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A MODEL FOR THE ORIGIN OF FLOOD VOLCANISM AND "PASSIVE" RIFTING 
IN THE LADA TERRA-LAVINIA PLANITIA REGION ON VENUS; Kari P. Magee and James W. 
Head, Dept. of Geological Sciences, Brown University, Providence, FU 02912 

Lava flows similar in scale to terrestrial flood basalts have been observed on Venus in Earth-based Arecibo 
and orbiting Magellan radar image data.l3 The detailed morphology, source characteristics and stratigraphic 
relationships of many of these flow units have been a r ~ a l ~ z e d . ~ - ~  Because of their similarity in scale to terrestrial 
flood basalts, the origin of these large-scale flow fields has been linked to processes of mantle upwelling, 
lithospheric thinning and extension, and pressure-release melting.z4 Current debate over the formation of 
terrestrial flood basalts centers on the necessity of preexisting extension and stretched and thinned lithosphere to 
produce enhanced decompression melting within a large plume head or mantle thermal anomaly.5 Our study of 
volcanism associated with coronae on Venus revealed that largescale flow fields are preferentially associated with 
coronae located within zones of extension4, suggesting that pre-existing conditions of lithospheric thinning and 
extension are necessary for the formation of large flow fields associated with coronae on Venus. In this study, we 
further our analysis of large-scale flow units on Venus by examining the link between extension and volcanism in 
the Lada Terra - Lavinia Planitia region of Venus where multiple volcanic centers with large-scale flow fields are 
associated with a zone of extension (the Lada rift) that we interpret to be due to passive rifting.6 

The Lada rift is a zone of extension over 6000 km long that runs along the border of Lada Terra, a 
highland in the southern hemisphere of Venus, and Lavinia Planitia, an adjacent lowland basin (see Figure 1 in [7]). 
It is characterized by a series of discontinuous topographic lows 0.5-4.2 km deep and broad, flanking zones of 
relatively intense to more diffuse fracturing 1 15-630 km wide. Approximately 1 1-13 volcanic centers, including 
large coronae, radially hctured edifices known as novae, and large flow fields, such as Kaiwan and Mylitta Fluctus 
that are similar in scale to terrestrial flood basalts, are located along the rift with an average spacing of -600 km. 
Volcanism post-dates the onset of significant extension, although continued rifting has deformed many of the 
volcanic centers along the rift.6*7 

In contrast to other rifts on Venus, such as Devana Chasma at Beta Regio8, deformation within the Lada 
rift is not restricted to a single trough bound by steep scarps, nor do multiple rift m s  radiate from a large domal 
uplift and a major central volcanic edifice. The Lada rift is characterized by much shallower troughs and scarps than 
other rifts or corona chains on Venus. It is similar to corona chains such as Parga and Hecate Chasmata in that it is 
associated with multiple volcanic centers. However, corona chains typically contain much larger numbers of 
volcanic centers that are often contiguous9, with smaller average center-tocenter spacings of -400-450 km. 

On the basis of these characteristics, the origin of the Lada rift does not appear to be related to uplift and 
extension associated with the presence of a large mantle plume as has been proposed for other rifts on venus.1° If 
not "active" rifting, then "passive" rifting must account for the observed extension along the Lada-Lavinia border. 
Such rifting may be related to peripheral deformation created by mantle downwelling within Lavinia planitia.ll In 
its early stages, mantle downwelling, as modeled for Venus conditions, results in subsidence, compressional hoop 
strains and peripheral extensional radial strains.12 Thus, early-stage cylindrical mantle downwelling has been 
proposed to account for the basin topography of Lavinia, the presence of interior compressional ridge and fracture 
belts, and a -30 mgal gravity anomaly centered in the eastern portion of the basin.ll We propose that the 
peripheral extensional strains associated with downwelling within Lavinia may also account for the formation of 
the rift along the adjacent margin of Lada ~ e r r a ~  (Figure 1). 

The following sequence of events is based on this model and is an interpretation of the possible evolution 
of the Lavinia Planitia - La& Terra regiom6 (1) The development of a sustained region of mantle downwelling 
resulted in flexure and basin subsidence1 l and the formation of the Lavinia basin. Downward flexure13 and the 
onset of crustal shorteningl1 related to downwelling initiated compressional deformation within the interior of the 
basin. (2) In addition, the onset of downwelling produced tensional radial stresses about the periphery of the basin. 
These stresses may have been sufficient to produce the extension observed along the Lada rift or may have been 
enhanced by the subsequent emplacement of dikes along the trend of the rift. The extension was most developed to 
the east along the highland border of Lada due possibly to its closer proximity to the center of downwelling (based 
on the location of center of the gravity anomaly) and/or to the lower strength of the thicker highland crust In 
addition, downwelling-related extension along the western border of Lavinia may have been overprinted by tectonic 
activity associated with the formation of Dione Regio and Themis ~ e g i o . ~  (3) Upwelling mantle, perhaps in 
some form of axisymmetric return flow associated with the downwelling beneath Lavinia, or upwelling related to 
peripheral rifting about the basin, brought hotter material up from depth that subsequently underwent substantial 
amounts of pressure-release melting along the rift This resulted in the formation of multiple volcanic centers 
along the rift axis and large floods of lava that poured downslope into ~ a v i n i a . ~  (4) Continued extension deformed 
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most of the volcanic centers along the rift, except Mylitta Fluctus which remains relatively undeformed. Continued 
downwelling and crustal shortening produced linear ridge and fracture belts within Lavinia. 

According to the model developed here, large-scale volcanism observed along the boundary of Lavinia 
Planitia and Lada Terra is the result of mantle upwelling related to passive rifting of the crust and lithosphere of 
La& Terra. In contrast, the origin of terrestrial flood basalts is thought to require the upwelling of anomalously 
hot mantle within the head of a mantle plume.5 Upper mantle temperatures on Venus are thought to be at least 
2 W C  hotter than in such that melting in a hypothetical Venus spreading center environment may 
produce a crust 2-3 times thicker than in a typical terrestrial mid-ocean ridge.15 Greater amounts of melting have 
also been predicted for smaller-scale mantle upwellings on Venus than on Earth, due to higher lithospheric 
temperatures on venus.16 Therefore, it is plausible that passive upwelling of normal Venus mantle might be 
sufficient to produce flood-scale volcanism as observed along the Lada rift. 

It is unclear whether or not the formation of terrestrial flood basalts is dependent on the presence of 
stretched and thinned lithosphere to produce enhanced decompression melting within a large plume head or mantle 
upwelling. Although it is not yet known whether pre-existing extension is required for the formation of all large- 
scale flow units on Venus, limited extension (or a tensional stress regime) appears to have been active prior to the 
eruption of large flow fields dong the Lada rift. Pre-existing conditions of lithospheric extension were also shown 
to be associated with the eruption of large-scale flow units at coronae on  enu us.^ Perhaps higher mantle 
temperatures and possibly thinner lithospheric th ickr~esses l~*~~ on Venus cause regions of mantle upwelling or 
plume activity to undergo rapid thinning and extension, prior to the formation of large-scale flow units as has been 
described for the ~ a r 1 h . l ~  Or, perhaps, greater lithospheric thicknesses19 on Venus inhibit the formation of flood- 
type eruptions except where mantle upwellings happen to inteasect (or are associated with) regions of rifted and 
thinned lithosphere. Continued analysis of large-scale flow units on Venus is required to answer questions 
regarding the formation of these possible analogs to terrestrial flood basalts and their association with zones of 
extension. 
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Figure 1. Sketch illustrating 
possible "passive" rifting origin 
of extension and volcanism along 
the Lada Terra-La* Planitia 
boundary. Rifting is linked to 
mantle downwelling as described 
in the text. Cross-section is not 
drawn to scale. West is to left. 
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