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Target: The target of this study is orbital observa-

tions of the Devana Chasma rift system in the plains 
between Beta Regio and Phoebe Regio, bounded ap-
proximately by 20° N- 5° S, 280-290° E. Comparative 
studies of Devana Chasma where it crosses the crest of 
Beta Regio, 25-35° N, 280-285° E, and of the Ganis 
Chasma rift northwest of Atla Regio, 7-30° N, 180-
200° E would be valuable augmentations to the study. 

Science Goals: The proposed study focuses on the 
style of tectonic deformation on Venus, the mobility of 
the lithosphere, and the structure of the crust and litho-
sphere. It is relevant to VEXAG Goals, Objectives and 
Investigations II.A.1, II.A.3, and II.B.3 [1]. 

Rift Architecture on Earth: Because continental 
rift systems on Earth are commonly filled with large 
volumes of sediment, rift structure is often best deter-
mined using geophysical methods such as reflection 
seismology. Seismic reflection profiles reveal that ter-
restrial rifts are typically formed as half graben. In a 
half graben, the rift basin is asymmetric because the 
structure is dominated by a master normal fault on one 
side of the structure, although additional faulting typi-
cally occurs on the floor of the rift valley. Terrestrial 
examples include the Tanganyika, Malawi, Rukwa, 
and Turkana basins in the East African Rift system and 
the Albuquerque and San Luis basins in the Rio 
Grande Rift system [2-4]. The half graben in terrestrial 
rifts commonly alternate polarity along the strike of the 
rift. As a result, sometimes the tips of two adjacent but 
distinct half graben briefly overlap, which  can locally 
give the appearance of a full graben morphology [5]. 

Rift Architecture on Venus: Rift systems on Ve-
nus, such as Devana Chasma and Ganis Chasma, have 
often been compared with continental rifts on Earth [6-
10]. However, these studies have not focused on the 
details of rift morphology, particularly in terms of half 
graben versus full graben structure. 

The high atmospheric temperature and lack of pre-
sent-day liquid water on Venus limits erosion, so Ve-
nus basins are unlikely to be filled with sediments as 
occurs on Earth. Numerous fault scarps are visible in 
radar images of the floors of Devana and Ganis, sup-
porting the idea that burial by sedimentation is not 
presently important. Thus, on Venus we can infer the 
details of rift morphology directly from the topogra-
phy. 

Figure 1 contrasts two topographic profiles across 
the Devana Chasma rift system. Figure 1(top) shows a 
half graben structure, with a prominent rift flank and 

boundary normal fault only on the western side of the 
rift. The boundary fault has about 4 km of relief. On 
the eastern side, the gradual recovery of elevation is 
likely controlled at least in part by the lithosphere’s 
flexural response to the faulting on the western bound-
ary fault. Numerous small faults on the rift floor also 
modulate the rift topography. In contrast, Figure 
1(bottom) shows a full graben. Both sides of the rift 
have similarly well developed rift flanks and boundary 
normal faults with about 4 km of relief. 

 
Figure 1: (Top) Topography of a half graben in 
Devana Chasma at 4 °N. (Bottom) Topography of a 
full graben in Devana Chasma at 18.25 °N. One de-
gree of longitude is 100 to 105 km. 
 

Figure 2 quantifies the along strike variations in rift 
morphology in terms of the rift flank height ratio, 

R = H(side 2)/ H(side 1)     (1). 
Here, H is the height at the maximum elevation of the 
rift flank on a given side of the rift and is measured 
from the rift flank maximum elevation to the minimum 
elevation on the rift floor. Side 1 and side 2 are the 
opposing sides of the rift on a profile taken normal to 
the strike of the rift. Side 1 is chosen such that H(side 
1) is the larger of the two rift flank maxima on the pro-
file; thus 0 ≤ R ≤ 1. When R is close to 1, the two 
flanks have comparable fault offsets on the two sides 
of the rift, implying a full graben morphology. On the 
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other hand, R much less than 1 indicates the presence 
of a single prominent rift flank and a half graben mor-
phology.  
 Figure 2 shows R as a function of latitude along 
Devana Chasma. In both the north (15-20 N) and 
south (4 S – 0 N), there are segments 400-500 km 
long along strike that have R values indicative of full 
graben. The great length of these segments can not be 
explained in terms of overlapping half graben, so these 
regions are interpreted as true examples of full graben, 
with master boundary faults on both sides of the rift 
system. There are also segments (10-14 and 3-6 N) 
whose smaller R values, < 0.5, indicate half graben 
morphologies. The prominence of full graben rifting in 
Devana is unlike Earth, where continental rifts are 
typically half graben.  
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Figure 2: The flank height ratio (equation 1) as a func-
tion of location along Devana Chasma.   
 
 Numerical simulations demonstrate that rift basin 
morphology is a strong function of lithosphere rheol-
ogy [11-13]. Water plays several critical roles in litho-
spheric rheology: it affects the viscosity of both crust 
and mantle rocks, it facilitates fault development by 
modifying the crustal pore pressure, and it can increase 
the lithospheric cooling rate by permitting hydrother-
mal circulation. Water may therefore be an important 
control parameter in explaining the difference in mor-
phology between rifts on Venus and Earth. 

Data Requirements:  A critical data set for im-
proving our understanding of rift system dynamics on 
Venus is a significantly higher resolution topography 
model. The existing topography model from the Ma-
gellan mission has a resolution of 8 km (N-S) and 12 
km (E-W) near 10° N and degrades significantly to-
wards the poles [14, 15]. In regions of strong variabil-
ity of topographic relief, such as rift zones, measuring 
topography with large resolution cells has the effect of 
muting the total topographic range and smearing sharp 
changes of elevation into artificially broadened struc-

tures. A useful goal is to improve the topographic reso-
lution by an order of magnitude, to resolution cells of 
about 1 km with cross-track spacings of a few km. 
Numerical fault modeling of such a topography grid 
could constrain parameters including fault dip, fault 
offset, fault depth, and lithospheric thickness [16, 17] 
and permit improved estimates of strain within the rift 
system [10, 18]. 

High resolution radar imaging of selected transects 
across Devana or Ganis would also contribute to our 
ability to interpret rift zone geology. In order to image 
the rift floor and both rift flanks, such transects may 
need to be 300-400 km long (Figure 1) and should 
extend 10-20 km along strike, with a resolution of 10-
20 meters per pixel. Several such transects should be 
obtained, including both full graben and half graben 
segments of the rift. 

Gravity observations can constrain the crust and 
mantle structure beneath rifts [19]. A useful goal 
would be to obtain a gravity map that resolves at least 
up to spherical harmonic degree 180. This corresponds 
to a half-wavelength resolution of 105 km, comparable 
in scale to the rift valley floors in Figure 1. At such a 
resolution, gravity modeling could begin to constrain 
the amount of crustal thinning beneath a rift and thus 
provide an independent constraint on the magnitude of 
extensional strain in the rift. 
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