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Abstract

Organic-rich lacustrine shale strata consist of source rocks for conventional hydrocarbon resources and main targets for non-marine shale oil.
Highly heterogeneous lacustrine shale strata lithofacies have the sedimentary structures and components that are more sensitive to small-scale
changes in climate, lake level and provenance. Therefore, their isochronous interfaces are difficult to identify using conventional geophysical
data and biomarkers, thus limiting the application of traditional sequence stratigraphy in the isochronous correlation of lacustrine shale strata
and the study of paleo-lake evolution (Zhang et al.,2021). Lacustrine shale strata are mainly composed of fine-grained sedimentary rocks
characterized by small grain size and complex laminar structures. It is challenging to establish conventional logging models, and inter-wells
correlation by cross-scale coupling analysis from microscopic scale to macroscopic scale (Rohais et al.,2021). Stratigraphic forward modelling
allows both the simulation of the evolution in time and space of the processes that govern the development of erosion, transport, deposition
from initial conditions following the timeline on the basis of source-to-sink analysis, and quantitatively predict spatial distribution of
sedimentary systems at different timescales (Burges set al.,2012;Paola et al.,2012). Historically, interest in stratigraphic forward modelling has
focused on carbonates and coarse-grained clastics systems with simple controlling factor and physical process at large timescales (Bruneau et
al,2017; Harris et al.,2020; Zucker et al,2021; Snider et al, 2023). In contrast, there has almost been none study on stratigraphic forward
modelling of lacustrine shale strata. This study utilized numerical stratigraphic forward model to simulate sediment transport of the lacustine
shale strata, in the first member and second member of Qingshankou Formation, Gulong Sag, Songliao Basin, China, with the study area of
1000km2. Based on cores,seismic profiles, geochemical analyses, well-logging data, paleontological data, and astronomical cycle results, we
established an high-frequency sequence stratigraphic framework, and took 170kyr as the time interval of sedimentary evolution. According to
3D seismic data sets, paleogeomorphology was reconstructed. The lithofacies and the fluctuations of paleo-climate, lake level, paleo-water
depth, and provenance intensity were defined by core samples, thin sections and geochemical data. Zircon depth profiling chronological
method was applied to determining the sources of fine-grained sediments at timescales. Sediments transport patterns such as suspension in
static water, hyperpcnal flow, slump turbidity current, bottom current, volcanic activities were identified by cores, well-logging data and
seismic data analyses. The results of above research indicated that paleo-climate, source supply and paleogeomorphology had control effects on
lithofacies distribution. Fine-grained sediments transport and deposition process at each 100000 kyr timescale was modeled. Shale, silty



mudstone, siltstone and ostracodes limestone distribution at each time step was stimulated by adjusting parameters according to well data and
3D seismic amplitude time slice correction. By linking source-to-sink system with numerical stratigraphic forward modelling, this study
provides an alternative approach to predict lacustrine shale strata lithofacies distribution at different timescales.



