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VENUS: MORPHOLOGY AND MORPHOMETRY OF VOLCANISM IN RIFTING 
ENVIRONMENTS, Kari P. Magee and James W. Head, Dept. of Geological Sciences, Brown University, 
Providence, RI 029 12 

As revealed by Magellan image data, over 80% of the surface of Venus is comprised of various types of 
volcanic plains, deposits and constructs.l Further analysis of the Magellan data has revealed that a major 
concentration of volcanic centers occurs between Beta, Atla, and Themis Regiones ("BAT); these areas are 
associated with structures interpreted as major rifts and zones of large-scale mantle upwelling.2 Associations of 
volcanic centers with large-scale rifts and fracture belts also occur along the margins of Aphrodite Terra and Lada 
 em?-^ By examining the character of volcanism (abundance, spacing, style) associated with the major rifts on 
Venus, it should be possible to gain insight into the actual process and timing of rifting as well as the thermal 
structure of the crust and lithosphere during extension. In addition, an examination of volcanic centem in a 
particular type of tectonic environment (in this case, extensional), should provide some control on the analysis of 
different factors that contribute to the formation of the various types of volcanic centers (i.e., coronae vs. novae vs. 
shields vs. large flow fields). We continue to explore the relationship between rifting and volcanism in a series of 
a ~ ~ a l ~ s e s ~ - ~  focusing in this study on the morphology and morphometry of volcanism associated with major rift 
systems on Venus. 

Three broad categories of rifts have been recognized on  enu us.^ S im~le  rift& such as Devana Chasma in Beta 
Regio, are c h a r a c t e d  by single, continuous linear troughs that reach depths of 1-5 km. They are thousands of 
kilometers long, 60-200 km wide and bounded by steep scarps.8 Fracturing within a simple rift is confined to a 
well-defined trough. The rift flanks show little deformation and may be elevated as much as 3 km above the 
surrounding plains. Simple rifts are linked to volcanic rises and often radiate from a large central -ce such as 
Theia Mons in Beta Regio and Ozza Mons in Atla Regio. Volcanism is concentrated primarily at the central 
edifice. Extension associated with simple rifts is thought to be the result of regional uplift due to the upwelling of 
a mantle phme.8*9 

Corona chains are characterized by multiple, often contiguous, coronae and other volcanic centers connected by 
zones of intense fracturing 500 to over 1000 km ~ i d e . ~ . ~  Corona chains are typically many thousands of km in 
length and found almost exclusively in plains regions, often extending from a major volcanic rise.8*10 The are 
generally surrounded by arcuate troughs and steep scarps with slopes ranging up to 10" to greater than 30°. $11 
Zones of most intense fracturing are restricted to the topographic lows along the rift More diffuse zones of 
fracturing occur within 300 km of the main trough.10*12 In contrast to simple rifts like Devana Chasma, corona 
chains are complex, branching networks with several discontinuous offsets along strike.1° Corona chains have been 
interpreted to represent zones of extension along which mantle diapirs have risen to form coronae.1° A "passive" 
rifting model for the origin of these features is presented elsewhere? 

Fracture belts, such as the Lada rift and those observed along the southern margin of Aphrodite Terra and within 
Aino and Sedna Planitiae, are characterized by a discontinuous chain of topographic lows and relatively broad zones 
of fracturing.8 The Lada rift is located at the margin of a large highland, along the border of a relatively circular 
b a ~ i n . ~ ~ ~  It does not branch in any complex fashion, nor is it one of several rift arms radiating from a major 
volcanic &ce atop a regional rise. Its structure is characterized by discontinuous topographic lows and relatively 
broad zones of fracturing not confined within a trough bound by steep scarps. It has an average depth of -1 km, 
much shallower than simple rifts like Devana Chasma, where 3-5 km depths are common and it has an average 
slope (2.7O) much lower than that typical for either simple rifts or corona chains. Like corona chains, the Lada rift 
is associated with multiple volcanic centers. However, these are much fewer in number and spaced farther apart (see 
below). As for the case of corona chains, passive rifting may account for the number, spacing, and character of 
volcanic centers along fracture belts; such a model has been proposed for the origin of the Lada rift.4*5 

To analyze the detailed volcanic characteristics of these three rift types, we collected data from Magellan C1- 
MIDRs on the number of volcanic centers, average center diameter, the center-to-center spacings, type of volcanic 
center and the presence of flow fields for the following rifts: Devana, Ganis, Juno, Atla-Ulfrun (simple rifts8), Dali, 
Hecate, Parga (corona chains8), Lada and Southern Aphrodite (fracture belts8) (Table 1). Detailed analyses of the 
topography of the Lada rift and Parga Chasma were also conducted, the results of which are presented e l ~ e w h e r e . ~ ~ ~  

Initial observations indicate that corona chains are the most volcanically productive along the entire rift length 
of the three rift types, possessing the greatest number of volcanic centers at the smallest spacings, and a high 
percentage of distinctive flow fields. Corona chains are also distinguished from the other rifts by relatively small 
diameters of volcanic centers and great overall rift lengths. The dominant type of volcanic center along corona 
chains are coronae (>a%) (with and without interior novae or radial structures) and volcanic shields (-20%). 
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Simple njts are characterized by very few distributed volcanic centers. However, these centers are dominated by 
very large shield edifices (e.g., Theia Mons, Ozza Mons) that represent extremely large amounts of volcanism. 
Volumetrically, corona chains and simple rifts may have very similar volcanic outputs. Note that Juno Chasma is 
more similar to corona chains in terms of its volcanic characteristics, than to other simple rifts, as it was originally 
clas~ified.~ Fracture belts are most similar to corona chains, but characterized by fewer individual centers and 
greater average spacings. The smaller number of volcanic centers and the relatively low percentage of centers with 
distinctive flow fields may be related to the fact that they are located along the edges of highlands that are likely to 
be areas of tessera and thickened crust. In these regions, magma stalling may be enhanced, resulting in greater 
intrusive, plutonic activity than surface volcanic eruptions. This is consistent with the fact that a greater percentage 
of novae (associated and unassociated with coronae) comprise the total number of volcanic centers than along the 
other rifts (except for Juno Chasma). However, it should also be noted that some of the largest volcanic flow fields 
(e.g., Mylitta Fluctus) are observed along fracture belts.394 Variations in the scale of upwelling and depth of 
melting along a rift may account for variations in flow field scale, as suggested for variations in volcanic output for 
the ~ada  rift4 

The most common type of volcanic center among the rifts considered in this analysis are coronae and coronae- 
like structures, which comprise up to 63% of all rift-related volcanic centers. Intermediate and large-scale volcanoes 
are the second most abundant feature type (-15%), followed by large flow fields (-10%) and novae (-8%). 
Arachnoids, rilles, and shield fields unassociated with other centers are the least abundant. 

The origins of the different rifts appear to vary. "Active" rifting related to regional uplift and extension due to 
the upwelling of a large mantle plume is consistent with the features of simple rifts at Beta and Atla ~ e ~ i o n e s . ~ - ~  
Our recent analyses4-517 indicate that "passive" rifting may be a significant process in the formation of most 
corona chains and fracture belts. We also observe along-strike transitions in rift morphology. For example, several 
simple rifts radiating from Atla and Beta Regiones become corona chains beyond the perimeter of the central rise. 
In addition, the rift along Dali Chasma changes character from a corona chain east of Artemis to a fracture belt west 
of Artemis. This may reflect changes in crustal and lithospheric thickness and thermal structure related to the 
presence of thickened tessera blocks in western Aphrodite (Ovda and Thetis) and distance from the central uplift of 
Atla. Variations in the processes of rifting and related volcanism are the subjects of our continued investigation. 
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Table 1. Volcanic characteristic of Venus rifts* 

rift # of volcanic mean mean % with rift 
centers &meter (krn) s~acine (km) flow fields l e n d  kml 

simple rift 7 567 1044 88 4 700 
Ganis 2 755 1585 100 3500 
Juno 5 363 875 60 4000 
Devana 6 643 1091 100 6700 
Atla-Ulfrun 13 508 626 92 4700 

corona chain 25 431 560 83 72 00 
Dali 15 615 765 80 6700 
Parga 47 313 405 79 12,000 
Hecate 25 289 442 80 5200 
Atla-Ulfrun 13 508 626 92 4700 

fracture belt 10 263 812 66 7900 
Lada 11 280 597 - 64 8000-6800 
S. Aphrodite 9 246 1027 67 8400 

*average values for rift type given in italics; Atla-Ulfrun is considered as both 
a simple rift and corona chain, based on original mapping by [8] 
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