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In continuation of our previous studies [I-31, we analyzed sections of two carbon-rich hy- 
drated interplanetary dust particles, L2006E10 and L2006G1, with TOF-SIMS (Timeof-Flight 
Secondary-Ion-Mass-Spectrometry). High-resolution TOF-SIMS images yield the lateral ele- 
ment distribution on a scale of N 0.2 pm. In addition to imaging, positive secondary ion spectra 
from selected areas were taken to obtain quantitative element ratios. Because of the low sample 
destruction - during a typical analysis only a few atomic monolayers of the samples are consumed 
- subsequent analyses with other techniques are possible. Therefore TOF-SIMS is ideally suited 
for the analyses of small samples like interplanetary dust. 

For the quantitative analysis we determined TOF-SIMS sensitivities relative to Si for 0, 
Na, Mg, Al, K, Ca, Ti, V, Cr, Mn, and Fe from analyses of a homogeneous glass standard (lunar 
analogue glass) [2]. The Ni sensitivity was measured with the San Carlos olivine [4]. For that of 
H,  Co, and Zn only literature values [5] are available and for C we used a rough estimate based 
on the analysis of an IDP (L2006J14) with known carbon abundance [6]. Fig. 1 comprises the 
quantitative results for L2006E10 and L2006G1. 

Secondary ion images of L2006E10 (Fig. 2) show a homogeneous and rather similar distri- 
bution of Mg+, Al+, Si+, K+ ,  Cr+, Fe+, Ni+, 0-, OH-, and S- ions (cf. the Si+ image of Fig. 2). 
Ca is concentrated in a small 4 x 1 pm2 region. This very spot is also highly enriched in P- as 
well as PO; and CaOH+ (and to a lesser extend OH-). The source of Ca and P is most likely 
an apatite grain. This is to our knowledge the first reported occurrence of apatite in a smectite 
type IDP. Na+ and F- are concentrated in two distinct regions on either ends of the elongated 
particle. Because of lack of F sensitivity no speculation on the responsible mineral is possible yet. 
The quantitative results (Fig. 1) reveal overall chondritic abundances for many elements within 
a factor of two, the typical bulk deficiency of Ca and a slight enrichment of Ti and V. Carbon 
resides mainly in the Ca,P-rich portion of the particle whereas the major part has a C deficiency, 
in contradiction to SEM studies which showed a C enrichment in the bulk [6]. Zn is highly enriched 
in the bulk particle as well as in the "apatitev-spot. 

The element distribution in L2006G1 is even more complex. The TOF-SIMS images 
(Fig. 3) of most ions resemble a ring structure. Only C and H are observed in its center. However, 
they are also not evenly distributed there but concentrated in a few 1-3 pm sized spots. This is in 
accordance with the observation by TEM studies that C in this IDP occurs as distinct carbonate 
grains [6]. Silicone oil as a possible source for H and C in the particle can be excluded from 
the TOF-SIMS spectra [3]. Overall the IDP looks like a hollow silicate sphere filled with C-rich 
material. C1 and F are concentrated on one side of the rim of the particle. Here we also found 
some Br. This finding supports our earlier contention that some elements can be enriched by 
the interaction of IDPs with halogen-containing aerosols in the stratosphere [I, 3, 7, 81. Element 
ratios (Fig. 1) show chondritic abundances for most elements. Na/Si and K/Si are higher than CI 
ratios by factors of 4 and 7, respectively. The V enrichment (7xCI) might be due to an unresolved 
interference at  mass 51 in the mass spectrum. Fe and Ni are both slightly depleted (0.4 and 
0.3xCI) whereas Zn is enriched to a similar degree as in the other IDP. 

High resolution ion images of IDPs reveal a wealth of information some of which, however, 
as yet is still difficult to interpret in detail. It is expected that the combination of TOF-SIMS 
with other techniques like e.g. SEM, TEM, PIXE, and SYXFA will shed light on the history of 
interplanetary dust particles. 
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Figure 1: Element abundance relative to Si and normalized to CI chondrites of two hydrated IDPs mea- 
sured with TOF-SIMS. Open symbols are upper limits. For L2006E10 the Ca,P-rich region was analyzed 
separately (squares). 

Figure 2: TOF-SIMS images for 5 different ion species from sample L2006E10. The field of view is 25 x 
25 pm2. The sample was rastered with a G a t  primary ion beam (128 x 128 pixels, 1000 primary ion pulses 
per pixel). The subscripts below each image give the secondary ion species, the maximum number of counts 
per pixel and the integral number of counts for the total image. For each image a linear grey scale was used 
where white corresponds to the maximum count rate of each image. 

Figure 3: TOF-SIMS images from sample L2006G1 (30 x 30 pm2, 600 primary ion pulses per pixel). 
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