
c 
.g 
a 
.~ 

= 

NORIH ~S 
CRETACEOUS UNDERWATER 

WORLD 

I, __ 'I 

__ L _ ._ L. __ 

CRETACEOUS 

Fox Hills Formation 

_ Pierre Formation 

This diorama illustrates a Cretaceous seafloor communi ty. North Dakota was covered by warm, shallow oceans during the Cretaceous 
from about eighty-five to sixty-five million years ago. Fossils of animals simi lar to many of those shown here have been found and are 
illustrated on the following pages. Right: Photograph of Niobrara and Pierre Formation outcrops near Walhalla in Cavalier County. 
Left: Map indicating where outcrops of the Pierre and Fox Hills Formations are found. 
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D uring the 
Cretaceous 

Period, from about 
eighty-five million 
to sixty-five million 
years ago, North 
Dakota was either 
completely or 
partially covered by 
shallow, subtropical 
to warm-temperate 
oceans similar to 
those that had 
covered the state 
during Paleozoic 
times. The e 
oceans occupied 
what is called the 
Western Interior 
Seaway, so called 

Cretaceous Seafloor Diorama Key 
1. Coiled cephalopod (ammonite) similar to Sphenodiscus ,..-.--
2. Straight-shelled cephalopod (ammonite), 8aculites 

3. Coiled cephalopod (ammonite) similar to Je/etskytes 

nh''"\'''''pod (ammonite) similar to Didymoceras 

5. Squid 

6. Gastropod (snai l) 

7. Bivalve (clam) 

because at times £ 
>-they were extensive ~ L-_________________ ...;.,;.;.. _________________ ...J 

enough to connect 
the Arctic Ocean with the Gulf of Mexico, splirring the 
North American continent in rwo. Tn North Dakota these 
Cretaceous seas were probably never more than about five 
hundred feet (150 m) deep. Fine-grained sediments, mosrly 
silt and day, deposited on the floor of those oceans have 
become rock and now make up the Ca.r1ile, Niobrara, and 
Pierre Formations. Near the end of the Cretaceous, shallow 
mari ne and shorel ine habitats existed in central North 
Dakota, as indicated by sandstones and siltstones of the Fox 
Hills Formation. These Cretaceous marine rocks are the 
oldest tocks exposed in the state and contain fossils of the 
animals and plants that inhabi ted rllese ancient oceans. 

We know these oceans were shallow and warm primarily 
because of rile fossilized remains of the animals that lived 
in them. One fossil site that illustrates what a Cretaceous 
underwater anima.! community was like is the seventy-f1ve
million-year-old Pierre Formation site in Griggs County near 
Cooperstown. Foss ils of corals, gastropods (Trachytriton), 
bivalves (Nemodon, Inoceramus) , cephalopods (Didymoceras, 
SoLenoceras, and BacuLites), shrimp (CaLLianassa), crabs, 
echinoderms (s tarfish and sea urchins), coral-like bryozoans, 
and clam-like brachiopods (LinguLa) are found weathering 
out of the rocks there. The most spectacular fossils 
discovered at the Cooperstown site, however, are those of rile 
large vertebrate animals: mosasaurs, sea turrles, sharks, and 
seabirds.8 

A nea rl y complete rwenty-three-foot-Iong (9 m) skeleton 
of the mosasaur PLiopLatecarpus was co llected from this site 
by the North Dakota Geological Survey and is now on 
display at the North Dakota Heritage Center. Mosasaurs 

were huge mari ne lizards, some forty feet (12 m) or more 
in length, that inhabited the world's oceans during the 
Cretaceous. The name mosasaur means "Meuse Reptile" and 
refers to the initial discovery of fossils of these animals in the 
1770s along the Meuse River near the town of Maastricht in 
the Netherlands. Mosasaurs are related to monitor lizards 
such as the Komodo dragon that lives in Indonesia today. 
Un like those of their terresrriallizard relatives, mosasaurs' 
limbs were modified to form paddles or flippers. T hey 
swam by moving the back parts of their bodies and flattened 
tails from side to side. Their paddles were used primarily for 
steering rather than for propulsion. Mosasaurs were active 
predators and among the main carnivores in the Cretaceous 
oceans. They had a good sense of sight and a poor sense 
of smell. They probably preyed on other mosasaurs, fish, 
turrles, and invertebrates such as cephalopods. Although 
mosasaurs were not dinosaurs, they lived at the same time 
as dinosaurs and also became extinct when they did-about 
sixty-five miUion years ago. 

Teeth of several species of sharks, including the "tiger 
shark" SquaLicorax and the "dogfish shark" SquaLus, have also 
been found in the Pierre Formation at the Cooperstown 
site. Sharks, rays, and ratflsh are in the group of fish 
(Chondrichthyes) whose skeletons consist mostly of carti lage 
rather than bone. We generally only find teeth of these fish 
because their carti laginous skeletons seldom fossilize before 
decomposing. These ancient tiger sharks were predators 
high on the food chain that probably competed with 
mosasaurs for prey. Dogfish sharks, which still exist, are 
small sharks that grow to lengths of about three feet (l m) . 
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Brachiopod 
Lingula 
Length 4 mm 
NO 95- 12 

Cephalopod 
SolerLOceras 1norton; 
Length 22 mm 
NO 00-1 1.3 

Gastropod 
Trachytriton 
Height 20 mm 
NO 00-11.9 

Bivalve 
Nemodon 
Width 3 mm 
NO 00- 1 1 

Coral 
Height 9 mm 
NO 00-1 1.10 

Cephalopod 
Baculites gregoryClisis 

Length 56 mill 
000-11.5 

Cephalopod 
Didymoceras 
Height 27 mm 
NO 00-1 1 
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Cretaceous Sea - 85 Million Years Ago 

D Alluvial Plain 

D Coastal Plain 

Pierre Sea 

• Swamps 

D Hi ghlands 

..... Mountains 

~ Active Volcano 

Map of the Western Interior Seaway, which was occupied by oceans dur
ing the Cretaceous from about eighty-five to sixty-five million yeats ago. 

All fossils on this page are from the Pierre Formation and, unless otherwise 
indicated, were found near Cooperstown, Griggs County. 

Shrimp claw 
Callianassa 
Width 20 mm 
NO 00-11.2 

Bivalve 
Inoceramus 
Bowman County 
Width 68 mm 
UNO 1332A 



Left: This skeleton is from one of the mosasaurs called 
Pliopltltectlrpus that inhabited the Pierre Sea about seventy-five 
million years ago. It was discovered in 1995 by Mike Hanson 
and Dennis Halvorson on Orville and Beverly Tranby's farm in 
the Sheyenne River valley near Cooperstown, Griggs County, 
North Dakota. A study of the nearly complete skull and other 
parts of the skeleton indicate that this is a new species of 
Plioplotectlrpus that has not been found anywhere else in the 
world. The skeleton is twenty-three feet (7 111) long. ND 97-115.1 

Beverly and Orville Tranby and Bev's sisters, Gloria Thompson, 
Jacqueline Evenson, and Susan Wilhelm, donated this fossil to 
the North Dakota State Fossil Collection for exhibit and study at 
the North Dakota Heritage Center. 

This painting depicts an animal community that lived in the 
shallow-water, subtropical Pierre Sea that covered North Dakota 
about seventy-five million years ago. The scene is based on 
fossils found in the Pierre Formation at a site near Cooperstown, 
Griggs County. The large, predatory mosasaur Plioplotectlrpus 
is attacking the diving seabird Hesperomis. Hesperomis has 
just captured a salmon-like fish , Enchodus. In the background 
the carcass of a decaying Plioplotectlrpus is being scavenged by 
a frenzied group of dogfish sharks, Squtll"s. The mosasaur on 
exhibit at the Heritage Center was found in this position, with 
gnaw marks on some of its bones from feeding dogfish sharks. 
In the painting, the large sand-tiger shark Ctlrchtlrios cruises near 
the sea floor. Shells of an ammonite, Sphenodiscus, with a snail 
crawling on it, and of the la.rge dam Inocertlrmts, encrusted by 
oysters, litter the bottom. 
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They usually live in schools and eat bony fish, other sharks, 
various invertebrate animals, and even marine mammals. 
We know that Squalus was also a scavenger of mosasaur 
carcasses during the Cretaceous because we have found gnaw 
marks on bones of our Pliopl:ztecarpus and other mosasaur 
skeletons that are identifiable as having been ptoduced by 
Squalus teeth . It is likely that sharks at times wou ld prey 
on mosasaurs, and at other times mosasaurs would prey on 

sharks . 
Prey of both sharks and mosasaurs was Hesperornis, a 

large diving seabird that grew to about fi ve feet (1.5 m) 
tall. Although incapable of fligh t, it was a swift swimmer 
that could ptopel itself through the shallow coastal waters 
of the Pierre Sea with its powerful hind legs and grebe-like 
webbed feet. Its jaws were equipped with sharp, pointed 
teeth adapted for preying on fish and sq uids. Other sites in 

North Dakota, particu larly [he Pembina Gorge 
and McCanna sites, have also produced 

fossils of some interesting "sea monsters" 
that inhabited the Pierre Sea. T he 

Painting by and 
courtesy of 
Richud Ellis 

remains of another species of 
mosasaur, at least twice as big as 
our Pliopl:ztecarpus skeleto n, were 
recently found near McCan na. 
Fossils from the huge tarpon-
like fish Xiphactinus have been 
co llected from the Pembina Gorge 
site. Xiphactinus, which grew 

up to eighteen feet (5 .5 m) long, 
was among the largest bony fishes 

Squalus tooth 
Pierre Formation 
Griggs County 
Length 3 mm 
NO 97-1 15 

The Squalus tooth shown above is almost identical to 
that of the modern dogfish shark illustrated here. 
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Top: Drawing of a 
Hesperomis regalis 
skeleton. Bottom: 
Although incapable of 
flight, Hesp erornis was a 
swift swimmer. It had 
sharp, poinred teeth for 
preying on fish and squids. 

Pelvis, femur, and tibia 
Hespero1'1lis regalis 
Pierre Formation 
Caval ier County 
Length 280 mm 
NO 06-12.2 

0' 
'" '" 



to inhabit the Pierre Sea. Its large size, long body, 
powerful tail, and bulldog-like jaws suggest it was an 
efficient predator. Xiphactinus had large, ghou lish 
fangs at the front of its mouth, which it probably 
used to strike prey during initial attack. 

The remains of another huge animal, a giant 
squid called Tusoteuthis Longa, have also been found 
at Pembina Gotge. Squids, although they are 
invertebrates, have a rigid support structure in their 
bodies called a gLadius or pen. The pen is in many 
ways similar to a backbone but is made of shell -like 
material, not bone. These pens are rarely found as 
foss ils. One was discovered at the Pembina Gorge 
site, however, and it is six feet (1.8 m) long
indicating that the squid from which it came was a 
giant, perhaps fifteen feet (4.5 m) long! 

By about sixty-eight million years ago the Pierre 
Sea had receded from western North Dakota, 
and the huge H ell C reek Delta-similar to the 
Mississ ippi Delta roday-had begun to form. T he 
eastern edge of this delta was near Bismarck. The 
shoreline of the Fox Hill Sea (the name geologists 
give to the less-extensive ocean that replaced the 
Pierre Sea) was located in south-central North 
Dakota. Associated with this shoreline were es tuary 
and lagoon habitats that formed adj acent to the 
delta. T he sands, silts, and muds deposited in 
these shallow marine areas are cal led the Fox Hills 
Formation. We know a great deal about invertebrate 
life in the shallow marine Fox Hills waters because 
of the abundant and beautifully preserved fossils 
found in this formation. 9 Among them are bivalves 

The tarpon-like Xiphactinlls, which grew up to eighteen feet (5.5 m) long, 
was among the largest fish to inhabit the Pierre Sea and an 
efficient predator. 

(CorbicuLa, Tancredia, CrassateLLina, Panopea), gaStropods (Euspira), 
cephalopods (the ammon ites Sphenodiscus LenticuLaris and JeLetzkytes 
nebrascensis), sea urchins, lobsters, horseshoe crabs (CasteroLimuLus 
kLettt), shrimp (CaLLianassa) and their burtows (Ophiomorpha) , and 
many others. At times these fossils provide information about 
the behavior and interaction between animals. Breakage of many 
snail shells, for example, indicates predation by crabs and other 
animals. 1O 

Remains of ve rtebrate animals that inhabited the Fox Hills Sea 
are less abundant but include sharks (Carcharias and SquaLicorax), 
ratfish (Ischyodus rayhasst), rays (MyLedaphus bipartitus) , and 
several species of bony fi sh (e.g., Vorhisia vuLpes).11 Sea turtles 
and mosasaurs also resided in the shallow marine and estuarine 
habitats .12 Mosasauts and sharks were the main predators in 

these waters, with ratfish and rays feeding 
primarily on the invertebrates. As would be 
expected, remains of animals that li ved on the 

delta-salamanders (Opisthotriton kayi, 
Lisserpeton baird,), turtles, crocodiles 

(BoreaLosuchus), crocodile-like 
champsosaurs, birds, and 

dinosaurs (7j;rannosaurus)
would occasionally be washed 

into the marine waters and are 
now part of the Fox Hills Formation 

fossil record. 13 

Tusoteuthis tonga 
Pembina County 
Length 1.8 m 
NO 00-60.1 

A TitSoteuthis tonga squid locked in battle with a mosasaur. Right, pen of a 
TitSoteuthis, found near Walhalla at the Pembina Gorge site. This pen would 
have been part of tl,e spear-like tail of the squid, and indicates an animal 
perhaps fifteen feet (4.5 m) long. 

Volume 73, Nwnbers 1 & 2 13 



a7 
""ii , 
"
c 

:0 
ci! 
.£ 
0-
~ 

Map of the Hel l Creek Delta as it formed in 
western North Dakota while the Pierre Sea 
receded. The less extensive ocean that fo llowed 
the Pierre Sea is known as the Fox Hill Sea. 

~ ~--------~~~~~----------------------------------~ 

These shells, remains of invertebrate animals, are examples of the beautifully 
preserved foss ils fo und in the Fox Hills Formation. Most of the animals represented 
by these foss ils lived near the Fox Hills Sea shoreline; these species indicate that 
the sea was warm. The shell of SphCllodisc1lS lenticulari. (a type of ammonite) is 
perforated by several small punctures, probably caused by predation, possibly by a 
mosasaur. 

Gastropod 
Ettspira 
Logan County 
Length 23 mm 
NO 99-6 

Bivalve 
Taucredia 
Logan County 
Width 42 mm 
NO 99-6 

Cephalopod 
jeletzkytes nebrasce/lsis 
Emmons County 
W idth 118 mm 
N07.2 

Bivalve 
Pmzopea 
Sioux COlLn ty 
Width 105 mm 

000-6.2 

Emmons County 
Width 365 mm 
NO 99- 118.1 

'G1'assflteili",a hollandi 
Logan County 
W idth 159 mm 

Sea Urchin 
Emmons County 
Width 42 mm 
NO 2 1.3 

NO 95-13.1 
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Bivalves 
Corbicula 
Morton County 
Width 281 mm 



Fo ii of errcbr, te animal from the F Hill Form, tion con i t mo tly of i lac d fi h ceeth and dencaJ plates. Fi h 
ear tones- trucrure.s in the inner ear of bony fi h like Vorhisia vulpes, a cacfi h-are unusual fossil also found in the 

Hill ormation. Th e fo ii indi t th lcind f pr dat c that !iv d in the Fo Hill a. 
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Modern riger 

qun.Licora.x pristodo11tis 
B wman oun 
Width 22 mm 
SLU 1832 

,atfish ear tone 
Vorhisia vu/pes 
Logan ounty 
Width 4 mm 

D 95-13.35 

Ray tooth 
Myledaplms bipartittts 

Morton unry 
Height 7 mm 
D RMF134-80-3 

Radish dental plate 
l.rchyodus rayhaasi 

ogan ounty 
Width 65 mm 

D 99•6.t 

archarias 
Grigg County 

eight 7 mm 
D 95 0 
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