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Introduction: Returned data from the Mercury
Surface, Space Environment, Geochemistry and Rang-
ing (MESSENGER) spacecraft are showing interesting
results for the planet Mercury. One of the most inter-
esting features on the surface of the planet is the rela-
tively high amount of S as well as the relatively low
amounts of FeO, both up to ~4 wt% [1-3]. The most
recent estimates of the oxygen fugacity of Mercury
from S and Fe contents on the surface are between 2.6
and 7.3 log,o units below the Iron-Wustite (IW) buffer
[4, 5]. These values are at least 2 orders of magnitude
more reducing than the Moon [6-8], and are many or-
ders of magnitude more reducing than the Earth [9] or
Mars [10, 11]. Much of our geochemical understanding
of elements in natural systems comes from empirical
observations of rocks on Earth and from other plane-
tary bodies; however Mercury’s oxygen fugacity lies
outside the norm of these observations, so any broad
geochemical interpretations that are rooted in these
empirical observations may be misguided.

The reducing nature of Mercury has raised many
questions in regards to geochemical behavior and
magmatism on not only this planet, but all reducing
bodies in our solar system. In fact, interpretations of
magmatic processes on Mercury are difficult at present
because the numbers of experimental studies relevant
to the extremely low fO, and high sulfur content of
Mercury are very limited. At such reducing conditions,
elements are likely to deviate from their typical geo-
chemical behavior displayed at higher oxygen fugacity.
For example, lithophile elements such as Mg and Ca
display chalcophile behavior in some highly reduced
chondrites and achondrites forming the minerals
oldhamite [(Ca,Mg,Fe,)S] and niningerite
[(Mg,Fe,Mn)S]. The main goal of this project is to
experimentally determine the geochemical behavior of
typically lithophile elements as a function of decreas-
ing oxygen fugacity to gain a better understanding of
the geochemical behavior of elements during Mercu-
ry’s thermal and magmatic evolution.

Current Experimental Studies: The abundance
of oxygen in most planets and planetary materials al-
lows for the existence of lithophile elements. However,
without oxygen, lithophile elements would change their
behavior to chalcophile or siderophile. It is also possi-
ble some elements will exhibit homonuclear diatomic
element behavior where they become predominantly
self-bonding, a behavior we term here as egophilic.

Mercury may be a case where this transition occurs in a
geologically significant way. Other than the highly
reduced enstatite chondrites and achondrites, we do not
have many examples of how we should expect ele-
ments to behave in such oxygen-starved systems. For-
tunately, a number of studies have reported on the dis-
tributions of elements among various phases at a range
of oxygen fugacities, so it is possible to make some
predictions about how, and under what conditions, cer-
tain elements would lose their lithophile behavior. [12]
looked at the speciation of sulfur in basaltic glasses as
a function of oxygen fugacity and found sulfur is pre-
sent as sulfite and sulfate in oxidized silicate melts.
[13] developed a model to predict sulfur concentrations
at sulfide saturation in silicate melts after conducting
experiments from 1150-1450 °C from pressures of 500
MPa to 1 GPa. [14] looked at the effect of pressure,
temperature, and oxygen fugacity on metal-silicate
partitioning of numerous elements including S and
found S becomes more siderophile with increasing P
and less siderophile with increasing T. More recently
[15-17] have examined partitioning behavior in the Fe-
S and Fe-S-O system. These studies, conducted at 9
GPa and 1 atm between temperatures of 1050-1600 °C
concluded pressure affects solid metal/liquid metal
partitioning, most elements show O-avoidance similar
to their S-avoidance tendencies, and none of the exper-
iments were able to match the MESSENGER results
for the Fe and S on Mercury’s Surface. Each of these
studies has advanced our field in providing additional
constraints on sulfur solubility and elemental partition-
ing during planetary differentiation; however they have
not explored reducing, sulfur bearing conditions that
are as extreme as those seen on Mercury.

Available Data: We have compiled sulfide solubil-
ity data as well as metal-silicate, sulfide-silicate, and
metal-sulfide partitioning data that is currently availa-
ble [14, 18-33] (Figure 1). We only included data for
which oxygen fugacity was defined for each experi-
ment or it could be reasonably estimated from the in-
formation provided. We acknowledge that there are
other data available in the literature; however these are
the most relevant to our work. Some trends are seen in
the current available data. For example, sulfur solubili-
ty increases with decreasing fo, in silicate melts and
pMetlisilicate jncreases with decreasing fo, for Cr, Mn,
and Co however, DM@/Silie#t qacreases with decreasing
fo, for S. There are also discrepancies seen within the
data from study to study. For instance, D3!!fide/silicate o
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Mn and U is inconsistent at low fo,. Additionally, nu-
merous elements relevant to Mercury do not have any
data available (ex. Ti, Ca), and metal-sulfide data is
scarce. Furthermore, DSUfid/Silicae y a1 es are only avail-
able for the uppermost estimate of Mercurian oxygen
fugacity.

Future Work: Experiments are being conducted
that will have a metal phase, silicate liquid phase, and a
sulfide liquid phase present. Each experiment will be at
superliquidus temperatures (1825-2200 °C) and pres-
sures relevant to the CMB of Mercury (4-7 GPa) at
highly reducing conditions. We expect the partitioning
behavior of the elements of interest to change as a
function of pressure and temperature. However, we
expect that oxygen fugacity will play the largest role in
controlling the partitioning of these elements. At lower
fO,’s we anticipate the lithophile elements will become
chalcophile, siderophile, or egophile in nature. This
partitioning behavior will give us insight into the dis-
tribution of elements between the silicate mantle, the
core, and the proposed FeS layer at the core-mantle
boundary on Mercury. These results may also prove
relevant to exoplanets as the high metallicity of these
planets imposes a low oxygen fugacity. Therefore, one
would expect high Si in the core of these planets and
our experimental results will help us better predict the
mantle and crustal composition of such exoplanets.

References: [1] Nittler, L.R. et al. (2011) Science,
333, 1847-1850. [2] Peplowski, P.N. et al. (2012) JCR,
EOOLO4. [3] Weider, S.Z. et al. (2012) JGR, 117,
EOOLO5. [4] McCubbin, F.M. et al. (2012) GRL, 39,
L09202. [5] Zolotov, M.Y., et al. (2013) JGR, 118,
138-146. [6] Krawczynski, M. J. and Grove, T. L.
(2008) LPSC, #1231. [7] Krawczynski, M. J. and
Grove, T. L. (2012) GCA, 79, 1-19. [8] Shearer, C. K.
and Papike, J. J. (2004). LPSC, #3025. [9] Ballhaus,
C., et al. (1990) Nature 348, 437- 440. [10] Herd, C.
D. K. et al. (2002) GCA 166, 2025-2036. [11] Herd, C.
D. K. and Papike, J. J. (2000) Meteoritics & Planetary
Science 35, A70-A70. [12] Lugo, P. J., et al. (2005)
GCA 69, 497-503. [13] Liu, Y. et al. (2007) GCA 71,
1783-1799. [14] Rose-Weston, L., et al. (2009) GCA
73, 4598-4615. [15] Chabot, N. L. et al. (2011) EPSL,
305, 425-434. [16] Chabot, N.L. et al. (2013) LPSC,
#1562. [17] Chabot, N. L. et al (2013) Mineralogical
Magazine, 77(5), 846. [18] Siebert et al. (2011) GCA
75, 1451-1489. [19] Bouhifd et al. (2013) GCA 114,
13-28. [20] Berthet et al. (2009) GCA 73, 6402-6420.
[21] Kilburn and Wood (1997) EPSL 152, 139-148.
[22] Li and Agee (2001) GCA 65(11), 1821-1832. [23]
Malavergne et al. (2007) GCA 71, 2637-2655. [24] Li
and Audetat (2012) EPSL 355-356, 327-340. [25]
Beermann et al. (2011) GCA 75, 7612-7631. [26]
Wheeler et al. (2006) GCA 70, 1537-1547. [27] Liu et

1914.pdf

A 102
10’ rd o
ge\ e ..’
o® ,
E 107 %
Py ° ° z
N o ]
B N @ Y.
i 10 % .! %
w0 ; 2
102 @
102 T - - - -
8 8 4 2 0 2 4 6 8
Log fo; (AIW)
B. »
108 o
10°
10° ° 4
| 68 g o 8 S
% 102 ° 8
C'E 10! . 9 o
o
g 10° s ° * L
L]
(= 10 8 4 %
° .
2 )
10 .:
10°
104 .
7 6 5 4 3 2 1 0 1
Log fo; (AIW)
C.
10°
104
10 og& 8 8
3 o
o % ; e
°8 o¢ gmop
2 10 9o 8
g 100 ° 0 o
o
é 10 s L e 8.o '@
g . o3
=
10 .
104
10% °%
10% , . . .
4 2 0 2 4 6

Log fo: (AIW)

Figure 1. Compilation of experimental data for sulfide bearing melts
as a function of oxygen fugacity relative to the lron-Wustite buffer
(IW). Symbols refer to different elements: P (green fill), S (red fill), Cr
(blue edge), Mn (black fill), Co (cyan fill), Ni (orange fill), Pb (red edge),
and U (pink fill). Experiments are from [14, 18-33]. Temperature
range: 1050-2600 °C. Pressure range: 0.0001-25 GPa.
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