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Introduction:  The Paris CM chondrite has experi-

enced little or no terrestrial weathering and it is less 
altered than other CMs known to date [1]. Paris is a 
breccia with varying degrees of alteration [2]: we esti-
mate the amount of the least altered material contain-
ing well defined chondrules with abundant metal as 
∼40 vol%. In this abstract, we report the results of bulk 
chemical measurements performed both at UBO by 
ICP-MS and ICP-AES after wet chemistry (on 500 mg 
well homogenized powder from 13g rock) and at 
NHMFL by an in-situ rastering with LA-ICP-MS of a 
0.25 cm2 square in a comparatively altered region. In 
addition, LA-ICP-MS was used to analyze matrix in 
the least altered regions as well as in more altered re-
gions resembling more typical CMs.  

Results: Fig. 1 compares LA in-situ measurements 
with the average bulk composition of a CM2 chondrite 
by Wolf et al. [3], while Fig 2a compares them with 
the analyses of Paris performed by wet chemistry.  

Figures 2b,c compare LA data for the average of 2 
matrix spots (b) in somewhat altered zones and (c) in 
“alteration-free” zones. Equations are shown for the 
solid regression lines going through the data, while the 
dashed blue line corresponds to the bulk LA data 
shown in Fig. 2a.   

Discussion: Figs 1 and 2a show the very good 
agreement between the in-situ bulk analysis of Paris 
and the wet chemistry data both for Paris and for the 

average bulk CM, confirming the classification of 
Paris as a CM chondrite. They also show that no sig-
nificant difference exists between the bulk of an al-
tered zone and that of homogenized bulk rock powder 
although the meteorite is comprised of ∼40% “altera-
tion-free” material. This indicates that the altered 
zones have not been leached or contaminated, and that 
no significant large scale exchange between altered 
and non-altered zones has taken place.  

Composition of the matrix in the least-altered zones 
(M1-M2). Figs 1 and 2c show the matrix in the least 
altered zones to be indistinguishable from CI chon-
drites. There is no correlation between Si- and Orgueil 
normalized concentrations of the various elements and 
their condensation temperatures, and the average value 
of the normalized concentrations is 1.  

Composition of the matrix in the more altered 
zones (M3-M4). Figs 1 and 2b show that the matrix in 
the more altered zones is “intermediate” between the 
typical CM bulk and the chondritic matrix of the least-
altered zones: there is a weak positive correlation be-
tween normalized element concentrations and conden-
sation temperatures.  

Composition of the matrix in carbonaceous chon-
drites and the chondrule-matrix complementarity. The 
composition of the matrix in the least altered regions 
M1-M2 suggests that pre-parent-body alteration matrix 
was chondritic in composition, in agreement with the 

Figure 1: Comparison of Si and Orgueil normalized data for major and volatile elements in Paris with the bulk chemistry of the 
CM2 chondrite average (blue squares, data from [3]). Grey dots: bulk chemistry data from UBO. Diamonds and lines: LA-ICP-
MS in-situ measurements from NHMFL on polished thick section Paris 2010-04. Black: bulk obtained by the rastering of 0.25 cm2 

in an altered region; Red: average of 2 spots in the matrix of altered regions (M3-M4); Green: average of 2 spots in the matrix of 
least altered regions (M1-M2). 
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two-component model of Anders [4] and the findings 
of [5,6] indicating that a common original matrix mate-
rial is responsible for the budget of volatile elements 
and pre-solar grains of carbonaceous chondrites. 

Based on the first in-situ LA measurements of car-
bonaceous chondrite matrices and their comparison 
with bulk rock chemistry, [7] argued in favor of a ma-
trix chondrule complementarity because the CM matri-
ces they analyzed had a “CM pattern” (ie, they were 

slightly volatile depeleted, but less so than CM bulks), 
while more volatile depleted CCs had more volatile 
depleted matrices (but always less depleted than their 
bulk counterpart). We suggest here that these patterns 
were established as a result of parent-body metasoma-
tism which induced local exchange between matrix and 
the adjoining high T components (chondrules and RIs): 
in Paris, matrix in the altered regions gained Ca, V, Fe 
and the siderophile elements (Ni, Co, Mo, Ru, Rh, Pd, 
W…) from the destruction of glass and metal grains in 
altered chondrules, while it lost Na, S and the chalco-
phile elements (Zn, As, Cu, Sb, Te, Tl, Pb…) due to 
the destruction of its FeS and the ubiquitous formation 
of PCPs in the altered zones. Except for Acfer 094, all 
the matrices analyzed by [7] belong to chondrites 
which underwent some degree of parent-body trans-
formation: the CM2s experienced more extensive al-
teration than the altered zones of Paris (based on a 
comparison of PCP compositions [1]); while the COs 
and CVs experienced thermal metamorphism. In con-
trast, matrices in the least altered zones of Paris and in 
the 3.0 Acfer 094 were little (if at all) affected by these 
processes and consequently retained their original 
chondritic composition ([7] for Acfer 094).  

Conclusion: Our data are consistent with the two-
component model of Anders [4] and the suggestion by 
[6] that chemical variations in CCs may be simply ex-
plained by the mixing of a unique high T component 
with varying amounts of a CI matrix. These results 
have a bearing on our understanding of the proto-
planetary disk as they allow chondrules and matrix to 
be formed independently, which a pre-accretion com-
plementarity between matrix and chondrules would 
rule out. They are thus consistent with the transport 
over large distances of high T components formed near 
the Sun to be mixed in with the matrix in colder re-
gions of the disk. 
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Figure 2: Si and Orgueil normalized concentrations as a 
function of condensation temperatures. Blue regression lines 
are for LA measurements. (a) Comparison of LA-ICP-MS in-
situ bulk measured in an altered region with ICP-MS & 
ICP-AES analyses of a bulk powder.  (b) Matrix in altered 
zones (M3-M4). (c) Matrix in the least altered zones (M1-
M2). 
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