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Paleocene/Eocene boundary and continental vertebrate faunas of Europe

and North America
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The geological time scale has evolved considerably since the
eighteenth century. It has changed from a single rudimentary
“Primary—Secondary-Tertiary” scale, reflecting fabric as well as
superpositional relationships of rocks and sediments — to the
present scale, which involves (1) correlation based on the evolu-
tion of life and its stratigraphic record, (2) enhancement of preci-
sion using binary magnetic, chemical, and sea level events that
are global and abiotic (and hence independent of evolution), and
(3) numerical calibration of composite sequences using radioac-
tive elements whose decay is independent of both evolution and
the binary events used to enhance precision. The “Tertiary” part
of the time scale was first subdivided into Eocene (Gr. eos, au-
rora or dawn, and kainos, recent), Miocene, and Pliocene epochs
by Lyell (1833), and these were soon grouped into the Kainozoic
or Cenozoic (kainos and zoon, animal) by Phillips (see Berggren
1998) - reflecting the central role faunal succession plays in the
study of earth history.

The Paleocene epoch was named later by Schimper (1874, p.
680; Paléocéne from palaios, ancient, and kainos) for a distinc-
tive terrestrial flora, both Cretaceous and Eocene in aspect, that
subsequently came to dominate northern continents. Schimper’s
Paleocene floras came from the Sables de Bracheux, Travertins
de Sézanne, and Lignites et Grés du Soissonais in the Paris Ba-
sin. The Sables de Bracheux and Travertins de Sézanne are con-
sidered Thanetian today, while the Lignites et Grés du Sois-
sonais are considered both Sparnacian s.l. (Lignites du Sois-
sonais, similar to but older than the Argile a Lignites d’Epernay)
and Cuisian (Grés de Belleu, equivalent to the Sables de Cuise).

At virtually the same time, Gervais (1873) reported a distinc-
tive ensemble of terresirial vertebrates, again Cretaceous and
Eocene in aspect, from the Conglomérat de Cernay. These were
collected by Lemoine and included a champsosaur vertebra of a
type found in the Cretaceous but not the Eocene, and a large
avian vertebra of a type found in the Eocene but not the Creta-
ceous. Later Gervais (1877) described more specimens in the
Lemoine collection from the Conglomérat de Cernay and the
Calcaires de Rilly, including a distinctive mammal that he
named Plesiadapis tricuspidens, and proposed a new faunal in-
terval, the Orthrocene (Orthrocéne from orthros, dawn, and
kainos), intercalated between the Cretaceous and the Eocene. In
North America, Cope discovered a rich and similarly-intermedi-
ate Cretaceous—Eocene fauna, which he took to represent a new
“Puerco’” epoch (reviewed in Cope 1888).

Neither Orthrocene nor Puerco survived as epochs in strati-
_ graphic nomenclature, but Gervais, L.emoine, and Cope demon-
strated that Paleocene vertebrate faunas are both distinctive and
important. Historically, vertebrates more than any other group
are responsible for recognition of the Paleocene as a distinct
epoch of Cenozoic time.

Paleocene/Eocene boundary in Europe. — Paleocene and early
Eocene mammals have been studied intensively in Europe since

the time of Gervais and Lemoine, and there is universal agree-
ment that the Champsosaurus-Plesiadapis fauna from Cernay
and elsewhere is late Paleocene (Russell 1964), while faunas
from Dormaal (Smith & Smith 1995), Meudon (Russell et al.
1990), Suffolk Pebble Bed localities at the base of the London
Clay (Hooker 1998), and others are generally regarded as early
Eocene in age. These Eocene faunas differ in having the modern
cosmopolitan orders Perissodactyla, Artiodactyla, Primates, and
family Hyaenodontidae that are not found in Paleocene faunas.
The problem with study of Paleocene—Eocene vertebrate fau-
nas in Europe is that most samples come from isolated expo-
sures, there are few long and continuous stratigraphic sections,
and deposition near sea level means that substantial hiatuses are
common (Pomerol 1989; Dashzeveg 1988; Hooker 1998).

Paleocene/Eocene boundary in North America. — The North
American record of vertebrate change across the Paleocene/
Eocene boundary is more continvous and more complete, par-
ticularly in the richly-fossiliferous Clarks Fork and northern Big-
horn basins of Wyoming. Paleocene vertebrates were first found
here in 1912, and faunal change has been studied intensively
since 1975. Results are summarized in Fig. 1. The principal
stratigraphic section is some 2300 m long, spanning virtually all
of the late Paleocene (Tiffanian and Clarkforkian land-mammal
ages) and much of the early Eocene (Wasatchian). Two forma-
tions are involved (Fort Union and Willwood), and these have
yielded vertebrate fossils, principally mammals, from 145 col-
lecting intervals. Collecting intervals are concentrated in the
middle part of the section, where stratigraphic resolution is on
the order of £5 m and temporal resolution is on the order of 20
k.y.

Our University of Michigan project was initiated in 1975 to
clarify mammalian evolution across the Paleocene/Eocene
boundary. Study of Plesiadapis corroborated existence of a dis-
tinct Clarkforkian land-mammal age (Gingerich 1976), and we
set out to improve documentation of this (Rose 1981). Subse-
quent studies have concentrated on Wasatchian biostratigraphy
and faunal change (Gingerich 1983, 1989, 1991; Clyde &
Gingerich 1998). As in Europe, Champsosaurus and Plesiadapis
are present in Paleocene faunas. Rodents, tillodonts, and
Haplomylus (and Coryphodon, not shown) appear at or near the
beginning of the Clarkforkian. Perissodactyls, artiodactyls, pri-
mates (including Cantius), and hyaenodontids appear at the be-
ginning of the Wasatchian (Wa-0). Late Paleocene mammals
tend to be endemic on the northern continents, but Wasatchian
mammals in North America are part of a cosmopolitan early
Eocene assemblage appearing at or near the beginning of the
Eocene in Europe (Hooker 1998) and Central Asia (Meng &
McKenna 1998), and present early in the Eocene in South Asia
(Gingerich et al. in prep.) — making the Paleocene and Eocene
sharply distinct on all three northern continents.

The age of the Clarkforkian-Wasatchian faunal turnover is
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Fig. 1. Stratigraphic ranges of selected vertebrate taxa in the Polecat Bench—Sand Coulee section of the Clarks Fork and northern Bighorn basins,
Wyoming. Note first appearances of cosmopolitan Perissodactyla, Artiodactyla, Primates, and Hyaenodontidae in the Wa-0 faunal zone coincident
with the carbon isotope excursion, and interpolated near or slightly younger than 55.0 Ma.

constrained in two ways. Paleomagnetic stratigraphy has been
studied by Butler et al. (1981, 1987) and nearby by Clyde et al.
(1994). Wa-0 falls within Chron C24r. Interpolation using the
numerical calibration of Cande & Kent (1995) places Wa-0 near
or slightly younger than 55.0 Ma. Carbon isotope stratigraphy
has been studied by Koch et al. (1992, 1995), and the negative
carbon isotope excursion correlative with extinction of deep-sea
benthic forams falls within Wa-0. Norris et al. (1999) place the
beginning of the carbon isotope excursion at about 55.1 Ma, with
the event lasting some 130 k.y.

More needs to be done to trace continental paleotemperatures
across the Paleocene/Eocene boundary. Fossil leaves and pollen
have not yet been found in association with Wa-0 mammals
(Wing et al. 1999). Oxygen isotopes from carbonate have proven
highly variable (Koch et al. 1995), and more promising hematite
encrustations have not yet been found in Wa-0 (Bao et al. 1999).

Conclusions. — The North American record of continental verte-
brate evolution across the Paleocene/Eocene boundary is excep-

tionally complete. It corroborates the sharp distinction of Paleo-
cene and Eocene mammalian faunas first discovered in Europe.
In addition, tight paleomagnetic and isotopic control permits the
North American record to be widely compared to biotic and en-
vironmental changes observed in the sea and elsewhere.

References

Bao, H., Koch, P.L. & Rumble, D., 1999: Paleocene/Eocene climatic variation
in western North America: evidence from the 8'*0 of pedogenic hematite.
Geological Society of America Bulletin 171, 1405-1415.

Berggren, W.A., 1998: The Cenozoic era: Lyellian (chrono)stratigraphy and
nomenclatural reform at the millenium. In D.J. Blundell & A.C. Scott (eds.):
Lyell: the Past is the Key to the Present, 111-132. Geological Society, Lon-
don.

Butler, R.F., Gingerich, P.D. & Lindsay, E.H., 1981: Magnetic polarity stratig-
raphy and biostratigraphy of Paleocene and lower Eocene continental depos-
its, Clarks Fork Basin, Wyoming. Journal of Geology 89, 299-316.

Butler, R.F,, Krause, D.W. & Gingerich, P.D., 1987: Magnetic polarity stratig-
raphy and biostratigraphy of middle-late Paleocene continental deposits of
south-central Montana. Journal of Geology 95, 647-657.

Cande, S.C. & Kent, D.V., 1995: Revised calibration of the geomagnetic polar-
ity time scale for the Late Cretaceous and Cenozoic. Journal of Geophysical
Research 100, 6093-6095.



GFF 122 (2000)

Clyde, W.C. & Gingerich, P.D., 1998: Mammalian community response to the
latest Paleocene thermal maximum: an isotaphonomic study in the northern
Bighorn Basin, Wyoming. Geology 26, 1011-1014.

Clyde, W.C., Stamatakos, J. & Gingerich, P.D., 1994: Chronology of the
Wasatchian land-mammal age (early Eocene): magnetostratigraphic results
from the McCullough Peaks section, northern Bighorn Basin, Wyoming.
Journal of Geology 102, 367-3717.

Cope, E.D., 1888: Synopsis of the vertebrate fauna of the Puerco series. Trans-
actions of the American Philosophical Society 16, 298-361.

Dashzeveg, D., 1988: Holarctic correlation of non-marine Palacocene-Eocene
boundary strata using mammals. Journal of the Geological Sociery, London
145,473-478. |

Gervais, P., 1873: Enumération de quelques ossements d’animaux vertébrés
recueillis aux environs de Reims par M. Lemoine. Journal de Zoologie,
Paris 2, 351-355,

Gervais, P., 1877: Enumération de quelques ossements d’animaux vertébrés
recueillis aux environs de Reims par M. Lemoine. Journal de Zoologie,
Paris 6, 74-79.

Gingerich, P.D., 1976: Cranial anatomy and evolution of early Tertiary
Plesiadapidae (Mammalia, Primates). University of Michigan Papers on
Paleontology 15, 1-140.

Gingerich, P.D., 1983: Paleocene-Eocene faunal zones and a preliminary
analysis of Laramide structural deformation in the Clark’s Fork Basin, Wyo-
ming. Wyoming Geological Association Guide Book 34, 185-195.

Gingerich, P.D., 1989: New earliest Wasatchian mammalian fauna from the
Eocene of northwestern Wyoming: composition and diversity in a rarely
sampled high-floodplain assemblage. University of Michigan Papers on
Paleontology 28, 1-97.

Gingerich, P.D., 1991: Systematics and evolution of early Eocene Perisso-
dactyla (Mammalia) in the Clarks Fork Basin, Wyoming. Contributions
from the Museum of Paleontology, University of Michigan 28, 181-213.

Hooker, J.J., 1998: Mammalian faunal change across the Paleocene-Eocene
transition in Europe. In M.-P. Aubry, S.G. Lucas & W.A. Berggren (eds.):
Late Paleocene-early Eocene climatic and biotic events in the marine and
terrestrial records, 428—450. Columbia University Press.

Koch, P.L., Zachos, J.C. & Gingerich, P.D., 1992: Correlation between isotope
records in marine and continental carbon reservoirs near the Palacocene-
Eocene boundary. Nature 358, 319-322.

Koch, P.L., Zachos, J.C. & Dettman, D.L., 1995: Stable isotope stratigraphy
and paleoclimatology of the Paleogene Bighorn Basin (Wyoming, USA).
Palaeogeography, Palaeoclimatology, Palaeoecology 115, 61-89.

Early Paleogene Warm Climates and Biosphere Dynamics 59

Lyell, C., 1833: Principles of Geology, Volume III. John Murray, London. 398

pp.

Meng, J. & McKenna, M.C., 1998: Faunal turnovers of Palacogene mammals
from the Mongolian Plateau. Nature 394, 364-367.

Norris, R.D., Rohl, U. & Bains, S., 1999: Astronomically-tuned chronology of
the Paleocene-Eocene transition and the structure of the §'°C anomaly (ab-
stract). In F.P. Andreasson, B. Schmitz & E.I. Thompson (eds.): Early Pale-
ogene warm climates and biosphere dynamics. Abstract volume. 2 pp. Earth
Sciences Centre C21, Goteborg University, Sweden.

Pomerol, C., 1989: Stratigraphy of the Palaeogene: hiatus and transitions. Pro-
ceedings of the Geologists’ Association 100, 313-324.

Rose, K.D., 1981; The Clarkforkian land-mammal age and mammalian faunal
composition across the Paleocene-Eocene boundary. University of Michigan
Papers on Paleontology 26, 1-197.

Russell, D.E., 1964: Les Mammiféres Paléocénes d’Europe. Mémoires du
Muséum National d’Histoire Naturelle, Paris, Série C 13, 1-324.

Russell, D.E., Broin, F.D., Galoyer, A., Gaudant, J., Gingerich, P.D. & Rage,
1.-C., 1990: Les vertébrés du Sparnacien de Meudon. Bulletin d’Information
des Géologues du Bassin de Paris 27, 21-31.

Schimper, W.P., 1874: Traité de Paléontologie Végétale, Volume III, L.B.
Bailliere, Paris. 896 pp.

Smith, T. & Smith, R., 1995: Synthése des données actuelles sur les vertébrés
de la transition Paléocéne-Eocéne de Dormaal (Belgique). Bulletin de la
Société Belge de Géologie, de Paléoniologie, et d’Hydrologie 104, 119-131.

Strauss, D.J. & Sadler, P.M., 1989: Classical confidence intervals and
Bayesian probability estimates for ends of local taxon ranges. Mathematical
Geology 21, 411-427.

Wing, S.L., Bao, H. & Koch, P.L., 1999: An early Eocene cool period? Evi-
dence for continental cooling during the warmest part of the Cenozoic. In
B.T. Huber, K.G. MacLeod & S.L. Wing (eds.); Warm climates in Earth his-
tory, 197-237. Cambridge University Press.

P.D. Gingerich, Museum of Paleontology and Department of
Geological Sciences, The University of Michigan, Ann Arbor, MI
48109-1079, USA, fax +1-734-936 1380, gingeric @umich.edu





