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Introduction: Earlier we reported about an effi-
cient reduction of iron in silicate melts at impact re-
lated high-temperature conditions with subsequent
removal of metallic iron particles into the vapor out-
flow [1,2]. The formation and efficient loss of metallic
iron particles is a possible mechanism which provides
scavenging of siderophile elements (SE) from silicate
melts during an impact. The same behavior was ob-
served for other SE. Experiments with Pt-rich and Ni-
rich targets have shown that Pt and Ni tended to form
separated metallic phases and were removed from sili-
cate melts [2,3,4]. The reduction and loss of SE during
impact-related high-temperature processing provide
not-magmatic SE differentiation which can be a valu-
able mechanism of formation of SE budget during the
accretion period.

One of the aims of the present experiment was to
investigate the behavior of W, Mn, and Fe at impact-
related high-temperature conditions.

Experimental technique: Our experiments were
performed using a standard laser pulse (LP) technique
[5]. Composition of the vapor cloud was investigated
by analysis of the composition and structure of the
condensed film, which was precipitated on a Cu-foil at
~8 cm from the place of vaporization of the sample.
The time of expansion of the vapor cloud to the place
of the foil (~10-5 s) is much less than the duration of
the laser pulse (~10-3 s). So, the profile of concentra-
tion of elements and of their charging states through
the thickness of the film reflect the change of the com-
position of the cloud in time. 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.

Sample: We used wolframite (Mn,Fe)WO4 (MnO
– 21.3, FeO – 16.9, WO3 – 61.8 wt.%) as starting sam-
ple in the experiment. The selection of the sample was
guided by the necessity to have sufficiently high con-
centration of W, Mn, and Fe for analysis by XPS tech-
nique. W, Mn, and Fe in the starting sample were pre-
sent in uniformly oxidized states (W6+, Mn2+, and
Fe2+). Concentration of all metals in the sample was
about the same and iron did not play the dominant role.

Experimental results: Concentration profiles of
W, Mn, and Fe and of their charging components
through the thickness of the condensed film is shown

in Figures 1a,b,c. It is remarkable that all elements
have a full diversity of possible charging states from
reduced to highly oxidized.
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Fig. 1 Concentration profiles of components with dif-
ferent charging states for W (a), Mn (b), and Fe (c)
through the thickness of the condensed film.
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The dominant component for W, Mn, and Fe is the
reduced metallic state. Fig. 2 shows the portion of re-
duced components normalized to the total amount of
respective element in the layer through the depth of the
condensed film.

The portion of reduced W and Fe is increasing to
the bottom layers of the film, which correspond to the
beginning of the vaporization process and to the high-
est temperatures according to the energy profile of the
laser pulse. Mn0 concentration is more than 50% of the
total amount of Mn and its profile is more or less uni-
form through the thickness of the film. The bottom
half of the film have more than 50% of reduced com-
ponent for all three elements. The surface layers of the
film is more oxidized and have higher concentrations
of W6+, Mn2+, Mn3+, Fe2+, and Fe3+ components (see
Fig. 1a,b,c).

Fig. 3 shows the enrichment of elements in the lay-
ers of the film relative to the starting sample composi-
tion. While Mn and Fe have nearly unchanged average
concentration through the thickness of the film, W
have a noticeable enrichment up to 2.5 times mainly in
the bottom half of the film.

Discussion: High-temperature vaporization prod-
ucts are highly unequilibrium for normal conditions
and simultaneously contain reduced and extremely
oxidized states of elements. Nevertheless, the presence
of reduced metallic W0, Mn0, and Fe0 as dominant
states of these elements can be considered here as the
main trend. It is remarkable that there are no any re-
ducing elements (such as H, C, etc.) in the system. The
main effect of the reduction is related to the bottom
half of the film which is formed at highest tempera-
tures during the experiment. The main reason of the
reduction here is thermal decomposition of oxides.

The correlation of W0 and Fe0 concentration pro-
files through the thickness of the film (see Fig. 2) can
be considered as a true siderophile behavior of W pro-
vided that the concentration of W0 here is more than
twice higher than that of Fe0. Mn0 does not show any
correlation with Fe0 or W0. Nevertheless, the formation
of manganese metallic state during a high-temperature
heating is a possible individual behavior of Mn which
can result in its additional impact-induced differentia-
tion paths.

The formation of metallic iron droplets and their
removal from high-temperature silicate melts into the
vapor outflow was the main reason for the depletion of
melts in Fe [1,2]. The enrichment of the condensed
film in W is correlated with the concentration of W0

metallic state. This is a strong argument that the "vola-
tility" of W also proceeded in the form of normally
refractory metallic phase (nanodroplets?) rather than in
the form of volatile oxides.

The formation of reduced metallic phases with
their subsequent loss into the vapor outflow during
impacts can contribute to the depletion of W, Fe, and
possibly Mn during the formation of the Moon and
other planetary bodies.
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Fig. 2. The depthprofile of the portion of reduced
W0, Mn0, and Fe0 components normalized to the total
amount of respective element in the layers of the
condensed film.
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Fig. 3. Concentration profiles of elements through
the thickness of the film relative to concentration of
these elements in the starting sample.
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