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[Earth Science]
Answer the following problems (1) and (2).

(1) Read the following sentences on the internal structure of the Earth, and answer the following problems
(a)— (). |

The Earth consists of a crust, mantle and core. The crust is further classified into continental crust,
which forms the continents, and oceanic crust, which forms the ocean floor, @with significant
differences in thickness and rock types. Comparing the @®isotope ratios of the continental crust with
those of mantle-derived materials, a characteristic feature of the continental crust can be identified. When
the abundance of rare earth elements in granites of the continental crust is normalized by the abundance
of elements in meteorites, @only Eu showssi gmf_iéantl}j lower values than the other rare earth elements.
There are seismic discontinuities in the mantle at depths of approximately 410 km, 520 km and 660 km,
respectively. These discontinuities are corresponding to the depths at which @the phase transformation
of the major constituent minerals occur, @The depth of the 660 km discontinuity locally differs from the
surrounding area where the plate is subducting. There is a thin layer about 200 km thick called the D"
layer above the boundary between the mantle and the core. ®The main constituent mineral of the D"
layer is considered to be post-perovskite. The core is classified into an outer core composed of liquid
metal mainly iron and nickel and an inner core composed of solid metal at a depth of 5100 km. The time
when the Earth’s core separated from the magma ocean in the early Earth has been estimated using @

" Hf—W methods. Hf—W methods éuggest that the core-mantle separation occurred in the first 30 million
 years of Earth's history. However; the time duration of the core-mantle separation on Earth estimated
" from the Hf-W methods is much longer than that of the Moon or Mars, implying ®the possibility that
 the estimated time duration from the Hf-W methods does not reflect the time duration of core-mantle
separation, ‘ R '

(@ Regarding the underlined part @), briefly explain the cause of the difference in thickness between
the continental and oceanic crusts, focusing on the different types of rocks.

(b) Regarding the underlined part (&), indicate whether the *He/*He and “°Ar/*Ar values of the rocks
comprising the continental crust are higher or lower than those of mantle-derived materials, and
briefly explain the respective reasons. '

()  Regarding the underlined part (2), explain this reason in about 50 words, using the term "crystal
~ differentiation effect”.

() Regarding the underlined part (@), list the mineral names and chemical formulas for the phase
transformations that correspond to the 410 km, 520 km, and 660 km discontinuities, resPecﬁvely‘



(e) Regarding the underlined part (&), show how the depth of the 660 km discontinuity changes
compared to its surroundings, and explain the reason for this in about 80 words, using the term
"endothermic reaction”.

(f)  Regarding the underlined part (%), this is based on the fact that the density of the D" layer obtained
from seismic wave observations agrees well with the density of the post-perovskite (d = 5.4 g
cm™3) obtained from high-temperature and high-pressure experiments. The chemical formula of
the post-perovskite is MgSiOs, which has orthothombic crystal system, and the unit cell parameters
are a = 0.25 nm, 5 = 0.80 nm, ¢ = 0.61 nm under temperature and pressure corresponding
to the D" layer. Show how many oxygen atoms are in'the unit cell of the post-perovskite, together
with the calculation process. The atomic weight of each element is Mg = 24, Si =28, O = 16,
and the Avogadro constant is Na = 6.0.x 10% mol™. o

(2) Regarding the underlined part @, Hf—W method is a dating method based on the variation of 12W
isotopic abundance due to B decay of '“Hf. W is a somewhat siderophile element and thus
preferably incorporates into the materials in the Earth’s core, while Hf is a lithophilic element and
thus preferably incorporates into the mantle materials. If the decay constant of 18217f1s 1, the amounts
of "2 and ®*W at the time of chondrite formation are “*Hf, and 1823, respectively, and the time
from chondrite formation until the separation of the Earth's core and mantle occurs is t, give the
equation for the amount of W at the time of core-mantle separation using 4, "*Hfy, "Wy, and r.

(h)  Regarding the underlined part (o), provide a possible explanation in 50 words.

(2) Select two of the following pairs of terms regarding Farth science from (D through (@, and explain the
content of each term in about 50 words, to clarify the difference between each term.

(@ MORB and OIB
@ Chondrite and achondrite
@ Nesosilicate and phyllosilicate

@ Regional metamorphism and contact metamorphism



