OS 1 The Oceans
                                                                                        Summer 2010

HOMEWORK 2: DUE July 7 (wed)
The Oceans: Monterey Bay, Metric Units and Oceanographic Charts
Name ______________________ 

Date _______________________ 
YOU MUST SHOW ALL WORK TO RECEIVE FULL CREDIT
Activity 1: Metric System and Scientific Notation
1) The Metric System

 Table 1. Common conversion factors

	gallons/liters
	1 U.S. gallon = 3.8 L

	yards/meters
	1 yd = 0.914 m

	ounces/grams
	1 oz = 28.35 g

	pounds/grams
	1 lb = 454 g

	miles/kilometers
	1 mi = 1.609 km

	hectares/acres
	1 ha = 2.47 acres

	square miles/acres
	1 square mile = 640 acres


To convert areas you can square the length units. For example to convert 3 square yards to 

square meters use the following conversion:
3 yd2 x (0.914 m / 1 yd)2 = 3 yd2 x (0.835 m2/ 1 yd2) = 2.506 m2
Similarly, you can convert volumes by cubing the length units.
1) Convert 5 yd3 to cubic meters. 

2) Using the fact that 1000 L = 1 cubic meter, convert your answer in (1) to liters.
Table 2. Metric System conversion factors

	Kilometers/meters
	1 km = 1000m

	Meters/centimeters
	1 m = 100 cm

	Centimeters/millimeters
	1 cm = 10 mm

	Millimeters/micrometers
	1 mm = 1000 (m

	Metric tonne/kilograms
	1 metric tonne = 1000 kg

	Kilograms/grams
	1 kg = 1000 g

	Grams/milligrams
	1 g = 1000 mg

	Cubic meters/liters
	1 cubic meter = 1000 L

	Liter/milliliters
	1 L = 1000 ml


3) How many micrometers in a meter? 

4) How many grams in a metric tonne? 

5) How many liters in a cubic centimeter?   

6) How many acres in a square kilometer?
2)Scientific Notation

We convert very large or small numbers to scientific notation in order to shorten them and to make them easier to manipulate in expressions. For example: 

19,000,000 = 1.9 x 107
0.0000000756 = 7.56 x 10-8 

7) Write one billion (1,000,000,000) in scientific notation. 

8) Write 276,000,000 in scientific notation. 

9) Write 0.00000000602 in scientific notation. 

We can also use metric prefixes to express numbers. Some common metric prefixes are in Table 3 below. 
Table 3. Metric prefixes

	1,000,000,000,000,000
	1015
	Peta (P)

	1,000,000,000,000
	1012
	Tera (T)

	1,000,000,000
	109
	Giga (G)

	1,000,000
	106
	Mega (M)

	1,000
	103
	kilo (k)

	0.01
	10-2
	centi (c)

	0.001
	10-3
	milli (m)

	0.000001
	10-6
	micro (()

	0.000000001
	10-9
	Nano (n)


10)  Expressing your answers in scientific notation, convert 4.19 mm to: 

A.  nm 

B.  μm 

C.  cm 

D.  m 

E.  km 

Be sure that you know how to multiply, divide, add and subtract numbers in scientific notation. You may use a calculator.
Activity 2: Presentation of data – Time series and contour maps 

The National Oceanic and Atmospheric Administration (NOAA) operates the National Data 

Buoy Center (NDBC) which maintains a network of moored buoys along our coast and in the open ocean.  Several instruments are mounted on each buoy to collect data for various oceanographic and atmospheric studies and improve weather forecasts.  An example of a buoy and a map of the buoys for a region of the central California coast is shown below.
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1)  Using the website www.ndbc.noaa.gov, Which NDBC buoy is located closest to Santa Cruz (note that there are non-NDBC buoys also)? ________________ 

2)  One way to represent data collected at such buoys is called a time series, in which a quality is plotted versus time. A time series of wind speed at one buoy is shown on the next page. This data was collected last week from a buoy moored just outside of Monterey Bay. 

In m/s, what was the maximum wind speed recorded at this buoy during the 5 day 

period? (Recall: 1 knot = 0.51 m/s) 

What is the minimum wind speed recorded in m/s?
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More information about the buoys can be found at 

 http://www.ndbc.noaa.gov/rmd.shtml
Sometimes, data is collected along 2 spatial dimensions, and is presented in the form of a contour map.  You have already used one example of such a map, of bathymetry, in Activity 2.  

But maps are also useful in presenting other forms of data.  On the next page is an example of the average sea surface temperature (in oC) over the global ocean for the month of December, 

2009.  Note that if you printed it out in grayscale (rather than in color) dark shades correspond to both cold and warm temperatures.  To get precise readings of temperature, use the contour intervals and notice that grayscale shades vary every 1 degree, which provides additional information. If you are having trouble seeing this, visit the website below for a color version of this map: http://www.bom.gov.au/climate/current/meansst.shtml
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3)  Approximately, what are the warmest _____________ and coldest ____________ 

temperatures shown and at what latitudes __________ (warm) ____________ (cold) do they occur?  At what longitudes do the warmest waters occur? ______________   

4) Roughly, at what latitude do you find 15° C water in the eastern North Pacific? ___________  

Roughly, at what latitude do you find 15° C water in the eastern South Pacific?  ___________

Explain why these differ (hint is in map legend)?
Activity 3: Working with Bathymetry.   

Use the chart and plotting paper attached below.  Express your answers to one decimal place and round appropriately.  Be sure to include all units. 

A contour map shows the three-dimensional features of the Earth's surface in two dimensions.  

Topography (on land) and bathymetry (at sea) can both be shown with contours. Contour lines shown in a bathymetric map are also called isobaths. Contours are lines that connect points of equal elevation. Thus if you were walking on a mountain (or on the bottom of the ocean) and stayed on a contour, you would not climb higher or lower as you walked. If a contour is labeled 

100 m, then all points on the contour have an elevation (for a topographic map) or a depth (for a bathymetric map) of 100 m. The contour interval is the difference between two adjacent contour lines. For example, if there is one contour showing depth of 100 m and the next contour shows a depth of 150 m, then the contour interval is 150-100 = 50 m. Some maps use more than one contour interval so that they can show very detailed features that occur in one area, and coarser features that occur in other areas
1. The relative spacing of contour lines on a bathymetric map can be used to interpret the shape

of the sea floor. What does the spacing of contours indicate about the slope of the seafloor

 in these three cases:  

closely spaced contours indicate:     

widely spaced contours indicate:     
change in contour spacing indicate:    

2. A cross section drawn from a bathymetric chart represents a plot of changing depth on an X-
Y graph, where the X- axis is distance along the profile, and the Y axis is depth. The cross-section shows you what a "slice" through the bathymetric chart would look like.  

    a. Look at the attached chart of Monterey Bay and in the space below sketch a rough cross

section across Monterey Bay, from Monterey to Santa Cruz (along line A-B). Don't worry

about getting depths exactly right; just show the basic shape of the profile. Mark the North

and South ends of your cross section.

[image: image6]
What is the primary bottom feature in the middle of the cross section:  

Approximately how far offshore from Moss Landing does this feature extend? Give your answer in kilometers and also in nautical miles.  
  Nautical mile:  

  Kilometers:
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Plate Tectonics

Activity 1: Plate Boundaries
1. Name the following three types of plate boundaries:
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a)




b)




c) 

2. Complete the following table in order to describe the characteristics of plate boundaries:

	
	Divergent
	Convergent
	Transform

	Name of Seafloor Feature


	
	
	N/A

	Name of Tectonic Process
	
	
	N/A

	Volcanoes Present? (Y or N)
	
	
	

	Earthquakes Present? (Y or N) 
	
	
	


Activity 2: Seafloor Spreading
Use the map on page 3 for the following questions and be sure to show your work.  You will need a ruler and a calculator.

Given that the distance between Points A and B is 4550 km, you should first calculate the scale of this map.  [For example, you could calculate how many miles are represented by one centimeter.]

1. What is the map scale?  Provide units in “km/cm”. 

Select one stripe of sea floor rock.  Record its age below and carefully measure the distance it has moved from the mid-ocean ridge where it formed.

2. Sea floor age at selected stripe: (e.g.) 55 million years (m.y.)

3. Distance to the Mid-Atlantic Ridge (MAR) at selected stripe (in kilometers): 

Using the age of the rock you have chosen and its distance from the MAR, calculate the half-rate of sea floor spreading, the velocity at which one strip of this rock has spread away from the MAR.

4. (distance/time) = km per m.y.
Now calculate the total rate (velocity) that the two plates are moving away from each other.  This is considered, the rate of sea floor spreading.

5. (2 X half-rate = total spreading rate): 
Given that the total present day distance between North America and Africa (between points A and B) is 4550 km, calculate the age of the North Atlantic Ocean.

6. Age of North Atlantic Ocean: 


Activity 3: Seafloor Profiles

In this activity we will think about how water depth of the ocean floor changes as it ages and moves away from the mid-ocean ridge (rift valley).

1. Use the information in the table below to draw a simple profile of the sea floor across a mid-ocean ridge on the graph below the table. First plot the points below and then connect the dots with a continuous line.

	Station
	Distance from Rift Valley (km)
	Water Depth (m)

	1
	5650 to west
	5500

	2
	3500 to west
	4750

	3
	2750 to west
	4650

	4
	1490 to west
	4000

	5
	755 to west
	3500

	6
	360 to west
	3200

	7
	140 to west
	2800

	8
	100 to east
	2500

	9
	560 to east
	3300

	10
	980 to east
	3800

	11
	1550 to east
	4200

	12
	2950 to east
	4950

	13
	3700 to east
	5150

	14
	5200 to east
	5300









2. On the profile above label where you would expect to find the densest crust and where you would expect to find the least dense crust. Also label the regions where you would most likely find hydrothermal vents, deep ocean trenches, and the abyssal plain.

Activity 4: Ocean Depth and Age of Crust

We have seen that as ocean crust moves away from mid-ocean ridge it gets older and deeper.  We now can derive a relationship between water depth and age.
1. Make a plot of the Water Depth (D) vs. T 1/2 (where T = age of oceanic crust) on the graph below.  First complete the table below, then plot the data below the table. (Note: T½ is the same as the square root of T)
	Station
	Water Depth (m)
	T (my)
	T1/2 (You calculate missing values)

	1
	2750
	0.5
	0.71

	2
	3300
	5
	2.24

	3
	3550
	9
	

	4
	4100
	21
	

	5
	4500
	32
	

	6
	4850
	45
	

	7
	5200
	59
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Draw a straight line that connects the points on your graph above.
2)  How does the water depth of the sea floor change with increasing age of the oceanic crust and lithosphere? 
3)  Notice that the plot you drew above shows a linear relationship exists between T1/2 and water depth. Derive the equation of the line that describes this relationship using the two endpoints of the line. (Recall the equation of a line: y = mx +b)

4)  Recall from Part 2 that the oldest crust in the Atlantic had an age of approximately 150 million years. At what water depth would you find this crust? (HINT: Plug age (x) into your equation from Q3.)
Activity 5: Rate of plate movement
Another way to calculate plate movement is by looking at island chains that are formed from hot spots.  Dating of rocks from the Hawaiian Islands shows that the ages of the volcanoes are progressively older to the northwest (upper left).

It appears that the active undersea volcanoes on the Loihi seamount overlie a very hot region in the Earth's mantle.  This hot region located deep with the earth, is known as a “hot spot.”  So as the Pacific plate moves slowly over the stationary “hot spot” in the mantle, molten rock (called magma) rises to pierce a hole in the lithospheric plate.  A series of “burn marks” are left in the plate -- these “scars” are the volcanic islands and underwater volcanoes that lie on the top of the plate -- thereby creating a chain of seamounts and oceanic islands.

Age of the Hawaiian Islands.

	Island/Feature
	Age of Volcanoes

(m.y.=million years)
	Distance From Loihi seamount

(km = kilometers)

	Loihi
	0 m.y.
	0 km

	Mauna Kea
	0.375 m.y.
	54 km

	Molokai
	1.8 m.y.
	256 km

	Oahu
	2.6 m.y.
	339 km

	Kaui
	5.1 m.y.
	519 km


1)  Draw an arrow on the following map to show the direction of the absolute motion of the Pacific plate over the past 5 million years.  
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2)  Calculate the rate of absolute motion of the Pacific plate based on the data shown above by first determining the rate of motion for each island and then taking the average of these values.  Don't forget to specify units in km/my.  

(a) Mauna Kea:

(b) Molokai:

(c) Oahu:

(d) Kauai:

(e) AVERAGE:

3)  Based on your determined rates of motion for each island, is the plate velocity (a) speeding up? (b) slowing down? or (c) remaining constant through time?

B





A












































2

