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Introduction:  Micrometeorites (MMs) are extra-

terrestrial dust particles (10 µm to 2 mm in size) [1] that 

are classified into three groups: cosmic spherules 

(melted), scoriaceous (partially melted) and unmelted 

[2]. The flux of sub-cm sized particles accreted to the 

Earth is ~ 907 kg day-1 [3], which provides a sample set 

of extra-terrestrial material from interplanetary space, 

that may be derived from a particular source, such as 

asteroids. Previous work [e.g. 4-7] has used the compo-

sition of cosmic spherules to infer likely sources and 

formation mechanisms, as well as processes in the Solar 

System and atmosphere that affected them. For exam-

ple, Cordier et al. reported oxygen isotope ratios and el-

emental chemistry (notably nickel oxide, NiO) to indi-

cate possible spherule sources by comparison to chon-

dritic meteorite classes [6]. They suggested that the 

spherules were derived from ordinary and carbonaceous 

chondrites, in proportions consistent with Transantarc-

tic Moutanin micrometeorite collections. Taylor et al. 

reported that compositional variation seen in South Pole 

cosmic spherules has similarities to compositions pre-

dicted by a model for atmospheric heating [7]. This 

model uses an evaporation sequence to predict ele-

mental loss from primitive materials controlled by sur-

face vaporization reactions up to 2000 °C [8].  

The overall aim of this study is to analyse cosmic 

spherules at nanometre-scales using atom probe tomog-

raphy (APT) to reveal geochemical information. With 

comparisons to multiple cosmic spherules sample-sets, 

this will allow for detailed characterisation and an un-

derstanding of relationships between impacting tiny ma-

terials. Our findings may inform us of elemental diffu-

sion behaviour within cosmic spherules during their 

journey to the Earth and within the atmosphere. Here, 

we describe our preliminary work of identifying our ma-

terials and establishing chemical maps. 

Samples & Method:  Our MM selection was de-

rived from a sample of blue ice recovered near Cap 

Prud’homme, Antarctica in 1994 by Maurette et al. [9-

10]. We have identified over 60 particles in our collec-

tion, of which 9 have been investigated in detail so far. 

 We used a JEOL 8600 electron microprobe analyser 

(EPMA) within the Central Analytical Facility, Univer-

sity of Alabama, to acquire secondary electron images 

(SEI) and back-scattered electron (BSE) images (Fig. 

1.a). Energy-dispersive spectroscopy (EDS) and wave-

length-dispersive spectroscopy (WDS) techniques were 

performed to obtain chemical maps of the particles, and 

precise elemental concentrations for silicon (Si), alu-

minium (Al), iron (Fe), titanium (Ti), calcium (Ca), 

magnesium (Mg), Sulphur (S) and nickel (Ni), respec-

tively. 

Elemental Diversity and Concentrations:  Our 

preliminary analyses have highlighted variability in el-

emental concentration between the rim and cores of our 

samples, with some suggestion of distinct layers. For 

example, Fig. 1.b) shows a higher concentration of Fe 

and O into the core. Fig. 1.c) shows slightly higher con-

centrations of Ti in the rim, while Si is relatively en-

riched in the core. While the lower elemental concentra-

tions in the core could be an artefact of polishing, where 

a gap may form due to material being plucked from the 

surface, many cosmic spherules have been shown to be 

hollow [11], which may explain the textural changes 

seen in the BSE image. However, given that there is 

measured elemental data within this area that is not 

equivalent to the epoxy mounting material, we believe 

this to be a true signal. It is also possible that the ele-

mental distribution represents a chemically distinct core 

and rim. By comparison to Fe and O, elements such as 

Mg and Al, show a homogeneous distribution across the 

sample, distinct from the background signal. This sug-

gests a concentration of an Fe-rich phase in the outer 

regions that could be a magnetite rim. These have been 

reported in scoriaceous and unmelted MMs [12]. 

 
Figure 1: Antarctic MM imaged at 15 KV accelerating 

voltage and 20 nA beam current: a) BSE image; b) EDS 

Fe and O elemental maps; c) EDS Si and Ti elemental 

maps; d) EDS Fe map close-up showing increasing con-

centration towards the core throughout the rim layers. 
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Other MMs in the collection show localised ele-

mental enrichments. For example, Fig. 2 shows 

‘hotspots’ of Si and Al. These enrichments are com-

monly circular in 2 dimensions (2D) with diameters of 

5-10 µm, though also occur as elongated structures, up 

to 20 µm in length. The EDS map for Ca does not show 

these enrichments, suggesting these areas are not Ca-Al-

rich inclusions (CAIs). 

A qualitative comparison of chemistry from EDS 

maps shows significant diversity between the analysed 

particles in our sample suite. For example, a MM with 

an elongate morphology, over 350 µm in length, shows 

high abundances of Al, Si and Mg and very low O and 

Fe abundances. This is in contrast to a circular particle, 

100 µm in diameter, with high O and Fe abundances, 

but minimal Al and Si, and a low Mg abundance. 

Discussion:  The compositional diversity observed 

in the MMs may indicate a range of homogeneous 

sources, or fewer sources with heterogeneous surfaces, 

or a combination of both. The variety may also be 

caused by secondary processes present at the source, or 

in particle transit. Furthermore, the particles show dif-

ferences in shape, ranging from elongate to highly 

spherical.  

Our data show distinct textural regions within the 

MMs. For example, Fig. 1.a) shows layers within the 

rim that are compositionally different, shown by the im-

age brightness, which vary in thickness around the core. 

Evidence of this heterogeneity is further supported by 

the EDS chemical maps, where we observe a small 

change in Fe concentration in rim layers (Fig. 1.d). An-

other MM, 100 µm in diameter, shows coarse-grained 

regions that have sharp contacts with the surrounding 

fine-grained matrix, which has a blotchy texture. 

The MM shown in Fig. 1 shows a vesicular texture 

along two edges of the outer rim, with grading in the 

size of the vesicles along the particle edges. This texture 

shows similarities to scoriacious igneous rims in other 

MMs caused by atmospheric entry that have been de-

scribed previously [12]. The morphology of this particle 

is also noteworthy, where the edges show some spheric-

ity but the overall shape in 2D is triangular. 

The hollow regions observed within some particles 

occur both as larger areas relative to the size of the par-

ticle (e.g. hollow diameter is <20% of the core diame-

ter), and also as numerous smaller regions within the 

core (see Fig. 1.a). The formation of vesicles within cos-

mic spherules has been modelled previously and shown 

to occur [11]. We note that cavities can also form due to 

weathering [13], which has been suggested to occur in 

blue ice MM collections [14]. 

Other particles show edges that are more clearly de-

fined and do not exhibit a vesicular texture. BSE images 

reveal changes in composition for the majority of parti-

cles from the rim to the core; for some spherules, these 

changes are sharply marked, revealing a distinct rim. 

The variation seen in this collection may suggest a 

diversity in the source of MMs required to generate the 

observed chemical heterogeneity. 

Future Work:  As we develop this study, we will 

select regions to perform APT on the cosmic spherules 

using focused-ion beam preparation techniques. This 

will allow the identification of nanometre-scale chemi-

cal trends using 3D maps, that may indicate geochemi-

cal processes that have been previously missed at lower 

resolution. 

We hope to conduct a comparative study of cosmic 

spherules found in collections of extra-terrestrial mate-

rial from different sources, which could indicate the ex-

tent to which Solar System processes are ubiquitous in 

extra-terrestrial materials.  
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Figure 2: EDS maps of an Antarctic MM showing Si 

and Al concentration ‘hotspots’. 
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