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THERMAL BUOYANCY ON VENUS: UNDERTHRUSTING VS SUBDUCTION; 
J.D. Burt and J.W. Head, Department of Geological Sciences, Brown University, Providence, R.I., 02912 

Introduction; Enhanced surface temperatures and a thinner lithosphere on Venus relative to Earth have been 
cited as leading to increased lithospheric buoyancy. This would then limit (I), or prevent (2) subduction on Venus, 
and favor the construction of thickened crust through underthrusting. Underthrusting may contribute to the formation 
of a number of features on Venus. For example, Freyja Montes, a linear mountain belt in the northern hemisphere of 
Venus, has been interpreted to be an orogenic belt (3) and a zone of convergence and underthrusting of the north polar 
plains beneath Ishtar Terra, with consequent crustal thickening (4). Such mountain belts lie adjacent to regions of 
tessera and contain evidence of volcanic activity. Tessera is also considered to consist of thickened crust (3 ,  and 
crustal underthrusting is one possible mode for its formation (4). Models for the formation of the mountain belts and 
associated features must then explain compressional deformation, crustal thickening, as well as melt production. 

This study evaluates the fate of a slab that is initially undergoing subduction. Thermal changes in slabs 
subducting into a mantle having a range of initial geotherms are used to predict density changes and, thus, their 
overall buoyancy. This then forms part of an angle of subduction argument to differentiate between underthrusting 
and subduction. Buoyancy effects are evaluated using a model for subduction-induced mantle flow, which applies 
torques to the slab that act in concert with or in opposition to buoyancy torques to change the slab dip. 

Subduction Model; In the model slabs, having a thickness set by 90% of the basalt solidus, subduct at a 45 
degreeangle into the mantle. The initial geotherms match surface thermal gradients of 10°C/km, 15°C/lan, and 
25OCb-n (6). Slabs heat via conduction, crustal radioactivity, phase changes, and adiabatic compression. Phase 
changes involving the conversion of basalt to eclogite at depths of 60 to 160 km and then enstatite to forsterite plus 
stishovite between 260 and 360 km generate 0.13 x ergs/cm3 s and 0.36 x ergs/cm3 s respectively (7). 
The slab radiogenic heat production is 2.63 x ergdgm s (8). Adiabatic compression adds OS°C per kilometer of 
depth. Convergence rates ranged from 5 mm&r to 100 mm/yr. 

The thermal evolution of the slab is followed using a finite difference technique (7 and 9). The model region 
measures 800 km horizontally by 400 km deep. Processing ends when the slab tips reach a 300 km depth, implying 
time intervals of 10 m.y. to 100 m.y. Slab density changes derive from the thermal results through calculation of 
the thermal expansion (av=3x10-5 PK (8)) and the effects of pressure @=lx10-~1kb (8)) on initial densities set for 
zero pressure and temperature. The assumed initial density structure includes a 10 krn or 25 km basaltic crust (density 
=3.0 gm/cm3) a corresponding 25 km or 65 km thick depleted mantle zone (density=3.295 gm/cm3) and an 
underlying undepleted mantle (density=3.36 gm/cm3) Density changes due to the phase transitions are also included 
Results are produced in the form of contour plots of density throughout the model region. 

Resula Figure 1 shows a typical result of the computations modelling the density changes. Density 
contows (0.1 gm/cm3 spacing) clearly delineate the slab and its crustal layer. In this case (lS°C/km geotherm, 20 
km crust, subduction rate of 5 kmlmy) the net slab densities in the region above the basalt-eclogite phase transition 
are lower than their mantle surroundings (the phase change is set for the density analysis at 110 km depth). In other 
cases, such as with the 25OCikrn geotherm, overall slab densities in the zone above this phase change are greater 
than those in the adjacent mantle. Also, above the 110 km depth, in all cases densities in the crustal portion of the 
slab are lower than in the mantle outside the slab. Below the basalt-eclogite phase change net slab densities exceed 
those in the neighboring mantle for all geotherms, crustal thicknesses, and subduction rates. 

Discussion; Qualitatively, subduction is likely to be enhanced by negatively buoyant slabs or hindered by 
slabs that are positively buoyant. For the shallower geotherms positive net buoyancy is found above the basalt- 
eclogite phase change, tending to oppose subduction. For the 25OCtkn-1 geotherm, negative buoyancy in this shallow 
region would abet subduction. Negative net slab buoyancy for the full length slab was found for all conditions. 

An evaluation of the effects of buoyancy on subduction was made using a model for mantle flow induced by 
the motion of the slab (8). This flow applies a torque to the body of the slab. The buoyancy forces may also be 
resolved into a torque. Both torques are taken to act on the slab as a unit about its junction with the surface. 
Buoyancy torques are listed in Table 1 for a set of four subduction rates and for shallow and full length slabs. The 
torques resulting from mantle flow are given in figure 2 for a range of subduction angles and a subduction rate of 100 
Wmy.  Generally, the flow torques are positive and smaller than buoyancy torques for subduction angles over about 
15 degrees, becoming larger for smaller angles. 

Torques having positive values tend to decrease the subduction angle in these examples. For the short slabs 
and the two shallower geothenns, initial dip angles tend to decrease due to both the buoyancy and flow torques. No 
matter what initial angle a slab would take into a mantle under these conditions, the buoyancy and mantle flow 
would combine to prevent subduction and underthrusting would result A slab descending into a mantle having the 
25"C/km geotherm tends to increase its angle due to its buoyancy. This would be opposed by the torques imposed 
by the mantle flow. The torque values given in the table and figure 3 indicate that underthrusting would result for 
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slabs dipping at shallow angles, but subduction may occur if the initd dip is steep. Further, since the crustal 
portion of the slab would be positively buoyant, though overall the slab is negatively buoyant, perhaps delamination 
would be expected. In this case crustal slices may underthrust and imbricate while the remainder of the slab could 
continue to sink. 

For all cases of subduction rate and geotherm the 400 km long slab buoyancy torques are negative and large. 
They exceed flow torques at angles greater than 10 degrees. Thus, slabs subducting at moderate to large initial angles, 
and reaching 400 krn in length, would tend to steepen their dip and continue subducting, due to negative buoyancy. 

These results indicate that for most cases of assumed Venus geothem and initial dip angle a lithospheric 
slab whose subduction has been initiated will instead be forced to underthrust the ovemding lithophere. This could 
then lead to crustal thickening, melting, and volcanism, and possibly provide one model to explain the association of 
compressional mountain belts and blocks of high standing tessera, with apparent flexural rises and foredeeps, and 
with large volumes of volcanic deposits. 
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Figure 1: Final density distribution 
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Figure 2: Flow torques in Nm. 

Table 1: Torques due to slab buoyancy. 
10 krn crust 

eeotherm std~chm buovancv torque CNm) 
("!2?Zd Ikmlmv) 400 km slab 1 10 km slab 
25 100 1.1~10" 3.2~10" 
25 50 1 . 0 ~ 1 0 ~  2 . 9 ~ 1 0 ~  
25 25 1 . l x l 0 ~  2.7~10" 
25 5 1 .0~10~'  2.2~10" 
15 100 2.6x102' 1 . 5 ~ 1 0 ' ~  
15 50 2.0x102' -3 .9~10'~  
15 25 1.7x102' -7 .1~10 '~  
15 5 9 . 8 ~ 1 0 ~  -1.6~10" 
10 100 3 . 8 ~ 1 0 ~ ~  - 1 . 2 ~  10" 
10 50 3 . 1 ~ 1 0 ~ ~  -1.4~10" 
10 25 2.8x102' - 1 . 5 ~ 1 0 ~  
10 5 2 . 4 ~  loz1 -1.6~10" 

25 km crust 
buovancv toraue Nm) 
400 km slab 1 10 km slab 
1.2x10P 1.8~10" 
1 . 2 ~ 1 0 ~  1.5~10" 
1.2x10P 1.3~10" 
l.lxloP 8.0x1019 
3.8~10'~ -4.9x1019 
3 . 1 ~ 1 0 ~ ~  -1.0~10" 
2 . 8 ~ 1 0 ~ '  -1.3~10" 
2.1x102' -2.2~10" 
3 . 7 ~ 1 0 ~ ~  - 9 . 1 ~ 1 0 ' ~  
3 . 1 ~ 1 0 ~ '  -1.1~10" 
2.5x102' -2.8x10m 
2 . 3 ~ 1 0 ~ '  71.3~10m 
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