
Instructions:

– Section I consists of 30 questions that assess geoscience knowledge in the form of multiple-choice questions.
Each question is worth 2 points.

– You have 1 hour and 15 minutes to complete this section.

– Any type of calculator is allowed.

– Participating in this exam is agreement to our Academic Integrity Policy.

https://docs.google.com/document/d/e/2PACX-1vTK0_9KfEMN4BH36tytKvzX_5RC1y-3AyFrKN6uUwyCxDjscOf9QQD4CYu34V4TQzhpU_PB1dREivqw/pub


1. Crustal thickness (Htot) in volcanic arc regions can be estimated by interpreting the geochemical properties of
surface igneous rocks through a process known as mohometry. A Sr/Y mohometer is shown below.

Let Htot = H +h, where H represents the depth of the Moho discontinuity relative to sea level and h represents
the elevation of the land surface. Which of the following statements is/are likely true?

I) H correlates negatively with h

II) Measured SiO2 correlates negatively with Htot

III) Strontium is incompatible at high pressures (i.e. it does not fit well into the crystal structure of most
minerals) while yttrium is compatible

A. II only

B. III only

C. I and II

D. I and III

E. None

Solution: Recall that mountains (with high elevation) have crustal roots that extend deep below the surface,
resulting in greater Moho depth – I is false. Processes such as assimilation enrich magmas with silica as
they travel through the crust, so measured SiO2 tends to increase with crustal thickness – II is false. We
can infer from the diagram that increasing Sr content and decreasing Y content correlates positively with
greater crustal thickness and thus greater subsurface pressure. Therefore, Sr must be incompatible at high
pressures to preferentially enter melt, while Y must be compatible to preferentially remain in solid phase at
depth – III is true.

2. Marc examines object X with circular orbit about star Y. He finds four different expressions for X’s orbital
velocity using each of the four methods described below.

I) Equating the sum of X’s kinetic and potential energy to X’s total energy

II) Equating the centripetal force exerted on X to the gravitational force exerted on X

III) Dividing X’s angular momentum by the product of X’s orbital radius and mass

IV) Dividing the distance X travels in a single orbit by X’s orbital period
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Marc realizes that by equating two of the derived expressions for X’s orbital velocity and rearranging terms
(without substitution), he can produce an expression for Kepler’s third law. Which two expressions does he
equate?

A. I and III

B. I and IV

C. II and III

D. II and IV

E. III and IV

Solution: Let m, R, E, L, and T represent the mass, orbital radius, total energy, angular momentum, and
orbital period of object X, respectively. Let M represent the mass of star Y. Solve for orbital velocity in all
four scenarios:

vI =

r
2(E +GMmR)

m

vII =

r
GM

R

vIII =
L

mR

vIV =
2�R

T

Equating vII and vIV and squaring both sides gives us:

GM

R
=

4�2R2

T 2

If we move each term except for T 2 to the right, we get an equation for Kepler’s third law:

T 2 =
4�2

GM
R3

3. The model below describes an N-layer atmosphere transparent to incoming solar radiation in which each layer
absorbs all outgoing terrestrial infrared radiation. If S0

4 (1��) equals the average incoming solar radiation across
the planet and �T 4

i represents blackbody radiation emitted by a given layer, which of the following is/are true
regarding the model?
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I) The top of the atmosphere has a radiative balance given byS0
4 (1 � � ) = �T 4

n

II) The planetary surface has a radiative balance given byS0
4 (1 � � ) + �T 4

1 = �T 4
s

III) Each individual layer has a radiative balance given by 2�T i
4 = �T 4

i � 1 + �T 4
i +1

A. I only

B. II only

C. I and II

D. II and III

E. I, II, and III

Solution: For a system in radiative equilibrium, the amount of incoming and outgoing radiation must
balance. The total radiation absorbed by Earth equals the total outgoing radiation - I is true. The total
radiation absorbed by the surface equals the total outgoing radiation at the surface - II is true. The total
radiation emitted by each interior layer equals the total radiation absorbed by the same layer - III is true.

4. Below are three structures formed by deformation. Which of the following best characterizes the stress that
likely produced each structure?

A. Compressional; extensional; compressional

B. Compressional; extensional; extensional

C. Shear; compressional; compressional

D. Shear; compressional; extensional

E. Extensional; extensional; shear

Solution: The �rst image displays a buckle fold, which is formed by compressional stress. Since layers of
similar colors/textures are shifted down on the hanging wall, the second image displays a normal fault, which
is formed by extensional stress. The third image displays pinch-and-swell structures, which are predominantly
by extensional stress.
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