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Introduction:  In 1994, we have started a compre-

hensive consortium study in order to investigate dust 
particles collected in the stratosphere on flag U2071 
provided by NASA Johnson Space Center (JSC) [1]. 
The primary idea of this study was to apply a series of 
analytical techniques to an entire set of particles from 
one collector, avoiding any pre-selection. 

Samples:  The selected dust collector U2071 has a 
surface area of ~30 cm2 and was exposed in the strato-
sphere at an altitude of 20 km for 34.1 hours between 
January 7 and February 8, 1994. In a primary survey 
using an optical microscope, 326 particles with diame-
ters between 10 and 135 µm were found and, to begin 
with, 90 (114 individual pieces) of them were selected 
for subsequent analyses. This set of samples represents 
all types of particles found on the collection surface, 
with respect to size (≥10 µm), surface morphology, and 
color. 

Analytical Sequence:  To minimize influences of 
one technique on another, the selection of the right 
analytical sequence is crucial in this study. Going from 
least destructive to most destructive techniques is not 
always feasible, since special sample preparation meth-
ods like cutting or coating are often necessary, even for 
�non-destructive� techniques, but cannot be tolerated 
for some �destructive� techniques. Some techniques 
require special substrates. Therefore, the particles have 
to be transferred from one substrate to another. During 
this particle handling, further contamination and even 
particle loss is possible. The analytical sequence in this 
study is a compromise solution considering all these 
effects. It is outlined in Fig. 1 and described in the fol-
lowing. 

SEM Analysis.  The selected particles were trans-
ferred from the collection flag to beryllium substrates 
and rinsed with hexane to remove residual silicone oil 
as described in [2]. During transfer and rinsing, three 
individual pieces were lost. The first analytical step, 
quasi-bulk chemical analysis by SEM-EDS including 
carbon analysis [3] and secondary electron imaging, 
was performed 1994 at JSC. These results were sum-
marized in a catalog [4]. Based on the SEM-BSE re-
sults a preliminary classification was made according 
to the scheme used in the JSC cosmic dust catalogs [2]. 
The remaining 89 particles (111 pieces) were classified 

as 19 cosmic particles (type C), 4 TCN (natural terres-
trial contamination, mainly volcanic ash), 41 TCA (ar-
tificial terrestrial contamination, mainly space debris), 
7 AOS (aluminum oxide spheres, products of solid fuel 
rocket exhausts), and 18 type-? particles, where the 
identification is uncertain. 

Although this classification pretends a clear identi-
fication of particle origins, all types of particles were 
used for further analyses avoiding any prejudice upon 
the true nature of the samples. Only this procedure al-
lows the discovery of new � non-chondritic � types of 
IDPs. For the following steps, so far 22 pieces (19 dif-
ferent particles) from all types were selected. Four of 
them were lost before any further analysis was per-
formed. 

TOF-SIMS Analysis.  Time-of-flight secondary ion 
mass spectrometry [5] with its simultaneous detection 
of all secondary ions of one polarity (positive or nega-
tive), its high lateral resolution (~0.2 µm), and the typi-
cally small sample destruction (only few atomic 
monolayers) is certainly predestined for the analysis of 
small dust samples. Although flat surfaces are usually 
required in TOF-SIMS analysis, rough particle surfaces 
can be investigated with sufficient mass resolution and 
a tolerable loss of precision [6]. Therefore, TOF-SIMS 
is applied to particle surfaces as well as to particle sec-
tions. Surface analysis is mainly performed to get in-
formation on possible alteration of the particles during 
atmospheric entry, residence in the stratosphere and on 
the collector. Subsequently, after ultramicrotome thin 
sectioning of the particles, the residual epoxy stubs are 
used for the section analysis. Here the flat surfaces 
allow a proper quantification and localization of major, 
minor, and trace elements. 

PIXE with RBS and STIM Analysis.  With the Hei-
delberg proton microprobe (PIXE = proton induced X-
ray emission) [7], trace element studies at a lateral 
resolution of ~1 µm are possible. Rutherford back scat-
tering (RBS) allows to extend the application of this 
technique to light elements. With scanning transmis-
sion ion microscopy (STIM), particle densities can be 
obtained. To some samples, these investigations are 
applied twice, first, directly after the TOF-SIMS sur-
face analysis to the whole particle, second, after the 
section analysis to 700 nm thick sections of the residual 
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particle in epoxy. During the first PIXE analysis, only 
limited charge and current densities are applied to the 
samples to prevent the destruction of phyllosilicates 
[8]. The second analysis was performed at higher in-
tensity with increased sensitivity. 

TEM Analysis.  Transmission electron microscopy 
analysis is applied to particle thin sections in order to 
obtain information on the mineralogical structure of the 
dust. The TOF-SIMS and PIXE analyses of adjacent 
sections allow a direct comparison of the results from 
the different techniques. 

The major problem during this analytical sequence 
is a possible loss of samples during particle transfer 
from one substrate to another and during subsequent 
hexane rinsing of the silicone oil usually used for parti-
cle transfer. Especially the smooth Kapton foil, the 
ideal substrate for PIXE analysis, bears a high risk of 
particle loss. Therefore, Si-wafers with etched or sput-
tered surface structures were used to hold several parti-
cles during rinsing prior to the TOF-SIMS analysis. In 
these cases, PIXE analysis was only applied to the 
700 nm sections. 

Conclusions:  After several technological im-
provements of the applied techniques and several 

modifications of the sample handling, this still ongoing 
study delivers a wealth of information on dust particles 
from collector U2071. Nevertheless, to compare and to 
combine the results from the different applied tech-
niques is still a major challenge. 

So far, results from all techniques are available for 
nine different particles and at least some information is 
available for 17 particles. No change of the preliminary 
type assignment has been made. The true nature of one 
Ca-rich particle (U2071D1) of unknown origin (type-?) 
is still undecided. From our analyses so far, it can be a 
non-chondritic cosmic particle as well as a TCN parti-
cle. 
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Fig. 1: Schematic overview of the analytical sequence. 
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