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Introduction:  The lunarsurface isconstantly
bombarded bysolar wind particles and meteoroids.
Becauseghe Moon lacks a substantial atmosphere, in-
terplanetary dust particlesd other impactorsare not
stopped beforghey reachthe surface. They impact,
melt, process, and redistribute the regolith [1]. adiali-
tion, the Moon lacks anagneticfield that would pro-
tect thesurfacefrom interacting with the solawind.
Chargedparticles interactwith the surfaceand induce
sputtering, radiation damageand chemical reactions
depending on the incident particle’s energy [2].

We investigate the effects of thesgace weathering
processes on a deposit of volatiles in a lwwd trap.
There areregions of the Moon at the poles that are
permanently in the Sun'shadow. Heat transfenod-
els of the regolith in these regions show that tdm-
peratureremains well below 110 K in theseeas[3].
Because they are cold enough to retailatile species,
the permanentlghadedareas are called coldlaps [4].
Margot et al. [5] estimate the totalirface area imper-
manent shadow at the lunar polesrhglartopography
studies. Theyfind that 5100 krA are in permanent
shadow neathe south pole while 2650 Kmare in
permanent shadow near the north pole.

Although no water ice has beeetected inthe cold
traps through spectroscopy a@adar techniques, the
presence of hydrogehas beendeducedfrom Lunar
Prospector Neutron Spectrometer (LPNB)easure-
ments [6; 7]. The LPN®neasures decrease in neu-
tron flux in the epithermaknergiesthat could corre-
spond to approximately.5 x 16 kg of water in the
topmost meter of regolith at the poles. lakger signa-
ture isobserved neahe southern pole than thrth-
ernpole, in agreementwith the Margot estimates of
areas in permanent shadow.

Possiblesources fothydrogen inthe cold traps in-

exposure age ahe soil [10; 11]. Théwydrogen con-
tent increases with soil maturity, but seemsdach a
plateau withvery maturesoils. This indicates that
equatorial soils saturate withydrogen at arounfi0-75
ppm. Becausethe solarwind continues tobombard
exposed soils, a steady state musatigeved inwhich
hydrogen is released from a mature soil at the satee
as it is added by the solar wind. We haaéulated the
branching ratios for physicaind chemical sputtering,
diffusion, and backscattering of solar wiptbtons[12]
based on laboratory experiments [13; 14].

However, micrometeoroidare also able toremove
implanted hydrogen from the regolith. Thisimsplied
from the study of lunar agglutinates, whiate formed
as the results ofmicrometeoroidimpacts [15]. The
impact melts local material whicencasesntact soil
grains as it cools into glass. The agglutinatic glass is
enrichedwith single domain metalligron content and
has a paucity of solaxind elementscompared to the
encased graing0]. Thereforethe assumption is that
solar wind implanted hydrogen combines withlocal
oxygen in the impact melt to formvatervapor. The
local oxygen is most easilyeleasedfrom FeO and
Fe,0O;, leaving metallic iron as a result [16]. One can
estimate the amount ofaterreleased bymicrometeor-
oid bombardment by studyinthe singledomain F&
content of the lunar regolitandassuming that all the
metallic iron formed from the reaction:

2H + FeO F&+ H,0.

This providesthe amount ofwater vaporreleased by
micrometeoroid bombardment.

The water released by micrometeoroid bombardment
has achance ofmigrating to the lunarcold traps and
sticking there. We use our Monte Carwodel [12;

cludethe solar wind, the magnetosphere, comets, andl7, seealso 8; 18] to simulate thdelivery efficiency

interstellar sources [8].
hydrogen that is released amtgrates to the polacold

traps by space weathering processes. Theoowduct
a detailedsimulation of thebalance of sourcandloss

processes athe cold traps. Finally, wediscuss the
implications the modeling results have for #hgected
stratigraphy of the cold traps.

Vaporization of implanted hydrogen: As

We estimate the amount of of the released water vapor to the poles. rdlease the

water vaporwith a thermal velocity distribution and
allow the particle to homroundthe lunarsurfaceuntil
it is lost to photodissociatiomachieves escape veloc-
ity, or arrives at the cold traps. On each hop, phsi-
cle thermalizes to the localrface temperaturand is
reemitted with an appropriate energy. Dudhe rela-
tively heavymass of water, only a smditaction es-

the solar wind protons encounter the lunar surface, theycapes the lunar gravity. Most of thater is photodis-

implant themselves few hundred Ainto the regolith
[9]. Materialsreturned bythe Apollo missionsshow
that the amount dfiydrogen in asoil is related to the

sociated. However, amall fraction of the water
reacheghe polarcold traps. Over the history of the
Moon, the smalldelivery rate tothe cold traps results
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in a large deposit if the cold traps are ablestiectively Expected stratigraphy: The constanmodifica-
retain the water. So we nesnsiderthe stability of tion of the lunar regolith fronspace weathering churns
the deposits by simulating thealance of source and the lunar soil. As a result, continuogrataare not
loss terms at the cold traps. expected to be found dnewere totake core samples
Source and loss comparison: There are sev- inacold trap. Space weathering processes asewon
eral mechanisms acting at thweld traps thatcan alter eral scalelengths in an essentiallpon-unique way.
the inventory of volatiles there. The mechanisms we However, weshow how thehydrogencontentwould
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