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Introduction: The Earth’s mantle and the Moon
are depleted in siderophile elements compared to CI
carbonaceous chondrites. It is considered that sidero-
phile elements in the Earth were preferably trans-
ported into the core during the process of global
metal-silicates partitioning. According to Ring-
wood’s model [1] the Earth was formed from mate-
rial analogous to carbonaceous chondrites. This cir-
cumstance implies that many elements with sidero-
phile properties were initially in oxidized (lithophile)
state. The principal question here is: what was the
main process during the accretion which provided the
reduction of elements and the origin of metallic
phase. It is widely accepted that the origin of the
Earth resulted in high temperatures and reduced envi-
ronmental conditions, which were the main cause of
reduction of siderophiles. Ringwood [1] considered
that “impacts of planetesimals could result in high
local heating and consequent reduction of iron from
oxidized to metallic state due to reactions with car-
bonaceous material”.

As a rule, the reduction of iron and other sidero-
philes is considered to be a result of exchange reac-
tions with any reducing specie. The possibility of
direct thermal reduction of siderophiles by dissocia-
tion of oxides is not much considered. Experiments
which model conditions of impact related vaporiza-
tion shows that the reduction of siderophiles only due
to dissociation of oxides can be rather efficient (e.g.
[2]). Here we present experimental results to prove
the possibility of reduction of phosphorus due to dis-
sociation reactions during high-temperature proc-
esses.

Experimental technique: Our experiments were
performed using a laser pulse (LP) technique [3]. The
Nd glass laser had the following parameters: the
wavelength - 1,06 µm, the energy of a pulse -
400÷600 J, the irradiation intensity - 106÷107 W/cm2,
and a pulse duration ∼10-3 s. Typical temperature
under such condition is 4000÷5000 K. The experi-
ments were performed in helium at 1 atm. The laser
beam was focused into a spot with diameter 3÷5 mm
producing melting, evaporation, and dispersion of
melted droplets into expanding plume. A copper foil
was placed in the path of spreading of the vapor
plume at a distance ∼7 cm from the sample. We used

a layer-by-layer etching of the film by Ar ions to
study the composition of the condensed film through
its thickness. Chemical analysis within layers was
performed using X-ray photo-electron spectroscopy
(XPS) technique.

The sample was prepared from pieces of two
natural rocks: peridotite (64%) and Fe-Ca-phosphate
from carbonatites of North Karelia (36%). Before the
experiment both components were thoroughly
grinded up to 1÷10 µm particles, than components
were carefully mixed together, and finally the mix-
ture was pressed to a tablet with ~1 cm diameter and
~1 cm height. Peridotite had the following composi-
tion (wt.%): SiO2 46.4; TiO2 0.1; Al2O3 2.6; Fe2O3
2.6; FeO 8.7; MnO 0.2; MgO 36.0; CaO 1.8; Na2O
0.2; K2O 0.1; NiO 0.2; Cr2O3 0.4; H2O+ 0.5; Σ 99.8.
Compared to apatite the Fe-Ca-phosphate had high
concentration of FePO4. Fe/Ca mol ratio in Fe-Ca-
phosphate was 3/10. Both iron and phosphorous in
the starting sample were in oxidized state.

Results: XPS spectra distinctly show the pres-
ence of reduced states of iron and phosphorous in the
condensed products. Fig. 1 shows XPS spectra of P
2s1/2 electrons in starting mixture and in a layer in-
side the condensed film. Fig. 2 shows the same for Fe
2p3/2 electrons. Phosphorous, which is present in the
starting sample only in oxidized state, has a diversity
of states in the condensed film including the reduced
P0 state. Iron was present in the starting sample in
oxidized Fe2+ and Fe3+ states, but it occur also in re-
duced Fe0 state in the condensate. The portion of iron
in reduced Fe0 state relative to cumulative iron in all
states in the condensed film was ~33% and the same
for reduced phosphorous (P0) was ~26%.

Conclusions: Experiments demonstrate an effi-
cient reduction of both iron and phosphorous during
high-temperature pulse heating of silicates. The re-
duction of phosphorous in layers inside the con-
densed film goes in parallel with the reduction of
iron, what indicates their correlated siderophile be-
havior. There is no any reducing agent in the system
and the reduction of Fe and P is only the effect of
temperature. One can expect the same reducing effect
for iron and phosphorous during hypervelocity im-
pacts.
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Fig. 1.XPS spectra of P 2s1/2 electrons in
the starting sample (left) and in a layer of
the condensed film (right). Dashed lines
indicate deconvolution of the integrated
spectrum (solid line) into individual states
of phosphorous: 1- P+5 as Ca-phosphate; 2
- P+5 as P2O5; 3 - P+5  as Ca2P2O7; 4 – P0.

Fig. 2. XPS spectra of Fe 2p3/2 electrons in
the starting sample (left) and in a layer of
the condensed film (right). Dashed lines
indicate deconvolution of the integrated
spectrum (solid line) into individual states
of iron: 1- Fe3+ as FePO4; 2 - Fe2+ as FeO;
3 - Fe0.

Fig. 3. Concentration profiles of oxidized
and reduced forms of phosphorous in lay-
ers inside the condensed film.
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