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Abstract:
Abundant Jurassic terrestrial plant fossils were discovered from the Haifanggou Formation
(and its correlative strata) in NE China. The recent discovery of Schmeissneria sinensis
from this formation provided evidence that the origin of angiosperms could be much
earlier than previously believed and impacted several hypotheses regarding the coevolution
of plants and atmospheric CO2. A high-precision framework for the Haifanggou
Formation is critical to establishing its role in plant evolution, particularly of angiosperms,
and will improve our knowledge of the influential process between atmospheric CO2 levels
and the plant evolution. As a participant of EARTHTIME, one of my central goals is to
increase precision and accuracy of radioisotopic dating techniques. Highly precise and
accurate chronologies are essential for a full understanding of biological evolution,
extinctions, catastrophes, climate changes, and generally understanding Earth History.
Project motivation:
Atmospheric CO2 levels have fluctuated greatly during the Phanerozoic (Berner and
Kothavala, 2001; Rothman, 2001; Bergman et al. 2004;Royer et al., 2004). Although
many organic and inorganic factors affected atmospheric CO2 levels, plants have played an
important role in CO2 fluctuations. For example, the rise of land plants during the
Devonian brought a dramatic drop in atmospheric CO2 and caused the PermoCarboniferous glaciation, the longest and most extensive glaciation of the entire
Phanerozoic (Crowley and North, 1991; Kenrick and Crane, 1997; Crowley and Berner,
2001; Berner, 2003).
The details of origin and rapid diversification of angiosperms in the fossil record, referred
to by Charles Darwin as the "abominable mystery", has long been debated (Davies et al.,
2004). Recently, most paleobotanists accept an Early Cretaceous origin for angiosperms
(Friis et al., 2005; Friis et al., 2006; Rydin et al., 2006; Frohlich and Chase, 2007) and
support that angiosperms underwnet a rapid ecological radiation in middle-late Cretaceous
(Crane and Lidgard, 1989; Lupia et al., 1999). Because high concentrations of Cretaceous
atmospheric CO2 underwent a long-term decline (Berner and Kothavala, 2001; Rothman,
2001; Bergman et al., 2004; Royer et al., 2004), several hypotheses suggested that the
origin and radiation of angiosperms and atmospheric CO2 levels are closely related
(Teslenko, 1967; Volk, 1989; Robinson, 1994; Beerling, 1994). However, controversy
remians over whether angiosperm radiation or atmospheric CO2 decline came first. Knoll
and James (1987) and Volk (1989) proposed that the evolution of angiosperms in the
Cretaceous played a significant role in the long-term decline in atmospheric CO2 by
accelerating chemical weathering of calcium and magnesium silicate rocks. On the
contrary, others proposed that a decrease in atmospheric CO2 concentrations during the
Cretaceous triggered the rise and rapid adaptive radiation of angiosperms (Teslenko, 1967;
Robinson, 1994; McElwain et al., 2005).
The recent discovery of Schmeissneria, previously identified as a member of Ginkgoales
(Kirchner and Van Konijnenburg-Van Cittert, 1994), from the middle part of the Jurassic
Haifanggou Formation provided evidence that the origin of angiosperms could predate the
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