
Interaction of two fluid systems in the formation of sandstone-hosted uranium
deposits in the Ordos Basin: Geochemical evidence and hydrodynamic modeling

Chunji Xue a,c,⁎, Guoxiang Chi a,b, Wei Xue c

a State Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences, Beijing, China
b Department of Geology, University of Regina, Regina, Saskatchewan, Canada
c Faculty of Earth Sciences and Resources, China University of Geosciences, Beijing, China

a b s t r a c ta r t i c l e i n f o

Article history:
Received 22 April 2009
Accepted 24 November 2009
Available online 2 December 2009

Keywords:
Basinal fluid flow
Fluid mixing
Sandstone type
Uranium deposit
Ordos basin

The Ordos Basin is one of the top oil, gas and coal producers in China and is increasingly recognized as an
important uranium mineralization province. Uranium deposits occur near the margin of the basin and are
mainly hosted in sandstones of the Jurassic Zhiluo Formation. The orebodies are associated with alterations
which indicate a transition from oxidizing to reducing conditions, accompanied by a change of color from red
to greenish grey and grey. Previous studies of fluid inclusions in epigenetic minerals associated with uranium
mineralization yielded homogenization temperatures from 60 to 180 °C, indicating either deep-burial or
hydrothermal rather than early diagenetic environments. The δ13C, δ18O and, δD, of the fluids related to
mineralization, inferred from the C–H–O isotopes of calcite and kaolinite associated with mineralization,
range from−14.0 to−2.7‰,−9.1 to 8.8‰, and−130 to−94‰ V-SMOW, respectively. The C and H isotope
compositions indicate that significant proportions of the carbon and hydrogen in the mineralizing fluids
were derived from oxidation of hydrocarbons. Numerical modeling of fluid flow in the basin indicates that
two fluid flow systems were developed in the Jurassic and Cretaceous time when the margins of the basin
were relatively uplifted and the strata of the basin were gently inclined. The upper flow system was driven
by gravity in relation to topographic relief and the flow direction was downward and from the basin margin
toward basin center. The lower flow system was driven by overpressures related to sediment compaction
and the flow was upward and from the basin center toward basin margins. We propose that the location of
uranium mineralization is associated with the mixing of the two fluid flow systems: uranium was leached
from the Cretaceous and Jurassic strata and carried by the descending meteoric fluids, and was reduced from
U+6 to U+4 by hydrocarbons carried by the ascending basinal fluids and precipitated at the interface of the
two fluid systems. The location of the interface between the two flow systems is dependent on the
magnitude of the topographic relief. At the end of the Cretaceous sedimentation (65 Ma), the interface was
located in the Upper Jurassic (the main stratigraphic interval of uranium mineralization) if the topographic
relief was 350 m from the basin center to margin. Such an interface location can also be reached for a lower
topographic relief at a later time due to gradual dissipation of the overpressures. Thus, a combination of
decreasing topographic relief and dissipation of overpressures after the Cretaceous sedimentation was
favorable for mineralization because the interface of the two fluid flow systems could be maintained in the
same stratigraphic interval for a prolonged period of time.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

The Ordos Basin is a Meso-Cenozoic intracontinental basin devel-
oped upon Paleozoic sedimentary rocks which in turn are underlain by
Precambrian basement belonging to the North China Craton. With an
areaof about 2.5×105 km2, theOrdos Basin represents oneof the topoil,
gas and coal producers in China, and is increasingly recognized as an
important uranium mineralization province (Wei and Wang, 2004;

Deng et al., 2005; Chen et al., 2005). A number of uraniumdeposits have
been found around the basin margin (Fig. 1A), with themost important
one being located at Dongsheng in the northeasternmargin of the basin
(Fig. 1A). Uranium mineralization generally occurs as dissemination in
sandstones of Mesozoic ages, and the orebodies are typically tabular.
Although the deposits are located only a few hundredmeters below the
modern surface, geologic, petrographic and fluid inclusion studies
suggest that the uranium mineralization took place at temperatures
from 60 to 180 °C (Li et al., 2006; Ling, 2007), which indicates either
deep-burial or hydrothermal rather than early diagenetic environments.

A number of studies have noticed the association of uranium
mineralization with organic matter or oil and gas in the Ordos Basin
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Fig. 1. (A) Distribution of oil, gas and uranium mineralization in the Ordos Basin. Subdivisions of the basin include the Western Margin Thrust-Faulting Belt (I), Western Depression
Belt (II), Eastern Slope Belt (III), Western Shanxi Fold Belt (IV), Yi-Meng Uplift (V), and Weibei Uplift (VI). Lines a–b indicate the approximate location of the cross section shown in
Fig. 1C. (B) Regional tectonic setting of the Ordos Basin. The location of the Ordos Basin in China is shown in the insert. (C) A conceptual west–east cross section of the Ordos Basin,
showing the major strata of oil and gas accumulations and uranium mineralization (after Wang et al., 2004).

Fig. 2. A cross section of the Dongsheng uranium deposit (after Chen et al., 2006). Note the relationship between orebodies and the alteration zones of the host rocks.
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