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Loss of generic diversity across the K-Pg Extinction Event

It is now well established that during the Cretaceous-Paleogene, or K-Pg, extinction 
event, many clades underwent significant turnover. Fossil chondrichthyans (or sharks, 
rays, and chimaeras) were not shielded from this.
Studying fossil localities from before and after the K-Pg can help us understand how 
different marine bio-provinces were affected. It is assumed that the diversity changes 
reflected a global pattern.

Rhode, R. A., & Muller, R. A. (2005). Cycles in fossil diversity. Nature, 434, 208-210. 
https://doi.org/10.1038/nature03339
Guinot, G., Adnet, S., & Cappetta, H. (2012). An analytical approach for estimating 
fossil record and diversification events in sharks, skates and rays. PLoS ONE, 7(9), 
e44632. https://doi.org/10.1371/journal.pone.0044632
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To explore this, we conducted fieldwork in the Late Cretaceous Severn Formation of 
Maryland, which is disputed to be early to middle or late Maastrichtian, depending on 
the biostratigraphic
correlation employed.

Maryland Geological Survey. (2000). Prince Georges County. Index to Online 
Geologic Maps. http://www.mgs.md.gov/esic/geo/pri.html [In this map, the Severn 
Formation is labelled as the Monmouth Formation. See Minard et al., 1977]
Minard, J. P., Owens, J. P., & Sohl, N. F. (1977). Reintroduction of the Severn 
Formation (Upper Cretaceous) to replace the Monmouth Formation in Maryland.  
United States Geological Survey Bulletin, 1435, 132-133.
Sepúlveda, J., Alegret, L., Thomas, E., Haddad, E., Cao, C., & Summons, R. E. 
(2019). Stable isotope constraints on marine productivity across the 
Cretaceous-Paleogene mass extinction. Paleoceanography and Paleoclimatology, 
34(7), 1195-1217. https://doi.org/10.1029/2018PA003442

http://www.mgs.md.gov/esic/geo/pri.html


Biostratigraphers disagree on the age of the Severn

Late Maastrichtian
Ammonites

Middle Maastrichtian
Dinoflagellates, 
Nannofossils, 
Ostracods

Early Maastrichtian
Gastropods

The Severn’s age is thought to be Latest Campanian through Early Maastrichtian 
based on gastropods, Middle Maastrichtian based on dinoflagellates, nannofossils, 
and ostracods, or Late Maastrichtian based on ammonites.

Gastropod image courtesy of Valerie Horn.
Dinoflagellates, calcareous nannofossils, and ostracods from Wikimedia Commons.
Kennedy, W. J., Cobban, W. A., & Landman, N. H. (1997). Maastrichtian ammonites 
from the Severn Formation of Maryland. American Museum Novitates, (3210), 1-30.
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We collected fossils at a locally known but not heavily documented site for the Severn 
Formation near Indian Head Highway in Fort Washington, Maryland on two separate 
trips in Fall 2019. 
The site’s lithology is typical of the Severn Formation, with gray-green glauconitic 
clays. Exogyra oyster mounds are common in the northern part of the site, closest to 
the source layer based on USGS maps. 
Fossil material is commonly exposed through weathering (rain and wind), and the 
Exogyra mounds and fossil layers are washed out with small gullies around them. 



Van Vranken 
excavating turtle ribs

Shark teeth and pebblesExogyra - very common

Enchodus and Ischyriza

More shark teeth... 
More fish bones….

During the first site visit, we collected fossils along the surface including many shark 
teeth, bony fish skull bones, mosasaur vertebrae, and turtle shell fragments.
On our second site visit conducted a few months later, we resurveyed the site, 
surface collected vertebrate material, and additionally collected more than 10 kg of 
fossiliferous sediment.
We washed the sediment through screens and collected all fossiliferous material that 
was macroscopically visible. The remaining sediment was saved for future 
microscopic sorting.
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Some examples of the Indian Head Highway chondrichthyans
Lamniforms (especially Scapanorhynchus) most common

Scapanorhynchus

Most of the surface collected and screen-washed fossils were chondrichthyan teeth. 
Scapanorhynchus was the most abundant, but several other identifiable 
chondrichthyans were present.



Building and analyzing the data set
We downloaded all occurrences of Campanian-Paleocene 
chondrichthyans from The Paleobiology Database (>3,000 records) and 
converted this to a presence-absence matrix consisting of 198 localities 
and 113 genera in Excel.

We then added 24 localities from the literature representing 
chondrichthyan faunas from Campanian-Paleocene localities, particularly 
those relevant to the K-Pg (latest Maastrichtian, early Danian), and 
ensuring that the Severn Formation was represented by multiple 
localities, not just lumped into a single geological unit..

We then added data from our site. The final matrix consisted of 223 
localities x 113 genera.

The data set was analyzed in PAST 4.03 (Hammer et al., 2001) using 
paired grouping and single linkage clustering analyses.

To understand how the Severn Formation was connected to other Cretaceous marine 
localities, we compiled a data set of Campanian-Paleocene chondrichthyan 
occurrences using the literature and the PBDB. We analyzed the data using paired 
grouping and single linkage clustering in PAST.

Hammer, Ø., Harper, D. A. T., & Ryan, P. D. (2001). PAST: Paleontological statistics 
software package for education and data analysis. Palaeontologia Electronica, 4(1). 
https://palaeo-electronica.org/2001_1/past/issue1_01.htm



Clustering Cophenetic correlation coefficient

                Algorithm Dice Jaccard
UPGMA 0.8747 0.9274
Single linkage 0.6197 0.7865

Former Landover Mall
Global pre- and

post- K-Pg sites

Bowie
Late Maastrichtian
North American Marine Sites

Indian Head Highway
Late Camp.-Early Maas.

Circum-Atlantic Sites

The results were surprising. Our Indian Head Highway site did not cluster with the 
other Severn localities and none of the Severn localities clustered together. 

Indian Head Highway clustered with circum-Atlantic Late Campanian/Early 
Maastrichtian localities (especially those from New Jersey), while the Bowie site 
fell with Late Maastrichtian North American marine localities (including those from 
the Western Interior Seaway) and the Landover Road site fell within a cluster of 
global late Maastrichtian-early Danian localities.

The Severn Formation localities show different chondrichthyan faunal 
associations, suggesting they represent different ages within the Formation, rather 
than being deposited during the same geologic stage.

This seems to reflect the same conflict in biostratigraphic ages among Severn 
Formation localities. This suggests the need to revisit these sites and resample 
them, especially for microfossils, to be certain these differences are real.
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McCormack Dr
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Just a few examples of lost sites...

But there is a problem… We surveyed using Google Maps to assess many of the past 
Severn Formation localities from the literature and found many have been lost to 
urban expansion.
The rate of urban expansion within the D.C. metro area has reduced access to many 
fossiliferous outcrops. More protection is needed for potentially important fossiliferous 
sites. Even our site is not immune, less than half a kilometer away is a planned urban 
renewal project and our site may be slated for future real estate development.

References:
Baird, D. (1986). Upper Cretaceous reptiles from the Severn Formation of Maryland. 
The Mosasaur, 3, 63-85.
Brouwers, E. M., & Hazel, J. E. (1978). Ostracoda and correlation of the Severn 
Formation (Navarroan: Maestrichtian) of Maryland. Society of Economic 
Paleontologists and Mineralogists Paleontological Monograph, 1, 1-52.



TAKEAWAYS

● Different Severn sites seem to be different ages
● The Indian Head Highway site needs more work
● ?Might be Early Maastrichtian
● Future work in the Severn Formation

○ Microfossil sampling
○ Discovering new sites
○ Preserving existing sites (IHH, Bowie, etc.)

In conclusion, the Severn Formation shows significant variation in faunal 
composition at different localities. Future work in the Severn should include 
microfossil sampling to better ascertain the biostratigraphic age of each locality, 
discovering new sites, and preserving existing sites.
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For a copy of slides
You can download slides and the data set here 
https://figshare.com/projects/Cretaceous-Paleogene_Marine_Assemblages/9
2576 

Or email Nicholas Gardner at ngardner@mail.wvu.edu for a copy
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