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Extraction of astronomical cycle signals and identification of
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Abstract In the southern margin of the Ordos Basin, no cyclostratigraphic analysis has yet been
conducted on the Paleozoic Ordovician to identify astronomical orbital cycle signals. This analysis is crucial
for establishing a high-precision geological timescale and reasonably dividing third-order sequences, which
is of significant importance for oil and gas exploration in the area. Combining cyclostratigraphic theory and

signal decomposition techniques, a cyclostratigraphic analysis of the Paleozoic Ordovician in the Well XT1
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was performed. The results indicate that there are differences in sedimentation rates among different strata.
The sedimentation rate during the Yeli and Liangjiashan stages in Well XT1 area ranges from 4.2 to
5.6 cm/ka, while the Majiagou stage varies between 2.2 and 5.5 cm/ka. The sedimentation rate during
the Pingliang and Beiguoshan stages increases, ranging from 4.3 to 9.3 em/ka. Significant Milankovitch
cycle signals are present in the Ordovician of Well XT1, recording eccentricity and obliquity astronomical
orbital periods. A 405 ka eccentricity cycle was used to establish an age model for astronomical tuning,
creating a fluctuating astronomical timescale for the Ordovician in Well XT1, with the sedimentation period
for the Yeli to Liangjiashan Formations at approximately 3. 25 Ma, and for the Majiagou to Beiguoshan For-
mations at around 27. 4 Ma. Using wavelet transformation, the frequency of the Ordovician third-order se-
quences was primarily distributed around 0. 011 cycles/m, allowing the division of the Ordovician in Well
XT1 into approximately 13 third-order sequences. This study provides a new quantitative method and scien-
tific basis for the division of Ordovician sequences and the study of astronomical cycles, contributing to a
refined understanding of sedimentary processes and the accuracy of timescales.

Key words Ordos Basin, Ordovician, cyclostratigraphy, astronomical cycles, third-order sequ-
ence, wavelet transformation
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Comprehensive geological background map of the southern margin of Ordos Basin
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Fig. 2 Comparison of the Ordovician in southern margin of Ordos Basin with global standard profiles using stable isotopes and

stratigraphic division and correlation ( modified from Fu et al., 2020; Shi, 2021)

381 231

36

©w
'S

FERJE ) ka

30

2 445 450 455 460 465 470 475 480 485 445 450 455 460 465 470 475 480 485

AL /Ma Ay /Ma
Bl 3 JET Waltham 355 1) B B 20 #4562 22 8] B A AR I8 28 AL 18] (8 Waltham, 2015)
Fig. 3  Graph of slope and precession periods during the Ordovician calculated by Waltham

showing variation with age (after Waltham, 2015)

S5 A EEEBOS%I AL, NEABEE T NEEEE, 5008 2.9 em/ka 19,4 em/ka, 5}
% PR 405 ka M0 2R JE AT ~ 100 ka 48 (i 0 R A FRRAE 3110.07 m 4, Horp 2.9 em/ka FBEXF N F
G (K 6-a; £ 1), REAL, 9. 4 cm/ka 58 UL — 75 85 1L 21 AR 4

. o B, PR Z B2 DA 3110. 07 m 2y 43 5 A5 #4743
2.3 EEAAMFRA—TWIWLA(2691.5 g 4oy,

~3851.2m) 2.3.1 3110.07~3851.2m
A BRBOE AL FR B 2 B AR DT R R A 2 MBI Z A S R H R+, RAETURER



_

CM K

214 + W 2 F R 2025 % 2 A
N L HEZ COCO*H,SL
LIPS H‘,E‘fﬁr:{' Bk YR /m
04020 0210 1010 4 3920 3
4.6 4
s
<
#
0201 0 0.1 1g' 1° ¢
T, T 3000 3110.07 3200
zL)ﬂ;%?
4‘%
03 01 .01 10 10" _ 10
=
AF—i

/A T

03010 -0.1 10

%\i

a—FF 7R 3851.2~4000. 0 m; b—IF¥F 2691. 5~3851.2 m; c—IFIF 3110.07~3851. 2 m; d—3HiF 2691.5~3110.07 m
B4 AHE LR BB AR A5 T Bk T OC R BRI DU R

Fig. 4 Sedimentation rates calculated based on correlation coefficient method in each section of the Ordovician in Well XT1
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Fig. 5 Cyclostratigraphic analysis results of Wells XT1 and LT1
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Table 1  MTM spectrum analysis results for each well section of the Ordovician in Well XT1
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