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DISSOLUTION AND MELTING KINETICS: APPLICATIONS TO 
CHONDRULES. James P. Greenwood and Paul C. Hess, Department of Geological Sciences, 
Brown University, Providence, RI 02912. 

Experiments illustrating the importance of melting and dissolution kinetics in the generation 
of chondrules have been undertaken and will be discussed. This paper deals with three subjects: 
1) experiments investigating the formation of cotectic melts in the forsterite-albite system, 2) 
experiments studying the flash melting of albite up to 1 W C  on the order of seconds, and 
3) utilization of these results to gain new insights on the formation of porphyritic chondrules. 

Congruent melting is the process that occurs when a mineral is heated above its 
thermodynamic melting point, and is not controlled by which phases it is in contact with[l]. 
Dissolution is the process by which a mineral dissolves into a liquid which is undersaturated with 
respect to that phase. Dissolution is controlled by the manner in which mass is transported into the 
liquid and the degree of undersaturation which the mineral is in [2]. 

Experiments to investigate how cotectic melts are generated were conducted on saw-cut 
gem quality San Carlos olivine (Fo89-92) and Amelia albite (Ab97-99). Parallelipeds of known 
size and thickness were placed in contact in molybdenum foil in evacuated silica glass tubes. 
Experiments were in the range 1250-15000C for times of 5 minutes to 1 hour, in a vertical deltech 
furnace with temperatures measured with a Type S thermocouple calibrated against the melting 
temperature of gold At 12500C for 1 hour, there was no appreciable change in the thickness of 
the olivine plate, while the albite was totally melted. Electron microprobe traverses h m  the 
interface into the albite glass indicate that the olivine was dissolving into the melt diffusively. 
Extrapolation of the profiles to the interface indicate that the cotectic melt is formed at the 
interface[3], and that the approach to equilibrium is rate-limited by how fast the olivine dissolves 
into the melt. Similar results were obtained at 15000C. 

These experiments illustrate how the combined effects of melting and dissolution are 
necessary to produce cotectic melts, when the reaction is taking place above the melting point of 
one of the phases. In these experiments albite melts congruently at 11 180C[4] and the San Carlos 
olivine melts above 17000C. 

The flash melting kinetics of albite have also been investigated. Results at 16000C indicate 
that the Wilson-Frenkel model for melting (an equation that can be used to calculate melting 
rates[l]) is applicable for times on the order of seconds. Also, the melting kinetics of plagioclase 
minerals have been investigated above the liquidus, and the results are consistent with experiments 
on albite, suggesting that the kinetics of melting of solid solution minerals can also be described by 
a Wilson-Frenkel model. 

If chondrules resulted from the melting of pre-existing mineral grains[5], an examination of 
possible precursor minerals[6] suggests that cotectic melting above the melting point of one of the 
phases will be an important process in the 11500C-19000C range (i.e. the reactions Fo-Ab, 
Fa-Ab, Fo-En, Fo-Di). The results of this study demonstrate that cotectic melting in these types of 
systems will be a process of congruent melting and subsequent dissolution, which will be rate- 
limited by the kinetics of diffusively dissolving the high temperature phase into a melt of the other 
phases composition. 

These results lead to an interesting question: what happens when the temperature is higher 
than the melting point of both minerals? This condition could lead to congruent melting of both 
phases and subsequent interdiffusion of the two liquids until they are homogenized. If the time of 
the melting event is short, the minerals will melt in situ and the relatively slow process of diffusion 
of these two liquids may not proceed to conclusion. In this scenario, the initiation of the cooling 
and crystallization process will be influenced by these distinct liquid domains and they may serve 
as the nuclei necessary for the production of porphyritic chondrules. 

As an example we consider the case of the Type I (FeO-poor) porphyritic olivine (PO) 
chondrules. Textures of PO chondrules have been reproduced experimentally only when there is 
an abundance of crystalline nuclei in the melts[7]. A study on Type I PO chondrules from 
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Semarkona[8] finds no evidence of relict grains in these chondrules. This is suggestive of either 
long heating times below the melting temperature of forsterite, in order to dissolve the presumed 
precursor forsterite into the melt, or heating above the melting point of forsterite, which can be 
done for relatively short times. Yet forsterite melts at a calculated rate of 6.3 mm/s at 1906°C[1], 
which is very fast, in fact suggesting that any precursor forsterite should melt as fast as heat can be 
supplied to it. We speculate that for a flash heating event, the Type I porphyritic olivine 
chondrules were heated above 1 9 W C  for times on the order of seconds, and that the cooling step 
was initiated before the molten forsteritic liquid domains could interdiffuse with other liquid 
domains(which are the result of congruent melting of other phases, such as enstatite and albite), 
thereby providing ample liquid nuclei which on cooling form porphyritic textures. This method of 
forming the Type I PO chondrules predicts that porphyritic textures can be produced without the 
prescence of abundant crystalline nuclei, a condition that is difficult to realize for flash heating 
above the melting point of the highest temperature precursor phase. We plan to investigate this 
experimentally. 
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