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Interplanetary dust particles (IDPs) that enter the earth's atmosphere are slowed by collisions with 
air molecules and rapidly transfer their kinetic energy into heat energy. However, the small size of the 
particles allows the heat to be efficiently radiated away and many of them are able to survive the entry 
process without melting (1,2). The maximum temperature reached by a particle during its deceleration 
depends on its size, density, emissivity, velocity, and angle f entry. Fraundorf (3) predicts that for a t y p  
ical suite of 20 pm diameter IDPs with a density of 1 glcmY, approximately 10% of the particles would 
have been heated over 10OO0c, while less than 20% should have experienced maximum temperatures 
under 60O0c. From his calculations, most of the collected IDPs (- 70%) in this size range should have 
recently experienced thermal pulses to temperatures of 600 t o  1 0 0 0 ~ ~  lasting several seconds. 

The atmospheric heating experienced by the IDPs may alter the original structure and composition 
of the particles. Lf the products due to these heatings are to be separated from the materials original to 
the partic!es, it is necessary to understand the effects of the heating exposure. The experiment discussed 
in this abstract was done in an attempt to address this issue. 

The crushed IDP Skywalker was placed on a diamond flat and sequentially pulse heated to  tempera- 
tures of - 190, 380, 560, 810, 980, and 1 2 0 0 ~ ~  in an evacuated bell jar. Skywalker falls in the layer- 
lattice silicate infrared class (4) and was c h m n  because the presence of strong 3.0 and 6.0 pm bands in its 
spectrum implies that  the particle was not strongly heated during atmospheric entry. The presence of 
solar flare tracks in Skywalker indicates that  the>particle was not heated above - 5 5 0 ' ~  (5). A particle 
from the layer-lattice silicate class was selected because phyllmilicates have lower thermal stabilities than 
the pyroxenes and olivines found in the other two infrared classes (4) and thus were expected to show 
alterations a t  lower temperatures. Heatings were done for 1@15 seconds using an intense infrared source. 
The pressure was maintained a t  50 pm Hg to simulate the conditions of the upper atmosphere. The 
temperatures were monitored by a chromel-alumel thermocouple and are estimated to be accurate to  
f 1 0 0 ~ ~ .  Infrared spectra were taken from the particle between each step heating and the spectral 
changes noted. The results are given in Fig. 1. 

The 3.0 pm feature in Skywalker, an indication of the presence of absorbed and structural water, 
decreases steadily from 0 to 3 8 0 ' ~  and disappears entirely after the 5 6 0 ' ~  step. The 6.0 pm hydration 
band is removed by the 8 1 0 ' ~  temperature step, implying the loss of most of the remaining absorbed 
water and OH bridges in the silicate structure by this temperature. The inferred water loss temperatures 
are consistent with experience with terrestrial standards (6). 

The 10 pm feature in Skywalker shows significant alteration even a t  low temperatures and broadens 
through the 8 1 0 ' ~  step. Above 8 1 0 ' ~  the 10 pm feature changes by the addition of faint but repeatable 
bands a t  9.3, 10.1, and 11.2 pm, spectral positions that are diagnostic of olivine. Even a t  the highest tem- 
perature exposures, however, the 10 pm band in the spectrum of Skywalker does not fully alter to that of 
olivines or pyroxenes, indicating that the phyllosilicates in the particle have not been entirely converted. 
This is in contrast to what is expected from long duration heatings to these temperatures of terrestrial 
phyllosilicates (6). 

The incomplete alteration of the silicate band in Skywalker even a t  high temperatures is most likely 
due to kinetic effects. While the temperature experienced by the particle is high enough to alter the sili- 
cate minerals, there is insufficient tirnc, for the reactions to go to completion. The possible conversion of 
the layer-lattice silicates to olivines, instead of pyroxenes, is probably due to oxygen availability effects. 
The Skywalker sample had little oxygen available during its heating (due to the low atmospheric pressure) 
and would have lost much of its original oxygen in the form of water loss. This could have resulted in an 
oxygen "shortagen and the production of olivine, which requires a lower oxygen to  cation ratio than 
pyroxene. 

Comparison of the heating data from Skywalker in Fig. 1 with the ensemble of infrared spectra from 
particles in the layer-lattice silicate infrared class suggests there is an inconsistency with what is expected 
from the atmospheric heating model. According to Fraundorf's model, approximately half of the particles 
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that fall into the layer-lattice silicate class should have been heated to temperatures sufficiently high to 
alter their infrared spectra to  look like the 810, 980, or 1 2 0 0 ~ ~  steps in the Skywalker data. Actual corn- 
parisons show, however, that only 2 of the 12 phyllosilicate-dominated IDPs particles that have been 
examined using infrared spectroscopy look like they may have been heated above 700'~. 

The source of this discrepa cy is not understood. Possible explanations include: ( i )  The particles 3 have densities lower than 1 g/cm . This would result in a more gradual deceleration a t  higher altitudes 
with correspondingly lower peak temperatures. While many IDPs do have "fluffyn structures, the particles 
in the layer-lattice silicate class tend to be relatively compact and this explanation is probably not 
suficient. (ii) The assumed entry velocity distribution may be incorrect. Fraundorf's prediction assumed 
a velocity distribution mean of 14.5 kmjsec. Dropping the encounter velocity mean by - 3 kmjsec 
would lower the heating probabilities by 0.25 and would put the observations and predictions in clcser 
agreement. However, this would require that most of the IDPs enter the atmosphere a t  around 11.5 
km/sec, a value near the earth's escape velocity. It is hard to  see how the entire interplanetary dust com- 
plex could have such a low relative velocity with respect to  the earth. (iii) The severely heated particles 
are not collected. Perhaps the IDPs are structurally too weak to  survive large temperature excursions and 
these particles are never collected (again, this is not entirely consistent with the observed compact nature 
of IDPs in the layer-lattice silicate infrared class). (iv) The IDPs in the olivine and pyroxene infrared 
classes are themselves derived from severely heated particles that were originally dominated by layer- 
lattice silicates (4). However, the presence of solar flare tracks (7,8) and low temperature or unequili- 
brated minerals (8,9,10) in particles dominated by olivines and pyroxenes demonstrates that most particles 
of this type have not been severely heated. The observed data could be brought into agreement with the 
atmospheric heating model, however, if cY 40% of the IDPs dominated by olivines and pyroxenes were 
the direct result of heating of particles that were originally composed of phyllosilicates. This possibility is 
weakened by the lack of any observations of olivine- or pyroxene-rich IDPs showing indications of having 
been formed by heating processes. 

In conclusion, two points can be made: (i) pulse heating, such as would be experienced by IDPs dur- 
ing atmospheric entry apparently does not alter the particles to the extent that would be expected from 
the peak temperatures reached, and (ii) even taking this into account, the collected IDPs seem to have 
been heated to  lower temperatures than was expected from theoretical models. 
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