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• South Africa: Richtersveld World Heritage Site

• It has the highest diversity of succulent plants in the world (4,849 species, of which 
1,940 are endemic), as well as eerie coastal mists, alluvial diamonds and truly 
indigenous cultures.



Hyperspectral technology has been around for a few decades. 

Starting with Landsat 8,
Pushbroom methodology was applied
See video

Major Disadvantage,
The multidimensional datasets can be massive, 
where the map of a county would be in the 
hundreds of terabytes. Therefore, 
improvements in hyperspectral resolution 
improve the storage requirements and price 
increases.
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From a segmented set of 
wavelets such as with Landsat 
to a continuous spectra with 
hyperspectral

Initially developed for mining and geology, today, 
there's a wide range of hardware sizes and 
applications;
Agriculture
Waste Sorting and recycling
Eye Care Food Processing
Surveillance Astronomy
Environmental Monitoring
Biomedical Imaging
and more
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A wide range of cameras have 
be produced for the numerous 
applications
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Description of the moon
 Average distance to earth: 238, 900 mile (384, 000 km)
 Closest approach: 221, 460 miles
 Farthest approach: 252, 700 miles
 Diameter: 2169 miles (27% of earth’s) 
 Synchronous rotation
 Density:  3340 kg/m 3(3/5 of earth’s)
 Gravitational force=17% of the earth’s
 Surface temperature range: -170C to +140C

https://www.enchantedlearning.com/subjects/astronomy/moon/
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Hyperspectral methods reveal a multitude of minerals

• To assess the abundance and 
distribution of lunar resources for the 
feasibility of a permanent lunar base
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Lunar Minerals
• Numerous minerals species have been validated in the moon
• Moon surface rocks is made up mainly of a Anorthite CaAl2Si2O8

• Anorthite is found in mafic igneous rocks
• Anorthite is a plagioclase feldspar
• Anorthite has about 20 % of Aluminum and will be the main ore for 

Aluminum and Calcium in the moon
• Other minerals are Bytownite and Labradorite

Papike, J., Taylor, L., & Simon, S. (1991). Lunar minerals. Lunar sourcebook: A user’s guide to the Moon, 121-
181.
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Spectra Analysis - Anorthite
 Mineral identification

Plagioclase/Albite/Anorthite

 Green Pigment Possibly 
Regolith Fines

 Red Pigment Possibly 
Plagioclase, Albite, Anorthite

 Tools Used
ENVI/ERDAS

Albite (NaAlSi3O8)
High chemical variability occur between Albite and Anorthite
Lunar plagioclase have less sodium compared to terrestrial 
plagioclase

Source: Papike, J., Taylor, L., & Simon, S. (1991). Lunar minerals. Lunar sourcebook: A 
user’s guide to the Moon, 121-181.
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Spectra Analysis - Augite
 Mineral identification

Augite

 Dk Green Pigment Possibly 
Augite

 Tools Used
ENVI/ERDAS

Augite ‐ (Ca,Na)(Mg,Fe,Al,Ti)(Si,Al)2O6

Pyroxenes and Pigeonites are expected

Source: Isaacson, P. J., Sarbadhikari, A. B., Pieters, C. M., Klima, R. L., Hiroi, T., Liu, 
Y., & Taylor, L. A. (2011). The lunar rock and mineral characterization consortium: 
Deconstruction and integrated mineralogical, petrologic, and spectroscopic analyses of 
mare basalts. Meteoritics & Planetary Science, 46(2), 228-251.
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Spectra Analysis - Diopside
 Mineral identification

Diopside

 Blue and Green Pigment 
Possibly Diopside with Ortho‐
Clino‐Pyroxene Mixtures

 Tools Used
ENVI/ERDAS

Diopside ‐ MgCaSi2O6

Orthopyroxenes and Clinopyroxenes are expected

Source: Bhatt, M. U. (2012). Mineralogical analysis and iron abundance estimation of 
the Moon using the SIR-2 and other VIS-NIR spectrometers on-board the lunar orbiter 
Chandrayaan-1 (Doctoral dissertation, Technische Universität Clausthal).
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Spectra Analysis - Hematite
 Mineral identification

Hematite

 Aqua Pigment Possibly 
reflects the broad spectral 
Hematite response between 
wavelength 1372 & 2576 nm

 Tools Used
ENVI/ERDAS

Hematite ‐ Fe2O3

While the moon is rich in iron bearing rocks, it does not have 
liquid water and oxygen.
The oxygen is thought to have been moved from the earth’s 
upper atmosphere on the earth/s magnetotail to the moon and 
reacted with moon’s surface rocks to form hematite.

Source: Bhatt, M. U. (2012). Mineralogical analysis and iron abundance estimation of the Moon using the 
SIR-2 and other VIS-NIR spectrometers on-board the lunar orbiter Chandrayaan-1 (Doctoral dissertation, 
Technische Universität Clausthal).
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Future Work

• Image Processing is a complex task that requires numerous iterations.
• We desire to fine‐tune our results to identify more minerals.
• Mineral quantification
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Conclusion

• There is an abundance of minerals on the moon.
• The exploration of these minerals will support the establishment of a 

human colony and manufacturing facilities.
• Further analysis will be done to quantify the minerals.
• Based on the current assessments, lunar settlements seem feasible.

Thank You

Troy P. Bernier, 
H2OResource, Inc.
January 2023


