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VARIATIONS IN LITHOSPHERIC PROPERTIES ON VENUS FROM CORONAE AND CHAS- 
MATA; Catherine L. Johnson and Sean C. Solomon, Department of Terrestrial Magnetism, Carnegie Institution of 
Washington, 5241 Broad Branch Road, NW, Washington, DC 20015 USA 

SUMMARY 

Topographic flexural signatures and geoid (or gravity) 1 topography admittance studies provide constraints on 
lithospheric properties (such as thickness and strength) on Venus, but are unable to distinguish between spatial and 
temporal variations in such properties. Relative variations in surface age of sufficiently large areas can be distin- 
guished however, on the basis of impact crater densities. In particular, impact crater densities for large volcanoes, 
the chasmata regions, and coronae with extensive associated volcanism indicate that these three classes of features 
are young relative to the mean surface age of the planet. We postulate that differences between coronae associated 
with chasmata, those on swells (excluding Beta and Atla), those in the plains, and those in corona chains reflect a 
combination of spatial and temporal variations in lithospheric properties. These variations are investigated using 
information derived from (a) studies of lithospheric thickness at coronae and chasmata, (b) variations in corona 
morphology with tectonic regime, (c) impact crater densities, and (d) relaxation of impact crater topography. 

BACKGROUND - Global Thermal and Tectonic Evolution Models 

Current models for the thermal and tectonic evolution of Venus range from those in which heat loss occurs 
episodically [I], on time scales (determined from global impact crater densities) of several hundred million years, 
to those in which there has been a steady decline in tectonic activity due to secular cooling of the planet [2]. 
Episodic models predict a thick (about 300 km) present-day thermal lithosphere, through which heat is lost solely 
by conduction. In contrast, secular cooling models require a thinner present-day thermal lithosphere, and higher 
heat flow. This latter scenario is consistent with observations of geoidltopography (or gravityltopography) admit- 
tance [3,4], which suggest vigorous present-day mantle convection and a thin (about 100 - 150 km) thermal litho- 
sphere. 

OBSERVATIONS - Lithospheric Thickness, Relative Ages, and Variations in Corona Morphology 

Topographic flexural signatures on Venus are associated with the outer edges of some coronae and chasmata 

[5,6]. Only a small percentage of coronae show evidence for flexural topography, however, and these are all 
located in the volcanic plains and the chasmata regions. Reliable mechanical lithospheric thicknesses on Venus 
inferred from elastic plate modeling of such features are in the range 20 - 40 km. It is important to note that we 
have no age constraints on individual estimates of lithospheric thickness. 

Impact crater densities for large volcanoes on Venus indicate that these features as a class have surfaces sig- 
nificantly younger than the mean surface age of the planet [7,8]. This statement is also true of coronae with mod- 
erate to extensive amounts of associated volcanism [7]. Regional geological mapping suggests that coronae pre- 
date major volcanoes in areas where both types of features are in close association [9]. The surfaces of chasmata 
also have a lower impact crater density than the global mean, implying a relatively young age [8]. 

Previous studies [ lo]  have categorized coronae according to the morphology and extent of volcanism, and 
studies of impact crater densities have been based on this classification. The observation that coronae with associ- 
ated topographic flexural signatures are found only in the plains and at chasmata motivates a study of corona asso- 
ciations with different tectonic/geologic provinces. 

The topographic expressions of coronae associated with (a) swells such as Eistla and Bell Regiones, (b) major 
chasmata, (c) plains, and (d) corona chains are quite different. Coronae associated with plains regions generally 
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have subdued relief, and many have an outer annular topographic depression and flexural signature. In contrast, 
coronae found in the chasmata regions have considerable relief (often several kilometers at their edges), are asym- 
metric in planform and topographic cross-section, and have large-amplitude flexural signatures. Coronae in the 
major chasmata regions are often associated with a change from symmetric to asymmetric topographic cross sec- 
tion, or a change in the sense of the asymmetry of the chasmata. Coronae at swells (excluding Beta and Atla) do 
not have a flexural moat and outer rise. They are intkrmediate in relief between plains coronae and those associ- 
ated with chasmata and typically have a narrow, raised annulus. Coronae at swells have moderate to extensive vol- 
canism associated with them (categories 2 and 3 of the Stofan et al. database [lo]). The last group, corona chains, 
have variable but low relief, and do not have associated flexural signatures. 

SYNTHESIS 

As noted, impact crater densities suggest that chasmata and coronae with moderate to extensive volcanism 
are, on average, young features relative to the mean surface age of Venus. Coronae on swells such as Eistla and 
Bell typically have moderate to extensive amounts of volcanism and are therefore members of this group of fea- 
tures with relatively young average ages. Global maps of admittance [3] indicate that mantle convection con- 
tributes to the support of topography at both swells and chasmata. However, there are first order differences 
between coronae at chasmata and at swells. In particular the flexural signatures at coronae in chasmata regions are 
consistent with the relatively recent presence of a 20 - 40 krn thick, strong elastic lithosphere. The lack of flexural 
signatures at coronae on swells indicates that these features formed on a weaker lithosphere. This inference also 
applies to coronae at corona chains, which lack flexural topography. The relative surface age of corona chains has 
not been ascertained; however, they have a low admittance relative to swells, and hence do not require a strong 
component of dynamic support. 

An important question is whether the different lithospheric properties beneath chasmata regions and swells / 
corona chains reflect differences in the time of formation or contemporaneous lateral variations in thermal struc- 
ture. A corollary question is whether at coronae lacking flexural signatures, such signatures may once have been 
present but were later removed by viscoelastic relaxation. Eistla Regio provides one of the best areas for distin- 
guishing between these possibilities on the basis of corona morphology, any evidence for crater relaxation, and 
lithospheric thickness estimates (e.g., beneath volcanoes). Small blocks of tessera are found within the chasmata 
of eastern Aphrodite, suggesting that the presence of thicker crust and greater elevation may have contributed to 
the differences in relief between coronae in chasmata and those on swells or in chains, perhaps through a greater 
degree of accompanying extensional deformation. 

A substantial fraction of coronae occur in the plains regions; several have clear topographic flexural signa- 
tures indicative of formation on a strong lithosphere [6]. The large number of coronae in the plains regions may 
permit impact crater density studies, and hence inferences as to the average age of these coronae relative to the 
plains and to coronae at rifts and swells. Such age information, combined with lithospheric thickness estimates 
from flexure at plains coronae and impact crater relaxation studies [ l l ] ,  will provide a comparison of lithospheric 
properties in the plains regions with those at swells, corona chains, and chasmata. 
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