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Abstract
The Helukou deposit, with proven reserves of 33 752 t WO3, is one of the newly exploited medium-

scale tungsten (W) deposits in the Guposhan ore field, Nanling Range of South China. Skarn-type 
and less abundant altered granite-type tungsten orebodies were identified in this deposit. The ore 
mineralization in this district was a product of two-stage magmatism, as shown by LA-ICP-MS U-Pb 
dating of zircons and Re-Os dating of molybdenite. The former yielded U-Pb ages of 184.0 ± 3.6 Ma 
(MSWD = 0.15) and 163.8 ± 1.5 Ma (MSWD = 0.41) for fine-grained biotite granite and muscovite 
granite, respectively, as well as a U-Pb age of 181.5 ± 2.1 Ma (MSWD = 0.75) for zircon grains from 
altered granite-type tungsten ore. The latter yielded molybdenite Re-Os ages of 183.5 ± 2.8 Ma (with-
out MSWD owing to a limited number of samples) and 163.4 ± 2.8 Ma (MSWD = 0.71) for altered 
granite-type and skarn-type tungsten deposits, respectively. Thus, two separate tungsten mineralization 
events occurred during the Early Jurassic and Middle Jurassic. Trace-element compositions suggest 
that scheelite I was controlled by the coupled substitution reactions of 2Ca2+ = Na+ + REE3+ and Ca2+ 
+ W6+ = Nb5+ + REE3+, whereas scheelite II was controlled by the coupled reactions of 2Ca2+ = Na+ + 
REE3+ and 3Ca2+ = Ca + 2REE3+ (where  is a site vacancy). High Mo and low Ce contents suggest 
that both scheelite I and scheelite II were precipitated from oxidizing magmatic-hydrothermal fluids. 
Based on the mineral assemblage of the altered granite-type ores and geochemical characteristics of 
scheelite I [i.e., negative Eu anomalies (0.02–0.05; mean = 0.03 and STD = 0.01), and high 87Sr/86Sr 
ratios (0.70939–0.71932; mean = 0.71345 and STD = 0.00245)], we infer that fluid-rock interaction 
played an important role in modifying Early Jurassic ore-forming fluids. Scheelite II exhibits a geo-
chemical composition [i.e., 87Sr/86Sr ratios (0.70277–0.71471; mean = 0.70940 and STD = 0.00190), 
Eu anomalies (0.14–0.55; mean = 0.26 and STD = 0.09), and Y/Ho ratios (16.1–33.7; mean = 27.9 
and STD = 2.91)] similar to that of the Middle Jurassic Guposhan granites, suggesting inheritance of 
these features from granite-related magmatic-hydrothermal fluids. These results provide new insights 
into the two-stage magmatic and metallogenic history of the Nanling Range during the Jurassic Period.
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Introduction
The South China, well-known for its huge resources of 

tungsten-tin (W-Sn) and other rare metals, is one of the most 
significant metallogenic domains in the world (Fig. 1; Mao et 
al. 2007, 2008, 2013; Chen et al. 2013; Hu et al. 2017; Cao et al. 
2018a, 2018b, 2020a; Zhou et al. 2018; Li et al. 2019a; Tang et 
al. 2019; Xie et al. 2019a, 2019b). Its estimated tungsten and tin 
reserves are 8 050 000 tons and 5 956 000 tons, respectively (Fu et 
al. 2017a). Several large to super-large W-Sn polymetallic deposits 
occur in the Nanling Range, with the most representative being 
the Shizhuyuan, Xihuashan, Piaotang, Yaogangxian, Furong, 
Xianghualing, Taoxikeng, Dengfuxian, and Xitian deposits (Fig. 1; 
Peng et al. 2006; Yuan et al. 2008, 2011a, 2011b; Guo et al. 2011; 
Hu et al. 2012; Zhang et al. 2017; Cao et al. 2018a, 2018b; Li et 

al. 2019b; Jiang et al. 2019; Tang et al. 2020). The ages of these 
ore deposits mostly range from 165 to 150 Ma, e.g., Xihuashan 
(157.8 ± 0.9; Hu et al. 2012), Piaotang (159.8 ± 0.3; Zhang et al. 
2017), Yaogangxian (154.9 ± 2.6; Peng et al. 2006), Xitian (156.6 
± 0.7 Ma; Cao et al. 2018a) and Furong (159.9 ± 1.9; Yuan et al. 
2011b), and are similar to the ages of Middle Jurassic felsic granites 
in this region (Mao et al. 2007; Li et al. 2017; Jiang et al. 2018a, 
2018b; Cao et al. 2018a, 2018b). Recently, using laser ablation 
inductively coupled plasma-mass spectrometer (LA-ICP-MS) 
zircon U-Pb dating technology, numerous Early Jurassic felsic 
intrusions were identified in the Nanling Range, which include 
the Wengang granite (192 ± 1 Ma; Zhu et al. 2010), the Hanhu 
granodiorite (193 ± 2 Ma; Yu et al. 2010), the Xialan granite (196 
± 2 Ma; Yu et al. 2010), the Dabaoshan granodiorite (175.8 ± 1.5 
Ma; Wang et al. 2011), and the Tiandong granite (188 ± 1 Ma; 
Zhou et al. 2018). However, none of these intrusions was associ-
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