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Terrestrial Spreading Centers Under Venus Conditions: Effects on Thermal Structure 
and Crustal Thickness. C. Sotin, J.W. Head and E.M. Parmentler, Dept. Geological Sciences, 

Brown University, Providence, RI, 0291 2 .  

In terrestrial plate tectonics, spreading centers are one of the fundamental types of plate boun- 
daries, and represent linear zones of crustal accretion and spreading. In this study we examine 
several aspects of the thermal and mechanical structure of spreading centers on Earth, and ask how 
such aspects mlght be influenced by the Venus environment If such spreading centers occurred 
there. 

Crust is created due to the partial melting of mantle material as it ascends beneath a spreading 
center. At terrestrlal spreadlng centers, crust is emplaced within only a few kilometers of the spread- 
ing center. Thickness of crust, reflecting how much partial melting occurs, may depend on a variety 
sf factors including mantle temperature, surface temperature and spreading rate. We first consider a 
simple model in which mantle flow occurs solely due to plate spreading. The steady state thickness of 
crust is determined by assuming that all the melt produced in the mantle reaches the surface ( I ) ,  and 
using melting relationships considered appropriate for the Earth's mantle. The results are shown in 
Figure 1. Crustal thickness depends strongly on the temperature of the ascending mantle material. 
Furthermore, at a given mantle temperature, the crustal thickness no longer depends on spreadlng 
rate when it exceeds 3 cmlyear and depends almost exclusively on mantle temperature. 

Two important differences exist on Venus compared to the Earth. It has a much higher surface 
temperature and no hydrothermal cooling. These two effects do not produce variations of the crustal 
thickness larger than 1 km at spreadlng rates above 1 cmlyr. However, the hlgh surface temperature 
of Venus has an indirect influence. Assuming that Venus has the same structure and composition as 
the Earth, current models of Venus (2) predict mantle temperatures 100 O C  higher than in the Earth. 
For similar spreading rates, this would provide a crustal thickness of 15 km on Venus rather than the 5 
km on the Earth. 

Mantle beneath a spreading center will be less dense than the surrounding mantle because It Is 
hotter, may contain some partial melt, and will be depleted In Fe and dense aluminous phases due to 
melt extraction. This will Induce buoyancy-driven flow In addition to the passive plate-spreading flow. 
For reasonable values of the density variations, the maximum vertical velocity Is on the order of 2 
cmlyear for a viscosity of 10IQ Pa-s. This velocity will vary inversely with the viscosity. At typical 
terrestrial spreading rates, the effect of buoyant flow may enhance partlal melting. This effect would 
be most important at low spreading rates where the flow induced by plate spreading Is small. 

Topographic anomalies exist along terrestrlal mid oceanic ridges, Iceland is an example where the 
ridge axis reaches an elevation several kilometers higher than the normal rise crest topography. 
Assuming that this topographic anomaly is due to Isostatically compensated crustal thickness varia- 
tions, mantle temperature anomalies of only 200 O C  would predict a 20 km thicker crust (Figure 1). 
This Is consistent with estimations of the crustal thickness beneath lceland (3).  

In recent studies of Aphrodite Terra on Venus, a range of features including linear transform-like 
structures ( 4 ) ,  linear rises oriented normal to the transform-like structures, and bilaterally symmetric 
domains segmented by the transform-like structures (5) have been mapped and interpreted to be 
analogous to terrestrial oceanic divergent plate boundaries (6). Head and Crumpler (6) fit thermal 
boundary layer profiles for a variety of terrestrial divergent plate boundaries adjusted for Venus condl- 
tions to the bilaterally symmetrical topography on Aphrodite Terra. They found that Aphrodite Terra 
was most comparable to North Atlantic Ocean spreadlng rates of several cmlyr, and that there are 
Iceland-like plateaus situated along some parts of Aphrodite. Topography associated with these 
plateaus in excess of that associated with normal thermal boundary layer topography is about 2 
kllometers, and could be produced by a mantle temperature variation comparable to that cited for 
Iceland above. This is generally consistent with the apparent depth of compensation beneath Western 
Aphrodite which has been inferred from gravity data (7,8,9). 

Hydrothermal cooling plays an important role in the thermal structure of terrestrlal spreadlng cen- 
ters. Earthquakes along the slow spreading mid-Atlantic ridge which occur at depths of 8-10 km on 
the rldge axis require that hydrothermal cooling transfers heat at a rate of about ten times that due to 
conduction alone (10). In absence of hydrothermal cooling and with higher surface temperature on 
Venus, the strong plate at the ridge axis would be only about a kilometer thick. With such a thin plate it 
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is difficult to explain the width of rlft valley observed along the crest of Aphrodite unless the spreading 
rate Is very low. At such low spreading rates, the crustal thickness would be much less than that 
suggested on the basis of gravity data. 

Conclusions: For a spreading center occuring on Venus, a) the lack of hydrothermal cooling and 
the Increased surface temperature on Venus would not produce discernable variations in crustal 
thickness at the spreading center, and b) the enhanced surface temperature would produce 100°C 
higher upper mantle temperatures which would yield a 10 km increase in crustal thickness on Venus 
relative to the Earth. The addition of buoyant effects will enhance upper mantle temperatures, the 
amount of partial melting, and the crustal thickness. Topographic variations along terrestrial mid- 
ocean ridges imply crustal thickness differences of about 20 km and mantle temperature varlations of 
about 200 OC along the rise. Similar variations in topography associated with Aphrodite Terra could be 
accounted by such crustal thickness differences and upper mantle temperature variations. 
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Figure 1 : Crustal thickness versus mantle temperature. Each curve 
corresponds to a value of the spreading rate, The scale on the right 
is the topographic elevation calculated if isostatic compensation exists 
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