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Fig.1 Early Cambrian sedimentary facies and tectonic belt locations in the northern Sichuan Basin

(modified from Gao, 2014; Li et al., 2022)
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Fig.3  Shale hand specimens and photomicrographs of the Qiongzhusi Formation, Chingjiaba section
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Table 1 Major elements in Qiongzhusi Formation shale, Chengjiaba section
A% JLERE R
Has  BEE/m TOC/% CIA  Si, /%
Si0, TFe,0, ALO, Ca0 K,0 MgO TiO, PO, MnO Fe/Ti (Fe+Mn)/Ti
CJB-3-8 9.7 308 6101 074 1422 076 421 082 1.094 0726 0010 0.005 84.88 13.80 1.02 1.03
CJB4-9 154 205 6561 094 1731 0.83 432 103 1757 0779 0.09 0007 81.67  8.14 1.21 1.22
CIB-4-10 160 3.8 61.86 090 1622 067 407 099 1670 0741 0.019 0.006 81.92 8.0l 1.21 1.22
CIB-5-12 199 234 6869 125 17.87 077 421 1.03 1983 0818 0.022 0007 80.83 936 1.53 1.54
CIB-7-16  43.1 3.61 6626 442 17.64 1.04 384 153 2338 0860 0.199 0.022 7726  7.70 5.14 5.17
CIB-7-17 465 330 6440 524 1827 1.8 382 1.83 2523 0.865 0206 0.029 7643 374 6.06 6.09
CIB-820 514 204 6899 295 1486 097 3.17 086 2495 0783 0215 0022 73.12  19.65 3.77 3.80
CIB-8-21  53.1 278 6L11 491 1741 128 345 13 0.828 0242 0.028 7519 331 5.93 5.96
CIB-922 544 252 6501 285 1754 100 379 0.99 0922 0.191 0012 7412 678 3.09 3.10
CIB-923 549 224 6551 455 1628 111 341 136 2442 0814 0230 0019 7497 1146 5.59 5.61
CJB-10-26  59.6  2.62 6481 572 1560 112 326 137 2269 0714 0211 0023 7537 13.02 8.01 8.04
CIB-10-27 615 237 7234 393 1374 1.8 282 1.26 0.651 0.163 0.024 7330 26.72 6.04 6.07
CIB-11-30  66.5 242 6369 460 1602 1.16 335 1.88 0.651 0.183 0.033 79.71 1050 7.07 7.12
CJB-11-31 68.6 3.61 62.66 496 1635 1.57 343 18 0.732  0.197 0.027 76.83 8.38 6.78 6.81
CIB-13-34  73.1 309 6771 460 1553 1.5 3.7 1.83 0.658 0.185 0.027 79.21 16.15 6.99 7.03
FHI(E / 275 6531 350 1632 1.05 362 133 2110 0770 0.150 0.019 77.65 11.11 4.63 4.65
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Fig.6  Shale trace elements spider diagram of the Qiongzhusi Formation, Chengjiaba section
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MRS AR AR R TRl R AL AR BE , i
SN UTRRY h 0 AL A A AR F o I
NGOk R ST A PO R Ab = R Ve N I
T ITORR S T o A S . AR bR SR B I KR A%
T, AURITi 5588 s PR /NI ST B AR B 4R L T K
CaFlNa AR E LR AL S , XU RN A R
il 1B A2 IR A FH B9 3 55, XTI, Nesbitt and Young
(1982) 2 T CIA R B (AW E30) o HAEE T
TR R Y B, ARG P, 2 77 R KU i
K, B IR R R OB . Rl DR A S PR
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Fig.7 Rare earth elements distribution of shale in the Qiongzhusi Formation, Chengjiaba section

(a) First member; (b) Second member
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AP bbb s R FRAE . BT AR R, CIA $R %K
TEA T 50~65.65~85 .85~100 I , 43 548 7% 4 55 .
8 SREUALE RABAE T, X R A iy M 0l S FE v
TR R R R A S R AR PRI ST DR
W3 B B, 55 7 =8 4168 IE IS B9 CIA [EA T 7312~
84.88 (V14174 77.65) , R WIBI G IX 2 AT < 2H AR A 40
BEA Z IR S5 i h A8tk KRV E

JGE St MITCE Ba fb PR FUAR L, 7T LUK WA iR
AR B FR AR S A T KA . YRR BT A K
Sl Ba™ 5 SO2 - 45 51 1 SrS0, F1 BaS0,, H1 T BaSO,
VAR /N T B ST TUNE L SeSO, Ak SE T2 | bifi 45 16F
TRER BE 3 = A WO UE (TSR AT, 2023) . RItE, 1T
U rh Sr/Ba FUAE AT LAAR & 2 I TORBUK AR ER B |, Hi
NWFFEFEHT, St/Bafti/NT 0.5 F8 /R TTRR KA A i 7K 3R
5, T 0.5~ 1045 = UK I , KT 1.0 F8 78 ik
B (F RS ,2024) o AFFE XA —B 5 Bt Si/Ba
AYAE 53 51124 0.08~0.09 (AF- 15 24 0.09) F110.09~0.17 (°F-
12 0.12) 38/ N T2 oK (G FHUE , BSR4 %
KR T TIROKTUBERAEE . MARIE & (K18) , 5547
SFLH Sr/Bafl (CIA (I SIS, RUISEAT = H DRI
B AR RRE AR T AU & 4R .
42 BUREEREMH
421 BATR S

JEE U.V.Mo.Ni.Cr.Th LA K ICE Ce Bk 4
AT R BN R A & AR, R, ok S ARk
JCER H K48 78 DURUK AR B A 38 i 45 14 (Algeo

and Maynard,2004) . AHIL THRMITER & &, TR
{8 5 W T R K AR Y A8 A 30 i 2% 1 T S o A, H
H, UTh V/(VAND) (V/Cr SERFEAE B 12 1 (R
3%, 20145 faTPRAE , 20215 X EGESE, 2024) o B AT
220, BAEFRESE R U/Th>1.25 . V/(V4+Ni)>0.6 . V/Cr>
4.25; i JF AR FE B 55 W F0 S BB T 0.75<U/Th<1.25
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AL FR B R U/Th<0.75. V/(V+Ni) <0.46 . V/Cr<2.00.
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Fig.8 Redox indices and sedimentary environment in the Qiongzhusi Formation, Chengjiaba section
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BRI Ce B S, PEITRZ IR Ce A3 BE 11 (Bau and
Dulski, 1996) . %&F Pr Nd 7E i BR 1L 24470 | CH
BAREPEM TR T, oPr fH (A B S0) R, Ht
(1) Ce 1 5 %5 W SR 23 i SPr>1, Ce 1E T4 0 8K 25 fifi
SPr<l, WFHE X EEATSR2H 28— B 3% B sPr 173
{43914 1.07 . 1.04,8Ce FF- 348 53 714 0.66,0.58,
FUIRFFTIX Ce S5 (5 AT DA LS S M 4 9 2 A TR
FFAE, S5 AT AL DUBUK IR TR AR BRI AT

Vi A R 5 M X A Bl UIAH G, 32 T 52 e A L
JE G 4, SRR SR A S B RR ARR X A5 BIL S 43
VR T B 55 , DTS2 A BILST 0 LR AT, — BRI BR /K
AR (B3 B3 R85 ) PR A S A I A HL Y & 4
%ﬂﬁ%ﬁ(Algeo and Lyons, 2006) . JLE Mo — AN AE
Bk R T a4 IR AT 5 TOC & f P ) Sz e T AR K
TR B R E , FH Mo-TOC P28 45 23] 51 (Algeo and
Lyons,2006) . 5 , i B8 R BB 55 A DT BUK R R og
B Mo [N FERE T , UURLA H 1 Mo/TOC. L ff g
15 (Algeo and Lyons ,2006; i J£ ,2020) , 7 Mo-TOC 1/}
AR B i B R Bl Mo/TOC LB A/
MG, 3l A U T R L LA Ce 8
{8, B UM 53 IX S5 AT < A A SR SRR TR DR T
Mo/TOC [{E AT 0.72~4.61, 1 13 2.19, F5 /R BF 5
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Tribovillard, 2009 ; ¥ 1F ¥ 55 , 2020) . 7E S & A 55

i AL, JCE Mo b U B £ HUR T & KRBV EF,/
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fELLF (A, 2020) o WF5E X AR AT F 41014 EF,, /EF,
() AR 32 2% T 30 S — 0 i Xk, L3R — B g b fe
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Z 18] (P& 10b) , WA AT T 4L TURL T B A5 £ 20
I, 5 — Bty BA R B 0 T 2K B, 5 Mo-TOC PB4
A FN BN R

25 Lk 5T X R AT S A DA TURRUK AR B
FEEE SR, LR TR IR 5T, 2 HL & 4 A
TR AR T
422 HAEZH

A B A PR R DU B LT S R B
B MR A 1K 5 AR B B B A OG,
KPR R SR T R, BhAE Y KR B, ARG
SR, B A ERREL, AR A S8R o Ba P.Si
FILR GAEWAFVE B DA, B8R g4
1 I R A28 5, AN TR P i) Ba F1Si A
ZRORIR, HAT YN (Ba,, ) A PRSI, ) A RE S Wy
H 7= I3 B KN (Schoepfer et al.,2015) o —BA R,
Ba,, /T 200~1 000 pg/g i}, TIFL A h HA #m 11)
A7 5 Si W B SRR A P ) BAEAHSE, Siy, 7 i
M AR ) e () B AR, 20245 BE ST AE
2024)
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T A R R B A A R RS VR AT AT AL
AW E 2 (Eagle et al.,2003) . ULERY)H Ba,, & &
B A KR Ba, =Ba ,—Al ., X (Ba/Al),, . (Dong et
al.,2018) , Hor B i " FomiZou ZAERE P i B A
i, PAAS IR R J5 Kb di P TUE T R 1A
THAESE R BRI X ERATSF A 2K — Bt Ba, AT
586.22~679.95 wg/g (CF-H4°4 644.12 pg/e) , 5% Bt Ba,,
HHA T 341.28~599.94 /g (SF1 4 532.93 pglg) ,
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7207, B — B A e T B

SiTCE KRN 12, FEAFERGIR A TR
SRR S5 i A LA S A W (Siy,) |, Sy, TR TRk L
SRR o 38 E B DU R 1 A2 IS PR
Uit AT BJ) 9 5% W 1Y) 4 A5 A JC 2 Fe/Ti Fil (Fe+Mn)/Ti
18, BT ABFIE R, 24 Fe/Ti>20+5 5 (Fe+Mn)/Ti>20+5
B, A TR 32 PR IR AR 52 T (fi R ARSE, 2016) 6
WS X AT < 20 55— Bt Fe/Ti A1 (Fe+Mn)/Ti FH4(E 53
WIh 1.24 125, % — Bt Fe/Ti Fll (Fe+Mn)/Ti “F- 2 {8 43
B4 5.86.5.90, 5 8 AT EAL DUA I RE TR A #4
WG . AEHEBR BT shiv g 2 0, DR b Siy,
A A RN £ Sy, =Si e~ Al X (Si/AD),,, o (Dong
et al.,2018) , o “#E 5" RN IZIC R AERE AL TP I B
i, PAAS WK R J5 Kb wi P B Ua T R 1A
R BN, R X AT FHE — B S, T ENT
8.01%~13.80% (“F-¥ 4 9.8%) , 5 — B Si,, &N T
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X AT FL DA DU A A B i A = 0

43 B REENE
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Fig.12  Organic matter enrichment model for shale in the Qiongzhusi Formation, Chengjiaba section
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Paleoenvironmental Reconstruction and Organic Matter Accumulation
Mechanisms in the Cambrian Qiongzhusi Shale: A high-resolution case
study of the Chengjiaba section, northern margin of Sichuan Basin

WANG Jiale', RONG Jia*, LIU ZiLiang', GAO Bo’,ZHANG MingHe', LIU HuiPing', YANG QiHang',

YOU Lang'

1. State Key Laboratory of Oil and Gas Reservoir Geology and Exploitation, Chengdu University of Technology, Chengdu 610059, China
2. Petroleum Exploration and Production Research Institute, SINOPEC, Beijing 102206, China

Abstract: [Objective] The shale gas of the Cambrian Qiongzhusi Formation in the Sichuan Basin has good
prospects for exploration and development, and a knowledge of its sedimentary environment is necessary to evaluate
these resources.[ Methods ] The focus of this study was the Chengjiaba section shale series in the Qiongzhusi Forma-
tion. A detailed field geological survey and whole rock X-ray diffraction and geochemical analyses were carried out.
The elements and ratio parameters in the study area were optimized to determine the sedimentary paleoenvironment of
the organic-rich shale.[ Results] (1) The First and Second members of the Qiongzhusi Formation are mainly gray-
black or black mudstone and silty mudstone, with siliceous rock and siliceous shale facies. The horizontal bedding in-
dicates a deep-water shelf paleoenvironment. (2) The shale TOC (Total Organic Carbon) is relatively high in the
Qiongzhusi Formation, ranging from 0.22% to 4.34% (average 2.68%). (3) The geochemistry of the elements indi-
cates a warm and humid paleoclimate during the deposition of the black shale. The water body was anoxic and highly
retained. [ Conclusions ] The formation of organic-rich shale in the Qiongzhusi Formation is controlled by multiple
factors. Organic matter enrichment in the First member of the Qiongzhusi Formation conforms to the preservation
mode, primarily controlled by redox conditions and sedimentation rate. In contrast, the organic matter enrichment in
the Second member of the Qiongzhusi Formation follows the comprehensive model, synergistically controlled by
paleoclimate, paleoproductivity, sedimentation rate, and redox conditions.

Key words: Sichuan Basin; Chengjiaba; Qiongzhusi Formation; sedimentary environment; element geochemistry
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