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THE INFLUENCE OF ROCKLINES ON THE MINERAL COMPOSITIONS AND
FE/NI RATIOS OF SOLIDS IN THE PROTOSOLAR NEBULA
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Abstract. In our solar system, meteorites and terrestrial planets show varying proportions of silicates
and metallic iron, with Fe being distributed between Fe alloys and silicates. An open question remains the
nature of the processes at play in the control of the redox state of these mineral assemblages, and thus
the compositions of the different phases and relative proportions of metal vs. silicates. Here, we explore
the roles held by the rock lines (the concept of snowlines extended to more refractory solids) of the most
abundant solids in the shaping of the Fe/Mg and Fe/Ni abundance profiles in the protosolar nebula. The
radial transport of solid grains through the different snowlines, coupled to the diffusion of vapours, lead
to local enrichments or depletions in minerals, and imply variations of the Fe/Mg (in silicates) and Fe/Ni
(in metal) ratios in the inner zone of the protosolar nebula. We discuss our results in light of the relative
abundances and compositions of minerals observed in meteorites.
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1 Model

Following the work of [Mousis et al.| (2019), we modelize the evolution of the protosolar nebula (PSN) as a disc
of a-viscous Ho-He gas, in which trace species are advecting and diffusing. The evolution of the gas surface
density X, and that of a trace specie ¥; are given by equations Mousis et al.| (2019); Desch et al.| (2017) :
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where v is the gas kinematic viscosity. The trace species diffusivities D; and radial velocities v; are calculated
using the two-population algorithm from Birnstiel et al.| (2012). The source term Q; accounts for sublimation
and condensation, and is computed according to|Drazkowska & Alibert| (2017)). All species evolve independently
and no feedback on the gas is taken into account.

2 Trace species

For each present molecule, the initial mass fraction is derived from protosolar abundances given by [Lodders
et al.| (2009)). Table [I|summarizes all considered species, assuming all protosolar Fe, Ni, Mg, Si and S have been
distributed among them. We limit our study to a case without chemical reactions.
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Table 1. wt.% and density of considered trace species.

Formula wt. % density (kg.m~3)
FeSiOj 1.297 x 1073 3.95
MgSiO3 2 4.946 x 1073 3.20
FepSiOy 3 5.898 x 1074 4.39
MgySiO4  2.041 x 1073 3.22
FeS 2.870 x 1073 4.75
FegoNip; 2.103 x 1073 7.90
Ni 1.101 x 10~4 8.90

3 Results

Figure |1 shows the Fe/Ni ratio profile in metal dust at different times, starting at the protosolar value of 13.21.
At early ages of 0 — 50 kyr, rocklines of FeS and Feg gNig 1 at ~ 0.5 au lead to a Fe/Ni ratio two times greater
than in the outer region of the disc. Below that peak, Fe is fully vaporised, leading to a Fe/Ni ratio of 0.

As shown in figure [2| the local increase of the Fe/Mg ratio at rocklines of FeSiO3 and Fe;SiO4 is more
moderate, but remains visible until the end of the computation.

Beyond all rocklines, the atomic ratios are shaped by the drift velocity of solid particles. The denser grains
are, the lesser they drift because of inertia. For this reason, Ni rich species stay longer in outermost regions of
the disc, resulting in a decrease of the Fe/Ni ratio. On the other hand, Fe being slightly denser than Mg, the
Fe/Mg ratio tend to increase in the disc.

The position of rocklines is shown in figure [3] As the disc cools down, all trace species condensate and the
effect of rocklines is dissipated.

0.35 T T
0.3 | i
0.25 | A —— 4
E f\ / \\ ’f
S o2} — N
A
=
[=] L -
< 0.15
o]
L
0.1 | .
0 kyr
50 kyr
0.05 | 100 kyr 1
500 kyr
) 1 Myr
0 " " i gl " " ol 1
101 10° 10!

radial distance [aul

Fig. 1. Fe/Ni ratio profiles in condensed metal. Vertical red and blue dashed lines correspond to rocklines of Fe and Ni
rich species, respectively, at ¢ = 50 kyr.
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Fig. 2. Fe/Mg ratio profiles in condensed silicates. Vertical red and purple dashed lines correspond to rocklines of Fe
and Mg rich species, respectively, at ¢t = 50 kyr.
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Fig. 3. Evolution of positions of rocklines in time.
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4 Conclusions

Throughout the PSN evolution, local variations of atomic ratios are due to i) difference in rocklines position
and ii) difference in matter density. Simple cases with one or two species can be easily interpreted, but with
more components torough computations is required to extract the atomic ratios.

Because atomic ratio profiles strongly vary at early epochs of the PSN evolution, our results may explain
some differences in compositional features observed among meteorites.
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