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Fig.1 Geographic location of the Ordos basin

100.00001
10.0000
1.0000-
0.10004
0.0100
0.0010
0.0001

Ay

.
I

YRS

LIaCIe I;r I\IIdSImEIuCid "FbDlyl—llo ]IErTIm\I(bILu
¢ 1L3-1
< Z1-17

m L3-2
0o Z1-19

A 13-4
A Z1-20 X L3-5

FE it/ BRORE 58 A7

x D15-2 X DI15-6
X DI5-7

22 ®BIxE

3 2o 43 BT A 0T 4 A BRORL LA AN L 58 TUS bR
WAL B AR £ 43 A0 A 2R OGS U ARG B R 5859 & 31
W B RN L OCE (F 2) BRI DU RS (I 2)

(D) ERRLBR A bR LT e+ w R R A
XA ,LREE/HREE “FHMH R 4.7, BRI A B 2.4 B,
ZduFE AR )E , RS B LREE/HREE “F31E K 0.70,
P Tk R £ 74 1) LREE/HREE T34 0.26, HILULH | Y
P DX E LA X 2 KAk s 20 DR A B2 v M e DR IR BE
FLAEB 5w,

(2) SERR PG bRAEIL)S  Bu BA BB M TH, T
Ew/Eu* fH°5 0.67, e i ik iR 56 %5 19 Eu/Bu* “E¥I{EH N
0.79, V45 1 Eu/Eu* “FEIMA N 0.64, 245 A B4 25 B
5 FH e T IE 0.65 FHZEART, S W T 0l IXCRE A AR SR
TR B M OB TR X A A SRR A e

(3) &dbE T EIR AT, Ce/Ce* MR 043, R
W T )RR RIS & R IR R R Ce/Ce* MY
BIHE N 0.67, 06451 Ce/Ce* F-HIME A 018, A W7 AR )
HRVIBIREI M 25

(VAR LU R (REE) & =B 5L TUE RO
IR G AR LY BT 58 e 0 — T I I W 1 R
5 0T kA s Ak A UG VE T T LA EEAR 1 5T 3R 09 7 2l vk
Wk, oy — e A TR AR 2 N R R IR & R
o T R RO A R TR A 2R IR R B R AR Oy I TR 8
Py 2 R 2 —

23 BHKREE

IR 45 S R AN [R5 A0 2 ML & RN TR (3R 3) 5T
IR 22 07 4 b % A U SR ke R R A B A LB B 5 0.25%; T
B LR B i e R E R 7.95%, e IRE R 0.11%, P 3¥1{E R
1.31%, LR, BORTRN B 008 & oA BL & oA T 22 91, K
o BRI T A LR & RN 1%, ZEOR AR T
AR 1%~0.5% ; IR 0 — SR IR (O 55 K £ H<0.4%,
R EANIE A DU 8 A7

10000+

1000+

—
[
[

[
S
1

LaCe PrNd SmEuGd Tb DyHo Er TmYb Lu
® DI5-8 1 DI5-11 = Z1-16 = 71-16
® Z1-18 OL3-6 A ERipif A L0

K 2 SRR Z Wi =& R A A i R n R AR

Fig.2 REE distribution patterns for Permian source rocks in the Ordos basin
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Table 1 Trace element data for Permian source rocks in the Ordos basin(jpg/g)
P 1 2 3 4 5 6 7 8 9 10 11 12 16 L, B
#IT"?T L3-1 L3-3 L3-4 1?15-2 1?15-6 1?15-8 D‘15-11 Z1-16  7Z1-17 Z}-lQ Z}-20 Z}-21 T ,L3-6... e L
HA &K Kt KO WKWK WK WK KB KB K WK WK PR g3y 1
EA O WReE lE A ks e Gles Glih e Gles GRE Glkks el Rt hr v
Li 31.66 7547 147.80 15636 3877 4824 2487 5649 113.63 281.85 313.95 24228 127.61 34.44 66 5
Be 3.66 7.97 3.59 1041  3.95 3.76 3.95 8.24 2.48 0.74 1.16 3.48 4.45 1.36 3 *
Sc 19.02 1921 2371 33.62 2578 2629 1603 11.97 11.97 1571 1643 2224 20.16 59.00 13 1
\'% 108.63 142.03 161.05 183.57 102.56 141.44 108.29 101.21 111.63 99.17 130.42 147.67 128.14 127.14 130 20
Cr 73.63 82.19 7589 86.01 59.64 79.70 56.12 105.75 74.19 133.08 171.99 17570 97.82 199.61 91 11
Co 44.45 1721 64.62 1972 2442 5127 2634 446 1.86 3.90 4.43 6.23 2241 149.03 19 0.1
Ni 3525 5119 9144 43.04 2133 5257 41.88 3979 2125 6186 70.25 6639 49.69 345.04 68 20
Cu 77.21 8843 4757 7259 40.57 5456 3899 3649 2585 3949 4726 6155 5255 7422 45 4
Zn 128.07 158.01 276.94 126.35 172.81 182.08 9437 8.62 -195 -3.40 -1.83 7.73  95.65 360.83 95 20
Ga 4441 5693 36.05 13195 117.87 4776 67.86 8098 61.07 64.15 73.87 69.65 7105 49.68 19 4
Rb 131.28 13834 4931 207.48 168.80 153.86 195.87 159.55 113.43 20.05 50.65 77.80 12220 32.92 130 3
Sr 168.86 183.48 212.83 240.79 126.58 144.15 190.98 176.48 130.01 92.27 103.41 101.62 15595 9753.42 300 610
Y 21.21 3596 17.19 104.64 2991 1472 3059 1693 23.67 34.65 3436 3385 33.14 349.14 26 30
Zr 3191 58.07 2991 3345 196.87 6098 2139 24421 29596 439.23 40231 667.06 206.78 79.32 160 19
Nb 15.18 2257 15.11 40.03 2491 2271 1658 22.64 29.57 4091 39.18 48.67 2817 15.80 11 0.3
Cs 8.04 10.76  2.90 15.09 7.07 5.05 1295 1393 21.44 2.67 6.11 1197 983 1.57 5 *
Ba 554.67 653.02 320.09 975.56 1161.72 423.03 468.64 1050.77 464.81 104.58 196.38 264.70 553.16 600.42 580 10
Ta 2.65 4.00 8.21 8.43 531 4.99 4.07 2.06 2.12 4.00 3.95 4.69 454 101.85 0.8 *
Bi 0.24 0.64 1.37 1.53 0.37 0.58 0.42 0.68 0.49 2.99 2.81 2.60 1.23 0.99 20 9
Th 12.47 2345 1680 3953 1790 15.60 16.12 2897 2691 59.01 69.03 5749 3194 6.58 12 1.7
U 4.55 5.35 6.88 10.96  3.57 3.81 3.34 5.36 4.21 1049 935 9.78 6.47  81.66 3.7 2.2
Sr/Ba 0.30 0.28 0.66 0.25 0.11 0.34 0.41 0.17 0.28 0.88 0.53 0.38 0.38 16.24
V/(V+N1)  0.75 0.74 0.64 0.81 0.83 0.73 0.72 0.72 0.84 0.62 0.65 0.69 0.73 0.27
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2.4 AHREMAS

DORA v 40 18O HL BT — e m) ] 43 o UK 288 B Sk T
SEAE W 0 Bl A A PILIE R R TR A AR M 1 K A A P ok U
T ahYoc 8 f &SR 200 ff B e e A AL

WHoE R I, SRR 22 Wi 4 b — &% R W5 (0 e 5 v i e 4 K
Fe oA K E Al 71.3% , 5508 T IR 99.4% , I
1R 7.4% 5 5 AL E D R 0.2%~3.7% ; Bi i 41 & = AR LK,
SR 47.08% , fieim & i 08 92.4% , IR R 0.6%;
TEHELLE R R 0~4.2% , T A A D T AR 2R B0 (3 3)

3 VLB 5 A A HLB b ER AL 22 REAE Y

MRRESEAEN R FEEMER

AT HLET R B T W BT AR BRI 7 A HIL T IR
AR ZUAY R Ty PR SBR[ AR IR 8 DI AR OC TS
TESE, LT AR GLAR R BT o5 A A HLJSC R 2 Bl 2 20 A1 7 22
5, T ES AR AL A [R] 0T

3.1

BOAITOR A SASA RV RN EDIR, A%
PF KB B Bl 2358 i R U AN SRR SR e B, SRR 22 Hi
AR 4y A5 F R AR R b R T BRI MILRR B G R
BoR (£ 1,%3), HMETEFEE S ARG G %Y
MR, AR T MEITEN SRR E AW BB R
KMBMRE SRR S, F b T ER
it AR S DURUR SR A 52 | S bR Ll st s il 7 OAR ) TR A
LTI 7= 5

SEG ARy B RO A A M UTERIE A A HLT
B A ML S A R IR 0T, RO SRR 2 i 4 — &
FME U P TR R A m A R, A TR B
WF9E | & BRI — R WA TR IR R 1 2 A L =
JEAR 22 R0 T B AR PSS TR 4L WAL A B R B T AL AR
SRR, FERAMERARARN, THRERZE T —1
R DI TR TR S 1 R s R ML £
Boh AR S TR AL TR e 4l Ak, sE Al
IS B AL S A R 92.4% , AR RN 0.6%, 1 LD



55 34 % 55 3 ) WA AR 2 A BRI A MR S R AR S TUR IR B 1 O R 433
F2 SREHFAM BRI EABLITEIER IT(ngle)
Table 2 REE data of Permian source rocks in the Ordos basin(jg/g)

L 2 3 4 5 6 7 8 9 10 11 12 16

HFE  L3-1 L3-3 L3-4 ]?15-2 ]?15-6 ]?15-8 D}S-ll Z1-16  Z1-17 Zl-l9 Z\1-20 Z}-Zl SR L3-6 B A%
HA O OKOR KRG K WK WK WK WK KE KB WKk WK WK TR gp® e
EA O BesE s Jeds (E BlE s ks BE les A BlkE tlis MR
La 56.3 24.2 47.0 36.9 81.0 269.0 789 41.1 50.3 40.6 52.3 89.1 72.2 58.8 0.31 32
Ce 113.0 41.2 132.8 1039 1735 6063 1623 112.6 1049 827 107.8 2894 169.2 1193 0.808 73
Pr 12.6 4.2 12.2 12.3 18.4 64.8 16.8 9.6 9.9 6.0 7.7 13.8 15.7 20.1  0.122 7.9
Nd 49.8 17.3 43.8 51.2 67.8 2365 63.0 36.6 35.6 19.6 24.4 37.7 56.9 99.1 0.6 33
Sm 9.0 4.5 5.5 9.4 11.2 43.2 11.3 5.4 5.9 3.6 43 53 9.9 345  0.195 5.7
Eu 2.0 1.9 0.8 1.5 2.0 4.4 1.9 1.1 1.6 0.8 1.0 1.1 1.7 9.1 0.0735 1.24
Gd 8.2 5.9 5.5 7.3 9.9 40.8 10.2 5.4 6.5 5.4 6.0 8.4 9.9 60.1  0.259 5.2
Tb 1.0 0.8 0.6 0.8 1.1 5.0 1.3 0.7 0.9 1.0 1.0 1.0 1.3 122 0.0474 0.85
Dy 4.8 5.2 3.6 3.8 6.0 25.7 6.6 4.0 5.1 7.4 7.5 7.2 7.3 89.1 0.322 5.8
Ho 0.9 1.1 0.8 0.8 1.2 4.7 1.3 0.9 1.0 1.6 1.7 1.6 1.5 20.6 0.0718 1.04
Er 2.7 3.5 2.5 2.2 3.5 12.4 3.7 2.7 3.0 53 53 5.5 4.4 65.1 0.21 3.4
Tm 0.4 0.5 0.4 0.3 0.5 1.7 0.5 0.4 0.4 0.8 0.8 0.9 0.6 9.7 0.0324 0.5
Yb 2.6 3.5 2.3 2.2 3.4 11.1 3.6 3.0 3.0 6.0 6.0 6.5 4.4 67.2  0.209 3.1
Lu 0.4 0.5 0.4 0.3 0.5 1.5 0.5 0.4 0.4 0.9 0.9 1.0 0.6 10.4 0.0332 048

EwEu*'  0.70 1.13 0.44 0.26 4.22 0.56 0.59 0.61 0.79 0.58 0.57 0.49 0.91 0.79

EwEu¥®  1.24 1.24 1.24 1.24 1.24 1.24 1.24 0.87 1.13 0.83 0.83 0.70 1.09 6.29

Ce/Ce*'  0.15 0.14 0.22 0.18 0.17 0.19 0.17 0.20 0.16 0.17 0.18 0.28 0.18 0.07

Ce/Ce*?  0.65 0.68 0.87 0.73 0.74 0.58 0.73 0.61 0.79 0.58 0.57 0.49 0.67 0.39

LREE! 1.6 0.8 1.3 7.2 2.0 1.4 2.1 1.16 1.28 0.84 1.06 1.90 1.9 3.7

LREE? 96.8 40.3 88.0 4709 1303 838 1375 757 80.8 57.5 73.5 1439 195 161.5

HREE! 2.6 2.7 2.0 12.9 3.4 2.2 33 0.9 1.0 1.5 1.5 1.6 3.0 17.9

HREE? 16.3 17.4 12.7 77.1 21.3 13.5 20.1 14.1 16.1 24.4 24.9 26.7 237 2872

LREEH 0.61 0.30 0.65 0.56 0.59 0.64 0.66 1.36 1.32 0.56 0.69 1.16 0.8 0.21

LREEH 59 2.3 6.9 6.1 6.1 6.2 6.9 5.4 5.0 2.4 3.0 5.4 5.1 0.6
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Table 3 Organic geochemical parameters of Permian source rocks in the Ordos basin
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Relationship between the geochemical characteristics and sedimentary
environment of Permian hydrocarbon source rocks in the Ordos basin

MIAOQ Jian—yu', ZHAO Jian—she’, LIU Chi—yang', ZHU Ya—jun', WANG Wu—long'

(1. Key Laboratory of Continental Dynamics(Northwet University), Department of Geology, Northwest University, Xi’an 710069,
Shaanxi, China;2. Shaanxi Key Laboratory for Physico—Inorganic Chemistry/ Chemistry Department, Northwest University,
Xi'an 710069, Shaanxi, China)

Abstract : Permian source rocks are important and potential source rocks in the Ordos basin. A systematic analysis of the trace element
and REE geochemistry and organic geochemistry of argillaceous carbonate rocks and mudstones has been carried out mainly according
to the geochemical data of the well core samples. The LREE abundance is high and the HREE abundance is low and Ce/Ce* has a
relatively pronounced positive anomaly, indicating that the source rocks were deposited in a reducing environment. The contents of
trace elements in the source rocks are significantly different from their clarke values in similar rocks in the Ordos basin. Study shows
that grayish black mudstone source rocks deposited in semi—deep lake—deep lake facies zones are strongly reduced and rich in organic
matter, where organic matter could be buried timely, and grayish black mudstone source rocks deposited in a fluvial —swampy
environment have a low organic matter abundance. The strongly reduced depositional facies zone with a fairly deep water body was an
ideal locus for deposition of primary organic matter, where the organic matter could be buried and preserved timely; whereas organic
matter abundance was obviously low in argillaceous carbonate source rocks deposited where the climate was dry with little
precipitation and terrigenous clastic material supply was inadequate or in a long—term oxidizing environment.
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