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Introduction Natural chondrules show relatively high, though varied, Na concentrations, 
some even equal to or higher than the primitive CI chondrite [I].  This is contrary to the expectation 
that much of the Na would have been evaporated during the melting events that formed chondrules. 
Previous experiments have shown that under isothermal heating conditions, a totally molten droplet 
does lose significant amounts of Na, and the rate of Na loss depends on the temperature, bulk 
composition, droplet size, and f 0 2  [2]. These lead to the argument that in order to retain the Na 
content as well as the nuclei needed to form the observed chondrule textures, transient heating is more 
plausible as a heating mechanism than long duration isothermal heating [I]. Though there are reports 
on the amount of Na loss during flash heating experiments [3, 4, 51, detailed investigation of how the 
rate of Na loss is related to different transient heating conditions is still needed to evaluate this 
argument. The experimental study presented here is aimed at testing this conjecture by studying the 
rate of Na loss from synthetic chondrules under various transient heating conditions, including 
different initial temperatures, cooling rates, and fO,. 

Experiments The experiments were conducted on a Deltech furnace at Rutgers University. 
The samples used were type 111111 and type I chondrule analog compositions of [3]. They were put 
into the furnace at different initial temperatures, and the furnace was immediately cooled down. The 
maximum heating temperatures were in the range of between about 30°C above and below the sample 
liquidus. The cooling rates were controlled to follow different non-linear cooling profiles, and the 
initial cooling rates range from as high as 5000°C/hr to about 500°C/hr. Each charge remained 
inside the furnace for 35 minutes, and was air quenched at the end of each run. The fO, of the 
furnace was maintained at JW-0.5, -2 and -4 respectively for different runs with a gas mixture of H2 
and CO,. All the Na analyses of the samples were performed on a DCP-AES at Rutgers University, 
and parallel runs of some of the samples were also analyzed to check the repeatability of the results. 

Results Figure 1 shows the summarized results of the experiments. All of the charges have 
lost the Na content to some degree, and in general, the higher extent of Na loss is observed at lower 
fO,, higher maximum heating temperature, and lower cooling rate. For type 111111 chondrule 
composition, a minimal amount of Na loss was observed at higher fO, of about lo-'' atm (JW-0.5 at 
1500°C), in which case the cooling rate or time at highest temperatures seems to be the major factor 
affecting the Na vaporization rate: about 91 % of Na is retained at the initial cooling rate of about 
2500°C/hr regardless of the 60°C difference in maximum heating temperatures, and as much as 94% 
of Na is preserved if the cooling rate is increased to about 5000°C/hr. Lowering the f02  increases 
the rate of Na loss, and both the cooing rate and the maximum heating temperature show a noticeable 
effect: e.g. at f 0 2  of about 10'" atm (IW-2), the sample retains only 80% of its Na content even 
under favorable conditions of low peak temperature (30°C below the liquidus) and high cooling rate 
(2500°C/hr), and only 65% of Na is retained if the peak temperature is raised to 30°C above the 
liquidus, and the cooling rate lowered to 500°C/hr. At an even lower fO, of about 10-l3 (IW-4), the 
sample retains less than half of its original Na content with an initial cooling rate of 250O0C/hr. 
Under the same running conditions, samples quenched at different temperatures during the cooling 
process (2, 6, and 17 min after cooling started) show identical Na contents, indicating that most of the 
Na loss occurs at the very early stage of the heating-cooling event. The Na vaporization rate differs 
among samples with similar textures but different compositions. At the same fO, and cooling rate, 
type I chondrule composition lost 16-23% more Na than type 111111 chondrule composition charges. 
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Discussion While our experiments confirm that the factors affecting the Na vaporization rate 
from isothermal experiments [2] apply to the transient heating conditions as well, we also discovered 
that the cooling rate after the instantaneous heating event plays a critical role in affecting the Na 
content of the chondrules. Up to 94% of the original Na content can survive the flash heating event 
if the cooling rate is higher than 50OO0C/hr and the f02 is relatively high. These results suggest that 
transient heating does dramatically reduce the Na loss, and to retain most of the original Na content, 
it might require faster cooling rate than that suggested by previous work [3, 61. The experimentally 
determined fO, favoring the retention of Na is higher than the nebula canonical fO, [I]. This 
suggests that the chondrules with high Na, i.e. type I1 chondrules, formed in a relatively high fO, 
environment, which is consistent with their FeO-rich silicates. Alternatively, something else might 
have overridden the effect of f02, such as higher partial pressure of the Na vapor [7], though it is 
difficult to imagine the Na vapor pressure raised sufficiently by localized evaporation. With a cooling 
rate of 250O0C/hr, the charges with similar textures but different compositions show dramatic 
difference in their Na loss rates, possibly due to the different maximum temperatures needed to form 
the similar textures. Whether faster cooling rates can eliminate this effect is unknown, but will be the 
next step of the experiment. Other further experiments include detailed study of the effect of lower 
f02 and high cooling rate on the Na loss, as well as the possible recondensation of the evaporated Na 
back to chondrules. 
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Fig. 1 .  Experimental results. 
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