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Introduction: The geological evolution of Venus 

represents one of the most enigmatic problems in the 
history of the terrestrial planets. Earth-like in size and 
density, and the closest planet to Earth in position (and 
thus potentially starting conditions), the detailed 
geological history of Venus has proven elusive, and the 
current atmospheric composition and thermal structure, 
and geology and geodynamics are decidedly not Earth-
like [1]. The surface of Venus has an average age of less 
than a billion years (Earth-like), but shows no sign of the 
sea-floor spreading/global plate tectonics that renews 
Earth’s planetary surface, instead being marked by intense 
early deformation (tesserae) [2], followed by massive and 
rapid global outpouring of basaltic lavas, and then 
interconnected global rifting and related volcanism [3-5]. 
Modelling studies of planetary evolution [6-8] suggest 
that in the first 85% of its history, Venus may have been 
much more Earth-like, with abundant water, a much more 
clement atmosphere, oceans, and possibly even life. The 
key questions are: When did the transition from a possible 
more Earth-like  

 
Fig. 1: Geologic map of the Ovda Regio Tessera (from 
[3]). 
 
condition to the current one occur? Can we recognize 
remnant units/structures/processes that might characterize 
the earlier epochs and, thus, assess the transition in the 
observable geological record? What was the nature of the 
transition? Was this change geological abrupt, occurring 
over the course of only a few hundred million years (<~10% 
of history), or was it slow and truly transitional, occurring 
over many hundreds of millions or several billion years 
(>~25% of history) [8-9]? 

We first approach this problem from an integrated 
historical and geological perspective, asking: What 
constraints do the currently observed geological record 
place on the transition from a geological process, 
geodynamic and atmospheric evolution perspective? 
What clues do the oldest preserved current terrains 
(tesserae) hold for the nature and rate of this transition? 
Do the ancient tesserae show signs of water-related 
erosion/deposition (e.g., glacial [10] and fluvial [11] 
processes), or eolian processes (e.g. wind-modified 

landforms and deposits [12]) that might represent 
evidence for the nature of an earlier atmosphere? What is 
the nature of the multiple and often superposed linear and 
curved structures that dominate the tesserae? Are these 
tectonic in origin or could they represent layering? Do 
tesserae show signs of layering and emplacement 
structures that suggest a sedimentary origin of layers? Or 
do the associated structures favor volcanic layering? To 
pursue these questions, we call on the global geologic map 
of Venus [3] and a detailed analysis of key areas in the 
largest tessera occurrences such as Ovda and Fortuna 
Tesserae [13]. 

Ovda Tessera Evolution: On the basis of our geologic 
mapping of Ovda [5,13] (Fig. 1), we have analyzed in 
detail an area designed as a reference area to develop 
criteria to distinguish the contribution of volcanic/tectonic 
and sedimentary/fluvial processes in the formation of 
features seen in tessera regions. 

The reference area in Ovda is at ~5.5oS, 80oE where the 
tessera is characterized by: 1) large (10-15 km wide, 50-
100 km long) and curvilinear ridges with rounded crests, 
and 2) angular flat-topped plains mesas. In the study area 
(Fig. 1, 2), we identified three occurrences of plains at 
different stages of post-formational modification. The 
most deformed (oldest?) plains (designated Plains-1) (1 in 
Fig. 2, outlined by pink dashed line) forms a ~30 x 40 km 
block that is elevated and tilted to the S; its surface 
exhibits several generations of tectonic structures, 
including (a) multiple  

 
Fig. 2. Reference area in Ovda Regio (see Fig. 1 for 
context). Numbers in circles indicate generations of 
intratessera plains. See text for details. Portion of the 
global mosaic of F-MIDR images. 

 
scarps at the block margins (rightmost white arrow) that 
are identical to other tectonic structures in association 
with graben elsewhere in the tessera (other white arrows), 
(b) paired scarps (black arrows) that form opposing sides 
of narrow, flat-floored graben that are pervasive in tessera 
terrain [14], and (c) single-sided sinuous scarps that cross 
the tilted surface of the block and form a stair-step-like 
pattern at its pointed western margin. One possible 
interpretation of these scarps is that they represent edges 
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of layers exposed by tectonic deformation of an originally 
layered sequence. 

 
Fig. 3. Examples of small volcanoes (white circles, arrows 
point to the summit pits) and flow-like features (dashed 
line) that occur within Plains-2 and -3 occurrences in 
Ovda, strongly suggesting the volcanic origin of the plains. 

 
Plains-2 (2 in Fig. 2, outer boundaries are outlined by a 

white dashed line) are less deformed and embay both the 
tessera ridges and Plains-1. Narrow graben (black arrows) 
cut the elongate tessera ridges and Plains-2 as well, 
providing evidence that the graben are among the 
youngest tessera features. In [11] the morphologically and 
stratigraphically similar graben are interpreted as fluvial 
valleys. In Ovda, these graben are clearly of tectonic 
origin and show no characteristics that might suggest 
glacial or fluvial activity in their formation or 
modification (e.g., sinuous channels, deltas, fans, 
moraines). Near the center of the largest occurrences of 
Plains-2 occurs a rounded, flat-floored, and rimless 
depression that resembles a volcanic caldera-like source 
crater (green arrow). At the NE edge of this occurrence a 
series of single-sided scarps is present and fine-scale 
lineation characterize its southern edges. The scarps and 
lineation may be may be evidence for an exposed layered 
structure of the deposits below the surface of the Plains-2 
occurrence. 

The least-deformed plains (youngest?) occurrence, 
Plains-3 (3 in Fig. 2, outlined by yellow dashed line) form 
smooth sub-horizontal surfaces; materials of the plains 
embay both the edges of Plains-2 and the narrow graben 
(red arrows). Many occurrences similar to Plains-3 type 
are present in the broader study area and occur as portions 
of much more extensive (100s km) occurrences of lava 

plains that partly fill large tectonic troughs at the edges of 
Ovda Tessera. 

Discussion and Conclusions: The volcanic nature of 
Plains-3 is suggested by the occurrence of small 
domes/cones and flow-like features recognizable on the 
surface of the plains (Fig. 3). On this basis, we interpret 
Plains-3 as representing the surface of layered basalts 
typical of volcanic plains on Earth, Moon, and Mars. With 
the exception of the caldera-like feature in Plains-2, the 
deformed surfaces of Plains-1 and Plains-2 mostly lack 
such structures, instead exhibiting single-sided scarps and 
fine lineations that support an interpretation of the plains 
as stacks of layers formed earlier [e.g., 12]. The extensive 
interplay of tectonic deformation and volcanic plains 
emplacement illustrated by the nature of Plains-1-2-3 
strongly suggest that the most recent observed tessera 
formation involved emplacement of regional volcanic 
plains coincident and interleaved with a wide array of 
tectonic deformation, and that this deformation was 
transitional from an earlier period of large scale folding to 
a regime characterized by less intense deformation 
dominated by continued plains emplacement and 
extensional graben formation. 

Do the linear features seen in the elongate ridges and 
within and at the margins of the Plains-1-3 occurrences all 
represent layers [12], or are some/many of these related to 
structural lineaments and fault-related features? And for 
those that do represent layers, do they represent 
previously emplaced lava flows, or alternatively, could 
they represent sedimentary layers dating from an earlier 
more Earth-like climate regime with abundant fluvial, 
glacial [10-11] and perhaps even oceanic deposits [8]?  

As described above, we find no evidence for the 
occurrence of glacial and/or fluvial erosion or deposition 
in the study area, nor in the more extensive region within 
the surrounding tessera. We are currently broadening our 
analysis of tessera to other occurrences in Ovda and 
Fortuna Regions in order to address further these critical 
questions in the geological, geodynamic and climate 
history of Venus. 
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