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Introduction:  Iron and titanium are two very im-

portant elements of the moon. The main types of lunar 
rocks can be distinguished from one another by their 
FeO and TiO2 concentrations. Both FeO and TiO2 can 
be measured by remote sensing technology. The ad-
vantage of multispectral remote sensing technologies 
of iron and titanium derivation is their ability to map 
global distribution at highly spatial resolution. Until 
now the global distribution of FeO and TiO2 with 
highly spatial resolution (higher than 500 m) was only 
derived from Clementine multispectral data [e.g., 1-5]. 
The comparision between the results of FeO and TiO2 
derived from Clementine data and other multispectral 
data perhaps can give more information  for the re-
search of lunar origin and evolution. In this study we 
mapped the global distribution of FeO and TiO2 with 
Chang’E-1 IIM data. Our results were compared with 
the results derived from Clementine. 
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Figure 1. The relationsips between the spectral para-
meters derived from IIM data and the measured FeO 
and TiO2 contents for Apollo and Luna sampling sta-
tions. 

Materials and Methods:  The Interference Imag-
ing  Spectrmer (IIM) on board the first lunar satellite 
of China, Chang’E-1, is a Sagnac-based pushbroom 

Fourier transform imaging spectorme. Its spatial reso-
lution is 200 m and spectral range is 480-960 nm. It 
has 32 bands with a spectral resolution of  325 cm-1. It 
maps the lunar surface with a swath of 25.6 km from 
the polar orbit of 200km altitude. 

The IIM data were preprocessed using the Lunar 
Geochemical Mapping System (LGMS v1.0), which 
was designed specifically for CE-1 optical images by 
our group. The preprocessing steps include wavebands 
inspection and selection, denoising (bad lines repair, 
bad points repair and destriping), reflectance conver-
sion, nonuniformity (flat field) correction, and geome-
tric control. All the preprocessing sequence were de-
scribed detailedly in [6, 7]. 

We used the angular measure model developed by 
Lucey et al [1, 4] to retrieve FeO and TiO2 from IIM 
data. IIM did not cover the Apollo 15 landing sites. 
Moreover, due to the low spatial resolution of IIM 
(200 m) some stations of Apollo 16 &17 can not be 
resolved in the IIM data. Hence, in this study 17 sam-
ples  were carefully selected to convert  angle parame-
ter to absolute FeO and TiO2 concentrations. Based on 
the relationsip shown in Figure 1 and the calibrated 
IIM data, the global distribution of FeO and TiO2 were 
mapped (Fig. 2). 
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Figure 3. Plot of average TiO2 vs. FeO for 17 maria. 
Global concentrations of FeO and TiO2:  The 

global distribution of FeO and TiO2 derived from IIM 
data is comparable to those obtained by Clementine 
data. For example, high iron and titanium abundances 
are seen in the maria and SPA. Whatever global or 
individual basalt unit, the histogram of FeO is unimod-
al while TiO2 is continuous. FeO and TiO2 are highly 
related for mare basalts. For example, as can be seen in 
Figure 3 the correlation between FeO and TiO2 for 
mare is very high and is exponential, which is consis-
tent with the relationship derived from lunar samples. 
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The lunar highlands are depleted in FeO and TiO2. 
The average FeO for mature highlands (excluding 
fresh rays) derived from IIM data is about 4%. The 
abundance of FeO in the highlands is a key test of the 
lunar magma ocean model. To better investigate the 
distribution of FeO in the highlands, four representive 
areas were selected from highlands (Fig. 2). Areas C 
and D are from the oldest area of the moon [8], where 
C is from south hemisphere while D is from north he-
misphere. Area H is from the highest area of the Moon, 
which is located near the Engel’ gardt. Area A is from 
the highlands between Mare  Nectaris and Mare Nu-
bium. In each area several regions of interest were 
carefully selected excluding the fresh rays and crater 
shadows. Both FeO and TiO2 are not uniformaly dis-
tributed in the highlands. F statistic shows that the av-
erage abundance of FeO of the four highlands are sig-
nificantly different. The highlands of the south hemis-
phere have high FeO than the north hemisphere. The 
highest region (H area) has the lowest FeO content, 
which may suggest that the materials at the highest 
location are most likely not from SPA.  

  

Garrick-Bethell shows that the shape of the topogra-
phy there suggests the region was partly formed by 
tidal effects, and is a very ancient part of the original 
crust [9]. The consistency between our geochemical 
results and Garrick-Bethell’s geophysical results sug-
gests where the original materials removed from SPA 
had been gone after the impact needs to be researched. 
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Figure 2. The distribution of FeO (left) and TiO2 (right) derived from Chang’E-1 IIM data. 
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