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Abstract

Accurately determining the timing of hydrothermal mineralization for sediment-hosted dissemi-
nated gold (SHDG) deposits is difficult because of a lack of both suitable chronometers and in situ 
techniques with the required spatial resolution and precision. The lack of precise age determinations on 
gold deposits has hindered understanding of their genesis and relation to the geodynamic setting. The 
Qiuling-Jinlongshan deposit is a typical SHDG deposit located in the eastern South Qinling Orogen 
(SQO), with 109 t Au at an average grade of 6.17 g/t. Devonian and Carboniferous metasedimentary 
rocks host structurally controlled gold mineralization, which is associated with silica-carbonate altera-
tion. Pyrite, arsenopyrite, and arsenian pyrite are major gold carriers, and gold also occurs as native 
gold grains and invisible gold in the sulfides. In this study, the well-defined hydrothermal overgrowth 
rims (~2 μm) of single monazite grains, associated with disseminated auriferous arsenian pyrite and 
arsenopyrite in low-grade metasedimentary rocks, yield U-Pb ages of 239 ± 13 Ma (2σ) by high spatial 
resolution secondary ion mass spectrometry (SIMS). The hydrothermal monazites are cogenetic to 
the primary gold mineralization where they are closely associated with gold-bearing sulfides. This 
new age implies that the early to middle Triassic mineralization event in the eastern SQO was related 
to the Triassic tectonic transition from compression to transpression in the Qinling Orogen after the 
closure of the Mianlue Ocean. This study highlights the 2-μm high spatial resolution SIMS monazite 
U-Th-Pb dating method as a powerful tool for determining the timing of SHDG deposits worldwide. 
It is crucial to examine monazite textures and their link to hydrothermal alteration before carrying out 
the isotopic dating of monazite.
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Introduction

Radiometric dating of mineral deposits is critically impor-
tant for our better understanding of ore genesis and associated 
geological processes, which aids the development of genetic 
models used for mineral exploration. However, precise and 
accurate age constraints on the timing of metal mineralization 
have long been a big challenge, largely due to the lack of suit-
able mineral phases that can be unequivocally linked to metal 
deposition and that have remained closed to isotope diffusion 
since the time of formation. Sediment-hosted disseminated gold 
(SHDG) deposits are a significant current source of world gold 
production (Sillitoe 2020), mostly including orogenic and Carlin-
type gold deposits, typically formed under low-to-moderate 
temperature, and are featured by very fine-grained alteration 
assemblages (Hofstra et al. 1999; Muntean et al. 2011). Efforts 
to precisely date SHDG gold deposits have been made by using 
various radioactive isotopes methods such as 40Ar/39Ar dating of 

K-bearing silicate minerals (Arehart et al. 1993), Re-Os dating 
of gold-bearing sulfides minerals (Kerr and Selby 2012), Rb-Sr 
dating of galkhaite and illite (Tretbar et al. 2000; Wang et al. 
2023), Sm-Nd or U-Pb dating of calcite (Su et al. 2009; Jin et 
al. 2021), and U-Pb isotopes of U-Th-bearing accessory phases 
(Vielreicher et al. 2003; Pi et al. 2017; Gao et al. 2024). Recent 
advances for in situ analytical techniques have promoted age dat-
ing of sediment-hosted gold mineralization using U-Th-bearing 
accessory minerals, because such minerals (e.g., monazite, rutile, 
xenotime, zircon, apatite) typically have blocking temperatures 
for U-Pb isotopes significantly higher than the temperature of 
gold deposition. However, problems remain because: (1) in many 
cases those minerals are too fine relative to the spatial resolution 
of in situ analysis (e.g., 16 µm for laser ablation), and (2) the 
minerals may contain multiple generations with some of them 
unrelated to gold mineralization (e.g., inheritance from the wall 
rocks). Moreover, many chronometers either are scarce in these 
SHDG deposits or are susceptible to isotopic resetting during 
subsequent metamorphism and deformation events, which makes 
the reliable ages of many SHDG deposits worldwide still limited. 
The lack of agreement on the age and tectonic setting for the 
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