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abstract

Metamict minerals contain uranium and thorium, which contribute to physical degradation or 
metamictization of their crystal structures over geologic time. The damage occurs primarily through 
progressive overlapping recoil nuclei collision cascades from D-decay of 238U, 232Th, 235U, and their 
daughter products. We measured 222Rn and 220Rn emanations from metamict samples of nine oxides 
(brannerite, davidite, fergusonites, pyrochlores, samarskites, and uraninite), two phosphates (mona-
zites), and eight silicates (cerite, gadolinites, perrierite, rinkite, thorite, turkestanite, and vesuvianite). 
The total absorbed D-doses ranged from 1.4 u 1015 to 6.1 u 1018 D-decay mg�1 for cerite and uraninite, 
respectively. The 2225Q�HPDQDWLRQ�FRHI¿FLHQWV�YDULHG�IURP���u 10�5% (uraninite) to 2.5% (turkestan-
ite). The 2205Q�HPDQDWLRQ�FRHI¿FLHQWV�YDULHG�IURP���u 10�3% (gadolinite Ytterby) to 6.2% (gadolinite 
Marysin). The lowest 2225Q�HPDQDWLRQ�FRHI¿FLHQWV�RFFXUUHG�DPRQJ�PHWDPLFW�PLQHUDOV� FRQWDLQLQJ�
the highest concentrations of 238U (i.e., uraninite, samarskites, and brannerite). Overall, the 222Rn and 
2205Q�HPDQDWLRQ�FRHI¿FLHQWV�REVHUYHG�LQ�WKLV�VWXG\�IDOO�VLJQL¿FDQWO\�EHORZ�SUHYLRXVO\�UHSRUWHG�YDOXHV�

Keywords: Metamict minerals, radon and thoron, emanation coefficients, emission rates, alfa doses

introDuction

Metamict minerals develop from initially crystalline phases 
that experience physical damage to their crystal lattices due to the 
decay of radioactive elements. Metamictization (amorphization) 
is primarily caused by progressive overlapping nuclear recoil 
collision cascades from D-decay of 238U, 232Th, 235U, and their 
daughter products (Ewing et al. 2000). Age, as well as 238U and 
232Th concentrations, determine the degree to which minerals 
undergo metamictization. The radon isotopes 222Rn (T1/2 = 3.64 
days) and 220Rn (referred to as “thoron”, T1/2 = 55.6 s) belong to 
the 238U and 232Th decay series, and occur as inert gases that are 
detectible in U- and Th-bearing mineral phases. The D-decay 
of 226Ra (ED� ������0H9��LV�DFFRPSDQLHG�E\�UHFRLO�RI�WKH�222Rn 
QXFOHXV�ZLWK�DQ�HQHUJ\�RI����NH9��7KH�D-decay of 224Ra (ED = 
�����0H9��LV�DFFRPSDQLHG�E\�UHFRLO�RI�WKH�220Rn nucleus with an 
HQHUJ\�RI�����NH9��7KH�HVWLPDWHG�GLUHFW�UHFRLO�OHQJWKV�RI�222Rn 
and 220Rn within the relevant solid materials typically range from 
30–50 nm. Sakoda et al. (2010a), for example, reported a 222Rn 
recoil length of 34 nm for quartz (SiO2).

Emanation coefficients (expressed in percentage) measure 
the number of radon or thoron atoms released per the number 
of radon or thoron atoms produced within the decay series for 
a given mineral. This ratio provides a quantitative measure of 
the quality of the sample’s internal structure. Six fundamental 
mechanisms have been proposed to account for radon isotope 
emanations from solids. These include direct recoil, diffusion 
through the material, indirect recoil, the knock-out effect, pen-
etrating recoil and radium distribution (Semkow 1990, 1991; 
Morawska and Phillips 1993). Moisture content and grain size 

also affect radon emanations from these phases (Semkow 1991; 
Barillon et al. 2005; Sakoda et al. 2010a). The 222Rn emanation 
coefficients reported for rock-forming minerals and certain 
rock compositions typically range from about 1 to 25% (Krish-
naswami and Seidemann 1988; Sakoda et al. 2011). Extremely 
high emanation coefficients (a40%) were reported for minerals 
associated with weathered granitic soil (Sakoda et al. 2010b).

Literature sources have often used different mineral prepara-
tion methods to analyze emanations and thus report inconsistent 
results. Systematic studies that were strictly devoted to five 
metamict minerals crushed to grain sizes ranged from 63 to 
2000 Pm, were done by Garver and Baskaran (2004). The results 
REWDLQHG�LQ�WKDW�ZRUN�DQG�WKRVH�UHSRUWHG�E\�/DQGD��������IRU�
three types of uranium ores are given in Table 1. Table 1 also lists 
previously reported radon emanation coefficients for metamict 
PLQHUDOV��UDQJLQJ�IURP��������XUDQLQLWH��WR������FHULWH���7KH�
mass emanation rates varied from 10 to 1860 atoms/g/min for 
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TABLE 1.  Previously reported radon emanation rates and coefficients 
for metamict minerals and uranium ores as measured at 
room temperature

Minerala Fraction 226Ra (Bq/g) Mean emanation Emanation 
 (µm)  rate (atoms/g/min) coefficient (%)
Cerite <63 42.7 r 0.5 430 r 1 16.8 r 0.2
Monazite <63 17.6 r 0.4 21.7 r 0.3 2.05 r 0.03
 1000–2000 17.6 r 0.4 10.4 r 0.2 0.98 r 0.02
Thorite <63 104 r 2 336.7 r 1 5.38 r 0.08
Uraninite <63 5829 r 69 1842 r 4 0.53 r 0.01
 1000–2000 5829 r 69 1860 r 5 0.53 r 0.01
Zircon <63 50 r 0.5 31.4 r 0.2 1.04 r 0.01
 1000–2000 50 r 0.5 14.1 r 0.1 0.47 r 0.01
Uranium oreb    
Autunite 149–530 209–216  2–4
Carnotite 149–530 9.4–10.2  12–19
Uraninite 149–530 302–322  12–15
a Garver and Baskaran (2004).
b Landa (1987).


