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Introduction: In unmelted fine-grained micrometeorites the subsolidus thermal decomposition of phyllosilicate 

phases during atmospheric entry leads to fundamental changes in a particle’s texture, chemistry and composition [1]. 

These dehydrated grains sample local solar system bodies [2], provide clues to the composition of asteroids and act 

as analogues for extrasolar dust clouds.  

Methods: We investigate the thermal decomposition of 36 fine-grained Antarctic micrometeorites via mid infra-

red spectroscopy, Raman spectroscopy and electron microprobe analysis. Transects along carbonaceous chondrite 

fusion crusts and the spectroscopic signatures of experimentally heated phyllosilicates (derived from Che et al. 2012 

[3]) provide reference materials to aid interpretation.  

Results: The mid-IR spectra of micrometeorites evolve through a progressive decrease of the phyllosilicate ab-

sorption band at 9.95µm and corresponding growth of olivine at 11.5µm. Intermediate stage, dehydroxylate signa-

tures are common among unmelted micrometeorites and identified by the presence of a sharp peak at 9-9.5µm. The 

growth of olivine is correlated to the Raman response of preserved organic matter and the loss of volatile and mod-

erately volatile trace elements. The Raman R1 peak height ratio and Mn/Si geochemical ratio appear the best metrics 

to trace the degree of atmospheric processing.  

Discussion: In both 1:1 (serpentine) and 2:1 (saponite) phyllosilicates dehydroxylation reactions are accompa-

nied by a downshift in absorption peaks from 9.5-10µm to 9.0-9.5µm; this is associated with a loss of sheet silicate 

structure and residual Si-O stretching in amorphous silica frameworks [4]. Dehydroxylate peaks are relatively sharp 

and spectra tend to downslope to longer wavelengths. Comparisons with the spectra of the unusual T-Tauri star sys-

tems FN-Tau and CY-Tau (derived from Sargent et al. 2006 [5]) with micrometeorite spectra show a close resem-

blance in spectral profiles, suggesting partially crystalline, dehydroyxlate-like silicates may be present in their cir-

cumstellar disks. This spectral match could be produced by either: conventional in-disk annealing processes increas-

ing the crystallinity of amorphous silicates (olivine and pyroxene) [6] or through rapid planetesimal accretion, aque-

ous alteration, thermal metamorphism and subsequent collisional disruption of hydrated asteroids, thereby liberating 

abundant micrometeorite-like dust. The observation of planet-forming regions and therefore accretionary processes 

in the young (<1Ma) protoplanetary disk of HL-Tau [7], provide support for a parent body driven formation route. 

Furthermore since CY-Tau and FN-Tau are mature disks (~7Ma) [8] planetesimals would be expected. These find-

ings suggest that the mid-IR spectra alone may not be able to distinguish between in-disk and parent body annealing 

processes.  

Implications: This study is significant since we provide a ground-truth empirical perspective to the interpreta-

tion of circumstellar mid-IR spectra and propose micrometeorites as analogue materials for the dust in (at least 

some) circumstellar disks.    
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