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Fig.1  Tectonic location and stratigraphy of the Dongying Depression

(a) structural overview of the Bohai Bay Basin; (b) regional structures and well locations; (c) stratigraphic cross-section
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Lithofacies Association Types and Their Development Due to
Astronomical Cycle Constraints: A case study of the Lower Eocene
Shahejie Formation on the southern slope of the Dongying Depression

ZHANG Shun'?,LIU HuiMin’, HAN Yu’, LIANG Chao’, LI JunLiang"*, HUANG ZhiMin’
1. Exploration and Development Research Institute, SINOPEC Shengli Oilfield, Dongying, Shandong 257015, China

2. State Key Laboratory of Shale Oil and Gas Enrichment Mechanisms and Effective Development , Beijing 102206, China

3. School of Geosciences, China University of Petroleum (East China), Qingdao, Shandong 266580, China

Abstract: [Objective] This study of the shale sequences of the upper subsection of the Sha 4 member of the Shahe-
jie Formation was conducted to identify the astronomical cycles recorded in the study area, and to summarize the ef-
fect of orbital eccentricity on shale sedimentation and lithofacies association development.[ Methods] Lithofacies as-
sociations were delineated by detailed core observation and experimental testing of core sections from particular wells
and by considering sedimentary paleoenvironments. GR logging curves were used as surrogate indicators for data pre-
processing, spectral analysis, filtering and tuning analysis.[ Results ] Interbedded combinations of laminated carbon-
ate shale and calcareous mudstone are most developed, along with their lithofacies associations. The eccentricity,
obliquity and precession of the Earth’s planetary orbital cycles control climatic cycles and determine the extent of cy-
clic shale sedimentation, producing a significant regulating effect on lithofacies associations. A single long eccentrici-
ty corresponds to a specific lithofacies association. [ Conclusions] Increases in the orbital eccentricity of the Earth
lead to enhanced seasonality and more summer precipitation, favoring the deposition of long-chain minerals. The
main lithofacies during that time comprise interbedded laminated carbonate shale and calcareous mudstone. When the
orbital eccentricity of the Earth decreases, seasonality weakens and summer precipitation is reduced. At this point,
the shale composition becomes enriched with carbonate minerals, and the main resulting lithofacies association is a
combination of laminated carbonate shale interbedded with calcareous mixed mudstone. The findings of this study pro-
vide important guidance for detailed prediction and evaluation of shale oil sweet spots.

Key words: lithofacies association ; astronomical cycles; Shahejie Formation; lacustrine shale; shale oil



