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Retention of Actinides in Natural Pyrochlores and Zirconolites

Abstract
Natural pyrochlore and zirconolite undergo a crystalline-aperiodic transformation caused by alpha-decay of
232Th and 2380 at dose levels between 2 X 1014 and 3 X 1017 a/mg. The principal effects of the
transformation are volume expansion and microfracturing, providing potential pathways for fluids.
Geochemical alteration of the minerals may occur under hydrothermal conditions or in low temperature, near
surface environments, but Th and U usually remain immobile and can be retained for time scales up to 109
years. However, the Th-U isotope systematics of a zirconolite-bearing vein and dolomite host rock may
provide evidence for disequilibrium between 230Th, 234U and 238U.
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Summary 

Natural pyrochlore and zirconolite undergo a crystalline-aperi
odic transformation caused by alpha-decay of 232Th and 2380 at
dose levels between 2 X 1014 and 3 X 1017 a/mg. The principal 
effects of the transformation are volume expansion and micro
fracturing, providing potential pathways for fluids. Geochemical 
alteration of the minerals may occw- under hydrothermal con
ditions or in low temperature, near surface environments, but Th 
and U usually remain immobile and can be retained for time 
scales up to 109 years. However, the Th-U isotope systematics
of a zirconolite-bearing vein and dolomite host rock may provide 
evidence for disequilibrium between '"'Th, 234U and 2300. 

1. Introduction

Natural analogue minerals provide a means of as
sessing the long-term performance of actinide host 
phases in high-level nuclear waste forms including 
Synroc and tailored ceramics [1, 2). Mineral analogues 
are available that range in age from less than 106 to 
greater than 109 years and contain U and Th in trace 
to major proportions, resulting in alpha-decay doses of 
1013 to 1018 a/mg. After crystallization in their host 
rocks, actinide-bearing minerals may be exposed to 
hydrothermal fluids at elevated temperature and pres
sure or relatively low temperature ground waters in 
near surface environments [3, 4]. Natural analogue 
mineral phases are suitable for the study of crystal 
chemistry, radiation damage effects caused by alpha
decay of 232Tb and 238U, and geochemical alteration 
mechanisms. 

Research conducted using natural samples pro
vides an effective complement to laboratory-based 
studies of radiation damage and short-term studies of 
durability in aqueous solutions. In this paper, we 
illustrate the use of natural analogues through an 
investigation of radiation damage and geochemical 
alteration effects in the minerals pyrochlore (ideally 
NaCaNb206F) and zirconolite (ideally CaZrTi207) 

With particular reference to the behavior of actinides 
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and their daughter products. This work is part of a 
multidisciplinary study of mineral analogues and in
corporates data from several analytical techniques in
cluding alpha spectrometry, analytical electron micros
copy (AEM), electron probe microarialysis (EPMA), 
inductively coupled plasma mass spectroscopy (ICP/ 
MS), and scanning electron microscopy and micro
analysis (SEM-EDS). 

2. Experimental

Small chips of zirconolite and pyrochlore were ground 
in acetone and deposited onto holey-carbon filmed, 
3 mm copper grids for AEM work. Two additional 
crystals of zirconolite from Adamello, Italy, were pre
pared by ion beam thinning with Ar+ at 4 keV. 
Samples were examined using a JEOL 2000FX trans
mission electron microscope operated at 200 ke V. 
Analytical data for 25 elements were collected using 
a Tracor-Northern 5450 EDS system equipped with a 
beryllium window detector following recently devel
oped procedures [5]. 

Secondary and backscattered electron images were 
obtained from polished sections using a JEOL 840 
SEM operated at 15 keV. Selected points of interest 
were analyzed using a Tracor-Northern 5450 EDS sys
tem equipped with a standard beryllium window de
tector. Quantitative chemical analyses for up to 31 ele
ments were performed using JEOL 733, Cambridge 
Microscan 9, and Carneca SX-50 microanalyzers ac
cording to established procedures [4, 6). 

Samples of a zirconolite-bearing vein and dolomite 
host rock from Adamello, Italy, were ground to a fine 
powder then successively leached with 0.3 M HCl and 
9 M HCl [7, 8]. The treatment with 0.3 M HCl was 
canied out at 80° C for 30 minutes. The sample was 
then treated with 9 M HCl for 6 hours at room tem
perature. Finally, the residue was digested using aqua
regia followed by HF/HCI04• The vein sample re
quired chemical fusion in a mixture of borax and so
dium carbonate for complete dissolution. The three 
fractions (0.3 M HCI, 9 M HCl, and residue) and bulk 
sample were analyzed by alpha spectrometry for their 
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