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Abstract

Meteoroid impact has been shown to be a source of sodium, and most likely of other elements, on the Moon. The same process could k
also relevant for Mercury. In this work we calculate the vapor and neutral Na production rates on Mercury due to the impacts of meteoroids
in the radius range of 13-10-1 m. We limit our calculations to this size range, because meteoroids with radius larger thiamtave
not to be found important for the daily production of the exosphere. This work is based on a new dynamical model of the meteoroid flux
at the heliocentric distance of Mercury, regarding objects in the size ran*g?fs--l(r1 m. This size range, never investigated before, is not
affected by nongravitational forces, such as the Poynting—Robertson effect, which is dominant for particles smallerthariribrder to
evaluate the release of neutral sodium atoms also for smaller meteoroids we have used the distribution reported by M.J. Cintala [1992. Impac
induced thermal effects in the lunar and mercurian regoliths. J. Geophys. Res. 97, 947-973] calculated for particle siz*egﬁamT@lﬁ.

We have extrapolated this distribution up toam and we have based the impact calculations on a new surface composition assuming 90%
plagioclase and 10% pyroxene. The results of our model are that (i) the total mass of vapor produced by the impact of meteoroids in the siz
range 108-10"1 mis 4752 x 108 g per year, and (ii) the production rate of neutral sodium atomsis 1L.0?2 s~ 1.
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1. Introduction ization, i.e., the vapor production derived from the infall of
small and medium-sized objects present in the Solar Sys-

Mercury has an extended and tenuous exosphere contain{€M- On the basis of existin.g modefsillen et al., 2001;
ing H, He, O, Na, K, and C&Bida et al., 2000; Killen and Ip, Leblanc and Johnson, 2003; Morgan et al., 1988 frac-

1999; Killen et al., 2005; Potter and Morgan,1985, 1986)  tion Of sodium atoms released by this mechanism is esti-
The Hermean exosphere is the result of a dynamical bal- Matéd to be in the range from about 10% to 100% (in the
ance between different source and sink mechanisms actingfase of no release of regolith erosion products). According

on the planetary surface. A good comprehension of the ex- 0 a different hypothesis, the composition of the Hermean

osphere as a complex system needs to include the diﬁerenFXOSphereereﬂeCts the ch;mlcgl (aomprc])snml)n Of. rr:jeteogtes
processes involved both in its formation and in its depletion. Impacting Mercury, possibly mixed with solar wind prod-

Among these processes, there is meteoroid impact vapor_ucts.KiIIen et al. (2001)ound that impact vaporization con-
' sistently produces only about a quarter of the source flux

of sodium to the exosphere, so that photon-stimulated des-
* Corresponding author. Fax: +39 498293457. orption is consistently the dominant source process for their
E-mail address: cremonese@pd.astro(fs. Cremonese). data set. In any case, meteoroid vaporization is likely the
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most important process for the nightside, unless significantthe end-members albite (Ab), NaA§®lg, anorthite (An),
ion sputtering occurs. CaAlSinOg, and orthoclase (Or), KAIGOg,
It is clear that the contribution of meteoroid impacts . .
to the exosphere still need to be debated. Some estimates(.ca"‘'\lay"Kl_)‘_y)(AI L+xSi1-x) Si20g, (1)
of sodium production due to micrometeoroid impact have wherex andy are the molar proportions of anorthite and
been obtained by extrapolating the micrometeoroid flux on albite, respectively.
Earth: Hunten et al. (1988%uggested a production rate of Pyroxene is considered a solid solution of diopside (Di),
10?2 Nas 1, while Morgan et al. (1988stimated an or-  CaMgSpOg, enstatite (En), MgSi>Og, and ferrosilite (Fs),
bital averagze3vaporization rate of sodium atoms of about F&SixOg,
0.15-14x 10?3s~; andLeblanc and Johnson (2008)their .
model assumed a value of abouk3.0?3s~1 at perihelion. (Ca,Mg:Fer—u—2)(MGu<Fer-u-2)Si0s, 2)
The dynamical evolution of meteoroids in the size range wherew and z are the molar proportions of diopside and
10~8-10"3 m and the vapor production due to their im- enstatite, respectively.
pact on Mercury’s surface have been determine€lntala Following Ahrens and O’Keefe (1972)e assume that
(1992) Starting from Cintala’s work, we have developed a vaporization of the silicates (plagioclase and pyroxene),
model that provides an estimate of the vapor and sodium pro-caused by meteoroid impacts, is congruent, and that the va-
duction rates due to impacts of meteoroids in a wider size porization products are
range, 108-10-1 m. We have confined our study to mete- (CaNayK1_,—,)(Al14+,Sit_,)Si Og
oroids with radius up to 101_ m, because, as explained in & xCat+ yNa+ (1—x — y)K + (L + x)Al
the following, meteoroids with a radius larger tharrion 1 (3= x)Si+ 40y, A3)
have an impact probability on Mercury’s surface that cannot
influence the daily observations of the exosphere. .
In particular, the distribution of the objects in the size < wCa+ (w + 22)Mg + (2 — 2w — 27)Fe+ 2Si
range 108-10-2 m (small meteoroids) has been taken from +302. )
Cintala (1992) We have assumed that Cintala’s model also ~ Assuming, as usual, that the vapor composition is ex-
works for meteoroids in the size range $610-2 m, where clusively determined by the target phases composition and
10~2 m is the limit over which the Poynting—Robertson ef- phases abundance, the volumes of plagioclésg.and py-
fect is negligible and Cintala’s model does not apply. Me- roxene,Vpy, vaporized are given (for a rock made up of 90%
teoroids with radius greater than1dm (large meteoroids)  plagioclase and 10% pyroxene) by
have been taken into account according to the distribution

(Caw Mgz Felfwfz)(Mngrz Felfwfz )Si206

estimated byMarchi et al. (2005)We have assumed a me- Vei = 0.9Vap, 5)
teoroid density fp) of 2.5 g cnt3, consistent with measure-
ments of the density of stratospheric cosmic dust particles Vpx = 0.1Vap= Vvap— VpI, (6)

(Rietmeijer, 1998jand with density data of S-type igneous  ynere, 4, (see the following section) is the volume of mate-

asteroidgKrasinsky et al., 2002)which are the main con- 5] vaporized by a spherical projectile impacting the surface.
stituents of the inner part of the Main Belt. The moles of elements in the vapor are
In the following we will describe the impact model, based

on new dynamical results on the meteoroid flux, along with mca= xmp| 4+ wmpx, @)
recent surface composition assumptions.

MNa = ymp|, (8)

2. Surface composition mk = (1—x — y)mpl, 9)

In this work, we assume that the surface mineralogical
composition of Mercury is spatially homogeneous and made
up of regolith with anorthositic composition (90% plagio- _
clase and 10% pyroxene in volume). Mafic rocks and,Si0  "Fe= (2= 2w — 25)mpx, 11
undersaturated rocks have also been assumed to make up

mmg = (w + 2z)mpx, (10)

Mecury’s crust (e.gEmery et al., 1998; Sprague and Roush, "Si= (3 = x)mpy + 2mpx, (12)
1998; Sprague et al., 2000but the lack of further data
prevents unambiguous conclusions about Mercury's surface. Al = (1+ x)mpi, (13)

Therefore, we consjder, as a first approximation, that.the wheremp, andmpy are the moles of plagioclase and pyrox-
surface of Mercury is made up only of anorthosite, which ¢na respectively:

seems to be a rock extensively distributed on the surface
(e.g.,Blewett et al., 2002; Sprague et al., 2000, 2002; Warell, mp| = Veip (14)
2003. We consider the plagioclase as a solid solution of MWp
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