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Astronomically forced lake-level fluctuation and sediment distribution patterns
during the early Middle Jurassic, central Sichuan Basin
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Abstract: The differences in sedimentary filling within a continental lacustrine basin, caused by lake-level fluctuations,
pose significant impacts on hydrocarbon generation and enrichment, while the lake-level fluctuations are notably influenced
by climatic changes. In this study, we investigate the continuous lacustrine sedimentary records preserved in the 1%
member of the Shaximiao Formation (also referred to as the Sha 1 Member) of the early Middle Jurassic in the central
Sichuan Basin. Using the high-resolution natural gamma-ray (GR) log data as paleoclimate proxies, we explore the
cyclostratigraphy of the early Middle Jurassic continental strata. Through the filtering of long and short eccentricity cycles,
we establish a floating astronomical time scale (ATS) for the Sha 1 Member. The results indicate that the sedimentary
strata in the lacustrine basin of the Sha 1 Member preserve well-defined response signals to astronomical cycles.
Calculations by the ATS reveal that the Sha 1 Member in the central Sichuan Basin underwent continuous deposition for
approximately 2. 43 Ma. The combination of eccentricity maxima and relatively high precession amplitude suggests a warm
and humid climate. In this case, the lake level rose relatively, resulting in the development of argillaceous sediment. In
contrast, the combination of eccentricity minima and relatively low precession amplitude implies a cold and arid climate.

In this case, sandy sediment occurred, the thickness of which is modulated by precession amplitude. The driving forces of
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the orbital cycles at different scales during the early Middle Jurassic jointly determined the climatic changes, which caused

lake-level fluctuations and further affected the sediment distribution.

Key words: lake-level fluctuation, climatic change, cyclostratigraphy, sediment distribution pattern, the 1* member of

the Shaximiao Formation (Sha 1 Member), Middle Jurassic, continental lacustrine basin, Sichuan Basin
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Paleogeographic location and composite stratigraphic column of the central Sichuan Basin (modified after references [6-10])
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Fig. 2 Paleoclimate proxies for the Middle Jurassic Sha 1 Member

in wells A (a) and B (b) in the central Sichuan Basin (see Fig. 1b

for well locations )
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J5405,107 ~ 112,36 116 ~ 25 kyr, 3% ELHE ] LA
i T Ry K 0 2R 4 (60. 3 m 1 58. 4 m) Ky 405 kyr
PO ZJH 11 (16, 1 m F1 14,9 m) £ 107 kyr 54 J& 11
(5.2m A5, 1 m)%y 34 kyr J % 22 51 (2. 4 m) 29 17 kyr
(Kl4). Bt GRIEAE T LI, A FEHIB I 405 kyr (1
e [l JE W B e e S (4, GRIEALIE A Hr A 1 (2
HEZ%) o

AJFS BIFBLE RIS EAER, H =& S
PR % 2 e R SCHUE I 2 80 H 205020 1 A W)
G IRETE 10 %2 W, i b Bl 5 X b —
BEOUR I B A7 M BRI R AR TR T s ], K s T
L et (P N R =2 A0 g T I8

3.1.2 ABF ZE 5

COCO 1 eCOCO J& —Fl B T 52 R R Ig B L1y &
B (H) KB 71 . COCO 2T 1 b JZ TR BE s <
A5 B AR A8 A BB % 5 B R] 3 % SO AR 2 [ 1 AH 56 &
B I 5 T AR AE R SCR I s 3 MK
-, Hor COCO WAE BT XTI 1 0 i A 3 Fe A 17T
FR A, HLAT DU 8 JC R SCRRE 5 1 R AR %, JF ]
P —2 2R eCOCO J7 ¥ BRI DU R AR . F
COCO F3 B Al B8 A F- A1 B H- 10— B i AL R, X 0 ~
40 em/kyr TR R UETT 2 000 K 52 4% R I L4, 43
Bk A JEAT B ISP ARE R 43 31 15. 09 em/kyr
il 14. 86 cm/kyr, H. 50 B HBLT 13.76 ~ 19. 99 cm/kyr
F113.91 ~ 18. 35 em/kyr WE{H X [A] (5] 5a, ), H H 1)
B AR T 0. 01 (& 5b, d), Hy B9 B A5 7K ik
L R G S5 B A A 1 T e g, AT A A s TG K S
LUTERSENIEY baia

eCOCO 43 HT W1, A 1 F1 B 10— B U BUHE R 43
BT 11.79 ~ 19. 66 cm/kyr Fl 12. 88 ~ 17. 69 em/kyr
(K 6a,c), HUTREURE R i 22 Hy 19 W3 E7KE /I
F0.01(El6b,d). COCOsTHTELFEM 1 AJFIB
FEB DU R 2 A 15. 1 em/kyr 1 14. 9 cm/kyr, 45
A5 COCO 43 M Hh TR s 3 X ] A — 3, T
DAL 25 53R, O DUR AR, A HE A B 1D — B
PO RS IE S TR .

k5 R A

W AR A 55 A S S A 29 R T, A RN B IR VD —
B iR B 52 3 7 s BRBIE 98 3 g 55 J i i -
DRI A S ve W E EL T 252 1) R SO AR AR, i ] s s
AL RS I T AR Y R SCAEAAR R o AR B IETb—BE
P GR Bt e 273 o i e Ak B, 23 Sl B B T AR

3.1.3



%5 TG AE L b X P R A SR SCBIK B T 4T T 2 B AR S A R 1373
a. A¥ b. B#
I M2 Lt 603 mGR 52mGR 2.4 mGR GR W i 2 2346 584mGR 5.1 mGR 2.4 mGR GR
m GR/API B B i AL AT m GR/API TR T T AT
40 0 40 -13 0 13 606 e [ ¥/m 60 0 80-10 0 10 505 el m
Zilhdil 0 0.10.20.30.40.5 || 0 0.1020.3040.5
e23 e r TE° e23 ,
2090 E6 2570 E6
e2 €20
21304 2610
ES ES
2170 . 2650 el
2210 iz il [ .
2_;; E4 26904{*@ E E4
225012| 2 el2 | 5| el2
| < 2730448 E[ |
2 B
2290~
o8 - 2770 B3
23304 2810
2370 4 E2 2850 E2
2410 el El »590.] El
o4 505
16.1 mGR 15.7 mGR
VB b33
&4 JIH XA I (a) F0 B I (b) Hh Ok B G vb— Bl i 3l e S 300 e it 2

Fig. 4 Depth-domain obital filtered curves for the Middle Jurassic Sha 1 Member in wells A (a) and B (b) in the central Sichuan Basin
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correlation coefficient (COCO) analysis
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