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Fig.1 Sampling location for isotope dating

PR AR IR AE AT A 2O R A T A I AR &

(4) BT RAE S35 o s 1) R AR B (),

Sy AR AR R AR Xk B B A B LA R A G 4 4
U i AR 1A BRI R I A 2 0 R
AR A 1N (B 1),

1.2 #HamEl&E

PR S RS — R B ARSI, H
AR R R A N B RCTE R R
e e 22 R AR BNV A NI T, IR FE b (071 A3 300 14 43
afi | LAGRIE BT e R 6 Sm—Nd R R A 24 AR Z 15 3¢
1.3 #H &R

1 H 0 0 Rl T R 2 R K Bl ) 2 ST R
SR A AT Sm—INd WAL W0 i ek I R A R
WAy Herh— (458 B R 64T Sm Nd B S0 BT, TR AR
B R (e ST T Tl W L) [ 2 s e B TU =
BB AL DB O i R AR R TR A
BHITHE R 650~700°C, fE 2h VL EZE5E 4 kb, AL ke
R H BT I Sm Nd R Z R BERS 24T Sm Nd BT
24 Sy AT T, Nd R 3 A& R s S 24
WO i Sm A kSR P SRR SO I kGRS DR o R B
WE Wi R Sm Nd TR 2T e 25 R K 1,

2 Sm—Nd A7 Z FF1E

21 FHTRTASEE TSN Sm-Nd B EHHE

BT R AR 4 A U0 E B AR R BB L
#H (DL-8) & A a5 Wi (DL—9) P (DL—50) Al & il
AP E W H (DL-12), H2 1 Al WL [l ol & i W 4L 3 5
55 2 Bl 5 00 5 16 [R) 482 2R AR AE LA B X )

(1) BAEWE .3 DA DL-8 . DL-9 . DL-50 B Sm
TR A 3.2680%107,0.1244%107,0.0069x 107, Nd 7 £ 47
B4 16.4837x107°,0.6337x107°,0.0359x107¢, =& W &= HA
—E 22 R AT Sm/Nd FNECRHEN . WAL, e THHF—-0.391~
—0.991 <0, £xy(0) 1H 4 —18.0~—18.9<0, 5 K bli 25 A1 ¥ AE 19 4H

#1 iIE Sm-Nd RfIEDHER

Table 1 Sm—Nd isotope analysis of bitumen

U E RS

Sm(10%) Nd(10% Sm/Nd "'Sm/*Nd "N&/'"Nd  fimna  ena0)  ena(t)  Tomw/Ga

DL-8a  3.2680

16.4837 0.198 0.119831 0.511717+£12 -0.391 -18.0 3.90 1.826

File DL-9a 0.1244 0.6337 0.196 0.118674 0.511698+12 -0.397 -18.4  3.88 1.836

DL-12a  0.0049  2.4380  0.002 0.001220

0.511670+4  -0.410 -21.8 6.38 0.757

DL-50a 0.0069  0.0359  0.192 0.115998

0.511524+4  -0.991 -189  3.35 2.100

Ch4-2  0.0290  0.1448  0.200  0.120894 0.512004+29 -0.385 -124 5.11 1.278

At

Y15-1qg  0.0960 0.5418 0.177 0.107106

Y3-1q  0.0001  0.0007 0.143 0.101133

0.511846+9  -0.486 -15.5 5.13 1.264
0.511981+2 0455 -12.9 5.48 1.120

T HEARKESE . (PNA/ND) ae=0.512638, (""Sm/"Nd)=0.1967 , exy(£)=0.25T>~3T+8.5;2) M /@ K T
Foma<O T £ (0) <0 R KBl A7 s ena(6)=—5~+4 KB m LA e (0) =+6~+13 KEFETHEZRA N/

NA=(0.511~0.5121) [A] 2 & 4 M i R AiE 04191



442 h I

i 5t

2007 4F

I s ena ()73 38 3.90 .3.88.3.35, fk 7 i K fili o JR & A R
fiE 5 "Nd/™Nd 535128 0.511717412,0.511698+12.0.511524+
4, H Sm/Nd A%, 5 & £ M1 Sm/Nd Al SN/ WNd R AR
I, KSR 3 R W 0P A 43 o R4y AT BE K A
BEUR TR W S Al A BRI PR AR VR R AE
FE il Sm—Nd [FI7 R BB AR Tou H 1.826.1.836 F
2.1 Gag H T RERCARE I AT VR Sy FE R DXAR I8 1 Al SR AEL09 MO AT
I A 4 B 3 26 005 5 19 IR T ARAR 1y % R 22 M0 4 b L
H R R Te i AR A TR I, 1.826~2.1Ga 5 TT T A
b5 R PRI o S 90 (0 3 VR SR 1] A b LS
)T A ST (DL-12) 1% Sm Nd &%
i LA e WSm/ N (2 W AR T B3R BLUS U5 7 AR Y R AE
H(E 1), I, e(0)<0, fimma<O, IR KB 5T RHAE ; e
()N 638, ZMEW W m T HESHE, JFETREPE LR
AN ;Sm/Nd ik, B Nd/™"Nd 54 0.511670+4, % T
AR ONd /N PRI sk SRR 4 2 B Al A U
W EA Z PRk A A R TR AR TR U
PR B B — o WA 3 5 1 (B 1) BRI S H R A A R
TR A DT Sm—Nd R R BTN 0.757 Ga,
Xof oy PR 20 b A LR XA U B e T RA L X
AN BT W T DX A (LA TR I A ) 1 B B 22 P i EL
T 2% B IS 90443 ot Bl R T B A R
22 BRMEERYT FHERHST Sm-Nd B EHEST L
SRR Z W R B G P A P IR A A R
W R R R O SRR ALz —, Hoh 3 R R
PEEIRILA fona<O Al £0(0) <0, HA KB M 725 A RHE &
AP H W en(0) 8 6.38, AT T I e(0)°N 5.13, 1L
HI eng(6) A 3.35, W T S D 5 U0 & — i I — 45
WE U B ) 0B W 55, S EnE A E
FUEE DI T5 19 Nd/MNd H 0.511670,0.511846 1 0.511524, 3
RN E M RRAE A, HRE A RN R Tom M
0.757 Ga.1.264 Ga.2.100 Ga, 43 5l %+ Wi 7 oc 7 48 | o oo i R
AU TT o A0 BT B L R OAR B LA A Hb e Ry
AE B3 AR 2 [ 30005 3l i = W, 3% 80 Hh O MR (A0 45 TR L A )
LA 2 W08 SR AT
23 AEEBRMEXEBERERYT F=HEHEBT Sm-Nd B i ZHF1IE
%t bk
M 1 H UL R A DL—50 (0 /R 22 307 4 b AR 6 8 0 AR i
WX H B HBENF)MFES Chd—2(BRF 10T X HE %2 20 1 HE i
HOIY fna TEAT £ (03 <0, R H Bl 7€ 19 AT 5 B
DL-50 1 ey ()R 3.35, B0 K ti i Ji & al A R il B il
Ch4—2 1 ey(e)fH N 511,40 TR & e L s 5 KEP &
LRA Z A, X LR 2R BTN R ) BOR IR AAE TR K2 5+
Wi Sm—Nd R ZH B AR RS T 77518 2.1 Ga 1 1.278
Ga, n HIEXEAC L igm Rz, Hd, BB AW E 1
L ACAR I I8 KT I8 22 R B AR I, RSB H Y 4

PRI BT 2 R Z 0P U A, EL 1 8 P A 0 7 BRI
A R 0 e AR U T G TR AR S B U R Y
Pl A OF AR AR i TR AL B, TR A AR T
TRIGINA L% 5 v fe A 00 75 A R A B 4 4 2 LA
U R VR R B T, ST (R TR R AR T AL A PR

FESL Y3—1q FIRES Y15—1q 435 2 S0 /R 22 W7 43 b VG v
T U e L A A I O N R R L A AR AR A

Soona TN £ (0) (B35 <0, 2 B T 3 5€ B HEAT 5 0 (0) (7

W 513 il 5.48, FOWCAT RIEYI B, B AR 43 0 Ry
1.264 Ga 1 1.120 Ga, P& U5 DX B AR AH 0 3 28 s e 7 9 3 H.
AT (P IR IR IR Ah | PR 2 I U T A AR i
1.278 Ga, 53X I FE AT 18 AH 3T | 2% B G A T RS & 0 7
P DX B AR RRAE 5 R4S Cha—2 BR 5K 111 S 22 AL 5 1 DX B AR
— B, e = HA RS Sl RRAE

3 g s

() WFFE 0 A FE L fng THF e (O E /DT % R
SRR Bl E A BRRE S T e ()8 3.35~6.38, KT 0, RH Ny
A0 U XCRRAE (HRE S SN/ N SRR D AR b i
FRAE 22 B K S T8 PR R TR TR AN TR 16 4 5 A

()R X T2 A & R LD & 7 5 5 S W7 DL R
WMPTE S Sm—Nd [ ZRHAEA B WX & b 5 0 &
Sm—Nd IR0 2 A5 20 AR I I I W 1B 5 0 | B T 0 DX
TR (LR TRFB A ) 16 Bl 19 22 Pk W DR B2 1 25 5 1, T EL3d
2 W1 Ji5 30 00 B A 3 Xl PR 1 OB B A F AR

) FIRTE T k% G B2 4l b iy &b & 4 b
WEZ WIS R A HE SR, =& T, Tl
Wi T 52 TR UL AR (1 5% i) e s TR U T R 5 AR S I A
A E R RAE, BRI R e TR [F T 2 i
Y HRRB G Y AE LA T 3 WHRK (BT RA)
TG Bl 5% | [ B 158 B[] — S22 057 v A7 1 S ) b 2 114 g U
PR A A E A A5 AN (6] 1 5 XORRAE

(4) 7R R X B8 A0 7 R0 A M VG B PR R Ll X
B2 21 IR0 7 0 SR R AR X B AR AP — e 22 5, RS
% 2 I R A S i AR R T AR B (R B AL O 1 TR X
A M VA A0 2 AP A T R AR XA I R U A T
A 4 ph 0 B AT B TR KA AR R B A HLRT
EIE KRR BE L e ANE R R R TE A
o A7 )2 AN R ST A A B 7 S TR IR 4 AT T I
B J 31 LA TG S0 5 e S TR LA A 0 W IR AR IE B R TR

(5) 73 My 74 7 35 U il FEL L 2 A i 7 R R L A 2
Y2 A W R B WA TR IR TN P 2 TR KR AR A
ST NS v e N i D= R A S I = I 28 e G ol ]
HLOE— AT A R R A NE R R

B AR RE ST R A5 B0 7 b K 2 T ROK I Bh Fy 25
T30S 46 % 0 YEMR IR = 1 S0 435 5 5 Bl | 7 0 3R Bt



ERYIE S R

W% 7 SRR Z I G RE TR AP E Sm-Nd [l A7 R AT 5

443

% 2% Tk (References) :

(1]

)

=

[4

5

(6]

XS, DO, I i MR AR b b DRI AR AR A T A R DR A L
il SR, P EHET, 2006, 33(4):751-761.

Deng Jinfu, Xiao Qinghui, Qiu Zhaorui, et al. Cenozoic
lithospheric extension and thinning of North China:Mechanism and
process|J]. Geology in China, 2006, 33(4):751—761(in Chinese with
English abstract).

PO, BREGBE, I0OG3E, 45 o [ AR AR o A AR B L DA
). T EHLE, 2006, 33(4):730-750.

Xiao Qinghui, Qiu Ruizhao, Wu Guangying, et al. Mesozoic
asthenospheric upwelling orogeny in eastern China [J]. Geology in
China, 2006, 33(4):730—750(in Chinese with English abstract).
AR, BEE . b A A A A T A e 4 5 R 2 3
Mgl (7). P EHLET, 2006, 33(1):28—40.

Zhang Yueqiao, Liao Changzhen. Transition of the Late Mesozoic—
Cenozoic tectonic regimes and modification of the Ordos basin [J].
Geology in China, 2006, 33(1):28—40(n Chinese with English abstract).
WhE Ty, BB, BRI SRR 2o T 4 Hb I B U MR b BR AL B T
[(M]. dbmt . Flh ol . 2006:18—-49,150—151.

Pan Aifang, Ma Runyong, Li Ronjian. Study for geochemical
characteristics of deep fluid in Ordos Basin [M]. Beijing: Petroleum
Industry Press. 2006: 18—49,150—151(in Chinese).

FAR R, £, EAMEE . 2002, 19:140—146.

Du Letian. Ore system in basin [J]. Overseas Uranium and Gold
Geology. 2002, 19(3):140—146 (in Chinese).

MR, ReEAE, SR ARE S AP E I C R ()] il
KIRZ M, 1999, 20:246-249.

Chen Jianyu, Zhu Mangzhen. Relationship of petroleum system to
organic geochemistry [J]. Oil & Gasgeology, 1999, 20:246—249 (in
Chinese with Enylish abstract).

WK, BTN, M ST, S SR 2 Wb AR o A Sk fls
AR B AR A AR X HIR ). KRR T, 2002, 22:10—14.

Li Xiangin, Hou Dujie, Liu Changging, et al. Hydrochemical
characteristics of lower Paleozoic formation water and idendification

of natural gas enrichment area in central gas fields of the Ordos[J].

8

Natural Gas Industry, 2002, 22:10—14(in Chinese with Enylish abstract).
WL, Mo 5E mr 7 (). s H BT, 1995, 11:321-326.

Tu Guangchi. Where is the whither of Earth science [J]. Uranium
Geology, 1995,11:321-326(in Chinese).

[0] W27, RO, THild 53 Wi d AW BUR B HLAE £ Fh se IR e 3t

FEWFF TR RE X [Cl/ /R e B g, A2 R AR IR AT P A g AR
B (BRI BAR . Al st BRI 20055152163,

Pan Aifang, He Ying, Ma Runyong. Current research on asphalt
and its Significance in studying coexistent mechanism of various
energy minerals [C]//Liu  Chiyang (ed.), Advances in the
Accumulation and Formation for Multi —energy Mineral Deposits

Coexisting in the Same Basin. Beijing: Science Press. 2005:152-163
(in Chinese).

[10] Parnell J, Swainbank I. Pb—Pb dating of hydrocarbon migration

[12

into a bitumen —bearing ore deposit. North Wales [J]. Geology,
1990. 48:1028—1030.

TSI, R, PR AL SRR S IR AR W T K Pb—Sr—Nd
& 43 s BR A (). T E R (D ), 1997, 27.:325-330.

Zhang Jinglian, Zhu Bingian, Zhang Pingzhong, et al. Pb—Sr—Nd

isotope geochemistry of the Urho asphalt veins in the Karamay|]J].
Science in China, (Ser D), 1997, 27:325-330(in Chinese).

Manning L K, Frost C D, Branthaver J F. A neodynium isotopic
study of crude oils and source rocks:Potential applications for

petroleum exploration[J]. Chem Geol, 1991, 91:125—-138

[13] Stille P, Gauthier —Lafaye F, Bros R. The neodymium isotope

system as a tool for petroleum exploration [J]. Geochim Cos

mochim Acta, 1993, 57:4521—4525

[14] BLAg e, ERE, WAL R MRS M), b at, HTT s i, 1988

81-85.
Wei Juying, Wang Guanyu. Isotope Geochemistry [M]. Beijing:
Geological Publishing House, 1988:81—85(in Chinese).

[15] Hugh R Rollison. 7 1 HiEK AL 2% (M), 77 W, B ibe B %, S0 .

AR R IR R, 2000:171-199.
Hugh R. Rollison. Rock Geochemistry [M]. Translated by
Yang Xueming, Yang Xiaoyong. Hefei: University of Scientific and

Technological of China Press, 2000:171-199.



444 h I i

=

2007 4F

Sm-Nd isotope study of chloroform bitumen in various energy minerals
of the Ordos basin

PAN Ai—fang"’, HE Ying’, Ll Rong—jian’

(1. School of Earth Sciences and Resources Management, Chang’an University, Xi’an 710054, China;
2. State Key Laboratory of Continental Dynamics(Northwet University), Department of Geology, Northwest University,
Xi'an 710069, Shaanxi, China;3. Changqing Oil Exploration Bureau, Xi’an 710021, Shaanxi, China)

Abstract;:Sm —Nd isotope study has been performed on chloroform bitumen in oil, coal, uranium —bearing
sandstone and its country rocks in the Ordos basin. The results indicate that the activity of fluids (including deep
fluids) in the basin shows the multi—stage character, and that the late—stage fluid activity played a significant role
in the formation of uranium deposits. Uranium—bearing sandstone bitumen, oil bitumen and coal bitumen in the
same sequence of strata have the enriched mantle features, but they are not products of the same stage. A
comparison between the coal bitumen in the Jurassic Zhiluo Formation of the Dongsheng field and that in the
Jurassic Yan“an Formation of the Chengjiashan field in the southwest of the basin indicates that: there is
appreciable difference in ages of the bitumen sources; the associated bitumen did not all form by thermal
evolution of coals but might contain exotic fluids, and the associated bitumen in coals of the Zhiluo Formation
was derived from an even deeper source than that in coals of the Yan’an Formation in the Dongsheng field.
There is some internal genetic relation between the oil bitumen of the Zhiluo Formation in the Maling oilfield
and the coal bitumen and oil bitumen in the coal bed of the Ya'nan Formation of Chengjiashan in the Ordos
basin.

Key words: Sm—Nd isotopes; chloroform bitumen ;deep fluid; Ordos basin
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