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[Earth Science]

Answer the following problems (1) and (2).

(1) Read the following sentences on the formation history of the Earth and answer the following
problems (a)—(f).

The Earth was formed by the collision and coalescence of gplanetesimals. The surface of the
early Earth became hot due to the collision energy and was eventually covered by molten rocks
called magma oceans. The magma ocean gradually extended into the interior of the Earth, and in

the process plight rocks and heavy metallic iron separated and formed the core. On the other

hand, some volatile components such as water and carbon dioxide contained in the planetesimals
are thought to have dissolved into the magma ocean. When the Earth cooled and the magma ocean
began to solidify, the volatile components dissolved in the magma ocean were released to the
surface, and the atmosphere and oceans were formed. As shown in Fig. 1, the composition of the

atmosphere has continued to change throughout the history of the Earth.
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Fig. 1 Change in partial pressure of atmospheric components after the

formation of the Earth. (1 atm = 1.0 x 10° Pa)

(a) Regarding the underlined part @), it is considered that the planetesimals that formed the
Earth were formed by the aggregation of primordial materials that existed in the early stage
of the formation of the solar system. What is the name of the primitive meteorite derived
from such planetesimals? Give its name. Briefly describe the mineralogical features of the

meteorite.

(b) Regarding the underlined part ®, the concentration of nickel in the mantle is unusually high

compared to that expected from the chemical composition of the primitive meteorite and the
partitioning coefficient of nickel between rocks and metallic iron at atmospheric pressure.

On the other hand, according to high-pressure experiments, the distribution coefficient of
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nickel to the metal approaches unity with increasing pressure. Briefly answer what can be

inferred about magma oceans from these experimental and observational facts.

(c) Magma ocean is a concept first proposed for the Moon based on the analysis of lunar rocks.
Explain why we can consider the existence of magma oceans on the Moon, focusing on

minerals and rocks of the lunar crust in about 25— 50 words.

(d) Give the chemical formula of (i) in Fig. 1. One of the indirect evidence that (i) in Figure 1
was common in the early stage of the formation of the earth is a contradiction called the faint

young Sun paradox. Explain the paradox in about 50 words.

(e) Give the chemical formula of (ii) in Fig. 1. By analyzing (ii), we can estimate past sea

temperatures. Explain the method in about 50 words.

(f) Give the chemical formula of (ii1) in Fig. 1. In addition, isotopic abundance ratios of (iii) in
the solar atmosphere and other space environments are very different from those on the Earth.

Explain how and why they are different in about 50 words.

Select three pairs of terms from (D through (@ that are related to Earth science, and explain
the content of each term in about 50 words, giving examples and figures if necessary. Figures

are not included in the word count.
(D Lithosphere and asthenosphere
(2) Compatible elements and incompatible elements
(3 Continental crust and oceanic crust
@ Granite and rhyolite
(® Biological pumps and alkali pumps
(6 Normal faults and reverse faults

(D Dynamic isotope effects and equilibrium isotope effects



