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Many Ca-Al-rich inclusions (CAls) are believed to have formed from melts, probably from the melting of pre- 
existing solids (see [ I ]  and references therein). Experimental petrologists attempt to duplicate these conditions in 
the laboratory and determine the set of experimental parameters that best correspond to the observed textures and 
chemistry. Since textures are highly dependent on nucleation characteristics of the melt, it is of interest to determine 
the temperature of crystallization of phases under varying conditions. Typically, this has been done by quenching 
individual samples at intervals during the cooling sequence and examining the experimental charges to determine 
the phases present. Under dynamic conditions many phases, such as melilite and anorthite, do not crystallize 
reproducibly due to the stoicastic nature of crystallization. Differential Thermal Analysis (DTA) has been routinely 
used at temperatures below the range of crystallization of CAls, and generally under isothermal condition, to 
determine melting points, phase transitions and solid state reactions [2]. 1 am extending this method to higher 
temperatures and dynamic crystallization conditions. The use of High Temperature Differential Thermal Analysis 
(HT-DTA) provides a means of determining the exact temperature of crystallization of major phases, and examining 
the nucleation characteristics of a melt under varying conditions without the need for numerous quenched samples. 
HT-DTA is used here to study the effect of time at maximum temperature on the crystallization of melilite from a bulk 
composition representing a Type N B I  CAI. 

Experimental Techniques. The starting material is the "3898" bulk composition [3], reflecting the 
composition of a Type N B I  CAI (Si02, 25.8; Ti02, 1.51; A1203, 32.6; MgO, 6.65; CaO, 33.7). Under isothermal 
conditions spinel (SP) is the liquidus phase at 1528k11 "C, with very gehlenitic melilite (Ak 5-1 0) crystallizing at 
151 0*7"C. Melilite (MEL) and SP crystallize together for over a 200" temperature interval until 1260-1271 "C, at 
which point anorthite begins to crystallize. The appearance of anorthite (AN) in the isothermal experiments is erratic. 
Perovskite (PV) enters the crystallization sequence at 1251*7"C. The solidus is probably slightly below 1244°C 
because less than 10% glass (GL) is present by visual examination of the run products from both experiments 
quenched at that temperature. 

The experiments were carried out in air in a vertical tube Deltech furnace. The sample setup included two 
PtlPtl O%Rh thermocouples, with the powdered starting material attached to one of the thermocouples with polyvinyl 
alcohol. It was necessary to maintain a >5 mm distance between the two thermocouples, because initial 
experiments showed an increase in the reference thermocouple temperature (TR) from the radiant heat produced by 
the crystallization of the sample. Cooling rates were controlled with a Eurotherm programmer and the temperatures 
of both thermocouples recorded every 5 seconds via a computer interface. Initially a single sample was used for a 
series of HT-DTA experiments, with the sample held at 1225°C overnight or longer between runs. At the end of the 
series of experiments the sample was recovered (98-421) and additional starting material was attached to a new 
thermocouple to rerun an earlier experiment and recover the sample (98-422). Both the original experiment, done as 
part of the series, and the duplicate experiment, produced very similar results. 

Results. A systematic variation in the crystallization temperature of melilite with the time the sample was 
held at maximum temperature (Tmax) is apparent from the HT-DTA curves presented in Figure 1. The x-axis on these 
plots is the furnace temperature, assuming a linear cooling rate over the range 1500 to 1000°C. The y-axis is the 
difference in recorded temperature on the thermocouple containing the sample (Ts) and the reference (bare) 
thermocouple (TR). The shorter the duration of time at T,,,, the higher the crystallization temperature of melilite. 
This is expected if we assume that the longer a sample is held at high temperature the more nuclei that were initially 
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Fig. 1. Differential thermal analysis curves for the 98 bulk composition for experiments with Tm,=1 500°C and 
CR=100O0C/hr. Peaks represent melilite crystallization, and values above peaks are time at Tm,. 
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present are destroyed. In both the 60 and 180 minute time at Tm, experiments the crystallization of melilite was 
suppressed significantly, and the peak is characterized by a steep rise in temperature initially, compared to the more 
gradual rise in temperature for the experiments with time at Tm,=O to 30 minutes. The steep rise in temperature is 
consistent with a high degree of crystallization over a short period of time, such as that expected for dendritic melilite 
texture. 

The texture of melilite in 98-422 (time at Tm,=O min; Fig. 2a) consists of spinel crystals distributed 
throughout the sample and large euhedral melilite crystals bordered by UNK [4], with dendritic Ti-fassaite pyroxene 
in the residual glass between the melilite. 98-421 (time at Tm,=180 min; Fig. 2b) consists of two generations of 
spinel, a large euhedral variety, and smaller spinel grains crystallized between the melilite dendrites. The melilite 
composition reflects the crystallization temperature and texture of the melilite (Fig. 3), with a more restricted range of 
ikermanite content for dendritic (Ak 18 to 25) vs. euhedral (Ak 12 to 62). Samples with time at Tm, I 30 minutes are 
likely to contain euhedral melilite, although this was not verified by quenching samples at residence times other than 
0 min. 

Figure 2. (a) 98-422, Tma=l 5OO0C, CR=I OOO°C/hr, time at Tm, = 0 min. (b) 98-421, Tm,=I 500°C, CR=1 OOO°C/hr, 
time at Tm, = 180 min. Abbr.: mel=melilite; tpx=Ti-fassaite; gl=glass; sp=spinel; unk=unknown phase. 

Discussion and Summary. The texture of melilite in 18 - 
all natural CAls is euhedral, no dendritic melilite has been 16 
reported. Therefore, the increased likelihood of euhedral # 14-  
melilite crystallization with shorter time at Tm, suggests that the , 12 BO min 
range of maximum temperature experienced by a CAI could be ; l o  
extended to higher temperatures, provided that the residence s 11 80 min 
time at the peak temperature remained very short. + 6 

HT-DTA is a useful tool for examining the nucleation O 4 
and crystallization characteristics of melts of CAI bulk * 2  
composition. Further research is necessary to determine the 0 E m s 1  
capabilities and limitations of this technique with respect to bulk ? ? g 8 $ % S % i % Z  
composition, atmosphere, and sensitivity. v 1  ? d & o & d & d A  N N C Q C 9 V W 1 0  
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