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Abstract
Determining the source and history of hydrothermal fluids are key to better understanding the 

genesis of lode gold deposits. However, it is difficult to rigorously constrain the fluid history because 
the fluids typically have a prolonged and complicated history that may obscure the original source 
signature. We integrate textural characterization, trace element geochemistry, and in situ oxygen iso-
tope analyses of quartz covering three major paragenetic stages of the world-class Dongping lode gold 
deposit to fingerprint the ore-fluid source and document the deposit’s complex hydrothermal history. 
Six quartz generations were identified from three paragenetic stages. They consistently display small 
to large ranges in δ18O values from 13.1 to 0.6‰ (VSMOW), which correspond to calculated δ18O 
values of 7.4 to –6.0‰ for the quartz-forming fluids. These isotope data are intermediate between the 
δ18O ranges of magmatic fluids and meteoric water and thus are best interpreted in terms of episodic 
fluxes of magmatically derived fluids and their subsequent mixing with variable proportions of ex-
ternal meteoric water. Our results highlight the important role of magmatic hydrothermal fluids and 
their mixing with meteoric water to form the giant Dongping gold deposit. Given the high abundance 
of quartz that typically spans the entire mineralization process of lode gold deposits, we envisage the 
versatility and reliability of in situ oxygen isotope analysis of well-characterized quartz in deciphering 
the origin and complex evolution history of gold-forming fluids.
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Introduction
The source and evolution of ore-forming fluids have been a 

major issue in the study of lode gold deposits, which are among 
the most important types of gold deposits globally (Goldfarb et 
al. 2005; Groves et al. 2020). From the source region to the site of 
deposition, gold-bearing fluids commonly experience prolonged 
and complicated changes due to fluid-rock interactions, fluid mix-
ing, and phase separation (Cox et al. 1995; McCuaig and Kerrich 
1998; Goldfarb et al. 2005; Groves et al. 2020; Fan et al. 2022). 
Such processes would have continuously modified the geochemi-
cal and isotopic compositions of the ore-forming fluids (Ridley 
and Diamond 2000; Kontak et al. 2011; McDivitt et al. 2021). 
In these cases, fluid source signatures can be largely obscured, 
making it difficult to precisely constrain the genesis of lode gold 
deposits. Nevertheless, most lode gold deposits contain multiple 
generations of ore and gangue minerals texturally associated with 
gold mineralization [e.g., pyrite and quartz; e.g., Peterson and 
Mavrogenes (2014); Taylor et al. (2021)], which may preserve 
the compositional and isotopic changes of the ore fluids from 
which they were precipitated. Such information retrieved from 

individual mineral generations may provide significant insights 
into the source and history of the ore-forming fluids (Xue et al. 
2013; Li et al. 2018; Harlaux et al. 2021), thereby advancing our 
understanding in the mechanisms of gold deposition.

Quartz is the most abundant gangue mineral in lode gold 
deposits, and its precipitation generally spans the entire life of 
the ore-related hydrothermal fluid system. Recurrent fluid incur-
sions or dynamic changes in physicochemical parameters of the 
ore fluids typically generate multiple quartz generations in lode 
gold deposits (e.g., Dugdale and Hagemann 2001; Zoheir et al. 
2019; Taylor et al. 2021; Hunter et al. 2021). Geochemical and 
isotopic analysis of different generations, therefore, can yield 
significant insights into the derivation and successive changes of 
auriferous fluids that produced giant lode gold resources. Much 
of our knowledge about the properties of ore-related fluids are 
mainly deduced from fluid inclusion studies (e.g., Dugdale and 
Hagemann 2001; Robert et al. 1995; Wilkinson and Johnston 
1996; Taylor et al. 2021) and bulk hydrogen and oxygen isotope 
analyses of mineral separates (e.g., Hagemann et al. 1994; Cox et 
al. 1995; Kontak et al. 2011; Li et al. 2012). However, the common 
presence of multiple generations in single mineral grains or within 
individual hydrothermal veins makes it problematic to precisely 
document the source and evolution of the ore-related fluids using 
conventional bulk isotopic analysis. In situ oxygen isotope analysis 
of quartz has recently been used to fingerprint the fluid source of 
some lode gold deposits (Neyedley et al. 2017; Kerr et al. 2018; 
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