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BUBBLE COALESCENCE IN MAGMAS Richard A Herd & Harry Pinkerton 
The margins of each sample we have studied are dense relative to their interiors and they are assumed to represent the 
state of the melt on eruption (i.e. point A on Fig. 2). It is further assumed that the interiors have followed a growth 
path from this point. In order to evaluate the contribution of the three 
prouses, growth curves have been fitted to the measurements made on 
the margins of each sample. 
Results Results for sample RIVE8 are shown (Fig. 3) as a profile of t$i 
and S, as functions of position and then as S, against t$i to estimate the 
degree of coalescence by comparison with a diffusional growth curve. 
Bombs and aa blocks. All samples show an increase in t$ as the interior 
of a sample is proached, with an equivalent fall in S, This is due to 
the combined eBects of diffusional growth and coalescence. RWE8 has 
been used to show how the number of coalescence events is calculated 
(Fig. 3b). A single binary coalescence event produces a 21% reduction in 
S,. For W 8 ,  the bubbles in the interior grew as a result of diffusion. 
taking t$ from 50% to over 80% coupled with 6-7 binary coalescence 
events, giving an S, which is 22% of that predicted by the growth curve. 
Lava crusts. Data obtained from lava crusts is complicated by the 
possibility of additional bubbles ascending h m  the hotter interior of the 
flow. One sample shows extensive coalescence. Bubbles in the upper 
part of its crust fit exactly on the growth curve; lower in the crust, at 
high porosities, coalescence has been extensive and the measurements are 
displaced below the growth curve. Our other lavas have low porosities 
(~30%) and show a positive correlation between 9 and S, as they are on 
the early part of a growth curve and few bubbles have interacted. 
I&cu&m Field measurements [A and theoretical studies (Kent, pen. ~ f j ~ ( $ ~ ~ ~ t  gf$i&%:. hu 
comm) indicate that a 5 cm thick crust can form on the top of a basalt the @) Plot of Sv against #. Top 
flow in about 30 min. In view of the small sample size, this has been ,,, pa&'taken for diffusion only, 
taken as the maximum time for bubble growth and interaction after mderlying curves indicate reduced S, b e  
eruption, indicating binary coalescence events every few minutes. If W~CWXIW. The number of bubbles 
magmatic foams can form at the tops of shallow magma chambers [8,9], involved is shorn to the left of each curve. 
their lifetimes should be carefully evaluated as the speed of coalescence 
suggested here would indicate collapse to dense melt and free gas in a few hours. This would result in free gas at the 
top of a chamber, overlying a zone of h t h y  melt undergoing coalescence and film drainage above melt whose 
vesicularity decreases with depth 
Aubele et al. [lo] describe a model for the vesiculation of lavas, based on diffusional growth and ascent of bubbles. If 
their model was obeyed by all our samples, #and S, would both increase downwards at all values of 4. This is seen 
in our low porosity samples. At higher prosities, the effect of coalescence becomes significant reducing S,. Walker 
[ll] and Sahaigan et al. [12] observed slgnifu'ant bubble coalescence in basaltic flows. At porosities greater than 3CL 
35%, the Aubele et al. model should be moditled to include this effect 
Limitations of this study. It is stressed that this method underestimates both the degree and rate of coalescence 
because: (i) the samples are compared with the diffusion growth curve which predicts a minimum number of events 
compared to nucleation; and (ii) the cooling rates assume a dense rock equivalent They do not include radiative heat 
loss across bubble walls or forced convective heat loss from the bombs during passage through the atmosphere. The 
models assume spherical geometry and so have limitations at high vesicularities, due to close packing. At all gas 
hctions a range of bubble sizes is observed, rather than a single size as modelled. 

We have put forward a simple method for measuring the degree of nucleation, diffusional growth and 
coalescence of bubbles in vesicular, volcanic rocks. The technique has been applied to a series of alkali basalts from 
which we conclude the following: (i) Bubble coalescence is detectable in vesicular rocks at porosities as low as 35%. 
Above this porosity, coalescence is extensive and S, is inversely correlated with & (ii) Blnary coalescence events 
occur on timescales of a few minutes, suggesting that basaltic foams will collapse and separate to melt + free gas in 
a few hours; and (iii) Given the degree of coalescence measured in our samples, products erupted into a low pressure 
atmosphere will suffer a marked expansion and increase in vesicularity solely due to coalescence of bubbles. Foams 
of more viscous magma will be longer-lived [8] but still undergo steady coalescence, which aids degassing. 
Coalescence is a general process that should be considered in the late stages of magmatic evolution when gas may 
coexist with the magma, and during the vesiculation history of lavas and pyroclastics. 
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