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Introduction:  In the quest of the most primitive 

samples of the early solar system, our malediction is 
that the meteorites chemically and isotopically closest 
to solar photospheric abundances—carbonaceous 
chondrites [1, 2]—have generally undergone signifi-
cant aqueous alteration on their parent body [3]. This is 
especially true of CI chondrites, our standard for solar 
abundances [4], in which no properly chondritic texture 
survives [5]. Hence the continuing interest in new un-
grouped carbonaceous chondrites [6-11]. 

The Northwest Africa (NWA) 5958 meteorite, a 
fresh 286 g stone discovered in Morocco in 2009, was 
originally classified as a C3.0-UNG meteorite with CI-
like chemistry and very 16O-rich oxygen isotopic com-
position [12, 13]. While this initial, preliminary de-
scription raised the prospect of a uniquely doubly prim-
itive chondrite, no dedicated study on NWA 5958 has 
been published, except in abstract form, in the follow-
ing years. We have thus undertaken a detailed mut-
litechnique study of this meteorite which has led us to 
reconsider its classification [14].  

Petrography: The overall aspect of NWA 5958 
evokes a relatively weakly altered CM-like chondrite 
like Paris [15, 16] or Jbilet Winselwan [17, 18] (see 
Fig. 1). NWA 5958 contains on average 76 vol% ma-
trix, 19 vol% chondrules, 2 vol% refractory inclusions 
and 4 vol% opaque material. The chondrules, with 0.2 
mm average diameter, are mostly type I porphyritic 
chondrules, their mesostasis being usually replaced by 
phyllosilicates. Little metal remains (probably 0.4 wt% 
from our thermomagnetic experiments at CEREGE). 
Sulfides are pyrrhotite, sometimes with pentlandite 
lamellae. Our infrared spectra (acquired with a Brucker 
V70v spectrometer at IPAG) of dry-grinded NWA 
5958 aliquots confirm the presence of  phyllosilicates 
seen by TEM by [19], with the 10 µm region most sim-
ilar to weakly altered CM chondrites such as Lewis 
Cliff 85311. Some sections (e.g. Fig. 1) show FeO-rich 
alteration fronts similar to those of Miller Range 07687 
[20], although the degree of alteration appears similar 
on either sides of the fronts. The PCP are more ferroan 
than in Paris [16], with an average “FeO”/SiO2 = 5.0. 

 
Figure 1: Back-scattered electron image of a portion 
of NWA 5958. A FeO-richer region with relatively 
well-defined boundaries, suggestive of a late alteration 
episode, is visible. 

 
Figure 2: CI-normalized abundances in NWA 5958 
compared to Paris (CM). Half condensation tempera-
tures taken from [4]. 
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     Chemistry: Our ICP-AES and ICP-SFMS analyses 
(carried out at the IUEM) indicate that, notwithstand-
ing some terrestrial contamination, the bulk composi-
tion is most similar to, if slightly more volatile-
depleted than, Paris, and clearly distinct from CI chon-
drites (Fig. 2). 
    Oxygen isotopes: Our O isotopic analyses (carried 
out with a Thermo-Finnigan Delta Plus spectrometer at 
CEREGE) result in averages of δ18O = 1.92 ‰, δ17O = 
-3.25 ‰, hence Δ17O = -4.26 ‰. NWA 5958 is more 
16O-rich than all published CM chondrite analyses (Fig. 
3), but would fit in the Δ17O-ε54Cr carbonaceous chon-
drite trend of [21] using the ε54Cr = 1.0 ε value of [22, 
23]. 
    Discussion and conclusions: NWA 5958 is evident-
ly a carbonaceous chondrite, with little evidence for 
thermal metamorphism (e.g. from opaque minerals [24] 
or Cr content of type II chondrule olivine [25]) and 
weak albeit nonnegligible aqueous alteration (probably 
more extensive than in Paris). The alteration fronts may 
indicate a second, late alteration episode, possibly im-
pact-induced. NWA 5958 resembles more a C2 than a 
C3.0 chondrite. 
    Compositionally speaking, despite its affinities to the 
CM group, NWA 5958 may be best classified as un-
grouped. It is indeed richer in oxygen-16 than known 
CMs, and relatively volatile-depleted compared to 
them, although it lies on the higher end of matrix frac-
tions (and seems more aqueously altered than 16O-
poorer Paris). NWA 5958 is thus difficult to rationalize 
as a mixture of average CM components (matrix, 
chondrules…) if the CM parent body can be assumed 
to have accreted rapidly and thus sampled a single res-
ervoir of solids, as suggested for planetesimals in gen-
eral by the chemical homogeneity of the different 
chemical groups. The O isotopic composition of NWA 
5958 is comparable to many C2 UNG in the literature 
(Fig. 3). Its Δ17O is also comparable to the mean re-
ported in the Meteoritical Bulletin Database for Jbilet 
Winselwan (-4.052 ‰), whose 8 Ma cosmic ray expo-
sure age (much longer than most CMs) led [26] to sug-
gest its derivation from the parent body of the Veritas 
asteroid family. This raises the possibility that this and, 
perhaps, other meteorites classified as CMs, as well as 
petrographically CM-like chondrites like NWA 5958, 
may actually originate from parent bodies distinct from 
that of most CM. 
    NWA 5958, although confirmed as an anomalous 
carbonaceous chondrite, is thus not a “CI3” meteorite. 
We thus recommend that it be reclassified as a C2-
UNG. 
 
 

 
Figure 3: Oxygen three-isotope diagram, with the 
measured compositions of NWA 5958 aliquots com-
pared to other carbonaceous chondrites. 
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