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

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 ore bodies are associated with alterations that indicate a transition from oxidizing to reducing conditions, ac-

companied by a change of color from red to green and grey. Previous studies of fluid inclusions in epigenetic minerals associated with
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uranium mineralization yielded homogenization temperatures from 60 to 180°C , indicating either deep-burial or hydrothermal rather
than early diagenetic environments. The & *Cy pps, 8Dv.svow, and 8Oy guow of the fluids related to mineralization, inferred from
the C-H-O isotopes of calcite and kaolinite associated with mineralization, range from —14.0%0 to —2.7%0, — 130%0 to —94%o and
= 9.1%o to 8.8%o, 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 basin margin towards basin center. The lower flow system was driven by overpressures related to
sediment compaction and the flow was upward and from basin center towards basin margins. The authors hold 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 UP* to U*" by hydrocarbons carried by the as-
cending 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 Creta-
ceous 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.

Key words: geochemistry, sandstone-hosted uranium deposits, C, H and O isotopes, numerical modeling of fluid flow, fluid sys-

tem, Ordos Basin
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Fig. 1 Tectonic location a and structural-sedimentary model section in EW-direction and energy-resource strata b

of the Ordos Basin after Xue et al. 2008
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Fig. 2 Geological cross section of the Dongsheng uranium deposit modified after Chen et al. 2006
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Table 2 H and O isotopes of kaolinite and calculated H and

O isotopes of parent fluids
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Fig. 3 Microphotographs of alterations associated with

uranium mineralization in the Dongsheng ore deposit
a. Chlorite replacing biotite and calcite replacing detrital quartz:
b. Calcite replacing detrital quartz and organic matter: ¢. Kaolinite
forming reaction rims around feldspar grains. Qz—Quartz; Fs—Feldspar:
Cal—Caleite: KI—Kaolinite; Chi—Chlorite: Org—Organic matter
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Table 3 Lithology, time interval and thickness of hydrogeological units of the Ordos Basin as used in the numerical mode
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Fig. 5 Modeling results showing fluid flow patterns, fluid
overpressures; isotherms and topographic relief of 0 m at 440
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COrdos Basin
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Fig. 6 Modeling results showing fluid flow patterns, fluid
overpressures, isotherms and topographic relief of 140 m at

145 Ma (&) and 65 Ma (b) in the Ordos Basin

AR A EH WSS RAECE 7a FIE 8a)»

LU B, YA H b bR b 3 S 3h 2R e AR 1h G 5
Wi T A R 0K A S AR B, 51 G0 45 B 140 m B R AR
AL, 65 Ma BT E 198 30 K13 A Gk 5 PR 52 98 3l i i
o S T EER T EHE 6b), Bl 60 Ma B, 2 MM RAKRE)
RESSFREAIE T HEBIGT R(E 920, BMEBENSEH
JEERTTAR MR BT B RS B R W R <. 7R R B AR
H,25 Ma I, SRR % W ik L B 25 R0 0 E S IR
BB AECE 9.



140 /- S ) 2010 ¢
HF AR50 m HIFE 2R 140 m
R e
N - = = s = = = = £ T F
ST e
>—100——= |
X X = = = 1
3 WJ..%‘ I Z
+—I 5
NI S 2 soen. -
Eﬂ%ﬁﬁ?}imn —— e I
3 =
._:._54_::‘;5553::;, a 60 Ma
S = - ¢ T = = = £ = £ F F—F riﬂz%ﬁﬁmom
N - = -~ b = - - = = e —
N = hod - = = 5 = = kY *_—_;=‘_=r=
PR S - - m - - - - - ey = ;¢
.tr"/ T % % e \::«}*—r:::‘lzt&;f?f
e > S e 2
L =< = So=0 = e et e &
= = - - -
N === I5—— = =
b 65Ma ) —G0— HFREREE SIS ) <
#HE S /10°Pa f&/°C

lhll[

A wikina s m
225 (B K ERF R RAEE RN

20km 25 10

7 SRR EZ W AR SRR R ), R &
AHTEA R 350 m 7E 145 Ma (2) M 65 Ma(h)
T R
Fig. 7 Modeling results showing fluid flow patterns, fluid

overpressures; isotherms and topographic relief of 350 m at
145 Ma (&) and 65 Ma (b) in the Ordos Basin
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