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Introduction:  Basic knowledge about the compo-

sition and structure of the Moon was provided by the 
space missions of the USSR (Luna since 1959) and 
USA (Ranger and Surveyor since 1964). In particular 
Apollo missions 11 to 17 (1969-1972) with ca. 2200 
samples (380 kg) gave new highlights and understand-
ings for the geological research of our neighbor. Addi-
tional material was sampled by the Russian space mis-
sions Luna 16, 20 and 24 between 1971 and 1976 
(Figs. 1,2). Development and testing of certain ad-
vanced analytical techniques (small samples, limited 
material, etc.) were important purposes for the further 
mineralogical investigations of the lunar samples.  

 
 

300 µm 

  
 
 

 
 
 
 
 
 

Figure 1. Fine-grained rock fragments and glassy 
spheres in a regolith sample from the lunar high-
land region sampled by Luna 20. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Chemical composition of plagioclases from 
Luna 20 and Luna 24 samples (from [8]). 

Basics of CL: When an energetic electron beam 
impinges on the solid surface its energy generates a 
number of physical processes including emission of 
secondary electrons (SE), back-scattering of electrons 
(BSE), electron absorption (”sample current”), charac-
teristic X-ray, and cathodoluminescence (CL) emission 
(Marshall, 1988). Much of the total incident beam en-
ergy is transformed into heat resulting nonradiative 
emissions such as phonons. In general, the penetration 
depth of electrons according to the energy of the elec-
trons (10-20 keV)  is  approximately in the range of 2-
8 µm [1]. Cathodoluminescence is a radiation in the 
UV to IR range, which is commonly detected in the 
visible range of wavelengths between 400 and 700 nm 
(1.77 and 3.10 eV), since  Sippel [2] and Smith & 
Stenstrom [3] developed the first CL devices. 

The present study presents results of CL micros-
copy and spectroscopy of lunar minerals (especially 
plagioclases) revealing interesting data for the inter-
pretation of the formation of lunar rocks. 

CL microcharacterization of lunar minerals:  
Several minerals occurring in lunar rocks may show 
distinct luminescence properties (Table 1). In a pio-
neering study, Sippel & Spencer [4] identified calcic 
plagioclase as a dominant luminescent mineral in lunar 
crystalline rocks and breccias showing different CL 
colors. Minor amounts of cristobalite and tridymite are 
also luminescent, as are trace grains of potassium feld-
spar. Two types of intergrowths of potassium feldspar 
with a silica phase, possibly quartz, were found in the 
breccias. Luminescence spectra of plagioclase show 
significant similarities to, and differences from, spectra 
of terrestrial plagioclase ([4]-[7]). The feldspar grains 
from lunar highland regions (Luna 20) are more or less 
homogeneous under CL, whereas Luna 24 plagioclases 
from mare regions mostly show oscillatory zoning 
caused by varying contents of Mn2+. In general, Mn2+ 
seems to be the main activator in extraterrestrial mate-
rial. Moreover, Fe3+ was detected in samples from 
Luna 24 (Fig. 3), indicating that at least some of the 
iron on the moon is trivalent. 

Sippel and Spencer [4] observed that the shock 
metamorphism of plagioclases caused CL peak shifts 
from green peak toward the red peak, peak broadening  

 
Table 1. Lunar minerals showing luminescence. 
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and decrease of luminescence intensity compared to 

the undamaged counterpart.  
The distortions or disorder in the crystal field re-

sults in crystal field perturbations and these local 
variations broadened the distribution of excited state 
energies.  

More recently, CL spectral measurements were 
performed on natural and experimentally shocked oli-
goclases (An19.7 single crystal shocked between 10.5 
GPa and 45 GPa) and  plagioclases from the equili-
brated ordinary chondrites (Dar al Gani, Tenham) [8]. 
They observed disappearance of the crystal field sensi-
tive Mn2+ and Fe3+-related peaks resulting from break-
down of the crystal structure (i.e., occurrence of 
diaplectic glass) at around 35 GPa. 

 

 
 
Figure 3. CL spectra of different zones in a plagioclase 
grain from a Luna 24 sample. 

Conclusions: Although studies concerning the CL 
properties of lunar material are limited, selected mate-

rial from the lunar surface was intensively investigated 
during the last decades providing information concern-
ing the geological history of the moon. Best results are 
achieved when luminescence studies are combined 
with other analytical techniques with high sensitivity 
and local resolution. 

Among the minerals, certain species are showing 
luminescence, especially plagioclases and minerals of 
the SiO2 group. The results show principal similarities 
with terrestrial material but also significant differences 
(e.g., mineral association, no weathering, impact dam-
age). 

In-situ Cathodoluminescence investigations can aid 
to understand more about the mineralogy and crystalli-
zation history of plagioclase fom the lunar rocks how-
ing advantages as follows: 

• differentiation of alkali feldspar and plagio-
clases 

• detection of different generations 
• visualisation of internal structures and growth 

zoning 
• identification of main CL activators 
• detection of alteration features 
• differentiation of shock-induced microde-

fomations 
The close relationship between specific conditions of 
mineral formation or alteration, the defect structure 
and the luminescence properties may provide impor-
tant genetic information.         
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Mineral Type Notes 
Plagioclase An-rich (An90) Dominant 

mineral 
Alkali feldspar  Rare 
Orthopyroxene Enstatite  
Olivine Fa30 Only Fe-poor 

forsterite 
Spinel Mg2Al2O4  
SiO2 minerals (quartz, cristo-

balite, tridymite) 
 

Zircon   

Baddeleyite   
Apatite (OH-free)  
Whitlockite  From meteor-

ites 
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