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Introduction: In CM meteorites, phyllosilicates are the most 
abundant alteration products followed by complex submicrometer 
intergrowths of S-rich phase, oxyhydroxides and Fe-bearing ser-
pentine usually referred as PCPs for Poorly Characterized Phases 
[1]. Though a number of studies have been dedicated to PCPs 
since their discovery [2], the identification of their precursors and 
the chemical reactions leading to their formation are still a matter 
of debate. The difficulty of identifying the PCP precursors is due 
to the fact that it is quite rare to find PCPs containing remnants of 
primary minerals. To overcome that problem we chose to charac-
terize PCPs in the Paris chondrite, the least altered CM meteorite 
currently known [3]. 
       Methods: Detailed observations of a section of the Paris 
chondrite (#2010-1) were performed at CRPG with a JEOL JSM-
6510 equipped with an Energy Dispersive X-ray (EDX) Genesis 
detector, using a 3 nA primary beam accelerated at 15 kV. We 
also performed multi-element EDX mapping (Fe, S, Si and Mg) 
of 30 selected PCPs. Quantitative determination of the chemical 
composition of PCPs was performed using a CAMECA SX-50 
microprobe (EMPA) at the University of Paris VI. The analyses 
were recorded from the rim towards the core of PCPs with an 
accelerating voltage of 15 kV, a beam current of 10 nA and 15 
seconds counting time per elements. For the morphological 
analysis, interfacial angles of the most frequent minerals ob-
served in CM meteorites were calculated using Shape 7.3.0 soft-
ware [4] and compared to the angles of euhedral PCPs. 
        Results and discussion: Our results indicate that type-I 
PCPs consist in compact tochilinite/cronstedtite rims surrounding 
Fe-Ni metal beads, which confirm kamacite as the precursos of 
type-I PCPs. In contrast, type-II PCPs are characterized by a 
complex compositional zoning composed of three different Fe-
bearing secondary minerals: tochlinite, cronstedtite and amakinite 
from outside inwards. Types-II PCPs present well-developed 
faces that allow a detailed morphological analysis to be per-
formed in order to identify the precursors of PCPs. The results 
underline that type-II PCPs formed by pseudomorphism of anhy-
drous silicates: olivine and pyroxene. Hence, it appears that there 
are no genetic relationships between type-I and type-II PCPs, re-
spectively. In combination with finding of previous studies, our 
results also highlight that olivine is more resistant to alteration 
that enstatite. In addition, the complex chemical zoning observed 
within type-II PCPs suggest that the condition of the alteration 
evolved drastically over time. At least three steps of alteration 
can be proposed, characterized by alteration fluids with varying 
compositions: (i) Fe and S-rich fluids; (ii) S-poor, Fe and Si-rich 
fluids; (iii) S and Si-poor, Fe-rich fluids. The absence of Mg-
bearing secondary minerals in Paris PCPs suggests that Mg con-
tent increases over the course of alteration. 
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