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Introduction: A fundamental observation in cosmochemistry 

is the first-order distinction between carbonaceous (“CCs”) and 
non-carbonaceous chondrites (Enstatite, Ordinary, Rumuruti 
chondrites, “EORs”). How this dichotomy arose in the proto-
planetary disc and how it is to be understood chronologically 
and/or spatially [1] is inseparable from the long-standing debates 
on the chemical, isotopic and petrographic fractionations in the 
different chondrite groups (e.g. [2]-[3]). In particular, it is impor-
tant to investigate fractionations of petrographic components of 
chondrites during their several Ma-long [4] journey as free-
floating objects in the disc until their final agglomeration.  

Approach: We have revisited via simplified analytic calcula-
tions the radial dynamics of mm- and sub-mm-sized solids [5]. In 
order to draw conclusions independently of the details of the disc 
structure, we have based our reasonings on as generic a disc 
model as possible and compared our inferences to calculations 
for specific disc models published in the literature (e.g. [7]-[9]). 

Results and discussion: We find that the dynamics of solids 
are essentially controlled by a gas-solid “decoupling” parameter 
called S first introduced by [6]: If S < 1, solids are essentially 
tied to the gas and no (whole-rock) fractionation other than ex-
change with the gas phase occurs. If S > 1, solids tend to settle 
toward the disc midplane and drift toward the Sun faster than the 
gas. In many disc models, S should be an increasing function of 
time and heliocentric distance. 

Based on (i) abundance of refractory inclusions (ii) propor-
tion of matrix (iii) lithophile element abundances and (iv) oxygen 
isotopic composition of chondrules, we find that the properties of 
CCs are most consistent with S < 1 when they accreted while 
those of EORs suggest S > 1. For example, complementarity in 
CCs ([10]-[11]) would have been maintained until accretion be-
cause differential drift between chondrules and dust grains was 
negligible. Given how S varies in disc models, this suggests that 
CC components agglomerated (but not necessarily formed) ear-
lier on average than those of EORs (as suggested by [12]). Thus, 
refractory inclusions formed in the early phases of disc history 
[13], and found in considerable abundance in CCs, would have 
been depleted in the disc by the time EORs accreted because of 
drift toward the Sun. 

If our first-order conjecture regarding the CC/EOR duality 
were to prove correct, this would open the way to considerable 
progress in the understanding of chondrite diversity in the accre-
tion disc context. 
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