
Haxby and Turcotte, 1978 
Sandwell and MacKenzie, 1989 



low GTR = Airy-compensated plateaus 

high GTR = thermally-compensated swells 



separating swells from plateaus  
 (Sandwell and MacKenzie, JGR, v. 94, 1989)

thermal 
swells 



Attributes of Mantle Plumes  

(Courtillot, Davaille, Besse and Stock, EPSL, v205, 2003.)

1.  linear volcanic chain with monotonous age progression

2.  flood basalt at origin of track

3.  large buoyancy flux

4.  consistently high ratios of 3 of 4 isotopes of helium

5.  significant low shear wave velocity in underlying mantle.

6. geoid/topography ratio > 2.5 m/km



possible 
deep mantle plumes 

(Courtillot, Davaille, Besse 
and Stock, EPSL, v. 205, 
2003.)

9 hotspots have 
> 3 attributes 
 
1.  Afar 
2.  Caroline 
3.  Easter 
4.  Hawaii 
5.  Iceland 
6.  Louisville 
7.  Reunion 
8.  Samoa 
9.  Tristan 



Hawaii 
Iceland 
Reunion 
   

1.  linear volcanic chain with monotonous age progression
2.  flood basalt at origin of track
3.  large buoyancy flux
4.  consistently high ratios of 3 of 4 isotopes of helium
5.  significant low shear wave velocity in underlying mantle.
6. geoid/topography ratio > 2.5 m/km 
   



Plate Driving Forces on Earth

FS - swell push  = -(g2/2πG)NS

FD - drag

FT - trench pull

Forsyth and Uyeda, 
GJRAS, 1975

trench pull ≈3 x ridge push?

[Parsons and Richter, 1980; 
Dahlen, 1981; Fleitout and 
Froidevaux, 1982; 1983]



swell-push force
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•  Assume:   isostatic compensation and  λ >> 2πL

•  swell push

•  geoid height

swell push = geoid height
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Swell-push force is 
independent of 
compensation 
mechanism!! 
 
assumptions 
local compensation  
long wavelength  
(λ > 2π L) 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body force in thin
elastic plate or shell



stress in a spherical shell  
(modified from Banerdt, JGR, 1986)

N=120 m produces 315 MPa in a 50 km thick lithosphere 
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Geoid Height  (EGM96 - Lemoine et al., 1998)





Stress from geoid (EGM96)



N = Nswell + Nconvection 

•  Earth Nconvection  > Nswell

•  Assume:  
- N2,0=0; 
- degrees 2-8, Nswell  is correlated with the topography (4m/km); 
- degrees > 8, N unchanged.

•  Assume ridges are weak so deviatoric stress should be small 
and slightly extensional (15 MPa over 15km thick plate).

•  Fit a harmonic spline model to residual geoid at ridges to 
enforce the weak-ridge boundary condition.



Stress high-pass filtered geoid  
cosine taper degrees 2 -10













Plate Driving Forces on Earth

FS - swell push
FD - drag

FT - trench pull

Forsyth and Uyeda, 
GJRAS, 1975

trench pull ≈ 3 x ridge push



Plate Driving Forces on Venus

•  assume swell push force dominates on Venus

•  geoid height predicts surface strain on Venus

 normal faults (rift zones) where N > 0
 thrust faults (wrinkle ridges) where N < 0
 strike-slip faults (none) where N = 0

 

 

Need both long wavelength geoid and short wavelength 
structural geology!



Geoid Topography Correlation

99% 99% 



Geoid Height    N = Nswell + Nconvection

Earth

  N = 100 m

  Nswell = 30 m

  Nswell < Nconvection

  cannot predicted stress from N

  need to isolate Nswell

 

Venus

N = 120 m

Nswell = 120 m

Nswell > Nconvection

can predicted stress from N

 



Swell Push Force on Venus 
Topography and Geoid Height



Geoid Height, Strain Model, Rift Zones, and  
Wrinkle Ridges











Yield Strength versus Geotherm



Conclusions for Venus

•  Venus has high correlation of geoid and topography due to 
isostatic compensation or poloidal mantle flow.

•  Assuming λ >> 2πL and a uniform-thickness elastic shell, the 
thickness-averaged stress is proportional to N with no model 
parameters - extension over geoid highs and compression over 
geoid lows.

•  Structural surface features, which developed over the geological 
history of the surface, are correlated with the present-day geoid.

•  The lithosphere over major swells must support an average 
extensional stress of 250 MPa over 50 km thickness.


