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Abstract: In order to investigate the sedimentary environment, controlling factors and formation pattern of the shale
of Longtan Formation of the Upper Permian in eastern Sichuan Basin, systematic tests of organic petrology, organic

geochemistry and elemental geochemistry were conducted on the shale samples from Huayingshan profile as the
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research object. The results indicated that the source rock of the Longtan Formation shale in the studied area is
complex. Diagrams of Co/Th-La/Sc, La/Yb-3REE and TiO,-Al,0,/TiO, suggested that the source rocks of the
Longtan Formation shales are mainly Emeishan basalt with high Ti content and intermediate acidic volcanic rocks.
The trigonometric diagrams of Th—Sc—Zr, Th—Co—-Zr and La—Th-Sc showed that the source rocks were mainly
formed in the tectonic background of passive continental margin environment. The average chemical alteration index
(CIA) of the Longtan Formation shale was 80. 64, indicating moderate to high intensity weathering; the Sr/Cu val-
ues ranged from 0. 48 to 8. 08, with an average of 2. 22, and the MgO/CaO values ranged from 0. 62 to 52. 58,
with an average of 14. 36, reflecting warm and humid climate condition during the sedimentation period of the Long-
tan Formation overall. The Sr/Ba values ranged from 0. 37 to 1. 86 and 100 MgO/Al, O, values ranged from 3. 27 to
5.45, indicating a semi-saline transitional sedimentary environment. The mean value of Zr/Al was 7.97x107 and
that of 100 Mn/Fe was 0. 68, indicating that the sedimentary water in the Longtan period of the Huayingshan area
was relatively shallow and was also consistent with the geological background of shallow continental shelf reported by
previous studies. The V/(V+Ni) values ranged from 0. 62 to 0. 98, averaged 0. 89, Ni/Co~7ilu s ranged from
0.47 to 13. 81, averaged 5.49, and Ce

ter of the Longtan Formation was mainly in a weakly reductive to reductive ervironment. ' 'n term.~of sedimentary

wom Values had averaged value of 0. 03, suggesting (thac th)\ sec imentary wa-
environment, organic matter characteristics and geological background;~it (huld be inferred that the organic-rich
shale of the Longtan Formation was formed in a warm and humid climatZ ¢ wii apent. In the background of strong
weathering, after the death, the higher plants e ‘tered +'ie\ witer body a ceinpanied with the numerous input of ter-
restrial debris formed by basalt and intermediate & 2i/lic voéldatic 1 cks, and high plants rapidly deposited, buried,
and effectively preserved under the bacl gro nd of i e < ndition of rapid deposition, and finally that high-quantity
source rock with inclined kerogen typc was fermell.

Key words: Longtan "o. mution; elemertal geochemistry; sedimentary environment; sedimentary model; eastern
Sichuan
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Fig. 1 Sedimentary facies distribution characteristics of Longtan Formation in Sichuan Basin ( modified from Cao Taotao

et al. , 2020)
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Fig. 2 Lithological column of Longtan Formation in Huayingshan section, eastern Sichuan Basin
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Fig. 3 Lithological characteristics of Longtan Formation in Huayingshan section, eastern Sichuan
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a—black shale and a thin layer of overlying sandstone; b—siderite nodules in gray-balck shale; c—gray-black shale;

d—purplish-red shale formed after weathering
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Table 1 Test results of organic geochemistry and major elements of the Longtan Formation shale in Huayingshan
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FedhS WE/m TOC  8"C,,/% ALO; Ca0 Fe,0, K,0 MgO MnO Na, 0 TiO,
HYS2-1 152.9 2.71 22.9 19. 00 0.10 2.40 3.68 0.84 0. 006 0.62 2.63
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Fig. 4 Distribution frequency diagram of TOC content(a) and percentage of maceral compositions(b) of Longtan Formation

shale in eastern Sichuan
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Fig. 5 Photos of maceral compostions in the Longtan Formation shales, Huayingshan area
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Table 2 Test results of partial trace elements of the Longtan Formation shale in the Huayingshan section
Fedh > Ba Co Cr Cu Li Ni Sr v Zn Zr Th
HYS2-1 181.90 4.45 130. 84 62.69 37.68 18.90 119.43 214.98 56.61 756.30 15.05
HYS2-2 86.55 2.66 154.26 30. 47 38.29 22.07 86. 06 293.16 54.65 513.27 10.53
HYS2-3 192.90 49.22 138.02 95.51 46.52 105. 88 123.10 204.13 453.65 764. 84 15.15
HYS2-4 75.25 9.69 80. 64 120. 42 45.32 62.71 70. 18 103.76 142. 85 538. 64 9.75
HYS2-5 118. 44 3.54 185. 87 97.54 65.48 28.33 138.28 284. 86 45.37 822.78 17. 67

HYS2-6 109. 48 0.95 117.93
HYS2-7 233.52 111.48 179. 34
HYS2-8 252.27 82.61 197. 96
HYS2-9 102. 15 2.10 122.10
HYS2-10 121. 40 1.81 124. 81
HYS2-11 383.70 10. 07 124.78
HYS2-12 114. 06 2.99 207. 87
HYS2-13 127.83 2.73 184.00

22.41 41.81
67.02 33.52
124.72 28.76
172.63 14. 36
26. 66 36.47
99.13 39.26
64.05 34.05
70. 87 20.23

HYS2-14 91.21 10. 62 312.68 39.58 32.38
HYS2-15 342.87 2.08 121. 66 114.72 23.18
HYS2-16 274. 48 3.58 164. 54 217.55 26.23
HYS2-17 231.99 25.32 160. 45 67.71 38.63
HYS2-18 247.35 5.65 181.42 54.47 30.92
HYS2-19 89.47 2.34 167.22 247.33 29.42
HYS2-20 140. 26 4.97 183.70 201.53 5716
FH1E 175.85 16.94 162.01 99. 85 35,98
PAAS 650 23 110 5)

9.82 181. 11 226. 88 6.74 1 310. 94 24.28

52.13 101. 47 342.54 143.59 611.41 13.87
67.55 304. 81 679.53 125.98 654.23 12. 14
14.08 82.31 216. 42 13.98 748.50 16.23

5.52 193.78 228.02 8.41 1 072. 86 20.28
35.02 141.43 215.67 49. 58 999. 83 19.22
14.57 152.19 421.53 34.10 804.57 16.24
25.45 112.20 359.21 27.79 o1, 11 12.36

24.63 109. 19 468. 27 3F09, 571.19 11.41
12.43 172.07 225.64 342 1 93.4° 19. 63
49.38 139.57 299.30 25.48 751.56 15.95
118.05 10766 317. 49 134. 60 543.35 11.26

12. 11 52,5\ 301.71 30. 15 386. 50 7.59
2.73 16).38 304.70 18.97 664. 60 13.01
35.18 246.25 381.79 37.56 646.79 12. 06
2438 145. 19 310.98 73.98 739.03 14. 68
55 200 150 85 210 14.6
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Fig. 6 PAAS standardized spider diagram of trace elements
of the Longtan Formation shales in Huayingshan profile
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Fig. 7 Neun'Ainencen hale standard=:d(a) and chondrite-standardized (b) REE patterns of the Longtan Formation

shales in Huayingshan section
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of the Longtan Formation shales in Huayingshan section



814 A

i W

A
= % Gk

i 44 3%

B IO AR XA WA B R L A
FHBGEVIA I, RI ZR5 DX 5T 4 36 e A |
JEEA S R B ot bR A2 RRAE B SY X R TR A T
VU TR U5 e — e R 1Lk s i 2 s
Rt kIl . AR WERIE B i 2 S5 S R W
SR ZRA MR K LA R ZUAAE, TR
W) WY A2 T RRLE BRI 2, R S A R e R A R
ft 7 Wy o B U8 v R RS R W AR A R
HEAN(Dai et al. , 2003) , 3% W5 /i AWFFE I HE B
TH i 0 % i R e i s 0 A B T AR O RR ) R R
U 2R R R R M L LS (B A AR
2019; PEREREE, 2022) HA—3,
4.2 HMEE=

TURUE WU DX A G 15 8 550 W] AR B85 2l AN 5
IR O R SR G E (U1 La Th Se Zr) (4L A HF
TR (X HRAE, 2007) , Bhatia(1985) 37
T Th-Sc-Zr .La-Th-Sc A & Th—Co-Zr %5 i& I 55
) e H TR A 5E ik, ARSI g0 X iR

a La b

OIA— KNS /

CIA— KBl
ACM—iFG a4

> A \ PM— & Kbl i)
b4 : ™,

ED )
w5\l

S OIA \

HRVUATME IR LR S8, 2% T La-Th-
Sc . Th=Sc—Zr 1 Th-Co~Zr( [& 10) =Kl fi# , Fi K H)
PR EH R T AR X ES 5, M La-Th-Sc
(& 10a) F11 Th=Sc~Zr( & 10b) =K Hh Al LLIF H e
TR U6 DU 19 5 DX 0 T R i 5 RNk 3l oK i 3
SIAEE A I AN RE W0 Mo U5 X A LA o 3R
1. M Th—Co-Zr & (& 10c) 10U 7] LLF H £ 500
VU FE b 43 A 72 4% 3h KBl i S L P, 20 LA A
il 1) S I ) SRR, A 2T A A LA 3h KBt i
2 S ALY/ NN U ey Al AT N RN e AR TSI N RIS
R i &2 IR M sk Ak 277 L (RAIE I 4%, 2007) o Xl
KH(2023) W58 R BAAEIRE LR KA 48 1 N A X
SR B IR I B b 3 B A e R R e R R
Z b, ok F R B Ak i 112 5 R R L
7 AR T 8 4 J5 i 3 3 i U SR e L b X T R
Je AR E A E UAR, UL, J T 0 R b 2E
TEIFE5G X LSRR D JE TR 20 U DU R X 1Y)
P13 5 55 Ok B oy KI5 5% .

Th S¢ Sc

Zr/10 Co Zi/10

K10 220X R AR TUA YR X B La—Th—-Sc(a) . Th=Sc—Zr (b) Al Th-Co—Zr () #3150 Efig [ KT
Bhatia( 1985) &4 |
Fig. 10 Structural identification diagrams of La-=Th—Sc(a), Th=Sc=Zr(b) and Th—Co-Zr(c) of the Longtan Formation

shales in Huayingshan section ( modified from Bhatia, 1985)
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AKX S % Taylor 1 McLennan (1985) ,Ce,,. fHKT
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-0. 1 W RS, Ce, /NT=0. 1 FRR NH
RS (AES, 2024)

B 11 R X AL PR A FE S V/(V+
Ni)fHM 0.62~0.98,F 7 0. 89, Jz e T ffF 5% X Jp &
Y6 T DURR B K AR R Sy il S AT Jmy ok 55 3
JFERES :Ni/Co {H ] 0. 47~13. 81,44 5. 49 48 /R %%
AR RIS ; Ce,,,, fHHR-0.01~0.06 Z[A],F-¥H
0.03, [l AL B T o i 40 ORI 32 200 B S0 3R B
FARIRSEZ ) ) AR R A% A A — 1 22
5t (AR T IR A TR K A4 A 5538 IR — 38 Ji
BT, Lk 55 30 JE R A v G 0 1 340 R A B
A5 & e R AR AR R 5538 R
4.3.5 JeEADIRHAREE

I IR L M X VA8 U R 2
SHARTR 5B, A5 0 T e AU 005 MR Ab 27 R
TEA TR BERRAE | B DU JG e 9 oy S0 L oy 6
FE AR IR RN E AR I A5 1, 48242 L b IX s T 4 Y
T Sr/Ba HE W E T 0.5, m {4 3.27~5.45, %
WY BT AR PR S 2 UK IR R A R A
ik sh g #, St/Cu HIIKTF 10,7308 2.2,
MgO/CaO {EEX1H Hy 14. 36, S e 35 BRI 15,
EIRET 1] A F2 0 RV Ak i B gs ., V/(Ni
+V) Ni/Co Fil-%e, fetis SR UL KA 5538 i 2 38
JEEREEE 50 20 AL DA 106 M/ Fe {1 Rz e v, 78 1 725 b
AV LN NGO S S S AT B I W T3 I RT3V o
IR AE I S5 22 Ak . EE S AT RUA R &
HE 22 11 b DX 2 T 90 118 A=A 5 A R K i B K AR A
I o S5 R 1 A R S AT TR K AR

S U I Bl A R 5 A R A WL I ARAT
4.4 BENRTEEBEX

BN TUA I B2 1 T 2 Fh g B4k 2 0
PR RIS AL FR B DR AF 25 A DL R e
MIZ BN AH EAE . A BLITE A ok 6 RN a5 4 5t <4
FAF WG 7 RN A OC A HILT 4 A )
558 A0 A J R 5% AT A 38 R 4 R K AH 5 ( Hofmann
et al. , 2000; Algeo et al. , 2013) , BT X & A HLG
TUATE M DR IR BE R R A 5T, AR SO A T )11 AR A
Z2 111 b X e A8 TUA TR R (1B 12) , TR
Rl K A A fER R T 5 T, P R AR A kA L
LR SRR YE KL R Y E R IX 5
IAEAE R 2 R R R 1 K L 2 I 1 e A
T, AEHRAR I P s Bl b Je ) R I iR
MR AR R EE A H T 45 A S TSR R
R AEAE AT T DA B R o I — RS TR A
VI N AW IS INTIN T e B/ LU S LiBU N I b Uy NS =] 5
DA LT DL A7, = S5 0 40 3% 840 LT R HIL
BOET RUR, UURL AR KR E S A AL, A )
I P2 A PRE K A A %A WL A 2
B 2GR T R A LT 2 2k A A
Y., hTEA R TR, 5 A LT
AR A L B DR 48 T 5 55 & EUK IR
AR ) DR T A MU ORAE , A HLTT Y & 4R
PEUE T B BRAE A R R TR AP i — B i<
RS AL 0O, MRISCH T DUE Y, TOC & i
IR G SRS RSB AL R SRR
P[] 28 A B 38 RV I 7K A 222 55 3 JE — 3 AR

HENCH B

“2a

IR UR

K12 AR HE X g 2 AT LT DU TR R

Fig. 12 Organic-rich shale formation model of Longtan Formation in eastern Sichuan Basin
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