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What are hydrothermal vents?  How does density relate to them?

Can we find one?

TOPIC:  Density driven water currents

Summary

In Chemistry and in Marine Science, students have already studied physical properties of matter.  This lesson builds upon their understanding of density and connects it to movement within the ocean.

STANDARDS:  PA Science and Technology Standards http://www.pa3e.ws/content/view/25/41/
3.4.10 A

A. Explain concepts about the structure and properties of matter.

· Describe phases of matter according to the Kinetic Molecular Theory.

.

OBJECTIVES
Students will be able to

· Explain the concept of density

· Describe where hydrothermal fluid comes from and why it pours out of hydrothermal vents

· Describe how hot water behaves in cold water in a model
· Compare the movement of hot water molecules to the movement of cold water molecules invoking the kinetic theory
· Be able to locate a vent in a computer simulation

· Communicate the manner in which a hydrothermal vent is located 

· Locate a model of a hydrothermal vent

Introduction:  Density differences exist within our ocean waters.  At the mid-ocean ridges within the ocean floor, superheated fluid spews out into surrounding waters.  This was originally cold sea water that became heated by its contact with the molten rock deep within the ocean floor at these “spreading zones”.  It can reach temperatures as high as 350 to 400 0 F.  At these temperatures, copper, iron, zinc and sulfur easily dissolve within the hot water as they are extracted from the crust.  Extremely hot and therefore much less dense, this water quickly rises as it is released from hydrothermal vents.
There are two labs that make up this lesson.  The first involves creating a model of a hydrothermal vent.  The second involves a computer simulation of scientists attempting to locate a hydrothermal vent within the Juan de Fuca Ridge on the floor of the Northern Pacific.
Part 1:  Lab on density (modeling a hydrothermal vent)
Materials
· Large, clear, plastic tanks (1 gallon or more)
· Small dropper bottles
· Beakers (200 ml)

· Saran wrap

· Rubber bands

· Food coloring

· Hot water, cold water
· Thermometers  (3 per table)
Procedure for Lab on Density
1.  Fill a large container (tank) with water that is very cold.

2. Take the temperature of this water and record.

3. Heat the small beaker with tap water on a hot plate.  Add to this beaker 4 drops of blue food coloring.

4. Fill the 50 ml dropper bottle with the hot water.  Cover the opening with saran wrap, being careful to fill to the top and secure with a rubber band .

5. Carefully position this bottle in the bottom of the tank, being careful not to disturb the water too much.

6. Let the tank water quiet down so there are no visible disturbances.

7. Carefully, introduce a thin, sharp nail and poke a hole in the saran wrap.
8. Take the three thermometers and station them at various places in the tank.  Choose these positions in advance so that you will get very different temperatures.  Record temperatures at minute intervals.
9. Choose different members of your group to narrate what is happening after the hole is made.  Either use your cell phone to take pictures at intervals of 1-2 minutes or draw your observations on a piece of white paper with colored pencils.

10.  After about 8 minutes, take a straw and blow on the surface of the water.  Take pictures of show what happened.
Questions for discussion
1.  Why doesn’t water boil as it exits the hydrothermal vent if its temperature is well above the normal boiling point?

2. Where does the fluid come from that exits at black smokers?  Why is it black?
3. What happens to the metals and sulfides in the fluid as the water exits the vent?

4. Explain why the hydrothermal fluid rises as it exits the vent.
5.  Do you think that this is a good model for hydrothermal vents?  Explain.
6. How is hydrothermal fluid different from seawater?
Assessment
1. Questions above will be discussed in class and points will be assigned for participating constructively in the discussion.  

2. Formal Lab reports will be collected and graded.  
Extension Activity:  Density Currents http://www.usc.edu/org/cosee-west/Aug08/DensityDrivenCurrents.pdf
Part 2:  Computer vent activity:  Find a Plume, Find a Vent: 
  Materials
· Computer at each lab station

· Vent activity can be found at:  http://www.amnh.org/education/resources/rfl/web/dsv/searching/
· http://www.amnh.org/education/resources/rfl/web/dsv/findavent/
The second activity that I suggest for this lesson is from the AMNH course on Oceanography, called Find a Plume, Find a Vent.  It introduces the idea of actually locating a vent in the ocean floor and the difficulty one encounters because of all of the variables that influences your ability to be successful.  It tells you where vents have historically been found, suggests ways in which scientists have found vents through data gathered by CTDs, as well as by dragging them in a Tow-Yo pattern through the seas, talks about the influence of ocean currents in diluting the hot water, and then shows how they confirm the location selected by sending down a CTD directly into the area of the vent.
The vent activity, Find a Plume, Find a Vent,  can be downloaded as a PDF at http://amnh.ecollege.com/ec/courses/30948/CRS-AMNH-3366300/pdf/W2_assignment.pdf
The two websites that students will need to access to actually do this activity are at the following:

http://www.amnh.org/education/resources/rfl/web/dsv/searching/
http://www.amnh.org/education/resources/rfl/web/dsv/findavent/
Procedure for Vent Activity
Proceed to the following websites and work through the background information. 
http://www.amnh.org/education/resources/rfl/web/dsv/searching/
http://www.amnh.org/education/resources/rfl/web/dsv/findavent/
 When you feel comfortable with this information, do the vent activity and record your results.

1.  Record the areas that you choose to drop the CTD.

2. Record the temperatures at these locations

3. Did you find your vent?

ASSESSMENT
1. Students will  record data in their lab journals as they do the activity and then write an informal lab report.
PRE-LAB AND PRE-ACTIVITY READINGS

Chemistry Students:  Review the concept of density on pages 68 through 72 of your Addison-Wesley Chemistry textbook.  Explore the website, Dive and Discover,  at http://www.divediscover.whoi.edu/vents/index.html
Marine Science Students:  Read pages 37-39, 48-49, 377 and 402 in Castro and Huber Marine Biology textbook.  Explore the website, Dive and Discover,  at http://www.divediscover.whoi.edu/vents/index.html
ADDITIONAL RESOURCES

Good article on density currents with teacher activities:  http://www.usm.maine.edu/maps/lessons/nr11b.htm
COSEE activity on density with instructions:  http://www.usc.edu/org/cosee-west/Aug08/DensityDrivenCurrents.pdf  This activity includes a model which can be made with plexiglass.

Article on giant tube worms from AMNH Seminars in Science:  http://amnh.ecollege.com/ec/crs/default.learn?CourseID=3366300&CPURL=amnh.ecollege.com&Survey=1&47=5625578&ClientNodeID=910504&coursenav=0&bhcp=1
Video on how we study the ocean floor:  http://amnh.ecollege.com/ec/crs/default.learn?CourseID=3366300&CPURL=amnh.ecollege.com&Survey=1&47=5625578&ClientNodeID=910504&coursenav=0&bhcp=1
Great information on hydrothermal vents

http://dwb.unl.edu/Teacher/NSF/C11/C11Links/www.pmel.noaa.gov/vents/PlumeStudies/PlumeStudies1.html
EXTENSION

Why wasn’t the plume of warm water directly over the hydrothermal vent?

An adventure with currents and vectors.

After having completed the vent activity, most students will realize that they must make some type of accommodation for the movement by existing ocean currents of the warm water within the plume.  This will help them to more accurately determine the exact location of the hydrothermal vent.  The following activity on vector analysis will allow them to work through the determination of the velocity and direction of an ocean current.  The skills that they gain through this exercise can be used with real time data from the CeNCOOS website to predict the movement of an off-shore oil spill.
All materials for this activity can be found here:  Vector Analysis Activity(teacher)







        Vector Analysis Activity (student)
   





        Vector Field SF Region (Map)
After you have worked through the guided vector analysis, please choose another area off the coast of CA from this site, making sure that you have at least two radar stations and repeat this exercise with real-time data.

Surface Currents Data Map CA
ADDITIONAL REFERENCES

http://images.google.com/imgres?imgurl=http://dwb.unl.edu/Teacher/NSF/C11/C11Links/www.pmel.noaa.gov/vents/PlumeStudies/pac3He-400.gif&imgrefurl=http://dwb.unl.edu/Teacher/NSF/C11/C11Links/www.pmel.noaa.gov/vents/PlumeStudies/PlumeStudies1.html&usg=__eoObz-cUkImvp_Q1yV687rc9J_g=&h=311&w=414&sz=66&hl=en&start=16&tbnid=Ufr4bAIqRM7ucM:&tbnh=94&tbnw=125&prev=/images%3Fq%3Dplumes%2Bocean%2Bvents%26gbv%3D2%26hl%3Den%26client%3Dfirefox-a%26rls%3Dorg.mozilla:en-US:official%26sa%3DG

If you have time before your presentation, it would be helpful for me for you to provide

· Relevant content standards—National Science Education Standards: http://www.nap.edu/readingroom/books/nses/html/6a.html
· Science skills (using the Essential Science Skills grid on the EARTH Web site: http://www.mbari.org/earth/skills.htm
· Ocean Literacy Standards:
http://www.coexploration.org/oceanliteracy/documents/OceanLitChart.pdf
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NAME____________________________________________DATE________________

WORKSHEET ON HYDROTHERMAL VENT – DENSITY LAB

(attach this sheet to your formal lab)
 Please record your temperature data in the table below.



TIME IN MINUTES

	AREAS
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QUESTIONS

1.  Once you punctured your bottle of colored water, how long did it take for the water to start coming out?

2.  Where did you place your thermometers and why?

3. What happened when you blew on the surface of the water with a straw?  What might this represent?

4. Why doesn’t water boil as it exits the hydrothermal vent if its temperature is well above the normal boiling point?
5. Where does the fluid come from that exits at black smokers?  Why is it black?
6. What happens to the metals and sulfides in the fluid as the water exits the vent?
7. Explain why the hydrothermal fluid rises as it exits the vent.

8.  Do you think that this is a good model for hydrothermal vents?  Explain.
9. How is hydrothermal fluid different from seawater?
Draw a picture of what occurred during your experiment here. Use colored pencils.
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