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Texture, geochemistry, and geochronology of titanite and pyrite: Fingerprint of magmatichydrothermal fertile fluids in the Jiaodong Au province
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Abstract
The Au mineralization in the giant Jiaodong Au province is enigmatic and difficult to fit current
classic mineralization models, primarily because of uncertainties as to the sources of ore-forming fluids
and metals. The ca. 120 Ma Au mineralization has been previously proposed to have occurred during
a magmatic lull, which would negate a magmatic-hydrothermal genetic model. However, recent drilling has revealed a buried mineralized monzonite equivalent in age to the Au mineralization in the
Linglong goldfield. Here, we present comprehensive textural, geochemical [LA-(MC)-ICP-MS trace
element, Nd and S isotopes] and geochronological (LA-ICP-MS U-Pb dating) analyses of titanite
and pyrite from this previously unrecognized monzonite. Three types of titanite were distinguished,
including magmatic Ttn1 and hydrothermal Ttn2 and Ttn3, which show indistinguishable U-Pb ages
(120.7 ± 3.1 and 120.9 ± 2.6 Ma), REE patterns and Nd isotopes [εNd(t) = –14.7 to –12.9], implying
that hydrothermal fluids were directly exsolved from the monzonitic magma, contemporaneous with
the large-scale Au mineralization at ca. 120 Ma. The Nd isotopes of titanite potentially indicate a
lower crustal source mixed with mantle materials for the monzonite. Four types of pyrite were analyzed, including magmatic Py1 from fresh biotite monzonite, hydrothermal Py2 from altered biotite
monzonite, hydrothermal Py3 from quartz-pyrite veins with a monazite U-Pb age of 118.2 ± 4.6
Ma, and magmatic Py4 from mafic enclaves of the Gushan granite at ca.120 Ma. The δ34S values of
magmatic Py1 and Py4 (+1.9 to +6.3‰, and +5.0 to +6.4‰, respectively) and hydrothermal Py2 and
Py3 (+6.4 to +9.5‰ and +6.5 to +7.6‰, respectively) are consistent with sulfur isotopic fractionation
between melt and fluid. Hydrothermal Py2 and Py3 also have higher Co, As, Ag, Sb, and Bi contents
and submicrometer gold inclusions, implying that the magmatic-hydrothermal fluids were fertile for
mineralization. This study highlights the importance of monzonite magmatism and exsolved fertile
fluids in regional Au mineralization. Hydrous magmas at ca.120 Ma probably extracted Au efficiently
from the lower crustal-mantle sources and released auriferous fluids at the late magmatic stage, leading
to the formation of Au deposits in the Jiaodong province.
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Introduction
The Early Cretaceous Au deposits in the Jiaodong Peninsula
constitute the largest Au province of China, containing more than
5000 tons of proven Au resources. Mineralization in the Jiaodong
Peninsula is considered unique relative to the accepted model for
orogenic Au deposits (e.g., Groves et al. 1998), in that Au mineralization postdates the Precambrian metamorphic wall rocks by
about 2 billion years (Goldfarb and Santosh 2014). Numerous
studies have defined the ore-controlling structures, hydrothermal alterations, ore-fluid chemistry, hydrothermal processes,
and fluid evolution of both disseminated- to stockwork-style
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and auriferous quartz-pyrite vein-type Au deposits across the
Jiaodong Peninsula (Fan et al. 2003, 2007; Li et al. 2012a, 2018;
Goldfarb and Santosh 2014; Mills et al. 2015; Deng et al. 2015,
2020b; Feng et al. 2018, 2020). The timing of Au mineralization
has also been well constrained to 120 ± 5 Ma by Rb-Sr dating
of pyrite, 40Ar/39Ar dating of hydrothermal muscovite and U-Pb
dating of hydrothermal monazite (Yang and Zhou 2001; Ma et
al. 2017; Li et al. 2018; Zhang et al. 2020; Deng et al. 2020a).
Nevertheless, the genesis of the Jiaodong Au province is contentious, given the failure of current models of mineralization
to account for its features. This debate is primarily rooted in
uncertainties as to the sources of ore-forming fluids and metals,
and particularly their genetic relationship(s) to Mesozoic magmatism, Precambrian metamorphic host rocks, subducted slab and
sediment, and/or metasomatized lithosphere (Zhai et al. 2004;
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