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   Introduction: Synthesized crystals of melilite 
solid solution (Ge~50Åk~50) were heated at about 
1415°C, within the temperature range between solidus 
and liquidus for 5min. to 50hours and quenched at 
room temperature. It is found that the crystal samples 
were partially melted and recrystallized into mosaic 
structure of small melilite crystals with solidus and 
liquidus compositions. The average size of the Ge-rich 
crystals in the samples increases with heating time 
duration.  Kinetics of partial melting is discussed 
with respect to the phase diagram and the theory of 
crystal growth. 
   Based on the anomalous distribution of oxygen 
isotopes CAIs in the primitive chondrites were 
possibly produced by some complicated processes 
including the process of rapid reheating and 
recrystallization. Melilite in the chondritic meteorites 
are the solid solution of gehelenite (Ge:Ca2Al2SiO7) 
and åkermanite (Åk:Ca2MgSi2O7). An isolated crystal 
of meteoritic melilite, when heated to a temperature 
within the range between solidus and liquidus, would 
become partially molten to produce Ge-rich crystal and 
Åk-rich liquid. After rapid cooling, the original melilite 
crystal would produce mosaic structure made up of 
Ge-rich melilite crystals and Åk-rich melilitic glass or 
crystals. Because inter-diffusivity of Al-Al vs. Mg-Si is 
very low[1] in the solid melilite, the mosaic structure 
once produced will be retained unless the crystals were 
completely molten or heated for very long time 
interval. This type of structure, if found in the 
meteorites, would provide information on the thermal 
event in the early solar system. The process of partial 
melting may enhance change of oxygen isotope ratios 
significantly without changing the crystal shape. 
    Experimental: The sample crystals of melilite 
solid solution were prepared by slow cooling 
(~0.7°C/hr) of oxide mixture melted at about 1700°C. 
The crystalline solids thus obtained were crushed to 
small grains of about 1 mm or less and the 
compositions of individual grains were determined by 
EDX/SEM. Crystal grains with Ge contents within the 
range of 50±3% were chosen for sample crystals. The 
sample crystals were heated in a resistance furnace for 
5min to 50hr at 1415 and 1407 (±3)°C and quenched at 
room temperature. The heated samples were 
impregnated in epoxy resin and polished for 
EDX/SEM and for optical microscopy inspection.  
   Results: The sample heated for 5 min at 1415°C 

showed no significant change. The samples heated for 
10 min or longer showed mosaic structure made up of 
euhedral, rectangular Ge-rich melilite crystals enbeded 
in the irregular-shaped Åk-rich crystals (e.g., Fig. 1). 
The compositions of the Ge-rich and Åk-rich crystals 
are approximaely equal to the solidus and the liquidus 
compositions, respectively, as shown in Table 1 and 
Fig. 2 [2]. The sizes of the Ge-rich crystals increase 
with the heating time interval. This appears to indicate 
that the original crystals were partially melted by 
heating, leaving minute Ge-rich melilite crystals with 
the solidus composition, and the Ge-rich crystals grew 
larger during the extended heating. The liquid phase 
have crystallized to Åk-rich crystal by cooling. 
 
   Table 1. Results of heating experiment. 
No. T(oC) Time Comp.1*   2*   3*(Åk%) Av.size 
1  1415  10m  47±2  39±1  65±2  6.5±1.2µ 
2  1415  30m  48±2  38±2  66±1  9.8±1.6 
3  1415    1h  53±2  37±2  63±2  12 ±3 
4  1415    2h  52±2  37±2  67±1  14 ±2 
5  1415   12h  53±1  32±2  64±1  28 ±5 
6  1415   29h  54±3  37±2  66±2  21 ±4  
7  1415   50h  46±2  37±1  67±1  42 ±8 

8  1407  90m  53±3  43±1  66±2  14 ±3 
9  1407    7h  53±2  41±1  67±3  25 ±3 

10  1407   20h  53±7  39±2  66±2  22 ±2 
*1, 2 and 3 indicate Åk % for starting crystal  
sample, Ge-rich and Åk-rich grains produced by 
heating, respectively. 

   
Fig. 1. Photomicrograph of thin section of sample #3 
observed under polarized light. 
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Fig. 2. Phase diagram of Ge-Åk solid solution system 
[2]. Approximate compositions of solid and liquid 
phases in equilibrium at 1415 °C are indicated. 
 

 
Fig. 3 Average size of Ge-rich crystals vs. time of 
heating duration. Note that the average size increases 
approximately with the 1/3 power of time except the 
point for Run #5 (29h) which fall considerably lower 
than that expected from the relation. The observed low 
value may be due to the higher proportion of Åk-rich 
liquid. 
 
   Discussion: As shown in Fig. 3, the average value 
of crystal size expressed in terms of the width of the 
rectangular crystals increases with 1/3 power of time. 
Lifshits [3] and Lay [4] showed that, in a saturated 
solution, crystals larger than a certain critical size grew 
larger with the expense of smaller crystals, with the 
relation, R = t1/3, where R is the average radius of the 
crystal and t is the time after nucleation. The observed 
relation satisfies the above relation, thus indicating that 
the crystal growth is controlled by diffusion in the 
melt.  

Since the inter-diffusion coefficient of the pairs, 
Al-Al and Mg-Si [1] is at least two orders of 
magnitude lower than most of the diffusion 
coefficients of the divalent cations [5,6] in melilite 

below the solidus temperatures, the mosaic structure 
produced by the partial melting process can be retained 
for much longer time compared with the heterogeneous 
distributions of divalent cations in melilite.  

In order to estimate the time necessary to erase the 
mosaic structure, the amount of Ge-rich melilite is 
taken as much smaller than that of Åk-rich melilite for 
simplicity. At 1300°C with the value of diffusion 
coefficient of 3x10-13 cm2sec-1, the time necessary to 
increase Åk-content at the center of the 10µ−sized 
Ge-rich crystal from 38 to 44 % is estimated to be 
about 100 days. If the grain size of the Ge-rich melilite 
crystal is twice as large, then the estimated time will be 
about 400 days. 

Above calculation indicates that the mosaic 
structure produced by partial melting of a couple of 
days can be retained even if the melilite crystal 
underwent a year of reheating at 1300°C. During 
partial melting, exchange of oxygen isotopes with the 
surrounding gas phase may be enhanced because 
diffusion coefficient of an element in a liquid phase is 
normally much larger than those in the crystalline 
phase with similar composition. 
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