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The lake transgression event (LTE) associated with a lake anoxic event (LAE) has been reported previ-
ously from the Cretaceous Nenjiang Formation in the Songliao Basin, NE China. Detailed studies based on
sedimentology, dinoflagellates, ostracods, and biomarkers have provided important evidence for this LTE
in Member 1 of the Nenjiang Formation (Kan'). However, the related floristic record has not received
enough attention. In this paper, palynological data of borehole Ji Tao Di-1 (JTD-1) from the western slope
of the Songliao Basin were analyzed to investigate vegetation and climate changes associated with this
Cretaceous LTE. Three palynological sub-assemblages reflect significant paleovegetation and paleo-
climate changes through this LTE and reveal ecosystem fluctuations related to the global Cretaceous
oceanic anoxic event (OAE3). A significant increase in the relative abundance of Schizaeoisporites and
Cyathidites spores may represent the LTE in the Nenjiang Formation. Principal Components Analysis
(PCA) and Sporomorph EcoGroup (SEG) model indicate that climate changed from cool and humid
subtropical before the LTE, to relatively warm temperate during the LTE and temperate after the LTE in
this area. The relatively warmer and drier climate during the later period of the LTE may be influenced by
the contemporaneous OAE3. After the LTE, the highland mixed forests were dominant, and a large
number of angiosperms (i.e., members of the Proteaceae) occupied the ecological niches of the middle
canopy, indicating that the flourishing of angiosperms in the late Santonian may be closely related to

environmental disturbances resulted from the LTE and OAE.
© 2024 Elsevier Ltd. All rights are reserved, including those for text and data mining, Al training, and
similar technologies.
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Abstract

The extreme greenhouse climate during the period of oceanic anoxic events (OAEs)
in the Cretaceous is recognized based on marine stratigraphy, whereas the
palaeoclimate remains poorly understood based on the terrestrial record due to the
limitations of quantitative methods. The nearest living equivalent method, such as
using the stomatal index of Ginkgo as a proxy, provides insight into reconstructing
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Keywords: The Lower Cretaceous terrestrial strata of northeast China are predominantly located in northern Hebei, western
Palynology Liaoning, Jilin, and eastern Inner Mongolia Provinces. Among these, the Jiufotang Formation in western
Zircon dating

Liaoning has garnered significant global attention due to its rich fossil record, particularly in relation to Jehol
Biota. The age of the Jiufotang Formation has long been debated primarily due to the absence of biostratigraphic
fossil evidence. In this study, we analyzed the palynological content collected from the Jiufotang Formation in
the Pijiagou section of the Fuxin Basin. A total of 41 species in 24 palynomorph genera were recognized as
belonging to the Appendicisporites-Pi i hepollis e. We documented the new occurrence of
Appendicisporites imperfectus in the Jiufotang Formation, which has been recognized as a valid biostratigraphic
indicator for Aptian palynological assemblages, thereby providing crucial new palynological evidence for dating
this formation. Furthermore, LA-ICP-MS zircon U-Pb dating for a rhyolitic tuff yielded a new age of 118.07 +
0.98 Ma, suggesting that the Pijiagou section was dated to the middle Aptian. Based on the palynological data,
the Lower Cretaceous Jiufotang flora was represented by coniferous forests. Considering the associated biota, the
palaeoenvironment during the middle Aptian was characterized by a sub-humid warm temperate climate with
seasonal changes.

Aptian
Jiufotang Formation
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