Ocean Drilling Program’s CD-ROM

 Gateways to Glaciations

Overview

Has the earth’s climate always been like it is today?  How has it changed in the past?  What factors are involved in creating those climate changes?  How fast can climate change?  What evidence do scientists use to investigate these questions?  What types of scientists study climate?  The Ocean Drilling Program (ODP) has produced a CD-ROM that simulates a research cruise to help students answer these questions.  You will use the CD-ROM to investigate changes in earth’s climate over the past few million years using the same techniques and thought processes that scientists use. 

Learning Objectives

At the end of this program, you should be able to discuss major hypotheses which explain the dramatic changes in earth’s climate over the past few million years and summarize the types of evidence and studies used to develop those hypotheses.

Instructions

Use this worksheet as a guide to the CD-ROM.  On this worksheet, section subtitles have been used to divide up the program.  There are also some helpful hints, as well as shortcuts to the lab experiments (although science can be fascinating, sometimes the actual work can be tedious).  Fill in answers to the questions on this sheet as you go along.  You may need to use the back or next buttons to repeat information so you can adequately compose answers to the given questions.  You may also use “Ctrl M” keys together to go to the main menu to return to previous sections.  Allow 3 to 4 hours to complete this exercise.  You may “disembark” from the voyage and quit the program at any time and later return to the same spot where you left.    

Bon Voyage!

Getting Started

Load the CD-ROM into your CD drive.  If it does not start automatically, click on “Start”, then “Run” and select the CD-ROM.  Once you are on the main page, log in by entering your name and password (pick any you like).  Your name and password will allow you to log back in at any time and return to the place you left off.

Welcome
In this section you will investigate when large glaciers first formed in the Northern Hemisphere and why climate cooled so rapidly at that time.

1. How does the JOIDES Resolution (JR) gather data?

2. Why are ocean sediments generally better to study than sediments on land?

Ship Map
You will notice a number of different labs that you will visit.  Don’t take time to click on each one now…you will visit these areas as you go along in the program.

Chief Scientist’s Office (Click here to begin your investigation)

Open Laptop:  Investigate your laptop by clicking on each main area to view the contents.  Don’t take time to click on each sub-section now…you will visit these areas as you go along in the program.  When you are finished, click on close laptop.

The first drill site.  

1. Where is the drill site located? (Be specific)

2. Why was the drill site located here?

Sedimentology Lab
Review the “Glaciers and Ice-Rafted Debris” section on your laptop and answer the following questions.

1. What are glaciers?  How do they form?

2. How do icebergs form?

3. What is “ice-rafted debris” (IRD)? 

4. What can you infer if you find IRD embedded in a deep ocean core?

Close laptop and perform the Sedimentology Lab experiment as described.  Fill in the table below with your data.  Notice that some of the data has been completed for you.  Also, be sure to enter into your journal the data already in the table below. (Remember—the sediments at the top of the core are younger; the bottom of the core contains the oldest sediments).
	Core Sample Number
	Meters Below Sea Floor (MBSF)
	#IRD grains
	Total # grains
	% IRD grains

	1
	111
	
	
	

	2
	112
	
	
	

	3
	113
	39
	44
	88

	4
	114
	30
	48
	62

	5
	115
	
	
	

	6
	116
	
	
	

	7
	117
	
	
	

	8
	118
	0
	42
	0


5. Between which two samples did you place the green flag?  Use a colored pencil to draw a line between the two samples on your data table to illustrate your answer.

6. Explain why this is a significant boundary in the core.

7. What questions now need to be answered regarding your finding?

Paleomagnetics Lab
Review the information on the laptop to explore key concepts related to the Earth’s magnetic field and the study of “Paleomagnetics” to answer the following questions.

1. How is Earth’s magnetic field produced?

2. How has Earth’s magnetic field changed over time?

3. How is Earth’s magnetic field recorded in rock?

4. How is Earth’s magnetic field preserved in sediment?

5. What is the GPTS?

6. What is the formula for calculating the age of the seafloor?

7. What is “normal” polarity?  What is “reversed” polarity?

8. What is the detailed pattern in the GPTS likened to?

9. The magnetic record from any given core will not have the same look as the GPTS, but it will have the same___________________ as the GPTS.   Explain what causes the difference.  

Close laptop and begin the lab experiment.  In the lab you will put core samples through the cryogenic magnetometer to measure the magnetic field of each sample.  You will then correlate the magnetic reversals with the GPTS.  With the correlation, you will use the position of the reversal boundaries (Meters Below Sea Floor—mbsf) to calculate the age of the change in ice-rafted debris (IRD) you noted in the sedimentology experiment. 

Complete the experiment as directed.

1. What is the age established for the onset of glaciation? __________ Ma (million annum, or million years before present)

Chief Scientist’s Office
You now have an established age of the onset of Northern Hemisphere glaciation.  You need to better constrain why the icebergs might have migrated so far south.  

1. What hypotheses (3) are presented?

2. What type of information do you need to investigate the above hypotheses?

Isotope Lab

Here you will see how all water is not alike and how differences in water can be used to study climate.  The instrument you will be using is a mass spectrometer, which is used to identify and quantify unknown compounds.  As molecules move through the instrument they are accelerated in a magnetic field.  This results in the molecules being separated according to their mass.

Open Laptop to answer the following questions (when given a choice, circle the appropriate answer):

1. 16O and 18O are both ________________ of oxygen.  The difference is in the number of _________________, which affects the mass of the atoms.  Although they are chemically identical, the difference in mass affects the physical processes such as __________________, ______________________, and _________________________.  

2. Water removed by evaporation may return to the sea or accumulate on land in glacial ice.  As more 16O is stored on land in ice, the result is the proportion of 18O in the ocean 

increases  /  decreases.

3. Besides  increasing  /  decreasing  of sea level, removal of fresh water by evaporation also increases  /   decreases  the ocean’s ______________________.

4. Foraminifera (forams) use calcium, carbon dioxide and water taken from the surrounding seawater to build their calcium carbonate (CaCO3) shells.  During cool climate periods, forams use  more  /  less   18O to form shells.  During warm climate periods, forams use      more /  less  18O to form shells.  

5. The ratio of 18O to 16O will then vary with climate.  During warm climate periods the 18O/16O ratio will be large  /  small.    During cool climate periods the 18O/16O ratio will be large  /  small.

6. Oxygen isotope ratios can be used to create a record that shows the global ice volume through time.  In other words, the 18O/16O ratio can be used an indicators of _______________________.

Close laptop and begin the Isotope Lab experiment and complete the experiment as directed.  (When you have plotted the data, describe what the 18O/16O curve looks like between 2.40 and 3.10 Ma (in general).

Chief Scientist’s Office

1. What are the two main trends in your oxygen isotope data?

2. Orbital changes resulting in variations in sunlight are referred to as the ________________________________.  Regular variations in Earth’s climate resulting from these variations are called _______________________________.

3. One part of this hypothesis involves the angle of tilt which, through time, varies from approximately _____ to _____ degrees.  The period of this cycle is ___________ years.  This cycle controls the amount of seasonality on earth.  The maximum tilt angle will produce the  least  /  greatest  difference between summer and winter sunlight.

4. Why does the Chief Scientist suggest that there must be another variable involved in the climate process?

((Click Next  to continue onto the next expedition…Caribbean Cruise anyone? 
1. Where is the new drill site? (Be specific)

2. What hypothesis is being tested here?

Chief Scientist’s Office

1. What is the first question that needs to be answered?

Paleomagnetics Lab (revisited)

1. What work is done in this lab?

Micropaleontology Lab

Open the Laptop and view Microfossils in Ocean Sediments to answer the following questions.

1. Even though very small, the fossil shells of microscopic organisms comprise the bulk of _________________ sediments.  Foraminifera make their shells out of ______________________________.  Radiolaria make their shells out of _______________________. 

2. A group of coexisting species is called an __________________________, which has an age range that is generally  shorter  /  longer   than the age range for most any of the individual species.  

3. What happens when a barrier forms to separate a group of organisms?  

4. So by recognizing the changes in the microfossil assemblages preserved in the sediments, we can discover _______________________________.  This is similar to when a _______________________ forms, allowing land animals to migrate.

Close laptop and begin the Micropaleontology Lab experiment.

(You have cores from which 2 areas:  

1)  _________________   and 2)  ______________________.

Results:  Pulleniatina is first found in Sample _____ of the _____________ core; the age of this sample is ________ Ma.

Isotope Lab (revisited)

1. What do the graphs of the Pacific and Caribbean cores indicate?

2. What question(s) do we need to pursue next?

Ocean/Climate Modeling Lab

In this section, you will review the basics of oceanic and atmospheric circulation which may lead to an answer to the Ice Age question.

1. Ocean water is salty.  Salts are supplied through rivers, the ____________________, and the __________________________ and removed by _______________________.  The chemistry of the ocean is in   _________________________, balanced between these inputs and outputs.  The total amount of salts is called ____________________ with an average value of ____ parts per thousand (‰).

2. Use the salinity map to read and record the salinity values on either side of the Isthmus of Panama:  Pacific = ___________‰; Atlantic = __________‰.

3. Because of its increasing density, saltier water rises  /  sinks.  In late winter, salty surface water in the North Atlantic cools, causing it to _________ and become a deep water mass called ____________________Deep Water.  Surface water is replaced by the northward flow of the _____________________ current.  The term for this type of water flow is ____________________________________ because it is driven by density differences due to temperature (thermo) and salinity (haline) changes.  

4. The sinking of North Atlantic waters is often thought of as the start of the “Global Conveyor belt,” which is a continuous worldwide flow of water; the conveyor belt is slow—water that sinks near Iceland surfaces in the Central Pacific in approximately ___________years.

5. Surface currents are driven by winds and other forces, including Earth’s rotation.  The combination of wind and Coriolis deflection produce a large __________________ circulation called the ___________________________.  The strong western boundary current of this circulation is called the ____________________________.

6. In the Caribbean, the ____________________ blow from northeast to southwest.  This results in water evaporated from the _____________________ to rain in the ________________.  The net removal of fresh water from the Caribbean causes the eastern Pacific to be  less  /  more salty than the Caribbean. This also causes the Caribbean to have a  higher /  lower   18O/16O ratio than the Pacific.

7. The divergence in your 18O/16O data and your foram data suggest that until about _____ Ma, water between the Caribbean and Pacific freely mixed.  

8. Other evidence shows that at about the same time the Panama “gateway” began to close due to ___________________processes. 

9. Draw in the currents on the maps below.  The width of your arrows should indicate current strength.  
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	Gulf Stream is _stronger  /  weaker_

Caribbean is _more  /  less  salty
	Gulf Stream is _stronger  /  weaker

Caribbean is _more  /  less  salty


10. As the surface water became saltier and the Gulf Stream intensified, production of ______________________________ was triggered.  

11. The intensified Gulf Stream brought warmth to the high latitudes; this also brought increases  /  decreased  moisture and _greater  /  less   precipitation.  The Prevailing _______________ winds carried that precipitation to central Eurasia.  The fresh water was carried by rivers that flow into the _________________ Ocean.

12. What questions does the sedimentologist, Christoph Buret, express regarding this potential sequence of events?

13. Additional fresh water flowing into the Arctic Ocean made its surface water _more  /  less salty and  more  /  less_ dense.  Because this water flows out of the Arctic, this would have  strengthened  /  weakened  the global conveyor belt, reducing the flow of the Gulf Stream and reducing how much heat it could bring northward.  This is an example of a __________________________ system.

14. Increased fresh water would have other affects.  Fresher water freezes at a higher  /  lower   temperature, resulting in the increased formation of ______________________.  Increased sea ice would reflect  /  absorb  more sunlight, resulting in warming  /  cooling  the climate.  Sea ice also ___________________ the atmosphere from ocean “warmth” (remember, even water that is nearly freezing is warmer than the atmospheric temperatures in the Arctic—the ocean water is “warm” by comparison).

15. The enhanced cooling was still not enough to trigger extensive glaciation.  What was needed to “tip the scales”?  Between ______and______ million years ago, Earth’s tilt swung from high to low  /  low to high  values which allowed for  warmer  /  cooler  summers in the Northern Hemisphere.  Sea ice could form and remain year-round; glaciers could expand.  This Milankovitch trigger could not have triggered an ice age had “preconditioning” not taken place by the closing of the Panama gateway 4.6 million years ago.

16. Where would you go to test this idea?  What would you look for? 

17. How does this study of climate help us with questions about today’s climate?

PAGE  
1

