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Heat flows Dramatically outward from Earth’s Interior

How it happens shapes the whole planet’s history.
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3. CONVECTION



Hot-water Heating Forced-Air Heating



Picture yourself at the shore, with a nice 
breeze blowing.

Is the air salty or not?



It Depends on the Time of Day!!!







Imagine that you are in a mountainous 
region, especially a desert, at night.

What is the rushing noise you hear?



Cold air rushes down the sides of the mountains.



If you take a trip to Disneyworld in the 
summer, people will tell you that it always 
rains in the afternoon.

Why?



The warm land air rises, causing 
condensation and precipitation.







If you visit Gibraltar, the current is always 
flowing eastward, into the Mediterranean.

How is this possible?



Evaporation makes the Mediterranean 
water salty and dense, so it sinks.

Convection can be driven by CHEMICAL 
density differences as well as THERMAL 
density differences!!!!!



England is at the same latitude as Hudson 
Bay and southern Alaska.

Why isn’t it as cold?



Because of the 
Gulf Stream.



It is believed that and increased 
Greenhouse Effect could freeze Europe.

How could this happen?



The sudden flood of fresh water 
(not salty less dense doesn’t sink) 
melted from Greenland could shut off the 
Atlantic thermohaline circulation.



Earth’s tectonic plates have been 
moving around Earth’s surface for 
at least 4 billion years.

How does the rock move?



Locations of the Major Tectonic “Plates”



























































































































Earth’s Mantle Convection is driven by internal 
radioactive decay. 

Like a bowl of Miso Soup in a microwave oven 
(and the continents are the pieces of tofu!)!



If the “Rayleigh number” is greater than about 500, then a volume of 
material will convect.



Ra = (Density)(Gravity)(Thermal Expansion)(ΔT)(LxWxH of "box")
(Viscosity)(Heat Diffusivity)

If the “Rayleigh number” is greater than about 500, then a volume of 
material will convect.



Ra = (Density)(Gravity)(Thermal Expansion)(ΔT)(LxWxH of "box")
(Viscosity)(Heat Diffusivity)

=   (4000 kg/m3)(10 m/s2)(0.00003 1/ºC)(3500ºC)(3000000 m)3

(1021 Pa-s)(0.000001 m2/s)
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material will convect.



Ra = (Density)(Gravity)(Thermal Expansion)(ΔT)(LxWxH of "box")
(Viscosity)(Heat Diffusivity)

=   (4000 kg/m3)(10 m/s2)(0.00003 1/ºC)(3500ºC)(3000000 m)3

(1021 Pa-s)(0.000001 m2/s)

=  about 100,000,000 YES, EARTH CONVECTS!

If the “Rayleigh number” is greater than about 500, then a volume of 
material will convect.

























A Medical CT-Scan





Rayleigh wave (70 s) tomography







Projected locations of subducted lithosphere down into the mantle:















D″ Lateral S-Velocity 
Heterogeneity

(Long Wavelength)

• (Fast velocities beneath the 
circum-Pacific)

• (Slow velocities beneath Africa and 
the Pacific)



A map of “anti-continents” at the core-mantle boundary – graveyard 
of subducted slabs, birthplace of hot spot plumes.



An artist’s 
rendition of the 
core-mantle 
boundary.









Depth Slices 
Through the 
Earth:

VERY large 
attenuation 
anomalies in 
the lower 
mantle

Shear Wave Attenuation                  Shear Wave Velocity



Water Might be Continually Pumped Into the 
Lower Mantle Via Sinking Ocean Seafloor



Earth has a strong magnetic field.

Where does it come from?



Convection of liquid iron in Earth’s core 
creates Earth’s magnetic field.



Magnetic Field 
Lines in Earth’s 
Iron Core

Courtesy of G. Glatzmaier
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Magnetic Field 
Lines in Earth’s 
Iron Core

The Field 
Strength has 
recently 
decreased by 
10%. Are we 
beginning a 
new field 
reversal??



Mantle convection 
on Mars



Convection in the Sun


