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Special rock and mineral characteristics of uranium mineralization in red
variegated sedimentary formations: Taking the uranium occurrence of
Neogene Jidike Formation in Kuqa Depression as an example
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Abstract: In recent years, the exploration of sandstone-type uranium deposits in the northern part of China has
made breakthroughs in the Mesozoic and Cenozoic red-colored sedimentary formations. However, there is a great
controversy about the mechanism of uranium mineralization in red beds, which has become a hot topic of current
research. A large amount of uranium mineralization outcrop information is developed in the Neogene red layer in the
Kuga Depression. Carrying out relevant research is very helpful in analyzing the uranium enrichment mechanism in
the red variegated layer. Through systematic sedimentology, petrology and mineralogy, the uranium mineralization
spots in the red variegated layer of the Jidike Formation were dissected, and a relatively special type of uranium

mineralization was discovered: the mineralized layer was located in a lacustrine sedimentary environment under an
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arid background. It is produced in a large set of red mudstone in the shape of a thin layer of lens. The mineraliza-
tion lithology is gray-green marl and develops a large number of reddened siliceous masses. The mineralization has
layer-controlled characteristics and is closely related to the siliceous masses. The siliceous mass has a combination
of reddish microcrystalline quartz, fluorite, uranite, calcite and a small amount of natural arsenic, chalcopyrite and
barite intergrowth minerals. The siliceous mass is very similar to the granite-type siliceous vein uranium mineraliza-
tion in South China, showing the characteristics of deep hydrothermal origin. It is comprehensively judged that this
mineralized layer has dual effects of sedimentation and hydrothermal fluid, and is a special hot water deposition type
uranium mineralization. This type of uranium mineralization discovery provides direct and strong evidence that deep
hydrothermal fluids could carry uranium into sedimentary basins to undergo uranium mineralization, and improve
the theory of sedimentary uranium mineralization in continental basins.

Key words: Kuqga Depression; Neogene; Jidike Formation; red variegated layer; siliceous mass; hydrothermal

uranium mineralization
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Fig. 1

Simplified geological map of the Qiulitage structural belt in the Kuga Depression (a, from Tang Liangjie et al. , 2008)

and the location of the studied uranium deposits (b, modified from A Zhongming et al. , 2007)
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Fig. 2 Plane layout of sedimentary facies of the Jidike Formation in the Kuqa Depression ( modified from Tan Xiucheng

et al. , 2006; Zhang Xuan et al. , 2023)
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Fig. 3 Schematic cross-section and typical photos of sedimentary cycles in the ore-bearing section of the Jidike Formation
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a—the thicken bedded gypsum and red mudstone are interbedded with unequal thicknesses; b—a large suite of gypsiferous mudstone interbedded with

lenticular sandstone; ¢c—a large set of brownish-red mudstone interbedded with tabular gray, gray-green, and brownish-red sandstone; d—Ilenticular

and vein-like bedding; e—medium to thick-bedded sandstone and mudstone form a fining-upward coarsening-upward cyclothem characteristic ; f—the

wavy bedding phenomenon developed on the surfaces of red sandstone layers
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Fig. 4 Lithologic profile characteristics of uranium mineralization layer
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a—photograph of the uranium mineralization layer profile; b—uranium mineralization layer output geological profile
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Fig. 5 Characteristics of siliceous mass in the mineralized layer
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a—the black-red siliceous mass is mainly composed of 2~5 cm larger particle size mass, and the mass content is higher in the ore-bearing lithology.

It is mainly composed of irregular mass with interwoven shape. The uranium content measured by gamma energy spectrum is 135 x10™°; b—the black-

red siliceous agglomerates are mainly 0. 5~2 c¢m medium-sized agglomerates. The content of the agglomerates is medium, mainly isolated bean-like or

long strip-like. The uranium content measured by gamma spectroscopy is 105x107°; ¢—the black-red siliceous agglomerates are mainly small agglom-

erates with a particle size of less than 1 em. The content of the agglomerates is low, mainly in the form of isolated rice grains. The uranium content

measured by gamma energy spectrum is 67x107°
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Fig. 6 Lithological and structural characteristics of mineralized layers
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a—gray-green marl and black-red siliceous mass constitute ore-bearing rock (hand specimen) ; b—the boundary between marl matrix and siliceous
mass is distinct ( polished thin sections) ; c—the siliceous mass floats in the marl matrix ( cross-polarized light) ; d—the marl matrix is mainly com-

posed of mud-microcrystalline carbonate and a small amount of silty quartz debris ( cross-polarized light) ; e—the siliceous mass is composed of three

parts : matrix, plaque and veinlet ( plane-polarized light) ; f—the matrix of siliceous agglomerate is composed of microcrystalline quartz with poor crys-
tal shape, the plaque is composed of hematite rim and microcrystalline quartz with good crystal shape, and the veinlet is mainly composed of carbonate

( cross-polarized light)
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Fig. 7 Backscattered photos of uranium minerals and mineral assemblages in mineralized layers
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a—coffinite and fluorite scattered in microcrystalline quartz ( siliceous mass) ; b—mud crystal calcite, clay minerals, a small amount of fluorite and
detrital zircon mixed accumulation ( marl matrix) ; c—mud crystal calcite and silt-grade detrital quartz mixed accumulation, containing a small amount
of fluorite and chalcopyrite ( marl matrix) ; d—microcrystalline quartz, coffinite and fluorite assemblages (uranium- bearing matrix of siliceous mass) ,
mud crystal calcite, fluorite and microcrystalline quartz assemblages (uranium-free matrix of siliceous mass) , calcite and fluorite assemblages (vein-
let) ; e—coffinite are zonally distributed in microcrystalline quartz; f—coffinite is distributed along the edge and surface of irregular fluorite ; g—semi-
automorphic-anhedral chalcopyrite is wrapped by coffinite; h—coffinite metasomatism semi-automorphic natural arsenic; i—coffinite is distributed in

the rim of hematite and the center of micro- microlith quartz ( plaques in siliceous mass)
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