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aBstract

This study explores the effects of metamorphism on luminescence of diamond. Four diamond 
suites extracted from metamorphic rocks were characterized using optical cathodoluminescence, 
FTIR spectroscopy, photoluminescence at the liquid nitrogen temperature, and cathodoluminescence 
spectroscopy. The studied diamonds are from sedimentary conglomerate and lamprophyric breccia 
metamorphosed to the greenschist facies (Wawa, Canada), and from the ultrahigh-pressure (UHP) 
terranes of Kokchetav (Kazakhstan) and Erzgebirge (Germany). The majority of studied diamonds 
that experienced metamorphism have distinct cathodoluminescence and photoluminescence when 
compared to diamonds from unmetamorphosed rocks, i.e., kimberlites or placers. Diamonds in 
metamorphic rocks do not show the prevalent blue cathodoluminescence emittance at 415–440 and 
480–490 nm typical of common kimberlite and placer diamonds. Ultrahigh-pressure diamonds are 
mostly non-luminescent, whereas diamonds from greenschists display green, yellow, orange, and red 
cathodoluminescent colors emitting light at 520 and 576 nm, and between 586 and 664 nm. The shift 
of cathodoluminescence in octahedrally grown Type Ia diamonds metamorphosed in the greenschist 
facies results from the presence of optical centers with zero-phonon lines at 575 and 637 nm detected 
via photoluminescence spectroscopy. The centers may have formed due to irradiation of diamonds 
in the upper crust followed by annealing at T > 500 °C. This process creates vacancies that diffuse 
through the diamond lattice and get trapped at N sites, creating NVo and NV– optical centers. The 
distinct luminescence of metamorphosed diamonds can persist for billions of years in the crust, but 
is annealed in the mantle.
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The unsurpassed resistance of diamond to chemical and me-
chanical weathering ensures its survival during multiple stages of 
erosion, metamorphism, exhumation, and repeated concentration 
in secondary and tertiary collectors (Marshall and Baxterbrown 
1995). Because of the complex and prolonged history of diamond 
in the crust, it is important to explore if any crustal processes 
leave their marks on diamond that may be used to reconstruct 
crustal geologic processes and ages of primary diamondiferous 
volcanics and secondary collectors.

This study explores the effects of metamorphism on lumines-
cence of diamond. Diamonds in metamorphic rocks (DMR) can 
have a dual origin; they can be inherited from previously existing 
unmetamorphosed diamondiferous rocks, or can be produced 
by metamorphism at ultra-high pressures (UHP), in previously 
barren terranes (so-called “orogenic” diamonds; De Stefano et 
al. 2006). We studied DMR of both origins. Diamonds found 
in metamorphosed lamprophyres, lamprophyric volcaniclastic 
metabreccias (Lefebvre et al. 2005), and metasedimentary con-
glomerates of Wawa, Northern Ontario, Canada (Ryder et al. 

2008; Bruce et al. 2010) are examples of diamonds inherited 
from diamondiferous rocks. Diamond samples studied from UHP 
terranes are from gneisses and marbles of Erzgebirge (Germany) 
and Kokchetav (Kazakhstan, Asia) (Chopin 2003). We suggest 
that metamorphism shifts the cathodoluminescence (CL) colors 
of diamond to green, yellow, and red for the most abundant type 
of diamond that cathodoluminesces blue, grows as octahedral 
crystals, and contains aggregated nitrogen (Type Ia). The CL 
characteristics superimposed by metamorphism could survive 
through 2.7 billion years of the geological history. A record of 
metamorphic processes in the diamond crystal lattice and its 
physical properties provides an opportunity for a better recon-
struction of events that led to accumulation of placer diamonds, 
some of which may have an enigmatic origin (Laiginhas et al. 
2009; Barron et al. 1996). 

experiMentaL Methods
Optical CL studies were performed at the Department of Earth and Ocean 

Sciences (EOS), University of British Columbia (UBC) (Vancouver, Canada), on 
a Cambridge Instruments Cathode Luminescence (CITL 8200 mK4) system with 
an attached optical microscope (2.5× lens), using an accelerating 7.5 µm beam of 
15 kV and electron beam current of 300 µA. The diamonds were placed on glass 
slides or were mounted into CL inactive putty in a steel recessed tray, which fit 
into a vacuum chamber maintained with a Varian DS 102 pump. Exposure times 
for photographs varied from 0.1–10 s, depending on the intensity of CL.
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