
STEM and STXM-XANES analysis of FIB sections of Ultracarbonaceous Antarctic 
Micrometeorites (UCAMMs) 

UCAMMs are extraterrestrial dust particles containing large amounts of carbonaceous material with elevated D/H ratios [1] and high N/C atomic ratio (up

to 0.2) [2, 3, 4]. Here, we studied the association of organic matter and minerals by scanning transmission X-ray microscopy (STXM-XANES) coupled with

scanning transmission electronic microscopy (TEM/STEM).

Three types of OM identified based on their carbon

speciation, their spectra have been obtained by deconvolution

of hyperspectral maps. Corresponding OM types are displayed

in false color images :

- OM of type I and type II (in blue and green, respectively)

display spectra close to that of chondritic insoluble OM

(IOM) extracted from meteorites. Main peaks are found

around 284.8 eV (aromatic and olefinic carbon), 286.4 eV

(ketone and phenol) and 288.4 eV (carboxylic). The

contribution of aromatic group is higher for type II OM

with slight shift toward 285 eV in the first peak. Atomic N/C

ratio for these phases ranges between 0.01 and 0.05.

- OM of type III (in red) main peak is at 286.4 eV (nitrile

function) along with small alkene related peak (284.8 eV).

No dominant O-related peaks are observed although C=O

absorption could contribute continuum absorption. N/C ratio

for type III ranges between 0.07 and 0.2.

The 3 types of OM are not systematically present in the same

section, although they are often associated to each other as

described in [5, 6].

Characterization of the organic matter (OM) of UCAMMs : STXM-XANES analysis
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Results: UCAMMs organics and mineral content reveal a complex history of formation. Type I and II OMs embed mineral assemblage, possibly

indicating an inner solar system origin, while the N-rich organic matter (type III) is devoid of crystalline minerals, and could have formed out of

irradiation of N-rich ices in the outer solar system [8, 9]. Some hypocrystalline phases containing iron oxide could also point out to a slight

heating event, possibly during atmospheric entry. The presence of secondary phases suggests possible aqueous alteration of the parent body of

UCAMMs (as already proposed by [6]), or accretion of already processed materials.

The mineral component of UCAMMs : STEM-EDS analysis

TEM analysis revealed that four UCAMMs contained small minerals embedded in

abundant carbonaceous matter. Some are (hypo)crystalline phases and other amorphous

phases. Crystalline minerals assemblages are only found in type I OM and have been

previously described [5, 7].

- Among these phases, a mineral exhibiting a fibrous texture reminiscent of that of a

phyllosilicate has been observed. It is also decorated with small iron oxide and low-

Ni Fe sulfides (Ni/Fe<0.07). A small iron carbonate and sulfate have also been

observed.

- Hypocrystalline phases are also observed. Electronic diffraction revealed

different crystalline phases, probably embedded in an amorphous silicate

matrix. Principal Component Analysis (PCA) was performed on the

hyperspectral EDS map and points toward Fe-rich olivine and Mg-rich

pyroxene composition for the embedded phases. Fe sulfide are also present

in these phases.

- GEMS and GEMS-like object are also observed in UCAMMs DC06-18,

DC06-43, DC16-309, and DC18-308, and can be associated with the type III

OM.
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