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Introduction:  The nature and origin of volatile el-

ements on the surface of Mercury have long been out-
standing questions. The majority of the formation 
mechanisms proposed for Mercury predict that the 
present-day surface should be volatile depleted [1]. 
These predictions contrast with terrestrial and space-
based observations of Mercury’s exosphere that have 
identified the moderately volatile species K [2] and Na 
[3]. The MESSENGER spacecraft carries an extensive 
payload of scientific instruments designed in part to 
examine volatile elements on the surface and in the 
exosphere [4]. Orbital measurements of the surface 
composition made by the X-Ray Spectrometer (XRS) 
[5] and Gamma-Ray Spectrometer (GRS) [6] have led 
to the discovery of relatively high surface abundances 
of the volatile elements S [7, 8], K [9], and Na [8]. We 
report evidence for spatial variations in the abundance 
of Na on Mercury’s surface and their relation to latitu-
dinal variations in Mercury’s Na exosphere. 

Gamma-Ray Measurements:  Previous observa-
tions of Na were limited to a single measurement of 
the average abundance (2.9 ± 0.1 wt%) in the northern 
hemisphere [8]. This limitation stems from the highly 
eccentric orbit of MESSENGER about Mercury cou-
pled with the altitude-dependence of the gamma-ray 
signal. The Na abundance [8] was found to be con-
sistent with terrestrial mid-infrared observations sug-
gestive of the presence of Na-bearing plagioclase feld-
spar [11]. Petrologic modeling of the composition of 
Mercury’s crust from the surface elemental composi-
tions [8, 12] indicates that a substantial abundance of 
Na-rich plagioclase (as much as 57%) is possible in the 
northern volcanic plains units [13]. 

In order to relate Na exosphere measurements to 
the GRS results, it is necessary to map the latitudinal 
variation of the Na abundance.  A new analysis of the 
Na peak has been performed using only low-altitude, 
southbound data in order to maximize the spatial reso-
lution of the measurements. Unfortunately, this re-
striction has a negative effect on the statistical signifi-
cance of the measurements. 

 The Na/Si mass ratio is plotted against latitude 
along with one-standard-deviation (σ) errors in Figs. 1 
and 2. The northernmost Na/Si value is found to be 
significantly (3.5σ) higher (0.17 ± 0.02) than the aver-
age equatorial value (~0.10). When coupled with the 
known homogeneity of Si over the same region [10], 
this is evidence for variable Na abundance over the 
surface of Mercury. 

Interpretation: We propose two hypotheses to 
account for the observed Na/Si abundance distribution. 
Under the first hypothesis, the high-reflectance smooth 
plains (SP) units are assumed to have a Na composi-
tion that differs from that of the older surrounding 
intercrater plains and heavily cratered terrain 
(IcP/HCT). Distinct Na/Si abundance ratios were as-
signed to the SP and IcP/HCT, and the resulting gam-
ma-ray signals were modeled and forward propagated 
to the spacecraft given the known distribution of the 
two terrain types [14]. Fig. 1 compares these predic-
tions, summed by latitude, to the GRS measurements. 
The comparison shows that this hypothesis is con-
sistent with the data for Na abundances of 3.9−5.2 
wt.% in the SP and 0.7−2.9 wt.% for the IcP/HCT are-
as (for a Si abundance of 24.6 wt%; see [8]). The 
endpoints of these ranges correspond to the colored 
curves in Fig. 1. 

 

 
Figure 1. Na/Si abundances and one-standard-deviation statisti-
cal uncertainties as measured by the MESSENGER Gamma-Ray 
Spectrometer, plotted as a function of latitude. Forward models 
of Na/Si abundance distribution for two models in which the 
smooth plains have higher Na/Si values than surrounding terrain 
are shown as dashed lines. The orange line corresponds to values 
of 0.16 and 0.12 and blue line to values of 0.21 and 0.03 for the 
SP and IcP/HCT, respectively. 
 

A second hypothesis is that Na has been thermally 
mobilized on the surface, and the result is higher Na in 
cooler polar regions. This hypothesis, earlier motivated 
by ground-based studies of the Na exosphere [9], fol-
lows from a similar interpretation of the spatial distri-
bution for K on Mercury [10].  From maps of maxi-
mum surface temperature and assuming a similar tem-
perature dependence for Na as that seen for K, Na/Si 
abundances were assigned and the resulting gamma-
ray fluxes were modeled and compared with GRS 
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measurements (Fig. 2).  This model is also consistent 
with the data, with allowed Na abundances of 3.7−4.7 
wt.% in the cooler regions and 1.5− 3.2 wt.% in the 
warmer equatorial regions. The endpoints of these 
ranges correspond to the colored curves in Fig. 2. 

 

 
Figure 2. Na/Si abundance as measured by the MESSENGER 
Gamma-Ray Spectrometer, plotted as a function of latitude. 
Forward models of an assumed Na/Si abundance that varies as 
the maximum surface temperature are shown as dashed lines. 
The orange line corresponds to values of 0.15 and 0.13 and blue 
line to values of 0.19 and 0.06 in the polar and non-polar regions, 
respectively. 
 

 Exosphere Observations: It has long been ob-
served that the spatial distribution of Na in Mercury's 
exosphere, although variable, often exhibits enhance-
ments at one or both poles. Taking advantage of a rare 
opportunity to observe the transit of Mercury across 
the face of the Sun, measurements on 8 November 
2006 (Fig. 3) show that the exospheric density was 
clearly enhanced at both poles, with the extent of the 
enhancement wider in the south, consistent with a larg-
er cusp region in the south [15]. 

The temperatures of the atoms inferred by the 
transit (750–1500 K near the poles, and 1500–3000 K 
in equatorial regions) are consistent with those inferred 
from high-spectral-resolution observations, about 750 
K over the poles and 1200 K in the equatorial regions 
[16]. MESSENGER MASCS observations also indi-
cate a Na temperature of 1200 K at the equator near the 
surface. These observations are broadly consistent with 
those taken during the transit of 2003 [17]. There is no 
statistical difference between the northern and southern 
portions of the Na tail seen during the first and second 
MESSENGER flybys [18]. 

Ground-based observations often show enhance-
ments at high latitudes, varying on time scales of hours 
[e.g., 19, 20]. For example, the exosphere was en-
hanced in the southern hemisphere on 15 January 2008 
[19]. The K exosphere shows similar high-latitude en-
hancements [21]. Such high-latitude enhancements 
could be consistent with a higher intrinsic abundance 
at high latitudes, along with ion-enhanced desorption 

in the polar cusp regions. There is not a one-to-one 
correspondence between the surface abundance and the 
exosphere at all times, but temporal variations indicate 
a complex interaction between the surface abundance 
and the source processes. 
 

 
 
Figure 3. The Na exosphere at the limb observed from the Dunn 
solar telescope at Sunspot, NM, on 8 November 2006 (Potter et 
al. 2013), shows enhanced density at both poles, with equivalent 
width shown in milli-Angstroms. 
 

Monte-Carlo modeling of MASCS data, using the 
underlying Na abundance observed by the GRS and 
estimates of solar wind flux, are currently underway in 
an effort to further constrain the relationship between 
the surface and exospheric abundances. 
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