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Xntroductia The application of multiple, complementary microanalytical techniques to 
individual Interplanetary dust particles (IDPs) is valuable in order to establish the relationships 
between the physical and chemical characteristics of these primitive materials. In the present work, 
each of the six IDPs was studied by electron microscopy and synchrotron x-ray fluorescence 
(SXRF). Our specific goals were: (1) to understand how the mineralogy of these particles relates 
to their bulk composition and trace element chemistry and (2) to determine the correlations between 
various proposed indicators of the degree of atmospheric heating, notably magnetite abundance and 
volatile element depletions. 
Methods Six C-type IDPs (collection surface L2005) with smooth surface morphologies were selected from the 
NASADSC cosmic dust catalogs. Initially bulk compositions were determined for elements Z>5 using a JEOL 35 
CF scanning electron microscope, equipped with a thin window EDS detector. Our analytical procedures are 
described elsewhere [I]. Trace element abundances were then measured by SXRF as described in [2]. Subsequently, 
the mineralogy of the IDPs was determined from ultramicrotomed thin sections using a JEOL 2000 FX transmission 
electron micr&.cope. 
Results L2005R7: This hydrated IDP contains abundant phyllosilicates (Fe-rich smectite), 
sulfides (40-60 wt.% Fe. variable Ni). but no anhvdrous silicates. The carbon abundance is 
within a factor of 2 of Ci; the S/Si and Fe/Si ele&nt ratios are the lowest of the 6 IDPs and are 
within known ranges for hydrated IDPs (Table 1). Zn is not depleted in this IDP (Zn/Fe = 2.5, 
Table 2) suggesting that it has suffered little or no atmospheric heating [3]. 
L2005L6: The mineralogy of this IDP is dominated by a mixture of fine- and coarse-grained Fe- 
rich smectite with finely dispersed sulfides. No anhydrous silicates are observed. The sulfides are 
4 0  nm in diameter and contain 22-40 wt.% Fe with high Ni (>20 wt.%). Magnetite is present as 
a discontinous rim, <50 nm thick, that partly surrounds the particle and as fine-grains dispersed 
throughout the particle interior. The ZnFe ratio is 0.4 (Table 2) and Zn is depleted relative to CI 
abundances. The bulk carbon abundance in M is 3xCI, S/Si is below the average for hydrated 
IDPs and Fe/Si is above the average (Table 1). Our bulk measurements suggest that S is slightly 
depleted and Fe is enriched relative to average values for hydrated IDPs (Table 1). 
L2005P9: P9 is a hydrated IDP characterized by poorly crystalline Fe-rich serpentine intergrown 
with fine-grained magnetite. The crystallinity of the phyllosilicates is degrade probably fmm 
heating. Sulfides are abundant (Fe ranges from 30-70 wt. %, and Ni ranges from 2-30 wt.%). No 
olivines were observed but low-Ca pyroxenes are present. The particle is surrounded by a well 
developed, nearly continuous, magnetite rim (-50 nm thick). The bulk carbon is enriched by a 
factor of 6 over CI while Zn is somewhat depleted (Zn/Fe = 0.4) (Tables 1&2); SISi is below the 
average and FeISi is above the average for hydrated IDPs (Table 1). As with L2005L6, the bulk 
measurements and trace elements suggest some loss of volatile elements. 
L2005R1: R1 is an anhydrous particle that contains an unidentified, poorly crystalline Fe-Mg 
silicate as a minor phase. Fine-grained sulfides are abundant with Fe = 60-80 wt.% and low Ni (< 
5 wt.%). Anhydrous silicates are common and include coarse-grained (100-200 nm) enstatite, one 
high Ca-pyroxene, and fine-grained (<I00 nm) olivines (Fo90). R1 is surrounded by a well 
developed magnetite rim (50 nm thick). This IDP contains 9 wt% bulk C (Table 1). S/Si and 
FeISi are enriched by a factor of -3 relative to the anhydrous IDPs (Table 1). The M e  ratio is 0.3 
(Table 2) which is indicative of particle heating [3]. 
L2005P13: A hydrated IDP that contains poorly-crystallized Fe-rich phyllosilicates. Basal 
spacings of 0.7 nrn are observed. The abundant sulfides are low in Ni (4 wt.%) and Fe ranges 
from 60-70 a%. Olivines are all pure forsterites; pyroxenes, which are equally abundant as 
olivines, are enstatite and high Ca-pyroxene. This IDP has a welldeveloped magnetite rim that is 
the most distinct of the 6 IDPs studied (>50 nm thick). The bulk C is 11 wt.%; the S/Si ratio is at 
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the low end of the range for hydrated IDPs and the Fe/Si ratio is greater than the average (Table 1). 
PI3 shows a marked depletion in Zn (Zn/Fe ratio c 0.1, Table 2). 
L2005P2: This anhydrous IDP has bulk carbon abundance similar to Orgueil (Table 1). 
Magnetite is distributed throughout the IDP; in addition, a welldeveloped rim (<50 nm thick) is 
observed although it is not as prominent as the magnetite rims in L2005P13 or L2005R1. 
Abundant sulfides have Fe -60 wt.% and are low Ni (<7 w%). Enstatite is the most abundant 
phase; most olivines are Fe-rich (Fo 45-60), although 2 forsterite (Fo 90-100) grains were 
observed. The S/Si ratio is greater than the average anhydrous value; the Fe/Si ratio is -6x higher 
than the average anhydrous value (Table 1). Zn is highly depleted (ZnFe 4). 1) but there is no 
corresponding S depletion. 
Discussionand Co- Five of the six IDPs examined show mineralogical and chemical 
evidence for heating, probably during atmospheric entry. The mineralogical evidence includes the 
presence of magnetite rims, the degradation of phyllosilicates in hydrated particles, and the absence 
of solar flare tracks in anhydrous silicates in the heated IDPs. The six particles exhibit a range of 
magnetite rim development from no rim on R7, to poorly developed rims on LA and P9, to well 
developed rims on P2, R1,and P13. These mineralogical changes are correlated with Zn 
depletions. Although the data set is too limited to determine correlations of rim development and 
Zn depletion with gradatiod heating effects, the occurrence of a magnetite rim on an IDP coupled 
with a Zn depletion is a definite indication of particle heating. 

The hydrated IDPs have high C abundances (up to 4 x 0 .  We did not observe any 
distinct carbonate grains in any of the IDPs, and so we believe that the carbon occurs as poorly- 
graphitized carbon or organic carbon. We expected to find a depletion in bulk S in the heated IDPs 
However the two anhydrous particles show S/Si ratios greater than CI (Orgueil, Table 1). 

In summary, the effects of atmospheric heating can be identified by both textural evidence 
(magnetite rims) and chemical evidence (severe Zn depletion). Heating has not produced obvious, 
systematic variations in other elements. 
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Elements in Chondritic Stratospheric Particles Proc. 22 LPSC, in press. [3] Flynn, GJ. et 01. (1992) Zn depletions 
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Table 1 Atomic element& for Six IDPs, Orgueil, Anhydrous and Hydrated IDPs 
IDP Type Rim Type Wt% C C/Si MdSi S/Si W S i  FeISi Ni/Si 

L2005R7 H No Rim 9.0 1.1 0.7 0.1 0.01 0.5 0.02 
L2005L6 H D . 4 0  nm 12.0 2.3 1 .O 0.2 0.08 1.1 0.10 
L2005P9 H W, 50nm 20.0 4.5 0.9 0.2 0.01 1.4 0.03 
L2005R1 A W, 50 rim 9.0 2.3 0.9 1.5 0.07 1.8 0.05 
L2005P13 H W, >50 mn 11.0 1.9 0.95 0.2 0.12 0.9 0.05 
L2005P2 A DIW, 4 0  nm 4.0 1.4 0.9 0.7 0.04 4.0 0.08 
0rguei14 3.5 0.8 1 .O 0.5 0.06 0.9 0.05 
Anhydrous IDPS~  N/A 2.4 1 .O 0.4 0.05 0.7 0.02 
Range (0.1-1.8) (0.2-2.0) 
Hydrated I D P ~  N/A 1.3 0.8 0.3 0.02 0.7 0.03 
Range (0.08-1.8) (0.3-2.1) 

H = hydrated panicle, A = anhydrous particle; D = Discontinous, W = Well Developed, continous. 

Table 2 Trace Element Abundances Normalized to CI 
Cr Mn Fe Ni Cu Zn Ga Ge Se Br Zn/Fe 

L2005R7 H 1.0 0.4 1.1 1.4 3.0 2.7 2.0 2.5 1.9 50 2.5 

Parentheses indicate upper limits 
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