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Abstract

We examine mineral pellets as chemical and miner-
alogical analogues for the surfaces of Moon and
Mercury in sputter experiments. This is a comple-
mentary approach to the commonly used preparation
of thin films of analogue material on substrates by
pulsed laser deposition. Mineral pellets have the
correct chemical composition and crystallinity to
mimic the surface of Moon and Mercury. They allow
the inclusion of volatile elements, whereas pulsed
laser deposition of silicates results in glassy films
that are not chemically conservative. However, min-
eral pellets are more easily contaminated during
preparation compared to the pulsed laser deposition
technique, and their preparation is technically more
demanding. We conclude that for a comprehensive
understanding of sputtering, the use of both tech-
niques is necessary.

1. Introduction

The exosphere of Mercury is a collision-free, highly
dynamic system shaped by the interaction of the solar
wind and solar illumination with the magnetosphere
and surface of Mercury. This interaction creates
singly and multiply charged ions, chemical com-
pounds, and neutral species surrounding Mercury.
The most prominent exospheric sources are micro-
meteorite impacts, photoionization, and sputtering

[e.g. 1].

The interaction of the space environment with Mer-
cury’s surface can be modeled and compared to ob-
servations of exospheric densities [2] and spectro-
scopic features of the surface. Such models require
an accurate knowledge of the sputtering process for a
plethora of ion-surface interactions, as one has to
consider various sputtering particles at different inci-
dence angles, a range of energies hitting various
mineralogic targets at a wide range of temperatures,
and the microscopic structure of the surface. This

knowledge must be gained from theoretical simula-
tions [SDTrimSP-2D, 3] and from laboratory exper-
iments. In this work, we focus on the latter.

2. Material

The recent consensus for Mercury’s surface composi-
tion is a regolith dominated by pyroxene and plagio-
clase (~Mg1,gFeo,28i206 and ~Nao,5Cao,5AI1,5Si2,508)
with locations of elevated olivine occurrence
(~Mgo.92F€0.08Si204). This is inferred from attributing
common minerals that form in primitive melts to
surface element ratios determined by the X-Ray
Spectrometer (XRS), and Gamma-Ray and Neutron
Spectrometer (GRNS) onboard MESSENGER [e.g.,
6 and references therein].

Initially, we used wollastonite (CaSiOs) as a chemi-
cal analogue for Moon and Mercury. In our future
work, plagioclase and pyroxene are used with the
benefit of being petrological analogues. For the
Moon, Na-poor plagioclase and Ca-rich pyroxene is
used according to its bulk composition [e.g., 6].

3. Sputter target fabrication

Glassy thin-films created by PLD, and pressed min-
eral dust pellets are used for sputtering experiments.
The targets are complementary for investigating
possible differences in sputtering behavior between a
synthetically grown surface, and a natural, crystalline,
pressed pellet.

3.1 Pulsed Laser Deposition thin films

Recent laboratory experiments studying potential
sputtering by [4, 5] used wollastonite and anorthite-
like glassy thin films as chemical surface analogues.
In theory, PLD evaporates the crystal and deposits a
crystalline mineral layer on a target holder. In reality,
(@) unlike alkali-halides, silicates have characteristi-
cally high melting temperatures. The limited heating



tolerance of the target quartz carriers, results in
quenching of the mineral vapor into glass; (b) films
are not stoichiometrically identical to their parent
mineral [e.g. 5]. The high volatility of elements like
Na and K found in more albite rich anorthite is ex-
pected to result in even stronger deviations from the
target element ratios; (c) usage of minerals that can
dissociate easily leads to problems during PLD. In
the case of wollastonite, SiO; and CaO separated at
pressures below 1.5 kbar (see Fig. 1). Such disinte-
gration into micrometer-sized droplets is only ob-
served on the surface. Avoiding volatile rich target
minerals, and sputter-cleaning of the film leads to
clean, glassy thin-films with chemical compositions
almost ideal to the starting material.

Figure 1: SEM image of a glassy wollastonite film
produced by PLD, with bright, Ca-rich glass droplets.

3.2 Pressed powder pellets

For Mineral pellet creation, minerals are ground to a
pum-sized powder and pressed in a pellet die. The
process brings complications however, including: (a)
anisotropic cleavage of a mineral such as wollaston-
ite leads to needle formation and thus a preferred
orientation of the needles during pellet pressing; (b)
irregularities in the piston surfaces used for pressing
cause a rough material surface, which affects sputter-
ing yield [7]; and (c) contamination.

Minimizing roughness and removing surface contam-
ination by sputter cleaning allows for pellets that are
chemically and crystallographically identical to their
parent material. This is most valuable when experi-
menting with material that contains volatile elements
and compounds, and for observing effects of the
crystalline structure on Kkinetic and potential sputter-
ing yields.

4. Summary and conclusions

Even if it is not possible to deposit a stoichiometri-
cally identical crystalline film of a silicate mineral
using PLD, clean, glassy sputter targets can be relia-
bly produced. Mineral pellets are chemically identi-
cal to their parent but prone to contamination. How-
ever, pellets are very useful for investigating the
impact of crystallinity on sputtering yields, and for
preparing samples from thermodynamically labile or
volatile-rich minerals. For a comprehensive under-
standing of sputtering, the usage of complementary
sample preparation is necessary.
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