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Abstract: Heating events took place during the early histories of many classes of asteroids to 
produce basaltic melts which would have collected in migrating veins and dikes [I]. The likely 
volatile (mainly CO and N2) contents of these asteroids were - 1000 ppm [2]. This gas, 
expanding from high pressure in melt veins to the near-vacuum of the surface, would have 
disrupted the basaltic melt into liquid droplets to be ejected as pyroclasts in explosive volcanic 
eruptions. The maximum gas speed would have been high enough that eruption speeds of 
pyroclasts small enough to be locked to the gas motion by aerodynamic forces could readily have 
exceeded escape velocity on asteroids with radii less than -100 km [3]. Here we explore the likely 
sizes and internal pressures of bodies of basaltic melt approaching the surfaces of asteroids and the 
consequent ranges of pyroclast sizes produced. We then calculate the terminal velocities of clasts 
with these sizes in the expanding gas streams and thus determine their individual launch speeds 
from eruption sites to establish if all of the available clasts were in fact able to reach escape speed. 
We find that clast sizes should commonly have been 30 prn to 4 mm, and that almost all of the 
clasts would have escaped unless asteroid volatiles contents were unusually low. 

Partial Melt Formation in Asteroids: A few volume % partial melting in asteroids produces 
small (1 pm to 1 mm) melt veins with internal pressures of at least a few tens of MPa [2]. These 
veins can grow by cracking at their tips, and the gas bubbles which they contain lower the bulk 
densities of the vein fluids [I] to the extent that they were buoyant, behaving as though their 
densities were -2000 kg/m3 less that that of the asteroid matrix. In principle, therefore, such veins 
may migrate upwards to erupt at the surface, growing into dikes by capturing other veins as they 
do so [4]. 

Melt Mimation; - Isolated veinlets of a given half-length A will start to grow by cracking at the 
ends when the internal excess pressure, which increases as the degree of partial melting increases, 
exceeds a critical value D given by K = D AID (1) 
where K is the apparent fracture toughness of the matrix, -1 MPa m112. Large (-1 mm long) vein 
growth requires a driving pressure of D = 30 MPa, easily achieved for a few % partial melting [I]. 
Smaller veins accomodate larger internal excess pressures without growing, so when a small vein 
joins a larger one melt flows from the smaller to the larger [4], helping maintain excess pressure 
close to the value given by eq. (1). This process is counteracted when two similar-sized veins join 
tip-to-tip, the excess pressure decreasing to about 70% of the initial value [I]. 

As a vein grows vertically in a gravitational field, buoyancy forces cause the stress intensites at 
its upper (K+) and lower (K-) ends to become 
K+ = D AIR + 0.5 ~ 3 1 2  [g (pv - pm)] (2) and K- = D ~ 1 1 2  - 0.5 A ~ R  [g (p, - pm)] (3) 
where g is the acceleration due to gravity, pv is the density of the material in the vein and pm is the 
density of the asteroid matrix. Thus, K+ increases and K-decreases as a vein containing buoyant 
melt grows, and so growth continues at the upper tip only until A reaches a critical length Ac at 
which K- becomes equal to zero: 

A, = [2 DIlk (p, - pm)l (4). 
The vein then migrates upwards at a speed dictated by the viscosity of the fluid within it. In 

practice, D decreases as A increases due to vein coalescence events. The extreme extent of driving 
pressure loss occurs when adjacent veins join together in pairs at their tips as soon as they grow. 
Let the initial driving pressure be Do and the initial vein length be Ag; also, let the driving pressure 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1498 LPSC XIV 

Clast Sizes of Basaltic Ejecta from Asteroids: Wilson, L. and Keil, K. 

reduce by a factor F (lying between 0.7 and 1.0) in each coalescence event. Then after n events, 
the driving pressure is D = Do Fn and the vein length is A = Ag 2". If this value of A is 
identified with Ac, we can substitute into eq. (4) to get: 

n = ln{C2DoY[g(~v- pm)AgIl /ln{2/FI (5). 
Table 1 shows values of n, D, A, and dike width w for migrating dikes in an asteroid of radius 
100 km for 4 values of F and a typical initial vein length of 2 mm and internal pressure of 30 MPa. 

Discharge of Melt from Dikes: The lower end (D < 0.25 MPa) of the range of final driving 
pressures in Table 1 is so low that gas bubbles in the melt would form a froth that would collapse 
[5], isolating gas in the upper part of the dike and preventing explosive eruption of the bulk of the 
basaltic liquid The fact that evidence for residual basaltic liquids in at least some asteroid interiors 
is lacking [3] then implies that pressures were commonly greater than - 0.25 MPa. 

When a dike opens at an asteroid surface it discharges melt under choked flow conditions at the 
exit via the rapid downward passage of an expansion wave [6]. We used a treatment based on [7] 
to solve for the fluid motion in the region above the level at which the gas volume fraction exceeds 
75% and the melt disrupts into a mixture of gas and liquid droplets, where the product of the gas 
density, viscosity and velocity determine the size of the largest clast which can be supported by the 
gas flow. The ratio of initial pressure in the fluid below the expansion wave to pressure at the level 
where disruption takes place determines the amount of gas bubble expansion. The initial sizes of 
the bubbles will reflect the initial sizes of the pore spaces in which the gas is trapped, assumed to 
lie in the same (1 pm to 1 mm) range as the matrix grains. The final sizes of the largest bubbles 
will determine the sizes of the largest liquid droplets (i.e. the erupted pyroclasts) which will be 
formed in the disruption process, since these will consist of the liquid bodies trapped between 
closely packed large bubbles. We find that the expected pyroclast sizes are insensitive to the size 
of the asteroid and range from - 30 pm to - 4 mm. However, the sizes of clasts supported and 
transported upwards from the fragmentation level depend strongly on the asteroid radius and very 
strongly on its gas content. For driving pressures > 1 MPa and gas contents > - 500 ppm, all the 
pyroclasts can be lofted from the fragmentation level and reach a large fraction of the gas speed and 
escape. However, for gas contents < 300 ppm, it becomes difficult to erupt all the pyroclast size 
range, and veins of degassed basaltic material should be retained within the asteroid. Again, the 
apparent absense of such veins implies that gas contents were commonly this high. 
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Table 1. Lengths, mean widths & internal excess pressures in dikes reaching the surface of an asteroid of radius 100 
km when the dikes form by the coalescence of veins initially 2 mm long containing melt at a pressure of 30 MPa. 

Pressure reduction factor, F, 0.6 0.7 0.8 0.9 0.95 
at each coalescence step. 

Average number of coalescence 16.21 18.59 21.30 24.45 26.2 
events, n, before dike migrates. 

Excess pressure in dike when 7.59 kPa 39.5 kPa 0.259 MPa 2.28 MPa 7.8 MPa 
dike migration starts. 

Half-length of dike when 
migration starts. 

Average width of dike. 110 pm 3.1 mm 0.13 m 10.4 m 122 m 
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