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ABSTRACT: Laser-Tusion *'Ar/*Ar dating and magnetostraugraphy have significantly changed our conception of the temporal duration and cor-
relation of Paleogene North American land mammal “ages.” The Wood Committee (1941) originally divided the Paleocene Epoch into five land
mammal “ages.” Current age esumates of their time spans are; Puercan. 65-63.8 Ma: Torrejonian (including the “Dragonian™). 63.8-61 Ma:
Tiffaman. 61-56 Ma: and Clarkforkian. 56-55.2 Ma. The Paleocene/Eocene boundary, long placed in the Clarkforkian. occurs in the earliest
Wasatchan. based on correlations using mammals. pollen. and terrestnal carbon isotopes.

The Wood Committee (1941) divided the North Amenican Eocene Epoch into four land mammal “ages™: Wasatchian (originally thought 1o be
early Eocene), Bridgerian (thought to be middle Eocene). and Uintan and Duchesnean (both once thought 10 be laie Eocene). The earliest
Wasatchian is now considered Paleocene age. and the Wasatchian/Bridgenan boundary is about 50.4 Ma in age. The Bnidgenan, Uintan and
Dudnesnean land mammal “ages™ are all middle Eocene age. The Bndgerian/Uintan boundary occurs in magnetic Chron C21n. about 47 Ma. The
Uintan/Duchesnean boundary occurs within Chron C18n. and lies above an ash dated at about 40 Ma. The Duchesnean/Chadronian boundary lies
within Chron C16n. about 37 Ma.

Finally. the Wood Committee (1941) divided their concept of North American Oligocene sequence into three land mammal “ages™: the Chad-
ronian. Orellan and Whitneyan (supposedly early. middle. and late Oligocene). The Chadronian/Orellan transition occurs just above a date of 33.9
Ma. late in Chron C13r: it is slightly younger than the Eocene/Oligocene boundary. and this makes the Chadronian mostly laie Eocene. not early
Oligocene age, The Orellan/Whitneyan boundary occurs in the middle of Chron C12r. just below a date of 31.8 Ma. The Whitnevan/Ankareean ~
boundary occurs within Chron Cl In, above a date of 30.0 Ma. Consequentlv. the Orellan and Whitneyan are both early Oligocene. and most of
the Ankareean (long considered early Miocene) 1s late Oligocene age. These new age estimates and correlations differ greatly from the time scales

published as recently as 1987,

INTRODUCTION

In North America. the only practical methed of correlation
and dating of most Cenozoic terrestrial deposits has been with
land mammals. At the tumn of the century. William Diller Mat-
thew and Henry Fairfield Osborn (Matthew. 1899: Osborn and
Matthew. 1909: Osbormn. 1907. 1910, 1929) attempted to create
biostratigraphic zonations of the North American terrestrial se-
quence, based on principles followed by European stratigra-
phers at the ume (see review by Tedford. 1970). But the good
beginning established by Osbormn and Matthew was lost. since
the next generation of vernebrate paleontologists virtually 1g-
nored their pioneering work.

Unlike most marine invertebrates. fossil mammals tvpically
occur in localized fossiliferous horizons. or in isolated pockets
or quarries without stratigraphic superposition. As a result. tra-
ditional biostraugraphic methods developed bv European in-
vertebrale paleontologists (based on detailed stratigraphic
ranges of fossils in measured sections) were not widely fol-
lowed by North American vertebrate paleontologists (nor are
they followed by European vertebrate paleontologists. then or
now). In 1937 the Venebrate Paleontology Section of the Pa-
leontological Society appointed a committee to clarify the con-
tusion over correlation. and adopt a terminology that could be
widely used. Known as the Wood Committee ( Wood and others,
1941), it was chaired by Horace E. Wood II. and included four
other vertebrate paleontologists (Edwin H. Colbert. John Clark.
Glenn L. Jepsen, and Chester Stock). plus paleobotanist Ralph
Chaney. and invertebrate paleontologist J. B. Reeside.

The Wood Committee's “Provincial Ages™ were a complex
hybrid of local rock units and time units delineated by index
taxa. characteristic taxa. and first and last occurrences of mam-
malian genera. As Tedford (1970) and Woodburne (1977. 1987)
have pointed out. these units were not true geochronological
ages, which must be based on biostratigraphic zones and stages
(according to western stratigraphic codes. such as the 1983
North ‘American Code of Stratigraphic Nomenclature). Since

they were not standard stratigraphic ages. the North American
land mammal “ages™ should properly be put in quotes in most
publications. Instead. the Wood Committee’s methods resemble
a svstem called “biochronology,” first proposed by H. S. Wil-
liams (1901). which attempts to reconstruct the sequence of
occurrences of taxa without documenting every event in a local
stratigraphic section. Demonstration of stratigraphic superpo-
sition was noted when available. but detailed biostratigraphic
work in the tradition of European invertebrate paleontologists
was not considered essential to their “provisional” system.

In spite of their loose characterization. the land mammal
“ages’” of the Wood Committee worked quite well for over forty
vears. mostly because mammals do evolve and disperse very
rapidly (Savage. 1977). However, problems eventually arose.
For example. the Chadronian land mammal “age™ was origi-
nally defined both on the co-occurrence of the horse Mesohip-
pus and brontotheres. and also on the limits of the Chadron
Formation. At the time. the last occurrence of brontotheres was
thought to coincide with the top of the Chadron Formation. so
there was no conflict. When Morris Skinner discovered bron-
tothere specimens in rocks correlative with the overlying Orella
Member of the Brule Formation (which tvpified the Orellan).
the difficulty with defining the Chadronian both biochronol-
ogically and lithostratigraphically became apparent (Emrv and
others. 1987: Prothero. 1982: Evanoff and others. 1992). Yet
many of Skinner’s contemporaries could not accept this evi-
dence. since the misconception that rocks units could be treated
as time units was widespread among paleontologists of that
generation.

Since the 1950s. a newer generation of paleontologists (see
Savage. 1955. 1962, 1977: Tedford. 1970: Woodburne. 1977,
1987) has tried to bring vertebrate paleontology back to more
rigorous classical biostratigraphic methods. Trained in modern
stratigraphic thinking. vertebrate biostratigraphers now appre-
ciate the possibility that rock units can be time-transgressive
over distance (Shaw. 1964: Prothero, 1990). and so they rarely
confuse rock units with time units. In addition. we have come
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to realize that detailed stratigraphic zonations of mammal fos-
sils provides much higher resolution of time than collections
whose only stratigraphic information is the formation they came
from. As discussed by Woodburne (1977), such detailed zo-
nation could potentially subdivide the Cenozoic Era into incre-
ments of time of 300.000 years or less. In recent years, portions
of the North American continental Tertiary have been formally
subdivided by proper biostratigraphic methods. However, the
zonation of the entire Cenozoic Era is still in progress, and
biochronological methods are still widely used.

Although mammalian paleontologists are increasingly mov-
ing toward classical biostratigraphic procedures. there are still
problems. For example, biostratigraphic “zonations™ proposed
by Gingerich (1980, 1983), Sloan (1987), and Gunnell (1989)
do not meet all the criteria established by the North American
Code of Stratigraphic Nomenclature. Typically, these “‘zones”
do not have formally proposed type sections (required in Article
54e). and in some cases the actual local stratigraphic ranges of
key taxa are not clearly indicated. Consequently. they are still
“biochrons” based on the abstract first and last occurrences of
taxa. not true biostratigraphic zones and stages. which must be
based on local ranges of fossils in specific sections.

Even the review of the Paleocene land mammal chronology
by Archibald and others (1987), which attempted to rigorously
define a number of different biostratigraphic zones. did not tie
these to specific levels in a local biostratigraphic zonation. In-
stead. these authors relied on the Wood Committee’s practice
of referring a number of different localities to a specific “zone™
and listing taxa of biochronological importance. Rather than
follow the stricter criteria of the North American Stratigraphic
Code. they adopted lineage-zones and interval-zones in the
looser sense of the International Stratigraphic Guide (Hedberg,
1976). which were not tied to local biostratigraphic zonations.
Archibald and others (1987, p. 25) acknowledge that “these
ages (and zones) are based on faunal content that in many in-
stances cannot be defined with precision in type sections . . . for
the most part these units cannot be regarded as stages. This is,
of course. one of the goals for the furure.”

In addition to higher-resolution biostratigraphy. other tech-
niques have come along to improve terrestrial correlation. The
original application of K-Ar dating by Evernden and others
{1964) to the North American terrestrial record provided an
independent test of the Wood Committee sequence and showed
it to be substantially correct. For over 25 years, K-Ar methods
continued to refine the chronology, and provided numerical es-
timates of the age for most of the sequence (Savage, 1977;
Savage and Russell. 1983: Woodburne. 1987). However, in the
last five years. the development of high-precision single-crystal
“Ar/*Ar dating (McDougall and Harmison. 1988: Swisher, this
volume) showed that many of the classical K-Ar dates must be
recalibrated. In some cases, they have significantly changed the
chronology that was accepted for decades (Swisher and Proth-
ero. 1990: Prothero and Swisher. 1992: Berggren and others,
this volume).

Another breakthrough came from the application of magnetic
stratigraphy to terrestrial sections. Unlike any other method of
correlation. magnetic stratigraphy can supply many globally
synchronous. numerically dated time horizons to terrestrial sec-
tions (Lindsay and others. 1987: Prothero. 1988. 1990: Opdyke.
1990). The combination of both magnetic stratigraphy and *°Ar/
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¥Ar dating has provided much higher temporal resolution and
precision than was thought possible just 20 years ago. More
importantly, magnetic stratigraphy is the only technique that
allows direct correlation with the global polarity record and thus
with the marine time scale. This in turn allows us to make direct
comparison between global climatic changes, diversity fluctu-
ations, and mass extinctions and the North American terrestrial
record for the first time.

THE NORTH AMERICAN TERRESTRIAL PALEOGENE “AGES™

Paleocene Epoch

In 1941, the Wood Committee created five land mammal
“ages” for an interval they considered approximately equivalent
to the Paleocene Epoch (Fig. 1). The first two, the Puercan and
Torrejonian, were based on faunas from the San Juan Basin in
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FiG. |.—Comparison of the correlation of Paleogene North American land
mammal “ages” from their original formulation by the Wood Committee ( 1941)
to the present. K-Ar dating was unavailable in 1941. so the Wood Commirtee
had no means of estimating numerical ages. Note that the Arikareean had be-
come mostly late Oligocene age by the time of Woodburne (1987), and the
Dragomian had been abandoned. The most important recent changes (besides
the new numerical age estimates) is the shifting of the Chadronian from the
early Oligocene 1o the late Eocene age. and the placement of the Paleocene/
Eocene boundary in the early Wasatchian, rather than the Clarkforkian. Ab-
breviations are as follows: ARIK.= Arikareean: BRIDG.= Bridgerian:
CHAD.= Chadroman; CLARKF.= Clarkforkian. DRAG.= Dragoman:
DUCH.= Duchesnean: OREL.= Orellan: PUERC.= Puercan: TIFF.= Tif-
fanian: TORR.= Torrejonian; UINT.= Uintan; WASAT.= Wasarchian:
WHIT. = Whitnevan.
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New Mexico. The controversial Dragonian “age” was based on
the limited Dragon Canyon local fauna from the North Hom
Formation of central Utah. Although correlative faunas were
later found in New Mexico (Tomida, 1981), most paleontolo-
gists now consider the Dragonian to be the beginning of the
Torrejonian (Tomida and Butler, 1980; Tomida, 1981: Sloan,
1987: Archibald and others, 1987). The Tiffanian was originally
based on faunas from the San Juan Basin in Colorado, but since
then the Tiffanian has become much better known from faunas
in Montana and Wyoming. The Clarkforkian land mammal
“age” was originally based on faunas from the Clark’s Fork
Basin on the Montana-Wyoming border. Originally considered
latest Paleocene age by the Wood Committee (1941), in recent
years it was thought to span the Paleocene/Eocene boundary
based on correlations of plesiadapids from Europe and North
America (Gingerich, 1976: Gingerich and Rose, 1977; Rose,
1981). As we shall see in the next section, the Paleocene/Eocene
boundary is now thought to occur in the earliest Wasatchian. so
not only the Clarkforkian but also the earliest Wasatchian are
now considered Paleocene age.

North American Paleocene chronology was most recently
summarized by Archibald and others (1987). Most of the Pa-
leocene Epoch has now been subdivided into a series of bio-
stratigraphic “zones.” abbreviated “Pul. Pu2. Pu3. Tol” (“Puer-
can I, 2, 3, Torrejonian 1™) and so on (Fig. 2). This scheme
was onginally introduced by Gingerich (1976. 1980, 1983)
based on a local zonation of adapid primates and plesiadapids
from Tiffanian and Clarkforkian of the northern Bighom Basin
of Wyoming, and expanded to the Puercan and Torrejonian
strata by Archibald and others (1987) and bv Sloan (1987).
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FiG. 2.—Calibration of early Paleogene North American land mammal
“ages” with the revised magnetic polarity me scale of Berggren and others
(this volume). Subdivisions of the “ages” (i.e.. Pul. Pul, and so on) are dis-
cussed in the text. On the nght, the temporal span (based on magnetostratig-
raphy) of some important Paleocene and early Eocene sections is shown,

Archibald and Lofgren (1990) added an additional “interval-
zone,” Pu0. for the earliest Paleocene beds above the K/T
boundary in eastern Montana (called the “Bugcreekian” by
Sloan and others, 1986). As noted above, these “zones™ do not
meet the criteria of the North American Code of Stratigraphic
Nomenclature since they lack type sections. Although there are
some difficulties with this zonation (see Schankler, 1980, 1981),
the scheme has been modified with additional mammalian
groups and has been widely adopted (Archibald and others,
1987). There are four Puercan “zones,” three Torrejonian
“zones." six Tiffanian “zones,” and three Clarkforkian “‘zones”
(plus Wasatchian 0, which is also latest Paleocene).

Relatively few Paleocene radiometric dates are available. The
most recent dates on the Cretaceous/Tertiary boundary place its
age at 65 Ma (Berggren and others, this volume). Revisions to
the dating of the magnetic polarity time scale and new dates on
the Eocene (Berggren and others, this volume) place the Pale-
ocene/Eocene boundary at about 55 Ma. Magnetic polarity stra-
tigraphy (Fig. 2) has been studied in the key sections of the
Bighomn Basin of Wyoming and Montana (Butler and others.
1980. 1984. 1987: Clyde and others, 1994; Tauxe and others,
19935), the Crazy Mountain Basin in Montana (Butler and oth-
ers, 1987). the San Juan Basin in New Mexico and Colorado
(Butler and others, 1977; Lindsay and others, 1978, 1981; Tay-
lor and Butler, 1980: Butler and Lindsay, 1985: Butler and oth-
ers, 1987). Dragon Canyon in Utah (Tomida and Butler, 1980),
and the Big Bend region in Texas (Rapp and others, 1983).

Based on magnetic stratigraphy from the San Juan and Crazy
Mountain Basins, Butler and Lindsay (1985) and Butler and
others (1987) squeezed the Puercan into Chron C29n and latest
C29r (64-65 Ma). so Puercan “'zones™ Pu0-Pu3 are each about
250.000 vears in duration. In the San Juan and Crazy Mountain
Basins, Torrejonian “zone” Tol occurs in Chron C28n (62.5-
63.5 Ma). To2 in C27r (61.3-62.5 Ma), and To3 in Chron C27n
(61.0-61.3 Ma), so the three Torrejonian “zones” Tol-To3
range from 0.3-1.2 million years in duration. The Torrejonian/
Tiffanian boundary occurs early in Chron C26r. about 60.5 Ma.
Based on magnetic stratigraphy from the northern Bighorn Ba-
sin, Butler and others (1980, 1984) showed that Ti2 occurs early
in Chron C26r (about 59-60 Ma), and Ti3 in late Chron C26r
and C26n 157.5-58.5 Ma). Ti4 occurs in earliest Chron C25r
(57.0-57.3 Ma), and Ti5 in early Chron C25n (56.1-56.3 Ma).
The Tiffanian/Clarkforkian boundary occurs in Chron C25n,
about 36.2 Ma, so the five Tiffanian “zones™ range from 0.2-
1.0 million years in duration. The Clarkforkian/Wasatchian
boundarv occurs in the middle of Chron C24r, about 55.5 Ma,
so the three Clarkforkian “zones” are each about 200.000 years
in duration.

Eocene Epoch

The major difficulty in establishing the correlation of the
North American terrestrial chronology with the marine-based
global time scale is the lack of direct interfingering of mammal-
bearing terrestrial deposits with marine sequences. Fortunately.
the type areas of many of the European marine stages interfinger
with mammal-bearing beds in both the Paris and London Basins
(Savage and Russell, 1983). This allows direct correlation of
the European Eocene mammalian chronology with the global
time scale. During intervals of faunal interchange with North
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America (such as in the early Eocene, but not the middle or late
Eocene), we can correlate the North American sequence with
the epoch stratotype sequences based in Europe. We also have
magnetic stratigraphy and a large number of radiometric dates
for many areas in the North American Eocene sequence. New
radiometric dates, however, have greatly changed our notions
of the temporal correlation of the North American sequences
of middle and late Eocene age (Swisher and Prothero, 1990;
Prothero and Swisher, 1992).

The Wood Committee recognized four land mammal “ages”
in North America (Figs. 1-3), which they thought were ap-
proximately correlative with the European Eocene sequence.
The Wasatchian land mammal “age” was named for the Wa-
satch Formation in basins of southern Wyoming. The Bridger-
ian land mammal “age” got its name from the faunas of the
Bridger Formation in southwest Wyoming, and the Uintan and
Duchesnean land mammal “ages” were named for the Uinta
and Duchesne River Formations in the Uinta Basin of northeast
Utah. The Wood Committee thought that the Wasatchian was
early Eocene, the Bridgerian middle Eocene, and the Uintan
and Duchesnean were late Eocene age. The next “age,” the
Chadronian (named after the Chadron Formation in the High
Plains, especially Nebraska and South Dakota), was considered
early Oligocene age.

As mentioned in the previous section, the Wood Committee
and most subsequent authors placed the Paleocene/Eocene
boundary within or at the end of the Clarkforkian in North
America (Gingerich, 1976; Gingerich and Rose, 1977; Rose,
1981; Gunnell, 1989). However, a number of recent lines of
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FiG. 3.—Calibration of late Paleogene North American land mammal
“ages” with the revised magnetic polarity time scale of Berggren and others
(this volume). On the right, the temporal span (based on magnetostratigraphy)
of some important middle-late Eocene and Oligocene sections is shown. Ab-
breviations as in Figure |. :
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evidence suggest that the boundary actually falls within the ear-
liest Wasatchian. The original correlations of Gingerich and
Rose were based primarily on the interpretation of adapid pri-
mates and plesiadapids. Other taxa, such as pantodonts (Lucas,
1984, 1989, 1993; Rea and others, 1990) and omomyid pri-
mates (Beard and Tabrum, 1991) suggested that the boundary
occurs in the earliest Wasatchian. Another datum is the first -
appearance of Platycarya pollen in the earliest Wasatchian of
the northern Bighorn Basin (Wing, 1984; Wing and others,
1991). This palynological datum occurs at the NP9/NP10 nan-
nofossil zone boundary in the Gulf Coast (Frederiksen, 1980),
which is 300,000 years older than the Paleocene/Eocene bound-
ary (Berggren, 1993). These correlations were borne out by the
recent detection of the striking carbon isotopic event near the
Paleocene/Eocene boundary (Rea and others, 1990; Kennett
and Stott, 1991) in earliest Wasatchian terrestrial carbon iso-
topes extracted from paleosols and mammalian teeth and bones
(Koch and others, 1992).

Yet some mammalian paleontologists (Gingerich, 1989;
Gunnell and others, 1993) continue to place the Paleocene/Eo-
cene boundary at the Clarkforkian/Wasatchian boundary. The
key to the entire controversy lies in the interpretation of the
Sparnacian mammalian faunas of Europe. In the past, European
mammalian paleontologists had considered the Spamacian the
beginning of the Eocene Epoch, because its mammals were
more similar to later Eocene faunas, and differed radically from
the underlying upper Paleocene Thanetian faunas (Savage and
Russell, 1983). The discovery of a new earliest Wasatchian
fauna (Wa0) in North America with strong similarities to the
Sparnacian in Europe supported that correlation (Gingerich,
1989, p. 83-87). Gunnell and others (1993) argued that the
beginning of the Clarkforkian/Wasatchian transition was the
time of greatest faunal turnover, and therefore it seemed to be
the best place to mark the boundary.

But the Paleocene/Eocene boundary is defined on the basis
of marine taxa in European type sections, not on the basis of
North American or European mammalian faunas. Where the
Clarkforkian/Wasatchian boundary in North America (or the
Thanetian/Sparnacian boundary in Europe) falls in relation to
marine stratotypes must be demonstrated, not asserted. One
cannot assume the coincidence of mammalian faunal turnover
and European epoch boundaries. For instance, the “Grande
Coupure™ in Europe was long thought to represent the Eocene/
Oligocene boundary because of the great faunal turnover, but
recent work (Hooker, 1992) has demonstrated that it actually
occurred in the early Oligocene, about | my after the Eocene/
Oligocene boundary.

Marine stratigraphers have long ago shown that the European
Spamnacian correlates with late Paleocene nannoplankton zone
NP9 (Costa and Downie, 1976; Costa and others, 1978; Berg-
gren and others, 1985, this volume; Aubry and others, 1988).
It is at least one or two sequences lower (and about 1 million
years older) than the Paleocene/Eocene boundary as denoted by
the base of the London Clay or the Argile d'Ypres (Berggren,
1993), long recognized as the base of the Ypresian and therefore
the base of the Eocene Epoch (Berggren and others, 1985; Au-
bry and others, 1988).

Tauxe and others (1995) described the magnetic stratigraphy
of the Willwood Formation in the southern Bighorn Basin of
Wyoming, and also argued that the Paleocene/Eocene boundary
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might correlate with the Clarkforkian/Wasatchian boundary.
The only direct evidence to support their argument is that the
Plarvcarya datum apparently occurs 35 meters below the first
occurrence of a Wa0 fauna in the southern Bighomn Basin, al-
though it occurs 160 meters above the Wa0 mammals in the
northern Bighomn Basin. Thus, Tauxe and others (1995) suggest
that the range of Plarycarya (and thus the Paleocene/Eocene
boundary) has been extended downward. However, as we saw
above, the Plarycarya datum and the NP9/NP 10 boundary are
not at the Paleocene/Eocene boundary, but about 300,000 years
older (Berggren, 1993).

The most recent summary of most of the Eocene North
American land mammal “ages” (Krishtalka and others. 1987)
did not attempt to formally divide the entire interval into bios-
tratigraphic stages. However, biostratigraphic zonations for the
Wasatchian and Bridgerian have been proposed by Savage
(1977), Gingerich (1976, 1980, 1983), Gingerich and Simons
(1977), Schankler (1980), Stucky (1984), and Gunnell (1989).
Some of these biostratigraphic schemes (especially those of
Savage, 1977, Schankler, 1980, and Stucky, 1984) follow the
1983 North American Stratigraphic Code in specifying type
sections, but others do not. Currently, the Wasatchian is divided
into eight “zones.” labeled Wa0 to Wa7 (Gingerich, 1983,
1989). Clyde and others (1994) found that Wa0 to lower Wa5
occurred in Chron C24r (53.5-55 Ma) in the northern Bighomn
Basin, and that upper Wa5 and Wa6 correlated with C24n
(52.3-53.4 Ma). Wa7 occurred in C23r (51.6-52.3 Ma). These
ages are in good agreement with a new “*Ar/**Ar date on Wa6—
7 of 52.8 = 0.3 Ma (Woodburne and Swisher, this volume).

No magnetic stratigraphy for the Wasatchian-Bridgerian
transition has ever been published. Good sections are available
in the Wind River. Green River, and Huerfano Basins (see
Krishtalka and others, 1987, p. 86-87), so eventually it should
be possible 1o tie these areas to the magnetic polarity time scale.
Based on K-Ar dates of 50.5 Ma on the latest Wasatchian and
50.3 Ma on the earliest Bridgerian in the Wind River Formation
(Evernden and others, 1964; Krishtalka and others, 1987, p. 93,
dates T and U), the boundary probably occurs around 50.4 Ma,
or within Chron C22r (Woodbume, this volume). Recently,
Clyde and others (1995) reported on the magnetic stratigraphy
of the Wasatchian-Bridgerian transition in the Green River Ba-
sin, Wyoming. They found this transition in Chron C22r and
suggested that it occurs between 49,7 Ma and 50.7 Ma.

After the Wasatchian, North America was separated from
direct faunal interchange with Europe, and the correlations be-
come more indirect. As a result, the most effective technique
has been radiometrically-dated magnetic stratigraphy. The mag-
netic stratigraphy of the type Bridgerian in the Bridger Basin
of Wyoming has been studied, but not published (Jerskey, pers.
commun., 1981), and is now being restudied (Flynn, pers. com-
mun., 1994). The magnetic stratigraphy of the classic Uintan
and Duchesnean sections in the Uinta Basin of Utah was de-
scribed by Prothero and Swisher (1992) and Prothero (1995a).
Bridgerian and Uintan beds have been studied in California and
Wyoming by Flynn (1986) and by McCarroll and others (1993),
and in Texas by Walton (1992) and Prothero (1995b). Uintan-
Duchesnean beds in the Sand Wash Basin of Colorado (Stucky
and others, 1995), the Sespe Formation of Ventura County, Cal-
ifornia (Prothero and others, 1995), the Poway Group in San
Diego County, California (Walsh and others, 1995), the Galisteo
Formation in central New Mexico (Prothero and Lucas. 1995)
and several units in western Montana (Tabrum and others. 1995)
have also been sampled.
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According to Flynn (1986), the Bridgerian-Uintan transition
occurs early in Chron C20r, about 46 Ma. However, recent stud-
ies of the critical sections in San Diego suggest that the tran-
sition might lie within Chron C21n, about 47 Ma (Walsh, 1995;
Walsh et al., 1995). The Uintan-Duchesnean transition occurs
within Chron C18n, about 40 Ma (Prothero and Swisher, 1992;
Prothero, 1995a, 1995b; Prothero and others, 1995). The latest
stratigraphic correlations of the middle Eocene Bartonian and
late Eocene Priabonian stages in Europe (Berggren and others,
1985; Aubry and others, 1988) place the Priabonian/Bartonian
boundary in Chron C17n1 (Berggren and others, this volume),
so that the middle Eocene includes not only the Bridgerian, but
also the Uintan and Duchesnean (Figs. 1, 3).

Gunnell (1989) named two “zones” (Uil, the Epihippus as-
semblage “zone,” and Ui2, the camelid-canid appearance
*zone") for the early and late Uintan. However, unlike earlier
Eocene zones, these are not based on recent detailed biostrati-
graphic work, but simply formalize the distinction between the
faunas of Uinta Formation Member “B” (upper part of the Wa-
gonhound Member of Wood, 1934) and Member “C" (Myton
Member of Wood, 1934). More detailed biostratigraphic work
to subdivide the seven million years of the Uintan would be
valuable, but the stratigraphic data on the existing collections
from the Uinta Basin are too imprecise, and the area is too
poorly fossiliferous to make significant new collections with
good stratigraphic data (Prothero and Swisher, 1992; Prothero,
1995a). The biostratigraphy of existing Uinta Formation col-
lections was summarized by Prothero (1995a). Ultimately, it
would be better to subdivide the Uintan by precisely dating
stratigraphically superposed faunas in Texas (from the Vieja and
Buck Hill Groups in the Big Bend region), Colorado (the Sand
Wash Basin), Wyoming (the Washakie Basin), and California
(the Sespe and San Diego sections). However, this effort is also
hampered by the high degree of endemism of Uintan faunas,
making true first and last occurrences difficult to distinguish
from local geographic effects (Lillegraven, 1979; Flynn, 1986;
Krishtalka and others, 1987).

The Duchesnean has always been the most controversial land
mammal “age” of the Eocene Epoch (Fig. 1). Originally con-
sidered the last of the Eocene ages by Wood and others (1941),
opinions have fluctuated from placing it in the early Oligocene
(Scott, 1945) or back in the late Eocene (Simpson, 1946), and
back and forth several times since then. Gazin (1955, 1956,
1959) assigned the faunas from the lower Duchesne River For-
mation (Randlett and Halfway faunas) to the late Uintan. The
poor quality of the overlying Lapoint fauna (the “classic™ Du-
chesnean) and its similarity to some Chadronian faunas led sev-
eral workers to reduce the Duchesnean to a subage of the Chad-
ronian, or drop it altogether (Wilson, 1978, 1984, 1986; Emry
1981). In recent years, opinion has swung back toward recog-
nizing a distinct Duchesnean, with important correlatives in
Saskatchewan, South Dakota, Wyoming, Montana, Texas, New
Mexico, Oregon, and California (Krishtalka and others, 1987;
Kelly, 1990; Lucas, 1992).

Even though the Duchesnean spans almost three million
years, efforts to subdivide it into biostratigraphic zones have
been controversial since the faunas are so sparse and often en-
demic to the many scattered localities (Lucas, 1992). Several
authors have attempted to recognize an early and late Duches-
nean in Texas (Wilson, 1984, 1986) and California (Kelly,
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1990). Further radiometric dating and magnetic stratigraphy
will probably provide the best test of the age of these faunas,
and may eventually help establish a biostratigraphic zonation
for the Duchesnean.

The most surprising conclusion of recent dating, however,
concerns the Chadronian land mammal “age.” Considered early
Oligocene age by the Wood Committee, it was K-Ar dated by
Evernden and others (1964) at between 32 and 36 Ma. Since
the Eocene/Oligocene boundary was generally placed around
36.5 Ma (Berggren and others, 1985), the correlation of the
Chadronian with the early Oligocene seemed secure. However,
the European Eocene/Oligocene boundary has been recently
redated at 33.5 Ma (Berggren and others, this volume). At the
same time, redating of K-Ar-dated ashes by **Ar/”°Ar methods
have shown that the Chadronian spans an interval from 33-37
Ma (Swisher and Prothero, 1990; Prothero and Swisher, 1992).
This places the Chadronian in the late Eocene, and the Eocene/
Oligocene boundary appears to fall just below the Chadronian/
Orellan boundary, not at the Duchesnean/Chadronian boundary,
as long thought.

At the time of the Wood Committee report, the biostratigra-
phy of the Chadronian was very poorly understood. Many of
the taxa (especially brontotheres and oreodonts) were badly ov-
ersplit taxonomically, and the stratigraphic data on the fossils
from the classic collections in the Chadron Formation were in-
adequate (Emry and others, 1987). Attempts to divide the Chad-
ronian based on lithostratigraphy of the Chadron Formation in
Nebraska (Schultz and Stout, 1955) or South Dakota (Clark,
1937, 1954; Clark and others, 1967) were unsuccessful (Emry,
1973; Emry and others, 1987). Since that time, however, Emry
(1973, 1992) has carefully documented the mammalian bio-
stratigraphy in the thickest and most fossiliferous Chadronian
sequence at Flagstaff Rim, Wyoming. Based on this work, Emry
(1992; Emry and others, 1987) suggested criteria for recogniz-
ing early, middle, and late Chadronian, but no formal bio-
stratigraphic zonation was proposed. Such a zonation is now in
progress (Prothero and Emry, 1995).

Oligocene Epoch

The geochronology of the Eocene/Oligocene boundary has
long been controversial. For decades, the dates produced by K-
Ar methods on volcanics and by various isotopes in marine
glauconites produced highly contradictory estimates ranging
from 32 to 38 Ma (Hardenbol and Berggren, 1978, Berggren
and others, 1985; Berggren, 1986; Aubry and others, 1988: Ob-
radovich, 1988; Odin, 1978, 1982; Curry and Odin, 1982; Odin
and Curry, 1985; Glass and Crosbie, 1982; Glass and others,
1986; summarized in Prothero, 1990, 1994b, and Berggren and
others, 1992). However, recent “Ar/Ar dating of volcanic
ashes in the deep marine sections in Gubbio and Massignano,
Italy, directly tied to marine microfossils and magnetic stratig-
raphy (Montanari, 1988, 1990; Montanari and others. 1985,
1988; Odin and others, 1988, 1991) and of terrestrial volcanic
ashes in North America (Swisher and Prothero, 1990; Prothero
and Swisher, 1992) have resolved the controversy by eliminat-
ing many erroneous age estimates. The emerging consensus
places the Eocene/Oligocene boundary at about 33.5 Ma (Berg-
gren and others, this volume).

In addition to recalibrating the Eocene/Oligocene boundary,
new “?Ar/*Ar methods provided radiometric dates on much of

the rest of the North American Oligocene land mammal se-
quence for the first time. The Wood Committee (Wood and
others, 1941) named three land mammal “ages” which they
thought were approximately Oligocene in age (Fig. 1): the
Chadronian, the Orellan (based on the Orella Member of the
Brule Formation in Nebraska), and the Whitneyan (based on
the Whitney Member of the Brule Formation in Nebraska).
They informally considered the Chadronian lJand mammal
“age” to be early Oligocene, the Orellan to be middle Oligo-
cene, and the Whitneyan to be late Oligocene age. The Arika-
reean (based on the Arikaree Group in Nebraska) was thought
to be early Miocene. As we have seen above, the Chadronian
is now considered late Eocene age. The Orellan/Whitneyan
boundary occurs at about 32 Ma, within Chron C12r, and the
Whitneyan/Arikareean boundary within Chron Cl1 1n, about 30
Ma (Swisher and Prothero, 1990; Prothero and Swisher, 1992).
This makes both the Orellan and Whitneyan early Oligocene,
and most of the Arikareean becomes late Oligocene age (since
the European type Oligocene has only two stages, the Rupelian
and Chattian, there is no “middle” Oligocene). Magnetic stra-
tigraphy has now been completed on virtually all the important
Orellan, Whitneyan and early Arikareean outcrops from the
White River and Arikaree Groups (Prothero, 1982; Prothero and
others, 1983, Prothero, 1985a, 1985b; Prothero and Swisher,
1992; Evanoff and others, 1992; Prothero, 1995¢; Tedford and
others, 1995), as well as important localities in Montana (Proth-
ero, 1984; Tabrum and others, 1995) and California (Prothero,
1991; Prothero and others, 1995).

The Oligocene/Miocene boundary is less well constrained
than the boundaries discussed above. When the Wood Com-
mittee considered the Arikareean to be early Miocene, their
concept of the Arikareean was based on the Agate Springs
fauna, which is latest Arikareean; it does have taxa in common
with the early Miocene in Europe. However, all of the under-
lying units in the Arikaree Group have a very different fauna,
and the entire Arikareean appears to span an interval from 30
Ma to 21 Ma, almost nine million years—by far the longest
land mammal “age™ (Tedford and others, 1987, 1995). In ad-
dition, the definition of the Oligocene/Miocene boundary in Eu-
rope has fluctuated over the years but now seems stabilized
around 23-24 Ma (Berggren and others, 1985, this volume).
Recent “Ar/*°Ar dating now places the early Arikareean Gering
Fauna between 28 and 30 Ma (Tedford and others, 1995), and
most of the Monroe Creek Fauna also appears to be late Oli-
gocene age (Tedford and others, 1987, 1995). The late Arika-
reean Harrison Fauna and the overlying latest Arikareean Agate
Springs Quarry (in the Upper Harrison Formation of Peterson,
1909) may be earliest Miocene.

Unlike the detailed biostratigraphic “zonation™ now in place
for most of the Paleocene and parts of the Eocene (Gingerich,
1983; Gunnell, 1989; Archibald and others, 1987; Krishtalka
and others, 1987), a detailed Oligocene biostratigraphy is just
now being published. For decades, it was impossible to subdi-
vide the Orellan or Whitneyan land mamimal “ages,” since most
of the early collections had very poor stratigraphic data. The
stratigraphic scheme of Schultz and Stout (1955, 1961) was
actually based on lithostratigraphic units, and did not have bio-
stratigraphic resolution within the units. Qutlines of the bio-
stratigraphic potential of the North American Oligocene se-
quences were presented by Emry and others (1987), but no
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detailed zonation was proposed. Thanks to decades of work by
Morris Skinner, Bob Emry, and collectors of the Frick Labo-
ratory, however, there are now large collections of White River
mammals with stratigraphic data zoned to the nearest foot from
volcanic ashes. These collections allowed Prothero (1982) to
propose a preliminary biostratigraphy which divided the Orel-
lan into four zones, and recognize one zone for the early Whit-
neyan. Korth (1989) also proposed a biostratigraphic zonation
for the Orellan, but it is based on University of Nebraska col-
lections which do not have the resolution to subdivide the lith-
ostratigraphic units. Hence. Korth's (1989) “faunal zones” are
really based on lithostratigraphic boundaries.

A finely resolved biostratigraphy for the Orellan and Whit-
nevan has long been in preparation, but its publication has been
delayed by the lack of up-to-date systematic revisions of many
of the key taxa, especially oreodonts, leptomerycids, and ischy-
romyid rodents. Such revisions are now in press (various papers
in Prothero and Emry, 1995), and that volume suggests a formal
biostratigraphic zonation for the Chadronian through early Ani-
kareean (Prothero and Emry, 1995).

Rensberger (1971, 1973, 1983: Fisher and Rensberger, 1972)
proposed a formal biostratigraphic zonation of rodents trom the
late Oligocene-early Miocene John Day Formation of central
Oregon. The magnetostratigraphy of these beds has also been
published (Prothero and Rensberger, 1985), although it may
need further revision when new “*Ar/**Ar dates are analyzed by
Carl Swisher. Unfortunately, some of the key rodent taxa used
in Rensberger’s zonation do not occur in the classic Arikareean
faunas in the High Plains, so his biostratigraphic zones have
proven useful only in Oregon. Montana. and South Dakota
{Tedford and others, 1987). When the magnetic stratigraphy of
the sequences containing the “type” Arkareean fauna in Ne-
braska is published (Hunt and MacFadden. pers. commun.), it
will be possible to overcome these difficulties. and establish
biostratigraphic zones for the Arikareean throughout the west-
emn United States.

CONCLUSION'

Despite its limitations, correlation by fossil mammals is still
the only practical method of dating most Cenozoic terrestrial
deposits. In retrospect, the pioneering work of the Wood Com-
mittee (1941) was remarkably accurate in most of its correla-
tions. However, new technologies not available until the last
decade have significantly changed some of the important cor-
relations. In particular, the Paleocene/Eocene boundary has
moved up from the middie of the Clarkforkian into the early
part of the Wasatchian. and the Eocene/Oligocene boundary
shifted from the base to the top of the Chadronian. The Oli-
gocene/Miocene boundary has moved up to include most of the
Arikareean. Although these changes may seem minor to the
non-specialist. they require major adjustments in the thinking
of several generations of paleontologists who were trained to
equate Chadronian with early Oligocene, Arikareean with early
Miocene. and so on. Those who have long talked about huge
“QOligocene” brontotheres must now get used to the fact that
there are probably no Oligocene brontotheres at all (not even
in Asia, see Berggren and Prothero, 1992). As uncomfortable
as that may be, it is required by-the data that have now emerged.
More importantly, such major shifts in the time scale strongly

affect all studies of evolutionary patterns, rates of sedimenta-
tion, climatic changes, and other geologic processes that depend
upon a particular correlation scheme or version of the time scale
(e.g., Berggren and Prothero, 1992; Prothero, 1994a).

In the past, some vertebrate paleontologists have tried to sal-
vage their outmoded concepts by referring to the Duchesnean
as the “North American late Eocene.” or the Arikareean as
“North American early Miocene,” or similar evasions. This is
indefensible, since the Lyellian epochs are strictly a European
marine concept, and the global time scale is based on European,
not North American, chronostratigraphy. The duration of the
epochs in North America is only known by correlation to an
independent North American chronology, and not by redefining
the European epochs in North American terms to rescue ob-
solete notions. Indeed, the strength of the original North Amer-
ican land mammal chronology lies in its independence. The
relative sequence of land mammal “ages™ remains the same,
regardless of where the European epoch boundaries fall, as th
Wood Committee (1941) realized. d

Although North American vertebrate paleontologists are
making encouraging attempts to construct formal biostratigra-
phies consistent with standard biostratigraphic methods, some
problems remain. Considering all the detailed work done by
some paleontologists to construct their “zonations,” it is rather
surprising that they did not finish the job and propose their
“zones” in compliance with the North American Stratigraphic
Code. These same paleontologists would be appalled if some-
one did not follow the International Code of Zoological No-
menclature and proposed taxa that had no type specimen and
became nomina nuda. yet they have done something analogous
with their “biostratigraphic zonations.” In some places where
the fossils occur in isolated quarries without much vertical bios-
tratigraphic ranges, the reason for this non-compliance with the
North American Stratigraphic Code is potentially excusable.
However, Gingerich (1976; Gingerich and Rose. 1977), Sloan
(1987). and Archibald and others (1987) abundantly document
much of the stratigraphic detail necessary for formal type sec-
tions, yet do not take this final step.

With the detailed documentation now available, we should
soon be able to replace the informal biochronological schemes
used by Archibald and others (1987), Krishtalka and others
(1987), and Emry and others (1987) with formal range-zone
biostratigraphy. When a formal biostratigraphic basis for all the
North American land mammal “ages” is established, they will
become true stratigraphic stages. At that point, we will no
longer need to apelogize for our system with the ubiquitous
quotes around the word “age.” More importantly, tying the in-
formal biochronology to specific sections will make our task of
locating magnetic polarity zones and radiometric dates much
easier. Half a century of ignoring standard biostratigraphic prac-
tice is enough!

ACKNOWLEDGMENTS

[ thank Bill Berggren for inviting me to the 1993 SEPM sym-
posium for which this chapter was written. I thank Lisa Tauxe
for faxing me a preprint of her paper. Dave Archibald, John
Flynn. Dave Krause. Jay Lillegraven. Richard Stucky, and Mike
Woodburne provided careful and thoughtful reviews of this
manuscript, although they do not necessarily endorse all the
conclusions.

L S A



312

REFERENCES

ARCHIBALD, J. D., CLEMENS, W. A., GINGERICH, P. D., KRAUSE, D. W., LIND-
sAY. E. H., aND RosE. K. D.. 1987, First North American land mammal ages
of the Cenozoic Era, in Woodburne, M. O., ed., Cenozoic Mammals of North
America: Geochronology and Biostratigraphy: Berkeley. University of Cal-
ifornia Press, p. 24-76.

ARCHIBALD, J. D. AND LoFGREN, D. L.. 1990, Mammalian zonation near the
Cretaceous-Tertiary boundary: Boulder, Geological Society of America Spe-
cial Paper 243, p. 31-50.

AUBRY. M.-P., BERGGREN, W. A_, KENT, D. V., FLYNN, 1. 1., KLmGorp, K. D,
OBRADOVICH, J. D., AND PROTHERO, D. R, 1988, Paleogene geochronology:
an integrated approach: Paleoceanography, v. 3, p. 707-742.

BearD, K. C. AND TABRUM. A. R., 1991, The first early Eocene mammal from
eastern North America: An omomyid primate from the Bashi Formation.
Lauderdale County, Mississippi: Mississippi Geology, v. 11, p. 1-6.

BERGGREN, W. A., 1986, Geochronology of the Eocene/Oligocene boundary,
in Pomerol, C. and Premoli-Silva, 1., eds., Terminal Eocene Events: Am-
sterdam, Elsevier, p. 349-356.

BERGGREN, W. A., 1993, NW European and NE Atlantic Paleocene-Eocene
boundary interval: bio- and sequence stratigraphy and geochronology: Journ
al of Ventebrate Paleontology, v. 13, supplement to no. 3, p. 36A.

BERGGREN. W. A_, KENT, D. V., AND FLYNN, J. J.. 1985, Paleogene geochro-
nology and chronostratigraphy. in Snelling. N. J.. ed.. The Chronology of
the Geological Record: London. Memoir of the Geological Society of Lon-
don, v. 10, p. 141-195,

BERGGREN, W. A., KENT, D. V.. OBRADOVICH, J. D., aAND SwisHEr, C. C., I,
1992, Toward a revised Paleogene geochronology. in Prothero. D. R. and
Berggren. W. A., eds.. Eocene-Oligocene Climatic and Biouc Evolution:
Princeton, Princeton University Press. p. 20-45.

BERGGREN, W. A. AND PrOTHERO, D. R., 1992, Eocene-Oligocene climatic
and biotic evolution: an overview, in Prothero, D. R. and Berggren. W. A.,
eds., Eocene-Oligocene Climatic and Biouc Evolution: Princeton, Princeton
University Press, p. 1-28.

BUTLER, R. F., GINGERICH, P. D, AND LINDSAY, E. H.. 1980, Magnetic polarity
stratigraphy and Paleocene-Eocene biostratigraphy of Polecat Bench, Wyo-
ming: University of Michigan Papers in Paleontology, v. 24, p. 95-98.

BUTLER, R. F.. GINGERICH, P. D.. AND LINDSAY. E. H.. 1984, Magnetic polarity
stratigraphy and biostratigraphy of Paleocene and lower Eocene continental
deposits, Clark's Fork Basin, Wyoming: Journal of Geology. v. 89, p. 299
316.

BuTLER, R. F.. KRAUSE. D. W., AND GINGERICH, P. D.. 1987, Magneuc polarity
stratigraphy and biostratigraphy of middle-late Paleocene continental depos-
its of south-central Montana: Journal of Geology. v. 95, p. 647-657.

BUTLER, R. F. anND LINDSAY. E. H.. 1985, Mineralogy of magnetic minerals
and revised magnetic polarity stratigraphy of continental sediments, San Juan
Basin. New Mexico: Journal of Geology, v. 93, p. 535-554.

BUTLER, R. F, LinDsay, E. H., Jacoss, L. L., AND JOHNSON. N. M., 1977,
Magnetostratigraphy of the Cretaceous-Tertiary boundary in the San Juan
Basin, New Mexico: Nature, v. 267, p. 318-323.

CLARK, 1., 1937, The stratigraphy and paleontology of the Chadron Formation
in the Big Badlands of South Dakota: Annals of the Camegie Museum of
Natural History. v. 25, p. 261-350.

CLARK, L., 1954, Geographic designation of the members of the Chadron For-
mation in South Dakota: Annals of the Camegie Museum of Natural History,
v. 33, p. 197-198.

CLARK, J., BEERBOWER, J. R.. anD KIETZKE, K. K., 1967, Oligocene sedi-
mentation, stratigraphy, paleoecology, and paleoclimatology in the Big Bad-
lands of South Dakota: Fieldiana Geology Memoir. v. 5, p. 1-158.

CLYDE, W. C., STAMATAKOS, J., AND GINGERICH, P. D.. 1994, Chronology of
the Wasatchian land-mammal age (early Eocene): magnetostratigraphic re-
sults from the McCullough Peaks section. northern Bighorn Basin. Wyo-
ming: Journal of Geology, v. 102, p. 367-377.

CLYDE. W. C.. STAMATAKOS, J.. ZONNEVELO. J.-P., GUNNELL. G. P.. AND BAR-
TELS, W. 5., 1995, Timing of the Wasatchian-Bridgenan (Early-Middle Eo-
cene) faunal transition in the Green River Basin, Wvoming: Journal of Ver-
tebrate Paleontology, v. 15(3), p. 24A.

CosTa, L. I, DEnison, C.. AND DownNiE. C.. 1978, The Palacocene/Eocene
boundary in the Anglo-Paris Basin: Joumal of the Geological Society of
London, v. 135. p. 261-264.

CosTta, L. I AND Downig, C., 1976. The distribution of the dinoflagellate
Werzeliella in the Palacogene of north-western Europe: Palaeontology. v. 19,
p. 5912614, )

DONALD R. PROTHERO

Curry. D. aND ODIN, G. S., 1982, Dating of the Paleogene, in Odin. G. S.,
ed., Numerical Dating in Stratigraphy: New York, John Wiley, p. 607-630.

EMmRY, R. ], 1973, Stratigraphy and preliminary biostratigraphy of the Flagstaff
Rim area, Natrona County, Wyoming: Smithsonian Contributions to Paleo-
biology, v. 18.

EMmRy, R. I., 1981, Additions to the mammalian fauna of the type Duchesnean,
with comments on the status of the Duchesnean: Journal of Paleontology, v.
55, p. 563-570.

Emry. R. ], 1992, Mammalian range zones in the Chadronian White River
Formation at Flagstaff Rim, Wyoming, in Prothero. D. R. and Berggren.
W. A., eds., Eocene-Oligocene Climatic and Biotic Evolution: Princeton,
Princeton University Press, p. 106-115.

EmRY. R. J., BJORK, P. R., AND RUSSELL, L. S., 1987, The Chadronian, Orellan,
and Whitneyan land mammal ages, in Woodbumne, M. O., ed., Cenozoic
Mammals of North America: Geochronology and Biostratigraphy: Berkeley,
University of California Press, p. 118-152.

EvANOFF, E., PROTHERO, D. R. AND LANDER, R. H., 1992, Eocene-Oligocene
climatic change in North America: The White River Formation near Douglas,
east-central Wyoming, in Prothero, D. R. and Berggren, W. A., eds., Eocene-
Oligocene Climatic and Biotic Evolution: Princeton, Princeton University
Press, p. 116-130.

EVERNDEN, J. F., Savace. D. E.. Curmis. G. H., AND JaMmEs. G. T., 1964,
Potassium-argon dates and the Cenozoic mammalian chronology of North
America: American Joumal of Science, v, 262, p. 145-198.

FisHER, R. V. AND RENSBERGER. J. M.. 1972, Physical stratigraphy of the John
Day Formation. central Oregon: University of California Publications in
Geological Sciences, v. 101, p. 1-33.

FLynn, J. 1., 1986, Correlation and geochronology of middle Eocene strata
from the western United States: Palacogeography, Palacoclimatology, Pa-
lacoecology, v. 55, p. 335-406.

FREDERIKSEN, N. 0., 1980, Paleogene sporomorphs from South Carolina and
quantitative correlation with the Gulf Coast: Palynology, v. 4, p. 125-179.
Gazin, C. L., 1955, A review of the upper Eocene Artiodactyla of North Amer-

ica: Smithsonian Miscellaneous Collections, v. 128, p. 1-96.

Gazin, C. L., 1956. The geology and vertebrate paleontology of upper Eocene
strata in the northeastern part of the Wind River Basin. Wyoming, Part 2.
The mammalian fauna of the Badwater area: Smithsonian Miscellaneous
Collectons, v. 131, no. 8, p. 1-35.

Gazin, C. L., 1959, Paleontological exploration and dating of the early Teruary
deposits adjacent to the Uinta Mountains: Intermountain Association of Pe-
troleum Geologists Guidebook. v. 10, p. 131-138.

GINGERICH. P. D., 1976, Cranial anatomy and evolution of early Tertiary Ple-
siadapidae (Mammalia, Primates): University of Michigan Papers on Pale-
ontology, v. 15, p. 1-141.

GINGERICH. P. D.. 1980, Evolutionary patterns in early Cenozoic mammals:
Annual Review of Earth and Planetary Sciences, v. 8, p. 407424,

GINGERICH. P. D., 1983, Paleocene-Eocene faunal zones and a preliminary
analysis of Laramide structural deformation in the Clarks Fork Basin. Wy-
oming: Wyoming Geological Asssociation Guidebook, v. 34, p. 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 Pa-
leontology, v. 28. p. 1-97.

GINGERICH, P. D. anND RosE, K. D., 1977, Preliminary report on the Clark Fork
mammal fauna, and its correlation with similar faunas in Europe and Asia:
Géobios Mémoir Spécial, v. 1, p. 39-45.

GINGERICH, P. D. aAND SiMoNs, E. L., 1977, Systematics. phylogeny, and evo-
lution of early Eocene Adapidae (Mammalia, Primates) in North America:
Contributions from the Museum of Paleontology, University of Michigan, v.
24, p. 245-279.

GLass. B. P. anD CrosBiE. J. R., 1982, Age of the Eocene/Oligocene boundary
based on extrapolation from North American microtektite layer: Bulletin of
the American Association of Petroleum Geologists. v. 66. p. 471-476.

GLass. B. P, HaLL, C. D., AND YORK, D., 1986, “Ar/®Ar laser-probe dating
of North American tektite fragments from Barbados and the age of the Eo-
cene-Oligocene boundary: Chemical Geology (Isotope Geoscience Section).
v. 59, p. 181-186.

GUNNELL. G. F., 1989. Evolutionary history of Microsyopoidea (Mammalia,
?Primates) and the relationship between Plesiadapiformes and Primates: Uni-
versity of Michigan Papers in Paleontology, v. 27. p. 1-155.

GUNNELL. G. F., BARTELS, W. 5., AND GINGERICH, P. D., 1993, Paleocene-
Eocene boundary in continental North America: biostratigraphy and geo-
chronology, northern Bighorn Basin. Wyoming: New Mexico Museum of
Natural History Bulletin. v. 2, p. 137-144.



NORTH AMERICAN LAND MAMMAL “AGES”

HARDENBOL, J. AND BERGGREN. W. A., 1978, A new Paleogene numerical
time scale, in Cohee, G. V., Glaessner, M. F,, and Hedberg. H. D., eds.,

Contributions to the Geologic Time Scale: Tulsa, American Association of

Petroleum Geologists Studies in Geology 6. p. 213-234.

HEDBERG. H. D.. 1976, Internarional Stratigraphic Guide: New York, Wiley.
200 p

Hooxkw, i [, 199 Ennsh mammalian paleocommunities across the Eocene-
Oligocene iransition and their environmental implications, in Prothero, D. R.
and Berggren, W. A.. eds., Eocene-Oligocene Climatic and Biotic Evolution:
Princeton, Princeton University Press. p. 494-515.

KELLY, T. 5., 1990, Biostratigraphy of Uintan and Duchesnean land mammal
assemblages from the middle member of the Sespe Formation, Simi Valley,
California: Contributions to Science of the Natural History Museum of Los
Angeles County, v. 419, p. 1-42.

KENNETT. J. P. AND STOTT, L. D.. 1991, Abrupt deep-sea warming. paleocean-
ographic changes and benthic extinctions at the end of the Palacocene: Na-
ture, v. 353, p. 225-229.

KocH. P. L. AND Zachos. J. C.. 1993, Chemostratigraphic correlation of marine
and continental straia across the Paleocene/Eocene boundary: Journal of Ver-
tebrate Paleontology, v. 13, p. 45A.

KocH. P. L.. ZacHos, J. C., AND GINGERICH, P. D., 1992, Correlation between
isolope records in marine and conunental carbon reservoirs near the Palae-
ocene/Eocene boundary: Nature, v. 358, p. 319-322.

KORTH, W. W.. 1989, Swratigraphic occurrence of rodents and lagomorphs in
the Orella Member. Brule Formation (Oligocene), northwesiern Nebraska:
Contributions to Geology, University of Wyormung, v. 27, p. 15-20.

KRISHTALKA, L.. STUCKY, R. K., WEST. R. M., MCKENNA. M. C.. BLACK,
C. C.. Bown, T. M.. Dawson. M. R.. GoLz. D. I, FLysw, b J., LiLe.
GRAVEN, J. A, AND TURNBULL, W. A., 1987, Eocene (Wasaichian through
Duchesnean) biochronology of North America. in Woodburne, M. O.. ed..
Cenozoic Mammals of North America: Geochronology and Biostratigraphy:
Berkeley. University of California Press. p. 77-117.

LILLEGRAVEN. J. A., 1979, A biogeographical problem involving comparisons
of late Eocene terrestrial vertebrate faunas of western North America. in
Gray, J. and Boucot, A. J.. eds.. Histoncal Biogeography. Plate Tectonics.
and the Changing Environment: Corvallis, Oregon State University Press, p.
333-347.

Linpsay, E. H.. BUTLER, R. F.. AND JoHNsON. N. M. 1981. Magneuc polarity
zonation and biostratigraphy of Late Cretaceous and Paleocene continental
deposits, San Juan Basin. New Mexico: American Journal of Science, v. 281,
p. 390-435.

Linpsay. E. H.. Jacoss. L. L.. anp BUTLER. R. F., 1978, Biostratigraphy and
magnetic polarity stratigraphy of upper Cretaceous and Paleocene terrestrial
deposits. San Juan Basin, New Mexico: Geology. v. 6, p. 425-429.

Linpsay. E. H., OppYKE, N. D.. JoHNSON, N. M., AND BUTLER. R. F.. 1987,
Mammalian chronology and the magnetic polarity time scale, in Woodburne,
M. O.. ed.. Cenozoic Mammals of North America: Geochronology and Bio-
stratigraphy: Berkeley, University of California Press, p. 269-284.

Lucas. §, G., 1984, Systematics. biostratigraphy. and evolution of early Ce-
nozoic Coryphodon (Mammalia. Pantodonta): Unpublished Ph.D. Disserta-
tion, Yale University, New Haven, 648 p.

Lucas. §. G., 1989, Fossil mammals and the Paleocene-Eocene boundary in
Europe, North America, and Asia: Abstracts, 28th Intemnational Geological
Congress, v. 2, p. 355.

Lucas. 8. G., 1992. Redefinition of the Duchesnean land mammal “age.” late
Eocene of western North America, in Prothero, D. R. and Berggren. W. A,
eds.. Eocene-Oligocene Climatic and Biotic Evolution: Princeton, Princeton
University Press. p. 88-105.

Lucas, S. G.. 1993, Mammalian biochronology of the Paleocene-Eocene
boundary in North America. Europe. and Asia: Journal of Vertebrate Pale-
ontology. v. 13. supplement to no. 3. p. 47A.

MaTTHEW, W. D., 1899. A provisional classification of the fresh-water Tertiary
of the West: Bulletn of the Amencan Museum of Natural Histogy, v. 12. p.
19-75.

McCARROLL, S, M., FLYNN, J. J.. aAND TURNBULL. W. D.. 1993, Biostrati-
graphic and magnetic polanity correlations of the Washakie Formation. Was-
hakie Basin, Wyoming: Journal of Vertebrate Paleontology. v. 13, supple-
ment to no. 3, p. 49A.

McDouGALL, 1. AND Harrison, T. M., 1988, Geochronology and Thermo-
chronology by the “Ar/Ar Method: New York. Oxford University Press,
212 p.

MONTANARL A.. 1988, Geochemical characterization of volcanic biotites from
the upper Eocene—upper Miocene pelagic sequence of the northeastern Ap-

313

ennines, in Premoli-Silva, 1., Coccioni. R., and Montanari, A., eds., The
Eocene-Oligocene Boundary in the Marche-Umbna Basin (Italy): Ancona,
International Sub-commission on Paleogene Stratigraphy. Eotene/Oligocene
Boundary Meeting, Special Publication, p. 209-227.

MONTANARI, A.. 1990. Geochronology of the terminal Eocene impacts: an
update: Boulder, Geological Society of America Special Paper, v. 247, p.
607-616.

MONTANARI A., DEINO. A. L. DRAKE, R. E.. TURRIN, B. D., DEPaoLo, D. J.,
OpIN, G. 8., CUurTS, G. H.. ALVAREZ, W. AND BICE, D., 1988, Radioisotopic
dating of the Eocene-Oligocene boundary in the pelagic sequences of the
northeastern Apennines, in Premoli-Siiva, I.. Coccioni. R., and Montanari.
A., eds., The Eocene—Oligocene Boundary in the Marche-Umbria Basin (It
aly): Ancona, Internativiial Sub-commission on Paleogene Stratigraphy. Eo-
cene/Qligocene Boundary Meeting, Special Publication, p. 195-208.

MONTANARL A., DRAKE, R.. BICE, D. M., ALvarez. W., Curmis, G. H.. Tur-
RIN, B., anD DEPAOLO, D. J., 1985, Radiometric time scale for the upper
Eocene and Oligocene based on K/Ar and Rb/Sr dating of volcanic biotites:
Geology. v. 13. p. 596-599.

NORTH AMERICAN COMMISSION ON STRATIGRAPHIC NOMENCLATURE, 1983,
North Amenican stratigraphic code: American Association of Petroleum Ge-
ologists Bulletin, v. 67. p. 841-875.

OBRADOVICH, J. D.. 1988, A different perspective on glauconite as a chronom-
eter for geologic time scale studies: Paleoceanography, v. 3. p. 757-770.
Opw, G. S., 1978. Isotopic dates for the Paleogene time scale. in Cohee. G. V.,
Giaessner, M. F.. and Hedberg. H. D., eds.. Contributions to the Geologic
Time Scale: Tulsa. American Association of Petroleum Geologists Studies

in Geology. v. 6. p. 247-257.

OpiN, G. S., ed.. 1982, Numerical Dating in Stratigraphy: New York. John
Wiley and Sons, 1040 p.

OpIN, G. 8. AND CUrry, D.. 1985, The Paleogene time-scale: radiometric
dating versus magnetostratigraphic approach: Journal of the Geological So-
ciety of London, v. 142, p. 1179-1188.

Opin. G.. Guise. P, Rex, D. C., aND KREUZER, H.. 1988. K-Ar and PAr/*°Ar
geochronology of late Eocene biotites from the northeasitern Apennines. in
Premoli-Silva. 1., Coccioni, R., and Montanari. A.. eds., The Eocene-Oli-
gocene Boundary in the Marche-Umbria Basin (ltaly): Ancona. Intemational
Sub-commission on Paleogene Stratigraphy. Eocene/Oligocene Boundary
Meeting, Special Publication, p. 239-245.

ODIN, G. §., MONTANARI. A, DEINO, A, DRAKE. R., GUisE. P. G.. KREUZER.
H.. anp Rex. D. C., 1991, Reliability of volcano-sedimentary biotite ages
across the Eocene-Oligocene boundary (Apennines. Italy): Chemical Geol-
ogy (Isotope Geoscience Section), v. 86, p. 203-224,

OppYKE. N. D., 1990, Magnetic stratigraphy of Cenozoic terrestrial sediments
and mammalian dispersal: Journal of Geology. v. 98. p. 621-637,

Oseorn, H. F.,, 1907, Tertiary mammal horizons of North America: Bulletin
of the American Museumn of Natural History. v. 23, p. 237-254.

OsBorN, H. F.. 1910, The Age of Mammals in Europe, Asia. and North Amer-
ica: New York. MacMillan and Company, 635 p.

Ossorn, H. F., 1929, The titanotheres of ancient Wyoming, Dakota, and Ne-
braska: United States Geological Survey Monograph. v. 55, p. 1-953.

OssoRN. H. F. AND MATTHEW, W. D., 1909, Cenozoic mammal horizons of
western North America: United States Geological Survey Bulletin, v. 361,
p. 1-138.

PETERsON, O. A., 1909, A revision of the Entelodontidae: Memoirs of the
Camegie Museum. v. 9, p. 41-158.

ProTHERO. D. R., 1982. Medial Oligocene magnetostratigraphy and mamma-
lian biostratigraphy: testing the isochroneity of mammalian biostratigraphic
events: Unpublished Ph.D. Dissertation, Columbia University, 284 p.

PROTHERO, D. R.. 1984. Magnetostratigraphy of the early Oligocene Pipestone
Springs locality, Jefferson County, Montana: Contributions to Geology. Uni-
versity of Wyoming, v. 23, p. 33-36.

PROTHERO, D. R., 1985a. Chadronian (early Oligocene) magnetostratigraphy
of eastern Wyoming: implications for the Eocene-Oligocene boundary: Jour-
nal of Geology. v. 93. p. 555-565.

PROTHERO, D. R., 1985b, Correlation of the White River Group by magnetos-
tratigraphy, in Martn, J. E., ed., Fossiliferous Cenozoic Deposits of Western
South Dakota and Northwestern Nebraska: Rapid City. Dakoterra, Museum
of Geology. South Dakota School of Mines. v. 2. p. 265-276.

PrROTHERO, D. R.. 1988, Mammals and magnetostratigraphy: Journal of Geo-
logical Education. v. 34, p, 227-236.

PrOTHERO, D. R.. 1990, Interpreting the Stratigraphic Record: New York, W.H.
Freeman, 410 p.

ProTHERO. D. R.. 1991. Magnetic stratigraphy of Eocene-Oligocene mammal
localities in southern San Diego County. in Abbott. P. L. and May. 1. A.



314

eds., Eocene Geologic History, San Diego Region: Pacific Section, Society
of Economic Paleontologists and Mineralogists Guidebook. v. 68, p. 125—
130.

PROTHERO, D. R.. 1994a, The late Eocene-Oligocene extinctions: Anmmal Re-
views of Earth and Planetary Sciences, v. 22, p. 145-165.

PROTHERO, D. R.. 1994b, The Eocene-Oligocene Transition: Paradise Lost:
New York, Columbia University Press, 291 p.

PROTHERO, D. R., 1995a, Magnetostratigraphy and biostratigraphy of the mid-
dle Eocene Uinta Formation, Uinta Basin, Utah, in Prothero, D. R. and Emry,
R. 1., eds., The Terrestrial Eocene-Oligocene Transition in North America:
New York, Cambridge University Press, p. 3-24.

PROTHERO, D. R.. 1995b, Magnetostratigraphy of Eocene-Oligocene transition
in Trans-Pecos Texas, in Prothero, D. R. and Emry, R. J., eds., The Terrestrial
Eocene-Oligocene Transition in North America: New York, Cambridge Uni-
versity Press, p. 174-183.

PROTHERO. D. R., 1995¢, Magnetostratigraphy of the White River Group, High
Plains of North America, in Prothero, D. R. and Emry, R. J., eds., The Ter-
restrial Eocene-Oligocene Transition in North America: New York. Cam-
bridge University Press, p. 247-262.

PROTHERO, D. R.. DENHAM. C. R.. AND FARMER, H. G.. 1983, Magnetostra-
tigraphy of the White River Group and its implications for Oligocene geo-
chronology: Palacogeography, Palacoclimatology, Palacoecology, v. 42, p.
151-166.

PROTHERO, D. R. AND EMRY. R. 1., 1995, The Terrestrial Eocene-Oligocene
Transition in North America: New York, Cambridge University Press, 670

P-

PROTHERO, D. R., HOWARD. J.. AND DozIer, T. H. H., 1995. Stratigraphy and
paleomagnetism of the upper middle Eocene 1o lower Miocene (Uintan-
Arikareean) Sespe Formation, Ventura County, California. in Prothero. D. R..
and Emry. R. J,, eds., The Terrestrial Eocene-Oligocene Transition in North
America: New York. Cambridge University Press, p. 125-142.

PROTHERO, D. R. AND Lucas, S. G.. 1995, Magnetostratigraphy of the Du-
chesnean portion of the Galisteo Formation, New Mexico. in Prothero. D. R..
and Emry, R. J.. eds.. The Temrestrial Eocene-Oligocene Transition in North
America: New York. Cambndge University Press. p. 184-190.

PROTHERO, D. R. AND RENSBERGER. J. M.. 1985, Magnetostratigraphy of the
John Day Formation. Oregon, and the North American Oligocene-Miocene
boundary: Newsletters in Stratigraphy, v. 15, p. $9-70.

PROTHERO. D. R. AND SwisHER, C. C.. III, 1992, Magnetostratigraphy and
geochronology of the terrestrial Eocene-Oligocene transition in North Amer-
ica, in Prothero, D. R. and Berggren, W. A., eds., Eocene-Oligocene Climatic
and Biotic Evolution: Princeton, Princeton University Press. p. 46-73.

RaPP, 5. D., MACFADDEN, B. J., AND SCHIEBOUT. J. A., 1983, Magnetic po-
larity stratigraphy of the early Tertiary Blacks Peak Formation. Big Bend
National Park. Texas: Journal of Geology, v. 91, p. 555-572.

REa. D. K., ZacHos, J. C.. OWEN, R. M., AND GINGERICH, P. D.. 1990, Global
change at the Paleocene-Eocene boundary: climatic and evolutionary con-
sequences of tectonic events: Palacogeography. Palaeoclimatology, Palaeo-
ecology, v. 79, p. 117-128.

RENSBERGER, J. M., 1971. Entoptychine pocket gophers (Mammalia, Geo-
myoidea) of the early Miocene John Day Formation, Oregon: University of
California Publications in Geological Sciences, v. 90, p. 1-163.

RENSBERGER. J. M., 1973, Pleurolicine rodents (Geomyoidea) of the John Day
Formation, Oregon, and their relationships to taxa from the early and middle
Miocene of South Dakota: University of California Publications in Geolog-
ical Sciences. v. 102, p. 1-95.

RENSBERGER. J. M., 1983, Successons of meniscomyine and allomyine rodents
(Aplodontidae) in the Oligo-Miocene John Day Formation. Oregon: Univer-
sity of California Publications in Geological Sciences. v. 124. p 1-157.

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

Savaci, D. E., 1955, Nonmarine lower Pliocene sediments in California, ge-
ochronologic-stratigraphic classification: University of Cahfom:a Publica-
tions in Geological Sciences, v. 31, no. 1, p. 1-26.

Savace. D. E., 1962, Cenozoic geochronology of the fossil ma.mmals of the
Western Hemisphere: Revista Museo Argentino Ciencias Naturales, v. 8, p.
53-67.

SavaGE, D. E.. 1977, Aspects of vertebrate paleontological stratigraphy and
geochronology, in Kaufman, E. G. and Hazel. J. E.. eds.. Concepts and Meth-
ods in Biostratigraphy: Stroudsburg, Dowden, Hutchinson. and Ross. p. 427-
442,

SavAGE, D. E. anp RusserL, D. E., 1983, Mammalian Paleofaunas of the
World: Reading, Addison Wesley Publishing Company, 432 p.

DONALD R. PROTHERO

SCHANKLER, D. M., 1980, Faunal zonation of the Willwood Formation in the
central Bighomn Basin, Wyoming: University of Michigan Papers on Pale-
ontology, v. 24, p .99-114.

ScHankiER, D. M., 1981, Local extinction and ecological re-entry of early
Eocene mammals: Nature, v. 293, p. 135-138.

ScHuLTZ, C. B. AND STOUT, T. M., 1955, Classification of the Oligocene sed-
iments in Nebraska: Bulletin of the Umiversity of Nebraska State Museum,
v. 4.p. 17-52.

ScHurtz, C. B, anD StouT, T. M., 1961, Field conference on the Tertiary and
Pleistocene of western Nebraska: Lincoln, Special Publication of the Uni-
versity of Nebraska State Museum, v. 2, p. 1-54.

ScotT, W. B.. 1945, The Mammalia of the Duchesne River Oligocene: Trans-
actions of the American Philosophical Sociery, v. 34, p. 209-253.

SHaw, A. B., 1964, Time in Stratigraphy: New York, McGraw-Hill, 365 p.

SmvpsoN, G. G., 1946, The Duchesnean fauna and the Eocene-Oligocene
boundary: American Joumnal of Science. v. 244, p. 52-57.

SLoan, R. E., 1987, Paleocene and latest Cretaceous mammal ages, biozones,
magnelozones, rates of sedimentation, and evolution: Boulder, Geological
Society of America Special Paper 209, p. 165-200.

Swoan, R. E., RiGBY. J. K., JR., VAN VALEN, L. M., AND GABRIEL, D.. 1986.
Gradual dinosaur extinction and simuitaneous ungulate radiation i in the Hell
Creek Formation, Montana: Science, v. 232, p. 629-633.

Stucky. R. K., 1984, The Wasatchian-Bridgerian land mammal age boundary
(early to middle Eocene) in western North America: Annals of the Camegie
Museum. v. 53, p. 347-382.

Stucky, R. K., PROTHERO, D. R.. LOHR, W. G., AND SNYDER, J.. 1995, Mag-
netostratigraphy and biostratigraphy of the earliest Uintan Sand Wash Basin.
northwest Colorado, in Prothero, D. R. and Emry, R. I, eds., The Terrestrial
Eocene-Oligocene Transition in North America: New York, Cambridge Uni-
versity Press, p. 40-51.

SwisHER, C. C.. Il AND PROTHERO, D. R., 1990, Single-crystal “Ar/Ar dating
of the Eocene-Oligocene transition in North America: Science, v. 249, p.
760-762.

TABRUM, A. R.. PROTHERO, D. R., AND GARCIA, D.. 1995, Magnetostratigraphy
and biostratigraphy of the Eocene-Oligocene transition in western Montana,
in Prothero, D., R. and Emry, R. 1., eds.. The Terrestrial Eocene-Oligocene
Transition in North America: New York. Cambridge University Press. p.
263-294.

TAUXE. L., GEE. J., GALLET, Y., Pick, T., AND Bown, T., 1994, Magnetostra-
tigraphy of the Willwood Formation. southern Bighom Basin. Wyoming:
Earth and Planetary Science Letters, v. 125, p. 159-179.

TavLor. L. H. AND BUTLER, R, F,, 1980. Magnetic polarity stratigraphy of
Torrejonian sediments, Nacimiento Formation, San Juan Basin. New Mex-
ico: American Journal of Science, v. 280. p. 97-115.

TeDFORD, R. H., 1970, Principles and practices of mammalian geochronology
in North America: Proceedings of the North American Paleontological Con-
vention. v. 2F, p. 666-703.

TeDFORD. R. H.. GALUSHA, T., SKINNER, M. F.. TAYLOR, B. E.. FIELDS, R. W.,
MACDONALD. J. R., RENSBERGER. J. M., WEBB. S. D., AND WHISTLER. D. P.,
1987, Faunal succession and biochronology of the Arikareean through Hem-
phillian interval (late Oligocene through earliest Pliocene Epochs) in North
America, in Woodbumne, M. O., ed., Cenozoic Mammals of North America:
Geochronology and Biostratigraphy: Berkeley, University of California
Press. p. 152-210.

TEDFORD, R. H., SWINEHART. ., SWisHER, C. C.. IIl, PROTHERO, D. R.. KING.
S. A., AND TIERNEY, T. E., 1995, The Whitneyan-Arikareean transition in
the High Plains, in Prothero, D., R. and Emry, R. J., eds., The Terrestrial
Eocene-Oligocene Transition in North America: New York, Cambridge Uni-
versity Press, p. 295-317.

ToMiDa, Y.. 1981, “Dragonian™ fossils from the San Juan Basin and the status
of the “Dragonian” land mammal “age."” in Lucas. S.G., Rigby, J.K_, Jr. and
Kues, B.S., eds., Advances in San Juan Basin Paleontology: Albuquerque,
University of New Mexico Press, p. 222-241.

Tomipa, Y., AND BUTLER, R. F, 1980, Dragonian mammals and Paleocene
magnetic polarity stratigraphy, North Hom Formation, central Utah: Amer-
ican Journal of Science, v. 280, p. 787-811.

WALSH, S. A., 1995, The Bridgerian/Uintan boundary and the status of the
“Shoshonian™ (earliest Uintan) land mammal “subage.” in Prothero, D. R.
and Emry, R. .. eds., The Terrestrial Eocene-Oligocene Transition in North
America: New York. Cambridge University Press. p, 52-59.

WALSH, §. A., PROTHERO, D. R., AND LUNDQUIST. D., 1995, Uintan magne-
tostratigraphy and biostratigraphy, southern San Diego County, California,
in Prothero, D. R., and Emry, R. J., eds.. The Terrestrial Eocene-Oligocene



NORTH AMERICAN LAND MAMMAL “AGES"

Transition in North America: New York, Cambridge University Press, p.
105-139.

WALTON, A. H., 1992, Magnetostratigraphy of the lower and middle members
of the Devil's Graveyard Formation (middle Eocene), Trans-Pecos Texas. in
Prothero, D. R. and Berggren. W. A., eds.. Eocene-Oligocene Climatic and
Biotic Evolution: Princeton, Princeton University Press, p. 74-83,

WiLLiams, H. 8., 1901, The discrimination of ime-values in geology: Journal
of Geology, v. 9. p. 570-585.

WILsON, J. A., 1978. Stratigraphic occurrence and correlation of early Tertiary
veriebrate faunas. Trans-Pecos Texas, Part |: Vieja area: Texas Memorial
Museum Bulletin. v. 25, p. 1-42.

WILSON. J. A., 1984, Vertebrate fossil faunas 49 to 36 million years ago and
additions to the species of Leptoreodon found in Texas: Journal of Vertebrate
Paleontology. v. 4, p. 199-207.

WILSON, J. A., 1986, Stratigraphic occurrence and correlation of early Tertiary
venebrate faunas. Trans-Pecos Texas: Agua Fria-Green Valley areas: Journal
of Vertebrate Paleontology. v. 6, p. 350-373.

315

WING, S. L., 1984, A new basis for recognizing the Paleocene/Eocene boundary
in Western Intenor North America: Science, v. 226, p. 439441,

WING, §. L.. Bown, T. M., AND OBRADOVICH. J. D., 1991, Early Eocene biotic
and climatic change in interior western North America: Geology, v. 19, p.
1189-1192.

Woop, H. E.. 11, 1934, Revision of the Hyrachyidae: Bulletin of the American
Museum of Natural History, v. 67. p. 182-295.

Woop, H. E.. I, CHANEY, R. W., JR.. CLARK. J.. CouBerT, E. H., JEPSEN,
G. L.. REESIDE. J. B., AND STOCK, C., 194]. Nomenclature and comelatuon
of the North American continental Tertiary: Geological Society of Amernica
Bulletin, v. 52, p. 1-48.

WooDBURNE, M. O., 1977, Definition and characterization in mammalian
chronostratigraphy: Journal of Paleontology, v. 51. p. 220-234.

WOODBURNE, M. Q. ed., 1987, Cenozoic Mammals of North America: Geo-
chronology and Biostratigraphy: Berkeley, University of California Press,
336 p.



