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Introduction:  Recent advances in both geodetic [1, 

2, 3, 4] and geochemical [5, 6, 7, 8] measurements 
provide insight into Mercury’s interior compositional 
structure, and thereby into its formation conditions and 
subsequent evolution. Measurements of Mercury’s 
mass 𝑀, radius 𝑅, polar moment of inertia 𝐶, and outer 
solid shell (OSS) moment of inertia 𝐶! describe its 
internal mass distribution. Experimental measurements 
of the chemical equilibrium of silicates and metals 
under reducing conditions predict the partitioning of 
light elements during Mercury’s differentiation and the 
phases that dominate its mantle. Under reducing 
conditions, silicate melt in equilibrium with metal is 
nearly iron-free, yet rich in sulfur (up to 7-11 wt.%), 
while the metal may be silicon-rich [5, 7, 9]. In the 
absence of iron, sulfur in silicate melt bonds with 
magnesium and calcium [8], while silicate mineralogy 
is dominated by iron-poor enstatite and forsterite. 

We predict Mercury’s mantle density structure 
based on a reduced, dual sulfide-silicate mineralogy and 
combine that with published measurements of 
Mercury’s 𝐶 and 𝐶! (from the amplitude of longitudinal 
libration 𝜓 [10]) to understand the geodetically 
constrained relationship between mantle composition 
and core composition, especially the influence of mantle 
sulfur content on the inferred size and composition of 
Mercury’s core. We also examine the sensitivity of 
moment of inertia (MoI) to inner core size and core 
temperature. 

Methods: Sulfides in Mercury’s reduced mantle 
should be low-density and could be abundant. Based on 
the physical properties of MgS, CaS [11, 12], enstatite 
and forsterite [13], we estimate typical sulfide and 
silicate densities of 2600 kg/m3 and 3200 kg/m2, 
respectively. We infer mantle density structure as a 
function of sulfur content by examining two endmember 
sulfide-silicate distributions: (1) all sulfides extracted to 
a pure layer between the silicate mantle and the crust, or 
(2) sulfides and silicates mixed uniformly in the mantle. 
We then use  𝑀, 𝑅 [14], 𝐶 [3 and 4], and 𝐶! [4] to infer 
core radius 𝑅", core average density 𝜌", and core 
normalized MoI 𝐶"/𝑀"𝑅"# as a function of mantle 
density structure. Independent of geodetic constraints, 
we also calculate 𝜌" and 𝐶"/𝑀"𝑅"#	as a function of core 
composition using equations of state for FeSi from [15] 
and co-integrating self-consistent profiles of pressure, 
gravity, and density from 𝑅" to the planet center to 
match 𝑀". We consider inner core radii 𝑅$" of 0 and 
1200 km. The core temperature profile is imposed 
(reference case of [16]), and we examine the sensitivity 

of our results to that choice. Inner core radius and 
temperature are investigated separately due to the large 
impact of small quantities of some light elements on the 
solidus of iron. We combine geodetic and geochemical 
constraints to calculate core silicon content as a function 
of mantle sulfur content. 

Results and discussion: If Mercury’s magma ocean 
contained 10 wt.% dissolved sulfur, we calculate that its 
present-day OSS would contain 19 wt.% low-density 
sulfides, equivalent to a 90 km thick layer or a 150 
kg/m3 decrease in mantle density. Such a large volume 
of sulfide (especially if concentrated at the top of the 
mantle) would have implications for a wide range of 
pursuits, including the inference of crustal structure 
from gravity data, the inference of Mercury’s electrical 
and compositional structure from magnetic data (since 
sulfides may be more electrically conducting than 
silicates [17]), and models of Mercury’s thermal 
evolution [18], as well as for the inference of its internal 
density distribution from MoI measurements.  

For a given 𝐶 and 𝐶!, a sulfur-rich (10 wt.%) mantle 
would imply a core with a higher density (Δ𝜌" = 270-
360 kg/m3) and a higher MoI (Δ𝐶"/𝑀"𝑅"# = 3-4.5%) 
than a sulfur-free mantle. On the other hand, the 
predicted influence of additional Si in the core alloy is 
primarily to decrease 𝜌" (Δ𝜌" = 75-105 kg/m3/wt.% Si), 
with negligible effect on 𝐶"/𝑀%𝑅"#	(which remains 
within .39-.394 for all Si contents below 15 wt.%). The 
inclusion of a 1200 km inner core only moderately 
affects the predicted 𝜌" and 𝐶" (Δ𝜌" = 40-100 kg/m3 and 
Δ𝐶" = .3-.9%). Figures 1a and 1b, respectively, plot 
these results in 𝜌"-𝐶" space to clarify the sensitivity of 
𝜌" and 𝐶" to 𝐶, 𝑅$", mantle sulfur, and core silicon. 
Absolute core temperature moderately affects 𝜌" 
(Δ𝜌" ≈ 50 kg/m3 per 100 K) whereas core temperature 
gradient has a lesser effect (Δ𝜌" =	−20-50 kg/m3 for 
core-mantle boundary heat flux of 3-20 mW/m2); both 
negligibly affect 𝐶"/𝑀%𝑅"#	 (Δ𝐶"/𝑀"𝑅"# ≈ 0.1%). 

Combining the results illustrated in Figure 1a and 
1b, we evaluate the relationship between mantle sulfur 
content and core silicon content simultaneously 
constrained geodetically and geochemically (Figure 1c). 
A tradeoff between mantle density and core density that 
is defined by 𝑀 and 𝐶! is apparent in the inverse nature 
of the relationship between OSS sulfur and core silicon. 
Since polar MoI is highly sensitive to core-mantle 
density contrast, 𝐶 measures how that tradeoff is made. 
Low 𝐶/𝑀𝑅#, as measured by gravity studies [3], is 
consistent with the sulfide-rich mantle predicted to 
crystallize from a reduced magma ocean close to sulfur-
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saturation. High 𝐶/𝑀𝑅#, as measured by surface-
tracking studies [1, 2, 4] requires a sulfur-poor mantle 
in our geochemical framework, suggesting Mercury is 
depleted in sulfur relative to chondrites or that the 
oxygen fugacity during its differentiation was higher 
than presently thought. Notably, Figure 1c shows that 
both high and low 𝐶/𝑀𝑅# are consistent with either a 
1200 km inner core or no inner core. This suggests that 
alternate methods, such as thermal or magnetic models, 
are necessary to constrain Mercury’s inner core size. 

Framing the core-mantle density tradeoff as a 
balance between light element content of core and 
mantle permits comparison to the light element 
partitioning predicted based on metal-silicate 
equilibration. A high MoI permits more silicon in the 
core than a low MoI, but neither permits very much; we 
find that a core silicon content of at most ~12 wt.% is 
consistent with a reduced mantle mineralogy, even if it 
is sulfur-free. However, under hot, reducing conditions, 
iron might be expected to contain over 20 wt.% silicon. 
[5, 6, 7]. Additional measurements are needed of the 
compositions and densities of alloys expected to result 
from equilibrium with reduced silicates, while improved 
MoI measurements (expected from BepiColombo [19]) 
may further constrain Mercury’s core composition. 

Conclusions: If Mercury’s magma ocean was 
highly reduced and sulfur-rich, Mercury’s mantle could 
contain the equivalent of a 100 km thick layer of 
sulfides; Mercury’s state and evolution would then be 
better interpreted in the framework of a dual sulfide-
silicate mineralogy. In this framework, measurements 
of MoI suggest that the core contains <12 wt.% silicon, 
but alone they cannot constrain its inner core size. 
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Figure 1. Geodetically and geochemically constrained core average density, MoI, and silicon content (supposing 
a FeSi composition). (a) Core MoI and average density inferred as a function of mantle density structure (defined 
by wt.% S and extracted vs. dispersed sulfide distribution). (b) Core MoI and average density calculated based on 
the EOS of FeSi. (c) Maximum core silicon content calculated as a function of mantle sulfur content (the 
approximate intersection of lines plotted in (a) and (b)). Less silicon in the core is reasonable since the core surely 
contains other light elements, but more requires a lower mass or OSS MoI than measured or a higher silicate 
density or inner core radius than expected. 
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