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Introduction: Size, density and radiogenic ele-
ments [1] all point to Venus having an Earth-like inte-
rior thermal engine to drive surface volcanism and 
tectonism.  Earth loses most of its heat though plate 
tectonics. Although Venus appears to have subduction 
[2,3], it lacks terrestrial style plate tectonics, and has 
been proposed to experience a range of possible con-
vective styles such as episodic, sluggish, and stagnant 
lid [e.g. 4-6]. A key constraint on convective style is 
the thickness of the thermal lithospheric, which in-
cludes the brittle, elastic and lower ductile portions of 
the lithosphere. Here we show that new estimates of 
local elastic thickness (Te),  a proxy for heat flow and 
the thermal lithospheric thickness,  at small coronae 
are in good agreement with regional estimates of Te 
from gravity. This suggests that heat flow is >95 
mWm-2 over ~ 40% of the planet. This value is simi-
lar to terrestrial oceanic heat flux [7], and implies a 
tectonically active planet.  

Background: Te is the brittle portion of the litho-
sphere that supports earthquakes.  Based on terrestrial 
seismic and heat flow data, ductile flow takes over at 
a temperature of ~ 750°C, assuming a strain rate of 
10-16 s-1 for dry olivine or diabase [8-10]. Thus Te is a 
valuable means of approximating heat flow. 

Predictions of heat flow from geodynamic models. 
Thermal and geodynamic models of the convective 
state of Venus commonly assume either no plate tec-
tonic processes or episodic plate tectonics.  Episodic 
models are motived by both an interpretation of sur-
face impact craters as indicting catastrophic resurfac-
ing and the inferred need to lose heat more rapidly 
than at present. Most models predict average surface 
heat flow of <40 mWm2 with spikes of 60+ mWm2 
during regions of greater activity [e.g. 2-4]. 

Te Estimation.  One method is modeling the ad-
mittance – the transfer function between gravity and 
topography in the spectral domain, which provides an 
estimate of Te over ~2000 km, here referred to as a 
regional estimate.  [11]  used a spatio-spectral method 
to calculate admittance on a global grid.  The poor 
resolution of the gravity data result in an error bar of 
±10-20 km. [11] interpreted Te values <20km (~50% 
of planet) as either indicating isostatic compensation, 
which gives no constraint on Te, or as high heat flow. 

New Constraints:  Another Te estimation method 
is to model bending of the topographic surface of the 
lithosphere in response to a load. Bending occurs on a 
local (100s km) scale.  Using this method,  [10] esti-
mated Te at 18 small coronae, finding Te=5-15 km, 

giving heat flow estimates of > 95 mW/m2.  [10] in-
terpret the low Te values as likely due to localized 
high heat flow above small scale mantle plumes that 
are the proposed mechanism for some small  coronae.   

We have estimated Te for an additional 40 small 
coronae. Using a total of 78 local estimates, we find 
good agreement between local and regional values in 
most locations. 

Interpretation and Implications: Comparison be-
tween local and regional Te estimation methodologies 
imply a higher confidence than the formal errors 
based on regional values, and  significantly changes 
the preferred interpretation.  Specifically: 
1. The presence of flexural bending in many locations 
confirms a non-isostatic, high heat flow interpretation 
of low Te from regional gravity/topo. 
2. The agreement between Te estimates from the re-
gional and local estimates indicates high heat flow is 
likely in large regions, not just at coronae.  
3. Surface heat flow appears highly variable based  on 
gravity/topo results. Interpretation of Te in terms of 
heat flow requires assumptions about composition, 
strain rate, and volatile content [e.g. 5]. If the rheolo-
gy is significantly weaker than typically assumed, the 
Te is larger and the heat flow smaller. 
4. Overall heat flow over ~40% of Venus is much 
higher than thermal evolution models predict.  Both 
the variability and high values need to be  considered. 
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