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Fig.1 Comprehensive geological background map of the Western Sag of the Liaohe Depression in the Bohai Bay
Basin
(a) simplified map of Bohai Bay Basin; (b) structural division of Liaohe Depression; (c) simplified structural diagram of the Western Sag

and location of the study area; (d) Cenozoic age distribution in the Western Sag!7>74!
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(a) 21 MTM spectrum analysis; (b) Evolutionary Fast Fourier Transform (eFFT) analysis
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Fig.3 Estimation of optimal sedimentation rate based on correlation coefﬁcient method of leil5, leil4, and lei61
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Fig.4 2z MultiTaper Metl%.( /szectrum analysis and eFFT analysis of leil5, leil4, and lei61 in the depth

/% domain

(a, d, g) are the gamma ray (GR) curves and filter curves of wells Lei 15, Lei 14, and Lei 61, respectively. The long eccentricity filter
bandwidths are 0.023 726 5 + 0.003 905 5, 0.022 791 5 + 0.005 178 5, and 0.018 398 4+0.003 713 0 cycles/m, respectively. The short
eccentricity filter bandwidths are 0.070 389 0 + 0.004 607 0, 0.070 030 5 + 0.005 019 5, and 0.055 595 5 + 0.004 421 5 cycles/m,
respectively; (b, e, h) are the GR 2t MTM spectrum analysis of wells Lei 15, Lei 14, and Lei 61, respectively;(c, f, i) are the eFFT of the

GR curves of wells Lei 15, Lei 14, and Lei 61, respectively. The sliding windows are 50.55 m, 52.5 m, and 61.85 m, respectively
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Fig.5 2nMTM spectrum analysis, eFFT analysis, and astronomical time scale of leil5, leil4, and lei61 in the
time domain

(a, d, g) are the GR, tuning GR, and filtering curves of wells Lei 15, Lei 14, and Lei 61, respectively. The long eccentricity filter
bandwidths are 0.023 726 5 £ 0.003 905 5, 0.022 791 5 + 0.005 178 5, and 0.018 398 4 + 0.003 713 cycles/m, respectively. The tuned GR
long eccentricity filter bandwidths are 0.002 448 45 + 0.000 480 45, 0.002 465 05 + 0.000 346 15, and 0.002 515 45 £ 0.000 554 75

cycles/kyr, respectively; (b, e, h) are the spectrum analysis diagrams of the tuned GR curves of wells Lei 15, Lei 14, and Lei 61,



respectively; (c, f,(i) are the sliding window spectrograms of the tuned GR curves of wells Lei 15, Lei 14, and Lei 61, respectively. The

sliding windows are all 600 kyr
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Fig.6 TU-Pb dating age of carbonate rocks at 2 766.61 m in well Lei 14

(a) Laser target and measuring point locations (135 points in total); (b) Carbonate U-Pb isotope age is 43.4+1.7 Ma
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Identification of Astronomical Cycles in Fine-Grained Rocks

and Their Application in Fine Stratigraphic Division: A case
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Abstract: [Objective] Lacustrine fine-grained sedimentary rock mixed with clay, felsic, carbonate and analcite
minerals, developed in the fourth member of the Shahejie Formation of the Leijia area in the Western Sag of the
Liaohe Depression in the Bohai Bay Basin, is the main carrier of oil and gas in the region. Owing to the complex
composition and rapid lateral changes of mixed fine-grained rocks, the reservoirs are highly heterogeneous, which
brings certain difficulties to the prediction of high-quality reservoirs. [Methods] Taking wells Lei 15, Lei 14, and
Lei 61 in the Leijia area of the Western Sag as an example, and based on time series analysis method,
high-precision carbonate U-Pb dating, and natural gamma ray (GR) logging data, the mixed fine-grained rocks of
the fourth member of the Shahejie Formation were analyzed using cyclostratigraphy. [Results and Discussions] (1)
The optimal sedimentation rates of wells Lei 15, Lei 14, andl Lei 61 were estimated by Correlation
Coefficient(COCO), the optimal sedimentation rates increased sequentially and were 10.57, 11.4, and 13.93
cm/kyr, respectively. (2) We performed spectrum analysis on the paleoclimate proxy indicator (GR) and compared
it with the data spectrum analysis results of the standard eccentricity, slopes/and precession (ETP) composite curve,
identifying the astronomical cycle signals in mixed fine-grained rockséinswells Lei 15, Lei 14, and Lei 61. Then,
we used the 405-kyr long eccentricity cycle for astronomical tuning. We set the age 43.4+1.7 Ma at 2 766.61 m in
well Lei 14 as the anchor point to establish an absolute astronomical time scale. (3) 6 long eccentricity cycles of
405 kyr and ~17 short eccentricity cycles of ~129 kyr were identified in the fourth member of the Shahejie
Formation. Combining the connection between theé\Eafth's orbital period and high-frequency sequences, a fine
stratigraphic division and correlation at the eccentricity”scale was established. [Conclusions] By conducting
cyclostratigraphic research on the fourth member of the Shahejie Formation in the Leijia area, its astronomical
cycle signals can be effectively identified. This method quantitatively establishes a fine stratigraphic division and
comparison framework with timegattributes, which plays an important role in guiding further oil and gas
exploration in the area and broadens the-applicability of cyclostratigraphy in the Bohai Bay Basin.

Key words: mixed fine-grained sedimentary rock; astronomical cycle; sedimentation rate; fine stratigraphic

division; Western Sag
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