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PARTICLES; J. P. Bradleyl, D. E. Brownleea, and L. P. Kellerl, 1MVA Inc. 55001200 Oakbrook Pkwy, 
Norcross, GA 30093, 2Dept. of Astronomy, Univ. of Washington, Seattle, WA 98195. 

Many of the IDPs collected in the stratosphere are believed to be from asteroids [ I  ,2]. 
Asteroidal IDPs probably sample a broad range of objects, in contrast to conventional meteorites which 
mostly originate from a small fraction of the asteroids [3]. Reflectance spectroscopy is the major 
technique for classifying asteroids and, from comparison of the spectral characteristics of meteorites and 
asteroids, it has been possible to infer source regions of some classes of meteorites [3,4]. In principle, it 
should also be possible to infer the sources of some asteroidal IDPs using reflectance spectroscopy. The 
first reflectance spectra of (nine) lDPs were reported one year ago [5,6]. Spectral data have now been 
collected from more than a hundred IDPs, several polar micrometeorites, and various (particulate) 
mineral standards . 

Reflectance spectra are collected from lDPs mounted on glass slides, followed by embedding 
and thin-sectioning of the IDPs for compositional and mineralogical analyses using electron microscopy. 
The spectra are acquired in darkfield mode over the visible wavelength range 380-800 nm using a Zeiss 
MPM400 microscope equipped with a halogen light source, 10X and SOX objectives, aperturing 
diaphragms, and a photometer unit with a photomultiplier tube (PMT) detector. A pressed barium sulfate 
pellet is used to calibrate the detector response over the spectral range of interest. Data have been 
collected from micrometer-sized Ti407 particles, fragments of meteorite matrix (Allende), and various 
Fe-oxides (e.g. Fig. 1) [5]. From these data, we are confident that the MPM400 system is capable of 
measuring indigenous reflectance characteristics of micrometer-sized particles in the range 380-800 nm. 

The mineralogy and petrography of only a few of the (spectrally characterized) lDPs have been 
investigated in detail but already the following trends are emerging. (1) Like carbonaceous chondrites, 
most fine-grained lDPs are spectrally dark with reflectivities ~ 1 0 %  over the measurement range. (2) 
IDPs containing larger (>1 pm) mineral grains at their surfaces (e.g. pyroxene, sulfides) tend to be 
significantly brighter than their fine-grained counterparts. (3) The most carbon-rich lDPs are typically the 
darkest and some of them are spectrally red. (4) Although IDPs with reflectance characteristics similar to 
C-type meteorites are observed, there is considerably more variation among chondritic lDPs than there 
is among chondritic meteorites. 

Spectral data on nine chondritic lDPs are presented in Figures 2 and 3. (These spectra were 
selected from 67 spectra of lDPs from flags U2070A and U2073A). The nine lDPs are grouped using 
the textural/morphological classification terms "chondritic porous" (CP) and "chondritic smooth" (CS) [7]. 
Note there is no systematic difference between the spectra of CP versus CS IDPs. Five of the nine 
spectra show a pronounced drop-off into the near-IR (beyond -650 nm) (Figs. 2 & 3). The IR drop-off has 
been observed previously in spectra of other IDPs [5], but an unusually large number of the 67 lDPs from 
flags U2070A and U2073A exhibit this feature. Our working hypothesis is that the IR drop-off is due to a 
film of magnetite (Fe304) on the surfaces of many IDPs, which is believed to result from pulse heating 
during atmospheric entry. Two lines of evidence support this hypothesis; (a) finely divided magnetite 
itself exhibits an IR drop-off (Fig. I ) ,  (b) polar micrometeorites heavily decorated with magnetite also 
exhibit the IR drop-off (Fig. 4). 

Identification of the spectral signature of magnetite (Fe304) superimposed on some IDP spectra 
is a critical development in reflectance spectroscopy of interplanetary dust. Since magnetite is almost 
certainly produced by pulse heating during atmospheric entry, reflectance spectroscopy appears to offer 
a rapid, non-destructive method for distinguishing between pristine and thermally modified IDPs. On the 
other hand, attempts to measure indigenous spectral properties or source attribution must be restricted to 
those lDPs whose surfaces have been only minimally modified by atmospheric entry heating or other 
secondary processes. Fortunately, many lDPs meet these criteria; smaller, 1-5 pm diameter IDPs are 
less likely to have been strongly heated, and there are clearly larger IDPs that do not exhibit :he IR drop- 
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off (e.g. Figs. 2 & 3). It may be possible to simply remove surficial magnetite from IDPs using ion beam 
etching, or to crush IDPs and collect reflectance data from multiple fragments, and the influence of these 
procedures on indigenous spectral properties are being evaluated. We are also evaluating an alternative 
to the PMT detector which may enable us to extend the IR measurement to 1100 nm, such that we can 
better determine the contributions of the -1 pm olivine and pyroxene absorption features to IDP spectra. 

ACKNOWLEDGMENT This research is supported by NASA Contract NASW-4831 and Grant NAGW- 
3600. 

REFERENCES [ I ]  Flynn G. J. (1990) Proc. 20th Lunar Planet. Sci. Conf., 363. [2] Bradley J. P. and 
Brownlee D. E. (1 991) Science 251, 549; [3] Farinella P. et a/, (1 993) lcarus 101, 174; [4] Gaffey M. J. et 
a/. (1 993) Meteoritics 28, 161 ; [5] Bradley J. P. et al. (1 994) LPSC XXV, 159 (1 994); [6] Brownlee D. E. et 
a!. (1 994) LPSC XXV, 185; (1 994); [7] D. E. Brownlee et al. (1 982) LPSC XIII, 71 (1 982). 

Wavelength (nm) 

5 - 

surface 
0-,' " ' " " ' 
3W 400 500 6W 7W 800 9W 

Wavelength (nm) 

Figure 1 Reflectance spectrum from finely-divided terrestrial magnetite (Fe304) 

Figure 2 Reflectance spectra five chondritic smooth (CP) IDPs: 1 - U2070A 1 B, 2-U2070A 2H, 
3-U2070A 3D, 4-U2070A 6A, 5-U2073A 5B. 

Figure 3 Reflectance spectra from four chondritic porous (CP) IDPs: 1-U2073A 5J, 2-2070A 8F, 
3-U2073A 7F, 4-U2070A 2B. 

Figure 4 Comparison of spectral properties of the (magnetite-decorated) surface versus the interior of an 
Antarctic micrometeorite (AMM). Magnetite makes the particle darker and it imposes an IR drop-off on 
the spectrum. 
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