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INTRODUCllON 
In an earlier paper (1) the influence of gravity on dike widths and lengths and hence mass 
eruption rates was discussed. The calculations in that paper were based on Weertman's (2) work 
on the stability of cracks. However later work by Secor and Pollard (3) showed that the original 
theory needed to be modified to take account of the resistance of the country rocks to fracture - a 
crack can only propagate if the stress intensity at the edges of the crack exceeds the fracture 
toughness of the country rocks. If the stress intensity is negative the crack will begin to close; 
between these two e~t remcs the crack is stable. The fracture toughness constraint on the 
propagation of cracks and dikes alters the influence of gravity as previously calculated. 

THEORY 
If this effect is included, we find that all treatments of dike geometry involving the fracture 
toughness (3,4,5) can be reduced to the forms: 

where L is the maximum stable dike length and W is the corresponding mean dike width. Kc is the 
fracture toughness, g is the acceleration due to gravity and AO is the density difference between 
the magma in the dike and the surrounding country rock. 

Using standard fluid dynamics results, the magma velocity is related to the other variables by: 

U oC (w21CL) dP/dx for laminar flow 

U 0~ (W dP/dx) for turbulent flow 

The mass flux is defined as: 

M = O x U x W X L  

where I3 is the magma density and so, substituting the proportionalities for U, W and L: 

M .& p-1 (dP/dx) / (g ~ 8 ) ~ ~ ~  for laminar flow 

M CC Kc8/3 ( d ~ / d x ) l ~ /  (g ~ 8 ) ~ ~ ~  for turbulent flow 
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The driving pressure gradient was assumed by Wilson and Head (6) to be controlled by 
buoyancy, and hence to be proportional to the planetary gravity; however, recent work by Rubin 
& Pollard (5) treats the magma as negatively buoyant. This work and our unpublished 
calculations suggest that the driving pressure gradient causing propagation of dikes both 
laterally and vertically within a volcanic edifice results from excess pressure in the magma 
reservoir and therefore the pressure gradient is independent of gravity. However, as the magma 
approaches the surface vesiculation occurs and buoyancy effects become dominant. In this case 
the driving pressure gradient is proportional to the gravity and the dependence of mass flux on 
gravity becomes: 

for laminar flow 

for turbulent flow 

IMPLICA TlONS 
Using the above relationships the differences in mass flux on the Moon and Mars compared with 
the Earth due to lower gravity can be calculated. In the most likely case, where flow is laminar 
and the pressure gradient is independent of gravity, eruption rates on the Moon are expected to 
be 20 times greater than on the Earth, whereas on Mars rates may be only 5 times higher. 
Solutions for turbulent flow and buoyancy driven flow give rate differences even lower than this. 
The mass fluxes seen on the Moon and Mars in practice appear to be 10 to1000 times higher than 
on the Earth (1). The influence of gravity can therefore apparently only explain higher rates at 
the lower end of this scale. It is necessary to look for other factors that may increase the mass 
fluxes on the Moon and Mars; these may include lower magma viscosity and the existance of large 
magma chambers (with sizes also related to the gravity) which allow the generation of higher 
driving pressures. 
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