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Globally distributed rifts on Venus [I]  have average widths on the order of a few hundred 
km and total extension limited to about 25% [2]. Rift-associated volcanism occurs in varying 
amounts in different rifts; most rifts have associated volcanism. Volcanism occurs simultaneously 
with rifting: faults cut volcanic structures, and some faulting is covered by lava flows [3]. The 
presence of lava flows that cover faults indicates that melt generation continues after rift extension 
is complete. Volcanism is non-uniformly distributed along rifts. Volcanic centers such as coronae 
and flowfields occur along rifts with a regular spacing that varies from rift to rift over a range of 
300-600 krn [4]. In this study, two (2D) and three (3D) dimensional numerical models of mantle 
flow beneath rifts that include both passive upwelling due to extension and buoyant upwelling due 
to melting are used to assess the amount of magma generation and its temporal and spatial 
distribution. 

Mantle-depletion and melt-retention buoyancy arise due to the extraction of basaltic melt 
and the presence of low density melt in the mantle respectively. Passive extensional velocities arise 
from thinning the lithosphere within the rift zone by pure shear. Decompression melting occurs if 
temperatures based on the advection and diffusion of heat exceed a typical peridotite solidus, 
accounting for the latent heat of melting. The amount of melt present in the mantle depends on the 
rates of melt generation and migration. We assume melt migration by porous flow [5]. The flow 
calculations are performed using the finite difference method [6]. 

Using 2D models we first examine the dependence of temporal variation of magma 
generation on lithosphere thickness, the presence of a depleted mantle layer, the rate and duration 
of extension, the temperature of the interior mantle, and the mantle viscosity. The initial mantle 
temperature distribution is a horizontally uniform error function with depth. With the base of the 
thermal lithosphere defined as 1 100°C, thicknesses (zl) of 100 and 200 krn are considered. If 
Venus has been conductively cooling for 500 My, the lithosphere may be as thick as 300 km [7]. 
The thickness of an initially depleted mantle layer is determined by the depth at which the initial 
temperature distribution intersects the solidus. The temperature distribution in the depleted layer is 
derived from a prescribed depletion distribution. Extension rates (U) between 0.1 and 10 c d y r  
are considered. The duration of extension is determined by a total extension of 25% and the 
prescribed extension rate. Interior mantle temperature, T,, is inferred from parameterized 
convection studies to be ~ 1 5 0 0 -  1600°C [8,9]. Mantle viscosity (p) is varied between 1018-1022 
Pa-s. 

Figure 1 shows the effect of extension rate on the duration and extent of melt generation. 
Melt volume is expressed as change in isostatically compensated rift floor elevation assuming that 
crust generated is spread uniformly within the rift. At the slowest rate (0. I crnlyr) melting occurs 
in pulses due to the accumulation of depleted mantle beneath the rift. Buoyant mantle upwelling in 
the region of melting results in adjacent regions of downward flow. This effect, combined with 
the slow advection of depleted mantle away from the rift relative to its creation, results in the 
formation of roots of depleted mantle adjacent to the melt region whose buoyancy acts to oppose 
upwelling beneath the rift axis. In this case, melting does not resume before extension ceases since 
at this extension rate there is not enough time to advect away the accumulated depleted mantle. At 
higher rifting rates, the rate of advection of depleted mantle is increasingly comparable with its rate 
of generation, allowing melt generation to become continuous. The smaller accumulation of 
depleted mantle also results in increased melt production and higher melt-retention buoyancy, 
allowing melt production to continue longer after rift extension stops. 

Figure 2 considers cases with a 200 km thick lithosphere. For 25% total extension and a 
1500°C interior mantle temperature, the lithosphere does not thin enough to generate melt. When 
the mantle temperatures is raised to 1600°C. extension occurs amagmatically until the upwelling 
mantle first reaches the solidus. Once melting begins, the higher mantle temperature increases the 
magnitude of buoyant upwelling and post-extension melt production continues longer than 
corresponding cases in Figure 1. 
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Figure 3 shows the effect of mantle viscosity on the duration and magnitude of melt 
generation. For high mantle viscosity (2 1021 Pa-s), passive flow is more important than buoyant 
flow and melt production stops rapidly after extension ceases. At lower mantle viscosities stronger 
buoyant upwelling causes melting to continues longer after extension stops. 

Using 3D models, we examine the spatial distribution of melt generation. A stability 
analysis shows that along-rift buoyant instabilities are expected to develop but only for sufficiently 
low mantle viscosity and extension rates [lo]. Therefore the existence of along-rift variations in 
volcanic activity could have important implications for these parameters. In our models, finite 
amplitude three dimensional flow, consisting of centers of buoyant upwelling and melt production, 
develops rapidly within the period of extension for low values of mantle viscosity. Along-rift 
wavelengths on the order of 300 krn occur for a mantle in which viscosity is independent of depth. 
This wavelength should be proportional to the height of the melting column. 
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