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Introduction: Aqueous alteration of CM chondrites was a 

parent body process that transformed anhydrous precursor sili-

cates to Fe-rich phyllosilicates. However, a component of CM 

chondrites that remains controversial are the fine-grained rims 

(FGRs) of phyllosilicates found in direct contact with pristine, 

unaltered coarse-grained fragments. The textures of the FGRs 

suggest they formed through accretion onto their host objects, but 

it’s not clear whether hydration of the dust occurred in a nebula 

environment [1, 2] or after incorporation into the parent body [3]. 

To constrain the settings of aqueous alteration in the early Solar 

System we have collected spatially resolved XRF, XRD and Fe-

XANES data at the μm-scale to characterize the chemistry, min-

eralogy and Fe oxidation state of FGRs and matrix. 

Experimental: FGRs and matrix areas in a ~150 μm thick 

section of the Murchison (CM2) meteorite were identified using 

an SEM. Spatially correlated XRF, XRD and Fe K-edge XANES 

measurements of three FGRs and two matrix areas were obtained 

at beamline I18 of the Diamond Light Source, UK. For each ex-

periment the spot size of the beam on the sample was ~3 μm. 

XRD maps (100 × 100 μm) were collected in transmission, while 

XRF and XANES spectra were measured in fluorescence mode. 

XANES spectra were recorded at points along a series of lines 

within the FGRs and matrix. For both XRD and XANES we 

measured a range of mineral standards, including Fe-Mg serpen-

tines, magnetite, ferrihydrite and Fe-sulfides. 

Results & Discussion: Variations in spectral details of the Fe 

K-edge XANES spectra reflect changes in the chemical state of 

the Fe atoms, which in CM chondrites is strongly influenced by 

the conditions of aqueous alteration [4-6]. As a first approach we 

determined the intensity weighted centroid position of the pre-

edge feature, which shifts to higher energies with increasing 

Fe3+/ΣFe, from 73 points within the FGRs and 37 points in the 

matrix. The average centroid energy indicates an Fe3+/ΣFe ratio 

of 0.8 ‒ 0.9, similar to the values for serpentine in Murchison 

reported by [6]. This is consistent with alteration of Fe0 metal and 

Fe2+ bearing silicates into Fe3+ rich phyllosilicates and oxides. 

We find no difference between the average centroid position of 

the FGRs and matrix, suggesting the aqueous alteration occurred 

in a similar environment. However, there are spatially correlated 

systematic variations in the Fe-XANES spectra within the FGRs, 

but not in the matrix. This corresponds to differences in the local 

mineralogy and crystal chemistry and may indicate that the altera-

tion of the FGRs and matrix varied, at least at the μm-scale. Min-

erals identified in both the FGRs and matrix include Fe-Mg ser-

pentine, tochilinite, magnetite and silicates, and XRD maps re-

veal their distribution in these areas.  
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