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Fig. 1 Diagram of depositional facies of the Longmaxi Fm. in southwestern Sichuan (a,modified from Mou Chuanlong et al. ,
2016&) and geological sketch of the Yingjing area (b, modified from Zhang Qian et al. , 2016&)
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Fig. 2 Stratigraphic comparison diagram of the Longmaxi Formation in Yingjing area
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Fig. 3 Sedimentary strata and microscopic features of the Longmaxi Fm. on the southwestern margin of the Sichuan Basin: (a)

macro photo of the Dajingping profile; (b) macro photo of the Jiaodingshan profile; (c) graptolite photo on the Jiaodingshan

outcrop; (d)black calcareous mudstone of the Longmaxi Fm. in the Qingxi outcrop; (e) graptolite photo of the Qingxi outcrop;

(f) organic matter of the Qingxi outcrop, SEM; (g) pyrite framboids of the Qingxi outcrop, SEM; (h)silty calcareous mudstone,

cathodoluminescence photograph; (i) dolomitic calcareous mudstone of the Qingxi outcrop, thin section characteristics
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Fig. 4 Mineral lithological columns and sampling locations of the Qingxi outcrop in the Sichuan Basin
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Table 1 Mineral composition of the Longmaxi Fm. ( %) of

the Qingxi outcrop in the Sichuan Basin

o o T+ | ERA

M roc | g e | pes | s | (PR RS
Y24 |0.26 | 3.6 1 88.9 4.6 | 88.9 | 6.5
Y23 | 0.4 |23.3] 2.1 37.0 | 9.6 1 26.4 | 46.6 | 26.0
Y22 | 0.38 |21.5| 2.3 41.6 | 1.5 23.8 | 49.1 | 25.7
Y21 [0.32/20.3| 0.9 | 0.4 | 48.9 0.7 | 22.3 | 48.9 | 27.6
Y20 |0.46 120.3| 1.8 28.9 | 21.5 | 0.6 | 22.7 | 50.4 |26.5
YI9 |0.43]21.9| 3.1 | 0.3 | 24.0 | 21.7 | 2.6 | 27.9 | 45.7 | 26.4
Y18 | 0.4 |19.5| 2.3 31.5 | 16.5 | 3.5 | 25.3 | 48.0 |26.7
Y17 |0.48 | 16.2| 4.7 1 34.6 | 29.3 | 1.7 | 23.6 | 63.9 | 12.5
Y16 |0.47 | 11.0| 5.1 50.9 | 25.5 | 1.8 | 17.9 | 76.4 | 5.7
Y15 |0.81|12.9| 3.7 41.8 | 24.2 | 3.5 | 20.1 | 66.0 | 13.9
Y14 [0.39|18.9| 6.4 29.9 | 41.4 | 0.8 | 26.1 | 71.3 | 2.6
Y13 |0.48 |21.3| 9.3 19.8 | 44.4 | 0.3 | 30.9 | 64.2 | 4.9
Y12 [0.32|13.8| 5.5 34.0 | 40.8 19.3 | 74.8 | 5.9
Y11 [0.91|12.4| 5.4 32.0 | 38.2 | 1.9 | 19.7 | 70.2 | 10.1
YO [1.02]20.9] 3.0 | 0.6 | 37.1 | 21.2 | 1.4 | 25.9 | 58.3 | 15.8
Y5 | 0.8 (23.5] 6.0 33.2 | 28.7 | 2.7 | 32.2 | 61.9 | 5.9
Y4 |0.94| 8.7 | 5.4 15.8 | 62.7 | 0.7 | 14.8 | 78.5 | 6.7
Y3 [0.97|11.4| 5.4 38.7 | 33.7 | 2.8 | 19.6 | 72.4 | 8.0
Y2 [1.21]12.7] 5.0 57.5 | 18.0 | 0.3 | 18.0 | 75.5 | 6.5
Y1 [ 1.11]11.5] 4.8 47.7 | 26.1 | 1.5 | 17.8 | 73.8 | 8.4
SEXME | 0.63 | 16.3 | 4.3 | 0.7 | 38.7 | 28.4 | 1.6 | 21.9 | 64.2 | 13.6
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5N 2 PR, Si0, & aRREAIR, {E R 20. 66%
~45.04% , YJ(H N 34%, ALO, &N 4.18% ~
14. 71% P38 8. 24% , W B TR IE K, i BH 2] g
T 6 40 i 5 R i i A B 2 T B K ( Zhou Lian et
al., 2015; EEWE,2017), CaO & &, HN
13.89% ~ 30. 41% , ¥J{E 4 21.40%, MgO & & K
2.11% ~ 10.06% , “F- ¥ 4.53%, CaO % & & T
MgO it LR AT A FER T AF
B, K0 SR/ AN 2.16% ~5.13% ,F-1
{E M 3. 29% ;Na,0 & 14 0. 089% ~0. 15% , F- 31
H0.12%; P,05 {5 M 0.061% ~ 0.4% , ¥ ¥ {H N
0.13%; TiO, 5 K 0.17% ~ 0.43%, ¥ ¥ 1 K
0.30% ; MnO 5 &~ 0.023% ~ 0. 051% , “F %118 N
0.036% ., ket (LOD) 8, EHIME N 24.51%, 5
FES TR BRIRER ) & R A G o AR TR
J5 K iy AT Y A PAAS ( Taylor and McLennan,
1985) , Si0, . AL O, B & 75 31 (#£ i/ PAAS {H 55

H0.54.0.44) T CaO F1 MgO B 5 & 4 (K fh/
PAAS {43514 11. 26 2.07) .

Mo .U,V Co ,Ni Cu . Zn G Tu R A KA
1) AR SRR B 45 Ry SR TR) o 3 S T L 1) 7 97 0T
EZ T HEWNRE S ALt 72 (Algeo et al. , 2009;
Tribovillard et al. , 2012) . HILEATH EEREH
FH oK 48 7 K R 1 480 A6 38 D M R R R AR
(Tribovillard et al. , 2012; Zhou Lian et al. , 2015)
5T IX Mo, U,V Co . Ni Cu.Zn %55 PAAS {5
UL (F 3),Mo, U,V Ni & P55 5 4R 5 EEE
(FESh/PAAS {43518 1.13.1,1.02.1.55) , Co,
Cu . Zn 7R 55 (%) 75 451 (FE 5/ PAAS B 53510 0. 83,
0.85.0.61) , F5 /R 5% X b T IR 2 BUBUK A48 J5 2
555, 019 A 7= )1 8K ( Zhou Lian et al. , 2015;
Ma Yiquan et al. , 2016; 5KP5%% ,2016;Li Yanfang et
al., 2017 ), ¥ ITE Th Zr Y P& 555
£10.9%x107°,93.12x 10°, 18.7 x 10, #H X} T

R2MIABFZINEAEBTESE( %) REXSEIFE

Table 2 Contents of major elements( %) and some associated parameters of the Qingxi outcrop in the Sichuan Basin

BERL | Si0, | ALO, | Fey,05 | MgO | CaO | Na,O | K0 | MnO | TiO, | P05 | Beskht | AL O5/Ti0, | Ti0,/Zr | CIA | ICV
yl 23.9 | 5.31 | 2.03 | 4.74 |[29.78| 0.1 | 2.93 |0.034 | 0.22 | 0.08 | 30.2 24.14 | 22,45 | 58 | 2.64
y2 23.6 | 5.78 | 1.92 | 2.11 |30.41| 0.12 | 2.6 |0.025| 0.22 | 0.09 | 32.2 26.27 | 24.89 | 62 | 1.27
¥3 21.3 | 4.41 | 1.50 | 4.29 |30.15| 0.11 | 2.19 | 0.028 | 0.17 | 0.08 | 33.9 25.94 | 15.60 | 59 | 2.84
v4 20.7 | 4.31 | 1.74 | 10.06 | 25.54 | 0.11 | 2.16 | 0.034 | 0.17 | 0.09 | 35.8 25.35 | 16.83 | 59 | 6.35
¥5 37.5 | 5.42 | 2.57 | 4.7 |21.26| 0.11 | 2.77 | 0.023 | 0.25 | 0.40 | 25.3 21.68 | 15.43 | 59 | 2.65
v6 39.5 | 8.06 | 2.62 | 5.19 | 17.08 | 0.13 | 3.96 | 0.026 | 0.32 | 0.28 | 22.1 25.19 | 30.77 | 61 | 1.96
y7 35.7 | 7.83 | 2.59 | 3.63 |20.84 | 0.12 | 3.53 | 0.027 | 0.3 | 0.13 | 25.2 26.10 | 39.42 | 63 | 1.50
v8 37.0 | 8.42 | 2.76 | 3.67 |20.53|0.089 | 3.92 | 0.025| 0.33 | 0.12 | 24.6 25.52 | 41.04 | 62 | 1.41
¥9 36.3 | 7.38 | 2.68 | 4.96 | 19.27 | 0.14 | 3.55 [ 0.028 | 0.29 | 0.17 | 24.8 25.45 | 27.88 | 61 | 2.06
y10 29.1 | 5.75 | 2.07 | 5.58 | 24.31| 0.11 | 2.62 [ 0.029 | 0.22 | 0.15 | 29.2 26.14 | 26.70 | 62 | 2.82
yll 28.2 | 5.71 | 1.98 | 5.96 | 25.2 | 0.11 | 2.77 | 0.028 | 0.23 | 0.24 | 29.6 24.83 | 27.48 | 61 | 3.00
y12 29.8 | 4.18 | 1.52 | 5.46 | 25.52| 0.15 | 2.42 | 0.030 | 0.18 | 0.22 | 29.2 23.22 | 10.29 | 55 | 3.75
y13 28.6 | 5.08 | 3.03 | 9.64 |21.36| 0.14 | 2.67 | 0.041 | 0.25 | 0.10 | 28.5 20.32 | 19.84 | 58 | 5.38
yl4 20.8 | 7.83 | 3.03 | 3.81 |24.76 | 0.13 | 2.89 | 0.034 | 0.28 | 0.11 | 25.6 27.96 | 42.42 | 67 | 1.59
yl5 27.4 | 6.4 | 2.51 | 3.98 |28.66| 0.13 | 2.7 |0.038 | 0.23 | 0.09 | 27.8 27.87 | 40.78 | 63 | 1.95
y16 44.5 | 14.7 | 5.35 | 3.56 | 12.13| 0.12 | 5.13 | 0.043 | 0.49 | 0.10 | 14.4 30.02 | 63.55 | 69 | 0.92
y17 34.7 | 8.06 | 3.76 | 3.52 |22.01| 0.13 | 2.88 | 0.047 | 0.27 | 0.09 | 24.6 29.85 | 31.95 | 67 | 1.52
y18 41.3 | 11.8 | 4.34 | 3.73 | 16.71 | 0.092 | 4.14 | 0.042 | 0.39 | 0.10 | 18.5 30,13 | 52.14 | 69 | 1.12
v19 40.3 | 11,0 | 4.45 | 3.76 | 16.89 | 0.14 | 3.33 | 0.045 | 0.32 | 0.10 | 19.2 3434|3837 | 71 | 1.22
¥20 45.0 | 12.1 | 4.83 | 3.72 | 13.89| 0.12 | 4.09 | 0.045 | 0.38 | 0.12 | 15.6 31.84 | 43.93 | 69 | 1.12
y21 40.6 | 11.4 | 4.23 | 3.77 | 16.46 | 0.15 | 3.65 | 0.050 | 0.36 | 0.08 | 17.9 31.53 | 39.69 | 70 | 1.18
y22 40.5 | 12.7 | 4.61 | 2.43 | 17.48 | 0.11 | 4.05 | 0.051 | 0.43 | 0.06 | 18.0 29.51 | 64.56 | 71 | 0.80
v23 39.4 | 11.6 | 4.68 | 3.25 | 18.31| 0.13 | 3.95 | 0.045 | 0.38 | 0.09 | 18.8 30.47 | 48.41 | 69 | 1.06
y24 41.5 | 12.5 | 4.59 | 3.11 | 15 | 0.13 | 4.03 |0.046 | 0.4 | 0.07 | 17.4 31.35 | 49.69 | 70 | 0.95

B | 34.00 | 8.24 | 3.14 | 4.53 | 21.40| 0.12 | 3.29 | 0.04 | 0.30 | 0.13 | 24.51 | 27.29 | 34.76 | 64 | 2.13

PAAS{H |62.80 | 18.90 | 7.18 | 2.19 | 1.90 | 1.19 | 3.68 | 0.11 | 0.99 | 0.16
it/
0.54 | 0.44 | 0.44 | 2.07 | 11.26 | 0.10 | 0.89 | 0.33 | 0.30 | 0.83
PAAS fi§
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PAAS,Th 55 & S0 Zr Y B85 81 (FEM/PAAS {4
S A 1.02,0.49.0.69) ( Taylor and McLennan,
1985) , iR 3 TG 2 32 A2 KAR I 52 Wi AR X 45708 mT
PMRRTTR IR X A RRIE (£ R 555 ,2018)
RS A 0 s SREE R 53.2x107°~
183x10°° , B K 131. 1x10°° , BEAK T-HL 26 -3 i 4
NASC(167.4 x10™°) ( Haskin et al. , 1968) , 5 i &
BRAE (1987 ) BhZ5 1Y 87 AN Bt A 2 TR e A i A
+IEE B (132x107°~334 x107°) $£iT, LREE/
HREE {8 Bt 742 Ff# o0 R MR , (e ik
KFHW LREE 84 , SLREE/SHREE 24 7. 20x10°°
~11.14x107°  SFH{H R 8.98x 107, /R 5 # + A1
XHEM IR R R, Lay/Yby (N 378 BRORE 5
AbREL, T IR 837 B IR R R A K, — bt %5
il VR S o A PRI /0 | L/ Y, A5 B A3 ik ( A5
A4 ,2007) o WSS IX R SR Lay/Yby fH R

1.07~1.97,F3{E K 1. 60, 457~ Hisz Kbl 2w I8
IS A R, & 0T Bl 2 0 AR K AR A X
FEdh Eu 5% 8Eu, =0. 60~0. 67, F14 0. 64, Jy H i,
Eu 1505, 7R Hok A R IEAE K 5 X B9 5T AT BESR
% (Bai Yueyue et al. , 2015; K555 2018a) ;6Ce, =
0.80~0.94,F#] 0.85(S & PAAS #5ifEfk, T IH),
WoRES U H, T8 s DUBUKAA 55 1938 IR 3R 55 (5K
JH4E 2018a) .

IS4
o

4 g
4.1 YESHT
W &P, A 25 m DURU S A Ak 27 1 4y

(Shields and Stille, 2001) , Rt , 765 FH AL 27 8003 45
TEH 5 LA 6 D Wi 0L SR AT A AR 9T, ()i
NS A Z R 2 S 8O R A e (kR A
2017) , WEIBUURA B9 £ o0 R RRAE TV Hs A

1 1
(a) (b)
r=0.1439 r=0.169
[ ] [ ]
[ ) o ® &
0.9 L 09 [ )
%ﬂ [ ] .: ° L J ® LO; & .: .. [ J
{ 1 © . ° °
.... ® 9 ° o % o%
0.8 o 0.8 °
0.7 ! | 0.750 1|00 1 =00
0.95 1 OEu, 1.05 1.05 SREE(X10°) 150
1 100 i A
(c) #=0.0036 1 GRA ANEIH
90 () KER A
1 \
\
[ ] \
o 89) e AN R
L 09 L 70 \
g |
8 . 60 - =
[ ] o £
®ecce 8 R KT ]
0.8 5 40}
30
20
0.7 | ! 10
0.6 0.7 0.8 0.9 i
Dy,/Smy 0_ CN/ K K

5 DU F 335 % 5 1 8Ceq—OFEug(a) 8Ces—3REE(b) 8Ceq—Dy./Smy(¢) B A—CN—K(d) FElf#
(JEEPE Sensarma et al. , 2008)
Fig. 56Ces—0Eug(a) ,0Ces—3REE(b) ,8Ces—Dy/Smg(c¢) and A—CN—K (d) diagrams of the Qingxi outcrop

in the Sichuan Basin (base map from Sensarma et al. , 2008)
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YE 5855 H) E F8F5 ( Cox et al. , 1995;Bai Yueyue et
al., 2015) . —MORUL, MU AEFTBUER , W] 8Ceg 5
8Eug SREE Dy/Smg AHICHEGT (5K 7425 2017
TKPESE,2018a) . WKl 3a.b ¢ Urw, BFFE IXHE AL 3
S PUBZE AR OCE , 48 78 LA VR HIXS JT 3R 1Y 52 e 458
5. ALO,—(Ca0" +Na,0)—K,0 i (A—CN—K
P ) W 450 8 A AR AR L 240 R
TR % ( Fedo et al. , 1995; Sensarma et al. , 2008) ,
PR R WARAE HPR I 4 4T A—CN 50 A—K
I T (AL 5, 2019) (E 3d) , s 0 E R fdisL
PRI B 98 KAk 2 i 15, i 25 8 R 150 BH 32 404
FHRZ, 7E A—CN—K &I figt vh F 53 DX RE 43 A
g, HRH MR A—K T o, SEPr Ak 5 B
SRR FEATAT, B IR a7 OB 52 AR
TS UL 5E X e B3 A e 5 e 3R MR L F R R 32

B/
o

Je WA R I RZ a8/, il T 008 B KRR Y
W5,

VR T T S 5 W TR b 2 2 1 P R
(Verma et al. , 2017) , W58 RM, hRMES HA
#1 K,0, Rb ., ALLO,/TiO, { MK TiO,/Zr {8
(Floyd et al. , 1989; Hayashi et al. , 1997 ; Moradi et
al., 2016) . WFFEIX K,0 ¥} 3.29% (% 2) , &
FHbFEHIE (1. 81%) , Ul = T M2 {E (2. 8% ;
Rudnick et al. , 2004), Rb ¥} 104.5(3% 3) i
BT HIFE I (49%107°) K b Hi7E ¥ {E (82% 107
Rudnick et al. , 2004), [}, £ K,0—Rb & fi#
(El da) , FEE 3T A PR LA X H U 46 4,
MR Rt . BFFEIX AL O,/ TiO, B 16 R
21.68~34. 34 G TERBE UK A (14) , KE4UE
AR K A JE B (18 ~26; Moradi et al. |, 2016,

10 12
@ (b)
2 ) b
TR RS> SRR AR (®)
S
r —_—
L] T _08F N R RE A
o S S
& 5 =
o -
) a o5
0.1 0.4F ‘ot KIRA
. o“. s
° ‘. ° [ ] [ ]
L) L
0'011 10 100 1000 00 5|0 1(|)0 1|50 200
Rb(x10°) Zr(%10°)
100 (©) 1000 @
Ozl 100F
1 =
o ezuz
= =
3 3
O = 10F
1 -
O oPog 2 e, o il
KR KA . & A
HRE
0.1 1 L 1 ! 0.1 1
0 2 8 10 1 10 1000 10000

La/Sc

100
REE(x10°)

6 VU1 Z3 b i V30 v VR A K B . (a) K,O—Rb (% Taylor and McLennan, 1985); (b) Zr—TiO,( 4 Hayashi et
al. , 1997); (¢) Co/Th—La/Sc (& Wang Zhongwei, 2018) ; (d) La/Yb— Y. REE(#i Allegre et al. , 1974)

Fig. 6 Source rock properties discrimination diagrams of the Qingxi outcrop in the Sichuan Basin: (a) K,O0—Rb (after Taylor and
McLennan, 1985); (b) Zr—TiO,( after Hayashi et al. , 1997); (c¢) Co/Th—La/Sc (after Wang Zhongwei, 2018); (d)La/
Yb— X REE( after Allegre et al. , 1974)
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sk 4245, 2017), TiO,/Zr {H BAK, VM {E K
34.76, W T KB BT KOS R AE ( <555 Hayashi et
al., 1997) . [&IWf, 7E TiO,—Zr ( [& 4b) — T fitt v
(Hayashi et al. , 1997) , K 2 5HE i % A K 35Tk
B IX DHORE il a5 Ve A TR TR B A X BT
B R R BT 2

Bl S RS AL La Th B T E 5 4,
Sc.Cr,Co SFTC R B W7 11, L, MR 1 5 L 3Ltk
AHEER La/Sc 8 . F KA Co/Th {H ( Mclennan and
Taylor, 1991; Wang Zhongwei, 2018) . 5 X i 5
BRALVEA La/Se 3w, B 4. 11, Co/Th AKX, ¥
{84 0.73, fE Co/Th—La/Sc Ffi#t (K 4c) HEEM
KA DK LA B AR 54 Z 18] X35 ( Wang
Zhongwei, 2018) ,$5 7~ oA 5 2L = B iR M 19 K e

i 2 AT 1 Ry e W IR 0 S R P
FHE A L) 6Eug IESH (1. 01<8Eu <2. 33) NHFE,
Z ALl 8Eu, L5 (0.90<6Eu<1.0) , ifi FR P48
MA 2 6Fu, R i FH (8Fu<0.90) ( ik 4 58 %,
2007) . WYX e TR LA S Y SEu {Hh 0. 60 ~
0.67(F4) , ¥IEHN 0. 64, B8 6154, P HA HJE 5
FENBRVYEAL M A, F La/Yb—Y REE & fi# (
4d) (Allegre et al. , 1974 ; J& 5[4, 2016) , k¢ & A5
KEBIVEALE B A DX, i B B A 2l B TS
KA EREFREAS , X 5 ERITTR MEITERM
SSRGS

gi b i B E o Ko T R R A R AT
DI A ST X BEE R R M s 1 A 2,
R BETT KA AR5 75 55, E IR X AT fE A
(A b TR | S 3 8 P 3 117 (Moradi et al. |
2016; SKHZSE,2017)
4.2 #WiERALIER

PEIBUIRRS Si0, FZ ok A T A %EiE)E, AlLLO,
FEkATH LT UMK A, W, Sio, & & &
Si0,/Al, 0, HIZE I LR By () UL | Bt A 9%
L KA MR YD, Si0,/AL 0, {HIE K,
DURR) R 2VE TH 5 (Roser et al. , 1999) , #Efh Si0,
AR, YIE N 34% (3 2) ,Si0,/AL0, fHIAK,
SERIME R 4. 44, UEBTEE R Ok SR 4Ll A g
B AR B0 1 R, I Ayl R R TR Y
P (iR IR ZESF ,2017)

WA AR IR B ICV = [ n(Fe,0,) + n(K,0") +
n(Na,0)+ n(CaO" ) + n(MgO) + n (MnO) +
n(TiO,) 1/ n( AL Oy ) HIRF W 5 Jg TR 240K

DURLIA J& PO A UL AL (Cox et al., 1995), HiHp
CaO " fRRRERREE T Y CaO (42 Y CaO ZH5fk
UV Ca0) , I PO, BIMEHKIBIE, n(CaO™ ) =
n(Ca0)- n(P,05) " x10/3, #EIESF n(CaO™ ) /h
F n(Na,0), B4 CaO EKH n(CaO™ ), 75N
CaO {8 1% € % A T Na,0 ( Wang Zhongwei,
2017), K,O" fRERIHR K 2 EHE B K,0 18, 7F
HTTT 3B (T 3d) BF 9 XRE & A2 I I 3S AR A
BN, AR SCH K,0° = K,0 ( Wang Zhongwei ,
2017; L4 2019) o ICV (EAR (<1) BYHEE TR
ROk A A KREF LT YR TTBIRIX 387816
ST ISR T U R IR o B A A
DU BRI R LR, 32 i A2 AR FH B 52 M 45 AR
1CV R (> 1) BYETE DR W8 7R 16 sl Al 1 1 5%
FHIFIRITEL( Van and Elgey, 1985) . #F5¢X g 5
BRI 5 ICV (R 0.80~6. 35, F-H{EH N 2. 13
(FR2), RV AA DR LY & RBAR, R WIS AL
Gy WA EAR WA DT U , 5K 52 31 7
TUBUWE A2

WALVE R B U JCZEAHXT Th JTCE B IK,
DK Th/ U BBl 5 Ab 27 XA R B 38 T 384 ( Taylor
and McLennan, 1985 ;4 I{H%5,2016) . #£dh Th/U
SEHE R 3.92, HHiFE UCC 18 (3.8; Taylor and
McLennan, 1985) #HZEANK, Ul B IR X Ak 22 KL R
B ES . Ak AR FE 4 ( chemical index of alteration
CIA) W) i1 Nesbitt 1 Young (1982) 2 H FH T thir
YR IX B Ak 2 XA AV FH B8 B2 CIA = 100xn ( ALO, )/
[ (n(ALO;)+n(Ca0" )+n(Na,0)+n(K,0)],Ca0"
R L, A KA E S R, A fE o
YK A7 G @ M) Ca® Na® K25 Ffi Hb i 1A
K, MEET W AP Ti' 25 5% BARTE, Ik
CIA (B Rt 5 WAL FH B S 38 R, Bl 5 T 5% I A
A, CIA (A T38 78 DU i S 31 5% ( Nesbitt
and Young, 1984, 1989), i IAN CIA =85~ 100
RFERIM IR AEE T W ZIXALAEH, €14 = 65 ~
85 e/ IE WRIH IR T 1 & XL, CIA =50~ 65
JRBLFES TR IR FOAAVE R, 38 5 5 Ol
TR X B B R A4, H CIA AT o pT
P8 DXty AR A FH i B Rty A B 3 7 2% R 33T
BU SRR e IE T TR Xt — 25 KA/ FH LA
K SCE R TS RS E I s e, b T4 0T 1
T e R AL ICV R T 1 RIHZIX R 3Z 3 g
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{EA 0. 51, 5 T8 KA W5 K oy 4 35 B0 (4
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T 15 S5 ZL, R TURR 9 4 32 AR AE FH A sk [a]
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BRALVE A PR R i B AR 1 PR R T IUE Il ) He s 35T
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TR TER
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TURR 7 Hh 1Y 49 38 38 Ak JJ7 52 ( Bauluz et al. , 2000)
Wi IR S 25 PETC R AN Se  Zr Ti \ Th FEAETIH
B AR RS P B, i T 4 58 DX P AR K
1 15 5 WF 55 ( Bhatia, 1985; Bhatia and Crook,
1986) . — Mk Ui, 4b Tk 2l K fili i1 2% 1 DR Y
i £ ICE RS 5 KN W Z 5 A R T R A
o1, AAs 54 Eu 055 e ol s A F 1% gl Kbk
NGV RE S 28 50 SRR B BRI KA,
PVFR 154, T Eu 7 B R IE (B R4, 1978) .
WSS IX Fi £ C & & SREE iy 53.2x107° ~ 183 x
107, 10 131. 1x10°°, 5 5 4 B9 # + T
FOF S (U1 R SR, 1987 ) %k,
SLREE/SHREE “F¥{H M 8.98x107°, %

04 06 08 1
Sc/Cr

(&1 7 V01|45 b v 32 1) T 93 4H L/ Y—Sce/Cr 1] 31 [

(JEE B Roser and Korsch, 1986)

Fig. 7 Discrimination diagrams of La /Y—Sc /Cr of Qingxi

0 02

outcrop in the Sichuan Basin ( Base map from Roser and
Korsch, 1986)
ACM—IE AR Bt 14 %5 PM— 8l i i 2% 5 CIA—K Bl & 91K
OIA—R I 59
ACM—active continental margin; PM—passive continental margin;

CIA—continental island arc ; OTA—oceanic island arc

RSB T K2 H0E A9 8 K i i 2 K
B3 X 35K, 177 7E Th—Co—Zr/10 ( &l 8b) . Th—Se—
Zr/10( ¥ 8c; Bhatia and Crook, 1986) £ & 554> i
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i 0 5 J Rl 5 R A K A A g DX 3, SR 590 S A A
02 % IR T 15 53X A T RE 5 40 T&] fl it T 2R T sl ik
Eenm r LU E BB 1805940 ¢ ( Verma and Armstrong—
Altrin, 2013; Tawfik et al. , 2015) . Sl Z {5 AAEAF
FEMIR X R 1 S i & B, ARl sh KBl i 2o 1
PRI A v A T R 2 1 B R i 2 R/ B
Rl &2 SR b 35K Ak 2 45 R, (A7 T8 2 55, 2007 5 FH
85,2015) o PRHAS SCHEF 55 A BRAL FRRIE 25 & X

x5 WEAE R EEEERILR

Table 5 Tectonic background comparison of the Qingxi outcrop

in the Sichuan Basin

Fiis B 2 5 4 SFu, FXIME N 0. 64, IR

LU PN P S SoE PN UL
7, La/Yb . (Lay/Yby) .LREE/HREE . o
La LK Se/Cr [HEFR R 583 Kk LREE/HREE
WEHIEAHECR S), FREIBTR 20

FHEFEf# A, Ul Se/Cr—La/Y K f# (Roser
and Korsch, 1986) (& 7) } La—Sc—Th
5 & (E 8a) (Bhatia and Crook, 1986)

KPS | B S9N |16 S OCRA 2 | 98l KRG L 2 | A SCFH41E
8.72+2.5|24.4x2.3 |  33z4.5 33.5+5.8 33.16
0.57+0. 16(0. 32+0.06| 0.30+0.02 | 0.16+0.02 0.18
3.8+0.9 | 7.71.7 9.1 8.5 8.98
4.2£1.3 | 11.043.6 12.5 15.9 16. 95
2.8+0.9 | 7.5£2.5 8.5 10. 8 9.85

PRI JE . Bhatia, 1985; Bhatia and Crook, 1986,
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Fig. 8 Diagrams for tectonic setting of Qingxi outcrop in the Sichuan Basin (Base map from Bhatia and Crook 1986)
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Geochemistry of the Longmaxi Formation mudstones of the southwest Sichuan

Basin: Implications for provenance and source weathering
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Objectives: This article mainly discusses the depositional environment, provenance characteristics and

sedimentary tectonic background of the Longmaxi Fm mudstone in the Yingjing area, southwestern margin of the

Sichuan Basin. The correspondence relationship between mudstone and source rocks was initially established to

support the related basic geological research of regional shale gas exploration and development.

Methods: The detailed geological survey and systematic research on petrology, mineralogy, element

geochemistry were used to study the Longmaxi Formation.

Results: The content of sandstone and calcareous of the Longmaxi Fm is relatively high, This indicates a

shallow water deposition environment. The characteristics of REE and A-~CN-K diagram show the mudstone of the

Longmaxi Fm is less affected by diagenesis and metasomatism. The high content of K,0, Rb and Al,0,/TiO, and
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the negative 6Euy indicate that the source rocks are feldspathic igneous rocks and granite. The ICV> 1, CIA=66,
Th/U is similar to the UCC value, Rb/Sr is significantly lower than PAAS, indicating that its source is the rapid
deposition product of the first cycle of the near source. La/Yb LREE/HREE and Sc/Cr were similar to those of
passive continental margin.

Conclusions; Affected by tectonic uplift, the entire Longmaxi Fm in the study area was a shallow —water
continental shelf sediment, and the sedimentary background was mainly the passive continental marginal
environment. The source rocks was mainly provided by the early Neoproterozoic platform cover of Kangtien old land
on the west side. The paleoclimate of the provenance was cold and dry, and experienced low —level chemical
weathering.

Keywords: Longmaxi Formation; element geochemisiry; provenance; tectonic background; Sichuan Basin;
Yingjing area; geological survey engineering
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