
Instructions:

– Section I consists of 10 multiple choice questions, with each question worth 2 points. There is only one correct
option on multiple choice questions

– Section II consists of 2 multipart free response questions

– A non-graphing, non-programmable calculator is allowed; show all work for calculations

– Recommended time management: 30 minutes on each section



Section I

1. (2 points) You discover a planar vein of quartz exposed from a perfectly vertical roadcut on flat ground, as
shown in the figure below. The thickness on the ground is 0.25 m, while the thickness on the wall is 0.40 m.

0.25 m

0.40 m

Which of the following is closest to the true thickness, in meters?

A. 0.05 m

B. 0.10 m

C. 0.15 m

D. 0.20 m

E. 0.25 m

Solution:

The true thickness d is the length highlighted in blue. There are various ways to solve. Here, we use

trigonometry. d = 0:25 sin (arctan 0:40=0:25) = 0:21 m. This is closest to D .
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2. (2 points) Bouguer gravity anomaly profiles can be used to study geologic structures by detecting underground
density variations. Positive anomalies occur in regions where density is relatively high compared to surrounding
country rock, while negative anomalies occur in regions where density is relatively low.

Assuming any hanging walls are left of center, match the above Bouguer gravity profiles to their corresponding
structure.

A. 1 - normal fault, 2 - mafic dike, 3 - reverse fault, 4 - sedimentary basin

B. 1 - reverse fault, 2 - mafic dike, 3 - normal fault, 4 - sedimentary basin

C. 1 - normal fault, 2 - sedimentary basin, 3 - reverse fault, 4 - mafic dike

D. 1 - reverse fault, 2 - sedimentary basin, 3 - normal fault, 4 - mafic dike

E. 1 - mafic dike, 2 - sedimentary basin, 3 - reverse fault, 4 - normal fault

Solution: 1: Reverse fault, high density of the hanging wall indicates it moves down relative to the footwall.
2: Mafic dike, small region of higher density. 3: Normal fault, high density of the footwall indicates it moves
down relative to the hanging wall. 4: Sedimentary basin, sedimentary rocks have lower density relative to
igneous country rock.

3. (2 points) Which of the following is consistent with a tectonic environment in which very old oceanic crust
subducts under an island arc?

A. A relatively narrow forearc basin and a steeply-dipping Wadati-Benioff seismic zone

B. A relatively narrow forearc basin and an abundance of granulite facies

C. A relatively wide forearc basin and back-arc compression

D. A shallow-dipping Wadati-Benioff seismic zone and an abundance of granulite facies

E. A shallow-dipping Wadati-Benioff seismic zone and back-arc extension

F. A steeply-dipping Wadati-Benioff seismic zone and back-arc compression

Solution: Very old oceanic crust is very dense, so it will subduct at a high angle relative to the surface
and create a steeply-dipping Wadati-Benioff seismic zone. Thus, the magmatic arc will form closer to the
trench, leaving a narrow forearc basin. Steep subduction is associated with back arc extension, while shallow
subduction causes compressional stresses on the back arc region. Metamorphism in subduction zones is
characterized by high pressure/low temperature facies such as blueschist and eclogite; granulite forms at
generally higher temperatures.
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4. (2 points) Geosphere dynamics may affect climate in interesting ways. Which of the following is not true about
the interaction of the geosphere with the global climate?

I) Greenhouse climates tend to be associated with faster mid-ocean ridge spreading rates than icehouse climates

II) The eruption of supervolcanoes like Yellowstone initially cools the planet

III) The weathering of silicates is a net carbon sink

A. I only

B. II only

C. III only

D. II and III

E. I, II, and III

F. None

Solution: Faster mid-ocean ridge spreading is associated with more prolific volcanism and outgassing of
GHGs - I is true. Supervolcano eruptions release both GHGs and aerosols into the atmosphere, but aerosols
dominate the short term climate response and reflect shortwave radiation, thereby cooling the planet - II
is true. Silicate weathering consumes more CO2 than is released during ocean carbonate formation (see

carbonate-silicate cycle) - III is true. Thus, the answer is F .

5. (2 points) Which of the following tectonic environments is most likely depicted by the geotherm and solidus
curves shown below?

A. A

B. B

C. C

D. D

Solution: First, notice that the geotherm dips at depth, suggesting that there is an anomalously cold region.
Next, the solidus curve also dips, suggesting that there is some process that is lowering the melting point of
mantle rock. Both of these clues point towards the presence of a subducting slab, which introduces water

into the mantle, lowering the solidus via flux melting. Thus, the answer is C .
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Refer to the �gure below for questions 6 and 7 . The �gure below divides Earth's surface into three regions
according to the seismic waves (or lack thereof) that are observed in each after an earthquake. Note: the arrow
points to a portion of region Y seen on the other side of the globe.

6. (2 points) Where, approximately, did this earthquake most likely occur?

A. Southeast Asia

B. O� the coast of South America

C. Near the Mediterranean

D. The North Pole

E. The South Pole

Solution: Notice that X shows where both P- and S-waves occur, Y represents the P-wave shadow zone,
and Y and Z comprise the S-wave shadow zone. One may see that the earthquake occurred in the center of
X. The only plausible answer is B (not shown in the �gure).
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7. (2 points) Consider if the radius of the outer core was increased. Which of the following would be true?

I) Only P-waves would be observed in Y

II) Y would move towards X

III) Surface waves would be observed in Z

IV) Z would expand

A. I only

B. II only

C. I and III

D. II and IV

E. II, III, and IV

Solution: Like in the previous question, this answer is most clear using a two-dimensional view of seismic
wave rays. I is false because both P- and S-waves are refracted back to the surface unobstructed. Meanwhile,
the hypothetically larger outer core does obstruct their path such that the boundary between regions X and
Y moves towards the center of X; II is true. III is false | surface waves would not reach the other side of
the globe. Finally, IV is true because a larger core would create a larger area where core-refracted P-waves
reach the surface.

8. (2 points) Three drill cores, each of 800 m depth, are drilled in a line, each spaced 200 meters apart. The width
of each core can be neglected. Let� represent the true dip. Assume no overturning unless otherwise stated.

Di�erent geologic beds are denoted as di�erent colors and are labeled A-G.

(a) Which of the following best describes the structure immediately surrounding the fault?

A. Rightward dipping planar beds

B. A syncline above the fault plane with an anticline below the fault plane

C. A single syncline split by the fault

D. An anticline above the fault plane with a syncline below the fault plane
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Solution: The most direct approach is to interpolate the strata between the three drill cores, because they
are drilled in a line.

This best �ts description D .

(b) Which of the following most accurately describes the fault?

A. A normal fault with � � 69.4 degrees

B. A normal fault with � � 20.6 degrees

C. A normal fault with � = 20.6 degrees

D. A reverse fault with � � 69.4 degrees

E. A thrust fault with � � 20.6 degrees

F. A thrust fault with � = 20.6 degrees

Solution: The apparent dip of the fault is arctan 150=400 = 20:6� . Because the true dip is always less than
or equal to the apparent dip, we can eliminate all options other than B and E. The fold appears to be caused
by the fault, so we can reason that the hanging wall should have moved up relative to the footwall. Thus,
the answer is E.
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