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ABSTRACT 
The Pembina and Sharon Springs members of the Pierre Shale are some of the most organic-rich marine shales in the central 

portion of the Western Interior. The shales represent the deep-water facies of the transgressive Claggett Cyclothem of the Early 
Middle Campanian. Both shales preserve a very rich vertebrate record of marine fossils. Theses specimens range from isolated bones 
shed from drifting carcasses to complete skeletons of carcasses that sank soon after death. No mass accumulation levels are present, 
even associated with bentonites, thus no mass deaths can be attributed to volcanic ash fallout, nor to dinoflagellate or other 
phytoplankton blooms (“red tide”). The accumulations are best explained as attritional in anoxic or near anoxic bottom waters. A 
field inventory of the Sharon Springs Member reveals that museum collections are biased toward more complete skeletons and rare 
specimens. 

Taphonomic data is used in conjunction with wind data inferred from bentonite thickness and upwelling zones inferred from 
glauconite to reconstruct paleocurrents in the Claggett Seaway. The results suggest that taphonomic data provides an important 
source of information that should be considered in paleocurrent analyses.  

 
 
 
 
 

INTRODUCTION 
 
In 1988, Elizabeth (Betsy) Nicholls completed her 

dissertation on the marine vertebrates from the Pembina 
Member of the Pierre Shale from southern Manitoba, 
Canada. Part of this work included a brief discussion of 
the taphonomy of the various vertebrates, as well as an 
interpretation of the depositional environment of the 
Pembina. The Pembina is equivalent to the Sharon 
Springs Member of the Pierre Shale in Wyoming, 
Colorado and Kansas, USA (Figure 1, 2). Both are black, 
organic-rich shales deposited in the central portion of the 
Western Interior Seaway during the Claggett 
transgression (Kauffman, 1984). The shales suggest 
deposition in apparently similar anoxic environments and 
both members share similar vertebrate taxa as is 
discussed below. It seems fitting in this memorial volume 
that this lesser known aspect of Betsy’s dissertation be 
complemented by my own study of the Sharon Springs 
Member farther south (Carpenter, 1996, see for complete 
inventory and specimen catalog numbers; not all 
specimens cited by Nicholls or by me have been 
cataloged because they remain unprepared).  

To place the taphonomy of the Sharon Springs and 
Pembina in context, the depositional environment needs 
to be briefly described. Both members are some of the 
richest vertebrate bearing Cretaceous marine strata in the 
Western Interior. In numbers of specimens per square 
kilometer of outcrop, they equal and in some cases 

exceed the number of specimens in the Smoky Hill Chalk 
of the Niobrara Formation (Carpenter, 1996). The 
abundance of these vertebrate fossils suggest high 
productivity of the surface waters (more below), which in 
turn may have contributed to sea floor anoxia as 
evidenced by the high organic carbon in both shales. 
Total organic carbon (TOC) values in the Sharon Springs 
range between 3-11% (Gautier et al., 1984) making it one 
of the organically richest marine shale in the Western 
Interior. Lithologically, the Pembina and Sharon Springs 
are noncalcareous, dark gray to black shales that weather 
to silverish-black, greenish-black or brownish-black. The 
resistance of the shales to erosion due to their high 
organic content results in distinctive buttresses. Finely 
disseminated pyrite framboids are present in unweathered 
shales (Tourtelot, 1962; Schultz et al., 1980) and 
oxidation of this pyrite in the weathered zone produces 
gypsum, jarosite, ferric oxide, and hydroxide stains 
commonly found on the outcrop. Beds of phosphatic 
nodules occur, as do limestone concretions. Thin 
bentonites are present, especially near the base of the 
members. Accumulative  thickness of these bentonites is 
up to 7.75 m (Gill and Cobban, 1973). The basal ash, the 
Ardmore bentonite, has produced dates of 80.54 ± 0.55 
Ma by Obradovich (1993), 80.4 ± 0.45 Ma by Hicks et al. 
(1999; magnetic polarity C33R, Hicks et al., 1999), thus 
placing the Pembina and Sharon Springs in the Middle 
Campanian (Figure 2). The source for the ash is primarily 
the Elkhorn Range in western Montana (Gill and Cobban,  


