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Abstract
Iron-bearing mineral assemblages and their distribution patterns directly reflect the redox environ-

ment in sediments, which plays a decisive role in the migration and precipitation of U. The Dongsheng 
sandstone-type U deposit hosted in fluvial and/or deltaic sandstones of the lower member of the Middle 
Jurassic Zhiluo Formation in the northeastern Ordos Basin has experienced multiple fluid events that 
impacted the redox conditions. Highly enriched in barren gray sandstones, pre-ore U (Umean = 12.05 ppm) 
associated with Fe-Ti oxides, clay minerals, and organic matter is likely one of the key sources of U for 
the mineralization. Different contents of Fe-bearing minerals, including biotite, Fe-Ti oxides, pyrite, 
hematite, goethite, and chlorite that were formed or altered under different redox conditions, resulted 
in sandstone units with distinct colors. The red sandstone is hematite-rich, indicating a highly oxidizing 
environment. The green sandstone is chlorite-rich and formed because of reducing hydrocarbon-rich 
fluids that overprinted the hematite-rich sandstone. The barren and mineralized gray sandstones consist 
of pyrite (with a higher content in mineralized sandstones), Fe-Ti oxides, and carbonaceous debris, 
which are indicators of a reducing environment. Based on the paragenetic relationship and sulfur iso-
topic compositions of ore-stage pyrite, bacterial sulfate reduction was responsible for the formation of 
framboidal pyrite (δ34S = –31.2 to –3.8‰), and the sulfur of this pyrite mainly came from the oxidation 
of pre-ore pyrite (δ34S = –19.1 to +20.3‰). Euhedral and cement pyrite overprinting framboids were 
produced via Ostwald ripening with δ34S values ranging from –56.9 to –34.3‰, lower than any values 
of framboidal pyrite. Therefore, these mineralogical and geochemical characteristics of the Dongsheng 
deposit suggest U mineralization involves both biogenic and abiogenic redox processes.
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Introduction
Large-scale sandstone-type U deposits in China are mainly 

distributed in sedimentary basins generally parallel to the Central 
Asian Orogenic Belt (Chen 2002; Huang and Huang 2005; Zhang 
et al. 2010; Jiao et al. 2015; Zhu et al. 2018). The Dongsheng U 
deposit, located at the southeastern margin of the Central Asia 
Uraniferous Province (CAUP; OECD-NEA and IAEA 2010), has 
experienced multiple low-temperature fluid events responsible 
for multi-stage mobilization and fixation of U (e.g., Miao et al. 
2010; Zhang et al. 2019c). Having simple fluid histories quite dif-
ferent from the complex fluid history in the Dongsheng deposit, 
the ore-forming process of other sandstone-type U deposits in the 
CAUP [e.g., the Bayinwula deposit in the Erlian basin, Bonnetti 
et al. (2015); the Kuji’ertai and Mengqiguer deposits in the Yili 
basin, Zhang and Liu (2019)], is similar to the roll front reported 
by Shawe and Granger (1965) and Warren (1971). However, the 
genesis of the Dongsheng deposit remains controversial, with 
two models proposed, including biogenic processes due to the 
confirmed existence of bacteria (Cai et al. 2007a, 2007b; Jiang 
et al. 2012) and hydrothermal mineralization (Xiao et al. 2004; 
Zhang et al. 2017).

It has been widely accepted that U mineralization of 
sandstone-type deposits occurs during infiltration of the low-
temperature surface-derived oxygenated groundwater into 
permeable sandstones. Containing abundant intrinsic or extrinsic 
reductants (e.g., organic matter, H2S, and FeS2; Granger and 
Warren 1969; Goldhaber et al. 1983; Jiao et al. 2018a; Hough et 
al. 2019; Bonnetti et al. 2020), those permeable sandstones are 
confined by non- to semi-permeable aquitards (e.g., coal seams 
and mudstones). In this process, soluble U(VI) is reduced to 
insoluble U(IV). Additionally, iron is a redox-sensitive element 
with a high abundance in natural environments (e.g., Soliman and 
Goresy 2012; Mahoney et al. 2019). The mobilization, migration, 
and fixation of U are often accompanied by variations in the 
existing forms of Fe species (i.e., different Fe-bearing minerals; 
Reynolds and Goldhaber 1978; Bonnetti et al. 2015; Rong et al. 
2016). Therefore, the distribution and alteration characteristics 
of Fe-bearing minerals, in turn, reveal the geochemical zoning 
of the host sandstones, thus helping decipher the genesis of U 
deposits. The redox environment can also be indicated by the 
distribution characteristics of organic materials (e.g., total or-
ganic carbon; Spirakis 1996). It is known that organic materials 
cannot only provide energy for microbial activities involved 
in the alteration of Fe-bearing minerals (Reynolds et al. 1982; 
Reynolds and Goldhaber 1983), but also adsorb U under reducing 
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