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Introduction: Fluid actions play an important role 

in the early evolution of organics and minerals on 

ancient asteroids. Nevertheless, the evolution of early 

aqueous activities, chemical species as well as redox 

condition on ancient asteroids are still unclear.  

Our work focus on the formation of framboidal 

magnetite in Murchison meteorite. The research 

indicated that the solution becomes more and more 

alkaline and changed from sulfur-rich to oxygen-rich 

with the evolution of aqueous activity on Murchison 

meteorite’s parent bodies. 

Sample and analytical techniques: The meteorite 

was observed and analyzed by the FEI Scios dual-beam 

scanning microscope (SEM&FIB). The cross section of 

framboidal magnetite was prepared by the focus ion 

beam and analyzed by FEI Talos field-emission 

scanning transmission electron microscope.  

Results: Magnetite is the signature of the early 

aqueous activity on carbonaceous chondrite parent 

bodies. Different kinds of micro-nanosized magnetite 

particles were discovered in the matrix of Murchison, 

Fig 1. In addition, we found a part of the framboidal 

magnetite with the same crystal shape with framboidal 

pyrites. We think it might be the metasomatic 

pseudomorph texture and it indicates that framboidal 

pyrite was replaced by the magnetite, but left the crystal 

shape of magnetite still the same with pyrite. 

Metasomatic pseudomorph texture is a typical product 

of aqueous activity. 

Previous studies have shown that troilite can form 

pyrite in the solar system environment, and these initial 

pyrite components may be form the framboidal pyrite 

by four consecutive processes [3]:1. Nucleation and 

growth of initial iron monosulfide microcrystals; 2. 

Reaction of the microcrystals to greigite (Fe3S4); 3. 

Aggregation of uniformly sized greigite microcrystals, 

i.e., framboid growth; 4. Replacement of greigite 

framboids by pyrite. In the early stage of the formation 

of framboids pyrite, Mg2+ and Ca2+ in solution 

precipitated firstly [4]. 

We analyzed the formation mechanism of 

framboidal magnetite from three aspects: material 

source, framboidal pyrite formation process and 

metasomatic process and explained its significance for 

the early aqueous activity evolve on carbonaceous 

chondrite parent body’s surface. And the resulting 

solution then became relatively enriched in iron ions, 

the pH of the solution gradually increase and the 

solution becomes more and more alkaline which 

favoured the direct precipitation of magnetite. On the 

other hand, after sublimation of water, sulphur could 

leach from pyrrhotite and be replaced by oxygen and the 

Fig 1. (a)(b) BSE images of different magnetite in Murchison meteorite. (c)(d)(e) BEM images of the framboidal 

magnetite in Murchison meteorite. (f) TEM images of framboidal magnetite in Murchison meteorite. 
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solution changed from sulfur-rich to oxygen-rich [1]. 

These two conditions made the solution from the 

conditions of pyrite formation to the conditions of 

magnetite formation. Thus, the solution rich in 

magnetite component is replaced by the framboidal 

pyrite to form the framboidal magnetite, which has the 

crystal shape of pyrite and the chemical composition of 

magnetite. 

Discussion: The reason for the solution changed 

from sulfur-rich to oxygen-rich actually still not 

perfectly explained. It would be difficult to eliminate all 

sulphur from the system in a solution. After sublimation 

of water, sulphur could leach from pyrrhotite and be 

replaced by oxygen. Colloidal crystals would then be 

formed from pyrrhotite [1]. In such a case, fine 

microstructures of the polyhedral morphology would 

not be preserved and the magnetite should contain voids 

at the centre of the particles as a result of volume 

reduction and diffusion of iron from inside to outside to 

form oxides [5], as reported terrestrial magnetite’s 

formation from pyrite [6]. It needs to be confirmed in 

the further study. 

References: [1] Kimura Y, Sato T, Nakamura N, 

et al. Nature Communications, 2013, 4. [2] Urey, H. C., 

The Planets, 114-162 (Yale University Press, New 

Haven, 1952). [3] Wilkin R T and Barnes H L. 1997. 

Geochimica et Cosmochimica Acta, 61(2):323⁃339. [4] 

Cathelineau, M. et al. 3rd International Meeting of   

Clays in Natural & Engineered Barriers for Radioactive 

Waste Confinement, 103–104 (2007). [5]. Dekkers, M. 

J., Passier, H. F. & Schoonen, A. A. Geophys. J. Int. 141, 

809–819 (2000). [6]. Suk, D., Peacor, D. R. & Van der 

Voo, R. Nature, 345, 611–613 (1990). 

 

 

2186.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)


