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Chondrules are submillimeter-sized silicate spheroids representing the major high-temperature components of 

primitive meteorites (chondrites). Depending on the valence state of iron, chondrules are classified into type I and 

type II chondrules, with the limit between type I and II chondrules defined to be Mg# ≡ 100 × Mg/(Mg+Fe) = 90. 

Recent experimental and isotopic constrains suggest a genetic link between both types of chondrules with type II being 

derived from type I chondrules by oxidation [1, 2]. 

Lithium (Li) and its isotopes is one of the most rapidly diffusing elements in minerals at high temperatures, making 

it a very powerful tool to estimate timescales of late-stage geological processes whereas magnesium (Mg) and its 

isotopes diffuses an order of magnitude slower in olivine compared to Li. Combining both isotope systems with their 

contrasted behaviours has the potential to provide different isotopic fractionation profiles and give the opportunity to 

study the thermal history of chondrules and the conditions under which they formed. In particular, if type II chondrules 

derived from type I chondrules by oxidation, diffusive effects must have been recorded within the chondrule minerals. 

To investigate these process, we combined the major element compositions (measured by EPMA) and Mg and Li 

isotopic composition (analysed by SIMS) in zoned olivine grains in type II chondrules from the ordinary chondrite 

NWA 11752 (LL3.05) and the carbonaceous chondrite Murchison (CM2.5). In the three investigated chondrules (one 

from NWA 11752 and two from Murchison), traverses (rim to rim or rim to core) were measured. They show that the 

chondrules have olivine grains with high magnesian olivine relicts in their cores with an initial composition of Fo97-99 

whereas the surrounding olivine is fayalitic with a composition of Fo69-97. The boundaries between relict olivine and 

the fayalitic overgrowth show zoning in Fe-Mg. This zonation points to disequilibrium diffusion and records a rapid 

change in conditions during the chondrule formation. 

All three olivine grains display an increase in Li concentration (up to 1.8 ppm) towards their rims. Additionally, 

they exhibit an isotopically light core (δ7Li = -3.9 to -38.3‰) with a significantly heavier intermediate zone (δ7Li = 

4.0 to -28.0‰) and slightly lighter rim (δ7Li = -2.9 to -16.1‰). Contrasting behaviour can be found for δ26Mg com-

position of the olivine grains. They have an isotopically heavy core (δ26Mg = 0.6 to 7.0‰) which was relatively 

homogeneous and becoming isotopically light towards the rim (δ26Mg = -5.3 to 1.6‰). The most outer rim (10-30 

µm) is isotopically heavier again (δ26Mg = -0.7 to 1.7‰). Within the olivine grains the δ7Li and δ26Mg composition 

varies largely but is similar between the grains. We did not observe differences in δ7Li and δ26Mg composition between 

the ordinary chondrite and the carbonaceous chondrite. 

The increase in Li concentration at the rims of the olivine not only hint at a diffusional exchange between the 

mesostasis and the olivine grains but at inter-diffusional exchange between the relict grains and the fayalitic over-

growths. This is supported by the isotopic fractionation from rim to core which is up to 42‰ for δ7Li and up to 8‰ 

for δ26Mg. The δ7Li profiles show that 6Li (the lighter and faster diffusing element) is more depleted in the isotopically 

heavier rim indicating that it was diffusing towards the core and/or into the mesostasis. In contrast, δ26Mg profiles 

show a flux of the lighter isotope from the isotopically heavier core towards the rim. The relicts were relatively ho-

mogeneous in their isotopic composition and from an isotopically distinct reservoir compared to the rims at the onset 

of diffusion. The isotopic fractionation occurred between the boundary layer near the edge of the relict and the rim of 

the fayalitc overgrowth. Due to the difference in diffusivity the measured Fe-Mg, δ7Li and δ26Mg traverses can be 

used to determine the timescales over which the diffusion profiles formed and to get a better understanding of the 

thermal history of the chondrules. The Fe-Mg, δ7Li and δ26Mg profiles preserve different stage of the chondrule for-

mation with Li representing late-stage processes and Mg earlier-stage stage processes. 

The combination of δ7Li and δ26Mg composition of the olivine grains suggest that the relict grains have a different 

origin compared to the fayalitic overgrowth stemming from two different reservoirs in the solar system or heteroge-

neities within the same reservoir. Taken together, this supports models where type I chondrules represent the main 

precursor material involved in the formation of type II. 
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