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1 Carbonaceous Chondrites (CC)
* Water-bearing + undifferentiated meteorites

* Three main components:
1) Chondrules

2) Fine-grained rim (FGR)
3) Matrix

» Consequence ice melting => Fluid-rock interactions

1) Aqueous alteration
2) Primary minerals => Secondary phases
3) Fluid mobile elements move around in CC

Precursor droplét

dustball Chondrule

Fig.1: lllustration of the formation of chondrules [Jones, R. & Grossman
(2005) ]. A. Composed of fine-grained silicates, oxides, Fe-Ni-metals,
sulfides and carbon. B. Heating produced silicate melt, containing droplets
of metallic and sulfur-rich Fe-Ni melt. C. Cooling down and growth of
olivine and pyroxene. Solidification of Fe-Ni-S melts in sulfides or metals.

Aguas Zarcas

Petrological types of CC

Stages of alteration of main mineral phases

* Aqueous alteration at T <600°C
* Aqueous alteration increases from type 3 towards type 1
* Aguas Zarcas and Tarda: Petrological type 2
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Ordinary chondrites

Fig.4: BSE images of a chondrule in Aguas Zarcas with the red-box
indicating the zoomed-in area. Red striped line delimits the matrix and
FGR. Red dotted line delimits the FGR and chondrule. Ol=olivine,
Px=pyroxene, Ph=phyllosilicate, Fe-Ph=iron-rich phyllosilicate, cal=calcite

Tarda
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Fig.2 Table of classification of chondrites [Norton (2002)]. The types are
based on the thermal or aqueous alteration grade and derived from the
abundance and modified stage of chondrules and the mineralogical
composition of the entire meteorite. Studied samples are highlighted in red.
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Fig.3 Schematic overview of the petrology within CM chondrites and
phase changes due to hydrothermal alteration [Suttle (2021)] Primary
mineral phases (theoretical CM3) gets transformed into hydrated
secondary phases due to aqueous alteration.

Research goal

Determine element mobility and conditions within carbonaceous
chondrites Tarda (C2 ungrouped) and Aguas Zarcas (CM2)

Fig.6: BSE images of a chondrule in Tarda with the red box indicating the
zoomed-in area. Red dotted line delimits the matrix and FGR. Red striped
line delimits the FRM and chondrule. Ol=olivine, Ph=phyllosilicate,
magn=magnetite, cron=cronstedtite (Fe?*2Fe**25i0s(OH)a)

Fig.5: Scatter plots of chemical abundances in secondary mineral phases of Aguas Zarcas within the chondrule, Fine
Grained Rim (FGR) and matrix. Nickel and sulfur abundances are scattered within all secondary phase. High values

Quti .

BSE images shows FGR around most inclusions
Aqueous alteration transformed primary minerals to
secondary phases

More inclusions present within Aguas Zarcas

Matrix too fine grained for exact mineralogy

EPMA spot measurements of mixed matrix (and FGR)
mineralogy were intentionally acquired by defocused
beam (diameter 10um)

Discussion

of fluid mobile elements (Na, K) are concentrated in FGR, and increase with a higher Mg#.

Scatfer plots results

Ni and S concentrated in matrix + FGR for Tarda,
scattered in Aguas Zarcas

Fluid mobile elements (e.g. Na, K) concentrated in
FGR for Zarcas, scattered in Tarda

Higher values for Na, K in Aguas Zarcas

Na and K increases with higher Mg# in Aguas
Zarcas

Fe-rich mixes have low Na, K values

Nickel abundances scattered within Zarcas Sulfur abundances scattered within Zarcas Nickel abundance localized in FGR and matrix within Tarda Sulfur abundances localized in FGR and matrix within Tarda
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Fig.7: Scatter plots of chemical abundances in secondary mineral phases of Tarda within the chondrule, Fine
Grained Rim (FGR) and matrix. Nickel and sulfur abundances are concentrated within the FGR and matrix phase.
Low fluid mobile element abundances (Na, K) are scattered within all secondary phases

Conclusion

Elemental abundances within the secondary mineral phases in Aguas Zarcas are less homogenously distributed
than in Tarda, indicating that Aguas Zarcas possibly experienced more fluid-assisted equilibrium. Fluid mobile
elements as Na, K show higher values within Aguas Zarcas and are concentrated in the fine-grained rim. When
comparing with primary minerals as kamacite (a-(Fe,Ni)) and olivine ((Mg, Fe),SiO4), we can see that the
secondary phases are significantly more enriched in the studied elements.

This work was performed as part of NWO-PEPSc.19.007.

1. Jones, R. & Grossman, Jeffrey & Rubin, Alan. (2005). Chemical, Mineralogical and Isotopic Properties of Chondrules: uesloTheerngm Chonrites and the Protoplanetary Disk. 341.
B 2 Norton, 0., |zooz) The Cambridge encyclopediaof metcories. Cambridge, Unte Kingdom: Cambridge Uiversiy P uttle, A, King. (2021). The aqueous alteration
of G Volume 209, Pages 215.256, 55N 0016.7037. hitps/ /ol org/10- 1016/1 gca S0 or 14




