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Magellan altimeter data have a smooth unipolar 

profile, quite unlike the jagged bipolar profile for Earth 
(see Fig 1), and with a range of altitudes about half that 
on Earth. However, the highlands of the 2 planets have 
some similar parameters. Venus has about 5% of its 
surface higher than 2km 1, and highest peaks of 11 km 
above the Planetary Mean radius. Earth has a similar 
area higher than 2km above sea level, and Mt Everest 
peaks at 12 km above the Planetary Mean radius. 

 
Fig 1: Hypsometric profies for Venus and Earth 
 
The most important highlands on Earth (Himalayas 

and Andes) are being uplifted by tectonics and eroded 
by weather.  The Poisson-shape of the hypsometric 
profile of Venus implies many independent events 
raise(d) her highlands incrementally, and any ancient 
catastrophic resurfacing is now well-masked, (which 
Bond2 confirmed by impact cratering statistics). But it 
does not explain the concentration of most Venusian 
highlands into 2 continent-sized units and other forms, 
located as in Fig 2. The variety of these forms comes 
as no surprise, given the Poisson-shaped hypsometry. 
Head1 finds no consensus as to which one model best 
explains our data on the global geology of Venus but 
stresses the dominance of vertical processes (rather 
than lateral movement). Hence our interest in Interfer-
ometric Synthetic Aperture Radar (InSAR).  

Session:  InSAR and Gravity Gradiometer instru-
ments to characterize the processes that created and 
currently maintain these highlands will be best operat-
ed from a platform orbiting Venus. 

Targets: These, in descending order of area with 
altitudes greater than 2km above the Planetary Mean, 
may be described as:  

a. Aphrodite Terra (600-1480E; 100N-290S), which 
includes Ovda Regio, Thetis Regio and, on its southern 
flank, parts of Artemis Corona. 

b. Ishtar Terra (3000-690E; 520-790N), including 
Maxwell Montes and Lakshmi Planum (both with large 
areas >5km above the Planetary Mean) and Fortuna 
Tessera. Local ground truth is available from the Pio-
neer North probe.  

c. Beta Regio (2740-2950E; 130-390N), including 2 
volcanoes (Rhea and Theia Mons). Beta might also 
form a contiguous unit with Asteria Regio and Hundla 
Regio, and link to Pheobe Regio via Devana Chasma. 

d. Atla Regio (1830-2080E; 250N-100S), dominated 
by Ozza Mons, which has 3 peaks >5km above the 
Planetary Mean, and includes Maat and Sapas Mons. 
Local ground truth is available from the Vega probe.. 

e. Pheobe Regio (2780-2910E; 30N-200S), with 2 
Coronae (Poloznitzia and Iweridd) and some un-named 
volcanoes. Local ground truth is available from Venera 
13 & 14. 

 f. Lada Plateau (40-130E; 640-700S), a compact 
highland in western Lada Terra. 

g. Dali Plateau (1660-1740E; 150-240S), just south 
of Dali Chasma. N.B. Several similar, less prominent 
ridges emanate from Atla towards Dali and other units. 

Even if these target areas are defined in such sim-
ple terms, the coverage requirement for each imaging 
pass over these 7 highland areas never exceeds 66 de-
grees of latitude, (and this only where the flanks of 
Fortuna and Ovda overlap and with possibly an over-
generous coverage of Artemis). More careful definition 
using, say, the +1.9km contours might reduce this fig-
ure to 40 out of the ~125 degrees of latitude with line 
of sight to Earth (including from beyond the poles). 
Furthermore, the radar must be operated for only ~74% 
of longitudes, with a major gap from 208 to 274oE. 

Fig 2: Highland Areas of Venus to be imaged. 
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Science Goal(s): This paper addresses the science 

goals of IIA1 and 3, and IIB3, as given in Table 2 on 
the VEXAG website3. 

Discussion:   
Bond2 concluded that: “The rates of magmatic re-

surfacing required … are characteristic of those active 
on the earth today though the mechanisms may be very 
different.” So, detection of vertical movements of 10 
cm over 10 years seems an appropriate performance 
objective for the InSAR.  

The Magellan mission showed a polar orbit, main-
tained by inertial references, can image the entire plan-
etary surface as it rotates during one Venus day (243 
Earth days), provided the ~18 Earth days of superior 
conjunction do not interfere. Fig 3 is a Magellan dia-
gram of the planetary alignment during Cycle 1 which 
completed just before Superior Conjunction. Through-
out such a Cycle, a spacecraft in a low, circular orbit 
always has it’s solar panels illuminated to power the 
radar while it has a line of sight to Earth for direct 
down-link of data. In comparison, Anderson4 shows a 
sun-synchronous orbit of Venus would require a very 
significant fuel load that is unlikely to be justified by 
any thermal and/or imaging advantages. 

For optimum InSAR performance, the chosen orbit 
should be circular, with an altitude of perhaps 250 - 
300km and a radar incidence angle of about 30 de-
grees. To achieve the above InSAR performance ob-
jective, this orbit should be maintained over 10 Earth 
years (i.e. approximately equivalent to 16 Venus years) 
to a positional accuracy of 100m. During this time, the 
Radar must be operated for only 4 imaging Cycles 
lasting 243 Earth days. Note that the alignment of Ve-
nus and Earth shown in Fig 3 will repeat approximate-
ly every 5 Earth years but with Venus advancing about 
8.5 days in every Earth year. Further work is required 
to optimize the timing of the InSAR imaging cycles 
but we believe ENVision should be injected into an 
orbit plane that will position at least one superior con-
juction whilst the spacecraft is over the 208-274oE gap. 
The radar could be used to image parts of the planet 
whilst the spacecraft is manoeuvred to precisely circu-
larize the orbit but neither of the first 2 Cycles - to take 
stereo data at different incidence angles (10-15 degrees 
apart) - should be interrupted by a superior conjuction, 
which occur every 584 Earth days. For InSAR imag-
ing, the 2 Difference Cycles should, ideally, recur on 
the fifth anniversary of the previous Cycle at the same 
incidence angle.  

The need to actively maintain the precise orbit to 
100m positional accuracy throughout would appear to 
preclude the possibility of putting the spacecraft into 
hibernation between Difference Cycles. 

 
Fig 3: Sight-lines for an ideal imaging cycle. 
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