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On average, cometary particles are heated to higher temperatures compared to asteroidal par- 
ticles during atmospheric entry (1,2). A calibration of chemical and mineralogical thermal indicators is 
necessary to distinguish between these two types of extraterrestrial material. Our experiments demon- 
strate that volatile elements are lost from 100 pm sized meteorite particles on time scales comparable to 
the duration of the entry heating pulse experienced by micrometeorites. The Zn-loss temperature is at 
1000°C and 1200°C, depending strongly on the duration of the heating event. Mineralogical changes 
occur already at lower temperatures. Combining the information from trace element abundances, rare 
gas data and mineralogy of individual IDPs with experimental data, helps to make reasonable estimates 
about the thermal history of these dust particles. 

On entering Earth's atmosphere interplanetary dust particles(lDPs) and micrometeorites are 
heated to high temperatures depending mainly on their entry velocity and size (1,2). The availability of 
a thermometer for this heating event would allow the inference of sources, main-belt asteroids or 
comets, for many IDPs (1). From the work of Flynn (1) and Love and Brownlee (2), it appears that 
cometary particles and asteroidal particles suffer, on average, different degrees of atmospheric entry 
heating. Thermal indicators could therefore help to distinguish cometary from asteroidal material. 
Recently it was demonstrated that we can distinguish already IDPs having chondritic abundances of 
volatile elements and particles depleted in volatile elements (3). A depletion of Zn is most prominent. 
This Zn-loss is correlated with the appearance of magnetite rims on the surfaces of dust particles (4,s). 
In addition, it was shown that some of these particles have experienced 4 ~ e  loss in support of atrnos- 
pheric heating (6). Zn depletions and magnetite rim formation are therefore chemical and mineralogical 
indicators, demonstrating severe heating of dust particles. However, the Zn-loss and magnetite forma- 
tion kinetics are poorly constrained. The purposes of our heating experiments were to (1) determine the 
time scales of volatile element losses, (2) establish a volatility scale for this process, and (3) to correlate 
chemical and mineralogical thermal indicators. 

For this study phyllosilicate fragments about 100 pm in size of the Orgueil and Alais CI-chon- 
drites were heated in evacuated quartz capillaries (0.2 mbar of air). They were heated for 20 and 60 
seconds and immediately cooled in water. The individual fragments were analyzed by Synchroton X- 
Ray Fluorescence (SXRF) for volatile elements before and after the heating experiments. Ratios of 
volatile elements in heated samples divided by the unheated samples are given in the table. The SXRF 
data were computed assuming the CI iron abundance (18.5 wt%). Precision of the analyses varies from 
a few percent for Ni to about 20% for Se. Some of the "after heating" concentrations are higher than 
the "before heating". We think this is a heterogeneity effect (x-ray beam smaller than the fragments) 
that will be circumvented with studies of smaller fragments. There is evidence that the two meteorites 
behave differently when heated, i.e., the 800°C/60s data, both in volatility and mineralogy. This obser- 
vation has important implications for any thermometer and needs to be confirmed in future work. It 
also demonstrates the importance of future heating experiments on IDPs, rather than meteorite analogs, 
since the host phases of particular volatile trace elements could be different in the IDPs. 

We have demonstrated that Zn is lost from 100 pm sized particles in times comparable to the 
duration of the entry heating pulse experienced by micrometeorites. The Zn-loss temperature in our 
experiments is at a temperature of 1000°C and 1 2 W C ,  depending strongly on the duration of the hea- 
ting event. Earlier heating experiments with carbonaceous chondrites over several days time showed 
loss of Zn starting at 700°C (7,s) and major depletion of Zn at 10500C and 11500C at reducing condi- 
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tions (log f02 < -10)(9). The Zn losses occuring in our experiments seem to be reasonably consistent 
with the Zndepletions observed by (9) considering the huge difference in time scale (60s compared to 
3x105 s). According to (9) Zn is not volatile under oxidizing conditions. The observed Zn loss in our 
experiments might be caused by self-buffering of our samples in the range of the Ni/NiO buffer, due to 
the presence of carbonaceous material and/or carbonates in Orgueil and Alais fragments. At an oxygen 
fugacity of log -10 at 1000°C and 12000C Ga should not be volatile (9). We cannot rule out that loss of 
Ga (and possibly of Ge as well) could partly be due to the high solubility of Ga and Ge in quartz (9). 
Heated IDPs typically show greater Zn depletion than Ga or Ge depletion (3). Ga and Ge loss are 
however consistent with meteorite heating experiments summarized by Lipschutz and Woolum (7). 

A measurable loss of Zn occurs only at high temperatures in our experiments. Mineralogical 
transformations seem to be more sensitive to flash heating, even at lower temperatures. Phyllosilicates 
react to a finegrained mixture of olivines and pyroxenes already within 20 s at 8000C. At 1000°C all 
hydrated phases are destroyed. The grain sizes of the newly formed Mg-Fe silicates increase with 
increasing temperature and time. Fe-Mg diffusion under our experimental condition is fast enough to 
permit the formation of almost equilibrated olivines and pyroxenes within 20 s at 1 2 W C  from the 
breakdown of phyllosilicates. No evidence of magnetite formation was observed in any of the fragments 
perhaps because atmospheric conditions were insufficiently simulated by the environmental conditions 
of these experiments. Mineral textures observed e.g. in CI-chondrite samples heated to l O W C  are 
almost identical to mineral textures found in IDPs L2005A8, L2005H50 and L2006A24 (which are 
fragments of larger particles). The individual particles are characterized by Zn depletions and high 4 ~ e  
release temperatures (10). Their textures suggest that the original micrometeorite was heated to at least 
lOOOOC for about 20 seconds. By combining trace element contents, rare gases and mineralogy of dust 
particles with experimental results, we should be able to make reasonable estimates about the extent of 
thermal processing of IDPs and micrometeorites in the Earth's atmosphere. 
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