Supplemental Material
Estimating methane yield from graphite hydrogenation
Equations 2 to 10  and derivations are reproduced from Roth and García-Rosales (1996) and (Roth, 1999).
	(Eq. 2)
where Ytot represents the total carbon erosion yield from three separate processes: physical erosion (Yphys), thermal erosion (Ytherm), including the influence of graphite lattice damage (Ydam), and surface erosion (Ysurf) of graphite by H+ ions, where D is a constant that depends on the isotopic mass of the bombarding particle (250 for 1H). 
Physical erosion (Yphys) is a given by Eq. 3:
 		(Eq. 3)
where Q is a fitting parameter (0.035 for H), Eth is threshold energy (31 eV for H), E0 is the incident energy, and Sn(E0) is nuclear stopping power given by Eq. 4:
 	(Eq. 4)
where ETF is the Thomas-Fermi energy (415 eV for H).
Thermal erosion is given by Eq. 5:
 	(Eq. 5)
where k is the Boltzmann constant (8.62 ∙10-5 eV K-1), T is temperature in Kelvin, and csp3 is given by Eq. 6:
	(Eq. 6)
where Φ is ion flux in units of ions per m-2 s-1, Etherm is 1.7 eV, and Erel is 1.8 eV for pure carbon.
C is given by Eq. 7:
	(Eq. 7)

Erosion from damage is given by Eq. 8:

 		(Eq. 8)
where Edam is 15 eV.

Surface erosion is given by Eq. 9:
 		(Eq. 9)
where Ydes is given by Eq. 10: 
 		(Eq. 10)
where Edes is 2 eV.
Estimating ablation of Mercury’s surface
Eq. 11 was extracted from Figure 3b in Linsky et al. (2011) to represent rate of relative mass loss of the Sun over time, assumed to be largely as H+:
	(Eq. 11)
Where y is relative mass loss rate of the Sun and x is age of the Sun in years. The current mass loss rate of the Sun is 2∙10-14 * MSun per year, where MSun is 1.989 ∙ 1030 kg (Feldman et al., 1977; Linsky et al., 2011).
[bookmark: _Hlk131536934]To represent the fraction of solar mass (MSun) lost over the range of years for which solar mass loss is known for solar-analog stars, Eq. 11 is integrated from 7∙108 to 4.5∙109 years (Eq. 12):
	(Eq. 12)
To obtain a multiplying factor for the difference in averaged historical proton flux, the integrated value is divided by the observed measured mass loss rate and the time range (Eq. 13):
 	(Eq. 13)
To convert methane yield (C atoms s-1) to meters of ablation:
   (Eq. 14)
Where the area is equal to the surface area of Mercury (7.5∙1013 m2) and t is equal the age of Mercury, approximated at 4∙109 years.
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