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Multi-method-constrained tracing of complex provenance: A case study of the
sequence from the Paleogene Kongdian Formation to the lower submember of the
4th member of the Shahejie Formation in the Dongying Sag

ZHANG Qian'”’

(1. Postdoctoral Scientific Research Working Station of Shengli Qilfield , SINOPEC , Dongying , Shandong 257001, China; 2. Exploration
and Development Research Institute , Shengli Oilfield Branch Company , SINOPEC, Dongying, Shandong 257015, China)

Abstract: Provenance studiy holds great significance for tracing the source-to-sink process and clarifying the distribution
patterns of favorable reservoirs. The sequence from the Kongdian Formation to the lower submember of the 4th member
of the Shahejie Formation (also referred to as the Sequence) in the Dongying Sag represents a suite of red deposits filled
in the initial rifting stage of the Bohai Bay Basin under the joint control of multiple provenance. However, there is still
controversy regarding their directions. To reveal its provenance characteristics at this stage, we systematically analyze
the detrital composition and heavy minerals of sandstones, as well as conduct geochemical tests ofmajor and trace
elements of mudstones and detrital zircon U-Pb dating. The results indicate that the sandstones in the Sequence
primarily consist of lithic feldspar sandstones, exhibiting low compositional maturity with lithic fragments dominated by
metamorphic and igneous rocks. The main heavy minerals in the sandstones include zircon, garnet, ilmenite, and
apatite. The whole-rock major element analysis of mudstones in the Sequence reveals high silicon and aluminum
contents and rich alkali. The trace element data show that the mudstones are relatively enriched in Li, Cr, and Cs.

Regarding rare earth elements (REEs) , the mudstones feature enrichment of light REEs (LREEs) and negative Eu
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anomalies. The U-Pb isotope ages of detrital zircons in the Sequence range from 2 817 Ma to 75 Ma, concentrated in
175 ~ 130 Ma, 315 ~ 250 Ma, 1900 ~ 1 855 Ma, and around 2 500 Ma. The Sequence is deposited under complex
provenance conditions against the background of intense tectonic activities, with primary parental rocks
encompassing the Archean intermediate-acid igneous rocks and metamorphic rocks, the Paleoproterozoic
intermediate-mafic igneous rocks, the Lower Paleozoic carbonate rocks, and the Mesozoic intermediate-mafic
igneous rocks, along with significant contribution from recycled clastics of the Mesozoic and Paleozoic. In all, it is
indicative of proximal depositional systems during the Sequence formation, mainly consisting of Binxian-
Chenjiazhuang, Guangrao, and Luxi-Qingcheng systems.

Key words: heavy mineral, elemental geochemistry, detrital zircon U-Pb age, complex provenance system, sequence

from the Kongdian Formation to the lower submember of the 4th member of the Shahejie Formation, Dongying Sag,

Bohai Sea Basin
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Fig. 1  Structural sketch of the Dongying Sag in the Bohai Bay Basin and the composite stratigraphic column of the Paleogene strata in the sag
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Fig. 4 Histograms for heavy mineral contents in heavy mineral assemblages in the sequence from the Kongdian Formation to the lower 4th

member of Shahejie Formation in the Dongying Sag and its adjacent areas
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