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The widths of basaltic bodies on Earth currently classified a s  dikes vary from - a few cm to 
-5 m in the rift zones of Hawaiian volcanoes (1, 2), through -25 m for tertiary dikes in the north 
of England (3), to -6 km for macro-dikes such as  the Great Dike of Zimbabwe (4, 5). All of these 
bodies are classified as  dikes on the basis that they are planar, i.e., their extent in one horizontal 
direction (length) is very much greater than their extent in the other (width). Their vertical 
extent cannot generally be determined, but is commonly inferred also to be much greater than 
the width. The term 'dike' is currently used not only to describe the morphology of planar rock 
bodies but also to imply the mechanism of their emplacement: dikes are assumed to be the result 
of the forcible intrusion of magma into sub-surface fractures which are themselves produced by 
the magma migration (6). The great widths of macro-dikes on Earth then have profound impli- 
cations for the pressure and stress conditions under which they were emplaced. The question of 
dike widths on Mars has been raised in connection with the high efision rates Inferred for some 
martian lavas (7). We investigate the maximum dike widths likely to occur on both planets. 
The geometry of an intruded dike is a function of the pressure at  the dike centre, the depth to the 
centre, the density contrast between the magma and country rocks, the regional tension 
gradient, the planetary gravity and the fracture toughness of the host rocks (8-13). Rubin and 
Pollard (13) give equations for the stability of dikes originating in central, relatively shallow 
magma reservoirs and emplaced laterally within the rift zones of oceanic hot-spot shield 
volcanoes like Kilauea, Hawaii. The main characteristic of such dikes is that they have greater 
lateral than vertical extent. Recent work shows that this lateral emplacement is common in 
extensional tectonic environments on Earth: the central rifting zone of Iceland (14) is clearly 
populated by similar systems of reservoirs and lateral dike swarms, and the spatial variations 
of composition of samples dredged from ocean floor spreading ridges are consistent with such a 
pattern (15). Continental rift systems are also characterised by chains of central volcanoes with 
lateral rift zones (16). On Mars, some volcanoes such as  Arsia Mons and Pavonis Mons have rift 
zones morphologically similar to those of terrestrial oceanic shields. We conclude that the Rubin 
and Pollard (13) model is appropriate for the analysis of all these dike systems. 
A dike will propagate laterally or vertically if the stress intensity at  the dike tip (kb) or at  the 
upper (k+a) or lower &-a) edge exceeds the fracture toughness of the country rock, kcrit. If the 
stress intensity falls below zero the dike will begin to close and for stress intensities between 
these two extremes the dike has a stable geometry. The stress intensities k+a , k-a and kb are (13): 

k+a = x1pOal /2  - 1 + 1  ~ 2 ~ ~ , a 3 / 2  + 1 - 1 x3vpla3/2 ..-.... (1) 
(ii TI (T 4-1 

kb = (2/7c)poal/2 - (I/&) VP,a3l2 + (I/&) Vqa3/2 ....... (3) 
where Po is the excess pressure at the dike centre; a is the dike half-height and x1-3 and y1-3 are 

correction factors (13) used to account for the proximity of the dike to the surface. VPu and VR 
are vertical gradients of the regional stress given by: 

VP, = h - & g  + VT .... (4a); VpI = ( h n - m ) g + V T  .... (4b), 
where pm is the magma density; p, is the density of the country rock above the dike centre; prl 

is the density of the country rock below the dike centre; V T  is the vertical gradient of the 
regional tension; and g is the acceleration due to gravi . The average dike width is given by: 

t = ( (1 -u ) /p ) ( (n /2 )z lPoa  - 0.333y3PP,a2 + 0 .333z3Qa2)  ....... (5) 
where u is Poisson's ratio, p is the shear modulus of the country rocks and 21-3 are correction 
factors for proximity to the surface (13). 

We have calculated mean thicknesses of stable dikes for the widest possible range of physic- 
ally plausible conditions. The driving pressure, Po, uras varied from 0.3 to 30 MPa; the regional 

tension gradient, VT, from 102 to 104 Pa/m; the fracture toughness, kcrit from 70 to 130 MPa 
m1/2 and the depth to the dike centre from 3 to 20 km. Only the upper end of the range of Po is 
found to be important in affecting our conclusions, and the value 30 MPa was chosen to represent 
the greatest likely tensile strength of country rocks (17). The range of the regional tension gradi- 
ents reflect the values of VPU and V q  given in Rubin and Pollard (13). Their values of VPU and 

V q  in the range 3 to 11 x 103 Pa/m imply values of VT of 0 to 8 x 103 Pa/m; the upper value is 
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about one third of the gravitational weight of the country rocks, a likely upper limit (1 1). The 
range of fracture toughnesses is suggested by our current work on dikes in the East Rift Zone of 
Kilauea volcano (1 9). and is consistent with values quoted by Rubin and Pollard (13). The range of 
depth to dike centre represents dikes propagating from shallow magma reservoirs, at the lower 
end, to dikes occupying the entire vertical extent of the brittle lithosphere. 

For each combination of parameters a dike was 'grown' from a starting half-height of 100m. 
The dependence of dike width on pressure and height ensures that the largest widths will result 
for dikes that grow to a large vertical extent with a high driving pressure; and the maximum 
driving pressures can be generated when a dike is grown from a small height. The dike is grown 
from its initial height by increasing the height in incremental steps and calculating k+a and k-a 
at each step; a s  long as both k+a and k-a > kcrit the height is further increased. In practice, 
solutions for Po I 5 MPa never achieve a stable configuration in the sense of ceasing to grow at 
their upper and lower edges simultaneously but instead propagate downwards through the crust 
while closing a t  their upper &+a) edge. The dikes become unstable most rapidly when the tension 
gradient VT is large - such gradients give high tensions in the lower half of the dike which make 
the fracture of rocks at depth much easier than in the upper portion of the dike. Higher driving 
pressures stabilise the dike even when the tension gradient is also high. For pressures higher 
than the critical value of 5 MPa, the dike will continue to grow until its upper edge intersects the 
surface, i.e., large pressures and therefore wide dikes always feed eruptions. 

Our results (see Table) show that the maximum dike width is only weakly dependent on the 
fracture toughness, gravity and regional tension gradient: the fracture toughness determines the 
pressure threshold for propagation to begin but does not alter the maximum width achieved; a 
doubling of the regional tension gradient alters the maximum dike width by < 1%. The 
maximum width is chiefly controlled by the driving pressure and the depth to the dike centre. 
The largest dikes are produced for large driving pressures a t  great depth within the crust; thus 
maximum dike widths are limited by crustal thickness and rock strength (which limits the 
amount of excess pressure that can be generated before dike propagation starts). 

The maximum dike width likely to be achieved under physically plausible conditions on 
Earth is -100 m and on Mars is -200 m. Since these widths are achieved only by adopting the 
most favorable values of all the important parameters, it is clearly unlikely that they would be 
significantly exceeded in practice. Thus terrestrial structures like the Great Dike in southern 
Africa cannot be intrusive dikes. They must represent the operation of some quite different 
process: the intermittent, massive flooding of subsiding graben systems suggests itself as  the 
most plausible mechanism given the continental extensional environments of these features 
and their tendancy to exhibit internal layering (4). 

There is clearly scope for martian dikes in the shallow lithosphere to be systematically wider 
by a factor of about 2 than their terrestrial equivalents. However. it is not clear, given the 
functional dependance of effusion rate on fissure width (18), that this difference alone is great 
enough to account for the very high martian effusion rates deduced by many investigators. 
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Table. Dike widths (in metres) on Earth and Mars, given as a function of depth to dike centre, D, 
and driving pressure, Po. 

Earth 
Po/MPa = 5 10 30 

Mars 
Po/MPa = 5 10 30 
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