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Individual chondritic cosmic dust particles collected from the Earth's stratosphere 
generally have major element abundances within a factor of 2 of the CI meteorite 
abundances (1) and minor/trace element abundances within a factor of 3 of the CI 
meteorite abundances (2). Sulfur is frequently depleted from the CI abundance. The S 
depletion has been attributed to thermal loss during heating on atmospheric entry (3). 
However, most stratospheric cosmic dust particles show no clear mineralogical evidence 
of heating, even though their S concentrations are significantly below CI, suggesting that 
S loss may occur at a temperature too low to produce other observable effects. 

Evidence of atmospheric entry heating is important to understanding the source(s) of 
the cosmic dust, since orbital calculations indicate that particles derived from main-belt 
asteroidal parent bodies experience much lower thermal pulses on atmospheric entry 
than most particles derived from cometary or earthcrossing asteroidal parent bodies 
(3). TEM evidence of entry heating can come from observation of magnetite rims, 
known to be produced in meteorite fusion crust during atmospheric entry (4), heated 
textures, or from the the annealing of solar flare tracks. Bradley et al. (5) have observed 
S depletions, a heated texture, and the absence of solar flare tracks, all features 
suggestive of heating, in three olivine rich cosmic dust particles. Fraundorf (6) observed 
magnetite precipitates, suggestive of atmospheric entry heating, in stratospheric cosmic 
dust, and Fraundorf et al. (3) report the presence and strength of the magnetite spots in 
electron diffraction patterns of cosmic dust particles appear correlated with other signs 
of severe heating, including S depletion and thermal alteration. 

Flynn has suggested that Zn loss would be a useful indicator of atmospheric entry 
heating effects since its meteorite loss temperature is comparable to the expected peak 
temperature pulse experienced on atmospheric entry by cosmic dust in the 10 to 20 
micron size range (7). Though Zn is normally enriched in cosmic dust (8, 9), Flynn and 
Sutton (8, 9) observed order-of-magnitude depletions from CI Zn in four stratospheric 
cosmic dust particles which also show large depletions in S. They suggested these zinc 
depletions might result from atmospheric entry heating (8,9), but mineralogical data was 
needed to explore the possible link between entry heating and the zinc depletions. 

We have begun a systematic study combining Transmission Electron Microscope 
(TEM) mineralogical examination and Synchrotron X-Ray Fluorescence (SXRF) trace 
element analyses to investigate the possible link between low zinc abundances and 
atmospheric entry heating. The study employs two approaches: 1) SXRF Zn abundance 
determinations on particles previously identified as entry heated based on the presence 
of magnetite, and, 2) TEM mineralogical examination of particles previously identified by 
SXRF as exhibiting low zinc abundances. 

We have, thus far: 1) identified two particles by TEM as entry heated and subsequently 
determined their Zn contents by SXRF, and 2) identified three low-Zn (Znl Fe 50.1 x CI) 
particles by SXRF and subsequently examined them in ultramicrotome thin-sections by 
TEM. All five particles were classified as C-type in the JSC catalog descriptions, 
indicating their major element contents were consistent with chondritic material. 

Two particles, L200508 and L2005Y5, exhibit clear evidence of entry heating in TEM 
examination of ultramicrotome thin sections. L2005Q8 is an anhydrous cosmic dust 
particle dominated by Fe-rich olivines. It displays a poorly developed (thin and not 
continuous) magnetite rim. L2005Y5 is a spherical particle with course grained 
magnetite plates on its surface, and an interior dominated by fine grained olivine and 
magnetite. It exhibits a well developed magnetite rim. About half of each particle 
remained in the epoxy stub prepared for microtome sectioning. A 5 to 10 micron thick 
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section, including the particle, was cut from each stub and transferred to a Kapton film 
for SXRF analysis. Zinc is depleted to about 0.04 times the chondritic abundance in 
each of these particles. This is consistent with the results previously reported by Flynn 
and Sutton (9) for other low-Zn particles. L2005Q8 exhibits an elemental abundance 
pattern for Cr, Mn, Ni, Cu, Ga consistent with CI composition. Mn is depleted (MnIFe = 
0.1 xCI) in L2005Y5, but Cr, Nil and Cu are consistent with CI abundances. Because of 
the small mass of the remaining particle fragment and background from scattering by the 
epoxy ring around each particle only upper limits were obtained for Ge, Se, and Br in 
L2005Q8, and for Ga, Ge and Se in L2005Y5. These upper limits are consistent with the 
range of concentrations previously measured in chondritic cosmic dust. 

Three particles, L2005P2, L2005P13, and L2005C22, were identified as low-Zn 
particles by SXRF. Ultramicrotome thin sections were subsequently prepared from each 
of these and examined by TEM. 

L2005P13 has a Zn depletion to ZnlFe c0.02 x CI, but is otherwise a typical chondritic 
cosmic dust particle in that all elements we detected between Cr and Br are within a 
factor 3 of the CI concentrations except Cu (9xCI), Se (IOxCI), and Br (10xCI). 
L2005P13 is a hydrated cosmic dust particle, dominated by Fe-rich phyllosilicates 
intermixed with magnetite. This particle exhibits a distinct magnetite rim, indicative of 
significant heating on atmospheric entry. 

L2005P2 has a zinc depletion to ZnlFe c0.01 x CI but is otherwise also a typical 
chondritic cosmic dust particle. All elements we detected from Cr to Br are within a factor 
of 3 of the CI concentrations except Cu (3.5 x CI), Br (40 x CI). TEM examination shows 
L2005P2 is an anhydrous cosmic dust particle, having enstatite as its most abundant 
phase. A magnetite rim was also observed on this particle, though it was not as distinct 
as on L2005P13. 

L2005C22 has a Zn depletion to Znl Fe = 0.02 x CI, but the elements from Cr to Br are 
otherwise consistent with a chondritic element abundance pattern except that Cu, Ga, 
and Br are enriched by factors of 3.5, 7.7, and 5.3 times CI respectively. L2005C22 is an 
anhydrous cosmic dust particle dominated by micron-sized olivine crystals with a 
strongly bimodal distribution of compositions, one clustering between Fa 10 and Fa 15 
and a second between Fa 40 and Fa50. Fe-rich olivines occur predominantly near the 
surface with small ( c  200 nm) magnetite crystals on the outer surface of these olivines. 

L2005R7, a normal Zn particle having a ZnlFe = 2.5 x CI, was sectioned and 
examined by the same technique. No magnetite was seen in this phyllosilicate particle. 

The two particles identified as entry heated by TEM both showed strong Zn depletions 
when subsequently analyzed by SXRF. Of the three particles identified as low-Zn (Zn 
~ 0 . 1  x CI) by SXRF two showed clear magnetite rims, indicative of entry heating, in the - 
subsequent TEM examination. The third showed small magnetite crystals occurring 
preferentially near the original surface of the particle. 

Both the occurrence of low-Zn abundances and the observation of magnetite rims are 
relatively rare events. Flynn and Sutton (9) have identified only four low-Zn particles 
among 18 chondritic particles analyzed by SXRF. Magnetite rims are not commonly 
observed on the chondritic cosmic dust particles analyzed by TEM. The occurrence of 
both magnetite rims and low-Zn abundances in four of the five particles examined in this 
study, and the observation of surface correlated magnetite crystals in the fifth, indicates 
a relationship between zinc depletions and magnetite formation. This is consistent with 
the suggestion that Zn depletions can result from the thermal pulse experienced on 
atmospheric entry. Thus Zn depletions may serve as a selection criterion for heated 
particles, including small cometary particles which should be more severely heated on 
atmospheric entry than particles of the same size and density from main-belt asteroids. 
REFERENCES: 1) Schramrn L S. et al. (1989 Meteoritics, 24,99-112. 2 FI nn, G. J. and Sutton S. R. 
(1990) Proc. 20th Lunar Planet. Sci. Conf., 33 k .-undorf et al. ( 9 in Comets ed. L h~lkening), 
U. of A r ~ z  ress. 3 8 3 4 9 .  4 rown ee et a1 1977) Proc. Lunar Sci. o f  1- & ) Bradle J. P. et 
al. I-) runar Planet. SCI. kk, 12;-127. 5) k raundorf P. (1 981) Geochim. Cosmoch~m. Acta, 45. & 5443. 
7 lynn . . 1989 carus, 77, 287-310. 8 Flynn G. J. and Sutton . 1991 !J 395-396. 9) 
Fibn G 5 . 3  S u t t ) o h .  Trace ements in Chondritic S w  Depletions as 
a ossible Indicator of Atrnospher~c Entry Heating, Proc. 22nd Lunar Planet. Sci. Conf., in press. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


