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Coronae chain on Venus - a hot spot under a moving plate?; J. Raikla 3 r d  T. Tormil- 
nen, Dept. of Astronomy, University of Oulu, 90570 Oulu, Finland 

Introduction. Coronae are large (100-600 km diameter) circular or ovoidal structl~rcs (1,2) whicl~ arc 
hcld to have been caused by endogenic Venusian processes (3,4,5,6,7,8). Most of thcm arc located eirher to tllc 
west of or the east of Ishtar Terra and even if they are often located in groups they seem not to be strictly othcrwisc 
related to each other. Their morphology and association with central depressions, domes, volcanic flows, and 
circular ridges lcave little doubt that they were associated with lava extrusions (1). The purposc of this work was to 
describe a group of ovoidal structures and discuss its origin and possible connection to manlte-rclatcd resurfacing on 
Venus. Vencra 15/16 spacecraft data from within quadrangles 11 and 12 was used in this work. 

A distinct group of coronae is located to the south of Ishtar Terra on the 0" meridian between the 53rd 
and 45th northern latitudes. The four linked features, here labelled A, B, C and D from north to south, are aligned 
in an approximately N-S oriented row in the area between Sedna Planitia and Bereghinya Planitia. Two of these 
structures (A and B) could tentatively be classified as double corona-like structures according to the classification 
used by Pronin and Stofan (9). It seems to us that these coronae are related to each other. The cross-cutting relations 
between coronae indicate that in the north the structures are the oldest ovoids and the overlapping southernmost 
coronae are younger in a row where the one on the 45th latitude is the youngest. Further to the south there is an 
additional corona 73' between 37th and 41st northern latitudes. 

The northernmost double corona 'A' consists of two ear-like parts which are side by side. It is overlaid 
on the southern side by a smaller double corona 'Is' consisting of horseshoe-like parts which arc in turn overlnitl hy 
an excentric elliptic ovoid 'C' on their southern side. Further to the south of this elliptic ovoid thcre are some 
arcuate ridges indicating the location of the southernmost ovoidal structure 'D' which is formed by a pair of arc-like 
ridges and a few large dornes. 

Feature 'A' is a linked structure with an annulus made up of a broad rim 20-40 km across. The western and 
eastern halves of this double corona have similar outer rims but their interiors are clearly different. The eastern half 
is characterised by 40-120 krn long, narrow, roughly N-S oriented ridges spaced 5-10 km apart. The western interior 
has fewer ridges and is obviously partly covered by lava flows. A few small domes (2-5 krn in diameter) are situated 
near a crater-like depression (possibly a source vent) at the southern end of the structure. 

The double horseshoe structure 'B' partly overlaps the southern edge of feature 'A', being quite subdued in 
its overall appearance. It is characterised by two annulae made up of a broad ridge or rim arches. The interiors are 
very smooth, probably covered by lava-flows. Only a few short ridges can be seen inside the eastern ring. The ridges 
inside the western formation are longer but faint. 

Feature 'C' is a well defined corona with an annulus of narrow concentric ridges in its northern part and a 
broad rim in its eastern and western parts. The southern edges of the corona are more subdued. Ridges and domes arc 
found in the interior. There seems to be a faint ring-like formation (100 km in diameter) in the southern part of the 
corona. 

The southernmost feature 'D' of the coronae row is a faint half circle formed by a pair of narrow ridges and 
several dornes. 
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The separate southernmost corona-like feature E' was classified to belong to an irregular corona cla5s 
Fig.2b in 9). It is subdued and characterized by rims which are irregular and has a smooth interior with domes. 

If the coronae were caused by a Venusian endogenic foxce two different assumptions can be made. Either 
1) the active area in the asthenosphere of Venus has moved southwards with time resulting in southward moving 
activity centres when having la) time-related pulsations or lb) momentary blockages by the lithosphcrc, or 2) the 
lithospheric plate has moved northward 2a) stepwise resulting in apparent changes in activity locations or 2b) by 
gradually blocking the (pulsating) active asthenosphere below a new part of lithosphere for a while before the 
asthenosphere gained energy enough to break the crust again. Activity resulted in surface structures elongated in ~ h c  
direction of the movement. 

The northernmost two double coronae could have been formed either by branching/ spreading mantle 
activity or parallel pre-existing zones of weakness making the activity penetrate the lithosphere and extrude along 
parallel fault zones. In the south the activity centres joined to form only one zone. 

When drawing a conclusion about the origin of the coronae row a certain terrestrial analogy comes to 
mind. We have to solve whether the asthenosphere or the lithosphere has moved and in which direction. This 
question seems to be relevant enough in respect to the Hawaiian-Midway seamount chain (10) which has becn seen 
to be caused by an active mantle plume under a northwestward moving lithospheric plate. Accordingly the Venusian 
coronae chain could have been formed due to the active Venusian mantle over which the plate has moved northward 
against the southern border of Ishtar Tena. The area where the plate was moving away from is not observed but was 
located to the south, outside the Venera 15/16 radar imagery area. Head et al. (1 1) has proposed that Aphrodite Terra 
and Beta Regio could have some structural features similar to tersestrial mid-oceanic ridges. These (and other similar 
related) areas cannot be excluded as candidates when looking for areas responsible for proposed plate movements. 

The coronae chain inspected is thus preliminarily interpreted to have been caused by an endogenmusly 
active mantle which has affected the northward moving lithospheric plate. No definite conclusions have been drawn 
about why the plate has moved just northward, what has been the'actual process in coronae formation or which 
endogenic processes (more exactly than mere simple definition of mantle plume) have been involved. 

When assuming the Venusian surface age of 500 x lo6 years (2) and measuring the length of the 
coronae chain, a plate movement of at least 800 km can be estimated. The movement rate value calculated from 
these numbers is, however, not exactly correct but depends strongly on estimations of the surface and activity ages. 
The limited length of the coronae chain in the north-south direction may indicate that this plate movement rate may 
be too small if we consider that the active mantle responsible for the coronae formation may have been active in 
this place only part of the age of the surface. The coronae chain length of 800 km and the age estimation of half of 
the mean surface age proposed above gives a preliminary plate movement rate of 0.32 cmlyear. Shorter ages for the 
activity and higher plate movement rates could be possible. Volcanic plains are considered to be relatively young. 

If the southemmost separate corona 'E' is also included, the N-S dimension of the coronae chain will be 
approximately 1600 km allowing a plate movement rate of 0.62 cmlyear to be estimated. We have, however, to 
remember that the age of the surface of Venus is unknown which results in uncertainties in this value, too. 

Conclusions. It is quite clear that the distribution of coronae and adjoining lava flows and volcanic 
features is not uniform and that their distribution may be very indicative of Venusian mantle processes. There are 
hardly any doubts about the mantle-related origin of coronae and their volcanic features. Overlapping coronae 
structures of this coronae zone situated between Sedna Planitia and Bereghinya Planitia are interpreted as being 
caused by a center of activity approximately holding its place while'the plate above moved northward against Ishtar 
Terra. This model strongly favours the existence of a time-wise restricted activity of a hot spot in the mantle of 
Venus below the northward moving lithosphere and its coronae chain. 
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