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THE NATURE OF THE VENUS EQUATORUL HIGHLANDS AND THEIR GLOBAL SIGNIFICANCE; James W. 
Head, Larry S. Cnunpler, and Paul C. Fisher, Dept. of Geological Sciences, Brown University, Providence RJ. 02912 

Jntroduction: The f m t  global maps of the topography of venusl showed the existence of a broad linear highland 
region named Aphrodite Terra, which stretches for about 14,000 km along the equator. Further a r ~ a l ~ s e s ~ . ~  
demonstrated that highland terrain extended east and west for many thousands of kilometers around the globe and this 
broad topographic rise was informally named the "Equatorial ~ i g h l a n d s " ~ .  The purpose of this paper is to characterize 
the topography of the Equatorial Highlands, to examine the relationship of this region to topography at higher 
latitudes, and to examine some theories for the origin of the topography. 

Observations: The topography in Aphrodite Terra is variable along strike, as illustrated by the plateau-like 
nature of Ovda and Thetis Regio in Western Aphrodite, compared to the more concave-flanked topography of Eastern 
Aphrodite ~ e r r a . ~ ~ ~  Assessment of the across-strike variation shows that there is a general trend toward broad 
flanking lows adjacent to the Equatorial Highlands (shown in black in Fig.1) indicating that they form an important 
of the global topography. 

In an effort to characterize the nature of the Equatorial Highlands topography relative to the rest of the planet, we 
examined average topographic elevation as a function of latitude, using Pioneer-Venus altimetry data.l For each 
one-degree latitude band, all topographic values were compiled and an average taken. The results (Fig. 2) emphasize 
the distinctive nature of the Equatorial Highlands and the flanking troughs lying at approximately 50° N and S 
latitudes. Poleward of these two lows, the average topography increases in elevation. The two flanking troughs differ 
in average depth by about 100-200 m and the highest average elevation in the equatorial highlands occurs at about 
lo0 S. 

Reexamination of Fig. 1 shows that the Equatorial Highlands are not situated directly on the equator, but instead 
define an approximate great circle oriented about 21° to the equator that crosses the equator at about 75O and 255O. 
We recalculated the average elevations for one degree bands using the great circle as the equator and defining latitude 
bands away fiom that "equator" (Fig. 3). The results show that: 1) the average elevations are very symmetrical around 
the great circle, 2) the symmetrical topographic falloff begins to bottom out at the same average elevation at about 
25-30° latitude from the redefrned equator, 3) the flanking lowlands in the southern latitudes undergo an additional 
decrease in average elevation to about 200 m lower than the flanking lows in the northern latitudes, 4) the 
mid-latitude lows are flanked by peaks of higher topography at higher latitudes (about 45-50°), and 5) toward the 
poles, average elevation decreases. with a distinctive downturn in the northern high latitudes north of about 60° (no 
comparable data exists for the southern high latitudes above 60"). 

What is the significance of the central bilateral symmetry of the equatorial highlands? Crumpler and ~ e a d ~ s ~  
have argued that Western Aphrodite and Eastern Aphrodite ~ e r r a ~  show evidence for features analogous to terrestrial 
oceanic divergent plate boundaries. One of these characteristics is the broad bilateral symmetry of the topography. 
Head and ~ r u m ~ l e 3  fitted oceanic thermal boundary layer topography adjusted for Venus conditions to the individual 
domains, and showed that the topography could be described by a divergent plate boundaxy, spreading at average North 
Atlantic Ocean rates (a few cdyear).  Comparison of this square root of time fit to the topography of the average 
equatorial highlands shows that there is a good fit out to about 3000 km (Fig. 3). At rates of a few cm/yr, terrain 
undergoing such spreading would be of the order of 100-300 my old at 3000 km distance. Although features 
suggesting the presence of regions analogous to oceanic divergent plate boundaries on Earth have only been 
documented for 14,000 km of the Venus Equatorial Highlands (>ID of the circumferance of the planet)$-6 their 
presence suggests that other parts of the Equatorial Highlands may be linked to the same processes and that the 
majority of the Equatorial Highland topography may be thermal in origin. Indeed, ~chabe?  has shown that the 
topographic rise and rift zone extends an additional 8,000 km east fiom Aphrodite to Beta Regio, and Beta Regio has 
been shown to be the site of extension and a locus of three rift  ones.^-^ 

What can account for the other characteristics of the average elevation plot? If divergence and crustal spreading 
occur in the Aphrodite Terra region, then 1) the lithosphere should reach equilibrium conditions at some distance from 
the rise crest, and 2) at some greater distances, possible convergence and crustal thickening might occur. 
Examination of Figs. 1 and 3 shows that the northern high latitude topographic peak includes the Ishtar Terra 
highland re ion which has been interpreted as being dominated by horizontal compressional deformation and crustal 
thickening! 0-i2 

Conclusions: 1) The average topography as a function of latitude about a great circle representing the Equatorial 
Highlands (Fig. 3) shows distinctive symmetrical patterns. 2) These patterns correlate in part with regional geologic 
processes (interpreted from spacecraft images and other data) including divergent plate boundaries and thermal 
topography in the equatorial regions and convergence, compressional deformation, and crustal thickening in at least 
part of the northern high latitudes (Ishtar Terra). Further analyses are underway to assess the nature and origin of 
topographic elements making up the peaks and troughs of this plot. 
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Fig. 1. Global topography of venusl showing areas below mean planetary radius in black. 

Fig. 2. Average topographic elevation as a function of 
latitude from nominal equator. 
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Fig. 3. Average topography as a function of latitude where 
the equator is defined as the Equatorial Highlands great -40. 

circle. 
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Fig. 3. Average topography as a function of latitude where 
the equator is defined as the Equatorial Highlands great -40. - 
circle. 
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