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Sources of marine natural gas in the Ordos Basin and implications
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Abstract: Numerous scattered marine natural gas discoveries have been reported in the Ordos Basin; however, these
discoveries generally exhibit relatively small proven reserves. This situation is closely linked to both the limited research
on marine sequences and the substantially diverging understanding of gas accumulation mechanisms within the basin.
Based on the intramolecular isotopic characteristics of natural gas, this study presents a systematic comparison of the
geochemical characteristics and geological conditions of the Upper and Lower Paleozoic natural gas in the basin. The
results indicate that natural gas from the 4th member of the Ordovician subsalt Majiagou Formation in the eastern
Wushenqi paleo-uplift is typical crude oil-cracking gas. This gas generally experienced thermochemical sulfate
reduction (TSR) to varying degrees during its accumulation, with the wet gas components exhibiting relatively heavy
carbon isotopes due to intense oxidation. However, compared to the west-central Ordos Basin, the eastern Wushenqi
paleo-uplift generally shows lighter methane carbon isotopic compositions (8'C, < =40%o) in industrial production
wells. This characteristic is inconsistent with the relatively heavy carbon isotopes (average 8°C of =27%0 ~ —26%o) of
kerogen in the source rocks of the Majiagou Formation, suggesting additional gas contributions from deep source rocks
(the Cambrian to Changchengian source rocks) to the natural gas in subsalt strata of the Majiagou Formation. In the
eastern Wushenqi paleo-uplift, the presence of deep-seated faults is necessary for natural gas enrichment and high
yield, and a multi-sequence stereoscopic gas accumulation pattern is identified, implying the development of paleo-

hydrocarbon reservoirs in ancient strata. Intramolecular isotopic characteristics indicate that the Cambrian-Ordovician
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natural gas in the southern Ordos Basin is typical oil-associated gas. Such natural gas is predominantly derived from
ancient (Changchengian/Cambrian) source rocks, rather than from coal-derived gas of an upper source rock - lower
reservoir configuration or from mixed sources. This gas is extensively distributed from the Yichuan, Huangling, and
Yan’ an areas to the southern and western parts of the Jingbian gas field and is even widely identified in several wells in
the central Jingbian gas field. The results of this study reveal that natural gas sourced from the Changchengian/Cambrian
source rocks is extensively distributed across the Ordos Basin, establishing this basin as a rare potential gas province with
confirmed possible contributions from the Changchengian source rocks in China and even worldwide.

Key words: gas accumulation mode, intramolecular isotope, oil-type gas, Majiagou Formation, Ordovician, marine
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Table 1 Characteristics and distribution of marine source rocks in the Ordos Basin
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S107 O,m”’ 95.25 1.94 0.52 0.16 0.29 0. 60 0.90 — -41.6 -27.2 -23.6 -24.4
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T106 O]m4 n. d. n. d. n. d. n. d. n.d n. d. n. d. n. d. -37.2 — — —
SHS85 O]m4 92.44 0.29 0.19 0.13 0. 06 4.98 1.79 26.18 -41.7 -20.8 -15.0 —
SHI68  Om> 9461 1.34 0.13 0.0l 0.01 — .32 2.50 -38.6 -24.2 -21.6 —
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JS-13 0,m5(‘” 93.03 0.16 0.08 0.02 — 0.43 6.19 0.09 -41.3 -32.6 -30.2 -22.9
JS-8 01’"5(4) 94.20 1.67 0.37 0.19 — 0.33 3.24 0 -40.1 -35.9 -31.4 -25.6
FiE )1 FF S H J$-23  om™  93.90 0.96 0.32 0.14 — 0.22 413  0.3¢ -41.2 -34.1 -28.9 -24.1
JS-16 O,mm’ 96.10 0.20 0.05 0.04 — 0. 69 2.78 0.15 -40.3 -34.5 -29.9 -25.2
-6 om™ 9510 1.83 0.16 0.01 — 0.40 2.29 0.37 -42.3 -34.8 -28.1 -24.9
Js-14  om™ 9550 1.21 0.13 0.01 — 0.28 2.58 0.15 -43.0 -34.1 -28.0 -26.9
JS-7 Olmw’ 94.30 0.46 0.14 0.03 — 0. 46 4.37 0.24 -40.6 -33.5 -27.3 -22.8
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Table 3 Geochemical characteristics of marine natural gas in the southern Ordos Basin'* 55!
WX Jpp o KR /Y% RIRZ A5 0 [ 2 /%o 8D, o
CH, CH, CH, CH, N, co, CH, C,H, C,H, Co,
QT16 ()lm4 83.39 0.42 0.10 — 3.75 12.13 -32. 80 -36. 40 -31. 60 — -159
L30 Olm2 82.50 0.41 0.10 0.02 0.50 6.15 -31.30 -41. 00 -39. 60 — -164
L31 €,z 22.63 0.11 0.03 — 66. 33 7.14 -33.80 -36. 12 -29. 80 — -167
L52 €5 91.77 0.51 0.13 0.03 0.35 7.12 -32.80 -36. 50 -33.40 — -156
HT1 Olm4 77.48 0.68 0.13 0.01 10. 27 11.43 -31. 60 -35.80 -33.34 — —
PRFAHLIX
L18 01m2 n.d n. d. n. d. n.d n. d. n. d. -32.30 -37.50 -37.30 — —
LS Ps n. d. n. d. n. d. n.d n. d. n. d. -27.40 -33.40 -31. 80 — —
L7 P s+ sth8 n. d. n. d n. d. n.d n. d. n. d. -25.90 -33. 60 -32.90 — —
L17 €,z n.d n. d. n. d. n.d n. d. n. d. -31.44 -37.34 — — —
L18 Olm2 n.d n. d. n. d. d n. d. n. d. -32.76 -37.61 -37.29 — —
XF3-1 Olmsw 83.54 2.95 0.55 0.07 1.27 11.35 -30.70 -36. 40 -32.90 — =157
XF3-2 o,m' 85.62 0.52 0.12 — 552 7.92  -30.20 -36.10 -31.70 -11.7 -155
FG4 ()lmsm 88.94 0.23 0.01 — 0.76 9.30 -32.60 -37.00 -30. 40 -6.7 -159
XF11 ()]mS(” 77.72  1.66 0.50 0.17 0. 83 16.98 -31. 60 -39. 60 -31.90 -4.3 -161
FT1 ()1m5(7) 89. 95 1.03 0.26 0.01 2.05 6.37 -33.90 -36. 10 -25.90 — -168
Yi6 01m5("2) 83.26 0.75 0.08 0.01 0.72 1.13 -32.60 -36. 40 -32.70 — -163
Y29 Olm5 90.05 2.03 1.26 0.01 1. 81 4.61 -33.90 -35.10 -29.00 -3.8 -170
Y5 Olm5 92.30 2.46 1.14 0.03 0.70 3.37 -32.50 -35. 80 -28.20 1.7 =172
wA-#p YCanl Olm5 94.60 1.83 1.02 0.01 0.40 2.10 -31.00 -36. 50 -30. 00 2.1 -161
Hi X Y30 Olm5 94.23 1.72 0.83 0.01 0.28 2.82 -31. 80 -35.70 -29.30 -2.4 -167
Y11 Cyb 91.50 2.28 2.19 0.72 0. 66 0.88 -38.00 -30. 10 -28.00 -0.9 -170
Y14 Cyb 91.00 3.57 2.10 0.41 0.94 1.93 -37.00 -32.70 -29.70 1.1 -163
Y6 Px 93.36 0.59 0.04 — 5. 80 0.14 -32.30 -36. 80 -32.00 -2.4 =175
YTanl Px 95.54 0.54 0.09 0.02 2.79 0. 64 -30. 20 -35.10 -32.90 — -173
Y6 Ps 93.41 0.65 0.17 0.03 4.41 1.02 -32.40 -36. 40 -32.30 -1.4 -174
Y2 Ps 96.10 0.43 0.22 0.03 0.10 3.13 -31.30 -35. 80 -32.00 -4.1 -168
Y12 Ps 94.80 0.88 0.14 0.14 1.13 2.38 -31.00 -36. 10 -34.30 -3.4 -168
XF9 Ps 89.23 1.46 0.25 — 2.49 6.53 -26.70 -32.10 -31. 60 -13.7 -146
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marine strata in the southern Ordos Basin
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Table 4 Geochemical characteristics of marine oil-associated gas in the Jingbian gas field, Ordos Basin'' °: 26- 5 61-6¢]
Py
o R AR % %%%ﬁﬁ%ﬁ&%ﬁ%o/igzz
N, o, CH, CH,  CH, CH, CH, C,H, C,H, CH,
L54 0,m” 22,11 2.06 75.61 0.14 0.01 — -33.4  -36.8 — -156
145 0,m>® 2.78 4.93  91.85  0.36 0.03 — -31.9  -36.8 — -164
SH377 0,m*"™» 1.05 2.80  95.58  0.27 0.03 — -32.9  -36.5  -29.6 —
SH323 0,m’ 2.43 5,93 91.14  0.40 0.06 0.0l -33.4 =359  -30.1 —
SH106 0,m*" — — 98.29  0.22 0.03 — -30.7  -37.5  -30.0 -166
SH265 0,m*" 0.21 3.26 96.09  0.38 0. 06 — -31.0  -37.3  -32.8 —
S434 0,m’ 2.77 407 92.74  0.35 0. 04 — -31.6  -35.8  -30.6 —
S438 0,m’ 0.63 3.99 9492 0.41 0.03 — -31.7  -37.8  -33.3 —
S102 o,m’ 1.37 563 9275  0.22 0.01 0.02 -33.4 -357 -28.9 —
S$339 o,m’ 2.12 3.43  93.82  0.56 0.03 0.04 -31.4 -37.3 -29.4 —
S431 o,m’ 2.72 5.78  91.17  0.31 0.02 — -34.0  -37.0  -33.4 —
$273 o,m’ 3.95 3.85  91.82  0.37 0.01 — -31.2  -36.8  -29.9 —
\ $281 o,m’ 0.25 2.95  96.34  0.39 0.07 — -31.3  -35.5  -32.9 —
TR DU B . s
S S313 0,m 2. 84 2.14  94.65  0.33 0. 04 — -30.2  -39.7 — —
$337 0,m’ 3.23 2,93 93.18  0.46 0.20 — -30.1  -37.7 — —
348-15  Om™'Y 0.73 6.15  92.48  0.26 0. 02 — -30.0  -36.7 -28.7 -164
G46-16  0,m*"™? 1.39 552 92,22 0.24 0.03 — -30.2  -36.0 -26.4 -164
176 0,m*1» n. n. nd  nd nd  nd -31.9  -37.1  -32.1 —
SH441 o,m" n. n. d. nd  nd nd  nd -31.2  -36.8  -29.7 —
T80 0,m*" n. d. n. d. nd  nd nd  nd -31.7  -36.6  -30.7 —
$379 0,m*® n. d. n. d. nd  nd nd  nd -36.5  -39.4 — —
Shil2 Cb 0.59 3.51 9531 0.53 0. 04 — -30.6 -37.2  -35.8 -165
Shi37 Cb 0.22 2,73 96.60  0.42 0.03 — -30.8 -37.1 -37.3 -170
SH467 Cb n. d. n. d. nd  nd nd  nd -31.2  -37.4  -30.7 —
G40-3 Cb 0.75 5.43  92.94  0.64 0.08 — -31.8  -36.0 -32.6 -164
Sh127 Cb 0.59 3.51  95.31  0.53 0. 04 — -30.6  -37.2  -35.8 -165
Sh48 Cb 0.25 4.29  94.89  0.52 0. 04 — -29.9  -36.5 — -163
Shuls o,m" n. d. n.d. nd  nd nd  nd -37.7  -33.4  -29.0 —
SH118 0,m*"? 0.33 2.74 9499  1.56 0.18 0.06 -355 -32.4  -30.0 -175
SH2 0,m*"™» 3.31 0.31  92.11  3.45 0.42 0.28 -41.4 -30.1 -25.6 -184
SH79 0,m* 2.79 0.45  96.55  0.08 — — -37.3  -31.8 — -166
SH20 0,m*1™ 1.02 0.55 93.10  0.30 0.05 0.03 -34.6 -31.0 -27.5 -169
JEI AR S310 o,m’ 1.50 3.5 94.71  0.19 0.01 — -35.2  -34.3  -27.9 —
S381 0,m*® n. d. n. d. nd  nd nd  nd -36.0  -34.5 — —
S345 o,m*1? n. d. n. d. n. d. n. d. nd  nd -33.7  -31.9  -29.8 —
$343 o,m1? n. d. n. d. n. d. n. d. nd  nd -34.0  -31.9  -29.5 —
SH45 o,m*1 — — 94.92  0.16 0. 04 — -33.5  -30.6  -22.9 -168
T37 0,m*"1” 5.67 6.17  88.05  0.08 0.01 — -38.2  -30.7  -20.0 —
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Table4 Geochemical characteristics of marine oil-associated gas in the Jingbian gas field, Ordos Basin'* 2 5 61-66] ( continued )
oy
o IR KA A % AR AN G e S*;;'/J
N, o, CH, CH, CH, CH, CH, C,H, C,H, CH,
T9 0,m* 7 0. 11 0.09 90.54  6.50 2.05 — -37.1  -20.3  -20.1 —
T74 0,m*” 8. 42 0.83 89.77 0.774 0.12 0.04 -40.1 -29.7  -21.2 —
T75 0,m*” 1.29 1.29 92,24 1.96 0.35 0.08 -359 -23.8 -23.3 —
T36 0,m* 6.22  11.49  82.24  0.04 — — -37.3  -33.0 -25.8 —
T37 om0 567 6.17  88.05  0.08 0.01 — -38.2  -30.7  -20.0 —
T38 om0 0.17 0.14  89.41  0.19 0.19 — -36.5  -25.6 — —
T39 om™™® 48,57 10.09  40.17 0.0l — — -38.1  -31.1  -21.9 —
T45 o,m'” 2.60 1.51 9505 0.76 0.05 — -39.1  -35.6  -26.7 —
TS2 0,m*® 11. 04 532 83.46 0.15 0.01 — -35.0  -30.3 — —
T59 0,m* 56.59 2.95  40.24  0.10  0.04 — -38.5 — — —
T70 0,m>® 0.15 0.77  98.54  0.29 0.02 — -37.5  -36.1 — —
T79 0,m> 7™ 6.91 3.18  89.15 0.10 0.01 — -35.9  -34.8 — —
T122 0,m* 67.01 4.74  28.17 0.0l — — -37.8  -19.1 — -166
T67 0,m* 3.04 6.53  76.63  0.46 0. 45 — -36.1  -31.9  -28.3 —
S234 0,m*®  64.82 3.58  31.53  0.06 — — -37.3 =340 — —
130 0,m*” 0. 96 3.40  93.70  0.20  0.02 — -36.7  -30.2  -29.9 —
L12 o,m"” — — 98.40  0.20 0.01 — -37.2  -28.7 — —
L19 o,m"” 0. 87 0.94 9510 0.10  0.01 — -36.9  -30.5  -30.8 —
SH93 0,m* ¥ — — 94.46  0.67 0. 05 — -31.7  -33.6  -27.6 -168
SH52 0,m*" 6. 18 0.12 9308 0.50 0.07 0.0l -32.9 -33.8 -28.9 -171
SH44 o,m’Y — — 95.83  0.33 0.05 0 -33.1 =353  -28.1 -169
SHI11 0,m*"'? — — 95.07  1.17 0.18 0.01  -32.3  -36.7 -33.9 -169
SH6 0,m*"¥ — 1.57  92.60 0.32 0.03 0 -33.9 341  -24.4 —
L54 om>® 22. 11 2.06 75.61 0.14 0.01 — -33.4  -36.8 — —
L72 o,m*'” 6. 14 6.46  87.20  0.18 0.02 — -33.4  -36.3 — —
L100 0,m*® 12.89 4.50  82.51  0.09 0.01 — -36.3  -37.5 — —
$260 0,m’ 2.43 593 91.13  0.42 0.07 0.02 -33.4 -358 -29.9 —
S319 o,m’ 4.59 4.72  89.98 0.4l 0.06 0.08 -33.3  -33.1 -29.2 —
$322 0,m’ 1. 60 4.89 9321  0.27 0.03 — -32.1  -33.7  -28.1 —
RE KBS S430 0,m’ 0.95 3.46 95.13 0.4l 0.04 0.01 -32.2 -33.8 -27.4 —
S$398 0,m’ 4.14 2.56  93.21  0.08 0.01 — -32.2  -33.8 -27.4 —
S124 o,m’ 1.82 4.27  93.63  0.25 0.03 — -32.5  -34.3  -30.1 —
S127 o,m’Y n. d. n. d. nd  nd nd  nd =327  -357 -30.6 —
$203 o,m" n. d. n. d. nd  n.d nd.  nd  -33.4 -354 314 —
$323 o,mY — 6.44 9329  0.25 0.02 — -34.4  -36.3  -31.3 —
S373 0,m’ 1.37 5,93 92,36 0.30  0.03 — -32.7  -33.6 -25.6 —
S379 0,m® 1.75 1.08  96.80 0.10  0.01 — -36.5  -39.4 — —
$222 0,m* n. d. n. d. n.d n. nd  nd =327 =342  -30.0 —
S381 OImS(H’) n. d. n.d. n. d. n. n. d. n. d. -36.0 -34.5 — —
SH5 0,m*"¥ — — 93.96  0.53 0.07 0.0l -32.2  -31.2  -25.7 -172
SH50 o,m>"* — — 76.60  0.62 0.13 — -36.4  -37.0  -38.6 -172
B SH137 o,m? 1.42 2.18 9523 0.77 0.09 — -25.2  -29.8  -30.3 -161
gy YTI 0,k 0.43 1.23 94.77  2.89 0.39 0.13 -38.2 -28.3 -24.7 -185
74 O,w n. d. n. d. n. d. n. d. n.d. n. d. -37.3 -33.3 — —
TR
771 0,k 7.76  20.11  71.26  0.36 0.02 — -38.0  -34.0  -30.6 -171

TE:CH,. H%E; CH,. &%E;CHy WEE;CH, THEsN, BA;C0, 4 fbli; Cb. ABRAL; P, FAETHUL: Ow. BRI TELL; Ok FCHEER
4l; Om'. DFZIWALUBL; 0m™ Y. DRI B O WBL s “n. . "FORFMMBIR ; —"FRBE DA B ZAL 5y -
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Fig. 7 Characteristics of over-mature marine oil-associated gas in
the southern Jingbian gas field, Ordos Basin (data of other areas
after references [ 20, 67])
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Fig. 8 Section showing the natural gas accumulation pattern within marine strata in the north-central part of the Jingbian gas field, Ordos

Basin (see Fig. 1 for the section location; base map after reference [11])
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