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Introduction: Coronae are volcano-tectonic structures 
with concentric and/or radial structures and associated 
volcanic features with diameters from 100 km to more than 
1000 km [e.g. 1-4]. Coronae are thought to form as a result 
of buoyant mantle diapirs deforming overlying lithosphere 
[e.g. 3-8]. We have conducted a survey of multiple coronae 
[9] based on the corona catalogues [10-12] and identifying 
additional coronae from Magellan data. In our survey we 
included also features, which can be described as very close 
clusters or associations of coronae, but members of which 
have distinct structures or topographical characteristics 
joining the features together.  

Currently there are 64 multiple coronae in the list 
including 10 multiple arachnoids (7 coronae were dropped 
from the original multiple corona catalogue after closer 
study). Of the multiple coronae 46 are Type 1 and 18 Type 
2 coronae (Type 1 and 2 as defined in [11]). Here we report 
on first results of a survey of the topographic characteristics 
of the multiple coronae.  

Method: We defined the topographic group [7] of each 
multiple corona from the Magellan altimetry data by taking 
several topographic profiles across each feature as well as 
studying topographic maps of the coronae. Two multiple 
coronae were not covered by altimetry data. We observed 
that in about 39% of the multiple coronae (25 out 64; 21% 
of Type 1 and 4% of Type 2 multiple coronae) the joined 
parts comprising the multiple corona belong to different 
topographic groups. Therefore in these cases it was difficult 
to establish the topographic group for the whole corona. 
E.g. the northern part of Seia Corona (class B feature [9] 
located at -3.0,153.0) belongs to the group 3b but the SW 
part to the group 4. This situation is especially typical for 
the multiple coronae of the morphological classes E and F, 
which have 3 or more joined parts, respectively [9]. 
Therefore we decided to classify each part of a multiple 
corona separately and calculate the group percentages 
relative to the total number of the corona-comprising parts. 
We have also measured main topographic characteristics of 
the multiple coronae, such as basal altitude, maximum 
elevation, minimum depth, rim height etc. We have just 
started analyzing that data, so we do not report any results 
of quantitative topographic characteristics here. 

Results and Discussion: The results of the topographic 
classification of the multiple coronae are presented in Table 
1 (percentages for all Type 1 and Type 2 coronae were 
taken from [11]. We observe that generally multiple 
coronae (or their parts) do not differ very much in their 
topographic classifications from all coronae, but there are 
also some potentially significant differences. Multiple 
coronae appear to be less often domes or plateaus than all 
coronae, although rimmed plateaus (3b) are also common 
and appear to be more frequent among Type 2 multiple 
coronae than coronae in general. All multiple coronae also 
appear to have a topographic signature. Most striking 
observation is that more than half of the multiple coronae 
are depressions (54% of Type 1 and 64% of Type 2), 
typically either with (group 4 and 6) or without rims (group 

8) (32% of Type 1 and 59% of Type 2 multiple coronae 
belong to group 4, 20% and 5% to group 8, and 2% of Type 
1 to group 6). Also, Type 1 multiple coronae appear to be 
more often depressions than Type 1 coronae in general 
(20% vs. 10%, respectively). Rims with central high are 
also well represented in the multiple corona population. 
There are clearly more rimmed depressions in the Type 2 
multiple coronae relative to all Type 2 coronae (59% vs. 
23% respectively), and fewer rim only coronae (13% vs. 
54%).  

Table 2 shows the topographic group vs. morphological 
class [9] for the multiple coronae. The numbers refer to 
how many of the linked parts of the multiple coronae 
belong to each group and class, not how many individual 
multiple coronae. (The total of 147 is calculated from 46 2-
part structures, 13 3-part (class E) structures, one 7-part F-
class corona, one 5-part F-class corona and one 4-part F-
class corona; for two 2-part structures there is no altimetry 
data). We cannot see any clear correlation between the 
topographic group and the morphological class. Also, the 
multiple corona population is quite small and there are 
none or very few members in some classes and groups (see 
Table 2). This makes statistical analysis of the data 
difficult. At least any meaningful contingency table 
analysis of association [13] will not work on this data, even 
when certain groups or classes are combined. We will try 
out other statistical methods for categorial data [13] to find 
out if any tests or methods work on the data and whether 
we can get any hints of correspondence or correlation 
between the topographic groups and morphological classes. 

We can make some qualitative observations from Table 
2: Class A multiple coronae (two joined features with a 
common section of annulus or topographic structure), class 
B (two joined parts without a distinct common segement of 
annulus) and class F features (more than 4 linked 
structures) exhibit more varied topographic morphologies 
and have parts more evenly distributed to different 
topographic groups than coronae in other classes. It is also 
obvious that 3 topographic groups dominate the multiple 
corona population: Groups 3b, 4 and 8. 

The observation that 39% of multiple coronae are 
comprised of parts that have different topographic 
morphologies indicates that many multiple coronae were 
obviously formed due to separate, close mantle diapirs or 
perhaps as a result of a secondary plume rising from a 
larger plume [14,15]. This applies especially to class E and 
F multiple coronae, which can be regarded as close clusters 
or associations of coronae with linking structures. Topo-
graphic and structural characteristics indicate that for-
mation of some features especially in classes B and D may 
also have involved sublithospheric plume channeling [16].  

It is difficult to explain why rimmed depressions and 
depressions are so common among multiple coronae. 
Depending on the corona formation model [e.g. 6,7] 
different topographic characteristics may result from 
different processes. The model involving a depleted mantle 
layer produces depressions and rims through different 
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formation mechanisms in different evolutionary stages [7]. 
Recent studies also suggest that coronae may have stopped 
evolving in different stages, i.e. displaying different 
topographic morphologies [17,18]. As for depressions, it 
may be difficult to establish which exact stage depressed 
topography represents.  

61% of the multiple coronae have parts with similar 
topographic morphologies. It thus seems that in the 
majority of the multiple coronae, that have 2 or more 
distinct parts with similar topographic morphology, the 
corona parts have approximately evolved through similar 
evolutionary stages, even if they may have started forming 
at slightly different times.  

Conclusions: Topographic characteristics of the 
multiple coronae do have differences compared to all 
coronae. Depressions and rimmed depressions are very 
common among the multiple coronae. We cannot see any 
clear correlation between the topographic group and the 
morphological class, although class A, B and F features 
have more varied topographic morphologies than other 
multiple coronae. We are continuing to analyze topographic 
characteristics of the multiple coronae and trying to 
understand the evolutionary histories of these structures. 
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Table 1. Topographic groups of all coronae and multiple coronae. 
 Type 1 Coronae 

[11] 
Type 1 Multiple 
Coronae  

Type 2 Coronae 
[11] 

Type 2 Multiple 
Coronae  

1 – Domes 7% 3% 0% 0% 
2 – Plateaus 13% 9% 7% 0% 
3a – Rimmed plateaus 9% 8% 6% 13% 
3b – Rims with central 
high 

16% 18% 4% 10% 

4 – Rimmed depressions 28% 32% 23% 59% 
5 – Outer rise, trough, 
inner high 

5% 5% 0% 0% 

6 – Outer rise, trough, 
inner low 

1% 2% 0% 0% 

7 – Rim only 8% 3% 54% 13% 
8 – Depressions 10% 20% 4% 5% 
9 – No apparent signature 3% 0% 2% 0% 
Total 100% 100% 100% 100% 

 
Table 2. Topographic groups (1 to 9) vs. morphological class (A to F [9]) of 
 the parts comprising multiple coronae (please see text for explanation). 

 A B C D E F Total 
1 0 3 0 0 0 0 3 
2 2 4 0 0 1 3 10 
3a 9 0 0 0 2 3 14 
3b 5 3 2 5 8 1 24 
4 13 10 8 5 17 4 57 
5 2 1 2 0 0 0 5 
6 2 0 0 0 0 0 2 
7 3 0 2 1 1 1 8 
8 0 1 4 5 10 4 24 
9 0 0 0 0 0 0 0 
Total 36 22 18 16 39 16 147 
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