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Introduction: Knowledge of the density, com-

pressibility, and other physical properties of magmas at 

high pressure is required in order to understand the 

differentiation of planetary interiors. With the recent 

estimates of Mercury’s surface composition from the 

X-ray spectrometer and Gamma ray spectrometer 

onboard the Mercury Surface, Space Environment, 

GEochemsitry and Ranging (MESSENGER) space-

craft, we now have our first opportunity to investigate 

the physical properties of magmas from the planet 

Mercury [1-3].  

The Northern Volcanic Plains on Mercury (NVP) 

represent, to our knowledge, the most likely example of 

magmatic liquids that can be compositionally assessed 

from orbit with relatively high spatial resolution [1-2]. 

Although these NVP lavas may not represent primary, 

unfractionated partial melts of the mercurian mantle, 

they represent our best candidate to experimentally 

study magmas from the mercurian interior. The goal of 

our present study is to determine the density and com-

pressibility for a NVP composition in order to assess 

its eruptability onto the surface of Mercury.  

Importance of fO2: Recent compositional infor-

mation from Mercury’s surface indicate high amounts 

of S (up to 4 wt%) and relatively low amounts of FeO 

[1-3], consistent with magmatism occurring under 

highly reducing conditions [i.e. 7.3 to 2.6 log10 units 

below the iron-wustite (IW) buffer] [4-6], making it the 

most reducing of the rocky planets in our Solar System. 

The oxygen fugacity (fO2) of a magmatic system is 

likely to play an important, albeit indirect, role in the 

density, compressibility, and other physical properties 

of that magma as fO2 has a substantial impact on the 

partitioning behavior and solubilities of elements in 

that magma. Specifically, as fO2 decreases, the solubili-

ty of FeO in Fe-metal-saturated silicate liquids de-

creases according to the equation below:  
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Where ΔIW is the fO2 value relative to the IW buffer,  

is the activity coefficient, and X is the mole fraction. 

However, this relationship is not as simple to under-

stand in S-rich systems. Sulfide solubility in silicate 

liquids increases as a function of decreasing fO2 over 

the range relevant to mercurian magmatism. In fact, up 

to 10 wt% sulfide could be soluble in silicate liquids 

before saturation in an immiscible sulfide melt at the 

reducing end of the fO2 estimates (Figure 1).  

 
Figure 1. Experimentally determined sulfur solubility in silicate 

liquids as a function of oxygen fugacity adapted from [5] Experi-

mental data span a wide range of T (1050-1800 °C) and P (1 bar to 9 

GPa), in a range of silicate melt compositions from komatiitic to 

andesitic. All melt sulfur contents used were from liquids that were 

saturated in a sulfide phase. The range of sulfur contents on the 

mercurian surface as measured by XRS is indicated by the region 

shaded in grey. 
 

Consequently, Fe contents of Fe-metal saturated sili-

cate liquids may actually increase with decreasing fO2 

due to the stability of Fe-S structural complexes in the 

silicate liquid. The presence of these Fe-S complexes 

would have the overall effect of reducing the activity 

coefficient of FeO in the silicate liquid, allowing for 

higher mole fractions of FeO for a given fO2. This be-

havior could help explain some of the elevated Fe 

abundances on the mercurian surface without requiring 

concomitant elevated fO2. 

Unfortunately, there are some experimental hurdles 

to determining melt density of S-rich silicate liquids 

using the methods we employ here. Therefore, an addi-

tional goal of the present study is to address the effect 

of S on melt density and melt compressibility from a 

theoretical perspective, based on experimentally-

determined equations of state for FeOliquid and FeSliquid.   

Methods:  Experimental. The starting material for 

the Northern Volcanic Plains composition (Table 1) 

was a sulfur and alkali-free mix of powdered reagents. 

This mix was designed using data from [1-2]. Sulfur, 

potassium, and sodium were left out of the mix for 

simplicity. We have also used a higher FeO content 

than reported in order to assess the maximum density 

of NVP lavas. For each experiment the starting materi-

al is packed into a graphite or molybdenum capsule 
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with two mineral spheres (300-600 µm), which serve as 

density markers, placed at the top and bottom of the 

capsule. The sample is pressurized and rapidly heated 

at 200-300 K per minute to super-liquidus tempera-

tures. The experiments are held at the elevated P-T 

conditions for at least 30 seconds to allow the synthetic 

powder adequate time to melt and for the spheres to be 

driven up or down in the capsule by buoyancy forces. 

The sample is quenched by shutting off the power to 

the furnace. The average rate of cooling is approxi-

mately 270°C/s.  

Analytical. The run products are set in epoxy and 

ground/polished to 0.3 µm to reveal the location of the 

spheres. The precise density of the liquid is best de-

fined by a neutral buoyancy bracketed by a sink and 

float at slightly lower and higher pressures, respective-

ly. The densities of the mineral markers in each exper-

iment are calculated using the Birch Murnaghan equa-

tions of state. All polished run products, including 

quenched materials and mineral spheres, are analyzed 

by electron probe microanalysis (EPMA) with a JEOL 

8200 superprobe at the University of New Mexico with 

an accelerating voltage of 15 kV and beam current of 

20 nA. A broad beam (10-20 µm) is used for glass 

analyses whereas a focused beam (~1 µm) is used for 

the analyses of the mineral density markers. 
Table 1. S and Alkali-Free Composition of NVP. 

Oxide Target Actual  

SiO2
[1] 57.71 57.51 

MgO[2] 15.21 14.64 

CaO[2] 5.59 5.34 

Al2O3
[2] 13.46 14.61 

FeO[1] 5.21 5.23 

TiO2
[1] 1.35 1.24 

Cr2O3
[1] 0.79 0.74 

MnO[1] 0.70 0.69 

Total 100.02 100.00 

Results:  Thus far, we have only looked at the den-

sity of Fo100 spheres in comparison to the NVP melt 

composition. Figure 2 shows the calculated 1-bar den-

sity of this composition [7] as well as the three new 

experimental data points. We report the sinking of 

Fo100 spheres at 2.5 GPa, 3.5 GPa, and 5 GPa and tem-

peratures of 1973 K, 2048 K, and 2223 K, respective-

ly. At this time, we have yet to determine the pressure 

and temperature conditions where this melt has a densi-

ty crossover with Fo100 (which would be indicated by 

the floating of Fo100 spheres in this melt).  

Discussion:  Currently, we cannot place tight con-

straints on the density of the NVP composition as we 

have not yet observed the floating of Fo100 spheres. 

However, given our current experimental data set on 

this composition, we can see that this melt is less dense 

than pure forsterite olivine at all pressures less than 

that of the core-mantle boundary on Mercury.  Moreo-

ver, given the similar density between forsterite and 

enstatite, the NVP melt would be less dense than an 

olivine or opx dominated source. 

 
Figure 2. Graphical representation of experimental data for NVP 

composition. The circle on the y-axis represents the calculated 1-bar 

density for this composition at 1723 K of 2.58 gcm-3 [7]. The 

downward facing triangles are sinks, the dashed line extending from 

the 1-bar density indicates the minimum compression curve for this 

melt, and the vertical line at 4.5 GPa represents the core-mantle 

boundary [8] The pink solid line is the compression curve for FeS 

and the dotted blue line is the compression curve for FeO.  
 

Although we did not include S in our starting composi-

tion, we have calculated the density of both FeO and 

FeS liquid for comparison (Figure 2). From this data, 

we can see that FeO is more dense than FeS at all pres-

sures relevant to this study. Since we have included 

FeO in our composition, we can conclude that the addi-

tion of S would likely lower the density of this melt. 

Therefore, the limited experimental data obtained thus 

far indicate that an Ol-Opx dominated mercurian man-

tle would likely be more dense than the NVP liquid 

composition over the full range of mantle pressures. 

However, additional experiments are needed to place 

better constrains on the density and compressibility of 

the NVP lavas.   
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