because we don’t know if all
academicians are well established. - (C): Not certain, since we only know “most
academicians are authors”, but they may not overlap with “well established”. - (D): Correct,
because all well-established residents are academicians. Hence, at least some academicians

must be well established.

Final Answer:

Some academicians residing in the complex are well established in their fields.

Always differentiate between “all”’, “most”, and ‘“‘some”. Certainty-based inference

questions usually rely on the strongest guaranteed conclusion.

Q7. Ankita has to climb 5 stairs starting at the ground, while respecting the following rules:
1. At any stage, Ankita can move either one or two stairs up. 2. At any stage, Ankita cannot
move to a lower step.

Let F(N) denote the number of possible ways in which Ankita can reach the N stair. For

example, F'(1) =1, F(2) =2, F(3) = 3.



The value of F'(5)1s ______.

(A) 8
(B) 7
(©) 6
(D) 5

Correct Answer: (A) 8

Solution:
Step 1: Recognize the recurrence. At the N*” stair, Ankita can arrive either: - from the
(N — 1)t stair with a 1-step move, or - from the (N — 2)** stair with a 2-step move.
Thus,

F(N)=F(N —1)+ F(N —2)

Step 2: Base cases.

Final Answer:

This is a classic Fibonacci sequence problem disguised in a stair-climbing context.

Always check for recurrence relations in such combinatorial setups.




Q8. The information contained in DNA is used to synthesize proteins that are necessary for
the functioning of life. DNA is composed of four nucleotides: Adenine (A), Thymine (T),
Cytosine (C), and Guanine (G). The information contained in DNA can then be thought of as
a sequence of these four nucleotides: A, T, C, and G. DNA has coding and non-coding
regions. Coding regions—where the sequence of these nucleotides are read in groups of
three to produce individual amino acids—constitute only about 2% of human DNA.

Based only on the information provided above, which one of the following statements can be
logically inferred with certainty?

(1) The majority of human DNA has no role in the synthesis of proteins.

(i1) The function of about 98% of human DNA is not understood.

(A) only (i)

(B) only (i1)

(C) both (1) and (i1)
(D) neither (i) nor (ii)

Correct Answer: (A) only (1)

Solution:
Step 1: Facts from the passage. - Coding DNA that produces amino acids (protein coding
regions) = only about 2% of human DNA. - Remaining 98% = non-coding DNA (does not

code for proteins).

Step 2: Analyze statement (i). “The majority of human DNA has no role in the synthesis of
proteins.” This is correct because only 2% is coding, hence the remaining 98% does not

contribute to protein synthesis.

Step 3: Analyze statement (ii). “The function of about 98% of human DNA is not
understood.” The passage only says that 98% does not code for proteins. It does not say that
its function is unknown (it may have regulatory or structural roles). So this cannot be

inferred with certainty.

Final Answer:

only (1)
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Always distinguish between “does not code for proteins” and “function is not known.”

Logical inference questions often hinge on precise wording.

Q9. Which one of the given figures P, Q, R, and S represents the graph of the following

function?
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Correct Answer: (C) R
Solution:
Step 1: Identify critical points. Absolute value expressions change at t = —2 and x = 1. So

we break into intervals: —oco <z < —2, -2 <z < 1,and z > 1.
Step2: Case1: v < —2. |z +2|=—(x+2), |z—1=—(x—1).So,
f@)=[-@+2)]-[-@@-D]|l=]-2z-2+z-1=|-3|=3
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Thus, f(z) = 3 (constant).
Step3: Case2: 2<z<l.|z+2/=2+4+2, |z—1=—(x—-1).So,
f@)=lxz+2)—(=(z=1)| =]z +2+z—1] = |2z + 1]

For —2 < x < 1, 2z + 1 varies from —3 to 3. Thus, f(x) = |2z + 1|, V-shaped graph passing
through (—0.5,0).

Step4: Case3: 2> 1. |z +2[=2+2, |z—1]=z—1.So,
fl) =z +2) = (e -1 =3 =3
Thus, f(z) = 3 (constant).

Step 5: Combine. - For » < —2: flat line at 3. - For —2 < x < 1: V-shaped |2z + 1]|. - For
x > 1: flat line at 3.

This matches the shape of **Graph R** in the options.

Final Answer:

When solving absolute value graph problems, always split into regions around critical

points and simplify piecewise.

Q10. An opaque cylinder (shown below) is suspended in the path of a parallel beam of light,
such that its shadow is cast on a screen oriented perpendicular to the direction of the light
beam. The cylinder can be reoriented in any direction within the light beam. Under these

conditions, which one of the shadows P, Q, R, and S is NOT possible?
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Opaque
cylinder

(AP
(B)Q
(OR
(D) S

Correct Answer: (D) S

Solution:

Step 1: Recall geometry of a cylinder.

A cylinder can cast different types of shadows depending on how it is oriented relative to the
light beam: - If light falls along the axis of the cylinder, the shadow is a circle (like option
P). - If light falls perpendicular to the axis, the shadow is a rectangle (like option R). - If

light falls at an angle, the shadow can be an ellipse (like option Q).

Step 2: Consider option S.
Option S shows a parallelogram-shaped shadow. For a cylinder, whose cross-sections are
circles and projections are always circular or rectangular (or elliptical combinations), it is

impossible to produce a parallelogram-shaped shadow.

Step 3: Eliminate possibilities.
- P (circle) — possible. - Q (ellipse) — possible. - R (rectangle) — possible. - S

(parallelogram) — not possible.
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Final Answer:

For 3D solids, think about their cross-sections and projections: cylinders give circular,

rectangular, or elliptical projections, but never skewed parallelograms.

Q11. Which of the following is a chronostratigraphic unit?

(A) Member
(B) Stage

(C) Acme Zone
(D) Period

Correct Answer: (B) Stage

Solution:

Step 1: Understand stratigraphic classification. - Stratigraphy is divided into two main
categories: - Lithostratigraphic units — based on rock characteristics (e.g., Formation,
Member). - Chronostratigraphic units — based on geological time and rock layers

deposited during a specific interval.

Step 2: Recall chronostratigraphic hierarchy. Chronostratigraphic units include:

Eonothem, Erathem, System, Series, and Stage.

Step 3: Match options. - (A) Member — a lithostratigraphic unit, not chronostratigraphic. -
(B) Stage — correct, a chronostratigraphic unit. - (C) Acme Zone — a biostratigraphic unit. -

(D) Period — a geochronologic unit (time unit), not chronostratigraphic (rock unit).

Final Answer:

Stage
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Remember: “Stage” is chronostratigraphic (rock deposited during an age), while “Pe-

riod” is geochronologic (time span).

Q12. During contact metamorphism, with increasing temperature,

(A) the ratio of volume to surface area of mineral grains increases.
(B) the ratio of volume to surface area of mineral grains decreases.
(C) the reaction kinetics becomes slower.

(D) hydrous minerals become more stable.
Correct Answer: (B) the ratio of volume to surface area of mineral grains decreases.

Solution:
Step 1: Recall contact metamorphism process. Contact metamorphism occurs when rocks
are heated by intrusion of magma, usually at relatively shallow crustal levels. High

temperature is the dominant factor.

Step 2: Effect of increasing temperature. With increasing temperature: - Grain boundaries
become unstable, grains break down into smaller crystals. - As grains become finer, their
surface area per unit volume increases.

Step 3: Interpret the ratio.
Volume

Ratio = ——————
Surface Area

. . .V
- For smaller grains, surface area increases faster than volume. - Therefore, the ratio 1

decreases.

Step 4: Eliminate wrong options. - (A) Increases — incorrect. - (C) Reaction kinetics
become slower — wrong, they become faster at higher temperature. - (D) Hydrous minerals

become more stable — wrong, they tend to dehydrate and break down.

Final Answer:

the ratio of volume to surface area of mineral grains decreases.
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At higher temperatures, minerals break into smaller grains, increasing surface area rel-

ative to volume. Hence V/A ratio always decreases.

Q13. The dimension of dynamic viscosity is:

(A) ML—17—2
(B) ML 171
(C) MO
(D) MOLOTO

Correct Answer: (B) M/1L—17-1

Solution:
Step 1: Recall formula of dynamic viscosity. Dynamic viscosity (n) is defined as:

~ Shear Stress
~ Velocity Gradient

Ui

Step 2: Dimension of shear stress.

Force

Shear stress =
Area

Force has dimension M LT 2. Area has dimension L2. So,

MLT—?
[Shear stress] = —5— = ML7iT2
Step 3: Dimension of velocity gradient.
Velocity Gradient = Velocity
Length

Velocity has dimension LT!. So,

. . LT
[Velocity Gradient] = =71
Step 4: Dimension of viscosity.
ML=t72 o
] = 71— MLt
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Final Answer:

Mmip—ip—1

Dynamic viscosity always has the dimension of stress divided by rate of strain, i.e.

ML iT-1,

Q14. At a depth of about 400 km inside the Earth, which one of the following occurs?

(A) Conversion of most silicates to perovskite structure
(B) Conversion of plagioclase-peridotite to spinel-peridotite
(C) Transformation of olivine to spinel structure

(D) Conversion of spinel-peridotite to plagioclase-peridotite
Correct Answer: (C) Transformation of olivine to spinel structure

Solution:
Step 1: Recall Earth’s mantle mineralogy. - The Earth’s upper mantle mainly consists of
peridotite (rich in olivine and pyroxenes). - With depth, increasing pressure leads to

structural transitions of minerals.

Step 2: Depth-related phase transitions. - At shallow depth (; 50 km): plagioclase
peridotite is stable. - Between 50—-100 km: spinel peridotite is stable. - At 400 km depth
(transition zone): olivine (forsterite) transforms into a spinel structure (wadsleyite). - At

deeper depth ( 660 km): spinel transforms into perovskite structure.

Step 3: Check options. - (A) Perovskite structure occurs deeper ( 660 km), not at 400 km. -
(B) Plagioclase — Spinel transition occurs at 50-100 km, not 400 km. - (C) Olivine —
Spinel transition occurs at 400 km. Correct. - (D) Spinel — Plagioclase is reverse of actual

process, so incorrect.

Final Answer:

Transformation of olivine to spinel structure
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Remember: At 400 km depth, olivine undergoes phase transition to spinel; at 660 km,

spinel transforms into perovskite.

Q15. Equatorial radius of which one of the following planets is closest to that of the Earth?

(A) Mercury
(B) Venus
(C) Mars
(D) Neptune

Correct Answer: (B) Venus

Solution:

Step 1: Recall Earth’s equatorial radius. The Earth’s equatorial radius is approximately:

6378 km

Step 2: Compare with given planets. - Mercury: ~ 2440 km — much smaller. - Venus:
~ 6052 km — very close to Earth. - Mars: ~ 3390 km — smaller. - Neptune: ~ 24,622km —

much larger.
Step 3: Closest match. Among these, Venus has an equatorial radius closest to Earth.

Final Answer:

Earth and Venus are often called “twin planets” because their size, radius, and mass are

quite similar.
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Q16. Variation of Bouguer anomaly obtained along a profile after applying all the necessary

corrections is due to:

(A) topographic undulation above the datum plane.
(B) increase in densities of crustal rocks with depth.
(C) lateral density variations.

(D) vertical density contrast across Moho.
Correct Answer: (C) lateral density variations

Solution:

Step 1: Recall Bouguer anomaly concept. The Bouguer anomaly is obtained after
correcting gravity data for: - latitude, - free-air effect, - Bouguer slab correction (due to
elevation), - terrain correction.

Thus, Bouguer anomaly reflects mass distribution beneath the surface.

Step 2: What remains after corrections? Once all standard corrections are applied, the
residual variations are due to density differences in subsurface rocks (not surface topography

or elevation).

Step 3: Interpret options. - (A) Topographic undulation — already corrected. - (B) Increase
in densities with depth — general trend, not anomaly cause. - (C) Lateral density variations
— correct, causes gravity highs and lows. - (D) Moho contrast — large-scale regional

feature, but not local Bouguer anomaly variation.

Final Answer:

lateral density variations

Bouguer anomalies are primarily used to detect subsurface density contrasts laterally,

useful in mineral and petroleum exploration.
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Q17. The heat production (@,) of a granitic rock due to decay of the radioactive elements U,

Th and K having concentration Cy;, Cry,, Ck, respectively, is given by the expression:

Qr = aCy + BCrp +7Ck
Which one of the following correctly represents the relation between the magnitude of

coefficients a, 3,y (in uWkg~—1)?

(A)a>p>y
B)a<f>7
OCa>p<y
D)a<pf<y

Correct Answer: (A) a > (3 >~

Solution:
Step 1: Recall radioactive heat production. Different radioactive isotopes release heat at
different rates depending on their decay constant and energy released per decay. The three

main contributors in granitic rocks are: - Uranium (U), - Thorium (Th), - Potassium (K).

Step 2: Relative contributions. - Uranium produces the largest heat per unit mass
because of its relatively short half-life and high energy release. - Thorium produces less heat
compared to Uranium, but still significant. - Potassium (*° K') contributes the least per unit

concentration because of its long half-life and low abundance.

Step 3: Order of coefficients. Thus, the heat production constants follow:

a (for U) > g (for Th) > ~ (for K)

Final Answer:

In radioactive heat generation problems: Uranium contributes most, Thorium next, and

Potassium least. Always remember the order: U > Th > K.
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Q18. Which one of the following Phanerozoic periods has the shortest duration of time?

(A) Cambrian
(B) Devonian
(C) Cretaceous

(D) Silurian
Correct Answer: (D) Silurian

Solution:
Step 1: Recall the Phanerozoic Eon divisions. The Phanerozoic Eon (541 Ma to present) is

divided into Paleozoic, Mesozoic, and Cenozoic eras, each containing multiple periods.

Step 2: Approximate durations. - Cambrian: 541-485 Ma — about 56 million years. -
Devonian: 419-359 Ma — about 60 million years. - Cretaceous: 145-66 Ma — about 79

million years. - Silurian: 443-419 Ma — about 24 million years.

Step 3: Compare durations. The Silurian Period is clearly the shortest, lasting only about

24 million years.

Final Answer:

Always remember: among Paleozoic periods, the Silurian is the shortest ( 24 Myr). This

type of question often tests relative duration.

Q19. Based on the given mineral proportions, which one of the following statements is

CORRECT?

Rock X: Olivine : Orthopyroxene : Clinopyroxene :: 50 : 30 : 20
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Rock Y: Plagioclase : Alkali feldspar : Quartz :: 25 : 45 : 30

Rock Z: Biotite : Plagioclase : Alkali feldspar : Quartz :: 20 : 25 : 35: 20

(A) Y is more felsic compared to X & Z
(B) X is more felsic compared to Y & Z
(C) Z is more felsic compared to X & Y

(D) Y is the most felsic and Z is the most mafic
Correct Answer: (A) Y is more felsic compared to X & Z

Solution:
Step 1: Recall mafic vs felsic classification. - Mafic rocks are rich in olivine, pyroxenes,

amphiboles. - Felsic rocks are rich in quartz, alkali feldspar, plagioclase, and biotite.

Step 2: Analyze Rock X. Olivine + pyroxenes dominate (100% mafic minerals). = Rock X

is ultramafic.

Step 3: Analyze Rock Y. Contains quartz (30%), alkali feldspar (45%), plagioclase (25%).

= High quartz and feldspar content — typical granite-like (felsic).

Step 4: Analyze Rock Z. Contains biotite (20%), plagioclase (25%), alkali feldspar (35%),

quartz (20%). = Intermediate composition (granitic but less quartz-rich than Y).

Step 5: Compare. - X — mafic. - Y — felsic (highest quartz + alkali feldspar). - Z —
intermediate (felsic, but less than Y).

Thus, Y is the most felsic among X, Y, Z.

Final Answer:

Y is more felsic compared to X & Z

When comparing felsic vs mafic, look at quartz and feldspar content: higher = more

felsic; higher olivine/pyroxene = more mafic.
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Q20. The CORRECT sequence(s) of electromagnetic radiations in terms of increasing

wavelength is/are:

(A) Gamma ray ; UV j Near-IR

(B) X-ray ; Visible light ; Thermal IR

(C) Microwave j Visible light ; Radio wave
(D) Microwave | Thermal IR ; Near-IR

Correct Answer: (A) and (B)

Solution:

Step 1: Recall electromagnetic spectrum order. From shortest wavelength to longest:

Gamma rays < X-rays < UV < Visible light < Near IR < Thermal IR < Microwave < Radio waves

Step 2: Check each option. - (A) Gamma ray ; UV j Near-IR — Correct (matches spectrum
order). - (B) X-ray j Visible light ; Thermal IR — Correct. - (C) Microwave ; Visible light ;
Radio wave — Incorrect, because visible light comes before microwave. - (D) Microwave j

Thermal IR | Near-IR — Incorrect, order is reversed (Near-IR ; Thermal IR ; Microwave).

Final Answer:

Always remember: higher energy = shorter wavelength. Gamma rays are the shortest,

while radio waves are the longest.

Q21. Which of the given folds is/are represented by the stereoplot?
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(A) Horizontal fold
(B) Vertical fold
(C) Upright fold
(D) Recumbent fold

Correct Answer: (C) Upright fold

Solution:
Step 1: Interpret the stereoplot. The diagram shows: - Fold axis is horizontal (plotted as a

line across the stereonet). - Axial plane is vertical (indicated by great circle line passing N-S).

Step 2: Characteristics of folds. - Horizontal fold — axis is horizontal, axial plane may be
inclined. - Vertical fold — axis is vertical. - Upright fold — axis is horizontal and axial plane

is vertical. - Recumbent fold — axis is horizontal but axial plane is nearly horizontal.

Step 3: Match with diagram. Here, axis = horizontal, axial plane = vertical — this is an

upright fold.

Final Answer:

Upright fold
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In stereoplots, an upright fold is represented by a horizontal fold axis and a vertical axial

plane.

Q22. The bulk density and water content of a soil are 1800 kg m > and 18%, respectively.
Find the dry density of the soil. [round off to 2 decimal places ]

Solution :
Step 1: Define symbols and basic relations.
Let My = mass of dry solids, M,, = mass of pore water, V' = total volume of the specimen

(assumed unchanged between bulk and dry states).

Mg+ M, . M,
%, Dry density: pg = —.

Bulk density: p, = v

=

= = 18% = 0.18 = M,, = 0.18 M.
M;

Step 2: Express p; in terms of p; and w.

Water content (gravimetric) w =

Mg+ M,  M(1+w)
7 Vi

Hence the fundamental conversion:

_ +w)% — (14 w)pa.

_ Pb
14w/

pd

Step 3: Substitute numerical values with units.

_ 1800kgm™ 1800
PA= 11018 ~ 118

kg m™® = 1525423728 ... kgm .

Step 4: Rounding and reasonableness check.
- Rounding to 2 decimals: 1525.42 kg m ™. - Sanity: since w > 0, pg < pp. Indeed,
1525.42 < 1800 . - Extreme checks: if w — 0 = pg — pp (consistent); if

w — 100% = pg = pp/2 (trend consistent).

Final Answer: | 1525.42 kg m >
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Memorize: pg = pp/(1 + w) with w as a decimal. If given as a percent, divide by 100

first.

Q23. Two-layer Earth: p; = 2000 kg m >, V4 = 1800 m s~ (upper),
p2 = 3000 kg m_3, Vo = 2100 m s~! (lower). Compute the normal-incidence P-wave

reflection coefficient at the interface. [round off to 3 decimals |

Solution :

Step 1: Acoustic impedance concept.

For a P-wave striking normally, the boundary behavior depends only on acoustic impedances
Z; = p;iV; (units kg m~2s~1). Larger contrast = stronger reflection.

Step 2: Compute impedances with units.

71 = 2000 - 1800 = 3.6 x 106 kg m 2s™!,  Z5 = 3000 - 2100 = 6.3 x 10° kg m s~

Step 3: Reflection coefficient at normal incidence.

Zo— 21 63-36 2.7
R= = = — =0.272727... = |0.273|.
Zy+ 2y 63+36 99 -

Step 4: Polarity and energy (optional insight).
R > 0 because the wave goes from lower to higher impedance; the reflected polarity is
non-inverted at normal incidence. Fraction of energy reflected Er = R? ~ 0.074 (about

7.4%), remainder transmitted.

Final Answer:

Normal incidence uses only impedances. For oblique incidence you’d need Zoeppritz

(or Aki—Richards) equations with angles and Poisson’s ratios.
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Q24. A rock is fully saturated with water of resistivity p,, = 0.25 Qm. The bulk resistivity is
p = 60 Qm. Using Archie’s law with a = 1 (tortuosity factor) and m = 2 (cementation

exponent), determine the porosity ¢ in percent. [round off to 2 decimals |

Solution :
Step 1: Write Archie’s law for fully saturated rock.
For brine-saturated clean formations:

p=apud™ = L—apm

Pw

gb*z:ﬁ = ¢: (’O_w>1/2
Pw P

Givena =1, m = 2,

Step 2: Insert numbers and keep significant figures.

0.25
» = o0 - v 0.0041666667 = 0.064549722 . ..

Convert to percentage:
B(%) = 0.064549722 x 100 = 6.4549722%.

Step 3: Round and sanity-check.
- Rounded to two decimals: 6.45%. - Check: Higher rock resistivity relative to water implies

low porosity (current path restricted) — value 6.45% is physically reasonable for a tight rock.

Final Answer:

Mnemonic for a = 1,m = 2: (%) ~ 1004/ py/p. Ensure units of p and p,, match.

Q25. Wenner DC resistivity survey. The operator forgot to cancel self-potential (SP)
between potential electrodes before injecting current. With equal current magnitude:

measured AV; = +158 mV for current C1 — C2 and AV, = —214 mV for reversed current
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C2 — C'1. Determine the SP (in mV, integer) that existed between potential electrodes before

current injection.

Solution:
Step 1: Build a superposition model of measured voltage.
Let Vsp be the static electrode SP (does not change with current reversal) and V; be the

ohmic voltage due to injected current (changes sign when current reverses). Then
AVineas = VSP + V7.

With given signs:
Vsp + Vi = +158 mV  (forward),

Vop — Vi =—-214mV (reverse).
Step 2: Solve the 2x2 linear system.

Add equations to eliminate V7:
Wep = (+158) + (—214) = =56 = Vgp = —28 mV.

(Then Vi = 158 — (—28) = 186 mV — optional check.)
Step 3: Consistency verification.

Insert into the second equation:
Vop — Vi =—-28—186=—-214mV VvV

Thus the SP offset was —28 mV (negative electrode at the second potential stake).

Final Answer:

To recover SP quickly: take two readings with reversed current; the SP equals

AVI 4+ AV,

AVE — AV,
5 —

, the ohmic part equals 5

Q26. For the given figure, considering Pratt’s model of isostatic compensation at the
crust—mantle boundary, the crustal density (p;) that explains 1.5 km deep lake is _____ kg/m3.

(Consider density of water p,, = 1000 kg/m?) [round off to 2 decimal places]
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pd| T \
-
h=1.5km
t = 30 km
p p,=2700 kg/m
Continental
crusl W
Mantle
p.=3100 kg/m

Correct Answer: p; = 2649.12kg/m®

Solution:
Step 1: Concept of Pratt’s Model.
According to Pratt’s hypothesis of isostasy, all crustal columns have the same thickness, but

different densities to achieve balance at the compensation depth.
Condition: p - t = constant for equilibrium.

Here,

t = 30km (crustal thickness)
pe = 2700kg/m®  (continental crust density)
h = 1.5 km (lake depth)

pw = 1000 kg/m®

Step 2: Mass column for reference crust (without lake).

For the normal continental crust of thickness ¢,
M, = p, -t = 2700 x 30 = 81000 kg/m?

(This is the reference column mass per unit area.)
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Step 3: Mass column for lake region (with reduced density p;).

In the lake region, total column mass =
My=p1-(t—"h)+py-h

Here,

t—h=230—-15=285km

So,
M; = p1-28.5+1000- 1.5

Step 4: Apply isostatic balance condition.

For equilibrium at compensation depth:

p1 - 28.5 + 1500 = 81000

p1 - 28.5 = 79500

79500

P1= g5

Step 5: Final computation.

p1 = 2789.47 kg/m®

Wait—check again. The lake replaces crustal material, so correction is needed. The effective

condition should be:

pe-t=p1-t—(p1— puw)h

81000 = p1 - 30 — (p1 — 1000)(1.5)

81000 = 30p1 — 1.5p1 + 1500
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81000 — 1500 = 28.5p1

79500 = 28.501

79500 \
_ P 9789.47ke/
P1= "85 89.47kg/m

Final Answer:

2789.47 kg/m®

Quick Tip

In Pratt’s isostasy, thickness is constant but density varies. Always equate column mass

per unit area at the depth of compensation, carefully accounting for replacement of crust

by water in lake regions.

Q27. Which one of the following mineral pairs shows solid solubility through coupled

substitution of elements?

(A) Albite - Anorthite
(B) Albite - Orthoclase
(C) Grossular - Andradite
(D) Jadeite - Aegirine

Correct Answer: (A) Albite — Anorthite

Solution:

Step 1: Understanding coupled substitution.

Coupled substitution occurs when two ions simultaneously substitute for two others in a
crystal lattice, maintaining overall charge balance. This allows solid solution between

different mineral end-members.
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Step 2: Examine each pair.
- (A) Albite (NaAlSi3Og) and Anorthite (CaAl;Si>Og): Solid solution exists in the

plagioclase feldspar series. The coupled substitution is:
Ca*" + AP’" < Na® + Si'*

This is a classic example of coupled substitution.

- (B) Albite — Orthoclase: Both are feldspars, but substitution between Na*t and K™ is simple
1onic substitution, not coupled substitution.

- (C) Grossular — Andradite: These are garnet end-members (CazAl2SizO12 and
CasFe,Si3012). Their substitution is Fe3* Al?*, a simple substitution.

- (D) Jadeite — Aegirine: Both pyroxenes (NaAlSi»Og and NaFeSizOg). Substitution of Fe3*

AI3T is again a simple substitution, not coupled.

Step 3: Conclusion.

Only Albite—Anorthite exhibits true coupled substitution.

Final Answer:

| Albite — Anorthite |

Coupled substitution is characteristic of the plagioclase feldspar series, where two ions

substitute simultaneously to preserve charge balance.

Q28. The behavior of trace elements in magmatic systems follows:

(A) Henry’s Law

(B) Raoult’s Law

(C) Fick’s Second Law

(D) First Law of Thermodynamics

Correct Answer: (A) Henry’s Law
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Solution:
Step 1: Recall Henry’s Law.
Henry’s law states that the concentration of a solute in a solvent is proportional to its partial

pressure (or activity) in the system.

Step 2: Application to trace elements.
In magmatic systems, trace elements are present in very small concentrations. Their
distribution between melt and crystals is governed by partition coefficients, which are

derived from Henry’s law relations:
C(solid = KD : Cmelt
where K is the distribution coefficient.

Step 3: Why not the others?

- Raoult’s Law: Deals with ideal solutions and major element behavior, not trace.
- Fick’s Second Law: Describes diffusion, not equilibrium partitioning.

- First Law of Thermodynamics: Energy conservation, unrelated to trace element

partitioning.

Final Answer:

Henry’s Law

Quick Tip

Always remember: trace element behavior in melts is explained by partition coeffi-

cients, which are rooted in Henry’s Law. Major element solutions, however, are ex-

plained by Raoult’s Law.

Q29. Choose the CORRECT statement regarding crystallization of a single feldspar of

composition OrsyAbsg in the Albite—Orthoclase system.

(A) The mineral can form in hypersolvus but not in subsolvus feldspar system.
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(B) The mineral can form in subsolvus but not in hypersolvus feldspar system.
(C) The mineral can crystallize in both hypersolvus and subsolvus feldspar system.

(D) The mineral can crystallize neither in hypersolvus nor in subsolvus feldspar system.

Correct Answer: (A) The mineral can form in hypersolvus but not in subsolvus feldspar

system.

Solution:

Step 1: Recall hypersolvus vs. subsolvus.

In the alkali-feldspar (Ab—Or) system, a hypersolvus granite crystallizes one alkali-feldspar
solid solution at high 7" (above the solvus). A subsolvus granite crystallizes two feldspars: a
K-rich alkali feldspar and an Ab-rich plagioclase; compositions lie on opposite sides of the

solvus.

Step 2: Apply to Or;pAbs.

An intermediate composition like OrsgAbsg can exist as a single alkali-feldspar crystal only
above the solvus (hypersolvus conditions). On cooling it exsolves to perthite. Under
subsolvus conditions, the melt partitions into two coexisting feldspars rather than a single

intermediate-composition feldspar; hence OrsyAbsg does not crystallize as one phase.

Final Answer:

(A) Hypersolvus only; not subsolvus.

Think “hyper = one feldspar (solid solution), sub = two feldspars (split across the

solvus).” Intermediate Ab—Or compositions are single-phase only above the solvus.

Q30. Given AV, and AS, are the volume and entropy of reaction, respectively, the most

suitable conditions for the reaction to be used as a geothermometer are

(A) small AV, but large AS,
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(B) small AS, but large AV,
(C) positive AV, but negative AS,
(D) negative AV, but positive AS,

Correct Answer: (A) small AV, but large AS,

Solution:
Step 1: Pressure-temperature slope.

The Clapeyron relation for an equilibrium is

dP  AS,
dT AV,

For a good geothermometer we want 7" to be well constrained with minimal sensitivity to P.

Step 2: Conditions that reduce P-sensitivity and increase 7-sensitivity.

- A small AV, makes the equilibrium nearly insensitive to pressure (baric effect minimized).
- A'large AS, (hence often large A H,) makes the equilibrium strongly temperature
dependent (steep Z—}T); isopleths are near-vertical, so uncertainty in P produces little

uncertainty in 7).

Step 3: Eliminate alternatives.
(B) gives P-sensitive, T-insensitive behavior (good for barometers, not thermometers).

(C) and (D) give signs, not magnitudes; sign alone doesn’t ensure thermometer suitability.

Final Answer:

(A) small AV, but large AS,

Rule of thumb: Thermometers = minimize AV (pressure effects) and maximize AS

(temperature leverage). Barometers are the opposite—seek large AV and small AS.
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Q31. In which one of the given mass extinction events, global cooling that resulted in
glaciation and lowering of sea level, is considered as the major cause of extinction for more

than 50% of marine fauna?

(A) Cretaceous — Paleogene
(B) Permian — Triassic
(C) Ordovician — Silurian

(D) Holocene
Correct Answer: (C) Ordovician — Silurian

Solution:

Step 1: Recall major mass extinction events.

- Cretaceous—Paleogene (K-Pg, 66 Ma): Caused by asteroid impact and volcanism
(Deccan traps). - Permian—Triassic (252 Ma): Largest extinction, linked to Siberian Traps
volcanism, ocean anoxia, methane release. - Ordovician-Silurian (445 Ma): Caused
mainly by global cooling, Gondwana glaciation, and associated sea-level fall. This event
wiped out more than 50% of marine fauna. - Holocene (ongoing): Linked to human

activities, not glaciation.

Step 2: Identify correct extinction.
Only the Ordovician—Silurian event was directly caused by global cooling, glaciation, and

sea-level fall.

Final Answer:

| Ordovician — Silurian |

Quick Tip

Glaciation-driven extinctions are associated with the Ordovician—Silurian boundary. In
contrast, volcanic activity is the primary driver for Permian—Triassic and asteroid impact

for Cretaceous—Paleogene.
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Q32. Processes of fossilization affecting an organism from its death to burial under

sediments come under the study of?:

(A) Biostratinomy
(B) Biostratigraphy
(C) Taphonomy
(D) Taxonomy

Correct Answer: (A) Biostratinomy

Solution:

Step 1: Define terms.

- Biostratinomy: Study of processes that occur between death of an organism and its burial
in sediments (transport, decay, disarticulation, scavenging). - Biostratigraphy: Use of
fossils for correlation and relative dating of rock strata. - Taphonomy: Broader study of
fossilization processes, including both biostratinomy and diagenesis after burial. -

Taxonomy: Classification of organisms.

Step 2: Apply definition.
Since the question specifically asks for processes from death to burial, this is strictly the

domain of Biostratinomy.

Final Answer:

Biostratinomy

Remember: Biostratinomy = pre-burial, Diagenesis = post-burial. Together they

form Taphonomy.
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Q33. The dip and dip direction of the lee side of a straight crested ripple on modern
sediments are found to be 15° and N10°W, respectively. Considering unidirectional water

movement, the flow direction is towards:

(A) N10°W
(B) N70°E
(C) S10°E
(D) ST0°W

Correct Answer: (A) N10°W

Solution:

Step 1: Ripple geometry.

In current ripples, the lee side (downstream side) is the inclined surface where sediment
avalanches down. The dip direction of the lee side always points in the direction of water

flow.

Step 2: Interpret dip direction.
The dip direction given is N10°W. Therefore, the flow direction is directly towards N10°W.

Step 3: Eliminate alternatives.
- N70°E, S10°E, and S70°W are not consistent with the observed dip direction. - The lee

slope unambiguously indicates flow direction = N10°W.

Final Answer:

For unidirectional ripples, remember: flow direction = dip direction of the lee side.

Q34. Rhodochrosite in hand specimen is most likely to be confused with certain varieties of:
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(A) Wollastonite
(B) Orthoclase
(C) Gypsum

(D) Biotite

Correct Answer: (B) Orthoclase

Solution:
Step 1: Properties of Rhodochrosite.
Rhodochrosite (MnCQOs3) is a carbonate mineral, typically pink to rose-red in color, with

vitreous luster and perfect cleavage.

Step 2: Confusing mineral.
Orthoclase feldspar can also occur in pink varieties (commonly called “pink feldspar™),

visually resembling rhodochrosite in hand specimen.

Step 3: Why not the others?
- Wollastonite: usually white/gray fibrous. - Gypsum: softer, transparent/white. - Biotite:

dark brown/black mica.

Final Answer:

Always confirm rhodochrosite by acid reaction (effervesces in cold HCl) and higher

specific gravity, which distinguishes it from feldspar.

Q35. Which of the following is NOT an essential property of a mineral?

(A) Natural occurrence

(B) Regular internal structure
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(C) Fixed composition

(D) Solid state
Correct Answer: (C) Fixed composition

Solution:
Step 1: Essential properties of minerals.
A mineral is defined as: - Naturally occurring, - Solid, - Inorganic, - With an ordered internal

structure (crystalline), - Having a definite but not necessarily fixed chemical composition.

Step 2: Key clarification.
The composition of many minerals is not strictly fixed but varies within limits due to solid

solution (e.g., plagioclase: Albite—Anorthite series).

Step 3: Conclusion.
Thus, “fixed composition” is not an essential property; instead, “definite composition within

arange” is correct.

Final Answer:

Fixed composition

Minerals often occur as solid solutions. So, while they have a definite range of com-

position, it is not a single fixed formula.

Q36. The number of lattice points in a face-centered cubic (FCC) unit cell is:

(A)1
(B) 2
(€3
(D) 4
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Correct Answer: (D) 4

Solution:
Step 1: Atoms in corners.

Each FCC unit cell has atoms at 8 corners. Contribution from each corner =

ool

8 X % = 1 atom from corners

Step 2: Atoms on faces.

Each of the 6 faces has one atom at its center. Contribution from each face = %

6 x 5 = 3 atoms from faces
Step 3: Total lattice points.

1+3=4

Final Answer:

Remember: FCC unit cell =4 atoms, BCC = 2 atoms, Simple cubic = 1 atom.

Q37. All the faces of an octahedron can be collectively symbolized by:

(A) 111
(B)[111]
(©) (111)
(D) {111}

Correct Answer: (D) {111}
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Solution:
Step 1: Crystallographic notation.
- (hkl) denotes a specific plane. - [uvw] denotes a specific direction. - {hkl} denotes a family

of symmetry-equivalent planes.

Step 2: Octahedral faces.

An octahedron in cubic crystals is bounded by 8 equivalent {111} planes.

Step 3: Conclusion.

Therefore, all faces of an octahedron are represented by the family {111}.

Final Answer:

{111}

Use parentheses (hkl) for single plane, square brackets [uvw] for directions, and curly

braces {hkl} for families of planes.

Q38. Shallow-focus earthquakes with tensional focal mechanism are characteristic of:

(A) Subduction zones

(B) Continental shear zones
(C) Transform faults

(D) Mid-ocean ridges

Correct Answer: (D) Mid-ocean ridges

Solution:
Step 1: Types of plate boundaries.
- Subduction zones: Compressional regime, deep and intermediate focus earthquakes. -

Continental shear zones: Strike-slip, mostly shallow, but shear not tensional. - Transform
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faults: Strike-slip, shallow-focus, but dominated by shear not tension. - Mid-ocean ridges:
Divergent boundaries, tensional stress regime, producing shallow-focus earthquakes (< 70

km).

Step 2: Correct setting.
Tensional mechanisms (normal faulting) with shallow-focus earthquakes are characteristic of

mid-ocean ridges.

Final Answer:

Mid-ocean ridges

Divergent boundaries (mid-ocean ridges) = shallow, tensional earthquakes. Convergent

boundaries = deep compressional earthquakes.

Q39. 90% of the bulk Earth is constituted of Fe, Si, O and:

(A) Al
(B) Ca
(C) Mg
(D) Na

Correct Answer: (C) Mg

Solution:

Step 1: Composition of the bulk Earth.

Geochemical studies (including meteorite composition and seismic density models) indicate
that the Earth is made primarily of four major elements: - Iron (Fe) - Oxygen (O) - Silicon
(Si) - Magnesium (Mg)

Together these four account for ~90% of Earth’s mass.
Step 2: Why Mg?
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- In the mantle, the dominant minerals are olivine (Mg,Fe),Si0,4 and pyroxenes
(Mg,Fe)Si03, showing the dominance of Mg. - The crust contains Al and Ca in feldspars,
but their abundance in the whole Earth is much smaller compared to Mg. - Na is a trace

constituent, not a bulk component.

Step 3: Supporting evidence.
The average bulk Earth composition (by weight): - Fe =~ 35% - O ~ 30% - Si ~ 15% - Mg

~ 14% Other elements (Al, Ca, Na, K, etc.) are present in much smaller amounts.

Final Answer:

Remember the acronym “Fe—O-Si-Mg” for bulk Earth composition. Al, Ca, Na are

significant in the crust, but not in the whole Earth.

Q40. Which of the following is/are slope stabilization method(s)?

(A) Bolting
(B) Application of shotcrete
(C) Use of impression packer

(D) Use of geogrid
Correct Answer: (A), (B), and (D)

Solution:

Step 1: Understanding slope stabilization.

Slope stabilization methods are engineering techniques used to prevent slope failure,
landslides, and rockfalls. These involve mechanical reinforcement, surface protection, or

modification of slope geometry and drainage.

Step 2: Examine each option.
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- (A) Bolting: Rock bolts anchor unstable rock masses to more stable layers. Widely used in
slopes and tunnels. v’

- (B) Shotcrete: Sprayed concrete applied on slope surfaces prevents weathering, erosion,
and small-scale detachment. v/

- (C) Impression packer: This is a geotechnical testing device used for in-situ stress
measurement and permeability testing, not a stabilization method.

- (D) Geogrid: A polymer grid used in soil reinforcement, improving slope stability by

enhancing shear strength. v’

Step 3: Conclusion.
Thus, slope stabilization methods include bolting, application of shotcrete, and use of

geogrids.

Final Answer:

[(A), (B), (D)|

Quick Tip

Think of slope stabilization in three categories: reinforcement (bolts, geogrids), sur-

face protection (shotcrete, vegetation), and drainage. Testing tools like impression

packers are excluded.

Q41. The amount of Fe in a sample of 25 g of pyrrhotite (FeS) is ______ g. (Atomic wt. of Fe
= 55.85 and S = 32.06) [round off to 2 decimal places]

Correct Answer: 15.86 g

Solution:

Step 1: Calculate molar mass of FeS.

M (FeS) = M(Fe) + M(S) = 55.85 + 32.06 = 87.91 g/mol

45



Step 2: Mass fraction of Fe in FeS.

95.85

Fraction of Fe =

Step 3: Mass of Fe in 25 g sample.

mpe = 25 X 0.6353 = 15.883 g

Step 4: Round off to 2 decimal places.

mre = 15.88 ¢

Final Answer:

Always compute molar mass, then use the fraction of the element of interest to scale the

given mass of compound.

Q42. The rate of spreading about a symmetric spreading center at the middle of a 4000 km

wide sea 1s 40 mm/year. The spreading began _____ million years before present. [in integer]
Correct Answer: 50 million years

Solution:
Step 1: Convert total width to half-width.

The sea 1s 4000 km wide. Since spreading is symmetric:

Half-width = @ = 2000 km

Step 2: Convert units of spreading rate.
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40 mm/year = 0.04 m/year = 0.00004 km/year
Step 3: Time required for spreading.

B Distance 2000
~ Rate  0.00004

= 50,000,000 years

Step 4: Express in million years.

t = 50 million years

Final Answer:

50 million years

In mid-ocean ridge problems: halve the total ocean width, convert spreading rate to

consistent units (km/yr), then divide distance by rate.

Q43. A vertical aerial photograph is obtained over flat terrain with a 30 cm focal-length
camera lens from an altitude of 18288 m. If the width of a dolerite dyke on this vertical

photograph is 2 mm, its actual width on the terrainis ______ m. [round off to 2 decimal places]
Correct Answer: 121.92 m

Solution:
Step 1: State the governing relation (vertical photo over flat terrain).
For a true vertical photograph with negligible relief, the photo scale is

photo distance  f
~ ground distance ~ H’

where [ is the camera focal length and H is the camera height above ground (flying height).

. . H
Hence, ground distance = photo distance x 7
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Step 2: Convert all quantities to consistent SI units.

f=30cm = 0.30 m, H = 18288 m, photo width = 2 mm = 0.002 m.

Step 3: Compute the photo scale and its inverse explicitly.

0.30 ) H 18288
S = % = 18988 —1.642... x 107° = inverse scale = 7 = 030 = 60960.

Thus the scale is 1 : 60960 (a very common mapping scale).

Step 4: Convert the measured width on the photo to the ground width.

Weround = (0.002 m) x 60960 = 121.92 m.

Step 5: Rounding and reasonableness check.
Rounded to two decimals, 121.92 m already has two decimals. Sanity check: 2 mm ~ 1/500
of an A4 width; at 1:60,960, every 1 mm represents ~ 60.96 m. Hence 2 mm ~ 121.92 m —

consistent.

Final Answer:

For vertical airphotos: Scale = f/H. Always put f and H in the same units first. Then

ground = photo x (H/f). A fast check: at 1:n, 1 mm on photo = n» mm on ground.

Q44. The decay constant of a radioactive isotope is 1.21 x 104 year~!. The half-life of the

isotopeis years. [round off to nearest integer]
Correct Answer: 5728 years

Solution:

Step 1: Start from the radioactive decay law.
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N(t) = Nge ™,

where A is the decay constant. By definition of the half-life ¢, /5,

N,
N(t12) = 70-

Step 2: Derive the half-life formula.

In2
12

Ny _ 1 _ 1
7:N0€ Atz = 526 At1/2 = ln(§) :_)‘tl/Q = t1/2:

Step 3: Insert the numerical value with correct units.

A=121x10"*year !,  In2=0.693147...

0.693147

t1/2 = W = H728.4876 years.

Step 4: Round to the requested precision and verify.

Nearest integer = 5728 years. Check by back-substitution:

—4
ef)\tl/Q _ 671.21><10 x5728.49 _ 670.69315 ~ 050007

which matches the definition of half-life.

Alternative (log;o) route (optional).
Using In 2 = 2.302585 X log;o 2 with log;, 2 = 0.30103 also gives

. _ 2302585 x 0.30103
127 7121 x 104

~ 5.728 x 10° years.

Final Answer:

1

. In2 .
Remember the trio: N = Nye M, tiy = HT, and mean life 7 =

automatically comes out in years—no extra conversion needed.

. If A is per year, ¢, /5

> |
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Q45. The given outcrop pattern on a flat topography represents:

N

Fold axis Fold axis

(A) Antiform with axial culmination
(B) Horizontal fold
(C) Plunging antiform

(D) Synform with axial depression
Correct Answer: (C) Plunging antiform

Solution:

Step 1: Recall key fold geometry concepts.

- Antiform: A fold that is convex upwards (limbs dip away from the hinge). Whether it is an
anticline or not depends on the facing direction of strata. - Synform: A fold that is concave
upwards (limbs dip towards the hinge). - Horizontal fold: Fold axis is horizontal; map
pattern is parallel bands, not closure. - Plunging fold: Fold axis is inclined (plunging into
the ground); map pattern forms closures (elliptical or eye-shaped patterns) on a horizontal
surface. - Axial culmination/depression: Refers to local highs or lows of the hinge line, not

the closure itself.

Step 2: Interpret the figure.
- The map pattern shows elliptical eye-shaped closures, which indicate a plunging fold. -
The fold axis is clearly drawn and is inclined toward both ends (not horizontal). - The

convex-up shape with outward-dipping limbs indicates an antiform.
Step 3: Eliminate wrong options.
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- (A) Antiform with axial culmination = would not show elliptical closures but rather a
culmination structure. Not correct. - (B) Horizontal fold = would give parallel stripes in
outcrop, not an eye pattern. Not correct. - (D) Synform with axial depression = would be

concave upwards, inconsistent with the given antiform geometry. Not correct.

Step 4: Correct interpretation.

Thus, the fold shown is an antiform with a plunging hinge line = a plunging antiform.

Final Answer:

Plunging antiform

Quick Tip

On a map, straight parallel fold traces usually mean horizontal folds. Elliptical or eye-

shaped closures always mean a plunging fold. Look at limb dips to decide antiform

(convex up) vs synform (concave up).

Q46. Match the following fossil taxa in Group I with their corresponding features in Group

II.

Group I Group II
P. Bryozoa 1. Denticles
Q. Ostracoda 2. Chamber
R. Foraminifera 3. Carapace
S. Conodont 4. Zooid

(A) P-4, Q-3,R-2, S-1
(B) P-3, Q-4, R-2, S-1
(C) P-4, Q-1, R-2, S-3
(D) P-3, Q-1, R4, S-2

Correct Answer: (A) P-4, Q-3, R-2, S-1
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Solution:

Step 1: Recall key diagnostic features.

- Bryozoa are colonial; each individual in the colony is a zooid. = P = 4.

- Ostracoda are small crustaceans enclosed in a bivalved carapace. = Q = 3.
- Foraminifera build tests composed of multiple chambers. = R = 2.

- Conodont elements are tooth-like with serrated denticles. = S = 1.

Step 2: Compile the mapping.
P-4, Q-3, R-2, S-1 = matchesoption(A).

Final Answer:

[(A)P-4,Q-3,R-2,8-1

Link fossils to one “signature word”: Bryozoa—zooid; Ostracoda—carapace;

Foraminifera—chamber; Conodont—denticles.

Q47. In the given schematic diagram, cross beds are exposed on a vertical rock face. The

feature XY (bold line) represents a/an:

(A) reactivation surface.

(B) foreset of cross bed.
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(C) scoured channel base.

(D) angular unconformity.
Correct Answer: (A) reactivation surface

Solution:

Step 1: What is a reactivation surface?

Within a set of cross beds produced by migrating dunes, episodes of brief flow-strength
changes or minor scour create a gently erosional surface that truncates older foresets and
is then overlain by a new set of foresets with a slightly different dip—this is a reactivation

surface.

Step 2: Read the diagram features.
The bold XY line:

e cuts across and truncates underlying cross-laminae,
* is overlain by new cross-laminae with a slightly different orientation,
e is internal to a cross-bed set (not at the base of a thick erosional channel).

These are hallmark traits of a reactivation surface.

Step 3: Eliminate incorrect options.

- (B) Foreset: a foreset is a bed inclined in the flow direction, not a truncation surface; XY
clearly truncates foresets.

- (C) Scoured channel base: would display a major concave-up erosional surface separating
distinct lithofacies; XY is a thin internal surface within cross-beds.

- (D) Angular unconformity: separates older tilted strata from younger overlying beds at a

large angular discordance; XY is much smaller-scale within a single dune set.

Final Answer:

| Reactivation surface |
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Inside cross-bedded sets, a thin erosional line that truncates older foresets and is overlain

by new ones with a slightly different dip is a reactivation surface; major concave-up

erosions at bedset bases indicate channel scours.

Q48. The schematic diagram represents thin section of a carbonate rock. The type of cement

formed by large calcite crystals is known as:

Grains <
il

(A) Overgrowth cement
(B) Poikilotopic cement
(C) Isopachous cement

(D) Meniscus cement
Correct Answer: (B) Poikilotopic cement

Solution:

Step 1: Recall the different cement types in carbonates.

- Overgrowth cement: Forms as syntaxial rim cement, growing outward from the grain,
usually seen in quartz arenites. Not applicable here.

- Isopachous cement: Layer of cement coating grains equally on all sides, usually fibrous
aragonite or calcite, typical of submarine phreatic environments.

- Meniscus cement: Cement precipitated at grain—grain contacts in vadose conditions,

forming curved bridges.
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- Poikilotopic cement: Large, equant calcite crystals that enclose and engulf multiple

grains, forming a distinctive texture in thin section.

Step 2: Interpretation of the figure.
The schematic shows grains floating within large crystals of calcite cement that extend
across multiple grains, indicating that the cement crystals are much larger than the grains

themselves. This is diagnostic of poikilotopic cement.

Step 3: Eliminate incorrect options.
- Overgrowth cement: not shown (no syntaxial rims).
- Isopachous cement: would be thin, equal rims around each grain, not engulfing.

- Meniscus cement: would be localized at contact points, not filling entire pores.

Final Answer:

Poikilotopic cement

Quick Tip

In carbonate petrography: large crystals engulfing multiple grains = poikilotopic ce-

ment; uniform rim = isopachous; bridge at contacts = meniscus; syntaxial rim =

overgrowth.

Q49. Based on the three statements given below, choose the CORRECT option.
Statement I: Echinoids have water vascular system.

Statement I1: Delthyrium and pedicle foramen are found in the brachial valve of
brachiopods.

Statement I1I: Cardinal teeth, adductor muscles and chondrophore are found in bivalves.

(A) Statements I and III are correct, statement II is incorrect.
(B) Statements II and III are correct, statement I is incorrect.

(C) Statements I and II are correct, statement III is incorrect.
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(D) Statements I, I and III are correct.
Correct Answer: (A) Statements I and III are correct, statement II is incorrect.

Solution:
Step 1: Check Statement 1.
Echinoids (sea urchins, echinoderms) possess a water vascular system with tube feet, used

in locomotion and respiration. Hence, Statement I is correct.

Step 2: Check Statement II.
In brachiopods, the delthyrium (a triangular opening) and pedicle foramen are structures in

the pedicle valve, not the brachial valve. Hence, Statement II is incorrect.

Step 3: Check Statement III.
Bivalves are characterized by: - Cardinal teeth (hinge mechanism), - Adductor muscles
(close shells), - Chondrophore (internal support for ligament in some bivalves, e.g.,

Mactridae). Thus, Statement 111 is correct.

Step 4: Combine results.

Only Statements I and III are correct; Statement II is incorrect.

Final Answer:

‘ (A) Statements I and III are correct, statement II is incorrect.

Remember: Pedicle valve = brachiopod pedicle opening; Bivalves = hinge teeth +

adductor scars; Echinoderms = water vascular system.

Q50. The total number of symmetry elements in the crystal class represented by the point

group 4/m3 2/m is:

(A) 21
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(B) 22
(C) 23
(D) 24

Correct Answer: (D) 24

Solution:
Step 1: Identify the crystal class.
The point group 4/m 3 2/m belongs to the isometric (cubic) system, specifically the

octahedral class (also called the full cubic symmetry).

Step 2: List symmetry elements.

The octahedral (4/m 3 2/m) class contains: - Axes of rotation: - 3 fourfold axes (along cube
axes), - 4 threefold axes (along cube body diagonals), - 6 twofold axes (along cube face
diagonals). Total = 13 rotational axes.

- Mirror planes: - 9 mirror planes (3 axial, 6 diagonal).

- Center of symmetry: - 1 inversion center.

- Rotoinversion/symmetry combinations: - These generate the full set such that the total

count = 24 distinct symmetry elements.

Step 3: Confirm standard reference.
In crystallography tables, the point group 4/m 3 2/m (Oh) is known to have the maximum

possible symmetry elements: 24.

Final Answer:

The cubic system’s full symmetry class (4/m 3 2/m, also called Oh) is the “highest

symmetry” group with exactly 24 symmetry elements.

57



Q51. The ratio of bridging to non-bridging oxygen atoms in the amphibole structure is:

(A) 4:11
(B) 5:6
(C) 27
(D) 1:2

Correct Answer: (B) 5:6

Solution:
Step 1: Recall the anionic unit of amphiboles.

Amphiboles are double-chain inosilicates. The fundamental silicate anion is

(814011)6_.

Step 2: Count how many oxygens are shared (bridging).
If four SiO, tetrahedra were isolated, they would contain 4 x 4 = 16 O. In the double chain

they actually have 11 O, hence the number of shared (bridging) oxygens
b=16—-11=5.
Step 3: Determine non-bridging oxygens.

Total oxygens present in the anionic unit = 11. Therefore, non-bridging oxygens

—11-b=11-5=6.

Step 4: Form the ratio.
Bridging : Non-bridging =5 : 6.

Final Answer:

For chain silicates, compare “isolated” O (4n for n tetrahedra) with the actual O in the

anionic group; the difference gives the count of bridging oxygens.
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Q52. Match the following basins in Group I with their corresponding formations in Group II.

Group I Group 11

P. Cauvery 1. Lohardih
Q. Damodar 2. Tiratgarh
R. Chhattisgarh 3. Raniganj
S. Indravati 4. Kallamedu

(A) P-4, Q-3,R-2, S-1
(B) P-3, Q-4, R-2, S-1
(C) P-4, Q-1,R-3, S-2
(D) P-2, Q-3, R-1, S-4

Correct Answer: (A) P-4, Q-3, R-2, S-1

Solution:

Step 1: Recall characteristic formations of each basin.

- Cauvery Basin (Meso—Cenozoic, SE India): well-known Kallamedu Formation (Late
Cretaceous). = P—4.

- Damodar Basin (Gondwana, eastern India): classic coal measures including the Raniganj
Formation. = Q-3.

- Chhattisgarh Basin (Proterozoic): includes the Tiratgarh Sandstone/Formation. = R-2.

- Indravati Basin (Proterozoic, Bastar craton): includes Lohardih Formation. = S—-1.

Step 2: Compile the mapping.
P-4, Q-3, R-2, S-1 = option(A).

Final Answer:

[(A)P-4,Q-3,R-2,S-1

Mnemonic: Kallamedu—Cauvery = (K-C),  Raniganj-Damodar  (R-D),
Tiratgarh—Chhattisgarh (Ti—Ch), Lohardih—Indravati (Lo—In).
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Q53. Based on the three statements given below, choose the CORRECT option.
Statement I: Gigantopithecus is a genus of the family Hominidae.
Statement I1: Equus is a living genus of the family Equidae.

Statement I1I: Gomphotherium is a genus belonging to the order Proboscidea.

(A) Statements I and II are correct, statement III is incorrect.
(B) Statements I and III are correct, statement II is incorrect.
(C) Statements II and III are correct, statement I is incorrect.

(D) Statements I, II and III are correct.
Correct Answer: (D) Statements I, II and III are correct.

Solution:

Step 1: Check Statement 1.

Gigantopithecus was a giant ape (extinct) from the Miocene—Pleistocene of Asia. It belongs
to the family Hominidae, subfamily Ponginae (closely related to orangutans). Thus,

Statement I is correct.

Step 2: Check Statement II.
Equus is a living genus including horses, donkeys, and zebras, and is the only surviving

genus of the family Equidae. Thus, Statement II is correct.

Step 3: Check Statement III.
Gomphotherium is an extinct proboscidean (order Proboscidea), related to elephants, with

long lower jaws and shovel-like tusks. Thus, Statement III is correct.

Step 4: Conclusion.

All three statements (I, II, III) are correct.

Final Answer:

’ (D) Statements I, II and III are correct.
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Remember: Gigantopithecus (ape) = Hominidae; Equus (horse, zebra, donkey) = living

Equidae; Gomphotherium = extinct elephant relative (Proboscidea).

Q54. In porphyry copper deposits, the order of alteration zones from the intrusive body

outwards is:

(A) Propylitic — Argillic — Phyllic — Potassic
(B) Argillic — Phyllic — Potassic — Propylitic
(C) Potassic — Phyllic — Argillic — Propylitic
(D) Potassic — Argillic — Phyllic — Propylitic

Correct Answer: (C) Potassic — Phyllic — Argillic — Propylitic

Solution:

Step 1: Recall alteration zoning in porphyry copper systems.

- Potassic alteration (K-feldspar + biotite): core zone, highest temperature, nearest to
intrusive.

- Phyllic alteration (sericite + quartz + pyrite): next outward zone, high-temperature
hydrothermal fluids.

- Argillic alteration (kaolinite, montmorillonite, clay minerals): intermediate to outer zone,
lower temperatures.

- Propylitic alteration (chlorite, epidote, calcite): outermost zone, peripheral alteration at

lowest temperatures.

Step 2: Arrange in correct order.

From core to margin:

Potassic — Phyllic — Argillic — Propylitic.
Step 3: Verify against options.
This matches option (C).
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Final Answer:

(C) Potassic — Phyllic — Argillic — Propylitic

Porphyry copper alteration sequence from intrusive outward: P-P-A-P = Potassic —

Phyllic — Argillic — Propylitic.

Q55. Which is the CORRECT sequence of ore minerals in their increasing order of

reflectance?

(A) Galena, Sphalerite, Magnetite, Pyrite
(B) Magnetite, Sphalerite, Galena, Pyrite
(C) Sphalerite, Magnetite, Galena, Pyrite
(D) Galena, Magnetite, Sphalerite, Pyrite

Correct Answer: (C) Sphalerite, Magnetite, Galena, Pyrite

Solution:
Step 1: Understanding reflectance.
Reflectance of ore minerals refers to the percentage of incident light reflected from a polished

surface under reflected light microscopy. Minerals with higher reflectance appear brighter.

Step 2: Approximate reflectance values.

- Sphalerite: very low reflectance (~ 17% — 20%)

- Magnetite: moderate reflectance (~ 25% — 30%)

- Galena: higher reflectance (~ 43% — 45%)

- Pyrite: highest reflectance among these (~ 55% — 57%)

Step 3: Arrange in increasing order.

From lowest to highest:

Sphalerite < Magnetite < Galena < Pyrite
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Final Answer:

(C) Sphalerite, Magnetite, Galena, Pyrite

Quick Tip

To solve reflectance-based sequence questions, recall approximate brightness values

under reflected light: sulfides like pyrite are typically much brighter than magnetite and

sphalerite.

Q56. Which of the following stratigraphic successions is/are arranged in CORRECT

chronological order?

(A) Muth Quartzite - Syringothyris Limestone - Fenestella Shale - Panjal Volcanics
(B) Barakar Formation - Bijori Formation - Pachmarhi Formation - Bagra Formation
(C) Chiravati Group - Papaghni Group - Nallamalai Group - Kurnool Group

(D) Kaimur Group - Semri Group - Bhander Group - Rewa Group

Correct Answer: (B) and (C)

Solution:

Step 1: Recall the stratigraphy of Vindhyan and Gondwana sequences.

- Gondwana succession: Barakar — Bijori — Pachmarhi — Bagra (chronological order).
Thus, option (B) is correct.

- Cuddapah Basin: Chiravati Group (oldest) — Papaghni — Nallamalai — Kurnool

(youngest). Thus, option (C) is correct.

Step 2: Check other options.

- Option (A): Incorrect because Panjal Volcanics (Permian-Triassic) are older than
Syringothyris Limestone and Fenestella Shale.

- Option (D): Incorrect order of Vindhyan succession. Correct order is: Semri (oldest) —

Kaimur — Rewa — Bhander (youngest).

Final Answer:

(B) and (C)
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Quick Tip

Stratigraphy questions are best solved by memorizing the correct chronological order

of formations in Gondwana and Cuddapah basins. Remember: Barakar is Lower Gond-

wana, while Kurnool is the youngest in Cuddapah.

QS57. Which of the following options represent(s) simultaneous crystallization of two

minerals in the given feature(s)?

(A) Granophyric texture
(B) Myrmekite
(C) Corona of orthopyroxene around anhedral olivine

(D) Cumulate pyroxene with interstitial plagioclase
Correct Answer: (A) Granophyric texture and (B) Myrmekite

Solution:
Step 1: Recall the concept of simultaneous crystallization.
When two minerals crystallize together in mutual interference patterns or intergrowths, it

indicates simultaneous crystallization from a melt.

Step 2: Check each option.

- (A) Granophyric texture: This is an intergrowth of quartz and feldspar with graphic or
suture-like contacts, typical of simultaneous crystallization — Correct.

- (B) Myrmekite: Wormy intergrowth of quartz in plagioclase, formed due to reaction or
simultaneous growth — Correct.

- (C) Corona of orthopyroxene around olivine: Represents a reaction rim texture, not
simultaneous crystallization.

- (D) Cumulate pyroxene with interstitial plagioclase: Indicates sequential crystallization,

not simultaneous.

Step 3: Conclusion.

The correct examples of simultaneous crystallization are (A) and (B).
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Final Answer:

(A) Granophyric texture and (B) Myrmekite

Quick Tip

Intergrowth textures like graphic, granophyric, and myrmekitic are good indicators of

simultaneous crystallization of two minerals. Reaction rims (coronas) and cumulates

represent sequential crystallization instead.

Q58. Which of the following textures suggest(s) post-kinematic growth of the mentioned

mineral?

(A) Randomly oriented chlorite grain aggregates pseudomorphing porphyroblast
(B) Garnet porphyroblast wrapped by external foliation
(C) Foliation defining biotite wrapping around a porphyroblast

(D) Porphyroblastic garnet containing helictic fold as internal schistosity

Correct Answer: (B) Garnet porphyroblast wrapped by external foliation and (C) Foliation

defining biotite wrapping around a porphyroblast

Solution:

Step 1: Post-kinematic growth definition.

Post-kinematic growth occurs when a mineral crystallizes after deformation has ceased. In
such cases, foliation or external structures wrap around the porphyroblast, rather than being

included inside it.

Step 2: Check each option.

- (A) Random chlorite pseudomorphing a porphyroblast — replacement texture, not
necessarily post-kinematic.

- (B) Garnet wrapped by external foliation — foliation formed after garnet crystallization
stopped — indicates post-kinematic growth — Correct.

- (C) Foliation defining biotite wrapping around porphyroblast — again suggests

porphyroblast formed before deformation ended, thus post-kinematic — Correct.
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- (D) Garnet with helictic folds (inclusion trails) — indicates syn-kinematic growth, not

post-kinematic.

Step 3: Conclusion.

Post-kinematic textures are best represented by (B) and (C).

Final Answer:

(B) and (C)

Quick Tip
Post-kinematic porphyroblasts show foliation bending or wrapping around them. In

contrast, syn-kinematic porphyroblasts preserve internal inclusion trails aligned with or

oblique to the external foliation.

Q59. In the schematic cross-section of a hill, a planar discontinuity intersects a planar slope
face. Using kinematic analysis, which of the following conditions favor(s) plane failure to

occur?

(A) The dip of the discontinuity surface is less than that of the slope face.
(B) Friction angle on the discontinuity surface is more than the dip of the slope face.
(C) Friction angle on the discontinuity surface is less than the dip of the discontinuity.

(D) The dip direction of the discontinuity surface is same as that of the slope face.
Correct Answer: (C) and (D)

Solution:
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Step 1: Concept of plane failure in slopes.

Plane failure occurs when a planar discontinuity (e.g., bedding plane, joint, fault surface)
becomes unstable and slides along the slope. For this to happen, two main conditions must
be satisfied: 1. Geometric condition: The discontinuity plane should have the same dip
direction as the slope face, and its dip angle should be less than that of the slope face but
greater than the angle of internal friction. 2. Kinematic condition: The shear resistance is

overcome when the dip of the discontinuity exceeds the friction angle.

Step 2: Examine each option.

- (A) Dip of discontinuity less than slope face: This is necessary but not sufficient. If too
low, failure cannot occur. Alone, it does not guarantee plane failure.

- (B) Friction angle more than slope face dip: This makes the surface stable, not unstable.
So this prevents failure.

- (C) Friction angle less than dip of discontinuity: This is the critical condition for sliding.
If discontinuity dip exceeds friction angle, shear resistance is overcome — Correct.

- (D) Dip direction of discontinuity same as slope face: Without the same dip direction,

sliding cannot occur in that slope — Correct.

Step 3: Combine conditions.

Thus, plane failure is possible when (C) and (D) are satisfied together.

Final Answer:

(C) and (D)

Quick Tip

For plane failure: the discontinuity dip should be less than the slope face dip but greater
than the friction angle, and the dip direction must coincide with the slope face. Always

check both geometric and mechanical conditions.

Q60. In a drainage basin, the number of the 1st, 2nd, 3rd, 4th and 5th order streams are 240,
40, 8, 2 and 1, respectively. The average of all calculated bifurcation ratios is ...............

[round off to 2 decimal places]
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Correct Answer: 4.17

Solution:
Step 1: Formula for bifurcation ratio.

Bifurcation ratio (R;) between two successive orders is defined as:

Ny
Nu+1

where V,, = number of streams of order u, N, = number of streams of next higher order.

Ry =

Step 2: Calculate bifurcation ratios for each successive pair.

- Between 1st and 2nd order:

240
Rb = E =6
- Between 2nd and 3rd order:
40
Ry=—=95
b7 g
- Between 3rd and 4th order:
8
Rb — 5 — 4
- Between 4th and 5th order:
2
Rb — I - 2
Step 3: Find average bifurcation ratio.
6+5+4+2 17
Average Ry = Ei i s 4.25
4 4
Step 4: Round off to 2 decimal places.
Ry, = 4.25
Final Answer:
4.25

In stream ordering problems, always use Horton’s law of stream numbers: R, =

Ny/Nyu+1. The average is taken over all successive pairs of stream orders.
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Q61. A sandstone follows Mohr-Coulomb failure criterion. If the uniaxial compressive
strength and the angle of the internal friction of the sandstone are 7 MPa and 30°,
respectively, the calculated cohesion of the rock is ................ MPa. [round off to 2 decimal

places]
Correct Answer: 2.02 MPa

Solution:
Step 1: Recall Mohr-Coulomb criterion.
Shear strength of rock:

T=c+otan¢
where ¢ = cohesion, ¢ = angle of internal friction.
Step 2: Relation between uniaxial compressive strength (UCS) and cohesion.

For uniaxial compression test:

o3 =0, o3 =UCS

The relation is:

2ccos ¢
o] = ————
'™ 1 sin [0)
Step 3: Substitute values.
Given: o1 = 7TMPa, ¢ = 30°.
~ 2ccos 30°
1 —sin30°

Step 4: Simplify.

3 1
cos 30° = - sin 30° = 5

. 2¢- (v/3/2)
1—1/2

V3

0.5

7 =2cV3
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Step 5: Solve for c.

’ T ~ 2.02MPa

“To/3 3464

Final Answer:

Quick Tip

For UCS problems, remember:
_ 2ccos¢

e = 1 —sing

This is the direct link between uniaxial compressive strength, cohesion, and internal

friction angle.

Q62. At a certain depth in the crust, the maximum and minimum principal compressive
stresses are 150 MPa and 75 MPa, respectively, which lead to normal faulting. If the average
density of the crust is 2700 kg/m3, the crustal depth of fracture initiation according to
Anderson’s theory of faulting is ................ km. (g = 10 m/s?) [round off to one decimal
place]

Correct Answer: 5.6 km

Solution:
Step 1: Concept.

According to Anderson’s theory, vertical stress (o,) corresponds to lithostatic stress:
oy = pgh
where p = density, g = gravity, h = depth.

Step 2: Identify given stresses.
Maximum principal stress o1 = 150 MPa, minimum principal stress o3 = 75 MPa. For

normal faulting, o1 = o,,.
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So,
o, = 150 MPa = 150 x 10° Pa

Step 3: Calculate depth.

oy = pgh = =2
Pg

150 x 10° 150 x 10°

00X 10 27000 Coooom

Step 4: Convert to km.

h = 5.6km (approx.)

Final Answer:

In Anderson’s faulting theory, vertical stress is lithostatic. Always use o, = pgh to relate

stress to crustal depth.

Q63. A cylindrical soil sample of 10 cm diameter is tested in a constant-head permeameter.
A volume of 250 cm? of water is collected in 5 minutes when the constant-head difference
between tapping points 15 cm apart is 5 cm. Considering Darcy flow, the absolute value of

coefficient of permeability in cm/s is .............. (m = 3.14) [round off to 3 decimal places]
Correct Answer: 0.014 cm/s

Solution:

Step 1: Formula for coefficient of permeability (Darcy’s law).



where () = discharge volume, L = length between tapping points, A = cross-sectional area, h

= head difference, ¢t = time.

Step 2: Given values.
- Diameter = 10 cm = radius = 5 cm.
- Cross-sectional area:

A=7r?2 =314 x 5% = 78.5cm?

-Q =250 cm?

-t =5 minutes = 300 s
-L=15cm
-h=5cm

Step 3: Calculate discharge rate.

250
Q/t = 355 = 0-833 cm?/s

Step 4: Substitute into Darcy’s law.

0.833)(15)  12.495
785 x5 3925

Oops — recheck with correct form:

k= ( ~ 0.0318

Q- L
k=

A-h-t
250 x 15
T 785 % 5 x 300

3750
= = 0.031
117750 0.0318 cm/s

On correcting rounding and significant figures: ~ 0.032 cm/s.

k

Final Answer:

0.032cm/s

For permeability tests, always remember to include sample length L, head difference ,

and discharge per unit time. Use k = QL/(Aht).
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Q64. The minimum anion-to-cation radius ratio at which a 3-fold coordination becomes

possible is ............. [round off to 2 decimal places]
Correct Answer: 0.15

Solution:
Step 1: Recall radius ratio rule.

) ) T ) ) ) )
Radius ratio = —<, where r. = cation radius, r, = anion radius.
Ta

Step 2: Threshold for 3-fold coordination (triangular planar).

For coordination number = 3, minimum radius ratio = 0.155.
Step 3: Round off.
0.155 =~ 0.15 (2 decimal places)

Final Answer:

Radius ratio rules help predict coordination: - CN = 2 — 0.00-0.15 - CN = 3 —
0.15-0.22 - CN =4 — 0.22-0.41, etc.

Q65. The mole fraction of jadeite in the pyroxene of composition
(Cao,667Na0.333Fe3f;2Fegf;25Mgg,546A10,208)Si206 IS ceeeeeiieeeeennns [I‘Olll’ld off to 3 decimal

places]
Correct Answer: 0.333

Solution:
Step 1: Recall jadeite formula.
Jadeite = NaAlSi,Og — requires Na in M2 site and Al in M1 site.
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Step 2: Given composition.

(Cag.g67Nag_333Fep o Fep |- Mgo 546Al0.208)Si2Og.

Step 3: Identify Na and Al contributions.
- Na =0.333 mol. - Al =0.208 mol. Jadeite component is controlled by Na occupancy since

jadeite requires 1 Na and 1 Al per formula unit.

Step 4: Calculate mole fraction.

Na =0.333 — fraction = 0.333.

Final Answer:

In pyroxenes, jadeite content is estimated from Na in the formula. If Na = 0.33 pfu, the

mole fraction of jadeite is 0.333.
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