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Introduction: An important aspect of Mercury’s 

evolution concerns its thermal state. In this study [1], 
we investigate the thermal evolution of Mercury’s 
mantle.  

The heat generated by the initial accretion, the seg-
regation of the core, and the high concentrations of 
radioactive elements (possibly partitioned into a sul-
fide layer) all contributed to produce an initial stage of 
magma ocean [2-4]. Cystallization of this magma 
ocean produced a ~ 400 km-thick silicate primordial 
mantle, which is the source of the secondary volcanic 
crust. Melt productivity, crustal thickness and the dura-
tion of magmatic activity on Mercury are all related to 
the thermal state of the mantle for which little infor-
mation is currently available. Results from thermome-
chanical models suggest that the mantle temperature 
first increased during the first 0.1-1 Ga before it con-
tinuously dropped until now [5-6]. However, results 
from such simulations are extremely sensitive to phys-
ical and thermodynamic properties of the mantle (and 
core) which are not fully constrained.  

Another way to estimate the thermal state of the sil-
icate mantle of a planet is by using the compositions of 
mantle-derived magmas which record the depth and 
temperature of melt generation. Melt compositions 
erupted across a significant time period of the planet 
history can therefore provide important constraints on 
mantle conditions and evolution [7]. In this contribu-
tion [1], we used chemical data from the 
MESSENGER spacecraft [8-9] that we combined with 
high-temperature, low- to high-pressure experiments 
and thermodynamic modelling to constrain the mantle 
sources of Mercurian lavas and their conditions of pro-
duction in the mantle. 

Magma compositions and phase equilibria:  We 
used recent chemical maps of the northern hemisphere 
of Mercury and selected two representative composi-
tions for experiments. The first experiment is an aver-
age composition of the Northern Volcanic Plains 
(NVP). The liquidus phase is forsterite at low pressure 
and enstatite at high pressure. It has forsterite and en-
statite on the liquidus at 0.75 GPa and 1385˚C (liquid-
forsterite-enstatite multiple saturation point MSP). The 
second composition is an average of the high-Mg prov-
ince (HMg) and is multiply-saturated with forsterite 
and enstatite at 0.8 GPa and 1480˚C. 

To complement our experimental results, we used 
the pMELTS thermodynamic calculator [10] to calcu-

late phase equilibria of  5800 compositions of Mercu-
rian magmas. We recalibrated pMELTS for tempera-
ture using 60 experiments in the CMASN system 
(CaO-MgO-Al2O3-SiO2-Na2O) and for the role of sul-
fur using our experimental results on the NVP and 
HMg compositions. All Mercurian magmas have for-
sterite as the low-pressure phase and enstatite at higher 
pressure. The liquid-forsterite-enstatite multiple satura-
tion points (MSP) range in pressure from 0.25 to 1.20 
GPa and 1300 to 1580˚C (Fig. 1). 

 

 
Figure 1: Temperature (˚C) versus pressure (GPa) 
diagrams showing the position of the liquid–forsterite–
enstatite MSP of Mercurian lavas as calculated with 
the pMELTS algorithm. Numbers on the upper x-axis 
represent depth in km assuming that the Mercury’s 
mantle is 400 km thick and has a density of 
3350kg/m3. Figure modified from [1]. 
 

Mantle melting processes: The pressure and tem-
perature conditions of the liquid-forsterite-enstatite 
MSP imply relatively shallow melting conditions. The 
most likely process that would produce widespread, 
long duration volcanism on Mercury is adiabatic de-
compression batch melting that accompanies mantle 
convection. During batch decompression melting, the 
melt remains in equilibrium with its residue during 
ascent of the mantle parcel. In this case, the MSP rec-
ords the last pressure–temperature conditions at which 
the melt was in equilibrium with the mantle. Using the 
thermodynamic properties of a lherzolite [11], we cal-
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culated that every 1GPa of adiabatic decompression 
produces ∼10% of melt. For HMg lavas, melting be-
gins at the greatest depths (∼360km; 4.5GPa) and 
highest temperatures (∼1720˚C) near the core–mantle 
boundary. For NVP lavas and the smooth plains (SP), 
melting began at shallower depths (∼160km; 2GPa) 
and lower temperature (1435˚C). For intermediate 
compositions (IcP-HCT), melting started at a depth of 
∼200km (∼2.5GPa) at a temperature of 1550˚C. For all 
magmas, the liquid was extracted from its mantle resi-
due at shallow depth (liquid-forsterite-enstatite MSP) 
probably corresponding to the bottom of the ancient 
lithosphere.  

Thermal evolution of the mantle and implica-
tions: Calculation of the pressure–temperature condi-
tions of liquid-forsterite-enstatite MSP for 5800 sur-
face compositions together with the calculation of the 
pressure–temperature path for each composition during 
adiabatic batch melting allow us to provide strong con-
straints on the thermal evolution of Mercury’s mantle. 
The older lavas from IcP-HCT (4.2–4.0 Ga) were pro-
duced by high degree of partial melting (F: 0.35 ±0.03; 
Fig.2a) in a mantle with high mantle potential tempera-
ture (Tp; 1510 ± 40˚C; Fig. 2b). In contrast, the lavas 
from the younger terrains (NVP, SP; 3.8–3.7Ga) were 
produced by lower degrees of partial melting (NVP: 
0.27 ± 0.04; SP: 0.28 ± 0.03) in a mantle with lower 
Tp (NVP: 1435 ± 42˚C; SP: 1450 ± 35˚C). Lavas from 
the High-Mg terrane require high mantle Tp (1648 ± 
25˚C) and were most probably produced during the 
first stages of volcanism on Mercury (> 4.2 Ga). This 
hypothesis implies that the mantle temperature was 
very high during the first hundreds of millions of years 
of Mercury’s history and that the mantle was rapidly 
convecting. This rapid convection led to rapid cooling 
and Tp decreased significantly (70˚C/0.1Ga from 4.2 
to 4.0 Ga and 15–20˚C/0.1Ga from 4.0 to 3.7 Ga; Fig. 
2). High mantle temperature may result from the high 
heat flow at the mantle–core boundary also due to rap-
id convection in the hot core cooling. The strong secu-
lar cooling of the mantle during the early history of 
Mercury implies a strongly temperature dependent 
mantle viscosity with a high activation energy [6]. In 
any case, our calculations indicate that Mercury may 
have cooled much faster than any other terrestrial 
planet in our solar system which explains the termina-
tion of significant magmatic activity at 3.7-3.5 Ga [12]. 
Further thermomechnical modelling should be per-
formed to identify the core and mantle physical proper-
ties (e.g. compositions and viscosity) required to match 
such a strong cooling rate. 

The strong secular cooling of the mantle together 
with the progressive shallowing of the mantle melting 

region is also responsible for a changing mineralogy of 
erupted lavas. We estimated that old lavas from HMg 
are dominated by forsterite, while lavas from IcP-HCT 
are dominated by forsterite and diopside. The youngest 
lavas flows on Mercury are the NVP and contain much 
less magnesian minerals and have a strong plagioclase 
component [13]. 
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Figure 2: (a) Melt fractions and (b) mantle potential 
temperatures vs age of surface lavas.  
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