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ABSTRACT
The uniformity of the intra-cluster medium (ICM) enrichment level in the outskirts of nearby
galaxy clusters suggests that chemical elements were deposited and widely spread into the
intergalactic medium before the cluster formation. This observational evidence is supported
by numerical �ndings from cosmological hydrodynamical simulations, as presented in Bif�
et al. (2017), including the effect of thermal feedback from active galactic nuclei. Here, we
further investigate this picture, by tracing back in time the spatial origin and metallicity evolu-
tion of the gas residing atz = 0 in the outskirts of simulated galaxy clusters. In these regions,
we �nd a large distribution of iron abundances, including a component of highly-enriched
gas, already present atz = 2 . At z > 1, the gas in the present-day outskirts was distributed
over tens of virial radii from the the main cluster and had been already enriched within high-
redshift haloes. Atz = 2 , about40% of the most Fe-rich gas atz = 0 was not residing in
any halo more massive than1011 h� 1 M � in the region and yet its average iron abundance
was already0:4, w.r.t. the solar value by Anders and Grevesse (1989). This con�rms that the
in situ enrichment of the ICM in the outskirts of present-day clusters does not play a signi�-
cant role, and its uniform metal abundance is rather the consequence of the accretion of both
low-metallicity and pre-enriched (atz > 2) gas, from the diffuse component and through
merging substructures. These �ndings do not depend on the mass of the cluster nor on its core
properties.
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1 INTRODUCTION

Galaxy clusters, characterized by deep gravitational potential wells,
retain crucial information on the different physical and dynamical
processes affecting their stellar, gaseous and dark matter compo-
nents (see Kravtsov and Borgani 2012; Planelles et al. 2016, for
reviews). Therefore, a thorough understanding of the redshift evo-
lution and the distribution of the different cluster components is es-
sential to deepen our comprehension of observed cluster properties.
In this sense, X-ray observations of galaxy clusters (see Böhringer
and Werner 2010, for a review) have been particularly successful
in providing information on the distributions of density, tempera-
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ture and different metal species within the hot intra-cluster medium
(ICM).

The distribution of metals mainly results from the formation
of stars in cluster galaxies and from supernova (SN) events. Later
on, once metals have been released, thanks to the combined action
of a number of processes (such as AGN feedback, galactic winds
or ram-pressure stripping, e.g. Churazov et al. 2001; Rebusco et al.
2005, 2006; Simionescu et al. 2008, 2009; Gaspari et al. 2011,
2012; Ettori et al. 2013) they are mixed and redistributed through-
out the ICM.

Observations at different redshifts of the ICM spatial distri-
bution and abundance ratios of different metals provide important
hints on the number, distribution and metal production ef�ciency
of different SN types. Indeed, whereas light metals (such as, O,
Ne, Mg or Si) are principally released by core-collapse or Type II
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