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Determination of the potential for extrinsic color development in natural colorless quartz
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abstract

Colorless natural quartz can develop many extrinsic colors after exposure to ionizing radiation 
and heat due to trace elements such as aluminum, iron, hydrogen, lithium, and sodium. The infrared 
spectrum of colorless natural quartz is correlated to the development of these colors, because the bands 
between 3200 and 3600 cm–1 are related to the presence of trace elements. The colors produced by γ-ray 
or electron beam irradiation are caused by displacements of electrons in the quartz lattice and can be 
bleached by ultraviolet irradiation. Colors produced by irradiation and additional heating, however, 
are resistant to ultraviolet rays, probably due to Li+ diffusion. The infrared spectra of colorless natural 
quartz crystals can be used to identify the crystals’ potential for color development by irradiation 
and heating. At room temperature, all natural colorless samples of alpha quartz show bands at 2499, 
2600, 2677, 2771, 2935, and 3063 cm–1. The samples that do not develop color after irradiation also 
show bands at 3202 and 3304 cm–1. The samples that become grayish to black after irradiation show 
three additional bands at 3381, 3433, and 3483 cm–1. This last band is related to the development of 
the colors greenish yellow, yellow, or brown (citrine) after irradiation and heating. The samples that 
become grayish olive green after irradiation and olive green after additional heating show a pair of 
bands at 3404 and 3510 cm–1 in addition to the former bands noted. The samples that become violet 
(amethyst) or green (prasiolite) after irradiation, or sky blue after irradiation plus heating show a broad 
band at ~3441 cm–1 and a band at 3585 cm–1. 
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introduction

Colorless natural quartz can develop many extrinsic colors. 
After exposure to ionizing radiation (e.g., gamma rays, X-rays, 
high-energy electron beam), it may show no color development 
or become gray (smoky) to black, grayish green, grayish violet, 
or violet. Intense ultraviolet rays (UV) can bleach the colors 
produced by the ionizing radiation (Choong 1945). Heating may 
also bleach these colors but, in some cases, intermediate colors 
may develop (greenish yellow, yellow, or brown). These colors 
are not bleached by ultraviolet radiation. A sky blue color may 
also be obtained after irradiation and heating. Figure 1 shows 
the scheme of the extrinsic colors observed in originally color-
less natural quartz.

The color development or the natural color enhancement by 
irradiation (γ-rays or high-energy electron beam) and heating are 
used in industry to produce colored quartz for jewelry. Samples 
of colorless quartz are sent to irradiators, where different doses 
of ionizing radiation are applied. After irradiation, the samples 
may require heating or exposure to ultraviolet rays to achieve 
the desired color. Only a small fraction of colorless quartz in 
nature can develop colors of commercial value. The application 
of different doses and heating or exposure to ultraviolet rays 
is the most reliable procedure to verify the color development 

potential, because it can reveal the color intensity and zoning 
within a piece of quartz crystal. Once the irradiation doses 
are established, the whole lot of colorless quartz is irradiated 
(usually hundreds of kilograms). We routinely receive quartz 
samples of different origins to evaluate the potential for color 
development by means of irradiation and heating. The samples 
may be a blend of different origins. The disadvantages of this 
procedure include the cost and the time necessary to perform the 
irradiation (usually weeks). We have observed that the infrared 
spectrum of natural colorless quartz has a strong correlation to 
the color development and is a useful tool to perform an evalu-
ation of the potential for color development. It can preclude the 
irradiation of samples that do not have the potential for color 
development. Moreover, it can be performed in minutes when 
an infrared spectrometer is available. 

The behavior of quartz in response to irradiation and heating 
has been known for a long time (Holden 1923). The influence 
of trace elements on the coloration of quartz was reported even 
earlier (Nabl 1899). Iron has been related to amethyst (violet 
quartz), and aluminum has been related to smoky quartz. The 
quartz color was attributed to pigmentation caused by micro-
scopic or submicroscopic particles of iron compounds in the 
matrix of quartz or was explained by band theory based on 
the substitution of aluminum or iron for silicon (Lehmann and 
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