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What is Edge Driven Convection?

From King and Ritsema, Science, 2000

A form of small-
scale convection 
driven by a step in 
the thickness of the 
lithosphere.



• The most unstable convective mode occurs at 
• The transition zone acts as an effective barrier to short-

wavelength convection (Tackley, 1995), hence I take D=660 km

What is the natural length-scale 
of edge-driven convection?

From Turcotte and Schubert 

√
2D



A little physical insight, a tomography 
model, a list of hotspots, and GMT...

• take a list of hotspot locations (Sleep, 1990)
• plot these on a tomographic model (e.g., 

Grand, 175-250 km depth)
• observe which hotspots are within 600-1000 

km of a fast anomaly (i.e., continental root).
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Global Hotspot Distribution and S-Wave Tomography (Grand) at 175-250 km Depth
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Global Hotspot Distribution and S-Wave Tomography (Ritsema) at 100-200 km Depth
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Courtillot et al., 2003 
Primary

Montelli et al., 2003 
Science Express

Not within 600-1000 km
(this analysis)

Afar Afar (?) Afar
Easter Easter Easter
Hawaii Hawaii Hawaii
Iceland ?

Louisville Louisville (weak) Louisville
Reunion Reunion Reunion
Samoa Samoa Samoa
Tristan ? Tristan

Ascension Ascension
Azores (?) Azores

Canary
Crozet Crozet
Eifel

Kerguelen Kerguelen
Tahiti Tahiti



Groups of Edge Driven 
Convection Hotspots

• North Atlantic

• Africa/South America

• other
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Hoggar Mountains, Algeria
Tibesti, Chad

Jebel Marra, Sudan /

Mt. Cameroon

Lake Victoria 
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Vema Seamount

Grand at 175-250 km Depth
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Ritsema at 100-200 km Depth
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North Atlantic Africa/South Atlantic Other

Iceland Madeira Yellowstone

Jan  Mayen Canary Raton, New Mexico

New England Seamounts Cape Verde Bowie Seamount

Bermuda Mt. Cameroon Tasmania

Eifel Hoggar Mountains, Algeria

Tibesti, Chad

Fernando

Arnold Seamount

St. Helena

Vema Seamount

Trindade



Argument for some deep mantle 
plumes

• Heat is being released from the core

• If more heat is released from the core than 
can be conducted up an adiabat, then the 
lower mantle will become unstable and 
convect.



Lower mantle parameters

Table 1: Normalization Quantities
Symbol Name Value
ρo density 4.5× 103 kg/m3

D depth 2230 km
g magnitude of gravity 10 m/s2
∆T temp. drop across h 1000 ◦K
κ thermal diffusivity 2× 10−6 m2/s
α thermal expansivity 0.5× 10−5 ◦K−1

η viscosity 1023 Pa s

Symbol Name Value
ρo density 4.5× 103 kg/m3

D depth 2230 km
g magnitude of gravity 10 m/s2
∆T temp. drop across D 1000 ◦K
κ thermal diffusivity 2× 10−6 m2/s
α thermal expansivity 0.5× 10−5 ◦K−1

η viscosity 1023 Pa s

RaLowerMantle = 1.25× 104 > Racrit ≈ 103



“Nature finds a way”
-Dr. Ian Malcolm (Jurassic Park)

• If more heat is released from the core than can be conducted 
along the adiabat,

• then the lower mantle will heat up.

• Because the viscosity of the mantle is a strong function of 
temperature, the viscosity of the lower mantle will decrease 
(raising the Rayleigh number) making convection more 
favorable to advect heat

• “Nature finds a way”



In my view, the question we should be 
asking is do plumes look like

this

In my view, the question we should be 
asking is whether plumes look like

this                  or                this?

or this?

Montelli et al., 2004 Ritsema et al., 1999; 2004

ACCOMPLISHMENTS 2006 IRIS 5-YEAR PROPOSAL

86

In the past few years, incorporation of wave diffraction effects in seismic tomography has led to significant improve-

ments in the imaging of small scale structure in the earth’s mantle. The new tomographic images clearly show the source 

region of many hotspots. The majority of hotspots cap plumes originating deep into the lower mantle. This figure shows an 

example of a family of plumes beneath three well known hotspots: Azores, Canary and Cape Verde. They have been obtained 

by inverting GSN data measured by cross-correlation. The left image has been obtained by jointly inverting the long period 

data with a selection of short-period P-wave from the International Seismological Centre (ISC) data base. The image on the 

right has been obtained by inverting long-period S-waves only. These are 40 by 40 degree cross sections centered around Ca-

nary. Vertical scale has been exaggerated to avoid overlapping of the horizontal sections. Colors indicates \% P- and S-wave 

velocity perturbation with respect to a 1D background reference model.


