
Instructions:

– Section II consists of 5 multipart problems that further assess geoscience knowledge predominantly in the form
of free-response questions.

– You have 2 hours 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


Problem 1

Question 1 2 3 4 Total
Points 7 2 5 6 (20%)

This problem explores several features in the Himalayan region.

1. A geologist comes across an outcrop of schist in the Himalayas surrounded by phyllite, as shown in Figure 1
below. They determine that the outcrop has been deformed due to the presence of a fold.

Figure 1: Map view of schist outcrop (gray) contacting with surrounding phyllite (white). Red contours denote the
elevation of the local terrain.

(a) (2 points) Notice that the perimeter of the outcrop is curved near each point A-D. At which point(s) on
the outcrop is this curving likely due to regional folding rather than effects of the local terrain? Explain.

(b) (2 points) What is the strike of the fold’s hinge line as viewed from above? Express your answer in azimuthal
notation to the nearest 45° and explain your reasoning.

(c) (1 point) Is the fold a synform or antiform? Briefly explain your reasoning.

(d) (1 point) Given that the outcrop in Figure 1 is located in the Himalayas, propose a mechanism that
could have created the local surface topography.

(e) (1 point) Does an observer walking from B to D observe a shallower dip angle than an observer walking
from B to A? Briefly explain your reasoning.
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2. (2 points) Rocks in the Himalayas undergo metamorphism due to processes such as folding. One notable region
in which metamorphism has occurred is known as the Yardoi gneiss dome, shown below in Figure 2.

Figure 2: Map view of the Yardoi gneiss dome. Adapted from Ding et al. (2016).

Metamorphic core complexes (MCCs) form in areas where crustal upwelling has occurred, resulting in high-grade
metamorphic facies rising beneath a faulted surface layer. If a geologist hypothesizes that the Yardoi dome is
an instance of a MCC, what should they propose as the dominant stress (extensional, compressional, or shear)
responsible for its occurrence? Explain.

3. Geologists collect schist samples at three locations in the Yardoi dome. Photomicrographs of samples 132-5 and
130-1 are shown in Figure 3 below.

Figure 3: Photomicrographs of sample 132-5 and sample 130-1. Foliation (SR, SK, S2) is marked by lines. The dark
blue feature in sample 132-5 denotes a kyanite grain; the elongated dark grain is sillimanite. Mineral abbreviations are
as follows: Qz (Quartz), Sil (Sillimanite), Ky (Kyanite), Grt (Garnet), Ms (Muscovite), Bt (Biotite), Pl (Plagioclase).

Adapted from Ding et al. (2016).
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(a) (2 points) The geologists determine that three stages of deformation occurred in the Yardoi schists asso-
ciated with a prograde, peak, and retrograde mineral assemblage. They have identified that deformation
resulting in the S2 foliation comprised the middle stage. Does the deformation that produced the SR
foliation occur before or after the deformation that produced the SK foliation? Explain.

(b) (1 point) The geologists plot potential P-T-t paths of the Yardoi schists on Figure 4 below.

Figure 4: Potential P-T-t paths for schists in the Yardoi dome. Mineral abbreviations are as follows: Kyanite
(Ky), Sillimanite (Sil), Andalusite (And).

Which of the following is most likely the correct path and path direction?

A. Blue path, clockwise

B. Blue path, anti-clockwise

C. Red path, clockwise

D. Red path, anti-clockwise

E. Green path, clockwise

F. Green path, anti-clockwise

(c) (2 points) Justify your answer to the previous question.
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4. The Yardoi dome contains zircons that can be used for radiometric dating. A common technique for dating
zircons is to compare both the 238U/206Pb and 235U/207Pb ratios, which over time evolve along the black curve
shown in Figure 5. 238U decays into 206Pb with a half-life of 4.47 billion years; 235U decays into 207Pb with a
half-life of 710 million years.

A group of researchers use Pb/U isotope ratios to determine the age of the Yardoi schists. They plot them
against the expected curve and notice some anomalous samples to the right of the curve. After taking more
samples from these locations, they identify an anomalous trend, shown in purple in Figure 5.

Figure 5: (a) A diagram of Pb/U isotope ratios for the samples collected from the Yardoi gneiss dome. Anomalous
samples are shown in purple. Adapted from Ding et al. (2016). (b) An extended version of Figure 5(a). The black

curve follows the expected evolution of a normal sample; the purple line extends the trend of the anomalous samples.

(a) (2 points) Explain why the expected evolution of these two isotope ratios curves to the right.

(b) (2 points) Describe a process that could have created the anomalous trend. What information can we
get from the location of point P in Figure 5(b)?

(c) (2 points) Geologists use multiple isotope ratios in order to confirm their calculated dates. Estimate the
age of the conditions at Point P and verify that both isotope ratios give you a similar answer.
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Problem 2

Question 1 2 3 Total
Points 7 8 5 20 (20%)

This problem explores various aspects of weather and climate over land.

1. Conditions favoring wildfire growth can be predicted and projected, and wildfires can have significant impacts
on the climate system.

(a) (2 points) Vapor pressure deficit (VPD), a proxy for fire activity, is defined as the difference between
saturation vapor pressure (es) and actual vapor pressure (ea), i.e., VPD = es–ea. Under a warming climate
and assuming constant relative humidity, the trend in VPD is generally:

A. Increasing

B. Decreasing

C. Unchanging

(b) (2 points) Based on Figure 1 below, infer whether climate models have underestimated or overestimated
near-surface VPD. Assume model projections of temperature are accurate. Justify your answer.

Figure 1: 1980-2020 trend in the speci�c humidity (grams of water vapor per kilograms of dry air) pro�le in the
southwestern US. The y-axis is the ratio of pressure to surface pressure and the black line (ERA5) shows

assimilated observational trends. The purple and red (CMIP6/LENS2) lines show climate model simulated trends;
shading indicates model spread. Adapted from Simpson et al. (2024).
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(c) (1 point) Seasons of enhanced wild�re activity can be anticipated in advance, as soil moisture anomalies
can persist for months, a�ecting vegetative cover. For the southwestern US, which combination of ENSO
states in the preceding winters maximizes wild�re activity in Summer 2?

Figure 2: Timeline of Year 1 winter, Year 2 winter, and Year 2 summer.

A. Winter 1: El Ni~no, Winter 2: La Ni~na

B. Winter 1: La Ni~na, Winter 2: El Ni~no

C. La Ni~na in both winters

(d) (2 points) Justify your answer to the previous question.

2. While uncommon, droughts can and have a�ected the eastern US.

(a) (2 points) Which of the upper-level maps in Figure 2 favors drought over the eastern US if the pattern
persists? What is the sign of the! anomaly over point B? (Note that ! � � p=� t, the rate of change of
pressure of an air parcel.)

Figure 3: Two upper-level isobaric maps.

A. Map 1, positive

B. Map 1, negative

C. Map 2, positive

D. Map 2, negative

(b) (2 points) Recall that the absolute vorticity � (derived from column rotation), planetary vorticity f (derived
from Earth's rotation), and relative vorticity � are related by � = f + � . For the map you selected in (a),
winds from A are advecting values of f and values of � towards B, assuming constant� .

A. Higher, higher

B. Higher, lower

C. Lower, higher

D. Lower, lower
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(c) (2 points) During periods of drought, would you expect diurnal (daily) temperature ranges to be greater,
less than, or near normal?Justify your answer in terms of atmospheric processes (i.e., neglect interactions
with land).

(d) For each of the following two cases,classify each as part of a positive feedback loop, negative feedback
loop, or no feedback loop in response to a drier atmosphere.Brie
y justify your answer to each.

i. (1 point) Plant stomata close in response to water stress, reducing transpiration.

ii. (1 point) A landfalling tropical cyclone replenishes soil moisture.

3. One proposal to mitigate extreme heat is to paint the surfaces of buildings and roofs white, known as land
radiative management (LRM). In their simulations, Cheng and McColl (2024) use the following domain, where
the high-albedo region is known as the LRM region. Neglect e�ects of cloud cover throughout this question.

Figure 4: Map view of low and high albedo regions in the study.

(a) (2 points) It was found that less precipitation fell in the LRM region than outside the region. Describe
two mechanisms behind this result. (Hint: the albedo di�erence induces a circulation pattern across the
regions, yet the reduced precipitation can be explained even without this circulation.)

(b) (1 point) In the LRM region, the soil moisture is lower than surrounding regions. What is the e�ect of
reduced soil moisture on the temperature of the LRM region? (Note that LHF stands for latent heat 
ux.)

A. LHF is increased, amplifying the cooling

B. LHF is increased, partially counteracting the cooling

C. LHF is decreased, amplifying the cooling

D. LHF is decreased, partially counteracting the cooling
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(c) (2 points) When taking into account atmospheric mixing, the precipitation near the LRM region has a
smooth gradient instead of a sharp drop. The resulting temperature response also displays a gradient, as
shown in the topmost plot below.

Figure 5: Radiative response due to precipitation anomalies when mixing is applied (red) or not applied (black).

Which plot shows the temperature response to LRM?Justify your answer by explaining how the variation
in the temperature response occurs as a result of mixing in either the non-LRM or LRM region.
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Problem 3
Question 1 2 3 4 5 Total

Points 7 1 4 5 3 20 (20%)

This problem explores several aspects of water masses.

1. One way that di�erent water masses can be distinguished is by analyzing the concentration of isotopes in each
water mass. This is because certain isotopes, such as Thorium-230 and Protactinium-231, can act like tracers
that maintain their concentrations as they move with water.

An oceanographer creates a model of230Th and 231Pa concentrations based on an ocean circulation model, as
shown in Figure 1 below. They then compare the model results to sample data.

Figure 1: Radioactivity (concentration proxy) of isotopes 230 Th and 231 Pa on small particles in a cross section of the
Atlantic Ocean. Colored boxes represent model predictions while colored circles represent sample data. Note the

di�erent color scaling between (a) and (b). Adapted from Hulten et al. (2018).

(a) (2 points) The oceanographer determines that230Th and 231Pa have approximately equal dissolved con-
centrations in seawater and that 230Th has around double the half-life of 231Pa. Based on Figure 1, which
isotope likely has the shorter residence time in the Atlantic Ocean?Brie
y explain your answer.

(b) (2 points) Notice that the model underestimates the settled concentration of both isotopes around 45° W.
Brie
y explain why this discrepancy likely occurs.

Figure 2: Map of the Atlantic Ocean with 45 ° W marked in red. The dashed blue line indicates the transect along
which the sample data was collected.

(c) (3 points) The 231Pa/ 230Th ratio in oceanic sediments is commonly used to reconstruct the characteristics
of past ocean currents. Given your answer to part (a), would you expect a relatively high231Pa/ 230Th ratio
to correspond to a relatively low or high deep water current velocity? Explain.
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