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The evolution of the Sinian—Early Cambrian E’xi Trough in the Central Yangtze region and its

geological significance for natural gas

Abstract: [Objective] From the Neoproterozoic Sinian to the Early Cambrian periods, extensive basins in South China
accumulated substantial volumes of organic-rich shale and carbonate rocks, providing high-quality source rocks and
reservoirs. These basins constitute key targets for petroleum exploration. The Central Yangtze Region hosts the
Sinian—Early Cambrian E’Xi trough, whose formation and evolutionary processes require further investigation. [Methods]
Comprehensive analyses integrating drilling data, outcrop sections, and seismic profiles reveal the evolution history of this
north-south-trending trough. [Results] Research indicates four distinct developmental stages: (1) During the deposition of
the Nantuo Formation, an initial subsidence center emerged in western Hubei with limited tillite thickness; (2) The
Doushantuo Formation developed in a half-graben basin system, coinciding with the post-Snowball Earth warming and
humidification, which fostered syn-depositional faulting along the eastern trough margin; (3) The deposition of the
Dengying Formation was characterized by carbonate platform with the establishment of a "two-platform, one-basin"
architecture across the Central-Upper Yangtze region and the development of a complete graben basin in western Hubei;
(4) The Niutitang Formation, dominated by clastic sediments, exhibits thickness complementarity with the underlying
Dengying dolomites, marking trough filling and termination. [Conclusions] Members II and IV of Doushantuo Formation,
together with Member II of the Niutitang Formation, host organic-rich shales, which constitute the primary targets for shale
gas exploration. Conventional hydrocarbon systems display a "sandwich-style" accumulation model comprising
Doushantuo source rocks, Dengying reservoirs, and Niutitang seal/source couples. Multiphase tectonic activities have
disrupted some oil and gas closed systems, while excessive burial depths locally induced overmatured organic matter.
Therefore, the key to shale gas exploration is identifying tectonically stable areas with moderate maturity levels, while the
strategic focus for conventional natural gas exploration is prioritizing regions characterized by effective hydrocarbon
accumulation and favorable preservation conditions.
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Fig. 1
al., 2025; geological ages from Condon et al., 2005; Chen et al., 2015)

Sinian—Early Cambrian paleogeographic map and comprehensive log in the Yangtze region (modified after Wang et al., 2024; Ding et

(a) Sinian—Early Cambrian paleogeographic map in the Yangtze region; (b) Comprehensive log of the Sinian—Lower Cambrian in western Hubei
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Fig. 2 Outcrop characteristics of the Nantuo Formation (modified after Hu et al., 2021; Hu, 2021; locations are shown in Figure 1)

(a) Glacial deposits in Sanchaxiang, northwest Hunan; (b) Conglomeratic sandstone in Sanchaxiang, northwest Hunan; (c) Striations on

conglomerates in the Shennongjia area; (d) Striations on carbonate clasts in the Shennongjia area
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Fig. 3 Isopach and sedimentary facies map of the Nantuo Formation in western Hubei (modified after Wang, 2000)
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Fig. 4 Sedimentary characteristics of the Doushantuo Formation in the Sandouping area, Yichang (Location is shown in Fig. 1)

(a) Black shale from the second member of the Doushantuo Formation; (b) Black shale from the fourth member of the Doushantuo Formation;

(c) Light gray, argillaceous ribbon limestone from the third member of the Doushantuo Formation; (d) Chert nodules within dolomitic mudstones

from the third member of the Doushantuo Formation
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Fig. 5 Isopach map of the Doushantuo Formation in western Hubei (modified after Chen et al., 2024)

0~200 m) 5 P4 Jhy TR K €6 T —rr 20RO A e 2R
P BRI . TUA I ] i b ok I, 72
Sk bR R RE A

A= i 8 2 A AL BT BT L SR VG I AR ML X 43
Wz, JEEE— AT 20~200 m( & 10) . h—F 45
T4 X A B 5 4 AE 2 A KRB A g i TR 2 (R
JE/NTF 50 m), A T DU g AR LR T ot —
3 E RS DX B S T, X2 A X R
KI5 AL UUBLRT 3] 2 A 65 A0 (37 B PR AR 24, %0 B
IR BB, T 2F 23 [ /N, T8 W 1Y) A G i A T A
M2 (1A 8, 181 10)

A B W 2H SRR T R 2 K IR OK B
BAE O, BTAR RO F SR P B — R I 1) P
T Tia) ZE AR, JEEJEE £ K T 1k 500 m, BT AR IR K il A
AHE A HLET U (K 10) .

22 EFMEXS

P E B R —ER R A T LV
4. BELL YAl . AT R AR AR B IR AL, J2 A M
RKA RS A BRIRER S MR A (B 1) . A
) 2 2 X i L X0 J2 7 )2 R R e s K 25 7, A
JHE 25 (2004) 45 BE 1L Y 4L AN KT 52 445 R 43t 4 A =%
JZ0F; F A RAE(2001) 38 o )2 5 1 2 27 0 A 5T 42
TR AR Hb X R LR SRR T b E A AR, FEBE LT AL
X145y 6 A =RZFP, FEATRE AR o0 74 =2
AL 1A (2011) LUHFE | R B30 T Sy H fil ¥ 360 74 b
ARH AR XA BE 1L e A RAT R AL 4 i R A 4 A4S A
SAZH/ERE.

HAr &% B R —E R R W27 1 )2 0] 53 5 &
SR BEMESE — o AR S BRI & 1 T X 400 16 17 14
F I B K R R R ) R R R i



5% 2 1) Br B, A5 T R L — I 9 a7 T R O A AT O R AR R T X

343

& -

a8 W 1 SR F AT 30 5 G M AL 5 b8 I 1 SR ) TR K P U2 B o A L e VS K P 2 RO SR A 3 5 B U Sk T FOIR 3 A 2 B

We MBANREM (EEALENEL)

Fig. 6 Sedimentary characteristics of the Dengying Formation (Locations are shown in Fig. 1)

(a) Shoal ooids from the platform margin of the Baiguoping section, Hefeng; (b) Horizontal bedding in the Baiguoping section, Hefeng;

(c) Horizontal bedding and slump structures in the Jiulongwan section, Zigui; (d) Hummocky cross-bedding in the Toudingshi section, Zigui
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Fig. 7 Well profile of the Dengying and Niutitang Formations (Locations are shown in Fig. 5)
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Fig. 9 Sedimentary characteristics of the Niutitang Formation (Location is shown in Fig. 1)

(a) Dark gray medium-bedded micrite limestone interlayered with thin beds of carbon-bearing silty mudstone; (b) Thin-bedded calcareous
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