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Introduction: One of the major and outstanding 

problem in Venus geology is: Does Venus possess a 
non-basaltic crustal component which may be an 
analog to the continental crust of Earth [e.g. 1]? 
Detailed photogeologic analysis of plains units that 
make up the majority of the surface of Venus 
strongly suggests that the plains were formed by 
eruptions of low-viscosity lavas [2-4]. Such a 
morphology is interpreted to be an indicator of the 
basaltic composition of the plains and  

 

Fig. 1 
 
correlates well with the results of direct chemical 

measurements on the surface made at  seven points 
[5-7]. These two independent sources of data, along 
with the absence of liquid water and, hence, erosion 
[8,9] suggest (1) that basaltic volcanism is the chief 

process of formation of crust on Venus [2] and (2) 
that the morphology of the plains indicates that their 
emplacement involved extrusive lava flows. The only 
features whose morphology suggests more evolved 
material compositions  are steep-sided domes and 
festoons [2,10,11]. 

In contrast to the plains, tessera terrain is so 
heavily modified by tectonic deformation that the 
primary morphologic characteristics of its precursor 
materials are not readily seen. Additionally, tessera 
often occurs in large high-standing regions that are 
clearly older (embayed) than surrounding plains. In 
these characteristics, tessera to some degree resemble 
terrestrial continents (old, high-standing, tectonized 
massifs), the bulk of which are made of non-basaltic 
materials [e.g. 12]. Thus, if a non-basaltic component 
of the crust indeed exists on Venus, tessera appears to 
be one of the best candidates. No spacecraft have 
landed on the surface of tessera and the composition 
of its surficial material is unknown [13-15]. Without 
these types of data, detailed morphologic analysis of 
relicts of the tessera precursor may provide important 
information to assess the possible nature of the 
tessera material. 

Morphology of the tessera precursor terrain: 
The main goal of our study was to analyze the 
morphologic characteristics of the oldest materials in 
tessera that predate the tessera-forming deformation. 
We randomly selected  56 points from the entire 
tessera population and analyzed the morphologic 
characteristics of the surface. Each point represents a 
region ~77 by 77 km from the F-MAP mosaics with 
the best available resolution, 75 m/px. All large 
tessera regions and a number of small tessera areas 
have been sampled. An example from Ovda Regio 
(Fig. 1) illustrates a typical set of intra-tessera units 
and structures, and their relationships. The structural 
pattern of tessera in this area consists of broad ridges 
and valleys (characteristic spacing is ~15-20 km) 
oriented preferentially in E-W and NE directions, and 
narrow (a few km wide) box-shaped graben oriented 
mostly in the N-S direction. These structures cut 
three morphologically distinctive units and are 
embayed by undeformed plains (p), which represent 
the youngest units emplaced after cessation of 
tessera-related tectonic activity. The units predating 
the tessera-forming structures are as follows: 
Hummocky plains (hp) have a rugged surface 
consisting of low hills/knobs that are deformed by 
numerous low scarps, ridges, and valleys. The 
dimensions of these features are about an order of 
magnitude smaller than those of the tessera-forming 
structures. In places, knobs within the hummocky 
plains have flat summits with plains-looking 
morphology. Lineated plains (pl) have a smoother 
surface that is cut by sets of parallel narrow 
lineaments with typical width and spacing <1 km, 
down to the resolution limit. Material of lineated 
plains appears to embay some of structures in 
hummocky plains and, thus is interpreted to be 
younger. Smooth plains (ps) appear to be 
morphologically smooth and relatively featureless at 
Magellan resolution. The plains are deformed by 
broad tessera ridges and embay structures of lineated 
and hummocky plains. These observations suggest 
that the original terrain in Ovda tessera represented a 
complex of plains units morphologically similar to 
those outside of the tessera region. The plains were 
emplaced and deformed during several episodes of 
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volcanic and small-scale tectonic activity, and later 
deformed into the tessera pattern by much more 
intense tectonic episodes. 

Similar types of plains occur as pre-tessera 
material in all other tessera regions that we studied. 
The most frequent types of these plains are smooth 
and lineated plains. They occur, respectively, within 
52 and 45 studied tesserae. Hummocky plains occur 
in 26 different mapped areas. All three types of 
plains, hummocky, lineated, and smooth, occur 
within 18 tessera areas (32%), any two types of the 
plains occur within 31 areas (55%), and within 7 
areas (13%) only one type of plains represents the 
pre-tessera precursor material. 

Discussion: In all analyzed tessera fragments, 
relicts of various plains units are recognizable. 
Several lines of evidence suggest that these units 
represent tessera precursor materials. First, and most 
important, the plains are deformed by the rough-scale 
structures (broad ridges, graben, etc.) that make up 
the characteristic structural pattern of tessera. 
Second, the fine-scale features on the surface of the 
plains are about order of magnitude smaller than the 
typical structures of tessera. This suggests that the 
tectonic deformation of the plains took place under 
conditions different from those that were in effect 
when the rough tessera surface formed. Third, in 
many places there is evidence that pre-tessera plains 
embayed each other. The rough-scale tessera 
structures do not control the boundaries of the plains 
units. 

The plains morphology of the pre-tessera 
materials strongly suggests that initially these were 
lava plains. If the common interpretation of lava 
plains on Venus as basaltic plains can be extrapolated 
back to the time of emplacement of the pre-tessera 
materials, then one can conclude that tessera terrain is 
largely made from deformed basaltic lavas. Such a 
conclusion is supported by the absence, in the pre-
tessera plains, of steep-sided lava fronts that indicate 
relatively high viscosity of lava [10] and possibly 
more evolved composition of erupted materials. 

The largest tesserae form the summits of the 
regional highlands [16-18]. It is conceivable that 
tessera may represent a relatively thin skin of 
tectonized basaltic plains that covers a more silicic 
core of highlands [19,20]. The post-tessera volcanic 
activity inside the highlands can be used to assess this 
possibility. Post-tessera volcanic plains (p) are seen 
within each large tessera region. The individual 
occurrences of the plains (10-100s of km across) 
form isolated patches probably related to multiple 
sources of lavas. The depth of generation of the 
plains is unknown. The sources could be either within 
the tessera highlands crust, or beneath, in the mantle. 
In the first case, the material of the post-tessera plains 
is merely the remelted and erupted material of the 
highlands. The morphology of these plains suggests 
that they have a basaltic (or even less silicic) 
composition. 

If the sources are in the mantle beneath the 
highlands crust, the material of the plains would 
represent melts originating from the mantle and 
would not be characteristic of the material of the 
highland crust. If this was the case and if the 
hypothesis of a granite-like composition for the main 
portion of the interior of tessera plateaus is valid, one 
might expect some kind of interaction between the 
rising mantle melts and the crustal material of the 
plateaus. 

On Earth, intrusion of the hot mantle melt into 
continental crust, which has a lower melting point, 

leads to local heating and remobilization of  crustal 
material [21-24]. Sometimes, for instance in regions 
of continental rifting, this results in silicic volcanism 
with its characteristic morphology: the formation of 
rhyolitic steep-sided domes and scalloped flows 
[25,26], explosive calderas [27-29], and cinder cones 
[30,31]. If we assume that in the tessera highlands a 
granite-like material is hidden beneath the basaltic 
tessera crust, then, by analogy with the Earth, we 
might expect to see some morphologically 
recognizable manifestations of such material in the 
areas of intratessera volcanism (for example, the 
flows of viscous lava with a distinct frontal scarp 
[2,11] or steep-sided domes [10]). The morphology 
of these features may indicate a more silicic, as 
compared to basalt, composition. , Only one steep-
sided scalloped flow [32] and one steep-sided dome 
[10] are observed within the entire tessera terrain on 
Venus. Large structures similar to the Earth’s 
explosive calderas are absent within the tessera, and 
there are no volcanic edifices with a large crater-to-
base diameter ratio, which is a typical feature of 
explosive volcanic edifices [30,33]. Thus, one can 
conclude that manifestations of non-basaltic 
(probably silicic) volcanism within tesserae are not 
abundant. This means that the hypothesis for the non-
basaltic, granite-like composition of the major 
portion of the bulk of the tessera highlands [1] has 
little support from these observations. Currently, the 
model of tessera highland interiors in which the bulk 
of the highlands is composed of “basalt”,  with a 
possibly minor “granite” component, appears more 
likely. 
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