Activity: Mantle Thermometers



How do we take the temperature of the Earth?  There are two main effects of temperature on the mantle that we can use to obtain thermal information.

· Higher temperatures narrow transition zone thickness.

· Higher temperatures slow down seismic velocities.

So, if we can make observations of transition zone thickness and seismic velocities beneath Hawaii, we can begin to evaluate whether the magmatic source is related to a “mantle plume” or a “shallow melting anomaly.”

What tools are used to make these observations?

· Transition zone thickness (Discontinuity depth)

· Receiver Functions

· ScS Reverberations

· SS Precursors

· Whole-mantle seismic velocities

· ScS Reverberations

· Seismic Tomography
For this activity… 
…we will look at the transition zone structure beneath Hawaii.  The transition zone discontinuities can be measured in a variety of ways.  All of the tools use seismology to obtain information about the discontinuities.  Schematic versions of how the different seismic waves travel are included in the lecture slides.  

…there are two things to keep in mind.  1) Each of the different methods sample the mantle a little differently, so they are averaging in different volumes of the mantle to get the result.  2) There are different errors associated with each method.  We are ignoring those for today to simplify things.  Note that the average mantle transition zone thickness is 242 km + 2km.
By the end of this activity you should have:


1) An estimate of transition zone temperature beneath the East Pacific

    Rise. (Mid-Ocean Ridge, “Normal” Mantle?)

2) An estimate of transition zone temperature beneath Hawaii. 

    (Ocean Island, Mantle plume?)

3) A summary of how this data fits in with the “Mantle Plume Debate.”  

    (Answer the questions included in this activity.)

The Data

	Location
	Transition Zone Thickness
	Average Temperature

	Global Average
	242 km + 2 km *
	1350 C 


*Note: The average transition zone thickness is NOT 250 km, as the names “410-km discontinuity” and “660-km discontinuity” would suggest.  It turns out that the mantle is more complicated than that, with systematic variations in the depth of both the 410- and 660-km discontinuities…

	Location
	
	

	East Pacific Rise (Ridge)
	Transition Zone Thickness
	Technique Used

	8° N
	104° W
	237.5 km
	SS Precursors

	13° S
	112° W
	239.9 km
	SS Precursors

	4° S
	103° W
	245.8 km
	SS Precursors

	14° S
	112° W
	241.3 km
	SS Precursors

	17° S
	114° W
	240.6 km
	SS Precursors


	Hawaii (“Hotspot”) *
	Transition Zone Thickness
	Technique

	Oahu
	241.1 km 
	Receiver Functions

	Hawaii
	202.4 km 
	Receiver Functions

	Hawaii-Niihau Avg
	225 km 
	Receiver Functions

	Hawaii, ~200 km diameter
	223.4 km 
	SS Precursors

	Hawaii-Oahu Avg
	227 km 
	ScS Reverberations


*Note: Locations/sampling areas are listed in this column to help with interpretation of results.
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Hawaiian Islands

       East Pacific Rise (Light blue line, ~N/S)

Calculating Temperatures

Set up an Excel Spreadsheet to convert transition zone thickness to temperature anomalies.  Since the Clapeyron slope gives you the discontinuity’s response to temperature in units of pressure, first you need to convert depth to pressure, then pressure to temperature.  

Your Excel Columns should look like this:

	Location
	TZ Thickness
	∆ km
	∆ MPa
	∆ T (ºC)


Where

∆ km = Difference between “global average” and the observation

∆ MPa = Equivalent difference in units of pressure instead of km

∆ T = Temperature anomaly that could cause that difference

Clapeyron Slopes:

410-km discontinuity: +4.0 MPa / ºC (Deeper)

660-km discontinuity: -0.4 MPa / ºC (Shallower)

( Effect of garnet counters the change at 660 km.  For today, assume all change in transition zone thickness is caused by changes at the 410-km discontinuity.

Other info you will need:

40 MPa = 1km

What to Do
1. Fill in the table for each of the Ridge and Hawaii locations.  

2. Calculate average values for “Ridge” and Hawaii for each column.

3. Answer the following questions…

Q1: What is the average transition zone thickness beneath the ridge locations?  Draw a sketch showing the transition zone discontinuity structure.

Q2: What is the average transition zone thickness beneath Hawaii? Draw a sketch showing the transition zone discontinuity structure.

Q3: What is the average transition zone temperature beneath the ridge locations?

Q4: What is the average temperature beneath Hawaii?

Q5: If we included the Clapeyron slope for the 660-km discontinuity in the calculation, how would your temperature estimate change? (Circle One)

Not at all    Slightly Hotter
   Slightly Colder
Much Hotter
   Much Colder

Q6A: Are transition zone temperatures beneath ridges similar to the average mantle? (Hint: Look at the errors on transition zone thickness to estimate whether the observations are “similar” or “different” than the average mantle.)

Q6B: Are transition zone temperatures beneath Hawaii similar to the average mantle? (Hint: Look at the errors on transition zone thickness to estimate whether the observations are “similar” or “different” than the average mantle.)

Q6C: How much of a change in transition zone thickness do you have to see to be able to tell that a region is distinctly different from average mantle?  How much of a change in temperature does this correspond to?  What does this tell you about your results above?

Q7: Estimate the size and location of the magma source for the Hawaiian Islands.  (Diameter and geographic center of the magma source.) How did you come up with your estimate?

Q8: Do your results support a “mantle plume” source or a “shallow melting anomaly” source for the Hawaiian Islands?  Why? 
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