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Abstract - Recent field investigations were concentrated in the Pierre Shale and Fox Hills formations (Late Cretaceous) exposed in Badlands National Park (BADL). Here we describe the occurrence of vertebrate fossils from the two lithostratigraphic units within BADL. Specimens include a tooth of the sand tiger shark, Odontaspis; a teleost tooth and scales; a partial left maxilla and associated dorsal vertebrae of a juvenile Mosasaurus conodon; and an isolated anterior caudal vertebra of a large unidentified mosasaur. A rich and varied invertebrate assemblage was also found that includes: ammonites, nautiloids, gastropods, pelecypods, scaphopods, decapods, inarticulate brachiopods, bryozoa, and scleractinian corals. 

The juvenile specimen of Mosasaurus conodon and the teleost tooth were collected from the Baculites cuneatus biozone of the Verendrye Member, Pierre Shale. The teleost scales were associated with Baculites clinolobatus and Hoploscaphites burkelundi, and were found in the Mobridge Member, Pierre Shale. The Odontaspis tooth was collected from the Elk Butte Member, Pierre Shale, whereas the isolated mosasaur caudal vertebra was collected from the upper part of the Fox Hills Formation. 

____________________ 

 

Introduction
D

uring much of the Late Cretaceous, a vast north-south trending epicontinental sea existed in the Western Interior of North America. The eastern margin of the seaway was formed by the low-lying stable Canadian Shield, while the entire western margin was flanked by an unstable cordilleran highland (MacDonald and Byers, 1988). 

Rapid sea level rise during the late Early Campanian resulted in a shift from chalk deposition of the Niobrara Seaway to muds of the Pierre Seaway (McGookey et al., 1972). During the existence of the Pierre Seaway, several minor transgressive/regressive events occurred that are recorded in the rocks of the Pierre Shale exposed in Badlands National Park. Retreat of the seaway began in early Maastrichtian time due to an increase in both tectonic activity and rate of coarse clastic deposition (McGookey et al., 1972). The Fox Hills Formation represents a nearshore transition between the marine environments of the Pierre Shale and terrestrial environments of the Hell Creek Formation. 

The Pierre Shale and Fox Hills Formation are exposed today in the northern and southern parts of Badlands National Park of southwestern South Dakota (Figure 1). The park is well known for Eocene - Miocene mammalian assemblages in the White River Group. However, little is known about the fossil occurrences, especially of vertebrates, within Cretaceous rocks exposed throughout the park. 
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Figure 1— A, Map of Badlands National Park. Symbols indicate vertebrate fossil localities; B, Map of southwestern South Dakota showing the location of the park. B modified from U.S.G.S. 1:50,000-scale map of Badlands National Park.

Abbreviations - BADL, Badlands National Park, SDSM, Museum of Geology, South Dakota School of Mines and Technology. All specimens are stored in the Museum of Geology. Precise stratigraphic and geographic information is on record at Badlands National Park. 

History of Collecting

Very little is known about the fossil resources of Cretaceous rocks exposed in BADL. Meek and Hayden (1862) were the first to recognize the presence of the "Fort Pierre Formation" (Pierre Shale) in the Sage Creek area of the Park (North Unit). Since then, this formation has received little attention. However, recent field research has documented fossils within Cretaceous strata of BADL, including ammonites, pelecypods, gastropods, scaphopods, crustaceans, brachiopods, nautiloids, bryozoans, corals, scaphopods, and belemnites (Table 1). The majority of the fossils are from the Pierre Shale, but several ammonites and the belemnites, as well as a lobster tail, were recovered from the Fox Hills Formation. Meager vertebrate remains, consisting of isolated teleost scales and teeth, a single mosasaurine caudal vertebra, and vertebrae and jaw fragment of Mosasaurus conodon, were also discovered. This small assemblage probably reflects a collecting bias (as exposure surface is limited), rather than actual low abundance. 

Several important marine reptile discoveries have been made outside the park boundary. The type specimen of Prognathodon overtoni (KU 950) was collected from "... near the top of the Pierre deposits of the Cheyenne River of South Dakota" (Russell, 1967; Williston, 1897, p. 95), and an additional specimen (SDSM 3393) was recovered from "... the Virgin Creek Member, Upper Pierre Shale Formation ... southwest of Cuny Table, Shannon County, South Dakota" (Russell, 1967). The preservation of SDSM 3393 indicates that the bones were collected from the Yellow Mounds Paleosol. 

An additional mosasaur skeleton, probably Mosasaurus, was collected by SDSMT personnel over 30 years ago north of Scenic, South Dakota. The specimen consists of a nearly complete skeleton. Unfortunately, only the skull, limbs, and part of the tail were collected at the time of discovery. The bones are encased in hard, yellowish limestone derived from the Yellow Mounds Paleosol. This material has been prepared with acetic acid to dissolve the limestone. Several teeth of the dogfish, Squalus, were also discovered in the limestone. This association may indicate, as has been documented from the Pierre Shale of the Missouri River area of South Dakota, that the mosasaur carcass was scavenged by a school of dogfish (Bell et al., in press). 

In 1926, a stratodont osteichthyan, probably Stratodus (SDSM 2674 and 2675), was collected from Cuny Table, Shannon County, by the Museum of Geology. The remains consist of a complete dentary, premaxilla, edentulous jaw fragments with a double row of equally sized alveoli, isolated teeth, and scales. Some of the bones are encased in hard yellow and pink phosphatic nodules that are characteristic of the Yellow Mounds Paleosol. 

Cretaceous Stratigraphy of Badlands National Park

Cretaceous rocks of BADL consist of the Pierre Shale, and bluish, fine-grained glauconitic sandstone of the Fox Hills Formation. Extensive outcrops of the Pierre Shale are found throughout the Sage Creek Wilderness area of the North Unit and within tributaries of the Cheyenne River in the South Unit. Overlying the Pierre Shale is a yellow weathered unit, variously referred to as the "Interior Zone", "Interior Formation", Rusty Member" (Stoffer et al., 1998), and "Yellow Mounds Paleosol" (Pettijohn, 1965). Dunham (1961) recognized that pre-Eocene weathering was responsible for the bright yellow sediments of the "Interior Formation". However, it was uncertain as to whether these sediments belonged to the Pierre Shale or Fox Hills Formation (Agnew and Tychsen, 1965). Recent work by Stoffer et al. (1998) has established that the "Yellow Mounds Paleosol" is the result of meteoric weathering of both the upper Pierre Shale and Fox Hills Formation. Exposures of the Fox Hills Formation are found throughout the North Unit of BADL.
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Figure 2— Composite stratigraphic section of Cretaceous rocks of Badlands National Park. Eo = Eocene. Modified from Stoffer et al. (1998). 

Collecting efforts have been concentrated in the Pierre Shale during the past several years, and several ammonite biozones have been recognized, including: Didymoceras cheyennense, Baculites compressus, B. cuneatus, B. reesidei, B. jenseni and B. eliasi, B. baculus, B. grandis, B. clinolobatus, and Hoploscaphites burkelundi (oldest to youngest). These biozones have been used to subdivide the Pierre Shale into several biostratigraphic units. In BADL, the lithologic composition correlates with the DeGrey, Verendrye (Crandall, 1958), Virgin Creek, Mobridge, and Elk Butte (Searight, 1937) members of the Pierre Shale of central South Dakota (Figure 2). 

Fossils are scarce in the Fox hills Formation, but this may reflect a collecting bias because this unit has largely been neglected. Those fossils that do occur are generally in poor condition because they have been subjected to several episodes of subaerial exposure. The Fox Hills Formation of BADL has been divided into lower and upper units (Stoffer et al., 1998), although correlation of the Fox Hills with the type area in Central South Dakota (Waage, 1961) is hindered by the poor preservation of invertebrate fossils. The lower unit is no older than late early Maastrichtian, because this interval overlies the Baculites clinolobatus biozone of the Pierre Shale (Cobban et al., 1994). Sr87/SR86 values of belemnites found in the upper unit yielded an age of 67 mya (Stoffer et al., 1998). 

SYSTEMATIC PALEONTOLOGY

Class Chondrichthyes Huxley, 1880

Order Lamniformes Berg, 1958

Family Odontaspididae Muller and Henle, 1839

Genus Odontaspis Agassiz, 1838

Odontaspis sp.

Figure 3, A-C

Referred Specimens - BADL 9935, lower anterior tooth found as float in the Elk Butte Member, Pierre Shale.

Description - The tooth possesses a tall, narrow cusp with a pointed apex. The cusp is slightly sigmoid in lateral profile, and distally inclined. Its labial crown face is smooth and nearly flat, whereas the lingual face is smooth and greatly convex. The cutting edges are smooth and continuous. The enameloid of the labial face extends basally onto root lobes. The lingual dental band is wide and a prominent lingual boss bears a nutritive groove. The root is incomplete, but was bilobate with meso-distally thin lobes and a u-shaped interlobe area. Several foramina are located on the boss and within nutritive groove. 

Discussion - Broken surfaces indicate that at least one pair of lateral cusplets was originally present at the base of each side of the central cusp. This character distinguishes BADL 9935 from lower anterior teeth of the Mitsukurinidae (goblin sharks). Also, the smooth crown faces separate the tooth from both mitsukurinids and striated odontaspids ("Synodontaspis"). The crown morphology is similar to Odontaspis hardingi from the Upper Campanian of New Jersey (Cappetta and Case, 1975), but one specimen is not adequate for precise taxonomic assignment. 

Teeth of Odontaspis are well suited for a piscivorous diet. The lower teeth pierce and hold, while the upper teeth cut into the prey (Cappetta, 1987). Recent odontaspids are found in shallow bays and coastal waters, to a depth of 200 meters (Tricas et al., 1997). 
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Figure 3— Lower anterior tooth of Odontaspis sp. (A-C), BADL 9935. 

A, Labial view; B, Mesial view; C, Lingual view. Scale bar = 3 cm.

Class Osteichthyes

Order indeterminate

Figure 4, A-C

Referred specimens - BADL 8189, single tooth found as float in the Baculites cuneatus biozone, Verendrye Member, Pierre Shale; BADL 8172, BADL 8179, BADL 8181, BADL 8182, BADL 8183, BADL 8184, BADL 8185, BADL 8186, BADL 8187, BADL 8188, all isolated scales collected in situ from the Baculites clinolobatus biozone, Mobridge Member, Pierre Shale. 

Description - The tooth is laterally compressed and bisected into equal labial and lingual faces by unserrated anterior and posterior carinae. Fine striations are located on the lower half of the tooth. The posterior carina is vertical, whereas the anterior carina is strongly sloping. The apex is broken and there is a deep basal pulp cavity. Enamel covers only the upper two thirds of the crown. 

Two types of cycloid scales have been collected. One is oval and is taller than long (Figure 4-B). The other type is subequal in length and height, and has three"denticles" on the posterior edge (Figure 4, C). 

Discussion - An enamel-free basal section and deep pulp cavity indicates the tooth belonged to a fish with a thecodont dentition. The tooth came from a bioturbated limestone and was associated with broken Inoceramus and Lucina. This specimen was collected near Blindman Table, South Unit.The scales were collected from a limestone bed and are associated with inarticulate brachiopods (Lingula). BADL 8180 is similar to scales of the Ichthyodectidae described by Bardack (1965, p. 51). However, the lack of associated skeletal material makes taxonomic assignment difficult. These scales were collected from just north of the Sage Creek Primitive Campground, North Unit. 
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Figure 4— Osteichthyes tooth (A) and scales (B-C). A, Lateral view of tooth, BADL 8189. Scale bar = 1 mm; B, Type 1 scale, BADL 8180. Scale bar = 1 cm; C, Type 2 scale, BADL 8186. Scale bar = 1 mm. Anterior is left for all specimens. 

Class Reptilia Linnaeus, 1758

Order Squamata Oppel, 1811

Family Mosasauridae Gervais, 1853

Genus Mosasaurus Conybeare, 1822

Mosasaurus conodon (Cope, 1881)

Referred specimen - BADL 9831, partial left maxilla and seven dorsal vertebrae collected as float from the Baculites cuneatus biozone, Verendrye Member, Pierre Shale. Collected approximately one half mile south of the Sage Creek Primitive Campground, North Unit.

Description - Only the middle portion of the left dentary, including seven teeth, is preserved. Seven foramina are located near the ventral border of the maxilla. This edge of the jaw is wide to accomodate the teeth. The bone thins dorsally and curves strongly medially. A small portion of the external naris is preserved. 

The teeth are bicarinate and divided into nearly equal labial and buccal parts. Irregular serrations are uniformly distributed along the length of the anterior and posterior carinae. Both the labial and buccal crown faces are convex and weakly faceted. The teeth are recurved and the apices are internally inclined, becoming more pronounced anteroposteriorly. Crown height decreases anteroposteriorly; labial and buccal convexity increases. 

Each dorsal vertebra measures 4.6 cm in length. The cotyle is deeply concave and has a sharp perimeter. The condyle is convex with a circular ventral border, and has flat dorsal and dorsolateral sides. The neural spines are tall, broad, nearly flat walled, and posteriorly inclined. Synapophyses are dorsoventrally compressed and broad based, taper distally to a smooth rounded end, and project slightly anteriorly. The prezygopophyses are narrow with a smooth, ovate, upward oriented articulation.

Discussion - Preservation of the vertebrae inhibits description of postzyopophyses, and the presence of zygosphenes and zygantra are unknown. However, the length of the synapophyses suggests that the vertebrae are medial or posterior dorsals. In addition, the length of the vertebrae and the size and fibrous texture of the maxilla indicates that the specimen was a juvenile. Serrations and faceting are less developed than in more derived mosasaurines such as Mosasaurus dekay, M. maximus, and M. missouriensis (Goldfuss, 1845; Russell, 1967). BADL 9831 is geologically younger than specimens of M. conodon collected by the Museum of Geology from the Pierre Shale of central South Dakota.
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Figure 5— Mosasaurus conodon, juvenile, BADL 9831. View of concretion showing incomplete left maxilla (bottom) and five dorsal vertebrae. Neural spine of a sixth vertebra can be seen at left. Scale bar = 10 cm.

Subfamily Mosasaurinae (Gervais, 1853) Williston, 1897

Gen. et sp. indet.

Figure 6, A-C

Referred Specimen - BADL 9934, isolated anterior caudal vertebra found as float from the Fox Hills Formation just south of Robert's Prairie Dog Town, North Unit. 

Description - Maximum length of the centrum is 4.1 cm, whereas maximum width and height are equal at 3.2 cm. The cotyle and condyle have a sub-triangular shape. The neural spine is tall (7.8 cm as preserved) and nearly vertical, with convex sides. Transverse processes are dorsoventrally compressed, anteroposteriorly narrow, slightly posteriorly inclined, and ventrally oriented. The haemal arch is incomplete, but the base was fused to the midlength of the centrum's ventral surface. 

Discussion - Anterior-most mosasaur caudal vertebrae have long transverse processes but lack haemal arches. Size and length of the centrum and transverse prosesses diminishes posteriorly. The orientation and morphology of the transverse processes of BADL 9934 indicate that it is an anterior caudal vertebra with a haemal arch. The haemal arch was fused to the centrum, indicating a taxon within Mosasaurinae. 

Conclusions

Cretaceous vertebrate fossils of Badlands National Park consist of an isolated mosasaur caudal vertebra, a partial maxilla and dorsal vertebrae of Mosasaurus conodon, an isolated tooth of the sand tiger shark, Odontaspis, and a tooth and scales of osteichthyes. The paucity of vertebrate material may reflect a collecting bias, as prospectable exposures of Cretaceous rocks generally occur as near-vertical sections. 

Invertebrate fossils were abundant and diverse, especially in the Verendrye Member of the Pierre Shale. This assemblage, as well as heavily bioturbated limestones and shales, indicate well oxygenated water and an abundant food supply. Gill and Cobban (1966) suggested that deposition of the Pierre Shale was relatively fast, preventing the dissolution of mollusc shells, thus allowing their fossilisation. The shells of ammonites became hardgrounds for bryozoans and gastropods, and living chambers of Baculites were found to contain fecal pellets, indicating these were used as homes by some invertebrates. Disturbed bentonites and linearly oriented baculites in concretions provides evidence that bottom currents were active. The substrate was heavily bioturbated which, coupled with current action, led to the disarticulation and chaotic orientation of pelecypod remains. An abundance of invertebrates, including bryozoans, and juvenile mosasaur remains suggest relatively shallow water. Sohl (1966) reported that the presence of ostreid bivalves in some parts of the Pierre Shale indicated a shallow water environment. 
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Figure 6— Mosasaurinae gen. indet. caudal vertebra (A-C), BADL 9934. A, Posterior view; B, Left lateral view; C, Ventral view. Anterior is at left. Scale bars = 10 cm (in A-C). 

The fish tooth and scales were collected from a limestone bed of the Mobridge Member, Pierre Shale. These remains were associated with abundant inarticulate brachiopods (Lingula). Craig (1952) noted that extant lingulid brachiopods are shallow water forms that are most common in waters less than 18.7 m, and only rarely occur at depths up to 37.5 m. Abundant ammonites, gastropods, and pelecypods indicate normal marine conditions. 

Yellow, thin-bedded sandstones above the Pierre Shale are lithologically equivalent to the Fox Hills Formation. However, invertebrate fossils indicate that these strata are temporally equivalent to the Elk Butte Member of north-central South Dakota. As evidenced by drag and tool marks, current action was strong. The presence of sand tiger shark remains suggests nearshore marine conditions (Tricas et al., 1997). 
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