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Abstract: The Ordos Basin is well-known for the coexistence of ail, natural gas, coal and uranium.
However, there has been little resear ch to discuss the genetic relationship between them. In this paper,
a case study of the Zaohuohao area in Dongsheng, Inner Mongolia, China, is conducted to investigate
the genetic relationship between the natural gas and the uranium accumulation. Fluid inclusion data
from the uranium-bearing sandstone samples indicate that the fluid inclusions formed in a gas-water
transition zone. Using the homogeneous temper atur es of aqueous inclusions coeval with hydrocarbon-
bearing inclusions, combined with the buried history and paleo-temperature data, the gas-water
transition zone reached the area at about 110 Ma. On the basis of this, the contents of Uranium (U)
and Total Organic Carbon (TOC) of the samples were analyzed, and there was no obvious relation
between them. With regard to the available data from both publications and this study, it isfound that
the U mineralization has a spatiotemporal accordance with the gas-water dispersal zone. Thus, it is
believed that the natural gas in the gas-water zone is an effective reducer to the U-bearing ground
water abundant in oxygen, which isthe main factor to U accumulation. Thisresult can be used asthe
reference to the U mines predicting and prospecting.
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1 Introduction

Mesozoic-Cenozoic uranium deposits of basins in China
can be subdivided into the sandstone-type uranium deposit,
coal-type uranium deposit and mudstone-type uranium
deposit based on U-bearing source rock (Jin and Huang,
1991; Zhang and Cai, 2002). The sandstone-type deposit is
the main type of uranium deposit prospected since it has
great reserves with easy exploitation (Xiao et al., 2004; Cai
et al., 2005). A general view on the formation of the
sandstone type U deposit is that the accumulation of U
element is closely related to organic substance (Read, 1998;
Landaus, 1999; Shtein and Khim, 2000; Min et al., 2000a).

The Ordos Basin is one of typical basins where oil,
natural gas, coal and uranium exist together. Plenty of
work has been done to study the conditions and
mechanism of U mineraliztion in the basin. At present,
there are some different viewpoints on it for instance, the
plant oddment or oil reduces interlayer oxidated zone to
result in the U accumulation (Wu et al., 2003; Zuo, 2005);
exuded gas and oil from a trap structure reduces the U-
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bearing water containing rich oxygen to lend to the
uranium deposit (Sun et al., 2004; Gong and Li, 2005); or
U-bearing water driven by natural gas encounters the gas-
water chemical barrier formed by surface water when a
deep basin gas trap forms to cause U mineralization
(Zhang, 2004). Although oil and gas reduction for U
mineralization was taken into account in some papers, its
dominant effect of natural gas on U precipitation is often
neglected. There is also lack of research on the particular
phenomenon that the U mineralization distributes in a gas-
water transition zone.

The gas-water transition zone currently means a water-
soluble gas transition zone between a gas zone and a water
zone under the background of a hydrodynamic trap gas
pool. The distribution of three zones is usually determined
by drilling wells and well loggings (Liu et al., 1998; Li et
al., 1999). Due to the special geological and geochemical
conditions of the gas-water zone, different types of fluid
inclusions coexist, usually including hydrocarbon-bearing
inclusions, aqueous inclusions and gaseous hydrocarbon
inclusion (Mi et al., 2004; Xiao et al., 2005). The gas-
water transition zone and its migration were investigated
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Fig. 1. Tectonic framework in the Ordos Basin and the well distribution in the work area.
(a) Tectonic framework and gas-water interface migration (Mi et al., 2004); (b) Well distribution in the work area.
Q — Quaternary; N, — Neogene; K,e'"? - First and second rock member of the early Cretaceous; J,z— Middle Jurrasic Zhiluo Formation.

in the northeastern area of the Ordos Basin by some
experts (Fu et al., 2003; Mi et al., 2004). They believed
that the gas-water transition zone began to develop in 165
Ma when the gas pool first formed at the center of the
basin (Fig. 1a), then it migrated northward to reach the
belt along well Yil2 in the north of the Yimeng uplift and
well Ha2 in the Dongsheng area during the early

Cretaceous (Li, 2002; Mi et al., 2004). Taking the Middle
Jurassic Zhiluo Formation in the Dongsheng area as the
object of study, we investigated the characteristic of the
gas-water transition zone, analyzed the U distribution in
the gas-water transition zone, and discussed the
mechanism of U accumulation in the zone.
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Table 1 Geological background of the samples and analysisresults of their contentsof TOC, U and Th

Well Sample Lithology Depth (m) Stratum TOC (%) U (ppm) Th (ppm)
4 sandstone 120.6 1z 0.18 20.8 8.412
A0 8 sandstone 110.02 Joz 222 41.6 7.053
10 sandstone 103.3 Joz 0.2 364.9 5.943
10 sandstone 147 Joz 0.09 1.75 4.152
A3 11 sandstone 152.3 Jz 0.07 2.05 4.302
13 sandstone 156.7 Joz 0.08 9.417 4.376
A7 10 sandstone 118.2 1z 0.09 0.755 2.999
AR 2 sandstone 140.6 Joz 6.78 498.6 6.426
10 sandstone 153.2 1z 0.08 5.676 243
4 sandstone 147.55-153 Joz 0.09 51.65 3.57
Al6 7 sandstone 129.2-135.65 1z 0.1 1.43 8.508
9 sandstone 116.4-122.9 J,z 0.07 2.5 11.22
1 coal 130 1z 53.20 0.767 6.804
A223 3 sandstone 118.6-123 Joz 0.07 2.194 8.883
8 sandstone 134.9-141.3 Joz 0.09 1.271 10.48
A239 6 sandstone 132.5-139.7 1z 0.1 72.25 5.795
712 mudstone 139.7-141.1 Joz 6.79 18.14 22.33
A255 5 mudstone 174.4-176 Joz 0.09 2.572 11.61
9 sandstone 187-193.45 1z 1.1 113.8 24.65
A sandstone 290-297.3 Joz 0.07 1.717 7.585
A287 B sandstone 282-286.25 Joz 0.12 9.164 5.475
C Sandstone with coal 264.25-270.48 Joz 22.34 10.79 2.329

Note: TOC, U and Th measured by the instruments Rock-Eval 6 standard and PE Elan 6000 ICP-MS respectively in 2005. (a) TOC of the sample was analyzed

with coal procedure, and the others were analyzed with rock procedure. J,z— Middle Jurassic Zhiluo Formation.

2 Geological Settings

The Ordos Basin is situated in the northern China
(Wang et al., 2004). It is a lapped craton basin including
stages of Paleozoic platform and Mesozoic-Cenozoic
inland depression. The basin basement is composed of
Archean and Paleoproterozoic metamorphic rock, and the
sedimentary strata includes carbonates of Paleozoic, coal
measures of upper Paleozoic, and river and lacustrine
sedimentary cap of Mesozoic-Cenozoic inland depression.
The Silurian and Devonian strata are absent (Min et al.,
1998). Based on the tectonic form and evolution, the
Ordos Basin can be divided into 6 units (Fig. la): the
Yimeng uplift, Yishan slope, Weibei uplift, Tianhuan
depression, Jinxi fold and fault belt, and Western edge
fault belt (Tang et al., 2000).

The wupper Paleozoic gas-bearing area has the
characteristics of a deep-basin gas (Li, 1999; Min et al.,
2000b, 2000c; Sun et al., 2001). The source rock of the
natural gas is a set of Carboniferous-Permian coaly
stratum with abundant organic substance and high
intensity of gas generation, which provided the material
basis for the gas pool. Owing to the Yanshanian
Movement during the Jurassic and early Cretaceous, the
source rock was matured to reach the main stage of gas
generation (Li, 2002; Wang et al, 2003; Zhao et al., 2005),
which led to the natural gas dispersal zone to be migrated
from south to north or northeast of the basin.

The sandstone-type U deposit is discovered in the
Dongsheng area. The U-bearing minerals occur mainly in
coffinite, and some in pitchblende and brannerite. The ore

body occurs with an irregular tabular shape in the
sandstone from the lower member of the Zhiluo Formation
(Zhang, 2004; Liu et al., 2006). The principal part of
distributary channel in the lower member of the Zhiluo
Formation has a good relationship with the U
mineralization (Jiao et al., 2005; Zhao and Ou, 2006). The
studied area is called as Zaohuohao in the Dongsheng
area, northern Ordos Basin (Fig. 1b).

3 Samples and Experimental Methods

There are 22 core samples of the Zhiluo Formation
collected from 9 wells in the Zaohuohao area (Fig. 1b),
including mudstone, coal and sandstone. All the samples
are accompanied with some associated mineral, such as
pyrite. The geological background of the samples is shown
in Table 1.

Fluid inclusions observation and measurement: The
sample sections were cut into a thickness of 0.07-0.14
mm, with both sides being polished. The Leica DM RX
microscope was used. Fluorescence observations of fluid
inclusions were mainly conducted using a 100W Hg light,
a H3 420-490-nm excitation filter, a PKP510 nm
dichromatic reflector and a 515-nm protective filter. The
homogeneous temperature was measured by a USGS
FLUID INI air current cooling-heating stage. The heating
rate was controlled at 1-5°C/min, with an error of £1°C.
RENISHAN(R) RM-2000 model Raman
spectrophotometer was used for the compositional
analysis of fluid inclusions, and the operating conditions
are as follows: Ar' laser generator with laser wavelength
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Fig. 2. Different types of fluid inclusions in the work area in the Ordos Basin.

(a) Microcopy of different kinds of fluid inclusions in A287-C, x400;

(b) Microcopy of gaseous hydrocarbon inclusions with yellow- kelly fluorescence in A3—15, x400;
(c) and (d) The same view field of hydrocarbon-bearing aqueous inclusions under fluorescence and transmit light in A16—4, x400).

of 514 nm and power of 25.2 mW; grating slit of 20 um
and scanning time of 10 s.

The TOC content of the rock samples is determined
using a Rock-Eval 6 standard instrument made by VINCI
Ltd. Co., France on the basis of a rock or coal procedure.

The analysis of U and Th is after the following steps:
(1) Powder the samples and weigh 0.5 g to put into a Pt
crucible, and add 2 mL nitric acid and 5 mL hydrofluoric
acid into the crucible. Shake it up, and then put the
crucible on the electrothermal board to evaporate the
solvent up to dryness; (2) Add 1 mL perchloric acid to the
crucible, and repeat the above process to evaporate the
solvent; (3) Add another 4 mL nitric acid to the crucible,
and dissolve the sample; (4) Transfer the solution to a
200-mL volumetric flask for constant volume, and use the
instrument PE Elan 6000 ICP-MS to measure the contents
of U and Th. The instrument parameters of the mass
spectrograph PE Elan 6000 are: the power of 1000 W,
cooling-gas flow (Ar) of 15 L/min, assistant gas flow (Ar)

of 1.2 L/min, and atomized gas flow (Ar) of 0.8 L/min.
4 Resultsand Discussions

4.1 Characteristic of the gas-water transition zone

(1) Fluid inclusions in the gas-water transition zone

As discussed above, the Zhiluo Formation in the studied
area consists mainly of sandstones with a few thin layers
of mudstone. Most of the sandstone is not tightly
cemented. There are abundant fluid inclusions mainly
occurring in micro-fissures of the sandstone granule and
only a little in overgrowth. The fluid inclusions can be
divided into aqueous inclusions, hydrocarbon inclusions,
hydrocarbon-bearing inclusions and inorganic gas
inclusions according to the component characteristics (Fig.
2). The aqueous inclusions have two kinds: pure liquid
phase and vapor-liquid phase inclusions. Most of the
aqueous inclusions are two-phase inclusions with vapor/
liquid ratios of 6%—-10%, and they are non-fluorescent.
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Fig. 3. Laser Raman spectra showing CH, and CO, in gaseous inclusions in A3-15.

Table 2 Interpretation of gasand water layers by well logging data in different structural units, Ordos Basin

Structural unit Well number Thickness of sandstone (m)

Thickness of Gas-bearing layer

Thickness of Gas-water layer and water layer

(m) (m)

Yimeng uplift 18 527.4
Shanbei slop 327 4918.3

323.1(61%) 204.3 (39%)
4761.6 (97%) 156.7 (3%)

Note: the data was modified from Min and Fu (2002).

The aqueous inclusions of the samples are small-sized,
and commonly coeval with hydrocarbon-bearing
inclusions (Fig. 2a). Hydrocarbon inclusions are mostly
gaseous hydrocarbon inclusions and no petroleum
inclusions are found, gaseous hydrocarbon inclusions are
two phases with vapor/liquid ratios of 60%. It is black
under transmitting light model. The ektexine of the vapor
bubble also shows weak yellow-kelly fluorescence (Fig.
2b). The hydrocarbon-bearing inclusions are usually
hydrocarbon-bearing aqueous inclusions with vapor-liquid
two phases, and some liquid hydrocarbon clinging to
ektexine of the vapor bubble causes a weak yellow to kelly
fluorescence to form an aureola though both vapor and
liquid phases show non-fluorescence. Since this kind of
inclusions captured immiscible fluid in an inhomogeneous
phase, most of them are immiscible with a very high
homogeneous temperature in the area (Fig. 2c, d). The
inorganic gas inclusion indicates that the inclusions
mainly contain inorganic gas, such as CO,, N, and vapor,
and they also mainly include two kinds: one phase with
pure gas and two phases with the vapor/ liquid ratios of

more than 50%. The inorganic gas inclusion has non-
fluorescence or very weak fluorescence.

According to the compositional analysis by using the
Laser Raman Instrument (Fig. 3), the main component of
gaseous part in the hydrocarbon-bearing aqueous
inclusions and gaseous hydrocarbon inclusions is methane
(CH,4) and CO,, and the methane often has a high content.
There are some inorganic gas inclusions only containing
abundant CO,, and they can be actually defined as CO,
inclusion. In addition, inorganic gaseous inclusions with
some nitrogen (N,) are also found in the sample A287-C.
Thus, based on the analysis result, the main gaseous
components in the fluid captured by fluid inclusions in the
studied area are CHy, CO, and N,.

The upper Paleozoic natural gas area in the Ordos Basin
is characterized by a deep-basin gas trap. According to the
well logging data (Table 2), the Shanbei slope is a gas-
bearing area in reservoirs with only 3% of water layer and
gas-water layer, but the Yimeng uplift is a gas-water zone,
with gas-water layer and water layer of 39%, indicating the
existence of gas-water transition zone (Liu et al., 1998; Li,
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et al., 1999). Sandstones from this area contain plenty of
gaseous hydrocarbon inclusions and aqueous inclusions,
hydrocarbon-bearing aqueous inclusions and gaseous
hydrocarbon inclusions coexist, with a similar
characteristic as the fluid inclusions formed in the gas-
water transition zone described by Mi et al. (2004) and
Xiao et al. (2005), which indicates that this area is in a gas-
water transition zone when the fluid inclusions form.

(2) Migration history of natural gas dispersal zone

The time of fluid inclusions growing in the gas-water
transition (or gas water interface) zone will record the
different position of the gas-water interface in geological
history (Mi et al., 2004). The homogeneous temperatures
of the fluid inclusions, combined with their buried history
and paleotemperature, can be applied to probing into the
migration time of the fluids (Karlsen et al., 1993; Xiao et
al., 2002; Liu et al., 2003). By using this method, the
geological time of gas-water transition zone reaching the
studied area can be ascertained. The homogeneous
temperatures of the aqueous inclusions coeval with gas
hydrocarbon inclusions are in the range of 90°C-110°C,
with an average of 101°C (Fig. 4). Figure 5 shows the
formation time of the aqueous inclusions is about 110 Ma.
The time accords with the time when the gas-water
interface arrived here (Mi et al., 2004), and also matches
the main period of gas generation of Carboniferous-
Permian source rock.
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Fig. 5. Plot showing the determination of growing time of
aqueous inclusions (Thickness of eroded strata) (modified
from Ren et al., 1994).

Paleo-temperature gradient from the Jurassic to early Cretaceous is 4
°C/100 m, and the other geological history is about 3°C/100 m (Ren,
1996; Liu et al., 1997; Zhao and Behr, 1996; Xiao et al., 2002).
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4.2 Characteristic of U accumulation

(1) Relation between U and TOC

Organic substance as a reducer to the U accumulation is
very common (Dong, 1996; Yang and Xia, 2004).
However, there is no correlation between TOC content
and U content for the studied samples in the area (Table 1,
Fig. 6). Some samples have high uranium contents as well
as high TOC contents. For example, the highest uranium
content with a value of 498.6 ppm is present in the sample
A8-2 with a TOC content of 6.78%. Some samples have a
TOC contents over 20%, whereas their uranium contents
are lower than 11 ppm; and some are reverse. For
examples, the sample A287-C has a TOC content of
22.2%, whereas its uranium content is lower than 1 ppm;
the coal sample A223-1 has a U content of lower than 1
ppm, whereas its TOC content reaches 53.2%. These
results may indicate that the organic substance is not the
dominant factor for uranium accumulation.

(2) Relation between contents of U and Th

U and Th are both lithophile elements. Th* and U*" are

difficult to be separated owing to their close relation and
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isomorphic replacement. So, geologists usually use the U/
Th ratio to investigate the origin of U (Huang and Tang,
2002). Generally speaking, a rock formed in the same
term, or different rocks with the same paragenetic
association or the same petrogenetic evolution sequence in
stratum will have a similar value of U/Th (Xu and Yan,
1995). U/Th ratios of most studied samples are less than 1,
but several over 1. In the sample AS8-2, its U/Th ratio
reaches 77. The contents of U and Th show no correlation
for the studied samples (Fig. 7a), which indicates that the
U would not be a single source but multiple sources. It
should be noted that the U/Th ratios increases with the
increase of the U content, showing a linear correlation
(Fig. 7b). This implies that the Th content in diverse
sources is similar.

4.3 Formation mechanism of U mineralization and its

relation with the natural gas dispersal zone

The depositing process of U from a hydrothermal liquid
usually is that dissociated UO,”" occurs when a uranyl
complex compound is disintegrated; and then the UO,*"
will be reduced into UO, (Pitchblende or Uraninite).
Although there is abundant TOC content in the stratum in
the Zhiluo Formation, it is not a dominant factor to U
mineralization, just as pointed out before. A large amount
of pyrite is discovered in the U-bearing stratum. On the

basis of this, pyrite is regarded as the reducer to the U
mineralization (Wu et al, 2003). However, the
mineralizing experiment made by Zhao and Shen (1986)
proved that reducing ability of pyrite is weak, and is
controlled tightly by physical and chemical conditions.
Pyrite has to be dissolved before it acts as reducer and it
can reduce UO,>" to UO, only in acid condition. Since the
physical and chemical condition of the underground water
vary widely in the Dongsheng area of the Ordos Basin, the
pH value in underground water increases from weak
acidity to alkalinity with the burial depth of a borehole.
When the depth is over 150 m, the pH value of the
underground water will exceed 9 (Zhang, 2004). Thus, the
pyrite has little reduction to the U mineralization.

The main metallogenic epoch of the sandstone-type U
mineralization is 90-120 Ma in the Zhiluo Formation in
the Dongsheng area (Xia et al., 2003; Zhang, 2004). The
time of gas-water transition zone reaching this area is
about 110 Ma, and has a perfect match with the U
metallogenic stage. According to the discussion above,
this area where U accumulated is just in the gas-water
transition zone, and a large amount of reducing gases such
as CH, is also discovered. Wang and Du (1995) proved
that, under the physical and chemical conditions of U
mineralization, CH; and H, can make U mineralize
completely and efficiently to form a rich ore body. Wu et
al. (2006) has also indicated that the U mineralization was
related to the reducing gas from the natural gas in the
Dongsheng area. That is to say that the U mineralization
has an original relationship with the natural gas dispersal
zone.

In summary, the paper proposes the process and
mechanism of the U mineralization in this area. The upper
Paleozoic source rock reached its peak stage of gas
generation during late Jurassic and the early Cretaceous,
and the generated natural gas drove underground water to
migrate from the south to the north or northeast. When the
gas-water interface migrated into the Dongsheng area of
the basin and reached the oxidized belt with U and
oxygen, the natural gas dissolved in the water would
reduce UO,**, and UO, would precipitate in the gas-water
transition zone. Since this area uplifted and gas generation
decreased during the late Cretaceous, the gas-water
transition zone stopped migrating northward, which
resulted in that the area became a balanced belt of natural
gas supplying and dissipating. Besides CH4, some
reducing gases such as H,S in the natural gas can also lead
to U mineralization. The reaction equations are as follow:

4UQ,*"+CH,+3H,0—4UQ,+HCO; +9H"

4U0,*"+H,S+100H —4U0,+S0, > +6H,0
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Consequently, U ore deposit in the area accumulated
under a special geological and geochemical background,
and natural gas was the efficient reducer to U
mineralization.

5 Conclusions

(1) Secondary fluid inclusions in the sandstone-type U
mineralization showed similar characteristics of fluid
inclusions formed in the gas-water transition zone in the
Zaohuohao area. The homogeneous temperatures of
aqueous inclusions are in the range of 90°C—110°C, and
their formation time was about 110 Ma, having a perfect
match with the time when the gas-water transition zone
migrated into the area.

(2) According to the analysis result of TOC, U and Th,
the abundant organic substance in the stratum would not
be the dominant factor to U mineralization. U and Th
show the characteristic of multiple sources in the area and
the Th content is almost the same in different sources.

(3) Pyrite cannot be the significant reducer to the U
accumulation. Natural gas dispersal from the gas-water
transition zone acted as a main reducer to reduce U in the
underground water to form U mineralization.

Acknowledgements

This work was supported by State “973 Project” (No.
2003CB214607). Prof. Sun Yuzhuang and Prof. Liu
Chiyang are thanked for providing guidance and helps to
the study. We also extend our thanks to Mr. Zhang Huizhi,
Tu Xianglin and Mrs. Yu Chilin for their assistance on the
experiments.

Manuscript received March 27, 2006
accepted Oct. 16, 2006
edited by Zhang Xinyuan and Xie Guanglian

References

Cai Gengqing, Zhang Zimin and Li Shengxiang, 2005. Elemental
geochemistry of the interlayer oxidation zone in the
Shihongtan Sandstone Type Uranium Deposit, Xinjiang. Acta
Geologica Snica (English edition), 79(6): 835-842.

Dong Yongjie, 1996. Exploration on relationship between
uranium and organic materials in carbonate-siliceous pelite
type uranium ore deposits. Journal of East China Geological
Institute, 19(4): 378-381 (in Chinese with English abstract).

Fu Shaoying, Peng Pingan, Zhang Wenzheng, Liu Dehan and
Liu Jinzhong, 2003. Palaco-water and gas boundary in the
Upper Paleozoic gas reservoir of Ordos Basin reconstructed
using vitrinite reflectance kinetics and the homogenization
temperature of fluid inclusion. Acta Petrolei Snica, 24(3):
46-51 (in Chinese with English abstract).

Gong Binli and Li Weihong, 2005. formation conditions and ore

prospecting direction of sandstone type Uranium mine in
Zhiluo formation and Zhidan group, Ordos basin. Northwest
Uranium Geology, 31(1): 7-11 (in Chinese with English
abstract).

Huang Wenhui and Tang Xiuyi. 2002. Uranium, Thorium and
Other Radionuclides in Coal of China. Coal Geology of
China, 14(B07): 55-63 (in Chinese with English abstract).

Jiao Yangquan, Chen Anping, Yang Qin, Peng Yunbiao, Wu
Liqun, Miao Aisheng, Wang Minfang and Xu Zhicheng, 2005.
Sand body heterogeneity: one of the key factors of uranium
metallogenesis in Ordos Basin. Uranium Geology, 21(1): 8—
15 (in Chinese with English abstract).

Jin Jingfu and Huang Guangrong, 1991. Uranium Ore Deposit.
Beijing: Atomic Energy Publishing House, 6-9.

Karlsen, D.A., Nedkvitne, T., Larter, S.R., and Bjorlykke, K.,
1993. Hydrocarbon composition of authigenic inclusions:
application to elucidation of petroleum reservoir filling
history. Geochim. Cosmochim. Acta, 57: 3641-3659.

Landaus, P., 1999. Organic geochemistry of sedimentary
uranium ore deposits. Ore Geology Reviews, 11: 33-51.

Li Kemin, 2002. Deep basin gas reservoirs of late palacozoic in
northern Ordos Basin. Oil & Gas Geology, 23(2): 190-193 (in
Chinese with English abstract).

Li Zhenze, 1999. The prospecting progress of upper palaeozoic
deep basin gas in Ordos Basin. Natural Gas Industry, 19(3):
15-17 (in Chinese with English abstract).

Liu, D.H., Xiao, X.M., Mi, J.K., Li, L.Q., Shen, J.G., Song, Z.G.,
and Peng, P.A., 2003. Determination of trapping pressure and
temperature of petroleum inclusions using PVT simulation
software — a case study of Lower Ordovician carbonates
from the Lunnan Low Uplift, Tarim Basin. Marine and
Petroleum Geology, 20: 29-43.

Liu Xiaohan, Wang Xin, Huang Gang and Chang Minjuan, 1998.
Gas and Water distribution and Strata Pressure in Upper
Paleozoic, Ordos Basin. Low Permeability Oil and Gas Field,
3(2): 32-36 (in Chinese).

Liu Yiqun, Li Wenhou and Feng Qiao, 1997. Palaeotemperatures
and diagenetic phases of the Upper Triassic oil-bearing
sandstones in the eastern part of the Ordos Basin. Acta
Geologica Snica (English edition), 71(3): 305-316.

Liu Yiqun, Feng Qiao, Yang Renchao, Fan Aiping and Xing
Xiujuan, 2006. Discussion of genesis of sandstone type
uranium deposit in Dongsheng area, Ordos Basin. Acta
Geologica Snica (Chinese edition), 80(5): 761-767 (in
Chinese with English abstract).

Mi Jingkui, Xiao Xianming, Liu Dehan, Li Xianqing and Shen
Jiagui, 2004. An investigation of water-gas interface
migration of the upper Paleozoic gas pool of the Ordos Basin
using reservoir fluid inclusion information, Chinese Sci. Bull.,
49(7): 735-739 (in Chinese with English abstract).

Min, M.Z., Meng, Z.W., Sheng, G.Y., Min, Y.S., and Liu, X.,
2000a. Organic geochemistry of paleokarst-hosted uranium
deposits, South China. J. Geochem. Exploration, 68: 211-229.

Min Qi, Liu Xiaohan, Wang Xin and Chang Minjuan, 1998.
Study on regional geology of deep basin gas reservoir formed
in upper Palaeozoic in Ordos Basin. Low Permeability Oil and
GasFidld, 3(2): 7-12 (in Chinese).

Min Qi, Fu Jinhua, Xi Shengli, Liu Xinshe, Wang Tao, Ji Hong
and Li Yan, 2000b. Migration and accumulation of upper
Palaeozoic natural gas in Ordos Basin. Petroleum Exploration
and Development, 27(4): 26-29 (in Chinese with English



Vol. 81 No. 3

ACTA GEOLOGICA SINICA

June 2007 509

abstract).

Min Qi, Yang Hua, and Fu Jinhua, 2000c. Deep basin gas in
Ordos Basin. Natural Gas Industry, 20(6): 11-15 (in Chinese
with English abstract).

Min Qi and Fu Jinhua, 2002. Geological Conditions of Deep-
basin Gas Accumulation in the Upper Paleozoic of the Ordos
Basin. An internal report, Research Institute of Changqing
Oilfield, 47-48 (in Chinese).

Read, D., Ross, D., and Sims, R.J., 1998. The migration of
uranium through Clashach Sandstone: the role of low
molecular weight organics in enhancing radionuclide
transport. J. Contaminant Hydrol., 35: 235-248.

Ren Zhanli, Zhao Zhongyuan, Zhang Jun and Yu Zhongping,
1994. Research oil paleo-temperature in the Ordos Basin. Acta
Sedimentologica Snica, 12(1): 56-65 (in Chinese with
English abstract).

Ren Zhanli, 1996. Research on the relations between geothermal
history and oil-gas accumulation in the Ordos Basin. Acta
Petrolei Snica, 17(1): 17-24.

Shtein, K., and Khim, L.Y., 2000. Effect of the composition and
properties of organic substances on the formation of
hydrogenic uranium deposits. Fuel and Energy abstracts, 41
(5): 286.

Sun Fenjin, Xu Huazheng and Chen Mengjin, 2001. Deep basin
gas of Ordos. Geoscience, 15(3): 309-314 (in Chinese with
English abstract).

Sun Ye, Li Ziying, Xiao Xinjian and Hou Gaowen, 2004.
Relationship between oil-gas trap and uranium metallogenesis
at northern Ordos Basin. Uranium Geology, 20(6): 337-343
(in Chinese with English abstract).

Tang Wenlian, Zhang Wanxuan, Xing Jun and Yu Yongsheng,
2000, Lower Paleozoic gas-bearing system of the Ordos Basin
and its exploration direction. Experimental Petroleum
Geology, 22(1): 28-34 (in Chinese with English abstract).

Wang Hongyan, Hang Jianbo, Chen Mengjin and Liu Honglin,
2003. The relationship of coal-bed methane and deep basin
gas in Ordos Basin. Natural Gas Geoscience, 14(6): 453-455
(in Chinese with English abstract).

Wang Ju and Du Letian, 1995. Gas reduction: an important
factor in the formation of uranium deposits. Uranium
Geology, 11(1): 19-24 (in Chinese with English abstract).

Wang Wenfeng, Qin Yong, Jiang Bo and Fu Xuehai, 2004.
Modes of Occurrence and Cleaning Potential of Trace
Elements in Coals from the Northern Ordos Basin and Shanxi
Province, China. Acta Geologica Snica (English edition), 78
(4): 960-969.

Wu Bolin, Wang Jianqiang, Liu Chiyang and Wang Feiyu, 2006.
Geochemical behavior of geological process of natural gas
during mineralization of Dongsheng sandstone-type uranium
deposit. Oil & Gas Geology, 27(2): 225-232 (in Chinese with
English abstract).

Wu Rengui, Chen Anping, Yu Daogan, Zhu Minqiang and Zhou
Wanpeng, 2003. Analysis on depositional system and
discussion on ore formation conditions of channel sandstone
type uranium deposit-taking Dongsheng area, Ordos
Mesozoic-Cenozoic basin as an example. Uranium Geology,

19(2): 95-99 (in Chinese with English abstract).

Xia Yuliang, Lin Jingrong, Liu Hanbi, Fan Guang and Hou
Yanxian, 2003. Research on geochronology of sandstone-
hosted uranium ore-formation in major uranium-productive
basins, Northern China. Uranium Geology, 19(3): 129-136,
160 (in Chinese with English abstract).

Xiao Xianming, Liu Zhufa, Liu Dehan, Mi Jinkui, Shen Jiagui,
and Song Zhiguang, 2002. Dating the natural gas reservoir
forming from fluid inclusions. Chinese &ci. Bull., 47(12):
957-960.

Xiao, X.M., Zhao, B.Q., Thu, Z.L., Song, Z.G. and Wilkins,
R.W.T., 2005. Upper Paleozoic petroleum system, Ordos
Basin, China. Marine and Petroleum Geology, 22: 645-963.

Xiao Xinjian, Li Ziying and Chen Anping, 2004. Preliminary
study on features of mineralogical zoning of epigenetic
alteration at sandstone-type uranium deposit, Dongsheng area,
Ordos Basin. Uranium Geology, 20(3): 136-140 (in Chinese
with English abstract).

Xu Baoliang, and Yan Guohan, 1995. Study on the elemental
geochemistry of K-U-Th in granite, eastern China. Acta
Scientiarum Naturalium Universitatis Pekinensis, 34(4): 444—
450 (in Chinese with English abstract).

Yang Dianzhong and Xia Bin, 2004. An experiment study on the
role of organic materials in ore-forming of sandstone-type
uranium deposit — A case study of the Shihongtan deposit,
Turpan-Hami Basin. Geol. Rev., 50(2): 218-222 (in Chinese
with English abstract).

Zhang Rulian, 2004. Preliminary discussion on relationship
between deep-basin gas and uranium mineralization in Ordos
Basin. Uranium Geology, 20(4): 213-218 (in Chinese with
English abstract).

Zhang Yanchun and Cai Genqing, 2002. Three in one rebuilded
enrichment of sandstone-type, mudstone-type and coalstone-
type uranium deposits in the Yili basin and Tuha basin.
Uranium Geology of South China, 19(1): 22-30 (in Chinese
with English abstract).

Zhao Fengmin and Shen Caiqin, 1986. Experiment on the
conditions of pyrite and uraninite intergrowth and influence of
pyrite on the formation of uraninite. Uranium Geology, 2(2):
193-199 (in Chinese with English abstract).

Zhao Honggang and Ou Guangxi, 2006. The Relationship
between Depositionsal System and Ore-forming of Sandstone-
type Uranium Deposits in Dongsheng Area, Ordos Basin.
Uranium Geology, 22(3):135-142 (in Chinese with English
abstract).

Zhao Mengwei and Behr, H.J., 1996. Vitrinite reflectance in
Triassic with relation to geothermal history of Ordos Basin.
Acta Petrolei Snica, 17(2): 15-23.

Zhao Wenzhi, Wang Zecheng, Chen Menjin and Zheng Hongju,
2005. Formation Mechanism of the High-quality Upper
Paleozoic Natural Gas Reservoirs in the Ordos Basin. Acta
Geologica Snica (English edition), 79(6): 843-855.

Zuo Wengqian, 2005. Analysis on ore formation conditions of
interlayer oxidation zone sandstone-type uranium deposit in
Etuokeqian county area, Ordos Basin. Uranium Geology, 21
(2): 79-84 (in Chinese with English abstract).



