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Developmental models of organic-rich shales in the Cambrian Qiongzhusi
Formation in the piedmont zone of northern Sichuan Basin
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Abstract: Investigating the distributions, dominant controlling factors, and sedimentary patterns of organic-rich shales
in the Cambrian Qiongzhusi Formation in the Micang-Daba piedmont zone of the northern Sichuan Basin holds great
significance for shale gas exploration within. Based on data from field geological surveys, drilling, and core
observation, as well as analytical and test data derived from rock thin section observations, whole-rock X-ray diffraction
(XRD) pattern, and total organic carbon (TOC) content determination, we explore the sedimentary patterns,
distributions, and dominant controlling factors of organic-rich shales in the Qiongzhusi Formation, piedmont zone of the
northern Sichuan Basin. The results indicate that shales in the Qiongzhusi Formation consist primarily of highly brittle
siliceous shales and moderately brittle silica-clay mixed shales. In terms of their TOC content, sedimentary structures,
and mineral components, these shales can be categorized into 16 lithofacies types, with the organic-rich laminated
siliceous shale facies of high brittleness, organic-rich bedded siliceous shale facies of high brittleness, and the organic
matter-bearing bedded siliceous shale facies of high brittleness dominating. The former two dominant shale facies are
identified as the primary targets for the exploration and production of shale gas. The organic-rich shales, with TOC

content typically exceeding 2 %, are thicker in the south and west but thinner in the north and east, corresponding to a
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higher organic matter abundance in the south and west and lower abundance in the north and east; The intracratonic sag
and the paleogeographic patterns exhibiting alternating uplifts and sags within are identified as the primary causes of the
differential distribution of organic-rich shales in the Qiongzhusi Formation. The imbalanced structural evolution in the
zone enhances the heterogeneous distribution of shales. The flourishing lower plankton and bacteria serve as substantial
sources of organic matter. The anoxic deep-water environment under rapid transgression in the early stage creates
favorable conditions for the preservation of organic matter, whereas the continuous uplift of the Motianling and Hannan
oldlands in the late stage inhibits the organic matter enrichment. The eustatic movements and paleoclimate evolution
govern the vertical cyclic distribution of organic-rich shales.

Key words: developmental model, controlling factor, organic-rich shale, Qiongzhusi Formation, Cambrian, piedmont

zone of the northern Sichuan Basin
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Fig. 1

Positions of out crop section and division of structure in the piedmont zone of northern Sichuan Basin (a) and stratigraphic column

of Qiongzhusi Formation (b)
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Fig. 2 Isopach of Qiongzhusi Formation in the piedmont zone of northern Sichuan Basin

O REF AT _EJ5 507 =R me )

JESE A AR 4y o 3 R XY IX Y A0 R Sk R i B HE
F RS ], HEBAL 2 TR P R AT Sl A DU S A
a3 R 802 R TTE A LR T A R HORR BT A (L
1 mm A1 10 mm S50 ) 3 FhAL IR DT 5 R 434 A
AR AT, KRG, SUZRIUCA MR K
B, 55.93 %, TOCF-ME N 2. 19 %5 HUOZJZAR
GUAA, 5 31,08 %, TOCSEXIME K 2. 01 % ; Hefk i
FR D AL 12.99 %, TOC - 2IME M 1. 84 %
(E3b) o A] WLECZARFNZ R A S BIF 5 X 55 A7 =
I TUA A

2.1.3 #Fihias (ks ie)

S X AT TR 2 B, AF 5% X 4 7 =E 4l
e TUA ) F BT Yo A CPE & 42.7 %) F
T CE38 8 829, 3 %) FK A CFH &5 19.4 %) ,
PEAMA & A D i R IR EL 5 0 ) R e )
(El4a) . 2 RN Py 4 BURRAE X 0T 25 v] 244 1) 5%
M), B B PR A I A B A AR A b U e

WIMEED Y A5 KA A e s, Hrha b
F A ) B P fe o, — I D0 0 a0 1
TR T 40 %A B A R I A (8, PRI R e 4
W& 5 DL 40 %H1 60 %k F] 43 Sk 22 W Mk | v A e P
LR P T A E K AT B =60 % I R 43 Ry i e
P R R R KRR YR (A
P+ R Ao R MR s E(Orfa+Aa A
i) P40 %160 %R F kAT = s oo i (81 4b) , 3
AT EE AT M TERE R A (T3S, ikl
o A E T RS E IR A T DUA M (VISR , bR E &
Jfa P A T DA AR (X2 W e 7 R R A AR 25 G i
FAEE B

L4 TOC TR A 4l oy (M PERRAE ) , g7
T AP IE X ERAT S 21 T 1 =i oT DY ZH - AR R A3
U5 % (W 5a) , ¥ BF 55 X B8 AT <9 4 00 A AR R 43 o
162, Horf LA A AL S 3 25 W A ML B2 MR8
i P e I TR A AL SRR R Y A R D A A
FA AL IR SR I ik B DA A . Horh B A AL



996

EER i IS PN

Mo 5 45 %

50
a 45.76

& /%

AN
(TOC<1 %)

FHHUR
(1 %<TOC<2 %)

AR
(TOC=2 %)

TUA A MR AETOCH (LRI 7))

K3 JHCI AR R AT F 4L 00A TOC 734805 e (a) UBUEE 2R b L AL TOCF- 2418 (b)

Fig. 3 The proportions of shale samples with TOC values in different ranges (a), the proportions of shale samples of different sedimentary
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Fig. 4 Pie chart (a) and ternary diagram (b) showing shale mineral composition of the Qiongzhusi Formation in the piedmont zone of
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Fig. 5 The three-terminal four-component lithofacies division scheme (a) and lithofacies type proportion (b) of the Qiongzhusi Formation

in the piedmont zone of northern Sichuan Basin
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Fig. 7 Profile showing distribution of organic-rich shale of the Qiongzhusi Formation in the piedmont zone of northern Sichuan Basin

(see Fig. la for the profile location )
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