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4. Briefly explain why the 2011 magnitude 9.0 Tohoku earthquake striking off the coast of Jépan shortened the day of length by

1.8 microseconds. (5%)

5. (a) Explain what the free-air gravity anomaly and geoid anomaly are? (6%)

(b) Observations of the free-air gravity anomaly profiles across the Western Pacific subduction zone show a belt of large
negative anomalies along the deep-sea trenches but positive anomalies on the seaward side of the trenches. Explain why?
(6%) | |

(©) }iowever, the geoid anomaly observed in the vicinity of the Western Pacific subduction zone shows positive anomalies.
Explain why? (6%)

6. Assume that heat flow observed at the earth’s surface is due to conductive heat transfer and that the earth can be modeled as a
homogeneous half-space with uniformly distributed internal heat source 4=2x10-% Wm-. Assume that the geotherm is steady-
state (i.e., the temperature does not change with time), the thermal conductivity of mantle rocks, %, is 4 W°C-'m-!, and the
temperature at the earth’s surface (z=0 km) is 0°C. The heat flow measured at the surface has a steady-state value of 70x10-

Wm-. According to the 1-D heat conduction equation,

or _ 4 . k 8°T
o pc, pe, &
(a) Solve the geotherm 7'(z) as a function of 4 and k. (6%)
(b) Compare the geotherm calculated in (a) with the solidus of the basalt and olivine shown in Figure 1 and explain what
implication of your geotherm is for melting in the upper mantle. (6%)
(c) We know the temperature of the outermost region of the core estimated from high-pressure experiments is about 3000-4400K .
If the earth’s mantle had the geotherm as that you derive in (a), what would the temperature be at the base of the mantle (take
the approximate depth at the base of the mantle to be 3000 km to simplify the arithmetic calculation)? Is the estimate

reasonable? If not, explain why your estimate is wrong? (6%)
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