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Knowledge of the oxidation state (OS) of Fe in deep Earth minerals 

is key in reconstructing the redox history of the Earth. This has broad 

implications in terms of understanding ancient atmospheric 

conditions, as well as the dynamics of Earth’s formation (1,2). One 

of the most powerful tools to determine OS in high-pressure Fe 

phases (HPFP) is Mossbauer spectroscopy, whereby the OS is 

determined through knowledge of the isomer shift (IS) (1,2). The IS 

is proportional to the total electron density, evaluated at the nucleus 

of the material in question, relative to that of body-centered-cubic 

(bcc) Fe. To this day the IS of HPFP up to Earth’s core conditions 

(ECC) is largely unknown due in part to difficulties in carrying 

precise experiments at ECC. More generally, there are also relatively 

few theoretical calculations of the IS (especially in solids), because of 

difficulties in accurately determining the total density at the nucleus. 

Even in molecular systems, the theoretical calculation of the IS is 

highly challenging, sometimes requiring the use of huge basis-sets 

and/or relativistic calculations with sophisticated treatment 

correlation, that goes beyond conventional density functional theory 

(3,4). Here we determine the IS of dominant HPFP in Earth’s interior 
(hexagonal-closed packed Fe and FeO) up to ECC through ab-initio 

calculations. The theoretical results are confirmed at upper mantle 

conditions against high-pressure Mossbauer experiments. The 

implications of the results are discussed in terms of Earth’s formation 
and redox history. 
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