lo’s Volcanoes and Resurfacing

This 1997 image taken by
NASA’s Galileo spacecraft shows
the complex surface of lo. Sulfur
dioxide frost appears in white and
grey hues while yellowish and
brownish hues are from other
sulfurous materials. The new
dark spot 400 km in diameter,
surrounds a volcanic center
named Pillan Patera. The spot
did not exist 5 months earlier,
and is the source of a 120 km
high plume that has been seen
erupting from this location.

Although no impact craters have been found, over 420 calderas and active vents have
been mapped. About 15 are actively spewing fresh material within 175 km of each vent. This
means that lo quickly resurfaces itself, covering over all of the impact craters within a million
years or less.

Problem 1 — Assume lo is a sphere with a radius of 1820 km, and is covered to a depth of 1
kilometers to cover any new craters. What volume of fresh material must be produced in cubic
meters?

Problem 2 — If the present surface was produced by the 420 calderas, what is the volume
produced by each caldera?

Problem 3 — The typical time between large meteor impacts is about 500,000 years. How
much material would have to be produced by each caldera each year to cover the surface
between impacts?

Problem 4 — If any given caldera is only active for 1% of its life, what does the resurfacing rate

have to be for each caldera?

Problem 5 — What is the total resurfacing rate each year in centimeters/year?
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Answer Key

Problem 1 — Assume lo is a sphere with a radius of 1820 km, and is covered to a depth of 1
kilometers to cover any new craters. What volume of fresh material must be produced in cubic
meters?

Answer: Area =4  R?, and R = 1820,000 meters, so
Area = 4 x 3.14 x (1820000)% = 4.2x10" m?.
The volume of the surface shell 1km thick is that V = A x 1km = 4.2x10% m?.

Problem 2 — If the present surface was produced by the 420 calderas, what is the volume
produced by each caldera?

Answer: 4.2 x 10'® m®*/ 420 = 1.0x10* m? per caldera.

Problem 3 — The typical time between large meteor impacts is about 500,000 years. How
much material would have to be produced by each caldera each year to cover the surface
between impacts?

Answer: 1.0x10* m?®*500000yrs = 2.0x10° m3/year.

Problem 4 — If any given caldera is only active for 1% of its life, what does the resurfacing rate
have to be for each caldera?

Answer: 2.0x10® m®year would be the rate if each caldera continuously operated for 500,000
years. If they only are active for 1% of this time, then the average rate has to be 100x higher or
2.0x10% m3yr.

Problem 5 — What is the total resurfacing rate each year in centimeters/year?

Answer: If the 1km depth is generated over 500,000 years, then each year the depth added is
100000 centimeters/500000 yr = 0.2 centimeters/year.
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