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Introduction: As a magnetic field-weak and air-

less body, the Moon is directly irradiated by solar wind, 

Earth wind, and (micro)meteoroids. Understanding the 

formation processes of hematite on the Moon not only 

deepens our understanding of the interaction between 

solar/Earth wind and lunar surface but also might be 

useful in constraining when the geomagnetic field 

arose and has important scientific value for studying 

the evolution of the Earth-Moon system [1]. 

During about three-quarters of the lunar orbit, the 

Moon is immersed in the solar wind, which contains 

predominant protons, 1%–5% alpha particles, and oth-

er heavy ions (oxygen abundance < 0.1%)[2], depend-

ing on solar wind speed, heliographic latitude, and 

solar cycle[3]. During the remaining 3–5 days of each 

lunar lunation, the Moon is in the Earth’s magneto-

sphere. When the Moon is in the magnetosphere, some 

terrestrial ions may be transported from Earth's iono-

sphere and upper atmosphere to the Moon, which is 

called “Earth wind” [1]. 

Recent studies have shown that, compared to the 

solar wind, the flux of oxygen particles is much higher 

in the Earth wind [4], which may promote oxidiza-

tion/oxyhydration processes. Li et al. (2020)[5] found 

the spectral absorption feature of hematite is around 

850 nm, which is less affected by pyroxene or other 

common minerals. Through the study of the high-

latitude datasets obtained by the Chandrayaan-1 Moon 

Mineralogy Mapper (M3), the authors indicated that 

the absorption feature at 850 nm may indicate the ex-

istence of hematite, and the integrated band depth (IBD) 

between 750 nm and 1200 nm can characterize the 

relative concentration of hematite[5]. The oxygen from 

the Earth's ionosphere and upper atmosphere is possi-

bly considered to be the oxidant in the hematite for-

mation process, and the raw materials are ferrous iron 

or metallic iron on the lunar surface[5]. The hematite 

can be produced by a hydrothermal reaction on the 

Earth, in which H2O plays a significant role[6]. Honni-

ball et al.(2022)[7] mapped the molecular water at high 

southern latitudes on the Moon and discovered a high-

latitude water-bearing mineral host that may be a pre-

cursor to recently detected high-latitude hematite. Pre-

vious studies have shown that the IBDs of hematite 

have very weak latitudinal dependence[5]. Li et al. 

(2020) [5] proposed both aqueous and anhydrous 

mechanisms of hematite formation and pointed out that 

water can promote the reaction of the oxidation and 

oxyhydration processes but didn’t give specific evi-

dence about it. In this study, we intend to further ana-

lyze the possible formation mechanisms of hematite.  

Methods: We analyzed the data atlatitudes above 

70° within a lunation from May 24, 2009 to June 21, 

2009, during which the M3 has wider coverage. We 

analyzed the data in a lunar cycle, as the IBD data can 

be affected by the observation conditions such as local 

time. The polar regions were divided into a grid of 

5°(longitude)* 15°(latitude) and the mean value in 

each subregion is used to characterize  the physical and 

chemical properties of the subregion.  

For the content of hematite, we used the method of 

Li et al. (2020) [5], proposing that the lower spectral 

reflectance at 850 nm corresponds to higher abundanc-

es of hematite and using the ISSD (the integral of 

squared second derivatives) method to remove the M3 

spectra with the high noise level. Since the absorption 

feature of pyroxene occurs near 950 nm, the wide-

spread presence of pyroxene on the Moon may affect 

the IBD calculation of hematite. To reduce the influ-

ence of pyroxene on the results, we used the spectra 

between 750 nm and 1000 nm to calculate the IBD 

parameter as the relative content of hematite. It should 

be noted that since the hematite on the Moon is rare, its 

abundance on the Moon is not yet clear, and the corre-

sponding relationship between the IBD and its absolute 

abundance requires further instrumental calibrations or 

research on returned samples. The IBD of hematite 

represents only the relative content of hematite, which 

is referred to as the content of hematite in this work. 

Results and Discussion:  Here we present the 

hematite, water, ferrous iron, and nanophase metallic 

iron abundances (Figure 1) obtained from Chan-

drayaan-1 and Lunar Prospector datasets to discuss the 

possible formation processes of hematite involving the 

role of water. Figure 1 shows the mean content of dif-

ferent compounds in the high latitudes of the Moon 

with a grid of 5 °(longitude)* 15°(latitude). As shown 

in Figures 1a and 1b, we find that hematite content has 
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a strong latitude dependence. The content of hematite 

increases with increasing latitude. The OH/H2O con-

centration also increases with the increase of latitude 

(Figures 1c and 1d), which is consistent with the pre-

vious study[8]. Then we calculate the variation of fer-

rous iron abundance at the high latitudes of the lunar 

surface (Figures 1e and 1f), but did not find a latitude-

dependence. We also use the data of nanophase metal-

lic iron amount calculated by Lemelin et al. (2022) 

[9]and analyze the amount of nanophase iron in the 

high latitudes of the lunar surface (Figure 1g and 1h). 

The amount of nanophase iron decreases with in-

creased latitude. Previous studies have shown that 

magnetospheric ions or protons are almost iso-

tropic[10]. So we suggested that the oxygen particles 

implanted into the lunar surface may be independent of 

the lunar latitude. Therefore, we suggest that the lati-

tude dependence of hematite may be caused by the 

latitude dependence of water. 

 
Figure 1. Content of different materials in the high 

latitudes of the Moon with a grid of 5 °(longitude)* 

15°(latitude) and the mean value is used in each region. 

(a-b) The IBD of hematite. (c-d) The probability of 2.8 

μm absorption depth between 0.05 and 0.2 represents 

the OH/H2O abundance level. (e-f) FeO weight percent 

(g-h) Nanophase iron amount.  

 
Figure 2. Comparison of hematite with water con-

centrations in the polar regions. ((a) northern polar 

region (b) southern polar region). The equations in the 

figure show the result of linear regression fit and R in 

the figure represents the linear correlation coefficient 

between two variables. 

 

In order to reveal the role of water in the hematite 

formation, we also carry out the correlation analysis of 

hematite and water in the polar regions (Figure 2). The 

results show that there is an obvious positive correla-

tion between the content of hematite and water concen-

tration. It indicates that water may play an essential 

role in the formation process of hematite.  
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