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Introduction: Various isotopic systems studied in meteorites bear testimony of a nucleosynthetic heterogeneity 

in solar system bodies. As a first order observation, some systems show an isotopic dichotomy between objects 

formed in the inner solar system (non-carbonaceous chondrite (NC) reservoir) and those formed further out (carbo-

naceous chondrites (CC) reservoir) [e.g., 1,2]. These heterogeneities stem from presolar grains generated in different 

stellar environments before delivery to our solar system. How these presolar grains were originally distributed in the 

solar protoplanetary disk, and to which extent they were subsequently transported, concentrated, and processed in 

different locations, remains unclear. It has been suggested that the formation of Jupiter’s core may explain the ob-

served separation of the two reservoirs defined by NC and CC – located inside and outside of Jupiter’s orbit, respec-

tively [e.g., 2], although this can also be explained by interplays at the snowline [3]. Hydrodynamical simulations 

can track the dynamical evolution of presolar grains, i.e. the dust, in which the isotopic signatures are incapsulated. 

Here, we apply smoothed particle hydrodynamics (SPH) simulations in an attempt to see whether isotopic anomalies 

in the solar system can naturally occur from interactions between dust grains and the background gas, assuming an 

initial homogeneous distribution in the disk relative to the silicate grains with average solar system composition. 

Methods: We use the SPH code PHANTOM [4] to perform 3D gas and dust simulations of protoplanetary disks 

to evaluate how the back-reaction of pebble-sized grains (~mm) affects the (sub-)micron grain population with and 

without a Jupiter-mass planet carving a gap in the disk at different radii. We use the MULTIGRAIN algorithm [5] to 

simultaneously simulate a total of 17 dust phases comprised of ten `silicate' phases (size: 0.1 μm - 1 cm; density: 3 

g/cm3), four `silicon-carbide' (SiC) phases (size: 0.25 - 4.225 μm; density: 3.16 g/cm3), and three `oxide' phases 

(size: 0.1 - 0.6 μm; density: 3.93 g/cm3). Simulations with only one of these phases were also conducted to assess 

the effects of back-reaction. We determine the abundances of the silicate grains with a standard power-law grain-

size distribution of slope -3.5 (e.g. [6]). The abundances for SiC and oxide phases come from generalised extreme 

value distributions that fit abundances from meteorite studies [7-9]. Abundances, element concentrations and isotop-

ic compositions were estimated from presolar grain data. We attributed these anomalous isotopic tracers to the ox-

ides (supernova isotopes, e.g., 54Cr) and SiC (s-process isotopes, e.g., Zr) populations to assess whether variations in 

intrinsic grain density, grain-size distribution, and/or back-reaction can generate differences in the local concentra-

tions of presolar grains and thus their tracers. Isotopic variations are inferred from mass balance equations. 

Results & Discussion: The planet carves a gap (a region of low density) in the gas and dust immediately sur-

rounding the planet’s orbit, which particularly affects the dynamics of large grains. Comparison between single- and 

multi-grain simulations show that backreaction is only important in isolated regions with high dust-to-gas ratios. 

Two cases were considered with regard to the aggregation of presolar grains into larger solar system silicates. Either 

presolar grains remain dynamically distinct from solar system silicates (dynamical case) or partially combined with 

silicate grains > 10 μm (aggregate case). Within the first 10 au, a range of values in ε54Cr, ε50Ti, and ε96Zr are pro-

duced. Typical values for the aggregate case are ~30 times smaller than the dynamical case and more comparable 

with solar system measurements (e.g. planets and meteorites from asteroids). The presence of a planet further modi-

fies the abundance of silicates relative to SiC and oxides (i.e. the isotopic ratios) via size sorting of larger silicate 

grains. In the outer disk, the isotopic composition is determined by the inward migration of large silicate grains and 

the preferential outward migration of small grains with the gas as a result of viscous evolution. Thus presolar grains 

tend to increase in abundance with disk radius, potentially altering the isotopic composition of later dust aggregates 

migrating in from the outer disk. 
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