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Abstract: The Ordos Basin is not only an important uranium mineralization province but also a major producer
of oil, gas and coal in China. The genetic relationship between uranium mineralization and hydrocarbons has
been recognized by a number of previous studies, but it has not been well understood in terms of hydrodynam-
ics of basin fluid flow. In a previous study we have demonstrated that the preferential localization of uranium
mineralization in the upper part of the Jurassic strata may have been related to the interface of an upward flow-
ing, reducing fluid and a downward flowing, oxidizing {luid, and that this interface may have been controlled
by the interplay between the fluid overpressure which was related to disequilibrium sediment compaction and
drove the upward flow and the topographic relief which drove the downward flow. In the present study, we
carried out numerical modeling for the contribution of oil and gas generation to the development of fluid over-
pressure, in addition to sediment compaction and heating. Our results indicate that when hydrocarbon genera-
tion was taken into account, fluid overpressure during the Cretaceous was more than doubled in comparison
with the simulation when hydrocarbon generation was not considered. Furthermore, the fluid overpressure dis-
sipation after the ceasing of sedimentation slowed down relative to the non-hydrocarbon generation case. These
results suggest that hydrocarbon generation may have played an important role in uranium mineralization, not
only in providing reducing agents required for the mineralization, but also in contributing to the driving force to
maintain the upward flow against the pushing of topography-driven, downward flow, thus helping stabilize the
interface between the two fluid system and the localization of uranium mineralization.

Key words: Ordos Basin; uranium deposits; hydrodynamics; hydrocarbon generation; fluid overpressure; fluid

flow; numerical modeling
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Fig. 1 Basic structure units and energy-resource distribution (a), tectonic location (b) and a structure-sediment model section in

EW-direction and energy-resource strata (c¢) of the Ordos Basin, China
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Lithology, time interval, TOC, and thickness of hydrostratigraphic units of the Ordos Basin
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Fig. 2 User interfaces of the BsnMod program
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Fig. 3 Numerical modeling results for simulations without considering hydrocarbon generation, showing fluid flow patterns,
fluid overpressures, and isotherms at the end of Ordovician (440 Ma), end of Triassic (205 Ma). end of Jurassic (145 Ma),
end of Cretaceous(65 Ma), and after ceasing of sedimentation (20 Ma)
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Fig. 4 Numerical modeling results for simulations taking into account the contribution of hydrocarbon generation to overpressure
development, showing fluid flow patterns, fluid overpressures, and isotherms at the end of Ordovician (440 Ma), end of
Triassic (205 Ma), end of Jurassic (145 Ma), end of Cretaceous (65 Ma), and after ceasing of sedimentation (20 Ma)
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Fig. 5 Numerical modeling results showing the distribution of oil generation (10%—90% oil generated)
and gas generation (10%—90% gas generated) zones at the end of Cretaceous(65 Ma)
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Fig. 6 Calculated depth-pressure profiles at the basin center (left side of the model) at
various stages of the Ordos Basin for simulations
a— P TR BE— R ) T PR i (T AR RN T ) 5 b— 2 i Oy TR B — e ) 1 PR e B IR AR RN I )« 28U DL R T
AT 3 58K AT EAE 65 Ma S J7 35 E Tk )E 7.



BEAD M EFE L BE 5,5/ #F i1 4% (Earth Science Frontiers)2011, 18 (5) 27

+ phE S LiE

TP IR 22 0 4 22 BUh T A K AR A AR B AR L
(K 1o, sl e e e i e —E W2 07 5 ik g
WAL A PR 2R GE TR 5 S T A 37
DIRHSEE o T A A R R R A S R
BRI PR E SR L

B9 0l B AR RO (177 ~8 Ma) B, 4l
WAL nl fedn T e B BL . (H i 32 20 e B B
KATALLZIG . PURB(EBEE R R, 5
SRR IR 22 3 S i A T A Dy s e i A T A/ AR
FEAE G B UK S ) (A5 i S R R B A
VAEZEM L ERAR A . (B 3 25 PR 45 1 v CRRADL )
T 25 2 350 m) U PIARNALIR R SE TR & S H
ENETRE Z )= Bl DORUE T RS i
Fs 7 B8 T2 5% R M 3 22 114 328 A /N TR N R 47 3
A DU PTRAL AR R GURTR A S RE S PR B e AR E A
[l —A~JEAL

Un SR M s T % a2 B A )N
ERB AT MAORE L 1 4 S TR A€ IO 1
EERRCOUHGR RS 2O BUa R . BUE RS
SRR A AR R TE B » A T2
FHI L HAR DU A 1R )5 A /N B A
SPIRZ IR AN & AL L VR A A RO A
S ) i B v e 4 A T AR
YRBN I EFFE S M S 24 008 A AR 8 . [
A T3 A IR DR 1 R — N2 A

B BE RN G5 2R 48 7 R 2 30 A U AE AR
B —H AR PR R GE JIE -2 Al
TEB AU PR R GRS BT X T Al
P G B (B B AR e 5 32 D= R ) L
RIAETORE LS o 2t il R i R il
e U A s g 2 1 X PR AR R IR S A
FeE B 1 2 A PR R BE T T AT
e Z AL

HHTHEFBRE P ERTLHF A 208 KK A I,
PREGERFNRER R ERATE B HBRT X
BB A e A R B B T TR T R A

S 3k

(1] Bkdi. T F/RZHEb SRR 7 & £ AN iR
1. A5 RARSHT, 2004, 25(4) ; 385-392.

(2]

[3]

(4]

[5]

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

BRI, 22107, JH Sk 45 SRR Z WAl 2 Fh e
G IR RFAELT ). M £k, 2005, 12(4): 535-541
A, ERE, w4 SRS AL S 2 M EE R
oA ] BARHLER, 2006, 19(4): 538-545.

KRR, SRR S AR R SRR ] i
Jii. 2004, 20(4): 213-218.

WA, sANAL, M, 55 SRR ZHT AL Lol A A
SRR B B LT M BT R 2006, 80(5):
748-752.

TR, W, T, & RIS AT IR R
RS R O] Bk, 2007, 36(3): 267-274.
BEFRAL, BEAR, RREL. 45 SRR ST A iR 3h O ol R K
HrbARe k). BT, 2008, 22(D): 1-8.

BEfh, BEfR4. Chi G X, 45, SPRZE A ARG RS Rl
AL A HUT ARG ] BB TE, 2009, 55(3): 361-
369.

Xue C J, Chi G X, Xue W. Interaction of two fluid systems
in the formation of sandstone-hosted uranium deposits in the
Ordos Basin: Geochemical evidence and hydrodynamic model-
ing[ ] 1. Journal of Geochemical Exploration, 2010, 106 226-
235.

MR, AL BT, H O RIERD A ST R AR IR A
TARRIESE X B T ] 07 a A R EE 4, 2004, 23
(4): 301-304.

BRZSH, tRe . 4T, 5. SRR ZH s 205 Ll
RO AL S H S AR MRl RXF e[ . HuB2di, 2006, 80
(5): 724-732.

Bredehoeft ] D, Wesley ] B, Fouch T D. Simulations of the
origin of fluid pressure, fracture generation and the move-
ment of fluids in the Uinta Basin, Utah[J]. AAPG Bulletin,
1994, 78. 1729-1747.

Luo X R, Vasseur G. Geopressuring mechanism of organic
matter cracking: numerical modeling[ J]. AAPG Bulletin,
1996, 80: 856-874.

Lee M K, Williams D D. Paleohydrogeology of the Delaware
Basin, western Texas: Overpressure development, hydrocar-
bon migration, and ore genesis[ J]. AAPG Bulletin, 2000,
84. 961-974.

McPherson B L, Bredehoeft J] D. Overpressures in the Uinta
basin, Utah: Analysis using a three-dimensional basin evolu-
tion model[ J ]. Water Resources Research, 2001, 37; 857-
871.

Hansom J, Lee M K. Effects of hydrocarbon generation,
basal heat flow and sediment compaction on overpressure de-
velopment: A numerical study[]J]. Petroleum Geoscience,
2005, 11 353-360.

FESA]. SRR 2 A G s S SOCR BRI ], i
4R, 1996, 17(1) . 17-23.



28

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

FEFRZC [ -

1.4/ #bF 474 (Earth Science Frontiers)2011, 18 (5)

RO, RS, 2R, AF. ARRERNT U A A AR R A 3 A AR
S AR IR, HBAER . 2006, 80(5): 753-759.
VR, SRR I A bR R 8 ) S Rt BR AL A F
5 [D]. A hEEBER AR K, 2007 112,

HHIs, A, MDA, & hEdE Y R R s
RV R AR 2= SR LT ). Bl Hb BT, 2003, 19(3): 129-
136.

XD Bz, T R ML DX 5 R Al 7 ™ 45 AU
AU AT ZEL) ). AhB HUT, 2007, 23(1): 23-20.
WaR. PERRAAREXH M. dbat. B Rt
1997: 63.

WA, B, P ERRHT Y GBS IR L A
(M. dbst: ATk s Rk, 1996 108.

ZEWEPS, PR, WML, BPIR 200 4 b v 3 A T e 23 O Ak
FHIE 5 RSB IM]. Jbnt. Mo s, 2005: 19.
RVEHE. SPIR 20 4 e o 2 BRI AR R AFAE LM, b
A Tl R R, 2001 93.

IME. AR R A HLER L 22 BT (D], dbe.
SRS B . 2005 66,

TR, s, Wk, A5 R R AR AR Pk DX B AL s
ZRReIE R L] A RIS HIT, 2006, 36(3):
267-274.

¥ Tk gt

Bethke C M. A numerical model of compaction-driven
groundwater flow and heat transfer and its application to pal-
eohydrology of intracratonic sedimentary basins[ ] ]. Journal
of Geophysical Research, 1985, 90: 6817-6828.

Garven G. The role of regional fluid flow in the genesis of the

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Pine Point deposit, Western Canada sedimentary basin[ ] ].
Economic Geology, 1985, 80: 307-324.

Chi G X, Savard M M. Basinal fluid flow models related to
7Zn-Pb mineralization in the southern margin of the Maritimes
Basin, eastern Canada[]]. Economic Geology, 1998, 93:
896-910.

Chi G X, Lavoie D, Bertrand R, et al. Downward hydrocar-
bon migration predicted from numerical modeling of fluid o-
verpressure in the Paleozoic Anticosti Basin, eastern Canada
[J]. Geofluids, 2010, 10; 334-350.

il . SRR ZH A A S < M. Jeat: Ah Tl
ftt, 2003 390.

Speight J G. The Chemistry and Technology of Petroleum
[M]. 4th ed. Florida: CRC Press, 2006: 984.

Pepper A'S, Corvi P J. Simple kinetic models of petroleum
formation. Part 1. Oil and gas generation from kerogen[]J].
Marine and Petroleum Geology, 1995, 12; 291-319.

Pepper A S, Dodd T A. Simple kinetic models of petroleum
formation. Part II: Oil-gas cracking[J]. Marine and Petrole-
um Geology. 1995, 12. 321-340.

Bethke C M, Lee M K. Basin Modeling with Basin2, A
Guide to Using Basin2, B2plot, B2video and B2view [ M].
Urbana: University of Illinois. 1993. 1-225.

Chi G X. BsnMod: A Windows program for simulating basin-
scale fluid flow and heat transfer processes related to sediment
compaction and tectonic uplifting in two dimensions[ J |. Geo-

logical Survey of Canada, Current Research, 2001, D-24; 7.



