
1. (1.00 pts) Use the image below to answer questions 1-6.

What type of plate boundary is Juan de Fuca Ridge? 
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2. (1.00 pts) Juan de Fuca Ridge and Gorda Ridge are both bounded at their end by what type of linear feature? 

3. (1.00 pts) Out of the answer choices given, where would the oldest oceanic crust be found? 

   A) The Mediterranean Sea 

   B) The Himalayas 

   C) Off the coast of Iceland 

   D) Off the Eastern Coast of the US 

   E) Off the Western Coast of the US 

4. (2.00 pts) What do the colored and white stripes represent, respectively? 

5. (4.00 pts) Give an explanation of how the level of glacial extent affects the rate of seafloor spreading over geologic time. 

6. (2.00 pts)
The type of patterns in the image above were discovered by a technique that was originally intended for something else. What was originally being looked for and how? 

7. (2.00 pts) Select all of the following that are true about back-arc basins. 

   A) Back-arc basins are formed due to compressive forces. 

   B) Trench rollback involves the migration of the trench away from the back-arc basin. 

   C) Back-arc basins spread at asymmetrical rates. 

   D) Forearc basins cannot form without the formation of a back-arc basin 

Transform fault     

Expected Answer: Colored stripes represent periods of normal magnetic polarity (1), White stripes represent periods of reversed magnetic polarity (1)

Expected Answer: Greater glacial extent increases seafloor spreading rate (1). During an ice age, sea levels are lower (1) meaning reduced water pressure on spreading centers
(1), allowing them to spread faster. (1)

Expected Answer: During WW2, Navy ships carried magnetometers behind them (1) to detect enemy submarines. (1)

(Mark ALL correct answers)



8. (2.00 pts) Select all of the following that are changes that take place during an El Niño Event. 

   A) An intensification of trade winds 

   B) Increased numbers of tropical cyclones forming in the Western Pacific Basin 

   C) Warmer sea temperatures near the west coast of South America 

   D) Less rainfall in South America 

   E) Increased sea ice in some Antarctic regions 

9. (1.00 pts) A sample of seawater in the Arctic Ocean is to be taken at a depth of 500 m. Answer the following questions regarding this sample.

What is a device that could be used to obtain the sample? 

10. (1.00 pts)
Suppose that once the sample is retrieved and taken to a lab, it is titrated against an aqueous solution of AgNO3. What specifically is being measured by this procedure?  

11. (1.00 pts) How is this measurement useful for determining the salinity of the sample? 

12. (1.00 pts) Would the salinity of the sample be expected to be higher or lower than a salinity measurement made at surface depth? 

   A) Higher 

   B) Lower 

13. (1.00 pts)
Rank the following from least to greatest depths of occurrence: Oxygen Compensation Depth, Opal Compensation Depth, Calcite Compensation Depth, Aragonite Compensation
Depth 

14. (2.00 pts) Select all of the following which would lead to the calcite compensation depth becoming more shallow. 

(Mark ALL correct answers)

Nansen bottle     

Chlorinity     

Expected Answer: Total salt content is generally in fixed proportion with chlorine concentration. (1)

Expected Answer: Least to Greatest: Oxygen Compensation Depth, Aragonite Compensation Depth, Calcite Compensation Depth, Opal Compensation Depth (1)



   A) Industrial pollution 

   B) Volcanism 

   C) Increased phytoplankton populations 

   D) Increased age of the water mass 

15. (7.00 pts)
How do temperature, pressure, and pH affect the solubility of CaCO3? For each variable you should specify whether solubility of CaCO3 increases with increasing or decreasing
temperature, pressure, or pH. Then, describe how each variable changes with ocean depth at tropical latitudes. If a change reverses sign at some point, make sure to mention it. 

16. (4.00 pts) Briefly explain how a restricted inland sea could allow for each of the following effects:

Increased salinity within the sea
Decreased salinity within the sea
Anoxia within the sea
Effects on global ocean water masses 

17. (2.00 pts) Select all of the following choices where Tidal Inflow exceeds River Inflow. 

   A) Salt Wedge Estuary 

   B) Vertically Mixed Estuary 

   C) Highly Stratified Estuary 

   D) Slightly Stratified Estuary 

   E) Inverse Estuary 

18. (6.00 pts) Describe the vertical structure of a fjord during the summer. Be sure to mention layers and the characteristics of each layer including salinity and flow direction. 

(Mark ALL correct answers)

Expected Answer: Solubility of CaCO3 increases with decreasing temperature (1), Solubility of CaCO3 increases with increasing pressure (1), and solubility of CaCO3 increases
with decreasing pH (1) Temperature decreases with depth (1), Pressure increases with depth (1), pH initially decreases with depth (1), then increases (1)

Expected Answer: Increased salinity: Greater amounts of evaporation relative to the ocean (1) Decreased salinity: freshwater gains from rain/rivers (1) Anoxia: Stratification due to
poor circulation, deep water is not renewed (1) Effects on global ocean water masses: An outflow of a water mass with different temperature and salinity than its neighboring water
masses. (example: Mediterranean Intermediate Water) (1)

(Mark ALL correct answers)

Expected Answer: Fjords have a brackish surface layer (1) that flows toward the ocean (1) and an intermediate salty layer (1)that flows in the reverse direction (1), as well as a deep
layer that is stagnant (1) and salty (1).



19. (1.00 pts) Which of the following Salinity vs Horizontal Length curves corresponds to the Bay of Fundy?

   A) A 

   B) B 

   C) C 

   D) D 

20. (2.00 pts) Select all of the following elements which have a shorter ocean residence time than water. 

   A) Sodium 

   B) Bromine 

   C) Iron 

   D) Chlorine 

   E) Calcium 

   F) Aluminum 

21. (2.00 pts) Does Marcet’s Principle apply more strongly to elements with short residence times or long residence times? Why? 

22. (2.00 pts) Select all of the following that act as buffers for the ocean. 

(Mark ALL correct answers)

Expected Answer: Marcet’s Principle applies to elements with long residence times (1) because they are able to become well-mixed throughout the entire ocean. (1)



   A) SO4 2- 

   B) HCO3 - 

   C) Mg 2+ 

   D) Cl- 

   E) B(OH)3 

   F) CH3COO- 

23. (1.00 pts) Use the image below to answer questions 23-24.

What is being shown? 

24. (1.00 pts) Why are the swirls in the image multi-colored? 

25. (3.00 pts) Why are western boundary currents typically areas of low productivity? 

26. (4.00 pts) Would Western Intensification exist if the Earth’s spin was reversed? Explain why or why not. 

(Mark ALL correct answers)

Expected Answer: A phytoplankton bloom (1)

Expected Answer: Multiple species of phytoplankton (1)

Expected Answer: Western boundary currents bring a surface layer of warm water (1) and prevent cold, nutrient-rich water from rising (1) due to the formation of a thermocline. (1)



27. (1.00 pts) Use the image below to answer questions 27-30.

What is the elongated red feature in the image? 

28. (1.00 pts) Warm core rings are forming on _______ of the red feature. 

   A) the North side 

   B) the South side 

   C) both sides 

   D) neither side 

29. (4.00 pts) Why are cold core rings in this region able to persist longer than warm core rings? 

30. (6.00 pts) Why do cold core rings “disappear” after a while to infrared satellites while warm core rings are easily observable to infrared satellites? 

Expected Answer: No (1), because the Coriolis force (1) resulting from the Earth’s spin would act in the opposite direction (1), instead creation an Eastern Intensification. (1)

The Gulf Stream     

Expected Answer: Warm core rings forming on the North side will either break apart when they hit the continental shelf or remerge with the Gulf Stream. (2) Cold core rings can
meander for longer periods of time in the Sargasso Sea. (2)

Expected Answer: Cold core rings can have their surface layer (2) warmed by solar radiation to a temperature where they are no longer distinguishable from surrounding water even
when the ring structure is still present at depths. (2) Warm core rings retain their thermal contrast and are easily observable because of it. (2)



31. (1.00 pts) What is the wave speed (in m/s) of a tsunami over the continental shelf with a depth of 100 meters? Give your answer as a number to 3 significant figures. 

32. (1.00 pts) What is the wave speed (in m/s) of a wave in the open ocean with a wavelength of 400 meters? Give your answer as a number to 2 significant figures. 

33. (1.00 pts) A tsunami is caused by a massive earthquake offshore. When it approaches the shore, what quantity does not change? 

   A) Wavelength 

   B) Period 

   C) Amplitude 

   D) Total Energy 

   E) Wave Speed 

   F) Phase Velocity 

34. (1.00 pts) Suppose the distance between the Earth and the moon was halved. By what factor would the tide-generating forces on Earth be scaled by? 

   A) ⅛ 

   B) ¼ 

   C) ½ 

   D) 2 

   E) 4 

   F) 8 

35. (1.00 pts) Which of the following water masses can be found in all ocean basins due to a circumpolar current? 

   A) North Atlantic Deep Water 

   B) Antarctic Bottom Water 

   C) Antarctic Intermediate Water 

   D) Circumpolar Deep Water 

   E) Arctic Intermediate Water 

   F) Mediterranean Intermediate Water 

36. (1.00 pts) Use the image below to answer questions 36-38.

31.3     

25     



What do the curved gray lines going across the diagram indicate? 

37. (5.00 pts) Describe the pattern in the data points seen on the diagram and explain the physical reason behind it. 

38. (2.00 pts)
We can note an interesting property when two water masses of equal density, but different salinity and temperature values mix together. What will happen to the mixture? Hint: Think
about where the resulting water mixture would appear on the diagram relative to its precursor water masses. 

39. (4.00 pts)

Density     

Expected Answer: There are multiple curves of data points stemming from the same point on the diagram. (2) This is an effect of the same precursor water mass (1)
mixing/advecting with many of the other localized water masses (1), averaging their T-S values with its own when they are mixed. (1)

Expected Answer: The mixture is denser than either of the original water masses (1), and it tends to sink (1)



Describe the phenomenon that is responsible for the anomalous area of cooling in the North Atlantic shown in the map. 

40. (1.00 pts) Have some nice and breezy landform identification questions! Identify the coastal feature.

41. (1.00 pts) Identify the coastal feature.

42. (1.00 pts) Identify the coastal feature.

Expected Answer: The melting of the Greenland’s ice sheet (1) adds freshwater to the nearby ocean decreasing salinity (1) and therefore preventing colder waters from sinking (1)
with the Atlantic Meridional Overturning Circulation. (1)

Sea Stack     

Spit     



43. (1.00 pts) Identify the coastal feature.

44. (1.00 pts) Identify the coastal feature.

Marine Terraces     

Tidal flat     



Barrier island     

Thank you for competing!

If you have any questions about this test, feel free to contact me at ryan.a.anselm@gmail.com 
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