USESO 2024
Training Camp Exam

Free-Response

Instructions:

— Section II consists of 5 multipart problems that further assess geoscience knowledge predominantely 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
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This problem explores several aspects of clay minerals and their effect on climate and the environment.

1. Two of the most common types of clays are illite and smectite. These two minerals have similar structures, an

example of which is shown below.
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Figure 1: The tetrahedral-octahedral-tetrahedral structure common to illites and smectites.

The primary difference between these minerals is the presence of substitutions within the mineral. The sheets in
illites generally have strong negative charges because cations with smaller charges substitute into the structure,
most commonly A3 for Si** and Mg?" for AI**. This substitution occurs to a lesser extent overall in smectites.

(a) (2 points) Cation exchange capacity (CEC) refers to the ability of cations to enter and leave a mineral.
In clays, this exchange primarily occurs in the region between mineral layers. A high CEC allows clays
to supply important nutrients to plants. Would illites or smectites be better for growing plants in soil?

Explain.

(b) (2 points) A geologist isolates two samples of clays and identifies the relative presence of various elements
in its structure. Their results are represented below.

Element Sample A | Sample B
Si 7.82 6.40
Al (substituted) 0.18 1.60
Al (base) 2.92 3.25
Fe 0.60 0.40
Mg 0.48 0.35
Ca 0.10 0.05
Na 0.16 0.10
K 0.35 1.45

Which sample is composed of illite and which is composed of smectite? Explain.
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2. (3 points) These minerals can be compared to tale, another sheet-based silicate with a similar T-O-T structure.
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Figure 2: The structure of a single layer of talc, MgsSisO10(OH)>.

Pure talc is uniquely soft because it has weak intermolecular forces between layers. Explain how substitutions
within the mineral’s layers, such as Na* replacing Mg?* in the middle layer, would affect talc’s hardness and
one other property.

3. Clays are secondary minerals formed from the weathering of primary minerals, one of the major drivers of changes
in climate on Earth. Researchers recently simulated a small change in Earth’s surface composition and found
that it increased carbon burial by nearly 50%. Their results are shown below.
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Figure 3: Simulation of surface composition change and the resulting e ect on organic carbon (OC) burial. Adapted
from Murray & Jagoutz 2024.
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One carbon sequestration feedback involves ions like Ca?* and Mg2+ entering the ocean after being released by
weathering. One equation for the release of these ions, involving the weathering of Mg-rich olivine to form a clay
mineral, is as follows:

8 Mg,SiOg + 2 (AR Fe3*) 4 26 HY ¥ Mg, 7 (Al Fe),SigO20(0H)4 + 13:3Mg?* + 8H,0 4+ 6 H*

(a) (2 points) Briefly explain how ions like Ca?* and Mg?" result in carbon sequestration when they enter
the ocean.

(b) (2 points) Briefly explain why the weathering of felsic minerals would be unlikely to result in the process
described in part (a).

(¢) (2 points) Despite the small change in composition, the study predicted a 40% increase in average clay

mineral surface area, allowing them to absorb more carbon and increase direct carbon burial. Explain why
mafic and ultramafic minerals account for an unusually large proportion of clay mineral formation.
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4. The Middle Eocene Climatic Optimum (MECO) was an extended warming period about 40 million years ago.
Recent research suggests that this warming caused a transition from congruent weathering, involving the complete
dissolution of primary minerals into ions, to incongruent weathering, leaving some remnants of secondary clay

minerals.
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Figure 4: A shift in weathering intensity caused a transition to incongruent weathering, associated with high riverine
“Li concentrations, during the MECO. \Weathering intensity” equals =%, where W is the rate of weathering and E is

W+E?
the rate of erosion. Adapted from Krause et al. 2023.

Based on Figure 4, the chemical equation given in question 3, and your answers to parts 3(a) through (c), answer
the following three questions:

(a) (1 point) Which of the following most likely describes typical conditions on Earth both before and after the

MECO?

A.

High sea levels and dry climates

. High sea levels and wet climates

B
C.
D

Low sea levels and dry climates

. Low sea levels and wet climates

(b) (4 points) Does the shift in weathering conditions during the MECO constitute a positive or negative
feedback loop? Explain.

(¢) (2 points) Based on the present-day conditions labeled in Figure 4, if a shift in the same direction occurred
today, would it constitute a positive or negative feedback loop? Explain.
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Problem 2
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This problem explores the structures, compositions, and effects of two Paleogene intrusions in North America.

The first intrusion is the Bungalow pluton, a felsic intrusion near the Idaho-Montana border. The intrusion formed
throughout the Paleocene and Eocene and contains biotite-rich granite and granodiorite.
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Figure 1: Map of the Bungalow pluton (marked by a white star) and the surrounding area. Adapted from the Digital Atlas
of Idaho.

The second intrusion is the Skaergaard intrusion, a mafic intrusion on the eastern coast of Greenland that formed
during the late Paleocene. The intrusion formed within a plateau of basalt and gabbro and is one of the largest mafic
intrusions in the world.
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Figure 2: Map of the Skaergaard intrusion (dark blue) and surrounding area. Adapted from Nielsen 2016.
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1. The image below shows two thin sections, one found in each intrusion. Sample A, seen in plane-polarized light
below, contains augite (Aug), magnetite (Mag), and plagioclase (Pl). Sample B, seen in cross-polarized light
below, contains quartz (Qz) and plagioclase.

Figure 3 : Thin sections from the Bungalow pluton and Skaergaard intrusion. Adapted from Essentials of Igneous and
Metamorphic Petrology by Robert and Carol Frost.

(@) (1 point) Identify which thin section came from the Bungalow pluton and the Skaergaard intrusion, re-
spectively.

(b) Identify whether each of the following statements are true or falseExplain your reasoning.
i. (2 points) Magnetite is generally more euhedral than plagioclase.
ii. (2 points) Sample B formed in a magma chamber with weak convection.
iii. (2 points) The plagioclase in Sample B is isotropic.
2. Since the Bungalow pluton and Skaergaard intrusion are approximately the same size, their di erences in for-
mation and composition can be directly compared.

(@) (3 points) Briey describe  one reason why intrusions near the surface often have a felsic or intermediate
composition. Why would the presence of large ood basalts surrounding the Skaergard intrusion make it
more likely to be ma c?

(b) (2 points) When they reached the upper crust, would the Bungalow pluton or Skaergaard intrusion likely
have resulted in greater planetary warming? Explain.

3. The Skaergaard intrusion is separated into several distinct layers as shown below.

Figure 4 : Cross-section of distinct layers within the Skaergaard intrusion. Adapted from Nielsen 2016.
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(@) (1 point) A core is drilled in the center of the intrusion to collect samples from the entire Upper Border

Series and Layered Series. Which of the following best describes how the silica content of the intrusion
changes as the depth of the core increases?

A. Uniformly increases

B. Uniformly decreases

C. Increases, then decreases
D.

Decreases, then increases
(b) (2 points) Justify your answer to the previous question.

(c) (2 points) Notice that much of the Skaergaard intrusion is currently above sea level and exposed to the
surface. Propose a mechanism by which the intrusion may have been uplifted from its original position.

4. (3 points) To study the e ects of each intrusion on the surrounding rock, researchers collect hornfel samples at
the same distance away from each intrusion. Sample C, seen in plane-polarized light below, contains epidote and
chlorite crystals in a groundmass composed mostly of muscovite and quartz. Sample D, seen in cross-polarized
light below, contains andalusite and cordierite crystals in a groundmass composed mostly of biotite.

Figure 5 : Samples from aureoles surrounding the Bungalow and Skaergaard intrusions. Adapted from Alessandro Da
Mommio.

Based on the conditions necessary for these samples to form, which sample likely comes from the Bungalow
pluton and Skaergaard intrusion, respectively?Explain.
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