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DIKE EMPLACEMENT IN VOLCANIC RIFT ZONES. Elisabeth A. Parfitt, Environmental Science 
Div., Inst. of Environmental & Biological Sci., Lancaster University, Lancaster LA1 4YQ, U.K. 

The basaltic volcanoes that make up the Hawaiian island chain commonly possess rift zones (1,2) - 
zones of structural weakness along which eruptive and intrusive activity is concentrated. Kilauea 
volcano, a relatively young, highly active volcano at the southeastern end of the chain, has two rift 
zones, the East Rift Zone (ERZ) and the Southwest Rift Zone (SWRZ), radiating from the summit caldera. 
Eruptive and intrusive activity on the rift zones is associated with the emplacement of dikes laterally 
from the shallow magma chamber, which is situated at a depth of 2 to 6 km beneath the summit. 
Existing ideas about dike emplacement suggest that it is a simple process involving rupture of an 
overpressured magma chamber (3,4) and subsequent growth of a dike downrift with a uniform height 
and width. However, my current work based on data from Kilauea, but applicable to other volcanic rift 
zones, suggests that the process is considerably more complex than has previously been assumed. 

Theory 
A number of authors have discussed the factors that govern dike geometry and the ability of a dike to 
propagate (5-10). These include the pressure at the dike centre in excess of lithostatic; the gradient of 
the excess pressure; the density contrast between the magma and the country rocks; the gradient of 
the regional tension and the fracture toughness of the country rocks. In 1987, Rubin and Pollard (10) 
treated the case of a dike emplaced laterally with its centre at a neutral buoyancy level. They assessed 
the ability of the dike to propagate in terms of the stress intensity at the upper and lower surfaces and 
the downrift tip of a dike. These stress intensities, denoted K+a, K-a and K ~ ,  repectively, are given by: 

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 used to account for the proximity of the dike to the surface (the effect of the free 
surface on K~ is negligible). VPu and VPI are the vertical gradients of the driving pressure. 

If the stress intensity at one or more edges of the dike exceeds the fracture toughness of the country 
rocks, Kcrit, (a mechanical property of the rocks that is a measure of their resistance to fracturing) 

then the dike will begin to propagate. If the stress intensity becomes negative the dike will begin to 
close. In the range 0 < K < Kcrit the dike has a stable geometry with a mean dike width, t, given by: 

t = (1 - v\ ((~12) z l  Poa  - 0.33 z2 v p U a 2  + 0.33 z3 vp Ia2)  ...... (4) 

P 
where v is Poisson's ratio, p is the shear modulus of the country rocks and z l - 3  are correction 
factors for proximity to the surface (10). 

Application to Kilauea 
This model addresses the conditions under which a dike will continue to grow having already formed, 
but does not deal with the initial formation of the dike or its subsequent growth in a progressive way. 
Simple models of dike emplacement (3,4) suggest that overpressures of 10 to 100 MPa must be 
generated in a magma chamber before rupture and dike emplacement will occur, the overpressure being 
dependent on the tensile strength of the country rocks and the regional tension. Frequently at Kilauea, 
however, seismic evidence (11) suggests that dike propagation occurs from the tip of a pre-existing 
dike stub. In such a case, equation (4) predicts that as the pressure in the dike rises (by leakage of 
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magma into it), inflation of the dike occurs without the dike height or length changing. The rise in 
pressure causes the stress intensities at the dike edges to increase and eventually the stress intensity 
will exceed the fracture toughness and propagation begins (12). The rise in pressure before propagation 
begins is dependent on the half-height of the dike and the fracture toughness of the country rocks, the 
highest pressures being generated when the half-hei ht is small and the fracture toughness is large. For S typical fracture toughnesses (90 to 110 h4~a .m~ '  (12)) and half-heights of >-50 m, it is easier to 
reuse an existing dike stub than it is to generate an entirely new dike by rupture of the magma 
chamber. This means that as long as the time interval between activity is sufficiently short to ensure 
that total solidification of the dike stub does not occur, new propagation will begin at the edges of the 
dike stub and therefore activity will tend to occur repeatedly in the same basic area. This idea is 
consistent with the current dominance of the ERZ as the primary eruption/intrusion site on Kilauea and 
with the former dominance of the summit (13). 
A computer programme was written to simulate the growth of a dike from a presxisting dike stub. 
Given a dike half-height (which can be estimated from seismic or deformation measurements), depth to 
dike centre (also from seismic data) and country rock fracture toughness (12), the pressure necessary 
to begin propagation is calculated. The dike half-height or length is then increased (depending on 
whether Ka or K~ exceeds Kcrit) by an incremental amount and the resultant drop in summit driving 

pressure (due to the removal of magma) is calculated. The stress intensities at the dike edges are then 
recalculated and the dike half-height and/or length increased or decreased if K > Kcrit or K < 0. If all of 

K+a , K-a and K~ fall in the range 0 < K < Kcrit then a stable dike geometry has been achieved and 

propagation ceases. 

R ~ s u ~ ~ s  
The initial modelling results show that dikes grow most effectively if the dike stub they grow from has 
a relatively small initial half-height (a few hundred metres). Such a dike will initially grow vertically; 
eventually it reaches a height where lateral propagation also begins and then finally the vertical height 
stabilises and the dike grows laterally downrift with a fixed half-height until the driving pressure falls 
to a level where ~b < Kclit. The final geometry is distinctly non-uniform, the dike width and height 

being smallest at the uprift end of the dike. ' ~ i k e  lengths predicted by the model are typically 5 to 6 km, 
consistent with the average dike length for Kilauea's ERZ. It is often assumed that eruption occurs when 
a laterally propagating dike intersects the sloping rift zone surface; however none of the model dikes 
act in this way (due to their achievement of a stable vertical height and their limited lateral extent). 
Seismic data for Kilauea supports this conclusion, eruption apparently occuring when a vertical dike 
grows from the end of the lateral dike. It is apparent from other dike models (6,8,9) that growth 
vertically causing eruption will only occur when the magma density is less than that of the country 
rocks (contrary to the Rubin and Pollard model (10)). The association of several vertical propagation 
events on the ERZ with pockets of older stored magma suggests that vesiculation within these bodies 
(as the result of crystallisation) may aid vertical dike growth. 
My current model treats single emplacement events; however, it seems likely that on some occasions 
(notably when the magma supply rate is high) the dike will propagate further (with only a short time 
gap) and preliminary results for multiple intrusion events suggests that they may produce dikes with 
very non-uniform geometries that may explain much of the complexity of rift zone activity at Kilauea. 
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