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Fig.1 Tectonic division, stratigraphy and sedimentary environment ofithe lower Nenjiang Formation in the
Songliao Basin

(a) tectonic unit division of the Songliao Basin, modified from Wang et al., 2016; 1. western slope zone; II. northern tilting subzone; III.
central depression zone; IV. northeast uplift zone; V. southeast uplift zone; VI. southwest uplift zone, well A34 is marked by a red square;
(b) stratigraphic sequence and chronostratigraphic framework of‘the Upper Cretaceous in the Songliao Basin, modified from Wu et al.,

2024; (c) sedimentary facies of the first and second members of the¢ Nenjiang Formation, modified from Jia ez al., 2013
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Fig.2 Nomenclature guidelines for fine-grained sedimentary rocks facies(modified from Lazar et al., 2015a)
(a) texture (grain size); (b) descriptive terms for lamina continuity, shape, and geometry
® 1 ORERIREEFHER

Table 1 Characteristics of the mudstone scratch test
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Fig.3 Fine-grained sedimentary rocks and organic matter content in the lower Nenjiang Formation, well A34

Pink bands indicate organic-rich intervals (mean TOC>3%)
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Fig.4 Photographs of fine-grained sedimentary rock facies from the first and second members of the Nenjiang
Formation, well A34

(a—e) continuous laminated (bedded) mudstone, (f-j) discontinuous laminated (bedded) mudstone, (k—n) massive mudstone; (a) 1 543.61
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m, continuous laminated medium mudstone; (b) 1 541.31 m, medium dark gray continuous curved bedded medium mudstone; (c) 1
543.60 m, plane-polarized light, 50 x; (d) 1 543.60 m, lamination composed of quartz and carbonate particles, cross-polarized light, 200 x;
(e) 1 526.00 m, medium dark gray continuous planar laminated medium mudstone, plane-polarized light, 100 x; (f) 1 472.49 m, medium
gray discontinuous linear laminated coarse mudstone; (g) 1 562.39 m, medium gray discontinuous curved bedded coarse mudstone; (h) 1
574.00 m, plane-polarized light, 50 x; (i) 1 565.50 m, cross-polarized light, 100 x; (j) 1 488.80 m, plane-polarized light, 50 x; (k) 1 463.77
m, dark gray massive fine mudstone; () 1 454.40 m, plane-polarized light, 50 x; (m) 1 454.40 m, plane-polarized light, 100 x; (n) 1

462.50 m, plane-polarized light, 100 x
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Table 2 Characteristics of fine-grained sedimentary rocks and main influences on organic matter

enrichment in the First and Second members of Nenjiang Formation, well A34
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Abstract: [Objective] The Songliao Basin is a major hydrocarbon-producing region in China. After more than 60
years of exploitation, conventional oil and gas development has entered a high-cost phase characterized by
considerable technical difficulty; the basin has now fully transitioned to the stage of unconventional hydrocarbon
exploitation. During the deposition of the Upper Cretaceous Qingshankou and Nenjiang Formations, two
large-scale lacustrine transgressions created vast potential shale oil resources. The first and second members of the
Nenjiang Formation host thick intervals of dark, organic-rich, fine-grained sedimentary rocks. Previous studies
have generally classified these deposits as deep to semi-deep lacustrine facies; however, high-resolution variations
in depositional environments and their relationship to organic matter enrichment remain unclear, necessitating an
integrated sedimentological and geochemical investigation of the fine-grained sedimentary rocks. [Methods] This
study, based on core data from Well A34 in the Qijia—Gulong Sag of the Songliao Basin, conducted
centimeter-scale high-resolution core descriptions of the first and second members of the fine-grained sedimentary
rocks in the Nenjiang Formation. Microscopic petrographic analysis, total organic carbon (TOC) content
measurements and elemental line and area scanning techniques wereyapplied to subdivide their lithofacies.
[Results and Discussions] A total of 16 lithofacies and six facies assemblages were identified in the first and
second members of the Nenjiang Formation. Based on the sedimentological) isotope and elemental geochemical
characteristics of each lithofacies, three organic-rich intervals were recognized: at the base and middle section of
the first member, and at the base of the second member. These intervals are dominated by medium- to fine-grained
dark mudstones with continuous lamination. [Conclusions] Integrated isotope geochemical data suggest that a
humid climate, together with nutrient influx _fromd sediment sources, were key factors in creating the
high-productivity and strongly reducing conditions i _the Songliao Basin during the deposition of the first and
second members of the Nenjiang Formation. These conditions led to the formation of three intervals of
organic-rich, well-laminated medium- to fine-grained dark mudstones.

Key words: Songliao Basin; fine-grained sedimentary rocks; lamination; organic matter enrichment; elemental

and isotope geochemistry
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