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Enrichment characteristics and exploration targets of shale gas in ancient strata :
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Abstract: Breakthroughs in the exploration of the Cambrian shale gas within the Sichuan Basin have contributed to the
discovery of the most ancient shale gas reservoirs globally. To reveal the mechanisms governing the shale gas enrichment
in ancient strata, we investigate the Cambrian shales in the Middle-Upper Yangtze region in this study. In combination
with exploration and exploitation data, we systematically analyze the lithofacies, reservoir properties, geochemical
characteristics, and gas play types of the shales, with particular emphasis placed on shale gas preservation conditions.
The results indicate that the Lower Cambrian strata in the study area contain two types of shales, i. e. , organic-rich and
organic-lean shales, with total organic carbon (TOC) contents of greater than 3% and less than 1%, respectively. These
shales contain organic matter with favorable kerogen types (dominated by types I — II,) and exhibit high thermal
maturity, as indicated by an equivalent vitrinite reflectance (EqVR,) greater than 3. 0%. Two types of shale gas plays
are identified: self-sourced and migrated gas plays. The formation of the ancient shale gas plays is jointly controlled by

the presence of high-quality reservoirs and the thermal maturity of organic matter, while the development of high-quality
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reservoirs is governed by the synergistic effects of diagenesis and hydrocarbon generation-induced pore formation.
Preservation conditions play a key role in controlling the shale gas enrichment in ancient strata. The Deyang-Anyue rift
trough demonstrates a high degree of shale gas enrichment attributable to its tectonic stability and resulting overpressure
conditions with formation pressure coefficients ranging from 1.6 to 2.0. It is recommended that future shale gas
exploration should focus on areas with both relatively low thermal maturity (EqVR, < 3.5%) and favorable preservation
conditions. The resource potential evaluation of the ancient Cambrian shale gas should focus on several key scientific
issues, including the preservation condition limits for ultra-deep shale gas, formation mechanisms of high-quality
reservoirs, and the quantitative assessment of hydrocarbon generation, expulsion, and retention in highly- to over-
mature shales.

Key words: high-quality reservoir, preservation condition, resource potential evaluation, ancient shale gas reservoir,

highly- to over-mature shale, Cambrian, Sichuan Basin

S RAEE LI, FRIEHL, 5K, 25 MR TUA AR IR S R T 1)

(6):1840-1859. DOI: 10. 11743/0gg20250607.

KA - LB FHXIER RN R ] A5 RAS T, 2025,46

NIE Haikuan, SU Haikun, ZHANG Ke, et al. Enrichment characteristics and exploration targets of shale gas in ancient strata: Insights from the

Cambrian shales in the Middle-Upper Yangtze region[J]. Oil & Gas Geology,2025,46(6) : 1840-1859. DOI: 10. 11743/0gg20250607.

FETUAR T ARER—HUV LR, M
][R]0 kB RS PR LR A S e ) A, PRI o
AR T U1 o S & FER R — BB R T
#2007 4F, A T0 S Newfield B 1E , 76 BAE <
FH 2 58 2 415 77 7 4 Al 4 A 201 H3 - [ 25300 o 1 2
Z(EqVR,) }3.30% ], 38155 1t 2. 80 x 10* m'/d, Hi
HEFH R & ] Refif i (EUR) 7 0. 09 x 10° m*?!, bRk
o E 2 USSR AL . Bl ThEA AR AR AE
THTFERREA A (EI 1) B R R B
EAH (B0 L) A L SE R R AR B (iR 1) 4%
TR IR . 2012 4F 35 8 R e iR 41 %
%5, FER R TUA IR FE — i SE . 2 2013 4F,
o A E AT S 4 T AR R (4,00 ~
8.00)x 10* m/d( Bt/ <&~ 0.30 x 10° m’, EUR N
0.70 x 10° m’) o [A] 4], 45 HE | 4842 AT v 5] b
o A S AE VS B AR RS N AR AL AR B A A
M52t 22 DRI, 4 R4S A S0 (R AL 1
I, EqVR, ] 3.52%, 7" 5 4 0. 30 x 10* m*/d)" H
KIS~ B8 71 22 \EUR I fI% , AR A Bl HF A s . 2022
AE L 4 A 103 AR B A AL BT o B [ S A PLEKk & i
(TOC) < 1%) JFRA =4 25. 86 x 10* m*/d®, % 201 HAE &
AHURIUE B (TOC > 2%) 3RA 77 5 73. 88 X 10° m¥/d”,
ESE THERRIUAIWE K, LB T &8kic 4
b5 AR o S 1 DUA SO, 2024 46 A hENA 1R
TR 142 0T 3 (U™ 2 82. 60 X 10* m¥/d) A H 2
H 78R 125,70 X 10* m*/d) 7= S A H bR 4
Bkl % DU SO T & 3 A BT B .

D3 28 20 4E 4R R, FE B R T AU oY A

J& - OAE DUy T, BA A 7 01 23 B -2
a1 R A B b L S I EORT S P — i AR A RS o TR K B
PIUCRR X & A L A & B A FIIXAH . ARG AE N
B A MU U R — AT 10 ~ 20 m, H & S b2 Al
M EHIRREE , TOCH T 2.7% ~ 3. 1% 1 #.4h
Hh X E A AL DU R R, 4 T 20 ~ 50 m, TOC A
F2.0% ~ 5. 0% ", QFEMGZFHAETT I, & ALK
VA FLBRZE R LU B L R 3 57l Lo T, AL
BEEE AT 4. 20% ~ 4. 90% (F-F4I{E A 4. 30%) ;5 1 9%
A UL TUA DL L ok 32, A AL LR 2 Ak
B, FLBEE A T 0.80% ~ 4.60% (F 4 {H K
2.95%)" , FARBEAR T H 7 2 # - & B9 Barnett T2 ¢
AR BE F 08 DR U (AL i A T 4. 00% ~
8.00%) o TE B 1L 77 1T, FE kR TUA- - 28 7 T
KRR 2 by v b A 2 I BeA: HEGE AR, i
Wik 52 = (EqVR, > 3. 0%) , & B b K (&R ENT
0.5~9.5m/v)! " FHor i 75 m A b 55 M X 0T
H R O TR T 70%~80% 1 . FEARAE S T THT, B
PRIEVR | T5—JES AR | Uiy 22 0 115 22 Sk T s 4% 2 = 4 il )
B, BRI EHAS A HREE X (WK R .
4 AN i A 1 X)X BUA SRAEAR L R R
Z W AL USRS IR 35 IR R B AR
L S R SRS SRR R X (A AZ A IR REE
Tl 29, T RO AT 8 A, T )1 225 P )
BH -2 2B PR R AE SRR, © R 30 Tl A
A e A &

HAT, DU 25 FE R DU S AE -4 S A s BH
A6 Hb DX U PR I, (HH AR 7y b B R i ——



1842 £S5 KRR R

546 5

HiZEHE (5500 Ma) HEEEK (3 > 3 500 m) L #A47H
FEFE 5 (EqVR, > 3. 0%) A1 22 k) v it , 5 3807 T
ol T ST S AL R AR AL A2 R 5 ARAL
8 PR AN A 2 R R LT AR I s X 5 A S ) A
ST AR , s SRR 9 5 T &
R PR

Sk 2 G5 A WSS A R SRR AR R R
J3,RSCLIVU ) 73 M FE R 2R BUA MRS X4, A LA
Jo B X ST ) 45 AL it )2 2T 5 L SRR A
P E 5 A - HE R S RN OR A SR R 55 5 T, BAG T)
PRIT K S B ST I ol TR AT iy & DU SR
FECRFAE , BB T L AR A, 20 T R 1T
MrE G HEHY, BN 2R B2 R IS
SR SRR IS %

1 U U AR

1.1 RWEEERSEER

H ] D] A b R R gk b S L An L 1 s . th-
PP IX R FE RS A R R T TR AL S
2 R A 2 1 2 Cn A B B 21 FR 3N Ll e K
Hyedl ). XN EZ LT 3R LA TR EE - (50 -
B S8 I A R R R A 9% B — R OK B AR SR S —
IR—E R AR B — D BARIR Eh A G Ik 5 Hb 7S 5%
T AGROK AR . L, B R AR — R AR LA AR
A 1 — P B DA Ab b DX DA 2 e 0 o =, R B
RV R AMEDTRUREAE " (1 2, 181 3) o

P AT R, R X R B 2R E R,
Fa S NFEA A RE R U R U /N A i R
T KT S0)Z 5 T o ST B e (R ) i JK Jo2 5L
L BUZRE U U R R T 0 RO A T 5T
F A 2) o 18 PH -2 B 4R Al A7 58K B 24 45 200 3
P, Z ARk 24Ba 5 | R EEEAR, P B R AL 1 SR A 1Y)
P4 ZE BRI, B B K UIBUR R o % X Ah A 547
[P E A AU A R A Rl ARb e 2 R L
GK X B A LR TUA R K (14.0 ~ 21.8 m) \TOC
(0. 6% ~ 4. 8%) , ik BN T IR IR A AR UE , & e &%
% BHFT 2 A o — B VR S S A B B TRA 2 AL
ZF AR e —ES A b — P Rk e U T X A L
Jo T S A SRR R (50 m) , A HLBRZERILL 1 B0 h
F, WA > BN TR IS AT B B UR SR 4
EREEARAE KA TOCHTF 1. 0% ~ 10. 0%, B/~
R R R T

H— 47 M X T FE R S8 TS A AR 2 A S A A
AT T SO AL B s IR . ARYEUTRAH
RN AR AL, BUA SR RT 430 & A LS AL RT3
EER N T - R VN G = I I B TR e R A R
BH — 22 55 4B A8 vp o0 A0 AN ES AU i 2 e A 50 PG 2
M5 AT HILJBT AR O 2 0% T U )1 kb oY A A BH - 22
NEECT i BUE

7 DUE SR, 32 A LT DU
A B PUA BE BIR IR A HE 5 B T 2 B4
HAE R A AR R R SR P A H DX A AL A A
B L IFFA DU 1 SO BRI (R RE SE LR
Tk o B DRAF ST DUA R SR IR AR A TR
124200 SR T B A B ) U 1| 23 b P PR A SR A
) 728 BH — 22 5 S A A X, 1 X A ML A 5 3R LR
AU GUA S MU 3 R AR 20k

1) & A HLIT A

%55 5 6 3E Barnett, Marcellus 1 Woodford 55
MR TS A A R AR e R A DU SRR
¥R BEHOKITTRAEE S AL s, BA & T0C
(>3.0%) ., Bk T (A 3 B it > 40%, H B 2N R Y
PR L) | B A A R AR Pl R R SRR . BT
ARFAELHG VU1 3 PN Y 96 201 H AN S BH 2 -, A K Z b
PINIOT il i R R I

Horpr, B8 201 4608 1) E A AL U R EE A T
25 ~ 45 m, fLBRJE A F 1.79% ~ 5. 84% (FHI{E K
3.41%) , KB Zh 0 Y2 L R a]FL AT LT L AR
ZRARFEE R (K 4), TN T0.53 ~4.69 m't
CEBE R 1. 68 m*/t) , M ER H 7 5t 73. 88 x 10 m’ iy
R

FHELZ T, A B 0T 1 RN AT 1 RS
AL 55 DU 1] 2330 A AR 9 201 A% B 2 AL (1 35
1) AR5 B 8 M R E R A 2%, R B
AR, X —XT He TR U B | R S 4 1
TR B ERCHN R,

2) AP I A

I B A0 TR -2 2L v I )22 22
AU S I ZE B AR TUA 2 2 (K 2, K3),
R R EE T 5 A LT DU P X — A, E 24
XoFHH () & A AL O 2 B AR . SR, TR BR
RN AU EEA S, BES A 1A T 15
FERAS T AR (R 1) AR I 2 5 e ™ HE B
K, EUR SAAmAR A ] 8

(HARE RS X B2 R T EA LT B b
o AR D BT DU B LB BE A T 2. 20% ~ 5. 50% (°F



ol

1843

N “ .

%,
=0
. il

PR AR T

TR FrE L R

p
/ da‘w/‘» =X S = S N
__/—\_/_\___‘« ,
Y :

1 1 1
PR E S ANFBREE  @EBER  @ANREX
2 % BT
’\\/ ’\‘ ’\‘ ’\‘ ’Eﬂ% 2, w20 ’ i
WHLR L — Gl R H4 AR RO GTIRIRAL
<~ [ B &= L] &= .
IR Bl B CHIES HER  =REHPR P F=A% SRR RER-FRA
LA HIF FERA WER WERERE HAER JE

L DO B ol 2 b B ] 55 2R B e SO R B ) v (B SCifik [ 19-20 &80
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Fig. 3 Isopach map of the Lower Cambrian organic-rich shales in the Middle-Upper Yangtze region
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Table 1 Characteristics of typical Lower Cambrian shale gas reservoirs (shale gas wells) in the Upper Yangtze region
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