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Introduction: Among the most interesting and rarest of all 

meteorites, unequilibrated ordinary chondrites (UOC) of 
petrologic type 3.0 to 3.2 give us insights into the original 
materials and processes in the primitive solar nebula. Different 
methods have been used to determine the petrological type of 
these primitive chondrites. Very sensitive parameters have been 
recently proposed to detect the onset of metamorphism [1, 2]. We 
describe here a primitive ordinary chondrite collected in 2004 in 
the Sahara. 

Results and discussions: NWA 4290 (alias Kelb Ellouz) is a 
crusted individual of 1101 g with some regmaglypts. In section, it 
shows well-defined chondrules, surrounded by dark, thin fine-
grained rims from 10 to 300 µm in diameter, exceptionally 
reaching 7 mm. Together with the scarcity of metal and the 
abundance of sulfide, the chondrule size is indicative of an LL 
ordinary chondrite. Mineralogy is unequilibrated, with 
compositions from Fa% 0.4 to 47 for olivines and Fs% <1 to 35 
for low-Ca pyroxenes. Oxidized (type II) chondrules are 
predominant (c. 65%) and larger than reduced (type I) 
chondrules. Olivines in type I chondrules have a mean 
composition Fa1.2, typical of petrological types < 3.2 [3], and do 
not show zonations. Matrix is scarce, and is distributed either 
around chondrules as dark rims, interstitially between chondrules 
where it is mostly clastic, or as millimeter-sized, fine-grained 
lumps. Microprobe analyses of matrix sum up from 87.03 to 
95.85%, and contain minor elements (0.21-2.4 at% S, 0.25-2.5 
at% Ni, 0.03-1.31 at% Ca) in addition to Si, Mg and Fe. After 
correction for sulfides and metal, the (Mg+Fe)/Si ratios of matrix 
analyses are close to those of olivines with an average of 1.90. 
The distribution of Cr in olivines of type II chondrules is 
characterized by a mean value of 0.38 wt% and a standard 
deviation of 0.21. According to Grossman and Brearley (2005), 
these values are indicative of a petrological subtype 3.10. Bonal 
et al. (2006) proposed another method that is very sensitive for 
estimating low degrees of metamorphism, using the maturity of 
the organic matter (OM) trapped in matrices. Raman spectra of 
OM in NWA 4290 are characterized by a width (FWHM) of the 
D band of 211.68cm-1 and a ratio between the intensities of the D 
and G bands of 0.84. These values place NWA 4290 between 
Semarkona (LL3.00) and Bishunpur (L/LL3.15).  

Conclusions: Two independent methods place NWA 4290 
among the least metamorphosed UOCs, with a petrological type 
of 3.10. Considering this low degree of metamorphism, and 
compared to other primitive UOCs, matrix analyses suggest an 
unusually low degree of parent-body alteration. This last point 
would need to be ascertained by further studies. 
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