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By rhe O ligocene, abour rhirry million years ago, rhe 
subrropical, swampy foresrs had given way ro a mosdy 
rreele s plain , similar ro a savan na, in orth Dakota. T his 

open plain was a scrubland consisring of shrubs, herbaceous 
plants, and possibly some grasses. True savanna hab ira ts, 

dominared by grasslands si milar ro parts of Afri ca roday, 

did nor become esrablished in the state until the Miocene. 
T he O ligocene climate was seaso nal and remperare, wirh an 
annual rainfall sim ilar ro that in the state roday. Ponds and 

lakes puncruared the open plain , and gallery woodlands grew 
along the margins of streams and river . Ri vers fl owed across 
the plain , deposit ing sand and gravel in their channels. 
There were seasonal d roughts and fl oods, with the latrer 

spreading sil r and mud over vast floodplai n areas. Layers of 
volcanic ash in the rocks indicare rhat volcanoes were acrive 

in the wesrern part of the continent. Sediments deposired 
in rhese ways, now lirhlfied, are rhe C had ron (Eocene), 

Brule (O ligocene), and Arikaree (Miocene) Formarions.72 

These rocks have mo dy eroded away in No rth Dakota, but 
remnants of them cap many butres in the wes tern parr of the 
stare; one spot where rhey are exposed is [he Litde Badlands 

e Eocene/Oligocene 

of Srark Counry. 
T he mosr specracular mam mals dlar li ved du ri ng rhe late 

Eocene in North D akora were the brontotheres. T he size 
of elephants, about eight fee t (2.5 m) tall at the shoulder, 
rhey were some of rhe largest mam mals ever ro live in orth 

D akota. T hey are also call ritanorheres, or "thunder beasrs ," 

because o f their immense size. Brontotheres resembled 

rhinoceroses and browsed on rhe soft forest vegetatio n in 
rhe dry woodlands of thar period .73 The large, bony knobs 
on rheir sno urs, which were probably covered wirh skin as 
in modern-day gi raffes, were used for display or as weapons 
during fights among males ro establish dominance. Foss il s 
of rhese animals are found in the Chad ron Formarion.74 

Brontorheres li ved du ring the trans irion from warm 

swampland ro cooler open-plain cond itions, and apparendy 
they did not su rvive dl is change because their foss ils are not 

found in rhe younger Oligocene Brule Formarion. O rher 
plants and animals also became extinct at this rime. 

Fossi l recovered from the Brule Formarion show that 
the number of mammal species, mostly adapred fo r grazing, 
and dle abundance of mammals dramarically increased in 
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the warm-temperate, dry, open-plain Oligocene habitats in 
orth Dakota following the Eocene extinctions. Most of 

the e mammals migrated to orth America from Asia as a 
result of a drop in sea level caused by climate cooling and 
glacier development .75 T hese immigrants were ancestral 
members of fami lies that still exist tOday, including dogs, 
cat, camels, deer, squirrels, beavers, horses, rabbits , 
rhinoceroses, and mice.76 Fish, turtles, lizards, amphibians, 
birds, insects, gastropods, and bivalves also lived in North 
Dakota during this time. Many of these animals preferred 
to occupy specific habitats with in the open plain and 
associated woodlands. 

Although there were no dense forests (and thus few tree
dwelling mammals like primates), sparse gallery woodlands 
grew along the waterways and other water bodies. We 
know little about the Aora of these riparian forests because 
few plant foss ils have been found. Calcified seeds of 

Rhinoceros skull, SubhyrllcotWn occidentlllis, Brule Formation, 
Oligocene, Stark County, length 520 em. T he Manitoba 
Museum. 

Brolltops, a member of the group of large 
rhinoceros-like mammals called brontotheres, 
browsed on soft forest vegetation and was one 
of the largest mammals ever to live in North 
Dakota. 

Below: Brontops lower jaws, Chadron 
Formation, Eocene, Bowman County, length 
4 10 mm. UND D-232 

hackberry trees (Celtis) are present, indicating that this 
tree grew here during the Oligocene. The sparse forests 
appear to have been the favored habitat of everal mammals, 
although surely these creatures would have roamed the 
open plain , tOo. The largest of these were the the giant 
pig-like Archaeotherium, the hippo-like Metamynodon, and 
Subhyracodon, one of the ea rly rhinoceroses. Tapir-like in 

Excavation of a Sllbhyrllcodoll skeleton, Brule Formation, Stark 
County, with the ribs of the Subhyrllcodoll exposed. 
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appearance, Subhyracodon had short, stout limbs, four-toed 
front feet, and three-toed hind feeL It had a large, hornless 
head and grew to lengths of about eight feet (2.5 m). 
Subhyracodon was a plant-eater that lived in herds. 

Archaeotherium belonged to the group of pig-li ke 
mammals called entelodonts. It was similar in appearance 
to the living warthog and grew to about four feet (1.2 m) 
lo ng. It had an elongated skull, with unusual protrusions 
of bone beneath the eyes. T hese bony knobs probab ly 
provided attachment points for the powerful jaw muscles. 
Archaeotherium moscly ate tOotS and tubers, bu t with its 
powerful jaws and teeth it could have eaten most anything, 
even cattion; in this sense it was like modern-day pigs. 
These animals had strong shoulder and neck muscles, as 
indicated by their bone structure. T hey may have spent 
much of their ti me rooting and grubbing in the ground. 
Large olfactory lobes suggest that they had a keen sense of 
smell. 

Another pig-like mammal, Merycoidodon, and the 
diminutive horse Mesohippus were among the most common 
animals that lived in North Dakota during the O ligocene. 
T hey frequented the forests along cl,e streanlS and also 
roamed the open plains. Merycoidodon was a member of 
the now-extinct family Merycoidodontidae, and are also 
sometimes referred to as oreodonts. These animals had 
some features that are typical of pigs and others that are 
typical of canleiS. They possessed advanced teeth, wi th 
long- lasting grinding surfaces adapted for effective side-to
side chewing of vegetation. Merycoidodon was sheep-sized, 
about four feet (1.2 m) long, but probably looked more like 
a pig or peccary. It was heavily built, wi cll short legs and 
four-toed feet, and was not an efficient runner. Fossi ls of 

The bony knobs below the eyes of Archaeotberium probably 
provided attachment areas for the powerfuJ jaw muscles. The 
strong shoulder and neck muscles suggest that these animals 
spent much of their time rooting and grubbing in the ground for 
food. 
Top: Skull and lower jaws of Arcllaeotberium, BruJe Formation, 
Stark County, length 435 mm. MM V-1766 

Merycoidodon was about four feet (I.2 m) long and probably looked somewhat like a pig. 
It roamed in large herds. 

Left: SkuU and lower jaws of Merycoidodoll culbertson;' Brule Formation, Oligocene, Stark 
County, length 198 mm. ND 303. 1 
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Merycoidodon are common, indicating 
that these browsing animals lived in 
large herds. 

Mesohipplts was one of the early 
species of horses. It superficially 
resembled the modern horse, except 
that it was much smaller-only around 
two feet (60 cm) tall at the shoulder, 
and up ro four feet (1.2 m) long. It 
was about the size of a greyhound dog. 
Mesohipplts had slender limbs adapted 
for trotting and running. It had three 
toes on each foot, in comrast ro the 
modern horse, which has one. Another 
difference between Mesohippus and 
today's horse is that Mesohippus teeth 
were low-crowned and therefore suited 
for browsing leaves from bushes and 
trees, whereas teeth of a modern horse are high-crowned and 
suited for grazing primarily on grasses. 

Other mammals that inhabited the wooded areas during 
the Oligocene were the squjrrel-like rodem fschyromys, the 
rabbit Paf4eolagus, and the beaver Agnotocastor. fschyromys is 
one of the earliest of the true rodems. Similar in appearance 

MesolJippus, one of the eaIly species 
of horses, was about the size of a 
greyhound dog. It had slender limbs 
adapted for trotting and running. 

Below: Lower jaws of Mesobipplts, 
Brule Formation, Oligocene, Stark 
County, length 135 mm. The 
Manjtoba Museum. 

Bottom: Skeleton (cast) of Mesobippus 
bairdi on exhibit at the North Dakota 
Cowboy Hall of Fanle Museum in 
Medora, Brule Formation, 
height 465 mm. 

to today's rodems, it had a characteristic pair of upper 
incisors, as well as other rodem head fearures. Irs strong 
hind limbs, with five clawed toes on each of its hind feet, 
were also like those of modern rodems. lschyromys grew to 
lengths of twO feet (60 cm) . It is believed ro have been an 
efficiem tree climber, like roday's squi rrels. 

lscbyromys is one of the eaIliest of the true 
rodents. Righc: Lower jaw of lscbyromys, Brule 
Formation, StaIk County, length 20 mm. 
NO 248 
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Palaeolagw is in the Lagomorpha family, which includes 
pikas, rabbits, and hares. Because of their small size and 

conrinually g rowing incisors (gnawing teeth), lagomorphs 

are much like rodenrs, except that they have two pairs of 

incisors---one immediately behind the o ther- in the upper 

jaws compared to a single pair in rodenrs. T he chewing 

action is also differenr in the two groups. In lagomo rphs 

the jaws work sideways, in rodenrs backwards and 

forwards. Palaeolagus was similar in appearance to 

the modern rabbit except that its hind legs were 

proportional ly shorter, which suggests that it was 

better adapted fo r scampering than fo r hopping. 

Palaeolagw grew to lengths of about ten inches 

(25 cm). 

La rge tOrto ises (Stylemys) and o ther turtl cs 

such as the soft-shelled Trionyx and Testudo lived 

in and around stream s, po nds, and lakes during 

this time. Stylemys is in the family of dryland 

tOrtOises, the last major group o f turtl es to appear in 

the foss il record. It was similar to the modern G alapagos 

turtl e. Stylemys grew to lengths offour feet ( 1. 2 m) and 

had a high, do med shell and large legs. It was a herbivore. 

Its frequent presence in the Brule Formation indica tes dry 

conditions were prevalenr during the O ligocene. Trionyx, 
which inhabited ponds and quiet stream-marginal a reas, 

was similar to the soft-shelled turtl es that li ve tOday. Unli ke 

most other turtles, Trionyx did not have a horny covering; 

instead th e underlying bony plates were covered with a layer 

of soft, lea thery skin. It pro bably fed o n plants, insects, 

mollusks, and even smal l fi sh . 

Palaeolag1ls grew to lengths of about ten inches (25 em) and was 
similar in appearance to the modern rabbit. 

Skull and lower jaws of PalAeolAglls, 
Brule Formation, Stark County, 
length 51 mm. NO 146. 1 

Trionyx turtle skull , Brule 
Formation, Stark County, 
length 65 mm. N O 97- 11 6.2 

Tortoise shell, Stylemys Ilebrascensis, Brule Formation , 
Stark County, length 226 mm. MM V- 193 1 
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Terrestrial gastropods, 
Skinnerelix leidy;' Brule 
Formation, Stark County, 
width of largest 27 mm. NO 
314.1 , 314.2 

PlioplarcltS fi sh skeleton, Eocene, Chadron Formation, Golden Valley County, 
length 80 mm. NO 42 1.1 

Skull of the rodent Eumys, 
Brule Formation, Stark 

ounty, width 51 mm. 
0271.3 

Fish were common in the aquatic habitats, roo. 

Spectacular fossil skeletons of the perch PLioplarcus have 
been found in the Chadron Formation. Remains of land 

snails, including pupillids and the large-shelled SkinnereLix 
(which could be called "Oligocene escargot"), pupal cells of 
burrowing beetles (PaLLichus), and larval cells of sweat bees 
(CeLLiforma) have been discovered, indicating that they also 

li ved in the streamside woodlands. 
While herds of larger mammals li ke Merycoidodon and 

Mesohippus also frequented the open plain, smaller mammals 
seem ro have been more abundant in that habitat. Rodents, 
like Eumys, were parricularly common , and the fossils of 
several species of rodents have been found . Eumys was an 
early representative of the highly successful rat and mouse 
group of rodents, which roday includes hamsters and 
voles. In recent times this has become the most 
widespread and abundant group of rodents, indeed 
of all mammals. 

The small , gazelle-like camel Poebrotherium and 

riny deer Leptomeryx were also common dwellers 
of the plains. Camels first evolved in North 

America, and modern camels are the remnants of a 

formerly much more widespread and diverse group. 

Poebrotherium was one of these early camels. Lightly 

builr and goar-sized, ir was about rhree feer (90 cm) 

long. Irs head , with a disrinctive narrow snour, and 

long neck made ir look similar ro the modern-day 
llama. The slender hind legs of Poebrotherium were 

Beetle pupal cells 
Pallie/llts tkkote1lSis 
Brule Formation, Stark 
County, width of largest 
20 mm. NO 363. 1, 363.2, 

363.3 

lo nger rhan irs forelegs, and it had hoofed roes. It was an 
efficient runner. This animal had long jaws, and its forward

extending front teeth (a feature ir shared with livi ng camels) 

enabled ir ro snip off vegetation. 

Painting of ea rly 
camel Poebrotberiltm. 
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Above: Skull of the small deer Leptomeryx, Brule 
Formation, Stark County, length 126 mm. NO 94-6.1 

Right: Detail of Leptomeryx from Eocene/Ologocene mural . 

Leptomeryx was a small, antler-less, cloven-hoofed deer 
about two feet (60 em) long. Graceful and dainty, with 
long, slender limbs, it was no larger than a jackrabbit. 
Leptomeryx resembled the chevrotain or "mouse-deer" li ving 
in Asia roday. 

Herbivores greatly outnumbered carnivores on the 
orth Dakota Oligocene plain, as is the case roday on the 

African savannas. evertheless, fossils of several groups of 
carn ivores and insectivores have been found in the Brule 

Dinictis was one of the early saber-toothed cats. Its sleek, three-
to four-foot-long (1.2 m) body, much smal ler than the Ice Age 
Smilodoll, resembled that of the presem-day lynx. Dillictis was an 
extremely efficient predator. Right: Dillictis skull, Brule Formation, 
Stark County. Length 180 mm. NO 05-67.1. 
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Formation. Dinictis was one of the early saber-roothed cats. 
Technically these were not true cats, belonging instead ro 
a group of catlike carn ivores known as mimravids. Their 
sleek, three- ro four-foot long (1.2 m) bodies resembled tl1at 



of the present-day lynx. They were much smaller 
than the huge saber-toorhed car Smilodon rhat lived 
during the lee Age, only a few rhousand years ago. 
Dinictis was an extremely efficient predator. Its 
upper can ine teeth, like those of saber-toothed 
cats, were elongate, serrated, and curved . These 
were used to srab into the throat and lower neck of 
prey, as well to slice into the muscle after a kill had 
been made. The modified lower jaws of Dinictis could 
open to a wide gape. The animal also possessed very 
strong neck muscles. 

Hesperocyon was one of the earliest members of rhe 
Canidae, or dog, family. Irs appearance, however, was 
more like thar of a meerkat, a living mongoose. mall, 
active, and weasel-like, it had a slender body about two 
feer (60 cm) in length, short, weak legs, five-toed feet, 
and a long tail. It was a carnivore, with meat-cu[(ing 
teerh similar to a modern dog's. 

Daphoentts was another predator and a member 
of the primirive carnivorous group cal led bear
dogs. It was a lightly built animal about rhree 
feet (90 cm) long-akin to a greyhound dog. 
It had a long rail, long limbs, and a badger-like 
skull with crushing molar teeth and well-developed 

Skull of the doglike mammal 
DaphoellllS, Brule Formation, 
Oligocene, Stark County, length 
120 mm. ND 282.7 

Hesperocyoll, an early member of the 
Canidae (dog) family, looked more like a 
meerkar, a living mongoose. About two feet 
(60 cm) long, it was a carnivore, with meat
cutting teeth similar to a modern dog's. 
Skull and lower jaw of Hesperocyon, Brule 
Formation, Oligocene, Stark County, length 
85 mm. MM V-I 770, V- I771 

Courtesy of Marshall Editions Lld. 

carnassial (cheek) teeth. Daphoenus was one of the main 
hunters of the abundanr game present in Nortl1 Dakota 
during rhe Oligocene. It has been suggested rhat Daphoenus 
may be an ancestor of the present-day wolf. 

Hyaenodon was a member of the primitive and extinct 
group of flesh-euing mammals called creodonts. Creodonts 
had huge heads compared to rhe size of their bodies. Their 
posterior carnassial teerh were modified to form special ized 
shear ing surfaces for eating flesh. The four-foot (1.2 m) 
long Hyaenodon had long legs, suggesting that ir could 

Courtesy of Marshall Editions Lcd. 

Hyrzenodnn was probably an active hunter and also a scavenger, like the living hyena. Hyamodoll 
skull, Brule Formation, Stark County, length 310 mm. D 02·28.3 
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uptictis skull, Brule Formation, Stark County, length 60 mm. 
NOSU 

run , but probably not fas t because of its spreading tOes. Its 
strong canines, large premolars, and shearing carnassial teeth 
indicate that the animal was probably an active hunter and 
also a scavenger, like the living hyena. 

Insectivores were commo n on the North D akota 
Oligocene plain . Well -preserved skulls of Leptictis, an insect
eating mammal distantly related to modern shrews, have 
also been found in the Brule Formation. Irs cheek teeth 
had high, pointed cusps ideally suited for eating insects and 
other small animals. Like most in eCtivo res, Leptictis was a 
small crearure, about a foot (30 cm) in length. It had a long 
snOUt similar to that of the hai ry hedgehog which lives in 
Southeast Asia tOday. 

By the late Oligocene and early Miocene (abOUt [Wenty
fi ve million years ago) the climate had cooled still furth er, 
and North Dakota and other areas of me High Plains had 
become more arid. T his climate cooling caused extensive 
glaciation in AmarcticaJ7 Open grasslands wim riparian 
forests, similar to African savannas tOday, were established 
in me state by the Miocene. Average annual rainfall was 
only around fourteen to eighteen inche (35-45 cm), about 
what it is in western North D akota tOdayJ8 Li t rie is known 
abOUt life in Norm Dakota during mis cool, d ry period 
because most of the rocks mat would have been deposited 

SkuU of the beaver Palaeocastor, Arikaree 
Formation, Stark Coun ty, width 50 mm. 
UNO 
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Skull of the oreodont Merychyus, Arikaree Formation, Dunn 
County, length 120 mm. NO 93-93 

men, alo ng with me fossils entO mbed merein , have been 
removed by erosion. Also, land mammal diversity in the 
mid-continent was then at an all-time low.?9 Remains of a 

few grassland mammals, including me oreodont Merychyus, 
the horse Miohippus, and the unusual burrowing beaver 
Palaeocastor, have been found in the remnant Miocene-age 
rocks. sO Palaeocastor is one of me earli eS t known beavers. 
Unlike tOday's aquatic beaver, Palaeocastor was terrestrial. It 
was about a foot (30 cm) long-the size of a muskrat. Ir 
excavated and lived in [Wo-foot-Iong (60 cm) corkscrew-

Cross-section of Daen,ollelix, burrow 
made by Palaeocastor, after L.D. 
Martin and D.K. Bennett, "The 
Burrows of the Miocene Beaver 
Palaeocastor, Western Nebraska, USA," 
Palaeogeography, Palaeoclimatology, 
Palaeoecology (1977) 



Amebelodon was the largest herbivore that roamed the North Dakota plains 
during the Lace Miocene. Right: Tooth, Amebelod.on, Miocene, Emmons 
County, width 112 mm. SHS D 15032

shaped burrows. Scratch marks on rhe walls of these 
burrows indicate that the beaver dug chem by scraping with 
their teeth. The helical-shaped burrows are preserved as 
trace fossils and are called 'Devil's corkscrews'; their scientific 
name is Daemoneiix. 

There is almost no record of prehiscoric life in North 
Dakota from about rwenry million years ago (most of the 
Miocene and all of rhe Pliocene) until about fifty thousand 
years ago, during the Pleistocene. Rocks deposited during 
char rime, and the fossils chat would have been found inside 
chem, have also been removed by millennia of erosion. This 
was a time of global climatic flux, from warm conditions 
in the early Miocene co cooling in the middle part of char 
epoch, when glaciation again occurred in Antarctica and the 
modern East Anrarcric ice sheet began co form.81 Isolated
fossils which are occasionally found in North Dakota provide 
tantalizing hints of what life was like during this mysterious 
time. One of these finds is the coorh of the "shovel-tusked" 
gomphorhere Amebelodon. Gomphorheres were elephant
like animals char migrated to North America from Eurasia 
across the Bering land bridge during the Miocene, about 
16.5 million years ago. Amebelodon was about ten feet (3 m) 
tall at the shoLdder and resembled a modern elephant. The 
skull and lllsks of Amebelodon, however, were quite different 
from chose of the living elephant. Three-foot-long (90 cm) 

flattened, spade-like tusks projected from its lower jaws. 
These flattened rusks would have been used like shovels co 
dig up rooted water plants in rivers and ponds. Amebelodon 

was the largest herbivore chat roamed the North Dakota 
plains during rhe Lare Miocene. 
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