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Introduction: The age of formation of the 
Martian crustal dichotomy boundary [1], the 
timing of Tharsis volcanism [2], and the 
Magnetic field [3] have specific implications for 
thermal evolution of Mars.  As the interior heat 
engine is the primary driving mechanism for 
planetary-scale tectonic and volcanic processes, 
it is important to understand whether our picture 
of Martian thermal evolution is consistent with 
these events. 

The crustal dichotomy. For the lithosphere to 
be strong enough to support the dichotomy 
elevation difference, the thermal boundary layer 
must grow to a thickness that can mechanically 
support the dichotomy at the time the dichotomy 
forms. Alternatively, the elevation difference 
between the hemispheres could be supported by 
a compositional difference between the crust of 
the northern and southern hemispheres (i.e., 
isostatacy).  The early Noachian age of both the 
northern and southern hemisphere crust means 
the dichotomy is of comparable age [1]. A 
simple calculation of the growth of a thermal 
boundary layer shows that the thickness of the 
boundary layer is a function of the characteristic 
thermal diffusion length (

! 

"t ).  This requires 
approximately 300 Myr of cooling before the 
formation of the dichotomy.   

Tharsis volcanism.  The age of Tharsis 
province volcanism provides a constraint on the 
thermal state of the mantle at the time Tharsis 
formed.  The temperature of the mantle must 
have been great enough to produce the volume 
of melt required to form Tharsis locally. 
Estimates of the age of formation of Tharsis rise 
vary; however, observations of lithospheric 
strain suggest that the magnitude of the 
lithospheric load associated with Tharsis was 
similar in the late Noachian to the present load 
[4].  Yet, Tharsis has remained active for most 
of martian history [2]. 

The magnetic field. The youngest major 
martian impact basins have no magnetic 
anomalies resolvable from spacecraft, requiring 
that the dynamo had ceased by the time these 
formed [5].  In contrast, older basins have 

associated magnetic anomalies. The absence of a 
crustal magnetic field over Tharsis suggests that 
the dynamo was not operating at the time of 
emplacement of the majority of the Tharsis 
volcanic province [6]; however because 
volcanism has extended through out much of 
Martian history, it is not possible to rule out a 
dynamo at the time of the earliest Tharsis 
volcanics. 

Examining Some Assumptions:  Both 
exogenic (series of impacts) and endogenic 
(degree-1 mantle overturn, heterogeneous 
magma ocean) processes have been proposed as 
formation mechanisms for the crustal 
dichotomy.  A series of impacts requires at least 
300 Myr of lithosphere cooling before the 
impacts occur. While this is not necessarily 
inconsistent with the age of the dichotomy, it is 
uncomfortably close.  Further, it is likely that 
impacts of this size would heat and/or melt a 
sufficient amount of the lithosphere to 
substantially weaken it and at least partially 
relax the dichotomy boundary.  

A degree-1 mantle overturn requires some 
form of chemical differentiation to maintain the 
dichotomy elevation difference until the thermal 
boundary layer cools sufficiently to maintain the 
dichotomy elevation mechanically. The weak 
correlation between the areoid and topography 
points to some role being played by a 
compositional difference between the 
hemispheres [7].  The occurrence of a degree-1 
overturn to form the dichotomy [8,9] and a 
second degree-1 pattern (single deep plume or 
series of plumes) at 90-degrees within 500 Myr 
is not consistent with thermal history models. 
Tank experiments with variable thickness top 
boundary [10] produce upwelling flows under 
the middle of the thicker boundary layer, similar 
to calculations of supercontinent insulation [11].   
This is inconsistent with the geometry of Tharsis 
volcanics and the crustal dichotomy as Tharsis 
volcanics nearly straddle the crustal dichotomy. 

The relationship between Tharsis and the 
timing of the magnetic field is more challenging.   
If Tharsis is the results of a mantle plume, then 
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one might expect a change in the behavior of the 
magnetic field as the thermal conditions at the 
Martian CMB change; however, this remains to 
be demonstrated. 

Martian Thermal Evolution:  Most thermal 
evolution models are one-dimensional and rely 
on a parameterization of the Nusselt number--
Rayleigh number relationship.  As such, they are 
ill-equipped to address magma oceans, layered 
convection, and complex, changing dynamical 
regimes. With modern workstations and clusters, 
2D and 3D thermal convection calculations have 
reached the point where billions of years of 
thermal evolution can be followed in a 
reasonable time period. 

While 1-D models typicall  produce smooth 
and uneventful thermal history calculations, 2-D 
and 3-D models based on Martian mantle 
parameters produce time-dependent results with 
occasional, brief episodes of elevated heatflux.    
Even so, reconciling two global events such as 
the formation of the dichotomy and the 
formation of Tharsis most likely requires 
additional complexity such as a heterogeneous 
magma ocean.    

An early upwelling event could provide the 
heat necessary to form the majority of Tharsis 
early in Martian history.   However, the long-
lived, stationary volcanism seems to suggest a 
lithospheric control to later volcanism [7]. 

It is puzzling that an Early Noachian degree-
1 mantle overturn forming the dichotomy 
followed by a second degree-1 mantle plume 
requires a vigorously convecting mantle yet the 
absence of tectonic features after the Noachian 
suggests a sluggish mantle.   This requires a 
bimodal history with an early vigorous phase 
and later sluggish phase, which is difficult to 
reconcile with thermal history calculations. 

The requirement of a thick thermal boundary 
layer to maintain the dichotomy topography in 
the Early Noachian is problematic for all early 
Mars scenarios. It seems impossible to escape 
the need for a compositionally distinct northern 
and southern hemisphere for maintaining the 
crustal dichotomy, given the early age of crustal 
formation. 
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