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Abstract: The Qiongzhusi and Longmaxi Formations in the Sichuan Basin are key strata for shale gas exploration.
Investigating their sedimentary environment characteristics and the restoration of total organic carbon content is of
significant importance for evaluating deep-marine shale gas resources in the Lower Paleozoic of southern Sichuan.
This study focuses on the deep-marine shales of the Qiongzhusi Formation in the Deyang—Anyue Rift Trough and the
Longmaxi Formation in the Luzhou and western Chongqing areas of southern Sichuan. By utilizing experimental data
from organic geochemistry, and elemental geochemistry, it conducts a comparative analysis of the differences in the
paleo-sedimentary environments between the two shale formations, restores the total organic carbon (TOCo)
content, and explores the controlling factors of the TOCo content and their enrichment models. The results indicate
that: (1) The deep-marine shales of the Lower Paleozoic in southern Sichuan were formed under arid to warm-humid
climatic conditions and underwent weak to moderate chemical weathering; (2) The silica in both shale formations is
primarily of biogenic origin, and the original hydrogen index (HIo) and TOCo content can be restored using the
Si,;,/Si ratio. The TOCo content and TOC variation (ATOC) of the Qiongzhusi Formation (average values of 4.48%
and 2.40%, respectively) are higher than those of the Longmaxi Formation (average values of 3.88% and 1.48%,
respectively); (3) The TOCo content of the Qiongzhusi Formation is jointly controlled by paleoproductivity and
redox conditions, with some influence from terrigenous input, while the Longmaxi Formation is mainly controlled
by redox conditions and paleoproductivity, with less influence from terrigenous input; (4) For deep-marine shales
with high to over-maturity, relying solely on TOC content for evaluation significantly underestimates the original
hydrocarbon generation potential. Therefore, it is recommended to restore TOCo content based on paleoproductivity
elements before conducting comparative studies and evaluations. This research provides a theoretical foundation for
evaluating the hydrocarbon generation potential of highly to over-mature deep-marine shales in the Lower Paleozoic
of southern Sichuan.
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Fig. 1 (A) Cambrian global paleogeography map; (B) Location map of the Upper Yangtze Block and Sichuan Basin; (C) Structural

outline map of Sichuan Basin and sampling well locations; (D) Comprehensive histogram of Well Z1 of the Qiongzhusi

Formation; (E) Comprehensive histogram of Well L4 of the Longmaxi Formation

TRK (0, DL 5 ARy 10 o 01 2 o0 3, JR 30 L U8 M b
Z(Maetal, 2021; #2548, 2022) (& 1-E) 6

2 EmEESXWHIE
21 HERXEE&E
AT 5T 3 BB BE 5 R B B A E 1-C TR

Forp, BT SF AL B0 RE A O VY1 2 7 P — %2
R B P B ZUJF, 3t 24 B e B E A

R U 43 000 R AN N i P b KRR E
P18 Y S0y L4 FF L H2 HE . H7 R AR, 3t
T 69 B, X 1 ik 93 Bk 5 04T T A WL BR 1k 2% 5
B . TR g R, o — P i Z1 AR
g 11 BeRE S CIE 1D, Hod s — 1 WBE 4 e,
H— 2 W B S B A BE 2 e [ g EC L4 R
ThYE 11 HAE S (B 1B, s e — 1 B 78
e — 2 0B 4 Heke 5 it A7 B oo R it .



% x #

FAL o, % Il T AR EEME TS RIS 5 BRI F KA ©5-

22 KWAHIE

A SO A U B a8 43 B DO 7R Y 1] A R
TR TR B AR D3 Hp O R0 e A3 P R RS )
o w1 R I R W 5 B 43 BT S5 8 PG SE L. TOC
R 2 IR GB/T 19 145-2003 L ALUA h A L
B 08 0 ) 3 AT I K, S 0 AN s O CS—230 Bk i
SrMTA o BRI R I G R S IR SY/T5124-2012¢ T YL
 HVBE TR BB I R T vk ) aE AT I, )
7% Zeiss Axioskop i 7 i S J&M TIDAS MSP210
K. A S5 S ) GB/T 18 602-2012( 7
A S A AT ) HEAT DU, R ER S YQ-VIL <
WRVENAL . E R TR S M GB/T14506.28-2010
CREFR 305 A Ak 2 4 7 7 150 28 #5432 16 4> F Ik
A4 I 72 ) Bl GB/T14506.30-2010¢ fif: iR 3k 2 41
b2 5 B 7 150 30 40 s 44 A on R e ) E AT
M3z, M A % 8 AXios-mAX 2¢ G ) 1% AL A1 Nex
ION 350X HL 8 HE A 55 B 1 B X

3 TUEEAHHE

3.1 AHlMKHUEEEBRASHFIE

A HL AL 5 8 R S8 e Bl R I, A g X E K
RTHEBATFHMER R TSI SRAE AW
A BT SE A | Rl RN A S 8RR R R K
M 35 477 < 41 RN e 5 38 21 A [R) I B 22 [|) /) TOC &
AT L D,

R R A B 4 SR R, WF5E X AR AT S AL M
e BE A VA LU TR 4 o AU — 2 W B
MEZWTH . AT A I B IR A Ve
I3 9 K 88%~ 98%( - 14 94.3%) Fl 22%~ 100%( F-
¥780.7%) . M AHh, PIE DUA A v A D 5 B
W, P EE/NT 6% 4 Do T EEH A TS 5
CTD 7%, 5547 S5 41 T1 4 79~ 96.5, F- 15 90.1; T
B4 TI R 82.8~ 100, -1 94.7, R PI £ 01 4
AHL R 2R 1A TR, {08 — 1B
oML, B, REOR IR LIS 2. B FERATSE
2 380 76 R, L A AU T AR R S %8 (ERo) (Sudrez-
Ruiz et al., 2016) B {7, 3% 77 5§ 41 ERo 4 2.28%~
2.61%, 141 2.46%; Jv. 5% 2 ERo 4 2.11%~2.47%,
B 2.27%CH R Do ME TS E 5 20 il 2
WrBe, R Py 1 BEEER RO RE AR R i & (Hu
etal, 20200, T HEGEUR . LA &, AR S AL
SoCABIR), S AR AN S, CHAR KD 185 38 I,
W T 322 3k BUE SR Tmax {H ( Yang and Horsfield,

2020; Xiao et al., 2021),

PIE DU 1) TOC % 2 RIT AU KR 22 S AE 9l )
R A S QO B AR 2025) ([ 2)
FLRT R, A 1 B R BR K —E K B A D
TOC & &8, N 1.93%~ 5.59%, F 14 3.37%; 5%
— 2 7. Bt TOC & & BRS¢ % = A A, B iR A i
A, M 1.22%~5.46%, T35 2.10%; 5 — Bt (K B
#IAHD TOC % i W] W B A1, Ry 0.28%~ 1.58%, ~F- 3
0.95%C 475 11 9% %5, 20245 Tk ¥y ¥y % 2025), b 5
Bl Je— 1 W B (WK B AH D TOC & 8w, M
1.29%~ 5.50%, ¥4 2.52%; & — 2 i Bt 2 K il
HIAE D TOC & HFEAK 2 0.51%~2.56%, -1 1.57%.

o S — Wl = P

F K FIRK-

~

PNE i L ok | POKERRD
6 KA KA
550 559
5 5.46
IH 4
il
& :
Q 2.56 o «
RE 230 o
2 % ©oLs8 93
1 129 & 1z
B (=}
0051 © 028
k— k— HIER =
2B 1B 2B 1R
B2 JIgtRHEMFEMESZAREBHERERR
B TOC&E%itE

Fig. 2 Statistical diagram of TOC content in different layers of
deep-marine shales from the Qiongzhusi and Longmaxi
Formations, southern Sichuan Basin
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Fig. 10 Columnar diagrams showing parameters for restoration of original total organic carbon content in shales from the

Qiongzhusi and Longmaxi Formations, southern Sichuan Basin
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Crossplots of parameters for restoration of original total organic carbon content versus paleoenvironmental indicators in

shales from the Qiongzhusi and Longmaxi Formations, southern Sichuan Basin
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