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Abstract
Elucidating metal transport agents is the key to understanding the genesis of deposits and tracking 

the locations of concealed orebodies. Here, we integrate H-O-S-Cu isotopic data from the shear-zone-
hosted Lingyun Cu deposit, China, as a means to fingerprint metal transport agents. Sulfide miner-
alization can be divided into early and late stages, which consist of chalcopyrite + bornite + quartz 
veins and chalcopyrite + bornite + ankerite veinlets, respectively. Both δ18Ofluid and δD values of fluid 
inclusions hosted by quartz (δ18Ofluid: 0.5‰ to 9.9‰, δD: –103.9‰ to –60.1‰) and δ65Cu values of 
sulfides (–1.85‰ to +0.39‰) from the early stage progressively decrease from the southeastern to 
northwestern portions of the Lingyun deposit, whereas sulfide δ34S simultaneously shifts toward heavier 
values (–14.4‰ to 5.0‰). The δ34S and δ65Cu values of sulfides from the late stage have restricted 
ranges from –11.2‰ to –9.3‰ and –0.30‰ to 0.05‰, respectively. The possibilities of meteoric water 
addition, water-rock interaction, inter-mineral Cu partitioning, diffusion, and oxidation could be ruled 
out as reasons for having caused systematic H-O-S-Cu isotope variations. Vapor-liquid separation 
resulted in preferential incorporation of light Cu, H, and O isotopes into the vapor phase. The decrease 
in oxygen fugacity in the fluids resulted in a shift toward heavier δ34S values as fluid flowed outward. 
Vapor-phases are the dominant transport agents for Cu in the Lingyun deposit, which may be widely 
applicable to shear-zone-hosted deposits. The direction of progressively increasing δ65Cu, δD, and δ18O 
values and decreasing δ34S values allows identification of potential locations of concealed orebodies.
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Introduction
Hydrothermal ore deposits serve as a primary resource of 

metals (Zajacz et al. 2017), which can be transported by both 
vapor and liquid phases (Williams-Jones and Heinrich 2005; 
Williams-Jones and Migdisov 2014). Elucidating metal transport 
agents is the key to understanding the genesis of deposits. The 
liquid and vapor phases exhibit rather different physical prop-
erties (e.g., temperature, pressure, and density), with the liquid 
phase concentrating in the hydrothermal center and the vapor 
phase moving to the margin (Williams-Jones and Heinrich 2005; 
Heinrich 2007; Gruen et al. 2014). Utilizing such constraints 
provides a framework to track the locations of concealed ore-
bodies reliably.

Direct approaches for the estimation of Cu transport agents 
in mineralization systems include fluid inclusion studies and 

experimental work. The microanalysis of fluid inclusions 
indicated that vapor phases contained higher Cu concentrations 
than coexisting liquid (e.g., Heinrich et al. 1992, 1999; Heinrich 
2005; Williams-Jones and Heinrich 2005). However, this point of 
view has been challenged due to the possibility of Cu diffusion 
through quartz crystals (Lerchbaumer and Audétat 2012; Seo 
and Heinrich 2013). Experimental research mainly focused on 
the Cu speciation and partitioning between vapors and liquids in 
porphyry mineralization systems at temperatures >450 °C, with 
strong preferential partitioning of Cu into vapor phases (e.g., 
Pokrovski et al. 2008; Migdisov et al. 2014; Zajacz et al. 2017; 
Audétat 2019). Such behavior still needs to be clarified for the 
Cu transport agents in medium-low temperature (<400 °C) Cu 
mineralization systems.

The medium-low temperature (<400 °C) shear-zone-hosted 
Cu deposits are a recently discovered type of mineralization 
(e.g., Zheng et al. 2012; Kitt et al. 2016; Höhn et al. 2017; Zhao 
et al. 2018), which provides an appropriate target to clarify Cu 
transport agents for this system. However, experimental studies 
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