
What is Cathodoluminescence ?

Using Cathodoluminescence or CL is a way of looking at thin sections or other types of geological samples.  In 
short, samples are bombarded by a beam of high energy electrons, which enables emission of eleectromagnetic 
radiation which may be  in the visible range (400-700 nm), ultraviolet (UV; <400 nm) and infrared (IR; >700 nm).  
This phenomenon is known as luminescence.  Luminescence includes both phosphorescence and �uorescence.  
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Cathodoluminescence Theory

Solid-state band theory provides a way to explain the luminescence phenomenon. An insu-
lating solid material (such as quartz or calcite) can be visualized as having a valence band and 
a conduction band with an intervening band gap (forbidden gap). 

If a crystal is bombarded by electrons with su�cient energy, electrons from the lower-energy 
valence band are promoted to the higher-energy conduction band. When the energetic elec-
trons attempt to return to the ground state valence band, they may be temporarily trapped 
(on the scale of microseconds) by intrinsic (structural defects) and/or extrinsic (impurities) 
traps. If the energy lost when the electrons vacate the traps is emitted is in the appropriate 
energy/wavelength range, luminescence will result. Most of the photons fall in the visible 
portion of the electromagnetic spectrum (wavelengths of 400-700 nm) with some falling in 
the ultraviolet (UV) and infrared (IR) portions of the electromagnetic spectrum.

There are several possible ways in which the traps can interact to produce luminescence.

The intensity of the CL is generally a function 
of the density of the traps. 

Insulator with a wide band gap between 
the valence band and conduction band 
with hypothetical electron traps (hori-
zontal lines) with the band gap.

Excitation of electrons from the valence 
band to the conduction band, leaving 
so-called "holes".

Possible paths of electrons as they fall 
back to ground state of the valence band 
include: (left) electron falling directly 
back to the valence band, generally emit-
ting UV radiation, (middle) electrons 
encountering a single trap, emitting CL 
proportional to the energy released from 
the temporary occupancy of the trap by 
the electron as it falls to the valence band 
and (right) electrons encountering multi-
ple traps, emitting CL proportional to the 
energy released from the temporary 
occupancy of the traps by the electron as 
it falls to the next trap or valence band. 

How does the CL instrument work?

Cold-cathode CL (as opposed to hot!) is the most commonly used optical-CL system.  It is attached to a microscope 
so that any lumincescent response can be viewed through an objective lens and then  recorded with a digital 
camera.

Phosphorescence  is when radiation continues after the incident energy source is turned o� (continues to 
emit >10-8 seconds or longer). Fluorescence is the term used when the emitted radiation stops after the 
excitation ceases (speci�cally <10-8 seconds after the incoming radiation ceases). 

Geologic applications

The CL signature in a material  is a complex function of composition, lattice structure and superimposed strain 
or damage on the structure of the material.   The distribution of the CL in a material can provide insight into  
processes as crystal growth, replacement, deformation and provenance. 

Applications include: 
• investigations of cementation and diagenesis processes in sedimentary rocks 
•provenance of clastic material in sedimentary and metasedimentary rocks 
•details of internal structures of fossils 
•growth/dissolution features in igneous and metamorphic minerals 
•deformation mechanisms in metamorphic rocks
•paragenetic sequences of hydrothermal veins in ore bodies.

A discharge, made up of positive ions and elec-
trons is generated by a cold cathode electron 
gun at negative high voltage.  The electrons are 
then attracted toward the anode (at ground 
potential in ionized gas at a moderate vacuum of 
~10-2 Torr), and some of them pass through a 
hole in the anode, through the focus coil and 
into the chamber of the instrument.  
The sample is  then be bombarded by a beam of 
high-energy electrons, that passes through the 
hole in the anode.  


