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Introduction: The topography and general distribu-
tion and inventory of tectonic structures on Venus are 
usually interpreted as evidence for the absence of plate 
tectonics [1]. One key observation in this interpretation 
is the lack of a planet-wide system of subduction zones 
that are characterized on Earth by contrasting topogra-
phy dominated by the deep trenches within relatively 
narrow belts. On Venus, structures topographically re-
sembling terrestrial trenches were found in association 
with some chasmata and coronae. Chasmata in the east-
ern Aphrodite Terra are similar to the ocean-ocean colli-
sion zones both topographically and geometrically [2]. 
The frontal troughs outlining some coronae [3-6] are 
smaller and shallower than terrestrial subduction zones 
and are thought to be the result of evolution of mantle 
diapirs that formed coronae [7,8]. These features sug-
gest that the corona troughs may be akin to the dome-
and-keel structures at granitoid domes [9-14]. The con-
trasting subduction-related topography is a dynamic 
feature that indicates the process is ongoing. Besides the 
dynamic topography, the long-lasting pattern of defor-
mation and distribution of volcanism also characterizes 
subduction zones. These features are usually used to 
interpret specific assemblages of structures in the 
Archean cratons as extinct zones of subduction [15-21]. 

On Earth, some subduction zones occur preferentially 
at the transition from low-lying abyssal plains to the 
high-standing continents. Similar topographic situations 
on Venus characterize the edges of large tessera regions 
[1,22]. Although usually plains passively embay tessera, 
in some areas tessera regions are in contact with plains 
through a linear belt of contractional structures [22]. 
Semuni Dorsa belongs to the ridged class of tessera 
boundaries. We studied this area and documented its 
topographic configuration, main types of units and 
structures, and their time relationships using Venera-
15/16 and Magellan images and Magellan altimetry 
data. The primary goals of our study were: 1) to estab-
lish the sequence of volcanic and tectonic events in the 
evolution of the ridge belt, and 2) to find similarities 
and differences of the belt with subduction zones on 
Earth. 

Regional setting, types of units and structures: 
Semuni Dorsa (75-85oN, 0-20oE) is a large ridge belt 
that extends for many hundreds of km in NE direction 
along the WN edge of Fortuna Tessera. The belt is 
within the transition zone from the low-lying plains of 
Snegurochka Planitia to the elevated Fortuna [23,24] 
and has a S-shaped geometry: It is convex toward Sne-
gurochka Planitia at its southern and northern edges and 
concave toward Fortuna Tessera in the middle. Three 
main geologic provinces occur in the Semuni Dorsa 
region. 

A. Snegurochka Planitia. Several types of plains units 
occur on the floor of Snegurochka Planitia near Semuni 
Dorsa. The most widespread unit there is regional 
plains. The plains are morphologically smooth, have 
homogeneous radar albedo, and are cut by wrinkle 
ridges. Sources of the plains are not obvious. Toward 
the interior of Snegurochka Planitia, regional plains 

embay small occurrences of older densely lineated 
plains and ridged plains. Outcrops of these units do not 
occur in the area near Semuni Dorsa. Wrinkle ridges are 
oriented in a NW direction at a high angle to the general 
trend of Semuni Dorsa and appear to be abated by the 
front of the ridge belt. Smooth plains and lobate plains 
are tectonically undeformed and embay both wrinkle 
ridges and ridges of the ridge belt. The sources of these 
plains occur near the outer edge of Semuni Dorsa. 

B. Ridge belt of Semuni Dorsa. The ridge belt is a 
zone of contractional structures (narrow ridges a few km 
wide and tens of km long), which is ~100-150 km wide 
and extends for many hundreds of km in a general NNE 
direction between the plains of Snegurochka Planitia to 
the NW and Fortuna Tessera to the SE. The northern 
half of the belt is more compact and its southern edge 
bifurcates, becomes wider, and finally disappears within 
Fortuna Tessera near the NE edge of Maxwell Montes. 
The narrow ridges composing the belt are linear to cur-
vilinear and oriented parallel to the general trend of the 
belt. The ridges are non-uniformly distributed across the 
belt and there are two zones (several tens of km each) 
where the ridges are more abundant. The outer zone is 
at the northwestern edge of the belt. It consists of fewer 
ridges, and forms the front of Semuni Dorsa. At its 
northern edge, the outer zone breaks up into a swarm of 
narrower ridges that appear to deform the surface of 
regional plains within Snegurochka Planitia. The inner 
zone is close to the rear edge of the belt. It is wider and 
consists of tens of narrow ridges. In some places, elon-
gated fragments of tessera are embedded into the inner 
zone. Between the outer and inner zones, the ridges of 
the ridge belt are shorter, more sparsely distributed, and 
embayed by plains units. Plains that occur there and in 
the rear of the ridge belt have numerous small shields on 
the surface and strongly resemble shield plains [25-28]. 
Shield plains embay structures of both Semuni Dorsa 
and Fortuna Tessera and appear to be tectonically unde-
formed. 

C. Fortuna Tessera. The massif of Fortuna consists of 
chaotically oriented linear ridges and troughs and has a 
sharp sinuous to angular boundary. The structures of 
tessera do not display any preferential orientation at the 
edge of the tessera and are embayed by plains units at 
the rear of Semuni Dorsa and cut by structures of the 
ridge belt. 

Topographic configuration: A topographic profile 
oriented across to the main trend of Semuni Dorsa, 
shows four different topographic levels. 1) The floor of 
Snegurochka Planitia occurs at relatively low elevations 
(<0.75 km). In the direction toward Semuni Dorsa, the 
surface of the floor rises from ~0.25 to ~0.75 km and 
then dips for a few hundred meters near the front of 
Semuni Dorsa. There, the floor of the Planitia forms a 
broad (~50 km wide) moat-like topographic feature that 
extends along the outer edge of the ridge belt. The moat 
controls the distribution of the youngest plains units that 
partly fill the moat. 2) The ridge belt of Semuni Dorsa 
corresponds to a major scarp-like feature where the sur-
face rises from ~0.5 to ~2.75 km over a distance of 
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~150 km. Although the outer zone of the ridge belt has 
no expression in the Magellan topographic data, the 
distribution of the radar brightness suggests that the 
zone forms a low topographic step. The inner zone of 
the ridge belt represents a broad (~75 km) and high 
(~0.5 km) topographic ridge, the top of which is at 
~2.75 km. 3) The zone between Semuni Dorsa and For-
tuna Tessera is on the third level. This area is within a 
broad (~100 km) trough-like feature, the surface of 
which is about half a kilometer lower than both the rear 
edge of Semuni Dorsa and the front of Fortuna Tessera. 
Shield plains preferentially cover the surface in this 
area. 4) Fortuna Tessera comprises the fourth level and 
represents an elevated (above ~3.0 km) plateau with 
significant topographic variations. 

Sequence of events: The relationships of embayment 
and cross-cutting of units and structures suggest the 
following sequence of events in the region of Semuni 
Dorsa. The oldest materials occur within Fortuna 
Tessera. They were tectonically deformed in a variety of 
modes and embayed and cut by other units and struc-
tures. The specific pattern of deformation in Fortuna 
appears to be old and the tessera represented a tectoni-
cally stabilized elevated terrain prior to emplacement of 
all other features. 

The ridges of the ridge belt appear to deform regional 
plains near its northern edge and, thus, postdate them. 
Near the outer edge of the ridge belt, within the moat-
like feature, there are several narrow ridges that are par-
allel to the trend of Semuni Dorsa. These ridges are em-
bayed by lobate plains and likely represent remnants of 
the Semuni Dorsa ridges. This suggests that the ridges 
are older than the moat and were displaced during its 
formation, and later embayed by smooth and lobate 
plains. The moat appears to be a younger feature that 
postdates regional plains, wrinkle ridges, and the ridge 
belt, but is older than the youngest volcanic units. 
Shield plains between the ridge belt and the tessera 
massif occur within a trough-like feature that cuts both 
Semuni Dorsa and Fortuna Tessera. This means that 
formation of the trough and emplacement of shield 
plains there occurred relatively late in the geologic his-
tory of the Semuni Dorsa region. 

In summary, there were three major episodes in evo-
lution of the transition zone between Snegurochka 
Planitia and Fortuna Tessera. The first episode corre-
sponds to formation of the high-standing plateau and the 
specific pattern of deformation of Fortuna Tessera. The 
modes of tessera formation are still under debate 
[29,30,22] and are beyond the scope of our work. It is 
important, however, that Fortuna Tessera represented a 
tectonically stabilized region before formation of other 
units and structures. Emplacement of regional plains on 
the floor of Snegurochka Planitia appears to represent 
the second episode. The plains cover vast areas within 
Snegurochka Planitia and embay Fortuna Tessera along 
its northern edge [22]. The third episode was related to 
the formation of the linear ridge belt, the moat along its 
front and the trough at its rear edge, and emplacement 
of the younger volcanic units within the ridge belt. 

Discussion: The character of deformation and strati-
graphic position of Semuni Dorsa indicate that the re-
gime of compression dominated the transition from 
Snegurochka Planitia to Fortuna tessera relatively late in 

the geologic history of the area. This is in sharp contrast 
to the typical situation of "passive" embayment of ele-
vated structures of tessera by plains units [22]. 

The transition zone has several characteristics that are 
important in interpretation of the mechanism of forma-
tion of the Semuni Dorsa region: 1) It has the S-shaped 
planform and occurs within a major topographic step 
from the low-lying Snegurochka Planitia to the high-
standing Fortuna Tessera; 2) Parallel contractional 
structures dominate Semuni Dorsa; 3) The moat outlines 
the front of the ridge belt and the trough-like depression 
occurs along its rear edge; 4) Young volcanic features 
occur throughout the ridge belt. 

These features resemble specific geometric, topog-
raphic, structural, and volcanic characteristics of terres-
trial ocean/continent convergent margins which occur 
along major topographic steps and have either arc-like 
(west Pacific) or S-shaped configuration (S. America). 
The subduction that dominates these margins involves 
formation of trenches within the ocean basins, lateral 
compression along the outer edges of the continents, 
and back-arc spreading/extension in the rear of the arcs. 
Remelting of the subducting slab causes abundant vol-
canism within the active continental margin. 

In contrast to active terrestrial subduction zones on 
Earth, however, Semuni Dorsa displays much smaller 
topographic variations and the frontal moat (a possible 
analog of a trench) is significantly shallower. It suggests 
that if the Semuni Dorsa region indeed can be inter-
preted as a zone of convergence, underthrusting and 
possible subduction, it may be a remnant of such a zone 
where the dynamic support of topography has been re-
moved. Only ~5% of the total length of tessera bounda-
ries belong to the ridged class [22]. Among these is the 
nearby northern boundary of Ishtar Terra (Freyja Mon-
tes/Uorsar Rupes), a site also interpreted to have in-
volved large-scale convergence, underthrusting, crustal 
imbrication and lithospheric flexure [31,32]. These 
boundaries occur as relatively short sections that do not 
form a contiguous system. Even if all of these bounda-
ries are subduction-related, their scarcity, areal distribu-
tion, and topographic characteristics suggest that some 
of the processes that are part of terrestrial plate tectonics 
may have operated near tessera regions at local scales in 
the past. 
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