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Introduction: 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”), 
characteristic X-ray, and cathodoluminescence (CL) 
emission (Marshall, 1988). Much of the total incident 
beam energy is transformed into heat resulting 
nonradiative emissions such as phonons. In general, 
the penetration depth of electrons according to the 
energy of the electrons (10-20 keV)  is  approximately 
in the range of 2-8 µm [1]. Cathodoluminescence is a 
visible radiation in the range of wavelengths between 
400 and 700 nm, corresponding to energies between 
1.77 and 3.10 electron volts. The relationship between 
energy and wavelength can be expressed as follows: 
energy in electron volts (eV) = 1239.8/(wavelength in 
nm). 
According to Boggs et al. (2001) [2] after the short 
excitation period, the electrons may return back from 
the conduction band (CB) to the valance band (VB) in 
three different paths. (1) These promoted electrons fall 
back to their lower energy level directly. (2) They can 
move back randomly through the crystal structure until 
they encounter a trap or a recombination center (i.e., an 
activator, which might be an ion that combines with 
captures an electron). (3) Excited electrons may return 
back indirectly by first finding traps, then vacating the 
traps (with concomitant emission of photons) (Fig.1A). 
The CL spectrum might also be influenced by different 
types of structural imperfections in crystal structure 
such as defects, radiation and shock damage and 
impurities. The band gap (BG) exists between VB and 
CB (Figs.1A,B) Cathodoluminescence (CL) spectral 
properties shocked plagioclase samples have been 
already investigated in a great detail [1,3,4,5]. Here, 
we present the results of cathodoluminescence spectra, 
which were performed on the experimentally shocked 
(shock pressures from 20 to 40 GPa) plagioclase 
specimens. The purpose of this study is to further 
investigate the capability of the CL technique to 
identify shock metamorphic effects in the shocked 
plagioclase. 

Experimental Procedure: Shock recovery 
experiments were used at the propellant gun at Institute 
for Material Research, Tohoku University, Japan. The 

samples (An20, An40 and An80) were subjected at 
shock pressures: 20, 30, 40, and 50 GPa. However, 
only the An40 samples were selected for  this study, 
because they show better quality than the other grains. 
CL spectra were recorded (at Okayama University of 
Science) in the wavelength range of 300-800 nm, with 
1 nm resolution by the photon counting method using a 
photomultiplier detector, Hamamatsu Photonics 
R2228. 

 
Figure 1. Schematic figures (as an unshocked wide-
band gap mineral) of basics of the 
cathodoluminescence emission shows radiative 
transitions in the band gap between conduction band  
and valance band (A) (after Boggs et al. 2001). The 
shocked mineral(B) contains closely-spaced electron 
traps resulting non-radiative transitions (i.e. Fig. 1B-
1,2).   
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Results and Discussions: The O- -Si….M+ defects (at 
around 500 nm), Ti3+ (450-470 nm), Fe3+ (680-710 
nm), Mn2+  (540 –570 nm) and Al-O--Al (450-480) 
can cause relatively strong CL emissions in plagioclase 
feldspar [1,3]. 

The CL spectra of the unshocked An40 sample are 
dominated by a broad band at 578 nm, which is related 
to the Mn2+-activator ion. The relatively weak two 
broad bands at around 325 and 450 nm, might be 
associated with defect centers (Fig. 2). As a function of 
the increasing shock pressure, a peak shift from 578 
nm to 618 nm plays an important role in the 20 GPa 
sample. Decreasing of the luminescence peak intensity 
and disappearance of the crystal field sensitive Mn2+-
related peaks at 30 and 40 GPa samples are in a good 
agreement with the previous studies indicating the 
formation of the shock-induced diaplectic glass.  
Changes in CL spectra of the shocked plagioclase 
including peak broadening, peak disappearances or 
shifts, decreases in peak intensities are related to not 
only a local variations in the crystal field strength such 
as distance changes between coordinated –O- and 
Mn2+ activator ion (Figs. 3A,B), but also changes 
(lacking or absence of recombination centers) of 
distance between electron traps in band gap between 
the conduction and valance bands  resulting non-
radiative emission at the amorphous-filled planar 
microdeformations (Fig.1B).   
Consequently, this study can aid to determine whether 
CL effects in the shocked plagioclase are characteristic 
for particular shock pressure stages. 
 

Figure 2. Cathodoluminescence spectra of the 
unshocked and shocked at 20,30,40 GPa An40 samples 
exhibiting a shock-induced CL peak shift between 578 
and 610 nm. 
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Figure 3.  Compared to the unshocked sample, 
shortening of a distance between O-Mn results 
changes in the crystal field strength of a shocked 
sample.  

Figure 4.  A relationship between crystal field strength 
(Dq), O-Mn distance (a), shock pressure (P) and 
wavelength of the cathodoluminescence emission (λ) in 
the unshocked and shocked plagioclase samples. 
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