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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.
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1. The following figure depicts the equivalent potential temperature (EPT) of a region on an isobaric surface; the
black circles represent radii at every 50 kilometers. EPT is defined as the temperature that an air parcel would
reach if all the water vapor it contained condensed and released the corresponding latent heat.

Which of the following statements is/are true regarding this region?

I) The region is located in the Northern Hemisphere and contains a surface low

II) EPT likely decreases with height in the region

A. I only

B. II only

C. I and II

D. None

Solution: A lower EPT implies a lower absolute humidity because less potential condensation is able to
release heat. The green center of the region has a higher EPT than its bluer surroundings, implying it likely
has a higher absolute humidity and temperature; this corresponds to a less dense low-pressure zone. The
low-pressure system appears to spiral inward in a counterclockwise fashion, indicating that it is located in
the Northern Hemisphere – I is true. Low-pressure environments are characteristically unstable. An EPT
that decreases with height implies that colder, drier air overlies warmer, more humid, and less dense air,
resulting in an unstable environment – II is true.

2. In an area thought to have once been at the ocean floor, scientists find a bed of calcareous sediment overlain
by siliceous sediments. Which of the following past environmental changes would least likely account for this
change in deposited material?

A. Sinking of the seafloor over time

B. Increase in subsurface ocean temperature over time

C. Increase in ocean acidity over time

D. Movement of the seafloor towards an area of coastal upwelling over time
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Solution: This shift in sediment deposition typically occurs when a region goes from above to below the
carbonate compensation depth (CCD). Below the CCD, carbonate minerals dissolve before reaching the
sea
oor, but new deposition protects existing sediments from dissolution. A decrease in sea
oor elevation
could bring a sea
oor segment below the CCD - A is not the best choice. An increase in ocean acidity could
increase the CCD height above a sea
oor segment - C is not the best choice. Movement of the sea
oor
would not necessarily change its height, but the organisms that produce siliceous ooze (typically diatoms
and radiolarians) thrive in regions of upwelling, which would shift the type of sediment deposited - D is not
the best choice. An increase in ocean temperature would reduce calcareous ooze solubility and make it more
likely to deposit, not less - B is the best choice.

3. During the early Pliocene, low mean sea levels resulted in the closing of the Indonesian Gateway, preventing
equatorial water 
ow between the Paci�c and Indian Oceans. A recent study used paleoclimate proxies to
characterize P-E, or precipitation minus evaporation, across the Paci�c Ocean during the early Pliocene. Which
of the following correctly describes how the closing of the Indonesian Gateway would likely a�ect Paci�c P-E?

A. Higher P-E at the equator, higher P-E at mid-latitudes

B. Higher P-E at the equator, lower P-E at mid-latitudes

C. Lower P-E at the equator, higher P-E at mid-latitudes

D. Lower P-E at the equator, lower P-E at mid-latitudes

Solution: The closing of the Indonesian Gateway prevents equatorial water from leaving the Paci�c, re-
sulting in increased sea surface temperatures in the equatorial Paci�c. This leads to increased equatorial
evaporation and thus lower P-E at the equator. Since total precipitation approximately equals evaporation,
global P-E must be very close to zero; lower P-E at the equator would thus be compensated by higher P-E
at mid-latitudes.

4. The ocean carbon pump transfers carbon from the atmosphere and ocean surface to the deep ocean. The �gure
below depicts a model of the spatial distribution of the amount of carbon sequestered by this pump per year.
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