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Introduction:  Thorium (Th) is known as an in-

compatible element. During the crystallization of high-
temperature magma, Th is not accepted into the crystal 
structures of major minerals because of its large ionic 
radius and concentrates in residual liquid phase [1]. 
The large feldspathic highland in the lunar farside con-
tains little Th and it has been believed to be a magma-
ocean floatation-cumulate origin [2]. If the lunar glob-
al magma ocean hypothesis is true, the earliest crust 
that firstly crystallized from the global magma ocean 
could scarcely contain Th. Thus, the region that con-
tains no or little Th on the lunar surface becomes one 
of the candidates of the crust or the craton crystallized 
at earlier stage. By using Kaguya gamma-ray spectro-
meter (KGRS) that has the excellent energy resolution 
[3] which helps to reduce the detection limit of Th, the 
lowest Th regions on the lunar surface were enclosed. 
In order to get a good counting statistics, the Th map 
with the large spatial resolution is purposely produced 
and the lowest Th regions were delineated.  

Data processing:  The gamma-ray spectrum data 
obtained by KGRS from Dec. 14, 2007 to Feb. 16, 
2008 and from July 7, 2008 to Dec. 14, 2008 (Period 1 
+ 2) at 100 km altitude was used to produce Th map on 
the lunar surface. The actual observation time (or live 
time) is 111.4 days. The energy spectra of the Th peak 
(2615 keV) are shown in Fig. 1. The Th peak is clearly 
identified and the energy resolution is 0.96% (full 
width at half maximum, FWHM) which is about 7 
times superior to that of Lunar Prospector gamma-ray 
spectrometer (LPGRS) [4]. Firstly, the lunar surface 
was pixilated with 100 km × 100 km quasi-equal areas 
(3906 pixels) and the gamma-ray spectra which KGRS 
sent to the ground station every 17 sec in turn were 
accumulated in the pixels. The intensity of 2615 keV 
was defined here as the count rate of gamma rays in 
the energy window from 2550 to 2625 keV and the 
intensity map of 2615 keV was made. Secondly, the 
map was smoothed by averaging the intensities of the 
pixels within a search radius R centered at 0.5º×0.5º 
grid points. In the averaging process, the intensities 

were weighted by 2-dimensional weight function, W(r) 
= (1+9r2/R2)-1, where r is the distance between a grid 
point to a center of the pixel along the lunar surface. 
The weight function determines the spatial resolution 
of smoothed map, because FWHM of W(r) is 300 km 
when R=450 km and is considerably wider than that of 
spatial response function (SRF) that determines the 
intrinsic spatial resolution of KGRS (~ 130 km [5]).   

 
Fig. 1. The energy spectra around Th-208Tl peak (2615 
keV) obtained during Period 1+2. Spectra of No. 80 
and No. 94 have the lowest and the highest count rates 
among the quasi-equal area pixels with 450 km × 450 
km on the lunar surface, respectively. The spectra ac-
cumulated continuously during Period 1 and 2 are also 
shown (Whole).  

Results: The Th map produced by the above me-
thod with R = 450 km (Spatial resolution = 300 km) is 
shown in Fig. 2. The Th is highly concentrated in lunar 
nearside and Procellarum KREEP Terrane (PKT) de-
fined by [6] is identified from the map. South pole-
Aitken basin (SPA) is also seen as the moderate Th 
concentration in the southern farside.  

The lowest Th region: The lowest Th concentra-
tion occurs in the zone surrounding SPA. Above all, 
the two regions have little thorium that are defined by 
Freundlich-Sharonov, Korolev, Orientale, Hertzsprung 
and the north of Dirichlet-Jackson (Zone A) and by 
Moscovience and the west of Mendeleev (Zone B). 
Our result is well consistent with the measurement of 
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Apollo 16 gamma-ray spectrometer (AGRS), which 
flew along the equator in the farside (lat. -5º~+10º). 
They have reported the moderately high thorium con-
centration between 150º and 180º of longitude and the 
low thorium concentration between 180º and 240º[7]. 
It is a part of Zone A that the low thorium region iden-
tified by AGRS is. Whereas, LPGRS have not explicit-
ly mentioned the low Th region so far, but it seems 
from the maps obtained by LPGRS that the Th concen-
tration in western hemisphere in northern farside is 
lowest [4].  

We found that Zone A and B well coincide with 
the region that has the thickest crust and the highest 
elevation recently measured by Kaguya mission [8,9] 
and where the state of Airy isostacy is supposed to be 
established [8]. This triple coincidence, i.e., lowest Th, 
highest elevation, thickest crust, does not deny that the 
crust crystallized at earlier stage and formed as a 
magma-ocean floatation-cumulation exists in these low 
thorium zones as shown in Fig. 2. The lunar meteorite 

Dhofar 489 that contains extremely low thorium [10] 
could come from Zone A [11].  

Conclusion: The lowest Th region in the lunar far-
side occurs near the equatorial region (Zone A and B) 
and it should be noted that the regions well correspond 
to the lunar highest region and the thickest crust region 
recently measured by Kaguya mission [8,9].  
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Fig. 2. The gamma-ray intensity map of Th-208Tl peak (2615 keV) smoothed by the 2-dimensional filter using Pe-
riod 1 and 2 data set obtained by KGRS. The spatial resolution of this map is 300 km. (The diameters of yellow 
circles are 300 km.) The shaded relief is produced by using Kaguya-LALT data [9]. 
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