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All modern sharks and rays form a monophyletic group, the

Neoselachii. This group has its origins in the Devonian Period, and has

survived the end-Devonian, Permo-Triassic, and Cretaceous-Neogene

mass extinction events in order to come to dominance as the most

biodiverse chondrichthyan taxon in modern seas. In the Paleozoic, the

anachronistid sharks (Anachronistidae) are a frequently encountered

neoselachiian group in the fossil record. This group had its origins in

the early Carboniferous Period, but reached its maximum diversity as

the period ended and progressed into the Permian Period. This

increase in diversity coincided with a period of climatic instability often

called the Late Paleozoic Ice Age, though the exact stratigraphic

history of these organisms during the ice age is not well understood

(see Figures 1, 2, & 3).
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Figure 3: The image above, modified from Blakey (2016), details the 

paleogeography of marine and estuarine ecosystems during the Gzhelian (303.7 –

298.9 Ma) on the North American craton.  The location of the sites within the 

Conemaugh Group used in this study is denoted by the black circle.

Figure 2: The image above, modified from Blakey (2016), details the 

paleogeography of marine and estuarine ecosystems during the Kasimovian (307 –

303.7 Ma) on the North American craton.  The location of the sites within the 

Conemaugh Group used in this study is denoted by the black circle.

Teeth belonging to Cooleyella were reported across the entire 

section studied, located during microsampling from the extreme top 

and bottom of the studied section, and inferred based on other 

occurrences to have existed in the Gaysport Limestone.  It would 

appear that Cooleyella was able to exist in the Appalachian 

Foreland Basin over as many as 8 million years, as long as marine 

conditions existed, unlike several other marine vertebrate taxa 

(Cline et al., 2022). The presumed resistance displayed by 

anachronistids to sea-level induced extinction and extirpation may 

have been a factor in the ability of other members of the 

Neoselachii to persist across more extreme environmental changes 

such as the Late Paleozoic Ice Age (with its own accompanying 

global sea level changes) and other late Paleozoic periods of 

faunal overturn. While anachronistids do not appear in the early 

Triassic, it is clear that other neoselachiians survived the Permo-

Triassic extinction event and persist to present day. However, the 

exact mechanism behind this persistence in the Paleozoic (be it diet, 

temperature, salinity, etc.) is not presently known. 

Figure 1: These charts detail global glaciation before, during, and after the Late 

Paleozoic Ice Age. The interval of this study (Kasimovian-Gzhelian), and the approximate 

appearance of anachronistid sharks in the fossil record are highlighted in shades of red. 

(Figure modified from Fielding et al., 2008, incorporating information from Veevers & 

Powell, 1987; Crowell, 1999; Frakes et al., 1992; Frakes & Francis, 1988; Crowely & 

Baum, 1991, 1992; and Isbell et al., 2003.)  

Results & Discussion

Around the time of maximum ice volume in the Late Paleozoic Ice Age

(Figure 1), the Conemaugh Group was deposited into the Appalachian

Foreland Basin (Figures 2 & 3). The group consists of several Late

Carboniferous cyclothems which were deposited as conditions in the

Conemaugh Group fluctuated between terrestrial, freshwater, and marine.

A total of 7 of these marine transgressions were sampled for

microvertebrates and reviewed in the literature to aid in the understanding

of the marine vertebrate faunal overturn at this time (Cline et al., 2022).

Remains of Cooleyella, a Late Paleozoic Anachronistid known from

elsewhere in North America, were detected or inferred from the entire

sequence of 7 transgressions and regressions.
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