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Background (1)

A Natural durable accessory minerals (zircon,
monazite, zirconolite, pyrochlore, baddeleyite,
xenotime, apatite, etc.) are considered as possible
analogues of actinide host-phases for actinide
Immobilization

A Some of these minerals may contain admixture of
natural radionuclides: U and Th from less than 0.0001
to several wt.% (even up to 15-20 wt.%)

A Some of these minerals became metamict (X-ray
amorphous) as a result of self-irradiation during
millions of years

A Metamict state is not glass-like. It is similar to solid
gel: amorphous matrix + nano-crystallites



Background (2)

A Samples of accessory minerals accumulated very
different doses of self-irradiation are available for
research. Samples of natural radioactive glass do not
exist.

A Some of these samples were affected in nature not
only by self-irradiation but also chemical alteration
and weathering

A Important information can be obtained from the study
of radionuclide behavior inside crystalline structures
of natural minerals under chemical alteration
combined with self-irradiation
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Two examples for consideration:
1) natural Th-U-containing metamict zircon and
2)naturalU-bear i ng soilndoma



1) Single crystal of natural fully metamict
(X-ray amorphous) zircon



Crystal of natural fully metamict zircon containing

admixtures of Th and U
(granite pegmatite, Karelia, Russia)
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Optical microscope images of natural metamict
zircon containing admixtures of Th and U

Cracks in crystal matrix are filled with calcite that indirectly confirms
hydrothermal alteration. Colorless areas look like non-altered relicts. Both
matrix and colorless areas are X-ray amorphous



SEM BSE images of natural metamict zircon containing
admixture of Th and U

Homogeneous areas (non-altered?) contain 1.1-1.6 wt. Th and 1.3-2.0 wt.% U.
White inclusions are Th-oxides with U admixture




Possible explanation is that hydrothermal
alteration caused destruction of solid solution and
partial release of Th-U admixture in the form of
separate Inclusions
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What about recovery of zircon structure under
annealing?

What about behavior of Th-U-admixture during
recovery?
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SEM BSE images of natural metamict zircon containing

admixture of Th and U
after annealing and recrystallization at 1000AC for 1 hour

General view Detailed image of initially
homogeneous (non-altered?) area
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Recovery of zircon crystalline structure under
annealing was accompanied with formation of
chemical inhomogeneity T and even possible
destruction of solid solution, formation of new
phases and release of Th-U-admixture into
separate inclusions!
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2) Natural U-bearing solid Zr-silicate gel
Or nfAzgierlcono
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So called ngeli r ¢c was daiscovered in uranium
ores (with age about 400 million years) in Nothern
Kazakhstan. These ores are not used for uranium
extraction because n g €li r c & ve&ry chemically
durable

Natural n g €li r cis nod metamict zircon. This material was
precipitated initially as a gel and it survived in open
geochemical system during millions of years!
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