
Supplementary Table 1: Bulk abundances of heat-producing elements potassium (K), thorium

(Th), and uranium (U), for three compositional models and corresponding heat production in the

mantle today, H0 and at 4.5 Ga, H4.5. The enrichment factor used for each model is indicated with

Λ. The values of H are obtained with a mass balance that takes into account the observed surficial

abundances and the thickness of the crust1. The enrichment factor is based on the ratio between

the amount of K on the surface (1288 ppm, Ref. 2) and in the model.

Model U (ppb) Th (ppb) K (ppm) H0 (pW/kg) H4.5 (pW/kg) Λ

Enstatite Chondrite3 (EH-HPE) 9 30 800 4.42 39.38 1.61

Carbonaceous Chondrite4 (CI-HPE) 7 29 550 4.70 24.02 2.34

Bulk Silicate Earth5 (BSE-HPE) 17 63 190 1.96 5.71 6.78
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Supplementary Table 2: List of the parameters used in the simulations. Where needed, superscripts

in the “Description” column point to the studies from which the values have been taken.

Symbol Description Value Units

RP Planetary radius6 2439 km

RCMB Core radius7 2020 km

g Surface gravity8 3.7 m/s2

TS Surface temperature 440 K

TCMB Initial CMB temperature 1900 K

ρ Mantle density7 3380 kg/m3

ρc Core density7 6980 kg/m3

CP Mantle heat capacity9 1200 J/kg/K

CP,c Core heat capacity9 850 J/kg/K

Lm Latent heat of melting10 4.19× 105 J/kg

α Mantle thermal expansivity10 3× 10−5 K−1

αc Core thermal expansivity9 5.8× 10−5 K−1

k Mantle thermal conductivity11 4 W/m/K

kReg Megaregolith thermal conductivity11 0.2 W/m/K

dReg Megaregolith thickness11 0 or 5 km

νRef Reference viscosity 1019 − 1021 Pa s

E Activation energy12 3.03× 105 J/mol

V Activation volume12 1× 10−5 m3/mol

TRef Reference temperature 1600 K

PRef Reference pressure 3 GPa
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Supplementary Table 3: Solidus and liquidus curves used in the simulations. Temperature T is in

Kelvin and pressure P in GPa. Coefficients for the melting curves of Katz et al. 13 are taken from

their Table 2. The solidus of Namur et al. 14 is from the caption of their Fig. 6, the liquidus has

been obtained by a fit to the liquidus curve of their Fig. 6. The curves are plotted in Supplementary

Fig. 1

Model (T = A+BP + CP 2) A [K] B [K/GPa] C
[
K/GPa2

]
Solidus of Katz et al. 13 1358.85 132.9 -5.1

Liquidus of Katz et al. 13 2053.15 45.0 -2.0

Solidus of Namur et al. 14 1421.15 177.0 -12.2

Liquidus of Namur et al. 14 1933.28 64.5 -0.048
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Supplementary Table 4: List of the parameters used in the comparison between the 1D and the

2D simulations. Parameters for the 2D simulation are taken from Supplementary Table 2, except

for the megaregolith thickness, reference viscosity, and HPE model, whose values are listed in the

upper part of the table. The bottom part of the table lists additional parameters required in the 1D

model11 that have no correspondence in the 2D model.

Symbol Description Value Units

Parameters common to 1D and 2D simulations

dReg Megaregolith thickness 5 km

νRef Reference viscosity 1021 Pa s

Λ Crustal enrichment factor 2.7

U Initial uranium concentration 90/Λ ppb

Th Initial thorium concentration 155/Λ ppb

K Initial potassium concentration 1288/Λ ppb

Additional parameters for 1D simulations

Tm,0 Initial mantle temperature 1608 K

dT Initial Core-Mantle Temperature difference 292 K

Dc,0 Initial crustal thickness 5 km

Dl,0 Initial lithospheric thickness max(150, Dc,0) km

dTsol Solidus increase due to melt 150 K

fc Fraction of extractable crust 0.4

dV/V Volume change upon silicate melting 0.03

ρdep Depleted mantle density ρ+ 50 kg/m3

CP,magma Magma heat capacity 1000 J/kg/K

ρc Crustal density 2900 kg/m3
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Supplementary Figure 1: Melting curves. Liquidus and solidus curves used in the simulations13,14.

The curves are plotted with the parameterizations of Supplementary Table 3.
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Supplementary Figure 2: Crustal thickness from decompression (i.e., convective) melting as

a function of time. Same as Fig. 1 of the main text, but for the CI-HPE models (same set plot-

ted in Fig. 1a) and the BSE-HPE (see Supplementary Table 1 for abundances). (a) Each set of

data corresponds to different values of the reference viscosity (symbol shape), initial amount of

heat-producing elements in the mantle (HPE, symbol size), and presence of a surficial megare-

golith layer (indicated by a black contour). All models use a dry peridotite solidus13. Symbol

colour indicates the average depth of the melt source region, according to the colourbar. For each

model, the rightmost symbol plotted corresponds to the termination of convective-melt production.

(Continues on the next page.)

6



Supplementary Figure 2: (Cont.) Models consistent both with the inferred crustal thickness1 (grey

horizontal band) and the duration of volcanic activity15 (hashed vertical band) are drawn with a

thicker black line. No BSE-HPE model is compatible with the constraints. (b) The three mantle

melting regimes are shown for the model indicated in the white box, which, however, does not fit

the lid thickness constraint (Fig. 2). The triangles along the time-axis indicate the times of impact

for the simulations shown in Supplementary Fig. 5.
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Supplementary Figure 3: Melt production from convection. In each frame the top histogram

shows the cumulative melt produced (in terms of an equivalent crustal thickness) as a function of

the cylindrical angular coordinate. The bottom histogram shows the instantaneous melt produced

in terms of an equivalent thickness. The bars are colour-coded according to the characteristic

depth of the melt. These data are for our baseline model (Fig. 1b). From top left clockwise the

frames refer to 247, 497, 751, and 1001 Myr, respectively. The source depth is relatively constant

throughout the entire evolution (see also Fig. 2 and Supplementary Fig. 4). Melt production is

mostly associated with upwellings, and this explains the “spiky” appearance of the histograms.
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Supplementary Figure 4: Models compatible with the volume of the crust and timing of major

volcanic eruptions (thick black lines in Fig. 1a). Top left) Evolution of the crustal thickness.

Top right) Evolution of the core–mantle boundary (CMB) temperature and of the average mantle

temperature. Bottom) Evolution of the depth of the source region for convective melt.
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Supplementary Figure 5: Melt production following an impact forming a Caloris-sized basin.

Top) Same as Fig. 5, but using the baseline model 2 (Supplementary Fig. 2b) and for the impact

occurring at 170, 500, 750, 1000, and 1150 Myr. The impactor has a diameter of 92 km and

hits the target with a velocity of 42.5 km/s and an impact angle of 45◦. For each epoch the cases

for the impact occurring over an upwelling and a downwelling are plotted. The impact over the

downwelling (black line) initially extracts shallower material with respect to the impact over the

upwelling (white line). (Continues on the next page.)
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Supplementary Figure 5: (Cont.) The grey background indicates the melting regime as in Sup-

plementary Fig. 2b, The insets zoom on the first few tens of Myr after the impact events at 750

and 1150 Myr. For impacts happening in the vigorous melting regime and early in the waning

melting regime, the depth of the source region for the post-impact melt is rapidly controlled by the

contribution of the convective melting (Cartoons A and B below). For the impact at 1150 Myr the

contribution of convection melting is almost absent, and the melt is the result of partial melting in

the shallow mantle (Cartoon C). The post-impact melt thickness represents an upper bound for the

melt sheet thickness within the basin. Bottom) For the three melting regimes, the cartoons illus-

trate the temperature field in the mantle (background red/blue field), the impact-induced thermal

anomaly (spherical red shape), and the melting contribution both from convection (green arrows)

and from post-impact melting (blue arrows). The white lines represent a cold (solid) and a hot

isotherm (dashed). The area of the arrows qualitatively indicates the amount of melt produced.

More melt production is associated with upwellings (Supplementary Fig. 3). The thickness and

source depth of the final melt sheet depends on the relative contribution of the two sources of melt,

and is represented by the boxes labeled “Final melt sheet”.
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Supplementary Figure 6: Impactor diameter and velocity. Relation between impactor’s diameter

and encounter velocity required to form basins of different sizes on Mercury. Each curve refers to

a particular basin, whose name and diameter are indicated in the legend. The curves are calculated

assuming an impact angle of 45◦.
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Supplementary Figure 7: Initial temperature profile. Initial temperature profile for the all the

models presented in the paper (black) except for the hot models of Supplementary Fig. 8 (red).

The surface temperature, corresponding to 0 GPa, is in both cases set at 440 K.
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Supplementary Figure 8: Lid thickness evolution. Temporal evolution of the stagnant lid thick-

ness (solid lines) and of the source depth of convective melts (dots). In each panel the two cases

plotted correspond to a baseline model (thick line), and to the same model initialized with a tem-

perature profile at the solidus (thin line). (a) Baseline model (Fig. 1b). (b) Baseline model 2

(Supplementary Fig. 2b).
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Supplementary Figure 9: Comparison of 2D thermal evolution models with 1D parameterized

models. Comparison of crustal production (top) and temperature of the core (bottom) between a

1D parameterized evolution model11 (dashed lines) and our thermal evolution model (solid lines).

The parameterized model assumes a 5-km-thick primordial crust.
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