
L P S C X X I I I  115 

SEQUENTIAL ANALYSES OF IDPs BY LVSEM, TOF-SIMS, SIMS, AND AEM; D. F. 
Blake1 and R. H. Flerning,2 IPlanetary Biology Branch, MS 239-4, NASA/Ames 
Research Center, Moffett Field, CA 94035, and 2Charles Evans & Associates, 301 
Chesapeake Dr., Redwood City, CA 94063 

Despite the fact that there are more or less well accepted criteria for 
the determination of the extraterrestrial origin of individual IDPs, a 
chondritic bulk composition is quite often the only a priori clue that a 
particle is extraterrestrial. The result is that most published analyses of 
IDPs have been obtained from particles having bulk chondritic elemental 
abundances. In addition, because IDPs are exceedingly small and relatively 
rare, in only a few cases has more than one analysis technique been applied to 
the same particle. This has reduced the degree to which data gathered using 
different techniques can be complementary. 

When individual particles are analyzed by a suite of techniques, one 
must devise a protocol which maximizes the information obtained. This is 
particularly true in the case of non-chondritic particles, since the sole 
proof of their extraterrestrial origin is often Deuterium/Hydrogen (D/H) 
isotope ratio determination by Secondary Ion Mass Spectrometry (SIMS) which 
can damage or even consume the sample. We have been studying non-chondritic 
IDPs from the Johnson Space Center Cosmic Dust Collection Facility (JSC CDCF) 
in order to identify carbon-rich extraterrestrial particles which may have 
originated within comets. The techniques we have used to date include Low 
Voltage Scanning Electron Microscopy (LVSEM), Time-of-Flight SIMS (TOF-SIMS), 
SIMS, and Analytical Electron Microscopy (AEM). Figures la-f, illustrate a 
sequence of analyses performed on JSC particle U2034 F1, a 13 pm particle 
classified as " ? "  by the CDCF. The particle contains (in order of decreasing 
peak height in the EDS spectrum), Si, S, Ca, Al, Fe, Mg, K, and Na. 

Figure la is a low voltage SEM image of the as-received particle. LVSEM 
yields high resolution surface images of IDPs (Blake et al., 1987) and because 
electron beam penetration into the sample at low accelerating voltages 
(<2.0 KeV) is only a few hundred Angstroms, beam damageable materials such as 
organic carbon will not be polymerized or destroyed. After LVSEM imaging, 
TOF-SIMS and/or Auger Electron Spectroscopy (AES) are used to extract chemical 
and mass spectroscopic information from the near-surface regions of the 
sample. Figures lb to Id show laterally resolved TOF-SIMS images of the 
particle for mass ranges representing Mg, Fe, and Ca, respectively. TOE-SIMS 
produces mass spectra and ion images while employing minimal primary ion beam 
sputtering (< 0.1 monolayer of primary beam ions). This can yield images of 
organic ions before sputter damage consumes the structurally significant ions. 
SIMS isotope ratio imaging (Fleming, et al., 1989) is a more destructive 
technique than is TOF-SIMS, but gives quantitative isotope ratio data. 
Figure le shows a D/H enrichment image for U2034 F1, revealing a heterogeneous 
distribution of deuterium enrichment. The particle is evidently 
extraterrestrial. Figure If shows the extent of damage produced by ion 
sputtering. The remaining bulk of the particle will be sectioned by 
ultramicrotome and phase relationships will be obtained using AEM. In the 
AEM, phase identifications can be made and related to the data previously 
collected. 

To date, we have completed most, but not all of the analytical protocol 
on several particles. We anticipate that we will be able to make 
generalizations about their origin and processing history. 
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