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Introduction: Deformation belts on Venus are 
quasi-linear, anastomosing zones of intense defor-
mation, concentrated in the lowlands [1]. Both ridge and 
fracture (graben) belts are observed, recording localized 
compression and extension, respectively. Deformation 
belts are an important part of the tectonic record on Ve-
nus. Unlike Earth, in which tectonism is concentrated at 
plate boundaries, Venus lacks a well-developed plate 
tectonic cycle. Yet unlike Mars, in which tectonism is 
broadly distributed in a one-plate lithosphere, Venus ex-
hibits narrow zones of intense localized tectonic defor-
mation, including the ridge belts. 

Previous studies of ridge belts have disagreed over 
the tectonic interpretation and formation mechanism. 
The ridge belts may record compressional strain arising 
from regional down-warping of the lithosphere above 
descending mantle currents [2]. The spacing of ridge 
belts is consistent with a long-wavelength buckling in-
stability in the lithosphere [3]. Two wavelengths of 
structures (the broad ridge belt at a scale of ~100 km, 
and the individual ridges at a scale of ~10 km) may be a 
result of a layered structure in which a weak lower crust 
separates a thin upper crustal lithosphere and thicker 
mantle lithosphere. Alternatively, the ridge belts may 
have formed from delamination of the mantle litho-
sphere or persistent lithospheric heterogeneities causing 
localized deformation at the belts [4]. However, the 
above studies focus more on the underlying mechanism 
than the specific subsurface structure. 

Here we explore a simple tectonic mechanism for 
ridge belt formation, following the work of [5]. By anal-
ogy to wrinkle ridges and lobate scarps on Mars, the 
Moon, and Mercury, we consider whether the long 
wavelength topography of the ridge belts could be a re-
sult of folding and uplift of the near surface materials 
above blind thrust faults. This model is aimed at under-
standing only the broad topographic signature of the 
ridge belts, and does not provide an immediate explana-
tion for the abundant small-scale ridges comprising the 
belt. Previous studies have interpreted the individual 
ridges as either being contemporaneous and directly re-
lated to the ridge belt topography [3], as independent 
structures [4], or as part of a sequential formation of 
ridges followed by the belt topography [6]. We return to 
the question of the ridges below. 

Methods: Topography data was taken from the ste-
reo DEM derived from Magellan SAR imagery [7]. Five 
profiles were taken perpendicular to Vedma Dorsa and 
averaged [5]. We apply a tectonic model [8] in order to 
use surface topography to constrain the subsurface 

geometry of faulting. The tectonic model is based on a  
two-dimensional boundary element model [9], and can 
represent any arrangement of faults, including thrusts, 
backthrusts, changes in dip, and décollements. For a 
particular assumed geometry of faults, the governing 
parameters (e.g., dips and depths of fault tips) are iter-
ated using a Markov chain Monte Carlo model in order 
to identify the best-fit model and the range of acceptable 
parameter space. 

  
Figure 1. Stereo-SAR topography [7] over the segment 
of Vedma Dorsa analyzed in this work.  Approximate 
location of profiles shown by line. Individual and aver-
age topographic profiles over Vedma Dorsa (from [5]). 

 
Results: We focus on one particular segment of 

Vedma Dorsa that is well resolved in the topography 
data. Both the individual profiles and the average profile 
show a strongly asymmetric cross-section, with the peak 
elevation along the western edge of the ridge belt, a 
steep forelimb, and a pronounced shoulder in the back-
limb (Fig. 1). This profile resembles thrust-fault-formed 
tectonic landforms on other bodies, including lobate 
scarps on Mars and Mercury, and wrinkle ridges in the 
volcanic plains of Mars, the Moon, and Mercury. This 
similarity motivates the application of similar models 
used to explain the formation of those structures.  

We first test a simple blind thrust faulting model. 
This model easily fits the width and relief of the ridge, 
but does not provide a good match to the shape of the 
ridge belt, with a crest and broad shoulder in the back-
limb. Results are presented giving the best-fit value and 
(mean!"	$%"	$). This model favored a thrust fault with a dip 
of 41° (46°!"&°%"(°), extending from the upper fault tip at a 
depth of 0.9 km (1.6!"."%".& km) to the lower fault tip at a 
depth of 37 km (42°!"*°%""° km). This maximum depth of 
faulting would require a thicker lithosphere than ex-
pected for Venus, though perhaps consistent with the in-
terpretation of a mantle downwelling and lower geother-
mal gradient beneath the planitia. A model with a 
change in dip with depth and a transition to a horizontal 
décollement favored an upper primary thrust fault dip of 
39° (39°!"+°%(,°) extending to a depth of 18.3 km (14.1!&.-%*.. 
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km), with a lower thrust fault dip of 5° (8°!(°%*°). The 
lower fault flattens out to a horizontal décollement at a 
depth of 30.7 km (31.4!"&.*%"/.+ km). The maximum depth 
of faulting for this model allows values as low as 17.1 
km at the 1-𝜎 level. These models do not match the 
prominent inflections on the backlimb of Vedma Dorsa.  

Next we test models with a change in dip at depth, 
two backthrusts, and a transition to a décollement. This 
model has a primary thrust fault dip of 63° (59°!"-°%(&°) 
extending from 3.4 km (2.4!".*%"., km) to 12.1 km (8.5!&."%/.* 
km) depth. Two backthrusts nucleate at the this depth, 
with dips of 59° (53°!/°%/°) and 11° (13°!/°%-°), extending 
upward to depths of 3.4 km (2.6!".,%,.- km) and 11.0 km 
(13!/.&%0.. km). The lower primary thrust fault has a dip of 
5.3° (11°!&°%/°) before transitioning to a horizontal dé-
collement at a depth of 23.8 km (24.5!",."%"&., km). These 
models favor steeply dipping faults for the upper pri-
mary and backthrust, though lower dips are permissible. 

Conclusions. These results show that the long 
wavelength topography of Venusian ridge belts can be 
generated by near surface folding above deeply pene-
trating thrust faults. Notably, the preferred models have 
low-angle lower thrust faults and/or décollements that 
extend far beyond the ridge belt itself. The long wave-
length topography of the ridge belt requires a complex 
geometry with multiple backthrusts. The short wave-
length pattern of ridges is not resolved in these models, 
but likely require additional shallow thrust faults. These 
models bear some resemblance to terrestrial fold and 
thrust belts, which are characterized by a horizontal dé-
collement or low-angle thrust at depth, which transitions 
into a complex geometry of listric thrust faults and back-
thrusts [10]. The simpler arrangement of faults in these 
models is necessitated by the low resolution and quality 
of the topography data. The dense arrangement of 10-
km-scale folds within the ridge belts would support a 

higher density of minor thrust faults. These models dif-
fer in experiencing much lower strains and displace-
ments than true fold and thrust belts. Thus, ridge belts 
on Venus may be an intermediate class of structure be-
tween lobate scarps on Mercury and Mars and fold and 
thrust belts on Earth. The ridge belts in the lowlands 
may be a more immature state of fold and thrust belt 
than those interpreted around the margins of Lakshmi 
Planum [3], perhaps reflecting the stronger crust of the 
lowlands. Fold and thrust belts on Earth are typically as-
sociated with convergent plate boundaries. By analogy, 
the ridge belts on Venus might be consistent with the 
concept of block tectonics, with deformation focused at 
the margins of jostling crustal blocks [11]. 

While this analysis has been limited by the quality 
and resolution of the stereo SAR topography data, future 
topography data from the VERITAS mission [12] will 
provide strong constraints on the subsurface structure of 
ridge belts as well as a wide array of other tectonic land-
forms. The horizontal and vertical resolution of 
VERITAS topography (250 m and 5 m, respectively) 
will resolve the individual ridges of the ridge belts, as 
well as smaller features such as isolated wrinkle ridges 
and graben. Tectonic modeling of such structures will 
shed light not only on the tectonic architecture and as-
sociated strain, but also on the mechanical stratigraphy 
of the crust and lithosphere.  
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Figure 2. Best-fit model topography (top) and fault geometry (bottom) for a single thrust fault (a,d), a thrust fault with 
a change in dip and décollement (b,e), and thrust with change in dip, décollement, and two backthrusts (c,f). Dé-
collements extend beyond the figure windows. 
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