
Hydrothermal monazite trumps rutile: Applying U-Pb geochronology to evaluate complex 
mineralization ages of the Katbasu Au-Cu deposit, Western Tianshan, Northwest China

Jiahao Zheng1,2,3,*, Ping Shen2, and Wanyi Feng1

1Zijin School of Geology and Mining, Fuzhou University, Fuzhou 350108, China
2Key Laboratory of Mineral Resources, Institute of Geology and Geophysics, Chinese Academy of Sciences, Beijing 100029, China

3Department of Earth and Space Sciences, Southern University of Science and Technology, Shenzhen 518055, China

Abstract
The Tianshan orogenic belt hosts several world-class gold deposits and is one of the largest gold 

provinces on Earth. The Katbasu Au-Cu deposit in the Chinese Western Tianshan is hosted in a 
granite intrusion. Previous researchers have shown that the main gold ores formed much later than 
the ore-hosting granite. However, the formation age of Cu mineralization and its possible link to Au 
mineralization remain poorly understood. This paper reports detailed mineralogical studies, combined 
with zircon U-Pb, in situ hydrothermal monazite as well as rutile U-Pb ages to constrain the timing of 
Cu mineralization and its possible link to Au mineralization. The two main ore types in the Katbasu 
deposit include Cu-Au ores with pyrite-chalcopyrite veins that crosscut the granite and Au ores with 
massive pyrite and quartz as the main minerals. The Cu-Au ores are spatially associated with diorite 
that intruded the granite, and they are overprinted by massive gold ores. Detailed mineralogical studies 
show that chalcopyrite is the main Cu-bearing mineral in the Cu-Au ores, and it is closely associated 
with some native gold, monazite, and rutile.

Secondary ion mass spectrometer (SIMS) U-Pb dating of zircon grains from the ore-hosting granite 
and mafic enclave yielded concordant ages of 354.1 ± 1.6 and 355.8 ± 1.7 Ma, respectively. The diorite 
that intruded the granite has a zircon U-Pb age of 352.0 ± 3.2 Ma. The trace element compositions of the 
monazite suggest they were formed by hydrothermal fluids rather than inherited from the ore-hosting 
granite. Hydrothermal monazite coexisting with chalcopyrite and native gold yielded a concordant 
age of 348.7 ± 2.3 Ma, and the W-rich hydrothermal rutile grains associated with the chalcopyrite 
yielded a U-Pb age of 345 ± 27 Ma, indicating an early Cu-Au mineralization event prior to the major 
Au mineralization (ca. 323–311 Ma). The formation time of early Cu-Au mineralization is consistent 
with the emplacement age of the diorite and may be of magmatic-hydrothermal origin, whereas the 
main Au has no genetic associations with magmatic rocks in the ore district and may belong to the 
orogenic type. Monazite geochronology provided a more reliable age constraint than rutile in the 
Katbasu Au-Cu deposit, and we suggest hydrothermal monazite has advantages over rutile in dating 
the complex mineralization ages of gold deposits.
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Introduction
The formation ages of ore deposits are critical for understand-

ing their genesis and making exploration strategies. Among vari-
ous types of ore deposits, it is notoriously difficult to determine 
the age of gold deposits due to a lack of suitable dating minerals 
(e.g., Stein 2014; Zheng et al. 2020). The most commonly used 
dating methods in gold deposits include sericite 40Ar/39Ar ages 
(Goldfarb et al. 1991; Mao et al. 2004; Li et al. 2012), arsenopy-
rite and pyrite Re-Os ages (Kirk et al. 2002; Morelli et al. 2007; 
Le Mignot et al. 2017), and to a lesser extent molybdenite Re-Os 
ages (Selby et al. 2002; Zhai et al. 2019). Dating gold mineraliza-
tion ages using the above-mentioned methods can be challeng-
ing due to (1) sericite with low-closure temperatures may yield 
mixed ages induced by multiple hydrothermal events (Chiaradia 
et al. 2013); (2) extremely low-Re and low-Os contents in many 
arsenopyrite and pyrite grains make it difficult to produce a reli-

able isochron age (Stein et al. 2000); and (3) molybdenite is rare 
in most gold deposits. In addition to pyrite, arsenopyrite, and 
sericite, hydrothermal monazite and rutile have been observed 
in many gold deposits, and their U-Th-Pb ages have also been 
used to constrain the timing of gold mineralization (Jemielita 
et al. 1990; Rasmussen et al. 2006; Cabral et al. 2013; Fielding 
et al. 2017; Deng et al. 2020). However, there has been little 
attempt to evaluate the relative accuracy and suitability between 
hydrothermal monazite and rutile in gold deposits.

Located in the southern part of the Central Asian Orogenic 
Belt (CAOB), the Tianshan belt (also known as Tien Shan) 
stretches for more than 2000 km across Uzbekistan and 
Kyrgyzstan to Xinjiang in China. It hosts several world-class 
gold deposits [e.g., Muruntau with 6137 t Au (Frimmel 2008); 
Almalyk with 2000 t Au (Cooke et al. 2005); and Kumtor with 
1100 t Au (Mao et al. 2004)] and is one of the largest Phanero-
zoic gold provinces on Earth. The Chinese Western Tianshan 
orogenic belt in Xinjiang hosts many Paleozoic gold deposits and 

American Mineralogist, Volume 107, pages 1201–1215, 2022

0003-004X/22/0006–1201$05.00/DOI: https://doi.org/10.2138/am-2022-8080       1201 

* E-mail: joey-zen@163.com 

file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\63
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\83
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\26
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\45
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\33
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\29
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\47
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\31
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\57
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\78
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\12
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\64
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\28
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\53
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\9
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\20
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\14
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\21
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\13
file:///\\chenas03\smartedit\Normalization\IN\INPROCESS\45
https://doi.org/10.2138/am-2022-8080

