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Abstract
Water content and oxygen isotopes in zircon provide crucial constraints on magma source and 

process, yet they can be significantly modified by zircon metamictization, which causes secondary 
water absorption into the zircon crystal and the concomitant oxygen isotope changes. Therefore, it is 
imperative to develop a screening scheme to select the least-metamict zircons for the analyses. We 
propose a screening scheme based on our study on the Suzhou A-type granite (South China) through 
integrating Raman spectroscopy, water and trace element measurements, and oxygen isotope analy-
sis. The results show that the primary water content is retained in zircon when the full-width at half 
maximum (FWHM) is <8 cm−1 or the Raman shift is >1007 cm−1 of v3(SiO4) vibration band, while the 
primary δ18O is preserved at <10 cm−1 FWHM or >1005.5 cm−1 Raman shift. Changes in trace element 
concentrations in Suzhou zircons are different from previous observations in metamict zircons but most 
likely related to magma evolution, which implies that trace elements are insensitive to metamictization. 
Primary δ18O in Suzhou zircons (4.5–6.0‰) fall into the mantle range, indicating a dominant mantle 
contribution to Suzhou granites. Primary water content was estimated at ca. 650–1400 ppm, signifi-
cantly higher than those of typical I-type granite (400–736 ppm) and upper mantle-derived zircons 
(81–177 ppm). The high primary zircon water content was not controlled by the sub-solidus process, 
temperature, pressure, and cation charge balance but considered to reflect the high-water content in 
melts. This suggests a hydrous origin for the Suzhou A-type granite, which challenges the conventional 
view of anhydrous petrogenesis for A-type granites.
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Introduction
Zircon is a ubiquitous uranium-rich accessory mineral in 

magmatic rocks, characterized by high physical and chemical 
stability (Valley et al. 1998; Wilde et al. 2001). The abundant 
U-Th and low common Pb contents make zircon the most 
important mineral in geochronology (Davis et al. 2003). Mean-
while, trace elements in zircon are very useful in evaluating the 
magma properties (Bell et al. 2017; Burnham and Berry 2012; 
Fu et al. 2008; Griffin et al. 2002; Trail et al. 2012; Valley et 
al. 1994; Watson et al. 2006; Zou et al. 2019). For example, 
Ti-in-zircon thermometry has been widely used to estimate the 
magma temperature (Fu et al. 2008; Watson et al. 2006), and 
the zircon Eu and Ce anomalies of intermediate-felsic rocks are 
sensitive proxies for crustal thickness (Tang et al. 2020, 2021) 

and magma oxygen fugacity (Burnham and Berry 2012; Trail et 
al. 2012; Zou et al. 2019), respectively. In addition, zircon Hf-O 
isotopes have been well demonstrated to be a useful tracer of 
magma sources and processes (Griffin et al. 2002; Kemp et al. 
2007; Valley et al. 1994).

Over the past decades, numerous investigations have been 
carried out to estimate the water contents in zircon (Aines and 
Rossman 1986; Caruba et al. 1985; De Hoog et al. 2014; Ingrin 
and Zhang 2016; Pidgeon et al. 2013; Trail et al. 2011; Wang et al. 
2018; Woodhead et al. 1991b; Xia et al. 2019; Zhang et al. 2010; 
Zhang 2015). It is suggested that the diffusion coefficient of water 
in zircon is 1 to 2 orders of magnitude lower than in other nomi-
nally anhydrous minerals (NAMs), e.g., olivine, orthopyroxene, 
and garnet (Ingrin and Zhang 2016; Zhang 2015). This means 
that water has a higher closure temperature in zircon, and that 
the primary water could be well preserved in zircon (Ingrin and 
Zhang 2016; Zhang 2015). Given the pivotal influence of water 
on magmatic processes (Campbell and Taylor 1983; Clemens et 
al. 2020; Collins et al. 2020; Johannes and Holtz 1996), such as 
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