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CCAM v. Slope 1 line: The process involved in producing 

the non mass-dependent oxygen isotope variation observed in 
primitive meteorites is poorly understood. While self-shielding of 
CO [1, 2, 3] is currently favoured, alternative scenarios have 
been proposed [4]. An important aspect of this problem relates to 
the significance of various reference lines on oxygen isotope 
plots. The most widely used, the Carbonaceous Chondrite Anhy-
drous Mineral line (CCAM), has a slope of 0.94 and was derived 
from analyses of Allende mineral separates [5, 6]. However, its 
significance has been questioned and instead a line of slope 1 
proposed as more representative of the primordial variation [7]. 
The fact that a highly 17, 18O-enriched phase in Acfer 094 plots on 
the slope 1 line lends support to this proposal [8].  

High-precision studies: Important insights into the relative 
significance of the slope 1 and CCAM lines are provided by laser 
fluorination studies. Bulk CR chondrites define a line of slope 
0.70, with less aqueously altered samples plotting close to the 
slope 1 line [9]. This suggests that the composition of pristine CR 
precursor material may be given by the point at which the CR 
mixing line intersects the slope 1 line. The acapulcoite-lodranite 
clan and winonaites also form distinct linear arrays plotting be-
tween the slope 1 and CCAM lines. Winonaites define a slope 
0.54 line, with the less evolved chondrule-bearing samples plot-
ting at the lower δ18O values, i.e. closer to the slope 1 line. Aca-
pulcoite and lodranite analyses define a shorter array, with a 
steeper slope (0.61). Prior to metamorphism the clan may have 
experienced aqueous alteration, so that their precursor material 
would also have had a composition closer to the slope 1 line. 

Discussion: While the primary significance of the slope 1 
line is supported by the evidence discussed above, the relevance 
of the CCAM line is based on the fact that a significant range of 
meteorite groups, and their constituents, fall either on, or close to 
it [5, 6]. The suggestion that the lower slope of the CCAM sim-
ply reflects late stage disturbance of the slope 1 line requires fur-
ther evaluation [7]. Based on analyses of Acfer 094 chondrules, a 
further distinct slope 1 line has recently been proposed [10]. This 
again indicates that near-slope 1 variation is a characteristic fea-
ture of a wide range of primitive materials. Slope values between 
~0.6 and 1.8 have been measured in CO photodissociation ex-
periments [11], as a result there is currently a debate about the 
extent to which CO self-shielding was responsible for the slope 1 
anomaly observed in primitive meteorites [12].  
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