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The flux of neutral exospheric argon-40 striking the lunar 
surface was measured by the mass spectrometer at the Apollo 17 
site during the first nine lunations of 1973. These data have 
revealed several important features of the process of escape of 
radiogenic argon from the moon (l,2). What is most significant 
about the argon escape problem is the large rate of ionization 
of argon due to solar radiation and charge exchange in the solar 
wind. By fitting various exospheric models to the Apollo 17 
measurements, the ionization rate, and hence the rate of suppiy 
of neutr%argon atoms, has been estimated to be between 10 
and 2x10 atoms/sec (2). To put the neutral argon source 
requirements in better perspective, it is important to note that 
the induced fields imposed on an ion formed essentially at rest 
in the solar wind produce a rapid acceleration of the ion (3). 
Geometric relationships of the lunar surface, solar wind 
velocity, and solar magnetic field suggest that roughly half of 
the ions should impact the moon while the other half should 
escape. The escaping atoms must be continually replaced by 
leakage out of the solid moon, apparently $6 a rakg the order of 
2 to 4% of the total radioactive decay of K to Ar within the 
moon, assuming the average potassium abundance in the moon to 
be 100 ppm (4) . 

The origin of the escaping argon is not obvious, but its 
identification is important because it has some bearing on the 
internal structure of the moon. Excess trapped argon-40 in 
returned surface samples indicates that the regolith is a sink, 
rather than a source, of argon. Highest potassium abundances in 
the moon, averaging about 600 ppm, are thought to exist in the 
upper 25 km of the crust (4). The argon escape requirement would 
be satisfied by about 1/8 of the radioactive production in this 
region, but the diffusion of so much argon out of solid, 
relatively cool, rock seems unlikely. 

Looking deeper for an argon source, as much as 70% of the 
moon's potassium was probably captured by early differentiation 
between 25 and 300 km below the surface (4), where a nearly 
constant seismic velocity is interpreted by Toksoz et al. (5) as 
evidence of a lack of rock fracturing. Temperatures well below 
solidus make rapid release of argon seem unrealistic. This view 
is substantiated by the very slow diffusion of argon-40 into the 
Venus atmosphere despite a very high crustal temperature (6). 

If the above arguments are correct, the remaining candidate 
source region for the escaping argon-40 is the central part of 
the moon (2), which then would necessarily be, as proposed by 
Taylor and Jakes (4), undifferentiated, primitive lunar 
material, heated by radioactive decay of U, Th, and K. A 
partially molten state (5) should permit rapid diffusion of 
argon and other radiogenic gases (i.e. He and Rn) , but their 
escape to the surface of the moon seems to require deep 
fissures, which may also be necessary to account for the 
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localized releases of radon implied by the patterns of polonium 
deposits that have been detected at the boundaries of certain 
orographic features on the lunar surface (7). 

In early work on the lunar exosphere it was assumed that 
the only sink for neutral argon was ionization. It now appears 
that permanently shaded, cold areas near the poles, which may 
cover 0.5% of the total lunar surface (8,9), must provide an 
argon sink. Cold trap temperatures, determined by radiation of 
the local radioactivity heat flow, should be about 25 K, and 
hence low enough that the argon desorption time is the order of 
the age of the moon. However, the steady accumulation of argon 
in cold traps would necessitate an enormous increase in the 
already large source required by ionization. The alternative to 
permanent argon trapping is that some mechanism, other than 
desorption, releases argon and perhaps other gases from the cold 
traps on a relatively short time scale. 

A close correlation of the exospheric argon source deduced 
from time variations of the Apollo 17 mass spectrometer data and 
the shallow moon quakes identified as high-frequency teleseismic 
events (2) suggests that surface motions may dislodge adsorbed 
argon from cold traps. The largest measured transient increase 
in exospheric argon occurred just after the intense shallow mogn 
quake on March 13, 1973. This seismic event was located at 80 S 
(10) , where permanently shaded cold traps should be plentiful. 
With an estimated magnitude of 4 to 5, the event should have 
caused noticeable surface notions, reorienting soil grain 
contact points, and dislodging adsorbed gases. Of course any 
slumping, including possible "booming dune" phenomena which may 
be missinterpreted as true seismic activity (ll), could also 
cause sudden releases of large quantities of argon from cold 
traps. 

The identification of cold traps as sinks, and possibly as 
sporadic sources, of argon-40 sheds new light on the exospheric 
argon problem. Model exosphere calculations, incorporating a 
shadow probability distribution fitted to the data of Watson et 
al. (8) and Arnold (9), show that adsorption in permanently 
shaded regions near the poles is 10 to 20 times more likely than 
ionization. The average ionization rate needed to fit the model 
to the Apollo 17 mass spec$fometer dqfa is essentially the same 
as for previous models, 10 to 2x10 ions/sec. 

An estimate of the lower bound on the lunar exospheric 
argon source is found by assuming that all of the argon adsorbed 
in the cold traps is eventually recy2c#.ed to the exosphere, 
requiring the supply of about 7x10 new atoms/sec. This 
corresponds t~ roughly 3% of the total argon production in the 
moon. If argon is permanently stored in the cold traps, the 
source increases to 60% of the production rate. 

In view of the excess argon-40 found in returned lunar 
samples, and the lack of reasonable processes to cause 60% of 
the argon production to leak out of the solid moon, it is 
difficult to believe that very much argon is being trapped 
permanently in polar regions. However, it is equally difficult 
to refute the arguments advanced by Arnold (9) regarding the 
trapping of water. In addition, the virtual zbsence of gaseous 
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carbon compounds on the moon, gasses that are expected to be 
formed in vast amounts to account for the missing solar wind 
carbon in the soil (12), may be due to permanent adsorption in 
the cold areas. The answer to this dilemma probably lies in the 
differences in activation energies for various adsorbed species. 
The activation energy for argon is undoubtedly lower than that 
for water, and hence areas that maintain a cold enough 
temperature to retain water may be sufficiertly influenced by 
lateral heat flow to cause argon to desorb on a time scale that 
is short compared to the age of the moon. In addition, the 
increasing temperature of lunar soil with increasing depth 
localizes trapped argon very near the surface, whereas water is 
probably retained throughout a depth range of about 2 meters 
(9). 

Whether or not argon is permanently trapped in cold polar 
regions, the Apollo 17 measurements clearly show transient 
increases in the amount of exospheric argon-40, requiring that 
the argon-40 source have a sporadic nature. The apparent 
correlation of the exospheric transients with at least one type 
of seismic activity, and the absence of other transient, 
correlated phenomena, suggest that argon release and seismic 
activity are related. 
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