2018 University of Minnesota Science
Olympiad Invitational

Dynamic Planet

Event Notes
● 50 minutes are allowed. Stop precisely when the timer goes off.
● Four 8.5x11” resource sheets and 2 non-programmable, non-graphing, calculators dedicated to
computation are permitted per team.
● Wrong answers are not penalized.
● Any rounding method is acceptable as long as graders can tell that the answer is accurate.
● You may take the test and/or answer packet apart to work on sections separately. Please make sure to
get the exam in the correct order and stapled after time ends.
● Tiebreakers: highest score on the last section will be considered first, then highest score on second
section. If this fails, we will go backwards by question instead of by section.
● This is a difficult test that only gets harder as the test goes on. Do your best, and do not be
discouraged if you do not finish.

Team Name: ______________________________________ Team Number: #___
Competitor Names: ___________________________________________________
Exam Questions: Remember to write your answers on the answer packet provided.

Section I - Multiple Choice
Choose the correct answer. Each question is worth 1 point and has only 1 correct answer.
1. Which of the following is true of brittle and ductile deformations?
a. Brittle deformation breaks a rock into pieces, ductile deformation bends a rock
b. Ductile deformation breaks a rock into pieces, brittle deformation bends a rock
c. Both involve breaks of rock into pieces.
d. Both involve bending of rock.
2. What is the measurement of land elevation relative to sea level called?
a. Plate tectonics
b. Hypsometry
c. Orogeny
d. Surveying
3. Tectonic hazards are in general most likely to occur where?
a. At Atlantic-type margins
b. At the poles
c. At the center of plates
d. At plate boundaries
4. Order the following events as they have occurred in the past:
I.
II.

Shape of oceans change
Gyres form, change, or stop
III. Climate changes

a. I, II, III
b. I, III, II
c. II, I, III
d. III, II, I
5. Two plates slide past each other, and both only move horizontally. The boundary between the two
plates is best described as:
a. Divergent
b. Convergent
c. Transform
d. Active
6. What happens as magma solidifies?
a. It turns into igneous rock
b. It turns into lava
c. It turns into metamorphic rock
d. It turns into sediment

7. What can a seismograph directly measure?
a. Time since the earthquake occurred
b. Likelihood of an earthquake
c. Amplitude of waves created by an earthquake
d. Speed of a tectonic plate
8. Why was Alfred Wegener’s theory of continental drift originally rejected?
a. His lack of formal education
b. His failure to provide an explanation for why continents moved
c. His proposal that a supercontinent existed in the past, which was false
d. His fossil evidence was fabricated
9. All of the following are types of tectonic basins except:
a. Hotspot
b. Foreland
c. Forearc
d. Backarc
10. Which of the following has been part of the North American plate for the longest time?
a. Volcanism resulting from the Yellowstone hotspot
b. The Rockies
c. The Appalachians
d. The North American craton
11. The largest variety in metallic deposits can be found at which of the following types of plate
boundaries?
a. Conservative
b. Collisional
c. Destructive
d. Constructive
12. The layer of the earth that is divided into plates is called:
a. Mantle
b. Mesosphere
c. Lithosphere
d. Asthenosphere
13. Which type of continental margin is tectonically stable?
a. Active
b. Transform
c. Passive
d. Convergent
14. Sonar was used to discover mid-ocean ridges decades ago. Today, we use sonar and another tool with
similar operating principles in geophysical surveys. What is that other tool?
a. Reflection seismology
b. Gravimetry
c. Aeromagnetic surveying
d. Well logging

15. In plate tectonics, how important is convection in the asthenosphere?
a. It is, for all intents and purposes, the only force driving plate tectonics
b. It is strongest out of the few forces driving plate tectonics
c. It has an effect on plate tectonics, but is likely not the strongest force driving it
d. It is actually cannot affect plate motion
16. In the mid-Mesozoic, ocean circulation became:
a. More efficient due to the opening of a Tethyan seaway
b. More efficient due to the closing of a Tethyan seaway
c. Less efficient due to the opening of a Tethyan seaway
d. Less efficient due to the closing of a Tethyan seaway
17. In 1968, the Glomar Challenger found that:
a. Mid-ocean ridges existed
b. Alternating patterns of magnetic polarity existed at the ocean floor
c. Rocks close to mid-ocean ridges are older than rocks that are farther away
d. Rocks close to mid-ocean ridges are younger than rocks that are farther away
18. The Mediterranean is currently shrinking, and will eventually cease to exist. This illustrates which stage
of the Wilson Cycle?
a. Suturing
b. Declining
c. Terminal
d. None of the above
19. How do volcanoes affect weather after their eruption?
a. Make it colder
b. Make it warmer
c. Have negligible effect globally
d. May make it either colder or warmer depending on gases released
20. Which layer of the Earth which is liquid and the source of the Earth’s magma?
a. Asthenosphere
b. Mesosphere
c. Outer core
d. No layer fits this description given.
21. Bouguer and free-air anomalies are different in that:
a. One is related to magnetism and the other to gravity
b. One makes corrections for theoretical gravity and the other doesn’t
c. Different corrections are applied after correcting for theoretical gravity
d. They are actually the same
22. The Appalachian mountain range is:
a. Larger than the Rocky mountain range
b. Slowly eroding
c. Formed by a currently active subduction zone
d. Formed during the Mesozoic Era

23. Glacial retreat in Canada has caused:
a. Isostatic depression
b. Isostatic rebound
c. Subsidence
d. Rifting
24. Hydrothermal mineral deposits form chiefly by which process?
a. Accumulation of sediments
b. Metamorphism at subduction zones
c. Solidification of magma
d. Precipitation of solids
25. Magma will always contain a large amount of:
a. Silica
b. Fluoride
c. Iron
d. Magnesium oxide
26. Which of the following is associated with a retro-arc foreland basin?
a. The Andes
b. The Alps
c. Taiwan
d. The Pyrenees
27. At the Gutenberg discontinuity:
a. P-waves stop and s-waves continues
b. Neither p-waves or s-waves are affected
c. P-waves and s-waves stop
d. P-waves are refracted and s-waves stop
28. Rhyolitic magma is mostly likely involved in which kind of eruption?
a. Explosive, as it has high viscosity
b. Explosive, as it has low viscosity
c. Effusive, as it has high viscosity
d. Effusive, as it has low viscosity
29. Which of the following was formed as the North American tectonic plate moved across the
Yellowstone hotspot?
a. The Appalachian mountain range
b. Northern Rockies
c. Eastern Snake River Plain
d. Scorpion Range Calderas
30. The landmass that, with Laurasia, formed Pangea is called:
a. Svalbard
b. Kenorland
c. Ur
d. Gondwana

31. Temperatures are higher in the inner core than in the outer core. Yet, the inner core is solid while is
the outer core is liquid. This is explained by:
a. Destabilization of outer core by p-waves
b. Effects of Earth’s magnetic field
c. Different chemical compositions between the two
d. Higher pressure on the inner core
32. Extensional stress (tension) is mostly likely to cause which type of fault?
a. Normal
b. Reverse
c. Thrust
d. Strike-slip
33. Which type of seismic wave travels in all directions from an earthquake’s epicenter and arrives at
seismograph stations first?
a. Surface wave
b. P-wave
c. S-wave
d. Rayleigh wave
34. What is the name of the world’s largest active volcano?
a. Mauna Loa
b. Pu’u Kukui
c. Mauna Kea
d. Yellowstone Caldera
35. Which kind of convergent boundary does not produce a subduction zone?
a. Continental-continental
b. Oceanic-continental
c. Oceanic-oceanic
d. Transform
36. The theories of plate tectonics and continental drift are different in rather subtle ways. One of these
differences is:
a. Continental drift explains the motion of continents, which plate tectonics fails to do
b. Continental drift proposed a single past supercontinent; plate tectonics suggests
supercontinents existed before that
c. Continental drift is based on newer work, and so is more accurate to our current knowledge of
geology
d. Continental drift was immediately accepted by the scientific community, unlike plate tectonics
37. Hawaii was formed by:
a. A convergent boundary which caused an orogenic event
b. A divergent boundary which led to a massive mid-ocean ridge
c. A hotspot which moved under the Pacific plate
d. A hotspot which remained stationary as the Pacific plate moved

Use the following map of Japan to answer questions 38-40.

38. What type of basin has formed at the Sea of Japan?
a. Intermontane
b. Foreland
c. Fore-arc
d. Back-arc
39. Which of the following was responsible for the formation of the mountains of Japan?
a. A hotspot
b. Convergence
c. Divergence
d. Transform motion
40. Japan has many earthquakes and volcanoes. We expect this because it is located on the:
a. Ring of Fire
b. Alpide belt
c. Pacific cordillera
d. The Andes

Section II - Free Response
Follow the instructions of each prompt. Be specific as possible. Full sentences aren’t required as long, but
make sure answers contain the necessary ideas.
1. Identify 3 pieces of evidence Alfred Wegener had in support of the theory of continental drift. Then,
specifically explain each and state what each suggested about the past position of continents. (6
points)
2. Contrast convergent and divergent boundaries by:
a. Defining the fundamental difference between the two (1 point)
b. Explaining each one’s specific role in the Wilson Cycle, with reference to specific stages (4
points)
c. Identifying a specific geographic example of each in today’s world (2 points)
3. The asthenosphere has properties important to plate tectonics.
a. Discuss how the asthenosphere acts both as a liquid and solid, and identify which of the two
actually is. (3 points)
b. Is the asthenosphere defined based on chemical or physical properties? Justify your answer. (2
points)
4. Define the word “terrane”. Describe two ways in which a terrane can be recognized as such. (3 points)
5. Describe magnetic polarity patterns near mid-ocean ridges and explain why they occur. Explain how
the existence of these patterns supports the theory of plate tectonics. (4 points)

Section III - Applications

1. Use the above diagram to answer the following.
a. Shown at the top of the diagram is the Aleutian Trench. How did it form? (1 point)
b. Which direction is the Pacific plate moving in now? (1 point)
c. Which direction was the Pacific plate moving in 55 million years ago? (1 point)
d. When, if ever, did the Pacific plate change direction? (2 points)
e. Observe that (for the most part) only pieces of land formed very recently are above water level.
Why is this the case? (2 points)
f. Was Pacific plate movement likely faster 38 million years ago or 25 million years ago? How can
you tell? Include calculations. (3 points)

2. The graph below characterizes the topography of an extraterrestrial planet with an average radius
similar to Earth’s. Use it to answer the following questions.

Elevation (meters)

The picture can't be displayed.

% of planet’s land

a.
b.
c.
d.

What is the formal name for this kind of graph? (1 point)
What percent of the planet’s land is above sea level? (1 point)
What is the lowest elevation found on the planet? (1 point)
What percent of the planet’s land is at an elevation between 100 and 200 meters? Show your
work. (2 points)
e. Compare and contrast Earth and this planet. Provide 4 distinct ways in which the two planets
are similar or different. (4 points)
3. An area of continental lithosphere has a thickness of 60 km, has a density of 2.2 Mg/km3, and has
achieved isostatic equilibrium. The density of the asthenosphere below it is 3.2 Mg/km3. This area then
experiences a period of glaciation during which a 3 km thick layer of ice (density 0.9 Mg/km3) was
deposited onto the top of the crust. Once this area of crust reaches isostatic equilibrium again, how
much uplift or subsidence will it have undergone? For this problem, include units on the final answer
and your work neatly. (7 points)
Congratulations on finishing and good luck at your next events!
Credits: test written by Arthur Nghiem and Sandy Zhang
Hawaii diagram taken from “Index of /~gabi/sio15/sio15-13/lectures/volcanoes”

