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During a flash heating event, a mineral heated above its melting point will melt in situ, 
regardless of the minerals with which it is in contact. In contrast, melting paths controlled by 
phase equilibria are limited by diffusion in the liquid, and will therefore not necessarily control the 
melting kinetics. Melting will instead be rate limited by the kinetics occurring at the solid-liquid 
interface. It is then possible to predict melting rates for various amounts of superheating using a 
Wilson-Frenkel model[ 11. 

Melting has historically been modeled as a continuous process. Intrinsic to this 
philosophy is the assumption that at the melting point the solid transforms to a liquid at all points in 
the lattice. The contrasting view of melting is that the solid transforms discontinuously via a 
nucleation and growth mechanism, similar to crystallization. If this is true, then melting can be 
modeled by existing theories of crystal growth, assuming the principle of microscopic reversibility. 
The principle difference between melting and crystallization is that the barrier to nucleation of melt 
on a crystal surface is considered negligible, while the nucleation of a crystal in a liquid is 
comparatively difficult. 

The observation that metal crystals melt at even slight superheating has been cited as 
evidence to support the continuous transition theories. In contrast to these observations, studies on 
solids which melt to viscous liquids have shown that melt invariably nucleates on the external 
surface and interior boundaries (i.e. cleavage planes and fractures) and propagates inward[l-31. 
Also, it is possible to superheat solids such as quartz[l,4] and albite[2] by hundreds of degrees for 
si@cant times. The melting rate and the amount of superheat a given solid can undergo is related 
to the viscosity of its liquid. It is not surprising that metal crystals are observed to melt almost 
continuously at slight superheating, because the kinetics of the melting process are very rapid and it 
would be difficult to measure (see below). 

In choosing an appropriate model to describe melt growth, the rate controlling factor must 
be stipulated. If a crystal melts into a liquid of different composition, the melting rate will likely be 
controlled by diffusion of melted components from the interface into the liquid. When a crystal 
melts into a liquid of high fluidity, as in the case of a metal melting into a liquid of its own 
composition, the melting rate is generally controlled by the efficiency which heat can be transported 
to the interface. The melting rates in these cases will be time dependent. For a crystal which melts 
to a viscous liquid of its own composition, the rate is generally controlled by the kinetics at the 
interface. In this case, the melting rate will be time independent. 

The melting kinetics of quartz[l,4], cristobalite[l,3], sodium disilicate[5,6], phosphorous 
pentoxide[7], albite[2], germanium dioxide[8], and diopside[9] have been studied to date. These 
studies involved single crystals or were melted into a liquid of the same composition. They were 
all found to have time independent melting rates. Also, the melting rate is linearly proportional to 
the amount of superheat. These two conditions must be satisfied in order to utilize a Wilson- 
Frenkel model for predicting growth rates[lO-121. The Wilson-Frenkel model attempts to predict 
growth rates for interfacecontrolled normal growth. Specifically for small superheating, u = 
fAHf(T-Trn)/Trn3~~a~N~p, where u is the growth rate, f is the fraction of sites available at the solid- 
liquid interface (f=l for normal growth), AHf is the enthalpy of fusion, T is the temperature of 
interest (in kelvin), Tm is the melting point, a is the jump distance, NA is Avogadro's number, and 
p is the viscosity of the melt. 

When the experimental melting rate is compared with the theoretical melting rate for P205, 
Ge02, Na2Si05, albite, quartz, and cristobalite, the experimental rate is generally higher by an 
order of magnitude or less. Indeed, the melting rate of albite is predicted almost exactly [2]. These 
crystals melt to liquids with viscosities ranging from lo2 to lo7 Pa*s. But in the case of diopside, 
which melts to a liquid with a viscosity of 10-1 Paas, the theoretical melting rate is almost two 
orders of magnitude higher than the experimentally determined rate. The importance of viscosity 
on the melting rate can be illustrated by comparing the melting rates of cristobalite (Tm=17260C) 

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



472 LPSC xn/ 

CONSTRAINTS ON FLASH HEATING: Greenwood, J.P. and Hess, P.C. 

and diopside (Tm=1665OC). The viscosities of cristobalite and diopside liquids at the melting 
points are 106 Pa*s and 0.9 Pa-s, respectively. The experimentally determined melting rate of 
diopside at a superheat of 12 degrees is lx105 pm/hr. Though cristobalite melts at a higher 
temperature, its measured melting rate at the same amount of superheat is 3.9 CLm/hr. The 
calculated rates for diopside and cristobalite at this superheat are 7.8~106 Cun/hr and 2.2~10-1 
prnlhr, respectively. 

The melting rates of forsterite, enstatite, akermanite, spinel, and anorthite have been 
calculated at various amounts of superheat. Some examples are shown in Figure 1. The melting 
rates of enstatite and akermanite are almost identical to diopside because these minerals melt to 
liquids with viscosities in the range of 10 to 10-I Pa*s, similar to diopside melt. Also, the melting 
rates of spinel and forsterite are almost identical. Using diopside as an example, with 20 degrees 
of superheat, we calculate a melting rate of 3.78 mmls, whereas the experimentally determined rate 
at this superheat is 500 micronsls. Clearly, minerals such as diopside cannot be superheated for 
great lengths of time. The presence of relict grains in chondrules and CAI's suggests that if they 
were melted by a flash heating event they were probably not taken above the nominal melting point 
of the minerals listed above. If they were superheated, it would be for very short duration (<<I 
minute). The application of melting kinetics to placing constraints on chondrule precursor grain 
size, temperature, and duration of flash melting events can prove fruitful. Experimental 
determinations of the melting kinetics of relict grains can help clarify these important questions. 
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Figure 1: Melting kinetics as a function of superheat (AT) and grain radius. 
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