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Abstract
Barite (BaSO4) is a common mineral in sandstone that must be removed during separation of detrital 

zircon (ZrSiO4). One widespread technique for the removal of barite exploits its lesser tenacity by milling 
the barite and zircon mixture in a ball mill. Here we test the extent to which such milling affects zircon 
and thus whether the milling could introduce bias into the detrital zircon sample. We then describe a new 
chemical technique for the removal of barite from detrital zircon. We find that milling a mixture of barite 
and zircon both breaks and causes loss of zircon grains, potentially introducing bias into a detrital zircon 
sample. Boiling barite in a 0.94 molar aqueous solution of sodium carbonate for 4 h converts most grains 
to barium carbonate. The barium carbonate grains are opaque white and thus visually distinguishable from 
zircon, allowing separation by hand under a stereoscopic microscope. Alternatively, the barium carbonate 
grains can be dissolved by boiling in 16 wt% nitric acid for 30 min. In our experiments, boiling zircon in 
sodium carbonate solution and/or concentrated (65 wt%) nitric acid cleaned the surfaces of and the cracks 
in the grains but did not visibly change the zircon surfaces in other ways. Boiling only in concentrated 
nitric acid did not measurably affect the U-Pb and Lu-Hf isotopic systems in zircon interiors, and boiling 
in a sodium carbonate solution followed by concentrated nitric acid did not detectably alter the Lu-Hf 
isotopic system. However, boiling in a concentrated sodium carbonate solution followed by concentrated 
nitric acid did disturb the U-Pb isotopic system in zircon interiors. We recognize this disturbance due to 
a ~0.5% reduction in 206Pb/238U dates of treated zircon. Our results highlight the importance of proper 
technique during zircon isolation to minimize the introduction of bias into the sample.
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Introduction
Barite (BaSO4) is a common mineral in sandstone; it must be 

removed during the isolation of detrital minerals such as zircon 
(ZrSiO4). Separation of barite from zircon is challenging because 
of similar densities [mostly 4.4–3.9 g/cm3 for barite and 4.7–4.2 
g/cm3 for zircon (Murakami et al. 1991; Schmidt et al. 2009; 
Shahab et al. 2016)] and magnetic susceptibilities (Rosenblum 
and Brownfield 1999). Barite is diamagnetic and zircon is dia-
magnetic to weakly paramagnetic (Krishnan et al. 1933; Lewis 
and Senftle 1966; Sircombe and Stern 2002). Barite additionally 
has low solubility in common solvents such as nitric, hydro-
chloric, and hydrofluoric acids at typical laboratory conditions, 
so it cannot be eliminated easily by direct dissolution (O’Neil 
2013). Although barite is soluble in hot concentrated sulfuric 
acid (Gaubert 1909; Trenner and Taylor 1930; O’Neil 2013), 
most geologists choose not to use this solvent for routine mineral 
separation because it is difficult to handle safely. Barite is also 
soluble in organic acids such as diethylenetriamine pentaacetic 
acid (DTPA) (Putnis et al. 2008), but geologists likewise rarely 
use these solvents for mineral separation perhaps because the 
effect of exposure to these organic acids on isotopic systems in 
zircon is unknown. Consequently, a mixture of barite and zircon 
often remains after all other minerals from the sandstone have 
been purged via techniques based on differences in density, 
magnetic susceptibility, and solubility in inorganic acid such 

as nitric acid. As the final step in the separation procedure, the 
standard technique in some laboratories for removing barite from 
detrital zircon exploits the markedly lesser tenacity of barite by 
milling the zircon and barite mixture in a ball mill, preferentially 
breaking the barite crystals (e.g., Gehrels et al. 2011). The mill-
ing continues until the barite grains are small enough to separate 
from the zircon by sieving.

Milling the zircon and barite mixture is a widespread practice, 
and some geologists may assume that the zircon is not signifi-
cantly broken because of its greater tenacity. However, the extent 
of comminution and loss of zircon grains during milling in a ball 
mill followed by sieving has not been tested. If zircon is broken 
and lost during the milling and subsequent sieving, this process 
can introduce bias into the detrital zircon population due to both 
the loss of grains and the possibility of dating several fragments 
of the same crystal but mistakenly classifying those fragments 
as separate detrital grains.

In this article, we present the results of experiments that test 
for breakage and loss of zircon during milling with barite in ball 
mills. We then introduce a new method to chemically remove 
barite. Finally, we describe the results of experiments to examine 
the effects of the chemical method on zircon.

Milling zircon and barite in a ball mill
Design of experiments

To test the effect of milling on zircon, we used doubly 
terminated zircon crystals so that any breakage of grains during 
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