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abstract

Emanation coefficients for radon (222Rn) and thoron (220Rn) were measured from fully metamict samar-
skite collected from Centennial Cone after 1 h and 24 h annealing in argon from 473 to 1373 K. For the 1 h 
annealing run, 222Rn emanation coefficients ranged from 5 × 10-6 to 2.1 × 10-5 %, while 220Rn coefficients 
varied from 6.3 × 10-3 to 2 × 10-2 %. For the 24 h annealing run, 222Rn coefficients ranged from 5.8 × 10-6 
to 2.3 × 10-5 %, while 220Rn coefficients varied from 4.1 × 10-3 to 1.5 × 10-2 %. The 222Rn and 220Rn emana-
tion coefficients vs. annealing temperature data can be described by an exponentially decreasing sinusoidal 
function. Both 222Rn and 220Rn emanation coefficient values after annealing considerably exceeded those 
measured from an unheated powder reference sample and from the original samarskite sample.
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introDuction

Samarskite is a complex Nb-Ta-Ti-REE + Y-Ca-U-Th multiple 
oxide containing uranium, thorium, iron, and other elements and 
has always been found to be completely metamict (Sugitani et 
al. 1985). Due to its chemical complexity and metamictization, 
samarskite’s chemical formula and crystal structure have not been 
unambiguously characterized. The proposed structural formulas 
are AB2O6, A3B5O16, and ABO4 where A = REE, U, Th, Ca, Fe, 
and Ti and B = Nb, Ta, and Ti (Komkov 1965; Graham and 
Thornber 1974; Ewing 1975; Lumpkin et al. 1988). The recently 
suggested ABO4 formula is based on microprobe analysis of 19 
samarskite samples after annealing at 800 °C under hydrogen and 
on analysis of samarskite-(Yb) from the Little Patsy pegmatite 
annealed under a weakly reducing atmosphere at temperatures 
up to 1100 °C (Warner and Ewing 1993; Simmons et al. 2006).

Radon isotopes 222Rn (T1/2 = 3.82 d) and 220Rn (T1/2 = 55.6 s) 
belong to the 238U and 232Th decay series and occur as inert gases. 
As part of the uranium series, 226Ra decays by a emission (Ea = 
4.77 MeV) to form a 222Rn nucleus with an energy of 86 keV. 
Similarly, 224Ra decays as part of thorium series by a emission 
(Ea = 5.67 MeV) with a recoil energy of 103 keV for the daughter 
220Rn nucleus. Estimated direct recoil lengths for 222Rn and 220Rn 
within solids typically range from 20–50 nm (Sakoda et al. 2010; 
Ishimori et al. 2013). For example, the calculated recoil ranges for 
222Rn and 220Rn in quartz and zircon are 34 and 38 nm and 23 and 
26 nm, respectively (Sakoda and Ishimori 2017). These relatively 
short ranges mean that without internal defects only radon atoms 
formed near the mineral surface can be detected as emanations 
(Krupp et al. 2017 and references therein). Emanation coefficients 
help characterize retention of radon isotopes within mineral ma-
trices. These ratios (reported as percentages) estimate the number 
of radon or thoron atoms released from the mineral relative to the 

number of radon or thoron atoms produced by the decay series 
occurring within the mineral (Semkow 1990; Morawska and 
Phillips 1993). Emanation coefficients for metamict minerals can 
be correlated with uranium and thorium concentrations as well as 
with their spatial distributions, absorbed a-doses, grain size, and 
nuclear track annealing rates. Emanation coefficients may reflect 
the extent of structural void space and cracks created by radiation 
damage from progressive overlap of recoil nuclei cascades of 
238U, 232Th, and 235U and their daughter products.

Few studies have addressed radon emanations from metamict 
minerals, and only one study has considered radon and thoron 
emanations from a large sample of samarskite (Malczewski and 
Dziurowicz 2015). This study analyzes a fragment of the same 
massive, dark brown, fully metamict specimen of samarskite 
(SCC; Fig. 1) collected from a granitic pegmatite in Centennial 
Cone, Jefferson County, Colorado (U.S.A.). Table 1 lists basic 
characteristics of the SCC specimen. According to nomenclature 
proposed for samarskite-group minerals, the SCC sample de-
scribed here categorizes as samarskite-(Y) (Hanson et al. 1999; 
Simmons et al. 2006). As seen in Table 1, the uranium and thorium 
concentrations correspond to a calculated total absorbed a-dose, 
DT, of 6.5 × 1017 a-decay mg-1. The a-decays from the 238U and 
235U series comprise the dominant contribution to the total a-dose 
of samarskite from Centennial Cone. The ratio of a-doses from 
D238 + D235 to D232 is about 27. 

The aim of the study is to determine the relationship between 
222Rn and 220Rn emanations and annealing temperature for pow-
dered samples of samarskite. Additionally, this work aims to 
show that 222Rn and 220Rn emanations can be correlated with the 
thermally induced transition from the low- to high-temperature 
phase of samarskite. Results obtained are compared with emana-
tion values from a fragment of the original sample, the unannealed 
powdered reference sample, and with values from powdered 
monazite, thorite, uraninite, and zircon samples crushed to compa-
rable small grain size as reported from literature sources (Table 2).
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