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Observational Constraints
• Radar imagery (100-

300 m/pixel)
• Topography (10-30 

km/pixel; vertical 16 
meters RMS)

• Gravity (300-400 km 
resolution)

• Magnetic field
• Limited surface and 

atmospheric chemistry





The Crust
• Composition

– Plains measured by Venera landers (gamma ray 
spectroscopy, 5 locations; X ray fluorescence, 3 
locations)

– Chemistry consistent with basalt, alkali basalt (but 
no mineralogy measurements)

– No evidence yet for felsic composition (Ishtar 
Terra? Tessera units?)

• Mean thickness of crust in plains is 20-40 km 
(Grimm, 1994)



The Lithosphere
• Thickness of the lithosphere is much debated
• Dry diabase is much stronger than wet rock 

(Mackwell et al., 1998)
• Gravity constrains TElastic = 10–30 km (Simons et al., 

1997; Barnett et al., 2000, 2002)
– Implies typical mantle heat flow ~40 mW m-2 (60-90% of 

Earth’s mantle)
• Much thicker lithosphere is problematic

– How does magma escape to surface?
– Very high lithospheric strength inhibits rifting



Kali Mons Flexure Model
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Mantle Convection

Kiefer and Kellogg (1998)



Mantle Convection
• The convective layer thickness is 2000-3000 km.

– Topographic width of Atla and Beta Regio volcanic rises
– Size of region scavenged to form Ishtar Terra

• Present-day convective vigor is slightly lower than 
on Earth.
– Heat flux inferred from elastic lithosphere
– Thermal Rayleigh number ~107

• Strong coupling of convective flow to surface 
implies no weak asthenosphere.
– Compare Beta Regio geoid (100 m) and Hawaii (10 m)
– May imply uppermost mantle on Venus is drier than 

Earth



Beta Regio Mantle Plume Model
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Coronae Chains



Stagnant Lid Convection
• Purely temperature-

dependent viscosity leads to 
a stiff, non-deforming 
surface layer and a very hot 
interior.

• Implies surface heat flux of 
8-16 mW m-2 (Solomatov 
and Moresi, 1996; Moon 
like!).

• Some mechanism must be 
present to increase 
convective mobility.



Evidence for a Mobile Surface
• Ishtar Terra’s high 

plateau and folded 
mountain belts formed 
by crustal convergence.

• Crustal thickness is 2+ 
times global mean.

• Requires lateral crustal 
transport of several 
thousand kilometers.

• Implies a mobile surface 
at some time in Venus’s 
observable past. Maxwell Montes



Geologic History
• Interpretations range from catastrophic resurfacing 

~750 Ma to significant on-going activity. Available 
evidence favors existence of at least some on-going 
activity.

• “Directional” models (e.g., Basilevsky and Head) treat 
all occurrences of a given geologic unit as forming 
synchronously and are geologically implausible.

• A more temporally varied, “non-directional” history is 
more likely (e.g., Guest and Stofan, 1999).

• Atmospheric 40Ar is about 25% of Earth. Implies 
either reduced time-integrated volcanic outgassing or 
lower primoridal potassium abundance on Venus.



Is Venus Still Active Today?

Kiefer and Peterson, 2003



Mechanisms and Timescales for 
Convective Episodicity

• High Rayleigh number mantle convection is 
intrinsically time variable due to boundary layer 
instabilities. Mantle phase changes and crustal 
recycling can enhance this variability. This leads 
naturally to episodicity in volcanism and tectonism, 
without needing to invoke a global catastrophe.

• On-set time for convective instability to modify the 
surface may be short (advective time scale).

• Time scale for turning off enhanced activity is 
controlled by thermal diffusion. This makes it 
difficult to have a sudden end to a catastrophic event 
(whether regional or global).



The Core

• Core radius is roughly half of planetary radius.
• Composition: mostly iron; S, Ni, others??
• Physical state is at least partially liquid.

– Core sulfur prohibits complete solidification.
– k2 Love number (Konopliv and Yoder, 1996) 

• No present day magnetic field
– May favor a fully liquid, non-convecting core.
– Possible crustal record of earlier dynamo would be 

destroyed by high surface temperature.



Conclusions
• The Magellan mission provided a solid 

foundation for understanding the internal 
structure and evolution of Venus.

• Venus has had a dynamic volcanic and 
tectonic history and remains internally active 
today. Episodic variations in activity are an 
expected consequence of high Rayleigh 
number mantle convection.

• The present-day vigor of mantle convection on 
Venus is roughly half that of present-day 
Earth. 



Useful Future Measurements
• Orbital

– High resolution topography, comparable to radar image 
resolution (10-100x improvement).

– Searching for evidence of current geologic activity via 
temporal changes in radar imagery or topography.

– Regional improvements in gravity field resolution.

• Surface
– In-situ composition measurements, particularly in Ishtar 

Terra and tessera. Requires precision landing capability.
– Seismology, heat flow, precession rate/moment of inertia. 

Requires long duration on surface.


