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Abstract: In the Ordos Basin, the Ordovician Majiagou Formation is an important replacement for natural gas
exploration. Large-scale natural gas resources, such as those in the Jingbian gas field, have been discovered in the
weathered crust at its top. However, the origins and sources of these resources remain highly controversial. In this
study, we analyze the components and geochemical characteristics (e. g. , carbon and hydrogen isotopic compositions )
of natural gas from the Daniudi gas field. Accordingly, the origins and sources of natural gas are clarified within the
Ordovician weathered crust reservoirs. The results indicate that the natural gas exhibits dryness coefficient (C,/C,_)
values ranging from 0. 911 to 0. 979 and CO, content from 1. 68% to 14.39%. H,S is observed in some samples, with
content varying from 0. 07 X 107 to 3. 37 X 107 and gas sweetness index (GSI) values of merely 107 to 10 order of
magnitude. Additionally, the 8"”C,, 8"”C,, 8"”C,, and 8D1 values of natural gas range from —40. 0%o to —33. 2%o,
=35. 6%o to —24. 9%0, —30. 7%o to —24. 1%0, and —209%o to —184%o, respectively. The natural gas in the Ordovician

weathered crust reservoirs did not undergo significant thermochemical sulfate reduction (TSR). However, CO, of
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inorganic origin, produced by the dissolution of carbonate reservoirs, was mixed into some samples during acid
fracturing. Origin identification and gas-source correlation reveal that the natural gas in the weathered crust reservoirs is
dominated by coal-derived gas generated from coal-measure source rocks in the Taiyuan Formation. Such coal-derived
gas experienced significant fractionation during both vertical and lateral migration into the weathered crust reservoirs.
Additionally, the gas reservoirs also contain a minor proportion of oil-associated gas formed by the secondary cracking of
crude oil generated from the carbonate source rocks in the Majiagou Formation.

Key words: carbon and hydrogen isotope, secondary transformation, gas-source correlation, natural gas origin,

weathered crust, Odovician, Daniudi gas field, Ordos Basin
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Fig. 1 Distribution of cored wells used to collect the Lower Paleozoic gas samples (a) and the composite stratigraphic column of the

Paleozoic strata (b) in the Daniudi gas field, Ordos Basin (modified after references [22-23])
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Table 1 Components and carbon and hydrogen isotopic compositions of natural gas in the Ordovician weathered crust reservoirs

in the Daniudi gas field
e EE TR B 121% H,S &/ 313C/%o 5D, %o
CH, C, s Co, N, 107 C, C, C, iC, nC, Co,
DGl Om*'"™  89.44 3.81 6.36 0.37 — -35.5 254 -25.1 -24.0 -24.1 -10.8 -184
DG2  Om*'"  89.71 3.08 7.08 0.12 — -37.2 -27.0 -27.5 249  -25.6 -l12.1 -198
DG3  Oom™'  89.01 4.86 5.89 0. 10 — -36.6  -30.8 -27.1 247 247  -14.8 -188
DG4 Oom™"  93.98 4.32 1.68 0. 00 — -36.3  -30.2 -27.8 -23.8 -23.3  -11.8 -198
DG5 0w 87.50 8. 41 3.81 0.26 0. 60 -39.7  -30.5 -27.7  -26.1 -25.9  -12.4 -197
DG6  Om*"?  88.27 7.44 4.12 0.18 — -38.2  -35.6 -30.7 -28.7 -27.3  -13.8 -188
DG7  Om™?  89.19 6. 45 4.15 0.22 — -38.7 346 -29.2  -26.4 -25.2  -15.9 -189
DG8  Om* "™ 86.63 7.82 5.41 0.13 — -37.9 =254  -24.1 -24.1 -23.0 -11.4 -209
DGY  Om* P 87.21 7.82 4.81 0.15 — -39.4  -32.0 -27.7 -25.5 -25.0 -15.1 -190
DGO O,m*®  86.46 8.42 4.86 0.25 — -40.0  -31.6  -28.0  -27.2  -25.9  -l14.2 -190
DGI1  Om™®  84.87 2. 86 12.10 0.16 — -37.4  -28.3  -26.3 — — -10.2 -191
DG12 Om™ '™ 86.13 2.92 10. 84 0.10 — -34.8  -27.3  -28.2  -25.2  -26.7 -9.4 -195
DG13 0w 84.32 2.62 12.93 0.12 — -36.0  -27.2  -28.9 — — -11.7 -196
DG14 0w 86.36 4.76 8.59 0.28 — -36.8  -26.1 -24.7  -25.2 244  -12.3 -194
DG1S 0w 87.34 3.68 8.58 0.39 — -35.5 -26.0 -25.0 -24.1  -23.9 -1L4 -191
DG16 0m* "™ 83.14 3.93 12.86 0.07 — -36.9  -26.1  -26.5 — — -11.5 -192
DG17 0m* "™ 83.77 3.25 12. 67 0.31 — -36.9  -25.6  -26.0 -25.9  -24.7 -9.5 -187
DGI8 0,m°''™  84.64 5.58 9.49 0.28 — -38.4 =257 -25.0 -25.5 -24.3  -13.7 -205
DG19 Om’'™  79.30 6.01 14.39 0.28 — -36.9 -25.6 -25.8 -24.9  -24.0 -11.4 -205
DG20 0,m*"™  91.79 5.75 2.45 — — -38.8  -30.3 -27.7  -26.0 -26.2 -7.9 —
DG21 0w 91.77 5.42 2.79 — 0. 15 -38.0 -28.8 -27.1  -26.7  -25.9 -6.9 -202
DG22 0,m* "™ 90.71 6. 56 2.65 0. 06 1.07 -39.4  -27.7  -26.2  -25.7  -25.3 -9.1 —
DG23 0w 93.87 2.02 3. 14 0. 05 1.24 -36.4  -26.8 -26.4 -24.7  -24.6 -8.1 —
DG24  O0m*"™  94.64 1.90 3.22 — 0.18 -36.5  -25.5 242 242 -22.6 -7.9 —
DG25 0,m*"™? 94,17 3.02 2.61 0. 04 1.14 -33.2 -26.0 -29.4  -30.2 -29.1  -10.1 —
DG26  0,m*"™?  92.07 3.02 4.87 — 0.07 -34.6  -26.7 -28.0  -25.9  -26.5 -7.5 —
DG27  0.m°"™  91.76 2.79 5.43 — 0.33 -34.7  -26.9  -28.6  -26.8  -27.3 -5.7 —
DG28 0w 93.40 2.21 4.34 0. 02 3.37 -36.5  -27.3  -25.4  -24.3  -23.0 -6.7 —
DG29 0m*'"™?  84.45 2.65 12.71 — 0.35 -34.8 -24.9 26,4 243 249  -12.3 —
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Table 2 Components and carbon and hydrogen isotopic compositions of natural gas from the Paleozoic strata, Ordos Basin
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CH, C, o, ?
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Fig. 2 Scatter diagrams showing correlations of C,/C,_; with CH, (a), 8"C, (b), 8"C, (¢), and 8D, (d) for natural gas from the Paleozoic
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Fig. 7 Scatter diagrams showing correlations of 8"°C, with 8"C, (a) and 8"C, (b) for natural gas from the Paleozoic strata, Ordos Basin

(base maps from references [44-45], respectively)
(813, ,81C, F 3V C oM Femm Bkt . Z B AR K B [ 67 2t Al . K2R b B B3R Pox, Prs, A Co Bk | SCk[ 13 153830 50 0, m™ % ok
FSCHRLS 15 P E A R ERE T 0,m° 7, 0 m™> Bk [ STk 81.)



F2M +

P A SRR 2 T A M R A i T BB AR XA 58 K AR R R RIS T

583

P 2 SR RSO LS A SFE b, S TR B A
Y 81C, F 8 CLAEAE ST /N T -29. 0%0 F1-27. 0%o , 1T
THE S U — B 43 501 7o =27 5%o FI1=25. 5%0 . Kb
A H Om™ ' RIS DI HE RN 5 1l
A PR — BB RRAE , (0 2508 C, FN 8 C, 3 Ik 3
AR RE R A 2R TR A B AE B8 230 B
2 TR R SRR s AR O,m™ I RIR R b
WA Om YRR AL T R A By
A S MORVRE RS I e DO (T 7b) &

ot 2 S A TR E ZAE Ry o [ 67 22 46 s 1) o B4 b
Fo, FEFR N IR B TR TR IR BT MUK SR B 45y
TR A5 TR AR D o R4 MR Oym™ ™ R
SRABD, /N T-190%0, 5 il A A RIRA 8D, 430 1
T — 2 (R 8) , S W Vi B AR TR T Bili A IR 7K 2R
B, 0m® Y KR AU I 2 BORE S AE 8D, AN 8C, A
KV b A A I R S A ML A R R AR A
P, H AR SR T ad X (] 8a) , H8"C MK T by A
FLRIRZS5C, LS (8°C, < =38. 0%0) T B T i ¥
X, ALY §°C, EZORIFE TR AR A . Hit
0,m* "D RAR S R e AR RN 3 IR AT A il
RIS X EERIRSAE SD, F §2C, A & (& 8b) 1B
O3 AT A TR XA LA 3 BORE b AE 8D, A
FEAR KA IEBL T, H 81C, 1% , 2 80 HY 1] g AH 30 <,
PR S, AN, 2R S 81C, N RC, A Ik T
—27. 5%0 F1-25. 5%, 5 ML 7 Bl < H A7 I I 22 S5
(1 7b) o AT, R4 0,m* ) KARS P o AR
Jot BRI R SRR AE L (H 2 08 45 FE R SRR ) 37 R
21 R AZ A AL SR A A5 ) T A

-120

-140 |

(e}
-160 - o éﬁ?ﬁ
O’p o
-180 |
£ s ¥V
a UM
2 200 ¢ «
R
-220
KA m
WPx ACy
240 | vPs @Omia

O WL T HOme
,260 1 1 1
-35
3C, %o

=30 -25

%8

I Ah A H 0m’ Y R AR SD, R T
-180%.°", H. 8D, M1 §°C, ¥ M1 & & T K 4 s < H
0,m* " RARAME (B 8) , 1T §7°C, F11 §7C, | 43 IR F
—27. 5%0 Fl1-25. 5%0, R I LMo £ IR A D&
RS FRRE (B 7) o X R, 35303 0,m™ AUk
FERIRZEG KA H 0m™ 2 RIRA L, B T 31
T A0 AR FE Y S A v A0, HG rhoa R SORT o L A ]
LN

AR H AR g A% 25 S5 n] DAtk — 240+
i AL YR L% RN T — R B, AR 81,
3"C, 5 C/C B HA RE I o A a4 R4
Hby 0 301 SRR & XA 5T R SR AR A R i BTG,
F1SCy 4353/ IN T =29%0 Fil~27%o , He F I A ik Rl 37 2%
2 A 2R B LR gl B SRR AR (8] 7h) o X BB AR A
37C,—8"C, 5 C/Cy AH I v (51 9) F2 AR F 30 T vl —
BRI, 5 T AR IR AR AP A I R 22 5
PRI, B8 P 3R LR 58 AR SR R B8 AR AR R i
TR

4.3 BESEKE

KAEWSH B AERFERT Ps M Ct HEHR
SRR, o Pa M Ps RERR EZOR A Ps RIS,
Cyt RARENN A A AGE . BRI Co SR EZ AT
FARMARIES, Z R0 VG R AR A X I SR Ak s
S R 3 38 /N T 057 T PG R SR Y P s A0, DR I
81, il B . Co I Pys 19 RAR S HBERTL 27 47 1iF 22
ST A X IR IR X M B 22 55 T P
5P s RERSFAE 22 57 0 228 [ 18 RS 408 A FH

-120

-160 AL o D
e 7J(171§ é',
o +h R
-180 DN *
& L2 } o0 ® ¢ =
— A
B 200 TEraEr ™ . ¥ &
220 ¢ 14 2R 5 A 8
KA H ML 5
WPx ACt
T240 - VPs @O0 m"?
O L0
,260 1 1 1
-40 -35 -30 -25 -20
8‘3(:2/000

SRR 25 4 R A 3 RIS 10 S XA 7 KR UM AR 8D, 5 81C, (a) 1 87C, (b) A G I OFE AT SCik[47 1)

Fig. 8 Scatter diagrams showing correlations of 3D, with 8”°C, (a) and 8"°C, (b) for natural gas in the Daniudi and Jingbian gas fields,

Ordos Basin (base maps from reference [47])
(8°C, 13D, 4392 /% HHLE P BR AN U R L R A, KA Bty AR 5P o, P s R o iR B SCHR 13 153 s A0 O, B8 ok B SCik[5 15 o
AMPEXEETT 0,m™ 70 0,m™ By ok 11 3Cik[8 1)



584 £S5 KRR R

F41 %

NSO - RZ4#
O JR M IR ZefE

S K

(81°C,~35C )/%o
|
=)
T

® JUFEH A HOm ~
O WA O m*
1

1 1 1

0 3 6 9 12 15

19 SRR 22 3 b R 2R bR 20 U RAR U AR (31 C,-
3C,) 5 C,/C A (i B4 Sciik[50])

Fig. 9 Scatter diagram showing correlation between (3"C,—8"C,)
and C,/C, for natural gas in the Daniudi and Jingbian gas fields,
Ordos Basin (base map from reference [50])
[(8C,=8"C,) /R ZHe G BRIRI 2 2 22 5 C,/C, Rom L He 5 b
455 LU NSO R 5 b s & i AL B A E Ry L & . 3
A 0,m* YRR [ k(5] ]

KAHAH Om™ ™ RIS C/C s F1 C/C,, H
55 81C, 2 B0 IE AR G, I e 32 A ML I L
FESZ M R 5 Ps B A FBEBE R SAR L, Om* R
SRAAHE C/C, 53X C/C o M B 254 HA B B AR 1Y
8°C, (I 2b, K 6) . #E C,/C,_ Ml C,/C,,, 5 §7C, M &
L O0m RIS P s RIVIAW 25,
5 ot RAR AN L AR A by — ST e B0 BH S 19 2R 2 1
(E2b, 1 6) o Ak, DA DX 35k 1l J2 FAe 15 & & R AiE R
F,0m" "L F Cap 2 N B IAA LT, HILPs
KARSMELLE 8055 T X T s Bt gl Ce R
U2 S AR R 350 )2 1E 2 LB 3R XAk 7 i . KUk
5o 1 Cob BRAR T8 o J2 B B AR 22 A 38 0 b IX ke
JPU AR 81C, HIH R SR MR B R bR o, KR
Hi AT BB R R AR A v i i B R ASORE (3G, >
~27. 5%0) AR 43 A 78 C,b Bk 2 X K Bt i (& 10) o
PRI Gt A BG4 R R A5 AT LA B 8l it Cob 2k X i)
ol 0 a3z A% (& 11) 31 3B R XA 52 i )2 3R 4R il
FC20 A FHE 1L R A A A A L v
A AREE A AR UK, Co R IR R A5 O,m BRIR
ER A I — i T O AR R R () I 1 A T i
A5 0 R Je i 55 A A (L 1La) , DT (A5 R 50R
PE, AT R T Cy 2 BRI A1) O, m )2 Th 78
G >

18 AN B R ARE B (85C, > =27, 5%0) 1) 8°C, 4+ T
—27.3%0 ~ —24. 9%0 (R 1) , *F- 34 {H S -26. 2%0 ; ik LA

il 81C, A T -38. 4%0 ~ —33. 2% (F 1; & 10) , FH{H
K =36.1%o, Mfi C/C_s /- F 0.917 ~ 0.980 ( & 1;
B 10) , FII{E R 0. 960, 4= b /< H B A b )2 4 1k
FEI VIS AR S I RRAE i b A PR IR A A2
PR 2% S 50 ) R AR SR B VG i RN A RRAE T
A b, 81C, 5 i B R ARE B LA R Y CL/C
(B 2b) , S e e B i 4 il 4 D, A7 38 AR G 5 R 1Y
J¥, 41 DG25,DG26,DG29 F1 DG16 25 H: 1 KR AT ke
FE(C/C ) B AR g I T A8 XF 5 P8 19 DG24, DG28,
DG27 M DG13 % H(E 10) . KAFEMHAH Om™ "™ K
SRAE CIC s I C/C,, 5 81C, M LA M a3 5
Cyt RIRA R A 22 5 (B 2b, K 6) |, [ BT
REAZ B T AN [a) R B 9 9 78 S0 A i), 31 0 DG28 -
0,m*"™» KR K 8°C, I -27.3% ( £ 1), H d"C,
( -36.5%0) B W fik T 4K i 9 DG27 JF A &b 1y
(=34.7%0) , fE i & L EE I DG IR A A FE M .
RXF I, — SRR SRR A P T BB IR A T D il Y
SCE 1), HJR TR AR BB 45 AR R4S
SR PN B ASCRRAE Y g A T (A—A ), KRR
FC/C 5 8°C, I oA Bt 3 WL s LR (34 (] ) 35 % 43
TR A (B 11a) 5 AR FO TR A B0 A S E i) AR —
HA K,

5 Cy AE AR, KA1 Om* )
KARFAE S C T 4514 T C/C W, R A2
BRI ( 6) . 8°C, 5K (<-38. 0%0)
B9 0,m° 72 KBRS RE B H C/C,_ BRI 7 T Cp KR
L FFER B 2 R B 2, 1 Om® ' RAR R
FEMBAK | C/C, FI8°C, W B IE A6, EH %
B 22 B B (L 2b) o IR TR 87°C, 1Y
0,m " RAR AT RE = 2ok [ AN [A] DX 88 A [] v A
FEM Ca ki o BLAN , ANTRIR SRS AL 0 138 6 1
54 FEHBEEMIE, H i LR T HAEIK
UG KT 3B #% AR IR AR /N X AH 15358 #5 )5 1 K 4R
5 R A KR AOM B AR X R Y CL/C, T Gy
G, N PG R B R KRR RIR BB 7 1 R
BTG K C/C,

KA P o KIRSH P s SRR A AR AR
BRIk, H M P s BRI B S FL B S iy ./
C, PRI C/Cy, H FFB A FE L AE In(C,/C) 5 In(C/Cy) AH
&b T T 2 St 2k 40 A (&1 12) L 3% B AR 5 5
PRASF . 522K, 0m™ PRI Ca BB H
AR B T Y C/C, R C,/C,, 0 H s B8 00 18 1) 5
Wil JRAE O™ KRS A 0 B i LB R Y
3°C, 1M 2 It 22 v AV A 15 e (5] 8a) , {HIX BEAF:



552 PR AF . SRR AR A T BB R XA TS K AR R IR R 585
0 8 km
5

o Ob37

0.979/
DG23 o36:4%

DG24
0.980/-36.5%o0

0.970/-36.0% DG1 4
GT2

D
0.967/-34.8%0

DG19
0.930/—36.9%., DG 18

.9487-36.6%0
0.956/-36.3%o

DG25
@0.969/-33.2%0 .-+

@DG29 0.970/-34.8% ",
@DG16 0.955-36.9% *,

L7

bk RREIEIEG SH I HIT LB c/C,,
= =
C bR X WAL AIX RESH X WL X 51C,
(81°C,<~29.0%0) (-29.0%o < 3°C, <~27.5%0) (8°C,> ~27.5%)

B0 S0/R 2 4 A0 M < BB 2R KA e AR B R L € /C 5 5 80C PRI A1

Fig. 10 Map showing the distributions of natural gas types and their C /C, , ratios and 8"°C, values in the Ordovician weathered crust

reservoirs in the Daniudi gas field, Ordos Basin

(3°C, KR eI 38 LUARL )

mnFEAE C/C AR (& 2b) , PR % g 14 €, /C, A1 CL/C,
WHEAR . HBL, BARA S 0m™ " KER A C/C,
T C/ C 558 1o T 5 0 i e 4 S AR e A2k (181 12) L (H
H TR A RIRRGT B R 4318 Ve i R v R
B . X EB], N In(C/Cy) 5 In(C,/C,) MK
IR AR SR B, 1 7% F s 78 20 TR A3 X6 R AR Y
S M) R EL AR 5 DX %) S o b 17 400, S R T B ML AR b
EHEN . AR, 2R AR A A R SRR ST
Fb 51 B J B R (A A O,m™ KRR EE 2 R
SR B R SR Can SR R 22 B A O, m ), T 3 44
i AR E R L A (K 12) .

4.4 RBISSRIR

R 1S RSP i (8C, < =29, 0%0) 41

A5 TERF 5 DX R O B 2R 0, AN () 4 i 5 56 i 0 il 78 <
BE R (87C, < =29. 0%0) (&1 10) B & 2 B Al 24 5 A9
SZ0R 00 [ P ) AR (B LA B—B T ) /NS G
iK™ (DG3 I F1 DG4 I ) 2l A B K #HE (DG6 H:F1 DG7
) -2 /R MR H (DG10 H: AT DGO H) , 0,m° 3
TS RE AR IR B C/C,_ RN 81C 328 T R AT , 2 W it 25 141
TRAR 1, 8 VA A AL T BT b e 8 i R IC (8 10,
Bl 11b) o SRR 2 0 8 B R KUk 72 6 2 vh B
05 0 T 2R A O A L T S A R e 1 8 2020 e
WAV G TE R H Cyt JKE I 2 Oym W TR 3h A AT A7 7E
é:}.ﬂzi[l.l&ﬁé]o

BRIR SR AT R Ca bR T & BRI,
AFAER ST TR AR A, AT AL BRI AT BLARS 5 )
BWEAR T O,m BRFRER 72 1 2 B — 52 1 A= v 1Y



586 £S5 KRR R

F41 %

DG7H DGI18J

om'™
FR AR
DG3F
DG23 DG4 DGG#‘DGH:F

0.967/ — |

E——
~37.2% -!fik‘

DG174

DGI124f DG273 DG4 DG15H: DG8IH

l«— GeFipHL
G

Di
DG107F

===
0.9“/—40.0%0 g-
[—F=0033/-38.T% 0 Dl
0936/ 36.3% 7

—— NG ik p —————— R —

0.933 =38.7%0

=

Cc/C 3C,

R e TIi A

a

P SR 20 R A = BRSO AR iz % 7 o ] ) T2 2 DL ) 10)

Fig. 11 Well-correlation sections of the Ordovician weathered crust gas reservoirs in the Daniudi gas field, Ordos Basin

(see Fig. 10 for the section locations)
a. HIH A—A" ;b. 1A B—B'
(C/C_ AHEE C 5 B C B B U )

KAHH AR 2.5%
HPx ACy @0m" 40 m™
5 H VPs @O0 m 2 OWiLSHOm
4 -
Qﬂ
S
k=1
2 -
1 i ~
N N T2.0%
0 , 3% 15% L
0 2 4 6 8

In(C,/C,)

K12 SRR Z M st A= SRR ORI R In (C/Cy) 5
In(C,/C,)HH I & O P SCik [551)

Fig. 12 Scatter diagram showing correlation between In(C,/C,)
and In(C,/C,) for natural gas from the Paleozoic strata, Ordos
Basin (base map from reference [55])
[In(C,/C,) 5 In(C /C,) 53 5FRm C, 5 C, & i IWEM XA L K ¢, 5 C,
i LR B . KA Bt A (P, Ps I C) Bl A SC
BRI 5 55 3 M O,m®™ ™ BOdE ok 1 SCiik [5] 5 o [ 40 4 X 36 F
0,m> 7 H10,m™ * i # 1 SCiik[8].]

(B PG RAA WA S, TOCT-E 7 0. 64% %, K
A= 4 B D2 I — A4S Co K A BE S 32 TOC AL h
0.38%. Cyt JK A 15 7 H AU 5 J5E 5 48 A4 3, 76 95 L
g — 1% B T — AT bR — 2R A G P it A 2 5 m Y, 5 4
KA HSH D29 H A1 D37 A R EE 10U 4. 92 m
F1.82 mo [H L IXEE TR 55 %o B8 Pl 2R XAk 7 AR A
SOk BR . AN, KA MR Co A B KRS H
i AR ARE R A4S, FS1C, 43 ) K T -27. 5%0 I
=25. 5%0, WA R B SZ IRV SIR A BRI, R WK
X Co SR B E TRk, Co RIRRE 0,m™ 2 KUk
FERIRR FMALTI I 8 225 (K 7)), k5%
KRB R F AR R A Ce K. Ak, KA
M SH P RO AR 5E B R gl R ARORE Y (BPC, <
=29. 0%o) JIr Ab M IX ¥4 . & C,b 8R40 i e 7 1 7 Hh 2
(F 11b) , 3 2B, BIE Co K A RE % A A BIR B K 4%
L ARMEZE L Cb BRAD TR 5 )2 1] T B B B 1L P &R
A FE v RGRE , PR T XU AR 58 R 4R A< v i il 28 A 1ok
HOomHE.,

O,m B TR 8 H 1R 5 5 TOC -2 K 0. 35%, K T



F2M T

P A SRR 2 T A M R A i T BB AR XA 58 K AR R R RIS T 587

0. 40% I 1 19. 37%, H £ F IR IS TOC KT 0. 40%
() it 28. 2%, SRR 2 A AR ER OmT REIRA
Sy MR AR (6, B 12), Sk H O,m 48 T I el
WA ST RO m VB A KB X R
FE IR A B KRR SME LA R 2 ) _Fis % 2 Mk
FEABZE R . KA H S O,m’ OUTRI A & B =
PR RS R B R AR A VY R S o I
Om™ "B PEEBHE DS HT OmMAS AP
AR R, B XA Fe 2 i & B R AR, 1M
813C, F1 81C, 43 /N T =29%0 F1—27%o I RE i AR F
T R SR SRR (1 9) , IR BE, Om AR T8 A A
14 Ji 9 30 e A 2R D I v 2R i S Sl e e e
e s ik AT XAk et 2 T SR AR G . R
F, O mBRFRE: A IR R A LT 3 B B AR IR ARG, A2 0%
WAL DO R EY SN TS NTE: R N S5 R SN TR A
Feli 2 RAR VIS 3, TR A il LS, HE i) 2 A
FEXTEAR

5 4hip

1) KA1 H KAk 7 R AR SBEIR N A & - &
H,S (191, RE At HS A b 19 HL,S & & 4 7°(0. 07 ~
3.37) x 10, FRYEFE KL GSIAL ] 107 ~ 10° 8 4%, W]
X RIRA AR LD B TSR i . CO, T
1. 68% ~ 14.39%, F-¥I{H K 6. 37%, H T AR N H HLAK
DR, 3840 BFE A R Ak 24 B B R 3 it )2 Vs ol o
T 08 TCHLEE H CO, TR & (BN 52 e R Joe 2 <4
O3 Er i LB KRk | SR 28 (8 AT R R SR R A< - 1R
XF L o

2) KA AR B P 2R TR KA 7S R AR AR I Je
RS MR R R X B I AR R [ OK R AL
IRV FAE S 8 A A ) A ] 2 A T A B
BRAR T A 2 Bl Ak Xk A 3] I 58 ) 4 TR AL 5 i
J2 PG ; 5 R TR A A AR A i BB A L, SRR
RIS KRS 50 W I 2 8] T 38 8% 43 18 2% 0 Y
A

3) BB R RALTE KRS & A D R H
H LR 3l AR S T AL b X1 Y R AR A R
Fille A 2 5 R B RON I R AR h A R R A
A ) DI I & A B T B, 3 T 9 2 A
T R S e A L 3B BE R TS B XA 72 % 2 o SR B
TSR o

BOM AR OB SR R AT R A5 E T E
G H A s AP E T A RBRE LR E

R AN ey, FRHERXAWHRE T ERBEE
L, 2 b B TG R

(1]

2 % x W

DAI Jinxing, LI Jian, LUO Xia, et al. Stable carbon isotope
compositions and source rock geochemistry of the giant gas
accumulations in the Ordos Basin, China [J].
Geochemistry,, 2005, 36(12): 1617-1635.

e, W, B 5o M e s —— 50K 2 407 i S b
REHA T RRSAHH AR, KRBT, 2014, 34
(4): 19-26.

YANG Hua, BAO Hongping, MA Zhanrong. Reservoir-forming

Organic

by lateral supply of hydrocarbon: A new understanding of the
formation of Ordovician gas reservoirs under gypsolyte in the Ordos
Basin[J]. Natural Gas Industry, 2014, 34(4): 19-26.

A, AP —, ok, 45 SRR A T i A S OB
Ao v b R A R A R R DXt R 3 () . A S R AR
2023, 44(2): 264-275.

ZHOU Yan, FU Siyi, ZHANG Tao, et al. Tectono-sedimentary
evolution, paleo-geographic reconstruction and play fairway
delineation of the Lower Paleozoic, Ordos Basin[J]. Oil & Gas
Geology, 2023, 44(2): 264-275.

K, TR ME, SRR, AR R 22 M A R AR T I 2
PR AR — A8 R A V2 3 J2 e 2 A F el U — i 4 s o £
[J]. Al S KA, 2023, 44(1): 110-124.

ZHANG Tao, ZHANG Yaxiong, JIN Xiaohui, et al. Sequence
stratigraphy models of carbonate-evaporite successions and their
controls on source rocks and reservoirs in the Ordovician Majiagou
Formation, Ordos Basin[J]. Oil & Gas Geology, 2023, 44(1):
110-124.

LIU Quanyou, CHEN Mengjin, LIU Wenhui, et al. Origin of
natural gas from the Ordovician paleo-weathering crust and gas-
filling model in Jingbian Gas Field, Ordos Basin, China []].
Journal of Asian Earth Sciences, 2009, 35(1): 74-88.

XA, &z, TR, & SRS AR H = R
KIRTHGRINTEL ). a4, 2012, 28(3) : 847-858.

LIU Quanyou, JIN Zhijun, WANG Yi, et al. Gas filling pattern in
Paleozoic marine carbonate reservoir of Ordos Basin [J]. Acta
Petrologica Sinica, 2012, 28(3): 847-858.

TIRWE, RENE, BEEROF, & SHRZWAH D ARIBRE R D
TN AIE ) B I E MR A 2 PP [T ], A 5 KRR
HiFT, 2024, 45(2): 393-405.

WAN Junyu, ZHU Jianhui, YAO Suping, et al. Geobiological
evaluation of hydrocarbon-generating organisms and source rocks
in the Ordovician Majiagou Formation, east-central Ordos Basin
[J]. 0il & Gas Geology, 2024, 45(2): 393-405.

TREEMR, gL, XUFA, 45 SRS H A R E R THE R
SRR TS5 BB 1 L), i B 45 T %, 2021, 48



EERIIESIPS

A B

F41 %

(3): 549-561.

XU Wanglin, LI Jianzhong, LIU Xinshe, et al. Accumulation
conditions and exploration directions of Ordovician lower
assemblage natural gas, Ordos Basin, NW China[J]. Petroleum
Exploration and Development, 2021, 48(3): 549-561.

ST, W, XV, AL SRR 28 g BB R T S AR
TR R B KR PR [T]. KRR H Bk A, 2022, 33
(2):207-217.

DANG Wenlong, GAO Gang, LIU Jianping, et al. Genetic types
and sources of the subsalt natural gas in the Ordovician Majiagou
Formation, Ordos Basin[J]. Natural Gas Geoscience, 2022, 33
(2): 207-217.

FLERZE, Whi ), L2420, 45 SRR S b R 3R T KA
ORISR [T]. RAIERBL:, 2024, 35(7): 1187-
1201.

KONG Qingfen, YAO Jingli, REN Junfeng, et al. Sources and
exploration potential of Ordovician subsalt natural gas in Ordos
Basin[J]. Natural Gas Geoscience, 2024, 35(7): 1187-1201.
fEZEWE , TTEF, skif, 5. SURZSIAEIRE R T ERA
GERARTT I )], RIRTHERBY S, 2024, 35(3): 435-448.
REN Junfeng, SHI Pingping, ZHANG Tao, et al. Characteristics
and exploration potential of Ordovician subsalt gas-bearing system
in the Ordos Basin[J]. Natural Gas Geoscience, 2024, 35(3) :
435-4438.

BT, R, J8 A, 45 SRR 22 M b R Rk 5 ok
AR T B AL MM A R R RIAE T (T]. A 5 KRRt
Jt, 2024, 45(6) : 1653-1664.

CHEN Ping, LI Wei, ZHOU Yijun, et al. Formation and
evolution of the Wushenqi and Central paleo-uplifts, Ordos Basin
and their control on hydrocarbon accumulation [J]. Oil & Gas
Geology, 2024, 45(6): 1653-1664.

WU Xiaoqi, LIU Quanyou, ZHU Jianhui, et al. Geochemical
characteristics of tight gas and gas-source correlation in the
Daniudi Gas Field, the Ordos Basin, China [J]. Marine and
Petroleum Geology, 2017, 79: 412-425.

LIU Quanyou, JIN Zhijun, MENG Qingqiang, et al. Genetic
types of natural gas and filling patterns in Daniudi Gas Field,
Ordos Basin, China[J]. Journal of Asian Earth Sciences, 2015,
107: 1-11.

e, A, AR, 45 . SRR 2 AR A IR i AR S R AR R
BRI ZAASAE SR IRZE G FIR T ], A geb T, 2021, 43
(2): 307-314.

SUN Xiao, WANG Jie, TAO Cheng, et al. Evaluation of
geochemical characteristics and source of natural gas in Lower
Paleozoic, Daniudi area, Ordos Basin[J]. Petroleum Geology and
Experiment, 2021, 43(2): 307-314.

WAk, BRILI, WA, 5. SRR Z I E b A AR
PR URA AT ] RARTL, 1996, 16(6): 1-5.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

HUANG Difan, XIONG Chuanwu, YANG Junjie, et al. Gas
source discrimination and natural gas genetic types of central gas
field in Ordos Basin[J]. Natural Gas Industry, 1996, 16 (6) :
1-5.

Whetz s . B H 7 4 o 3 T R B R R AR AR R B i B
[J]. AR, 1994, 15(2): 1-10.

CHEN Anding. Origin and migration of natural gas in Ordovician
reservoir in Shan Gan Ning Basin Central gas field [J]. Acta
Petrolei Sinica, 1994, 15(2): 1-10.

XPE, SKSCIE, FLPOY, 5. SRR S T E R RIRE S
RRSRALT]. ARSI, 2016, 43(4) : 540-549.

LIU Dan, ZHANG Wenzheng, KONG Qingfen, et al. Lower
Paleozoic source rocks and natural gas origins in Ordos Basin, NW
China [J]. Petroleum Exploration and Development, 2016, 43
(4): 540-549.

WA R, 20, D, 5. SRS A OO B bR SRk IR
37 320 R AR B IR H D] ik =i, 2005, 26 (1)
18-26.

DAI Jinxing, LI Jian, LUO Xia, et al. Alkane carbon isotopic
composition and gas source in giant gas fields of Ordos Basin[J].
Acta Petrolei Sinica, 2005, 26(1): 18-26.

WU Xiaoqi, WANG Ping, NI Chunhua, et al. Geochemical
characteristics and their implication of light hydrocarbons in
natural gas from the Lower Paleozoic carbonate reservoirs in the
Daniudi Gas Field, Ordos Basin [J].
Exploitation, 2023, 42(1): 124-145.

Energy Exploration &

WU Xiaoqi, ZHU Jianhui, NI Chunhua, et al. Genetic types and
sources of Lower Paleozoic natural gas in the Daniudi Gas Field,
Ordos Basin, China [J].
2017, 35(2): 218-236.

LIU Quanyou, WU Xiaoqi, JIA Huichong, et al. Geochemical

Energy Exploration & Exploitation,

characteristics of helium in natural gas from the Daniudi Gas
Field, Ordos Basin, central China[J]. Frontiers in Earth Science,
2022, 10: 823308.

WU Xiaoqi, LIU Quanyou, NI Chunhua, et al. Abundance and
origin of helium in the Lower Paleozoic gas: A case study from the
Daniudi field of the Ordos Basin, central China [J]. Journal of
Asian Earth Sciences, 2025, 277: 106405.

AUCE, IR, REFR, . SRS P AR R R R
I GRS SR (Y], bR, 2020, 25
(3): 134-145.

BAO Hongping, HUANG Zhengliang, WU Chunying, et al.
Hydrocarbon —accumulation characteristics and  exploration
potential of Ordovician pre-salt formations by lateral hydrocarbon
supply in the central-eastern Ordos Basin [J]. China Petroleum
Exploration, 2020, 25(3): 134-145.

WIER, iFYE, BE%, & SRS h R R R 5

FANH TR Y B2 & m s iR I L) ). v i



F2M T

P A SRR 2 T A M R A i T BB AR XA 58 K AR R R RIS T 589

[31]

%, 2015, 20(5): 20-29.

HUANG Zhengliang, WU Chunying, MA Zhanrong, et al.
Sedimentary sequence of Ordovician Majiagou Formation in central
and eastern part of Ordos Basin and its control over reservoir
development [J]. China Petroleum Exploration, 2015, 20 (5) :
20-29.

W, s, BARE, 55 . SRR 2 At AL RO A M
IR AR, ATl 2010, 31(3): 373-378, 385.
YANG Zhi, HE Sheng, ZOU Caineng, et al. Coupling

relationship  between reservoir diagenesis and natural gas
accumulation of Daniudi Gas Field in North Ordos Basin[J]. Acta
Petrolei Sinica, 2010, 31(3): 373-378, 385.

MER, WA, 2R . SRS BRI A UE
e SRR IM . Jbat: b ol R, 2011 1-301.
HAO Shumin, CHEN Zhaoyou, LI Liang. The accumulation
theory and practice of tight sandstone gas in Daniudi Gas Field,
Ordos Basin [M].
1-301.

SONE, A, S, &L RRREB RS
7S LSRR Z 8 G AR I S I LD ). AR 5T &,
2024, 51(2): 273-284.

WU Xiaoqi, NI Chunhua, MA Liangbang, et al. Tracing of

Beijing: Petroleum Industry Press, 2011:

natural gas migration by light hydrocarbons: A case study of the
Dongsheng gas field in the Ordos Basin, NW China[ J]. Petroleum
Exploration and Development, 2024, 51(2): 273-284.

CHUNG H M, GORMLY J R, SQUIRES R M. Origin of gaseous
environments:  Theoretical

hydrocarbons  in  subsurface

considerations of carbon isotope distribution [J]. Chemical
Geology, 1988, 71(1/3): 97-104.

70U Yanrong, CAI Yulan, ZHANG Chongchun, et al. Variations
of natural gas carbon isotope-type curves and their interpretation—
A case study [J]. Organic Geochemistry, 2007, 38 (8) : 1398-
1415.

LIU Quanyou, WU Xiaoqi, WANG Xiaofeng, et al. Carbon and
hydrogen isotopes of methane, ethane, and propane: A review of
genetic identification of natural gas [J]. Earth-Science Reviews,
2019, 190: 247-272.

LIU Quanyou, JIN Zhijun, WU Xiaoqi, et al. Origin and carbon
isotope fractionation of CO, in marine sour gas reservoirs in the

eastern Sichuan Basin [J].

22-32.

Organic Geochemistry, 2014, 74:

JAMES A T, BURNS B J. Microbial alteration of subsurface
natural gas accumulations [J]. AAPG Bulletin, 1984, 68 (8) :
957-960.

HAO Fang, GUO Tonglou, ZHU Yangming, et al. Evidence for
multiple stages of oil cracking and thermochemical sulfate
reduction in the Puguang Gas Field, Sichuan Basin, Chinal[J].
AAPG Bulletin, 2008, 92(5): 611-637.

[35]

[36]

[39]

[44]

WORDEN R H, SMALLEY P C, OXTOBY N H. Gas souring by
thermochemical sulfate reduction at 140°C [J]. AAPG Bulletin,
1995, 79(6) : 854-863.

LIU Q Y, WORDEN R H, JIN Z J, et al. TSR versus non-TSR
processes and their impact on gas geochemistry and carbon stable
isotopes in Carboniferous, Permian and Lower Triassic marine
carbonate gas reservoirs in the Eastern Sichuan Basin, China[J].
Geochimica et Cosmochimica Acta, 2013, 100: 96-115.

BB, XIS, THF, &5 S8R 2 M gt R R R S
B S BRI AR R R IE SR A (). #RL2F, 2024, 59
(3): 683-695.

WEI Liubin, LIU Wenhui, WANG Qianping, et al. Geochemical
characteristics and genesis of high sulfur natural gas in the fourth
member of Majiagou Formation in the Ordovician sub-salt
reservoirs, Ordos Basin[J].
59(3): 683-695.

A P EE R AR R IR T FRAE 32 KO R R
[T]. OBz, 1985, 3(4): 109-120.

Chinese Journal of Geology, 2024,

DAI Jinxing. Distribution, classification and origin of natural gas
with hydrogen sulphide in China [Jl.
Sinica, 1985, 3(4): 109-120.

Acta Sedimentologica

DAI Jinxing, SONG Yan, DAI Chunsen, et al. Geochemistry and

accumulation of carbon dioxide gases in China [J]. AAPG
Bulletin, 1996, 80(10): 1615-1625.
DAI Jinxing, NI Yunyan, QIN Shengfei, et al. Geochemical

characteristics of He and CO, from the Ordos (cratonic) and
Bohaibay (rift) basins in China [J]. Chemical Geology, 2017,
469: 192-213.

BERNARD B B, BROOKS J M, SACKETT W M. Natural gas
seepage in the Gulf of Mexico[J]. Earth and Planetary Science
Letters, 1976, 31(1): 48-54.

ZHANG Tongwei, KROOSS B M. Experimental investigation on
the carbon isotope fractionation of methane during gas migration by
diffusion through sedimentary rocks at elevated temperature and
pressure[ ] ]. Geochimica et Cosmochimica Acta, 2001, 65(16) :
2723-2742.

W, =P, WS L. PRI H—[M]. b
A AT R A, 1992 1-298.

DAI Jinxing, PEI Xigu, QI Houfa. Natural gas geology in China:
Vol. 1[M]. Beijing: Petroleum Industry Press, 1992: 1-298.
ROONEY M A, CLAYPOOL G E, MOSES CHUNG H. Modeling
thermogenic gas generation using carbon isotope ratios of natural
gas hydrocarbons [J]. 126 (3/4) :
219-232.

W, BTG, R, L PRSI R REF R
SR I B kSR (). RARTHBRFL, 2005, 16(2)
127-142.

Chemical Geology, 1995,

DAI Jinxing, QIN Shengfei, TAO Shizhen, et al.

Developing



590 145 KRR R EXYES
trends of natural gas industry and the significant progress on Experiment, 2024, 46(2): 366-379.
natural gas geological theories in China [J]. Natural Gas [52] Z=Wluk. A5 RAEHIM] 3. deat: Al kR
Geoscience, 2005, 16(2): 127-142. k., 2004 1-350.
[46] SCHOELL M. The hydrogen and carbon isotopic composition of LI Mingcheng. Oil and gas migration [M]. 3rd ed. Beijing:
methane from natural gases of various origins [J]. Geochimica et Petroleum Industry Press, 2004: 1-350.
Cosmochimica Acta, 1980, 44(5): 649-661. [53] PRINZHOFER A, PERNATON E. Isotopically light methane in
[47] WANG Xiaofeng, LIU Wenhui, SHI Baoguang, et al. Hydrogen natural gas: Bacterial imprint or diffusive fractionation? [J].
isotope characteristics of thermogenic methane in Chinese Chemical Geology, 1997, 142(3/4): 193-200.
sedimentary basins[J]. Organic Geochemistry, 2015, 83/84(1) : [54] WHEE, RER, 20, & RIRSEHBAHL-TCHLHER LR
178-189. SRR bR ——LADU 1| 0 )1 PR3 P 2 R SR B L0 ). it 40
(48] LIU Quanyou, DAI Jinxing, LI Jian, et al. Hydrogen isotope WE5IT A, 2017, 44(4): 549-560.
composition of natural gases from the Tarim Basin and its YE Sujuan, ZHU Hongquan, LI Rong, et al. Tracing natural gas
indication of depositional environments of the source rocks [J]. migration by integrating organic and inorganic geochemical data:
Science in China Series D: Earth Sciences, 2008, 51 (2) : A case study of the Jurassic gas fields in western Sichuan Basin,
300-311. SW ChinalJ]. Petroleum Exploration and Development, 2017, 44
[49] PRINZHOFER A A, HUC A Y. Genetic and post—genetic (4): 549-560.
molecular and isotopic fractionations in natural gases [J]. [55] LI Jian, LI Zhisheng, WANG Xiaobo, et al. New indexes and
Chemical Geology, 1995, 126(3/4): 281-290. charts for genesis identification of multiple natural gases [J].
[50] LORANT F, PRINZHOFER A, BEHAR F, et al. Carbon isotopic Petroleum Exploration and Development, 2017, 44 (4)
and molecular constraints on the formation and the expulsion of 535-543.
thermogenic hydrocarbon gases[J]. Chemical Geology, 1998, 147 [56] EWi, BOAK, #id A . 1P R R KL e A il AL
(3/4): 249-264. ST RORIRLT ). RS TR, 1999, 26(4) : 22-24.
[51] fiiFte, B/0E, B, 5. SPRZI AR 4 AW b s XIA Xinyu, ZHAO Lin, DAI Jinxing. Main source rock of oil type

REEA BRI AL ]
(2): 366-379.
NI Chunhua, WU Xiaoqi, WANG Ping, et al.

0 SE B HL BT, 2024, 46

Geochemical
characteristics of light hydrocarbons in Upper Paleozoic tight gas

from Daniudi Gas Field, Ordos Basin[J]. Petroleum Geology and

components in natural gas from Ordovician weathering crust,
Changqing  Gas  Field [J].
Development, 1999, 26(4): 22-24.

Petroleum  Exploration  and

(% M)



