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Introduction: Interplanetary Dust Particles (IDPs) 

provide a unique opportunity to study extraterrestrial 
materials in laboratory. IDPs are known to have high 
carbon content: 1-47 wt%, on average 2-3 times higher 
than that found in carbonaceous chondrites [1]. TEM 
studies have identified amorphous, turbostratic and 
poorly graphitised carbons in IDPs [2,3], other studies 
found organic carbons [Flynn et al, 2004, GCA. An 
apparent correlation between vescicular carbon and 
magnetite rims suggests volatiles loss during 
atmospheric entry flash heating [4]. The property of 
the carbonaceous unit in IDPs remain poorly defined 
[5]. Raman studies have shown that many IDPs exhibit 
the characteristic amorphous carbon feature. Different 
degrees of order could be indicative of different 
irradiation doses by solar wind particles and fast solar 
protons, suffered by IDPs in the interplanetary medium 
before collection in the Earth stratosphere [6]. 

In preparation to the STARDUST sample analyses, 
we performed combined micro-IR / micro-Raman 
measurements, supported by a FESEM investigation, 
on five stratospheric IDPs. We provide the IR spectral 
characterization of these IDPs and some new insight 
on the evolution of the amorphous carbon phase in 
IDPs The specific aim was to investigate on the 
potentiality of the synergry between these techniques 
in the identification of mineral phases other than 
silicates (e.g. oxides). 

Experimental: Five stratospheric IDPs 
(L2021C13, -C20, -D9, -D12, -F17) were allocated to 
our laboratory by the NASA-JSC Astromaterials 
Curation Center (ACC). All analyses we performed on 
bulk grains placed on Special Sample Holders (SSHs) 
were non destructive [7]. We especially designed these 
SSHs because IDPs directly placed on them at the 
NASA ACC could be shipped to our laboratory where 
without sample manipulation the IDPs could be used 
for  micro-IR, micro Raman and FESEM analyses 

Micro-IR analyse. Micro-IR spectra have been 
acquired in the range  4000-600 cm-1 at a spectral 
resolution of 4 cm-1, with an infrared microscope 
attached to a FTIR interferometer (Mod. Bruker-
Equinox 55). For each particle we acquired six spectra 
of 6000 scans, in order to optimize the S/N ratio. The 
average of the six spectra was considered. 

Micro-Raman analyses.. Raman microscopy was 
performed with a confocal microscope (by DILOR) 

adapted on a triplemate spectrometer (by SPEX) with a 
CCD detector. The objectives used gives a laser spot 
size on the sample of 2 µm. The laser power (Ar+, 
514.5 nm) on the sample was kept below 2 mW. No 
laser-induced thermal modification was detected for 
the IDPs studied in this work. 

Results and Discussion: Micro-IR spectra of IDPs 
are shown in Fig. 1. The spectral classes have been 
assessed for IDPs -D9 and -D12 (Tab. 1). Infrared 
spectra of the other particles do not fall into any of the 
major IR spectral classes of IDPs. The results for these 
IDPs show the presence of oxides and sulphides in the 
grain mineralogy consistent with the NASA-JSC 
preliminary chemical EDS analyses. For particles -C13 
and -F17 the IR features at about 800 cm-1 suggest the 
presence of iron oxides. The -C20 particle will require 
additional IR analyses to confirm the presence of iron 
sulphide.   
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Table 1: IR-class* (Ol = Olivine, Py = Pyroxene, LLS = 
Layer Lattice Silicates) and other mineral phases (FeO = Fe- 
oxide-rich; FeS = Fe-sulfide-rich); Raman spectroscopy 
(mineral phases, (1)= γ-Fe2O3 [maghémite] (2)= α-Fe2O3, 
[hematite](3) = Fe3O4[magnetite]. *The IDP IR 
classification is from [8]. 
 

IDPs Raman spectra are displayed in Fig. 2. Only 
two of the considered IDPs (-C13, -D12) exhibit the D 
(Disorder) and G (graphitic) band typical of 
amorphous carbon (α-carbon) with intermediate 
degree of order. All the other IDPs exhibit the Raman 
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signatures typical of different forms of iron oxides 
(Fe2O3 and Fe3O4).  
 

Figure 1: Micro-IR Spectra. 
 

The Raman measurements confirm the results of 
micro-IR analyses and support the preliminary 
hypothesis on the –C20 IR characterization. The 
Raman bands peaking at 350, 503 and around 700 cm-1 
typical of maghémite (γ-Fe2O3) [9] are present in -F17. 
Also the broad and poor resolved feature near 1420 
cm-1 can be attributed to maghémite [9,10]. Maghémite 
signatures are visible also in the -D9 spectrum in 
which the additional weak bands at 224 and 292 cm-1 
are characteristic of hematite (α-Fe2O3). The main 
bands of magnetite (Fe3O4) falling at 667, 545 and 305 
cm-1 [9] are evident in the -C20 spectra. Magnetite 
features are also present in -F17 as indicated by its 
most prominent band at 667 cm-1. The presence of 
maghémite and magnetite could indicate a severe flash 
heating of the particles during atmospheric entry. The 
formation of magnetite nanocrystals on Mg,Fe-silicate 
grains and magnetite or maghémite rims are due to 
pyrometamorphism [5, 11].  

Amorphous carbon: Raman spectroscopy is a 
powerful tool of investigation for the study of the 
structure of the carbonaceous phases in IDPs [12]. 
Sensitive parameters are peak position, width (FWHM, 
Full Width at Half Maximum) and relative intensity of 
G and D bands. The spread in the degree of order 
disorder observed by Raman spectroscopy in IDPs, 
could be indicative of a different residence time (dose 
suffered) in the interplanetary medium before 
collection in the Earth’s atmosphere [6]. The effects of 

pyrometamorphism in IDPs during atmospheric entry, 
can not be ruled out as a contributing factor of the 
measured degree of order/disorder of the carbon. Thus 
the indigenous structure and irradiation history of 
amorphous carbon in IDPs could be partially 
overprinted.  

Conclusion: We were able to detect combination 
of carbon/Fe-oxides/Fe-sulfides performing combined 
micro-Raman and micro-IR investigations on same 
IDP thanks to the SSH. Same combined investigations 
will be applied to the Stardust grains mounted on 
SSHs. We will be able to detect in these particles the 
possible presence of the combination of Fe-oxides, Fe-
sulfides and carbons that will be a diagnostic 
assemblage for rapid thermal heating. In particular, 
detecting maghémite will be strong proof of a flash-
heating origin, thus it will be possible to drive 
conclusions on  possible thermal effects due to aerogel 
impact. 
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Figure 2: IDPs Raman spectra
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