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ABSTRACT
1  T  ^A  (1); Yes of major evolutionary, biogeographic, and vegetationalUE ti

changes in Sepie plants. From a floristic perspective three major trends characterize this period
cky Moin  the  Ro  ntain  region:  1)  development of more distinct phytogeographic provinces from arelatively Cana s Paleocene holarctic flora, 2) the early diversification in Eocene upland areas

dmilies, an ) the first appearances of many extant angiosperm
Pale

evergreen forest to high northern latitudes (60°N), possibly  ̀the greatest geographic coverage suc ch
vegetation everachieved. Thi
more open vegetation of lower stature in many areas. These floristic and vegetational trends  ̀were of
great conseq uence for angiosperm evolution and biogeography. They were also significant in creating
the ecological milieu for the evolution of early and mid Tertiary animals.

The Paleogene rocks and fossils of the Rocky
Mountains and adjacent areas provide an excep-
tional window on the flora and vegetation of the
time and place. Eocene and Oligocene rocks cov-
er some 40% of the surface of the state of Wy-
oming (106,000 km?),  and their total  outcrop
area in the Rocky Mountain region is in the range
of 300,000? km (Fig. 1). Over much of this vast
outcrop, weathering has exposed the strata, mak-
ing them available for paleontological and geo-
logical study. Eocene-Oligocene deposits from a
variety of fluvial, lacustrine, and volcanically in-
fluenced settings have produced tens of thou-
sands of fossils collected at hundreds of localities.
These Paleogene sequences have the potential to
yield one of the most complete and geographi-
cally extensive records of evolutionary and eco-
logical change in a terrestrial biota. A century or
more of paleontological and geological research
has only begun to explore this potential, in part
because of the vast area and great thickness of
the sedimentary sequences.

This paper is intended to serve three goals.
First, to set out the basic data on the location,
stratigraphic positions, and relative ages of the
fossil floras. Second, to summarize published
work on Eocene and Oligocene flora and vege-
tation of the region and discuss previous hy-
potheses in light of current data. Third, to suggest
new directions for future research aimed at a
regional understanding of Paleogene floras that

takes full advantage of the potential of such a
widespread and prolific fossil record.

GEOLOGIC SETTING

The Rocky Mountain region is geologically di-
verse, and its Cenozoic history has been reviewed
in a number of recent volumes (e.g., Robinson,
1972;  Curtis,  1975;  Flores  &  ise  1985).

Eocene and Oligocene plant fossils are best known
from the large intermontane basin fill deposits
of the eastern Rocky Mountain area and from
the primarily volcanic deposits of western Mon-
tana, northwestern Wyoming, Idaho, Oregon, and
Washington. The separate depositional histories
of these two areas are important for interpreting
historical change in their floras.

The intermontane basins of the eastern Rocky
Mountain area (Fig. 1) began to develop in the

way. Uplift of local, initially east-west trending,
mountain ranges during the latest Cretaceous-
Paleocene began to divide the foreland basin into
structurally, topographically, and sedimentolog-
ically discrete units. Consequently, each of the
present intermontane basins has a separate Ce-
nozoic history, yet some general trends have af-
fected most or all of the basins.

Fluvial to paludal environments were preva-
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lent throughout most of the area in the Paleocene
and were environments of deposition for coals
in the Powder River, Bighorn, Green River, and
other basins. Fresh or brackish water lakes formed
in  the  Uinta,  Wind  River,  and  Bighorn  basins
during the latter half of the Paleocene (Johnson,
1985;  Keefer,  1965;  Yuretich  et  al.,  1984).  Be-
ginning in the Clarkforkian? and continuing into

3 Through much of this paper, North American pro-
vincial land m

are  known  to  be  door  VA  i  ede  ar.out  western  North  America  (Flynn  84)  andbecause it is easier to Pieces floras S. m mam-
malian sites than with the type age/stages of Europe.
Correlation of NALMA with epochal boundaries and
time are given in Figure 2.
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Outcrop area of Eocene and Oligocene rocks in the greater Rocky Mountain area

the Wasatchian, paludal deposition of organic-
rich sediment waned in most of the basins, and
alluvial floodplain sediments began to be mod-
ified by oxidizing pedogenic processes (Bown
1979; Bown & Kraus, 1981). The onset of this
kind of  pedogenic modification was probably
controlled by a combination oflocal tectonic and
physiographic factors, as well as by regional cli-
matic change (Wing & Bown, 1985

In the later Wasatchian and Bridgerian, large
lakes again developed in many ofthe basins (Big-
horn, Green River, Uinta-Piceance). In at least
some cases this appears to reflect hydraulic clo-
sure of the basin rather than climatic change
(Johnson, 1985), and the lakes of the Green Riv-
er and Uinta-Piceance Basins are known to have
been saline during much of their later histories.
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Much ofthe sediment filling these middle Eocene
lakes and forming coeval fluvial deposits was
derived from newly active volcanic fields in west-
ern Wyoming and Idaho

During the later Bridgerian and Uintan most
of the intermontane basins began to fill with sed-
iment, and during the Duschesnean and Chad-
ronian these sediments began to lap outward onto
the tops of the bordering ranges. During the Oli-
gocene, volcanically derived sediment continued
accumulating at relatively slower rates in the
eastern Rocky Mountains and Great Plains. Oli-
gocene formations over much of the northern
Rocky Mountains and Great Plains are typically
thin, widespread units that were probably de-
posited on a surface of low relief.

The history of the volcanic centers in the west-
ern  part  of  the  northern  Rocky  Mountains  is
largely independent of that of the intermontane

the Elkhorn volcanic
field)  beginning in  the  latest  Cretaceous  and
throughout the Paleocene (Roberts, 1972). How-
ever, the greatest pulse of volcanic activity began
in the late Wasatchian to Bridgerian and contin-
ued through to the end of the Eocene

From about 53 to 38 Ma there was volcanism
across much of western Montana (Bearpaw, Gar-
net Range, Lowland Creek, Gallatin, and Bea-
verhead Canyon fields), northwestern Wyoming
(Yellowstone—Absaroka Field), and Idaho (Chal-
lis Field), and in the Clarno area of Oregon, the
Republic graben of northern Washington, and
southern  British  Columbia  (Chadwick,  1985).
Although the intrusive and sedimentary rocks

m, it is likely that
most of their original extent has been removed
by erosion. Armstrong (1974) suggested that the
Challis volcanic field once covered much of Ida-
ho

The extent and thickness of these broadly co-
eval  volcanic  deposits  in  the  northern  Rocky
Mountain area indicate the region may have been
a rugged, but more or less connected, volcanic
highland during much of the Eocene (Axelrod,

1968; Fritz & Harrison, 1985). The prevalence
of volcanic conglomerates and mudflows, and
analogy with present day volcanic terrains, sug-
gest strong topographic relief, which Fritz & Har-
rison (1985) estimated at 1,000-2,500 m differ-
ence between adjacent valleys and peaks.

Following the end of the Eocene, heavy vol-
canic activity shifted southward to southern Col-
orado,  exico,  Arizona,  and  west  Texas,
and extensional tectonics began to affect the
northern Rocky Mountains (Chadwick, 1985). A
number of small, fault-bounded basins devel-
oped in western Montana during the Late Eocene
and Oligocene. These basins filled with primarily
fluvial and lacustrine deposits that were derived
from both local sources and volcanics as far away
as the Cascade Range of Oregon (Fields et al.,
1985)

The geological events summarized above are
highly relevant to the floristic and vegetational
history of western North America. The devel-
opment  of  a  volcanic  highland  region  in  the
northern  Rocky  Mountain  region  during  the
Eocene had several major effects on plant life,
including:  1)  dividing lowland areas that  for-
merly had been continuous from the West Coast
to the eastern Rocky Mountain region, 2) reduc-
ing the flow of Pacific-influenced air into the in-
terior of North America, and 3) changing soil
and groundwater conditions by the influx of air-
borne volcanic ash. Prior to and during the onset
of these effects the low-lying area in the eastern
Rocky Mountains was itself broken into a series
of topographically isolated and somewhat cli-
matically different basins. Thus the overall effect
of geological events during the Eocene and Oli-
gocene was fragmentation of a relatively ho-

g both north-south andmogeneous ] Fr
east—west axes.

DISTRIBUTION OF FOSSIL FLORAS
NI  Tm  a  1  :  An

of  Tertiary  plant  localities  in  western  North
America.  The list  of  localities given here (Ap-
pendix I) represents an attempt to bring together
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the bulk of Eocene and Oligocene localities of

the  greater  Rocky  Mountain  m  I  estimate
that this list is 60-80% compl

The  locality  information  was  m  from  a

number of published and unpublished sources.
Previous works listing a significant number of
localities include those by Axelrod (1966a, 1966b,
1968), Axelrod & Raven (1985), Brown (1937),
Hickey  (1977),  Leopold  &  MacGinitie  (1972),
MacGinitie (1941, 1953, 1969, 1974), and Wolfe
(1981, 1985). Unpublished locality information
was derived from collections at the U.S. National
Museum of Natural History (including those of
the USNM, the U.S. Geological Survey, and some
formerly belonging to Princeton University), and
from collections at the Museum of Paleontology
(University of California, Berkeley) and the Yale
Peabody Museum.

Not all of the 240 “localities” compiled here
are strictly equivalent. Some floras commonly
considered as units actually consist ofthe summed
floral lists of a number of separate quarry sites
(e.g., the Ruby paper shale flora of Becker, 1961,
was collected at 1 5 quarries), whereas others were
derived from a single excavation (e.g., Copper
Basin flora of Axelrod, 1966a). Most of the listed
localities are individual quarry sites, but for some
floras listed in the literature it was not possible
to determine how many sites contributed to the
flora.

Criteria used in correlating and determining
the ages of floral localities included mammalian
biostratigraphy, lithostratigraphic equivalence,
magnetic polarity stratigraphy, and radiometric
dates. In order to avoid circularity, floras were
not correlated on the basis of their taxonomic
composition or physiognomic characteristics. The
Tertiary time scale used here is that of Berggren
et al. (1985). Chronological boundaries for North
American Land Mammal Ages are from West et
al. (in press), and Prothero (1985a, 1985b). There
is controversy over the precise age of the Eocene/
Oligocene boundary. The date used here (36.6
Ma) is the most recent opinion, but many authors
(e.g., Wolfe, this volume) use a date of about 34
Ma. Radiometric dates from older publications
have been corrected for new constants using the
tables published by Dalrymple (1979).

Fossil floras of Eocene and Oligocene age have
a highly uneven geographic and stratigraphic dis-
tribution. Stratigraphically, the Wasatchian and
Bridgerian are by far the best-represented time
intervals, with the number of floras diminishing
sharply through the Uintan and Duschesnean,
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and into the Oligocene (Fig. 3). Geographically,
the northern Rocky Mountain region is far better
sampled than the southern region (Fig. 4). These
inequities in distribution result from at least four
factors. 1) Bias of the author: my work has cen-
tered on the lower Eocene of Wyoming, so I am
particularly  aware  of  these  localities.  2)  Wa-
satchian, Bridgerian, and early Uintan sections
are thicker and more widely exposed than later
Eocene and Oligocene rocks. 3) Later Eocene and
Oligocene rocks are generally less fossiliferous
than early Eocene rocks, probably reflecting less
favorable conditions for plant preservation as-
sociated with a drying climate in the Western
Interior. 4) Collecting has been more intense in
some areas than in others.

In addition to the uneven distribution of floras
in space and time, there are also changes through
time in environments of deposition. Nearly all
Wasatchian plant assemblages were recovered
from rocks deposited in fluvial or fluvial/paludal
settings. Although some Bridgerian and later flo-
ras are from fluvial deposits, the best known (e.g.,
Green River, Florissant) are from lacustrine sed-
iments. Floral samples drawn from fluvial en-
vironments represent the flora differently than
do those from lacustrine environments.

Fluvial assemblages, particularly those depos-
ited on low-energy flood basins, are largely de-
rived from local vegetation (Scheihing & Pfef-
ferkorn, 1984; Spicer & Greer, 1986; Burnham,
in press). This results in considerable spatial het-
erogeneity in the fossil assemblage that probably
reflects original variation in the local vegetation
(Hickey,  1980;  Wing,  1980,  1984)

By  contrast,  lakes  receive  input  from  sur-
rounding lakeshore vegetation and from inflow-
ing  rivers  (Spicer,  1981).  These  different  ele-
ments may be mixed to various degrees and
scattered across the lake bottom. Although la-
custrine assemblages are overwhelmingly dom-
inated by plant parts derived from nearby vege-
tation (Drake & Burrows, 1980; Spicer & Wolfe,
1987), they tend not to preserve in situ variation
in vegetation. They may, however, preserve more
of the species that were present in the regional
flora. As a result of being derived from a larger
source  area  and  of  predepositional  irai  and
mixing, l
diverse than fluvial assemblages, udi specimens
are more evenly distributed among the taxa pres-
ent.

As a consequence of the inequities in distri-
bution of fossil floras and nonequivalence in their

bly more
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TABLE |. Radiometric dates of Tertiary floras in Figure 3.

Age  Stratigraphic  Unit  Publication

A,  49.2  +  0.7  Trout  Peak  Trachyandesite  Smedes  &  Prostka,  1972
B,  50.5  +  1.55   Sepulcher  Formation  Smedes  &  Prostka,  1972
C,  43.1  iggins  Formation  Bown,  1
D,  44.6  Wiggins  Formation  Bown,  1982
E,  46.7  Wiggins  Formation  Bown,  1982
F,  47.1  Wiggins  Formation  Bown,  1982
G,  47.9  +  0.5  Wiggins  Formation  Bown,  1982
H,  48.5  Wiggins  Formation  Bown,  1
L  50.4  Aycross  Formation  MacGinitie,  1974
J,  50.6  Aycross  Formation  MacGinitie,  1974
K,  42.3  +  1.4  Henry  Ranch  Member,  Wagon  Bed  Formation  Black,  1969
L,  46.2  Wagon  Bed  Formation,  near  Badwater,  Wyoming  Evernden  et  al.,  1964
M,  50.5  Halfway  Draw  Tuff,  Wind  River  Formation  Evernden  et  al.,  1964
N,  50.2  Little  Mountain  a  beu  Peak  Member,Green  River  Form  Mauger,  1977O,  46.7  +  0.9  Washakie  Formation,  pu  664  of  Roehler  Mauger,  1977
P,  462  several  hundred  feet  above  Mahogany  Ledge,

Parachute  e  Member,  Green  River  Formation  MacGinitie,  1974Q,  26.5  Creede  Formation  Axelrod,  1987
R,  34  Antero  ign  Epis  &  Chapin,  1975
S,  35  Florissant  Formation  Epis  &  Chapin,  1975
T,  36-37  Wall  Mountain  Tuff  Epis  &  Chapin,  1975
U,  36  "Chicken  Creek  Formation,"  5  feet  above  highest

floral  locality  Axelrod,  1966b
V,  41+1  Deadhorse  Tuff  Axelrod,  1966b
W,  43  “Frost  Creek  m  1,500  feet  below  lowestfloral  loc  Axelrod,  1966b
X,  31.1  Williams  ced  ai  Fields  et  al.,  1985
Y,  41.1  +  1.6  Salmon  ar  Fritz  &  Harrison,  1985
Z,  44.2  +  1.7  almon  area  t  Fritz  &  Harrison,  1985
AA,  46.3  +  1.0  rhyolite  below  “Dewey  Beds"  Fritz  &  Harrison,  1985
BB,  47.2  +  1.8  basalt  above  Germer  Tuffaceous  member  Edelman,  1975
CC,  48.0  +  1.0  Latite-andesite  Member,  Challis  Volcanics  Edelman,  1975
DD,  47.0  +  1.8  Klondike  Mountain  Formation  Wolfe  &  Wehr,  1987
EE,  48.2  +  1.6  Klondike  Mountain  Formation  Wolfe  &  Wehr,  1987
FF,  50-51  Sanpoil  Volcanics  Wolfe  &  Wehr,  1987

depositional environments, there are obvious dif-
ficulties in interpreting patterns of vegetational
and floristic change through time. In spite of these
difficulties, a number of durable generalizations
have emerged concerning the early Tertiary de-
velopment of the Rocky Mountain flora.

FLORISTIC AND VEGETATIONAL HISTORY

Three major floristic trends are indicated by
Eocene-Oligocene fossil assemblages from the
Rocky Mountain area: the modernization of the
angiosperm flora at the generic level, the breakup
of the Paleocene North American province into
distinct phytogeographic subregions, and the
major diversification of many present-day mi-

crothermal lineages (e.g., Rosaceae, Betulaceae,
Aceraceae). There were also three major vege-
tational periods during the Eocene and Oligo-
cene. During the Wasatchian and Bridgerian there
appears to have been a major poleward expan-
sion of subtropical and paratropical forest types
in response to global climatic warming (Wolfe,
1985). Perhaps beginning as early as the Clark-
forkian in some areas, and of increasing impor-
tance during Bridgerian and later time, there is

MacGinitie,  1969).  Finally,  during  the  latest
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Eocene and Oligocene, vegetation of the Rocky
Mountain region became dominated by a mix-
ture  of  conifers  and  broad-leaved  deciduous
forms.

MODERNIZATION
Paleobotanical systematics of the last century

and early in this century was based largely on
superficial characteristics of leaves. This led to
exaggerated estimates of the similiarities be-
tween extinct and modern floras. More recent
systematic work has focused on detailed com-
parisons of leaf venation (e.g., Hickey, 1977) and
on greater use of multiple organs (e.g.,  Man-
chester, 1986). One result of such work has been

the realization that many Paleocene angiosperms
represent extinct genera or intermediates be-
tween several related living genera.

In contrast,  many, if  not most,  angiosperm
remains younger than Late Eocene can be as-
signed to extant genera with little ambiguity, al-
though sectional or other subgeneric-level affin-
ities may be unclear (see Manchester & Crane,
1983  and  Wolfe  &  Tanai,  1987  for  well-docu-
mented exceptions). The temporal pattern of ap-
pearance of extant genera has not been quanti-
fied, nor has it been determined the extent to
which  this  modernization  reflects  evolution
within lineages as opposed to extinction of ar-
chaic lines and replacement by modern ones. Al-



756

though  this  generic  modernization  of  angio-
sperms is a striking systematic pattern, little has
been said about its biological significance. Mod-
ernization at the generic level may reflect a true
radiation of angiosperms, perhaps in response to
changing climatic and topographic conditions in
western North America, or it may be an artifact
of our retrospective view. That is, the appearance
of many modern genera in the Eocene occurred
because angiosperms in a number of independent
lineages accumulated enough recognizable ge-
neric characters to be pigeonholed easily in pres-
ent-day categories. This question could be re-
solved by  measuring and comparing rates  of
morphological change during the Paleocene and
Eocene.

PROVINCIALITY

The  Eocene  divergence  of  Rocky  Mountain
and West Coast floras and its relationship to East
Asian-North American disjunct distributions in
a number of living plant groups is probably the
most discussed aspect of the Tertiary paleobo-
tanical record in western North America (e.g.,
MacGinitie, 1941; Leopold & MacGinitie, 1972;
Wolfe, 1972; Hickey, 1977). Consequently, I will
summarize the pattern only briefly.

Paleocene floras from across northern North
America and to some extent of Europe and Si-
beria are relatively homogeneous (Wolfe, 1966).
Leaf assemblages typically are of low diversity
and  dominated  by  a  group  of  taxa  including

Ginkgo,  Metasequoia,  G  sb  tiu  Macgini-tiea  na  die  s")  nobilis,  “Carya”  antiquorum,
“Ampelopsis”  "acea.  and  ains.  of  the
Cercidiphyllum complex, among others. Such
floras have been reported from Alaska (Wolfe,
1972), many areas of the northern conterminous
U.S.  (Brown,  1962),  the  Canadian  high  Arctic
(Hickey  et  al.,  1983),  and  Greenland  (Koch,
1963)

Because some of these Holarctic Paleocene taxa

been described as having “East Asian" affinities
(although they are only East Asian in a modern
context). During the Eocene many of these Pa-
leocene (“East Asian") forms were eliminated
from floras in the eastern Rocky Mountains, pre-
sumably as a result of their inability to withstand
seasonal dryness (Leopold & MacGinitie, 1972).
In contrast, some of the same lineages survived
into the Neogene along the West Coast and in
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the  northern  intermountain  region  of  North
America. At the same time that the “East Asian”
forms were being eliminated in the eastern Rocky
Mountains, some of the new genera appearing
there  were  "Central  American";  that  is,  their
closest living relatives are in the seasonally dry
subtropics  of  Mexico  and  Central  America
(MacGinitie, 1969; Leopold & MacGinitie, 1972).
This general pattern has been confirmed by ad-
ditional work in the intermontane basins of the
eastern Rocky Mountains, but three modifica-
tions should be noted.

Paleocene megafloral samples may be more
uniform than actual Paleocene floras because the
fossil assemblages have been collected from a
limited and similar array of paleoenvironments
that tend to have low floral diversity. This would
accentuate the impression that a homogeneous
floral province was being broken up in the Eocene.

The regional extinction oftaxa with East Asian
affinities and the appearance oftaxa with Central
American affinities began in the Clarkforkian and
was well under way in some areas by the mid
Wasatchian, considerably earlier than was rec-
ognized  by  L  Id  &  MacGinitie  (1972),  who
lacked floras from the Paleocene-Eocene tran-
sition period. Clarkforkian taxa with closest liv-
ing relatives in Central America include Chae-
toptelea microphylla, Woodwardia gravida, and
species of Populus sect. Abaso. By late Graybul-
lian or Lysitean time, some taxa with closest liv-
ing relatives in East Asia, such as Metasequoia
and some members of the Cercidiphyllum com-
plex, were already regionally extinct in basinal
floras of the eastern Rocky Mountains.

The shift from East Asian to Central American
affinities in the flora of the eastern Rocky Moun-
tains was not a uniform process, and some sig-
nificant taxa do not follow the pattern. For in-
stance, the genus P/atycarya, now confined to
East  Asia,  did  not  appear  in  western  North
America until the early Wasatchian and achieved
maximum abundance throughout the region in
the latest Wasatchian and early Bridgerian before
going regionally extinct (Leopold & MacGinitie,
1972; Wing & Hickey, 1984). This pattern also
appears to hold true for several undescribed
species in the Icacinaceae, Flacourtiaceae, and
Menispermaceae. Ailanthus, also now endemic
to East Asia, appeared in North America during
the early to mid Eocene (Chalk Bluffs flora, Green
River flora, Rate Homestead flora, MacGinitie,
1941, 1969), and was abundant in Oligocene flo-
ras from southwestern Montana (Becker, 1961,
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1969) before going regionally extinct in the later
Tertiary.

Floristic segregation of northern and southern
areas was probably occurring at the same time
as the better-documented and better-discussed
east-west divergence (Axelrod & Raven, 1985).
Unfortunately, few Wasatchian-Bridgerian flo-
ras have been reported from the southern Rocky
Mountains (Fig. 4). One small Lysitean flora from
the San Juan Basin (Tidwell et al., 1981) shows
that two taxa common in the Gardnerbuttean
and Bridgerian of Wyoming (““Sapindus” den-
tonii and Eugenia americana) appeared two to
three million years earlier in New Mexico. This
suggests the possibility that some taxa were mi-
grating northward during the climatic warming
of the early Eocene. A similar geographic pattern
has been observed in some mammalian species
(Beard, pers. comm., 1986).

DIVERSIFICATION OF MICROTHERMAL LINEAGES

The Wasatchian and Bridgerian floras from the
eastern Rocky Mountain region are a mixture of
taxa now associated with temperate and sub-
tropical to paratropical climates. For instance,
mesothermal to microthermal groups like the
Betulaceae (A/nus, Paleocarpinus), Cercidiphyl-
laceae,  and  Hamamelidaceae  amamelidoi-
deae) are frequently associated with members of
megathermal groups such as the Icacinaceae (Pa-
leophytocrene), Lauraceae (Phoebe), Palmae, and
Cyatheaceae (Cnemidaria). In most of these flo-

ras  the  ipsae:  elements  are  not  diverse,
y  be  important  in  terms  of

7).

younger age from the volcanic areas farther west
may be strongly dominated in both abundance
and  diversity  by  microthermal  taxa.  This  has
been attributed to the relatively high paleoele-
vation  of  these  floras  (Axelrod,  1966b,  1968;
Wolfe & Wehr, 1987). Currently the best known
of these floras is from Republic, Washington (Fig.
4; Wolfe & Wehr, 1987, and unpubl.). The vege-
tation at Republic is inferred to have been a Mixed
Coniferous forest, but the diversity of microther-

al angiosperm groups is striking: Hamamel-
idoideae, 4 species; Fagaceae, 4 species; Betu-
laceae, 5 species; Rosaceae, 19 species; Aceraceae,
7  species  (Wolfe  &  Wehr,  1987;  pers.  comm.,
1987). Although the Copper Basin flora of north-
ern Nevada (Axelrod, 1966a) is younger and less
diverse,  it  shows  a  similar  domination  by  mi-
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crothermal taxa. Alnus is represented by 2 species,
one of which accounts for 85% of the specimens,
and there are 3 species of Mahonia, 6 of Rosa-
ceae, 3 of Acer, and 3 of Ericaceae.

Although upland floras of Paleocene or greater
age are not known, it seems possible that the first
major diversification of many present-day mi-
crothermal lineages took place during the Eocene
in upland areas like the volcanic highland of the
northwestern United States  (Wolfe,  1986,  this
volume). Some of these groups were represented
by relatively generalized species in later Paleo-
cene or early Eocene lowland floras. Thus the
adjustment of basically megathermal or meso-
thermal lines to cooler climates initially may have

pers. comm.,
matic cooling, these upland lineages spread and
diversified  over  much  of  the  Northern  Hemi-
sphere, whereas their megathermal or meso-
thermal sister taxa now have relictual southerly
distributions.

One particularly good example of this pattern
is seen in the genus Populus. Species of the prim-
itive section Abaso are common in Clarkforkian,
Wasatchian, and Bridgerian floras over much of
North America (Eckenwalder, 1977; Wing, 1981),
usually  in  lowland settings,  although Populus
adamantea does occur in probable Oligocene up-
land  floras  described  by  Becker  (1960,  1972,
1973). The extant species of this section, P. mex-
icana,  is  distributed  only  in  limited  parts  of
northeastern and northwestern Mexico. The ear-
liest record of the more advanced sections that
account for most of the present-day diversity and
distribution of the genus is in the late Eocene
Bull  Run  flora  (Axelrod,  1966a).  A  number  of
species belonging to the more advanced sections
are common in later Tertiary floras, but there is
no known fossil record of sect. Abaso poplars
ane  the  early  Oligocene.

PATTERNS OF VEGETATIONAL CHANGE

The general pattern of vegetational change
during the Eocene and Oligocene in western North
America has been outlined in a number of pub-
lications  (e.g.,  Axelrod,  1958,  1968;  Axelrod  &
Raven,  1985;  MacGinitie,  1941,  1969;  Wolfe,
1971,  1975,  1985).  Despite  considerable  dis-
agreement on details, there is overall agreement
about the large-scale trends. Broad-leaved ev-
ergreen forests were dominant over most of the
area during most of the Eocene, with two main
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exceptions.  Some  areas  in  the  eastern  Rocky
Mountains may have been dry enough to create
more open, partially deciduous vegetation. Vol-
canic activity in the western Rockies during the
late Wasatchian, Bridgerian, and Uintan gener-
ated uplands where conifers and broad-leaved
deciduous taxa became important components
of the vegetation. Climatic cooling and drying
during the late Eocene and Oligocene brought
about increasing dominance of mixed coniferous
and broad-leaved deciduous forest.

Late Paleocene vegetation in most areas of
western North America was broad-leaved ever-
green forest with an admixture of deciduous ele-
ments (e.g., Golden Valley flora of Hickey, 1977).
During the latest Paleocene and early Eocene
(Wasatchian) world climates were warming (Sa-
vin,  1977;  Wolfe,  1971,  1978;  Wolfe  &  Poore,
1982), possibly as a result of elevated levels of
atmospheric CO, and associated effects on cir-
culation patterns (Owen & Rea, 1985; Rea et al.,
1985). At this time evergreen broad-leaved taxa
increased in importance within local floras.

Floras from the Willwood Formation of north-
western Wyoming span most of the Wasatchian
and show an upward increase in the number of
entire-margined  (41%  to  52%)  and  thick-tex-
tured leaves, although there are also changes in
sedimentary environment that may be causally
related to this shift (Wing, 1981). Using data on
living vegetation presented by Wolfe (1979), these
leaf-margin percentages correspond with Micro-
phyllous  or  Notophyllous  Broad-leaved  Ever-
green Forest. Wolfe (1985) interpreted slightly
older  (Clarkforkian)  floras  from  the

of streamside taxa in Bighorn Basin floras from
Fort Union and Willwood formations, or a

relatively  higher  elevation,  has  given  them  a
“cooler” aspect. I think it more likely that the
less entire-margined, presumably more decidu-
ous, floras of the Bighorn Basin were under the
influence of a seasonally dry climate as early as
the middle Clarkforkian. This is also suggested
by the development of oxidized soil horizons in
floodplain sediments of this age in the Bighorn
Basin  (Gingerich  et  al.,  1980).  A  resolution  of
this  apparent  conflict  would  involve  detailed
comparison of depositional settings of the floras
or independent evidence for paleoelevation. Re-
gardless of these somewhat different interpreta-
tons of vegetation in northern Wyoming, it  is
apparent that some form of broad-leaved ever-
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green forest extended as far north as 65? during
the Wasatchian (Wolfe, 1985).

A  great  many  Lostcabinian-aged  (late  Wa-
satchian) fossil localities are known from all over
the state of Wyoming and from the Golden Val-
ley Formation of western North Dakota (e.g.,
numbers  1,  2,  9,  19,  27-30,  32-33,  50-71;  Fig.
3, Appendix I). These floras are mostly uniform
in composition and dominated by one of two
species of Platycarya, with important subdom-
inants  being  Alnus,  *Dombeya"  novi-mundi,
“Dalbergia,”  Zingiberopsis  isonervosa,  an
species of Icacinaceae, Lauraceae, Magnoliales,
and Palmae. Common pteridophytes are Cne-
midaria  magna,  Lygodium kaulfussii,  Thelyp-
teris weedii, T. iddingsii, and a large-statured
species of Equisetum. The similarity in these flo-
ras may in part reflect similar environments of
deposition occurring ina à number of intermon-
tane basins at app
en, however, that some range of depositional en-
vironments is spanned by these floras, it is likely
that the successional vegetation most likely to be
preserved in fluvial sediments was truly similar
over this large region. This in turn implies the
existence of few sharp climatic differences across
the area, which is in distinct contrast with the
early Bridgerian floras discussed in the next sec-
tion.

the Sa Tit time. Giv-

Vegetation during early Bridgerian time (about
50  Ma).  Although  the  latest  Wasatchian  and
Bridgerian were the times of maximum poleward
extent of broad-leaved evergreen forests, vege-
tation of the Rocky Mountain region began to
differentiate more strongly during this time in-
terval. This differentiation is illustrated by com-
paring four floras: the Little Mountain flora from
the upper Wilkins Peak Member of the Green
River  Formation in  southern Wyoming (23  in
Figs. 3 & 4, Appendix I), the Boysen flora from
the upper part of the Wind River Formation in
the northcentral Wind River Basin (36), the Kis-
inger  Lakes-Tipperary  flora  from  the  Aycross
Formation in the western Wind River Basin (38,
42), and the flora of the lower Sepulcher and
Lamar River formations in Yellowstone Nation-
al Park in northwestern Wyoming (112-118). All
four of these floras are approximately 50-51 Ma
and correlate with Gardnerbuttean (early Bridg-
erian) mammalian faunas

Based on floristic affinities, foliar physiogno-
my,  and  sedimentological  data,  MacGinitie
(1969) inferred that the Little Mountain flora was
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derived  from  open  woodland  vegetation.
(MacGinitie used the term “savanna woodlan
although he pointed out this might vilsieadinsl
imply that grasses played an important role in
the  vegetation.)  More  recently,  Wolfe  (1985)
stated that leaf size in the Green River floras is
too large for scrub or savanna vegetation and is
more consistent with semideciduous subtropical
to paratropical forest. The 22 species of dicoty-
ledonous leaves from the Little Mountain flora
are generally  small  and thick  textured,  and a
number of the species belong to families or gen-
era typical of seasonally dry subtropical vege-
tation (e.g., Alchornea, Cardiospermum, Populus
sect. Abaso, and a number of microphyllous Le-
guminosae;  MacGinitie,  1969:  67-68).  Recent
sedimentological  work  on  the  Wilkins  Peak
Member suggests that deposition took place in
and around the margins of a playa lake that lay
in an orographic desert basin (Smoot, 1983). The
upper part of the Wilkins Peak Member appar-
ently represents the maximum transgression of
the lake and hence the wettest period during the
deposition of this part of the Green River For-
mation (Smoot, 1983).

The Boysen flora is largely undescribed, al-
though it was referred to in a treatment of the
Green River flora (MacGinitie, 1969). This flora
occurs in fluvially deposited, irregularly fissile,
tuffaceous mudstones at the southern edge of the
Owl Creek Mountains. The assemblage has ap-
proximately 15 species and is heavily dominated

y palm leaves, Lygodium kaulfussii, and an en-
tire-margined dicot leaf resembling Sapindus spp.
Other  common  elements  include  "Populus"
wyomingiana,  Canavalia  diuturna,  cf.  Typha,
Zingiberopsis  isonervosa,  and  Musophyllum
complicatum. The importance of palms, herba-
ceous monocots, and vines suggests low-stature,
perhaps relatively open, floodplain vegetation.
Somewhat similar vegetation may have been re-
sponsible  for  forming  the  Lostcabinian-aged
Vermillion  pa  coal  in  southern  Wyoming
(Nichols, in preThe  Kissinger  pm  Tipperary  flora  consists

of 5 ferns, 1 horsetail, 2 conifers (G/yptostrobus
and  Chamaecyparis),  and  44  angiosperms
(MacGinitie,  1974).  Of  the  36  well-defined  di-
cotyledonous leaf types,  5596 have nonentire
margins, and judging by their closest living rel-
atives, some 60% were deciduous. A number of
the genera in the fossil assemblage are presently
restricted to subtropical or tropical climates (e.g.,
Acrostichum, Apeiba, Canavalia, Dendropanax,
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ini  octal  Based  on  foliar  physiognomy  and
e  distribution  of  living  relatives,  MacGinitieMA inferred that the Kisinger Lakes flora was

derived from a subtropical to tropical, semide-
ciduous forest resembling those native to the
southwest coast of Mexico at elevations of about
1,000 m. These inferences are consistent with
the diverse palynoflora, which in most samples

iS  ET  by  angiosperms  and  ferns  (Leo-
pold, 1The FU floras  of  Yellowstone National  Park

were first described by Knowlton (1899) and have
not been subjected to a general revision since.
Therefore, most of the published identifications
are probably incorrect.  Furthermore, much of
the megafossil material comes from sites that are
imprecisely located and of unknown stratigraph-
ic relationship. It may be that significant tem-

has
remained undetected as a result. In spite of these
problems, most of the Yellowstone assemblages
were derived from vegetation that was quite dif-
ferent from the kind inferred for the assemblages
discussed above

our genera of conifers are known from mega-
fossil remains (Sequoia, Glyptostrobus, Pinus, and
?Podocarpus), and the first three are abundant at
many localities (Dorf, 1960; Aguirre, 1977). As
might be expected, the importance of conifers is
even more strongly indicated by the palynoflora,
where they are diverse (12 genera) and consis-tently make up about half ofthe noie (Fisk, 1976).

Ferns are also highly diverse and abundant at
many localities in the Sepulcher Formation. Fisk

from the Yellowstone Park palynoflora, and there
are 10-15 named species from the macroflora.
The local abundance of ferns at some localities
(particularly Thelypteris weedii and Allantoidiop-
sis erosa) may be related to the frequency of dis-
turbance  by  volcanic  events.  A  similar  domi-
nance of ferns in the colonizing vegetation has
been noted following eruption and deposition in
the  vicinity  of  EI  Chichón  volcano  in  Mexico
(Spicer  et  al.,  5

The  foliar  physiognomy of  the  Yellowstone
National Park floras has not been studied in de-
tail, but dicot leaves in the collectionsat the U.S.
National Museum of Natural History are mostly
in the notophyll and mesophyll size categories.
Drip tips are present on a few taxa, and roughly
half of the species have entire-margined leaves.
Although  the  percentage  of  entire-margined
species is similar at Yellowstone (approximately

Nooo
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50%) and Kisinger Lakes (54%), leaf size in the
Kisinger Lakes flora is generally in the micro-
phyll to notophyll range (Wing, unpubl. data;

Wolfe,  pers.  comm.,  1987).  These  PER  aie
aspects of the Yellowstone assemblages, in ad-
dition  to  the  importance  of  conifers,  d  that

the vegetation grew under a somewhat cooler and
perhaps less seasonally dry climate. The forest
from which the Yellowstone flora was derived
appears to have been a variety of broad-leaved
evergreen forest that included a substantial ele-
ment of conifers in some local environments.

The question of taphonomic mixing of floral
assemblages is ever present but has been a par-
ticular focus of debate with regard to fossil floras
from  Yellowstone  National  Park  (Fisk,  1976;
Fritz & Fisk,  1978; Fritz,  1980a,  1980b, 198 La,
1981b; Retallack, 1981; Yuretich, 1984; Karowe
&  Jefferson,  1987).  The  mixture  of  "tropical"
and "temperate" elements (e.g., Thuja and pre-
sumed evergreen members of the Lauraceae) in
the Yellowstone floras has been attributed to
transport of plant remains derived from vege-
tation growing at a range ofelevations (Fisk, 1976;
Fritz, 1980a, 1986), and the upright stumps and
autochthonous  “fossil  forests"  described  by
Knowlton (1899) and Dorf (1964) have been ex-
plained in part as the consequence of transport
by mudflows associated with volcanic activity
(Coffin,  1976;  Fritz,  1980a,  1980b,  1986;  Fritz
& Harrison, 1985).

Observations of present-day volcanic systems
have  shown  that  high-energy  mudflows  can
transport upright stumps from higher to lower
elevations,  and that  stumps weighted by soil
trapped in their roots may float upright for a time
in  lacustrine  situations  (Fritz,  1980a,  1980b,
1986; Coffin, 1983).  Furthermore, sedimento-
logical and stratigraphic studies of the Sepulcher
and Lamar River formations and other Eocene
volcanic units have highlighted the importance
of high-energy deposits that are presumably in-
dicators of steep paleotopography (Fritz, 1980c;
Fritz  &  Harrison,  1985).  In  spite  of  these  im-
portant observations, several lines of evidence
suggest that the Yellowstone megafossil assem-
blages are not highly allochthonous

First, although many fossil trees in the Spec-
imen Ridge section may be prone rather than
upright, this is not always the case. The presence
of paleosols around some of the upright stumps
is evidence that these were fossilized in place
rather than transported upright to the site of buri-
al and preservation (Retallack, 1981). Yuretich
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(1984) and Karowe & Jefferson (1987) have pre-
sented petrographic and sedimentological evi-
dence that the upright stumps are generally in
situ. 1) Tree stumps are rooted in fine-grained
sediments, not in conglomerates. 2) Some con-
glomerates have structures showing that they
flowed around trunks in place. 3) Upper parts of
inclined axes are abraded, but parts contained in
finer-grained rock are not. 4) Petrographic sec-
tions of sediment containing fossil tree roots show
no signs of extensive current bedding but do show
indications  of  pedogenesis.  Many  of  the  leaf

EGER  assemblages,  which  also  show  mixed
"tempera  and  "tropical"  forms,  are  derived
from  ue  fluvial  sediments  and  thus  are

unlikely to be highly transported (Wing, unpubl.
data). Some fine- to medium-grained, airfall tuffs
have the potential to entomb plant assemblages
that  quite  accurately  reflect  local  vegetation
(Burnham & Spicer, 1986).

Second, the presence in the same sedimentary
units of trees showing distinct seasonal growth
with trees lacking distinct growth rings (Wheeler
et al., 1977, 1978) has been cited as evidence
that plants that grew under more than one cli-
matic regime are present (Fritz & Fisk, 1978).
This interpretation is not justified. Tree species
have  varying  genetic  capacities  for  seasonal
growth, and individual trees are variably influ-
enced by microclimatic and edaphic factors. The
result is that different trees in the same region
may show different patterns of  growth (e.g.,
Tomlinson  &  Craighead,  1972).  Fossil  log  as-
semblages containing specimens with both sea-
sonal and aseasonal growth have been observed
in sedimentary environments that could not have
produced long-distance transport (Bown et al.,
1982).

Third, most of the extreme examples of dis-
sonance in the climatic tolerances of elements in
the flora are generated by comparing the paly-
noflora with the megaflora. Pollen of Abies and
Larix were less than 196 of the assemblages in
which they occurred, which in turn were only a
few of the 20 samples taken by Fisk (1976). Ob-
viously, these could be highly allochthonous pol-
len grains derived from vegetation growing at
higher elevations than the site of deposition. Pic-
ea occurred as 1—3 grains in 12 of the 20 samples,
and reached 296—696 of the flora in three samples
(Fisk, 1976). Cross & Taggart (1982) have noted
that abundance of Picea pollen is generally in
rough proportion to its importance in the source
vegetation, implying that spruce could have been
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a  minor  part  of  local  vegetation,  probably
higher elevations in the watershed containing the
site of deposition.

Fourth,  almost  all  early  Eocene floras from
western North America contain some taxa that
presently have mutually exclusive climatic re-
quirements  (MacGinitie,  19  74;  Wolfe,
1980). In many floras the depositional setting
argues strongly against explaining the presence
of these dissonant elements by transport. For
instance, backswamp compression fossil assem-
blages from the Willwood Formation, perhaps
one  million  years  older  than  the  Yellowstone
flora,  have  abundant  palms,  Cnemidaria  (cy-
atheaceous tree fern), and A/nus (Wing, 1981).
The Willwood Formation is a mostly fine-grained,
basin-fill  formation  deposited  by  low-energy
streams (Bown, 1979); low paleotopography is
further indicated by thin, laterally extensive sheet
sands (Kraus, 1980) and paleosol horizons that
are  traceable  over  many  manis  n  &
Kraus, 1981). Many of the collecting sites for theWillwood flora were near the center gn e basin,

at least 100 km from the uplifted basin margins.
The assemblages were derived from fine-grained
mudstones  (Wing,  1984),  and  similar  assem-
blages are characteristic of this lithology over a
large  part  of  Wyoming  (Wing,  unpubl.  data).
Given this depositional environment, the poten-
tial for long-distance transport of leaves is min-
iscule, and the assemblages must be autochtho-
nous  or  transported  only  a  short  distance.
Therefore there has been change through time in
the climatic requirements of the taxa involved
and/or early Tertiary climates permitted the co-
existence of genera that at present have largely
nonoverlapping ranges

In conclusion, recent stratigraphic and sedi-
mentological studies of volcanic strata in Yel-
lowstone National Park and other Paleogene vol-
canic  sequences  have  demonstrated  the
importance of high-energy mudflow deposition
and have made it clear that such deposits are
characterized by a high degree of lateral vari-
ability.  However,  these  studies  have  failed  to
demonstrate that the majority of the megafossil
assemblages from such deposits are allochtho-
nous. Currently, prevailing evidence suggests that
plant megafossils, especially compression assem-
blages of leaves, generally accumulated from lo-
cal sources during quiet periods between violent,
localized, mudflow deposition.

Although the Republic flora (168-170; Figs. 3,
4) is approximately 2 Ma younger than the four
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floras discussed above, it is similar to the Yel-
lowstone flora in having abundant conifers in
both the megaflora and palynoflora.  Wolfe &
Wehr (1987) argued that the Republic paleoveg-
etation was a mixed coniferous forest dominated
by conifers because: 1) Chamaecyparis and Pinus
are abundant at the Graphite Creek locality, 2)
bisaccate pollen dominates the palynoflora, and
3) conifers are quite diverse (including Thuja,
Abies,  Picea,  Tsuga,  and  Pseudolarix  in  the
megaflora). Deciduous angiosperms are the most
abundant and diverse group at the other two lo-
calities, but broad-leaved evergreens are present,
including Phoebe, Photinia, Ternstroemites spp.,
and a new extinct genus. Based on the physiog-
nomy of the assemblage, Wolfe & Wehr (1987)
inferred a mean annual temperature of 12—13°C
and a mean annual range of temperature of 5—
6°C. By comparing these temperature estimates
with those inferred for approximately coeval flo-
ras from the Puget Group, Wolfe & Wehr (1987)
estimated the paleoelevation of the Republic flora
as 725-910 m. The greater importance of coni-
fers and deciduous broad-leaved plants at Re-
public than in the Yellowstone flora probably
does not reflect a higher paleoelevation if esti-
mates for the two areas are even approximately
correct. Therefore, the compositional and phys-
iognomic  differences  between  the  two  floras
probably result from differing taphonomic pro-
cesses, climatic cooling during Bridgerian time,
or both.

Vegetation  during  the  Chadronian  (38-33
Ma).  Comparison  of  the  approximately  con-
temporaneous Little Mountain, Boysen, Kisin-
ger Lakes, and Yellowstone floras illustrates the
kinds  of  vegetational  and  floristic  d  t
existed over one part of the northern Rockies at
about 50 Ma. The regional importance of conif-
erous  and  broad-leaved  deciduous  elements
seems to have increased during the later Eocene
and Oligocene, with dominantly coniferous for-
ests probably becoming established at higher el-
evations. However, later Eocene and Oligocene
floras provide less evidence of the kinds of vege-
tational boundaries implied by the contrasts be-
tween the four floras discussed above. This may
reflect in part a less adequate sample of coeval
floras.

One  time  interval  in  the  remainder  of  the
Eocene and Oligocene contains enough fossil flo-
ras to permit an attempt at analyzing vegeta-
tional variability in the Rocky Mountain region.
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Ten floras in Appendix I are from rocks of prob-
able Chadronian age: Missoula, from westcentral
Montana  (245-246;  Jennings,  1920);  Christen-
sen Ranch, Horse Prairie, and Medicine Lodge
from southwestern Montana (151-152, 153-157,
159-160; the Beaverhead Basins floras of Becker,
1969); uppermost Bull Run from northeastern
Nevada (202; Axelrod, 1966a, 1966b); Florissant
from central  Colorado (224—229;  MacGinitie,
1953);  Red  Rock  Ranch,  Hermosa,  and  Hills-
boro from the Rio Grande Rift of New Mexico
(232, 233, 234; Axelrod & Bailey, 1976; Meyer,
1986); and a small flora from the White River
Group in the Flagstaff Rim area of central Wy-
oming (2

The  Missoula  flora  was  derived  from  a  se-
uence of coal and lacustrine ash beds that Jen-

nings (1920) believed were correlative with the
lower part of the White River Formation in South
Dakota. The flora has not been studied since
1920, and many of Jennings's identifications are
questionable. However the flora appears to be
dominated by Metasequoia, Sequoia, and one or
more species of Betulaceae. Equisetum, ?Thuites,
?Populus sect. Abaso, Acer, and ?Cercidiphyllum
are also present. It is difficult to reach any con-
clusion about vegetation based on such a small
assemblage of relatively ubiquitous taxa.

Becker (1969) considered the Beaverhead Ba-
sins floras to be of latest Oligocene to Miocene
age, but this was based on the thickness of the
local stratigraphic sequence and on floral corre-
lation; the latter was in turn based on an incom-
plete understanding of the taxa involved. More
recent geological and paleontological work sug-
gests that the sections are thinner than originally
thought, and that the “Medicine Lodge Beds,”
from which the floras were collected, may cor-
relate  with  sediments  producing  Chadronian
vertebrates (Fields et al., 1985). All three of the
Beaverhead Basins floras represent mixed conif-
erous and deciduous broad-leaved forest, which
Becker (1969) felt reflected a subhumid climate.
The subhumid elements include such taxa as
Mahonia, Juniperus, and various nanophyllous
Leguminosae. Common broad-leaved deciduous
taxa  are  Fagopsis  longifolia,  Cercidiphyllum,
Populus, Sassafras, and various Betulaceae and
Ulmoideae.  Upsection changes in floral  com-
position are relatively modest, although the up-
per two floras have 14 (Medicine Lodge) and 16
(Horse Prairie) species of conifers to the 10 species
found in the lowest flora. There is a pronounced
physiognomic change between the Christensen
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Ranch flora and the upper two in that the per-
centage of species with entire-margined leaves
increases from 18% to 34% and 37%. The sig-
nificance of this shift is cast into some doubt by
concomitant changes in depositional environ-
ment and floral diversity, and by the lower re-
liability  of  leaf  margin  data  from  coniferous
vegetation (Wolfe, 1979), but taken at face value
the increase in percentage of species with entire-
margined leaves would indicate an increase in
mean annual temperature from 7? to 12°C.

Axelrod (1966a, 1966b) stated that the upper
Bull Run floras represented montane forest al-
most totally dominated by conifers, including
Abies, Picea, Pinus, Pseudotsuga, Tsuga, Cham-
aecyparis, and Thuja. The angiosperm compo-
nents are small-leaved and, with the exception
of Mahonia, deciduous genera such as Alnus,
Betula, Ribes, and Zelkova, This low diversity,

igly conifer
markedio “with the Beaverhead Basins floras, and
although the upper Bull Run floras may be slight-
ly older than those of the Beaverhead Basins (the
highest locality is five feet below a tuff dated at
36 Ma; Axelrod, 1966a; Table 1), it seems prob-
able that a difference in paleoelevation is also
involved.

The small flora from the Chadronian of the
Flagstaff  Rim  area  was  ted  from  clastic  dike
fillings that also preserve vertebrate skeletons
(Emry, pers. comm., 1986). This peculiar mode
of deposition makes comparisons between this
flora and others questionable, but the low di-
versity (about six forms) and the small leaf size
(microphylls or nanophylls) probably indicate
relatively dry conditions. The identifiable taxa
are Mahonia, ?Ribes, ?UImaceae, Leguminosae,
and an undetermined conifer. This small flora
may represent interfluve vegetation better than
typical collections obtained from rocks deposited
in paludal or lacustrine settings.

The Florissant flora is the most diverse from
the Oligocene of the Rocky Mountain area. Based
on a combination of floristic and physiognomic
criteria,  MacGinitie  (1953)  inferred  that  the
Florissant  fossil  d  two  main
types of vegetation: a mesic, broad-leaved de-

ciduous forest along Ram and lakeshores and
on slopes

and  interfluve  areas.  The  ten  most  common
species in the flora comprise 6096 of the speci-

mens  je  Fagopsis  longifolia,  Zelkova  dry-eja, Chamaecyparis, Typha, Populus crassa,
Bhus  ae  Sequoia  affinis,  Cercocarpus

a drier Scrub
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myricaefolius, Staphylea acuminata, and Ath-
yana haydenii. The broad-leaved evergreen com-
ponent of the Florissant is not dominant, but the
diversity and abundance of conifers is much less
than in either the Beaverhead Basins or the upper
Bull Run floras.

Chadronian floras from New Mexico (Axelrod
& Bailey, 1976; Meyer, 1986) appear to represent
two different types of vegetation. The Red Rock
Ranch flora is numerically dominated by spec-
imens of Pinus subsection Balfourianae and con-
tains species of Picea, Abies, Zelkova, and pos-
sibly Salix and Rosa (Meyer, 1986). Based on a
list  by  Farkas  (1969),  Axelrod  &  Bailey  (1976)
reported several additional taxa including Fa-
gopsis, Halesia, Mahonia, Rhus, and Sapindus,
but, with the exception of Mahonia, these were
not confirmed by Meyer (1986). Although the
Red Rock Ranch flora is small, on the basis of
relatively high conifer diversity and abundance
and low broad-leaf diversity, Meyer (1986) con-
cluded that it most likely represents a mixed co-
niferous forest. This flora was correlated with
Florissant (35 Ma) by Axelrod & Bailey (1976),
but the more recent and direct radiometric date
obtained by Meyer (1986) indicates the flora is

no  younger  ool  >  :  +  1.1  Ma,  or  about  2  Maolder than Flori
The  Hermosa  nd  fiios  floras  are  derived

from sediments associated with the infilling of
the moat of the Emory caldera, and both were
dated at about 32 Ma by Axelrod & Bailey (1976).
New radiometric dates reported by Meyer (1986)
indicate the Hillsboro flora is probably 28.1—30.6
Ma (Whitneyan or early Arikareean) and that the
Hermosa  flora  is  about  33.6  +  1.0  Ma  (Chad-
ronian). The floras are similar in composition,
with an overwhelming dominance of specimens
of Pinus subsection Balfourianae, along with a
few small leaves of Mahonia, and possibly Picea
and Crataegus. These floristic and physiognomic
attributes indicate a taiga-type forest growing un-
der a cold temperate climate (Meyer, 1986). Ax-
elrod & Bailey (1976) argued that the difference
between  the  Red  Rock  Ranch  and  Hermosa/
Hillsboro floras was a response to higher pa-
leoelevation of the latter floras; however, Meyer
(1986) pointed out that these floras may bracket
the major decrease in mean annual temperature
and increase in mean annual range of tempera-
ture that occurred at about 33 Ma (Wolfe & Hop-
kins, 1967; Wolfe, 1986).

The pattern of geographic variation in Chad-
ronian vegetation is less obvious than that of the
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earliest Bridgerian, and this can be attributed to
several causes. First, the Chadronian floras are
less tightly correlated and probably occurred over
a longer interval of time, perhaps 5 Ma. Second,
several of the floras are of low diversity or are
not completely described, with the result that
they are poorer samples of regional vegetation.
Third, there may be a greater altitudinal range
represented by the floras. Fourth, the youngest
floras in the set (Hermosa/Hillsboro) may lie on
the opposite side of a major temperature de-
crease from the other floras. In spite of these
problems, the three floras of presumed inter-
mediate elevation (Beaverhead Basins, Floris-

Rock Ranch) seem to have broadly
similar compositions and to represent mixed co-
niferous  and  broad-leaved  deciduous  forest
growing  under  a  seasonally  dry  climate.  The
higher diversity of conifers and mesic taxa in the
Montana floras may indicate higher rainfall and/
or lower rates of evapotranspiration in the north-
ern part of the Rocky Mountains. The subhumid
aspect of all of these floras when compared with
those of similar age from the Pacific Northwest
demonstrates the continuation of the pattern of
regional climatic variation that began during the
early Eocene/latest Paleocene.

The  mid  Tertiary  climatic   deteriora-
tion.  Much of  the evidence for  the major  de-
crease in mean annual temperature and increase
in mean annual range of temperature that oc-
curred at approximately 33 Ma is derived from
lowland floras from the Pacific Coast of North
America (Wolfe & Hopkins, 1967; Wolfe, 1971,
1986). Isthere unambiguous evidence ofthis ma-

jor climatological change in floras from the Rocky
Mountain re

presented in Figure 3, there are six floras that
closely  follow  after  the  34  Ma  date:  Mormon
Creek, Metzel Ranch, York Ranch, Ruby paper
shales,  Hermosa,  and  possibly  Hillsboro.  The
dating of the Montana floras has been uncertain
since  their  initial  descriptions  (Becker,  1960,
1961, 1972, 1973), and opinions on the age of
the Mormon Creek flora have embraced some
20 Ma. Recent geological and mammalian bio-
stratigraphic correlations suggest the Mormon
Creek, Metzel Ranch, and York Ranch floras are
of Orellan age (32.2-30.8 Ma) and that the Ruby
paper shale flora is Whitneyan (30.8-29.2 Ma).
These floras were judged by Becker (1960, 1961,
1972, 1973) to represent mixed coniferous and
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broad-leaved deciduous forest and shrubland
growing under temperate to dry-temperate cli-
mates. Although the Ruby paper shale flora is
inferred to have been somewhat dryer than the
other three, they all bear substantial resemblance
to one another and to the older (Chadronian)
Beaverhead Basins floras. As noted above, the
New Mexican floras are derived from a setting
of some paleotopographic and structural com-
plexity, so that it is difficult to separate potential
effects of elevation and regional climatic change.

Thus the only floras of suitable age do not
provide good evidence of a major temperature
decrease at 33 Ma. This absence of evidence may
result from the confounding effects of changing
elevations  and  dryer  climates  in  the  Rocky
Mountains,  or  it  may simply  be a  problem of
insufficient data and poor stratigraphic control.

PRESENT METHODS AND FUTURE STUDY

Perhaps the most useful result of summarizing
current knowledge and opinions in a field of study
is that this activity reveals gaps in the data base
and reveals  possible  directions  for  future  re-
search. At present, research in Tertiary paleo-
botany follows two main themes: the systematic/
evolutionary approach is concerned primarily
with describing new fossil forms and understand-
ing their implications for the evolutionary his-
tory of lineages and relationships among living
groups of plants; the paleoecological/environ-
mental approach focuses largely on understand-
ing habits of extinct species, structure of extinct
vegetation, and patterns of ancient climates. His-
torically these approaches often were combined
in the treatment of a single fossil flora. More
recently, as standards have become higher and
techniques  more  sophisticated  in  both  ap-
proaches, workers have specialized on one or the
other. This probably reflects a more general sep-
aration of ecology from systematics, but the dis-
junction in viewpoints should not be accepted as

logical data provide the context for understand-
ing the genealogical changes that are inferred from
systematic studies. Furthermore, in paleobotany
both approaches are united at a practical level
by the study of the same sites and specimens.

FIELD DATA

As noted in the section on the data base for
Eocene and Oligocene floras, the stratigraphic
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and geographic distribution of sites is very un-
even. The total number of sites from which col-
lections have been made is also small, consid-
ering the commonness of plant fossils and the
large outcrop area. The meagerness of the data
set results from there being few paleobotanists,
rom a tendency for the same sites to be collecte

repeatedly, and from relatively small efforts to-
ward finding new sites. The largest “holes” in the
record would be filled by: 1) more late Eocene
and Oligocene floras from the eastern Rocky
Mountain area; 2) more Paleogene floras from
the southern Rocky Mountains; and 3) more flu-
vially deposited late Eocene or Oligocene assem-
blages (or conversely, more Paleocene and early
Eocene lacustrine assemblages).

Field data that would Bien reports of fossil

plants include: number of quarry sites collected;
size  of  quarry;  precise  locality  information;
stratigraphic unit; detailed lithological descrip-
tion; abundance of fossils and relative abundance
of species; and, where available, biostratigraphic
correlation, radiometric age, and paleomagnetic
correlation. If such data were available, even as
preliminary approximations, the published rec-
ord of Tertiary fossils would be more useful for
interpreting  paleovege  no  paleoclimate,  and

possible associations of dispersed organs

SYSTEMATICS

During the last  15 to 20 years several  new
methods have brought increased resolution and
rigor to systematic  studies of  Tertiary  angio-
sperms. Comparative studies of the leaf archi-
tecture of living dicotyledons have created a much
firmer basis for interpreting the systematic affin-
ities of fossil leaves (Hickey & Wolfe, 1975). The

structure of fossil pollen (e.g., Crepet et al., 1980),
and from more detailed analyses of fossil flowers
(e.g.,  Crepet  &  Daghlian,  1981,  1983).  At  the
same time, more studies have come to base their
systematic conclusions on multiple fossil organs
belonging to the same species (e.g., Manchester
&  Crane,  1983;  Wing  &  Hickey,  1984;  Man-
chester, 1986). Finally, in many areas of paleo-
botany, refinements in methods of systematic

the reasoning behind systematic decisions more
explicit  (e.g.,  Stein  et  al.,  4

Although major advances have been made in
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methodology, the vast majority of fossil angio-
sperms from western North America are as yet
very  poorly  understood.  For  most  times  and
places the floras either have not been described
or the only descriptions are those of late-19th
century workers whose goals were more bio-
stratigraphic than systematic. New methods will
have to be applied repeatedly before the botan-
ical relationships of any significant number of
Te estiary fossils will be MASSE ON

the quantification of variability. Comsemtwe y
architecture was an important advance in ana-
lyzing higher-level systematic affinities but has
been much less useful at the level of species. With
few  exceptions  (e.g.,  Dolph,  1975;  Burnham,
1986a, 1986b; Wing & Eckenwalder, 1987), pa-
leobotanists  have  been  little  concerned  with
quantifying the variability of their taxa. Yet in-
dividuating taxa in a paleobotanical sample is
the initial  step in subsequent systematic,  bio-
stratigraphic, and paleoecological syntheses. De-
tection and quantification of low-level morpho-
logical  variability  is  also  a  key  to  uncovering
patterns of temporal change in closely spaced
stratigraphic samples.

PALEOECOLOGY

Traditional paleoecological interpretation of
fossil angiosperm floras has been based on flo-
ristic analogy and on leaf physiognomic analysis.
The floristic method assumes that the ecological/
climatic requirements of the fossil taxa were sim-
ilar to those of their closest living relatives. This
kind of direct analogy suffers from several defects
(see Wolfe, 1979). First, it assumes that the bo-
tanical relationships of the fossils have been de-
termined correctly. Second, it assumes that little
evolutionary change has occurred in the climatic
or ecological preferences of the lineages under
study. Justification for both of these assumptions
diminishes as one considers older floras, because
evolution is more likely to have occurred in the
intervening time, making it more difficult to de-
termine close living relatives of older fossil plants.
A third problem with floristic inference is that it
implies that the present-day distribution ofa tax-
on accurately reflects even its present climatic
tolerances. Given the rapid climatic fluctuations
typical of the last two million years, it may be
that the current distributions of many taxa are
strongly influenced by migration rate, plant com-
petitors,  or  other  nonclimatic  factors  (Davis,
1976

The second commonly used method of  pa-
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leovegetational/paleoclimatic inference is anal-
ysis of leaf physiognomy. Physiognomic analysis
primarily  relies  on  a  relationship  observed  in
living floras; the percent of species in a local flora
that have entire-margined leaves rises with the
mean annual temperature of the site (Bailey &
Sinnott,  1915, 1916).  Thus tropical floras have
nearly 10096 species with entire leaves, whereas
temperate floras are dominated by species with
toothed or lobed leaves. This relationship has
been worked out with some precision based on
the  humid  floras  of  East  Asia  (Wolfe,  1979).
Studies based on smaller regions have been used
to question the resolution of leaf-margin infer-
ences (Dolph, 1976, 1978a, 1978b, 1979; Dolph
& Dilcher, 1979), but the basic pattern of climate
change as inferred from Tertiary floras agrees
with data from a variety of other sources (e.g.,
Savin,  1977;  Wolfe  &  Poore,  1982;  Hutchison,
1982; Owen & Rea, 1985; Rea et al., 1985). Phys-
iognomic analysis also considers the average size
of leaves in a fossil assemblage, their apparent

number of |
number of species that are probable lianes (those
with cordate-based leaves). Generally these at-
tributes increase with increasing tropicality  of
vegetation.

Although physiognomic analysis offers signif-
icant improvement on the floristic method, it has
defects. In addition to their correlation with mean
annual temperature, physiognomic characteris-
tics of leaves are also correlated with water avail-
ability, intensity and angle of incident radiation,
and  a  variety  of  other  factors.  Consequently,
changes in the leaf physiognomy of fossil assem-
blages cannot always be read unambiguously as
changes  in  mean annual  temperature.  An  in-

daphically Induced water
stress  could  produce  Xn  with  small,  thick,
entire-margined leaves and few lianes. Greater
representation of canopy species in a fossil flora
would produce an assemblage with smaller leaves
(Roth & Dilcher, 1978). This is because canopy
leaves tend to be smaller than interior leaves in
order to radiate heat more efficiently and main-
tain an optimal photosynthetic rate. Perhaps the
most serious factor biasing leaf physiognomic
analysis of fossil assemblages is the probable
overrepresentation  of  early  successional  and

stream  ges  up  which  grow  close  to  sites  of
dep  in  fluvial  and  volcanic  settings
Maec  1969).  Successional  and  riparian

vegetation in most climatic zones is dominated
by species with lobed,  toothed,  or compound
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leaves, probably because these species hold in-
dividual leaves for only a short time, and these
leaf shapes provide a large photosynthetic sur-
face at a small cost of support tissue (Givnish,
1978). Thus a change in the frequency with which
fossil vegetation was disturbed might produce a
change in leaf physiognomy that might be inter-
preted as a change in mean annual temperature.

In spite of their defects, both the floristic and
leaf physiognomic methods produce inferences
about paleovegetation that are generally consis-
tent with paleoclimatic reconstructions based on
other, independent data sets. Furthermore, they
generally  agree  with  one  another  (e.g.,  Mac-
Ginitie, 1974; Hickey, 1977). The problem with
these methods is not that they produce grossly
incorrect  interpretations  of  past  vegetational
structure, but rather that the inferences lack de-
tail, frustrating the most interesting comparisons
that might be made between extinct and living
forests.

For instance, because of strong seasonality of
light and a low angle of incident radiation, it is
likely that the structure of high latitude, broad-
leaved, evergreen forests in the early Tertiary was
significantly different from that of living broad-
leaved evergreen forests, even though the two
types of vegetation are similar in leaf physiog-
nomy and floristic composition. This hypothesis
can only be examined by finding more ways to
compare fossil and living vegetation. These new
methods of comparison will  probably require
collecting data on the distribution of fossils in
the sediment. These distributional data (e.g., al-
pha and beta diversity, relative abundance, spa-
tial heterogeneity) may reflect actual synecolog-
ical characteristics of the vegetation that produced
a fossil assemblage; the difficulty in interpreta-
tion arises from the probability that taphonomic
processes have also influenced the distribution
of fossils. In spite of recent work on the taphon-
omy of fossil plants (Spicer, 1981; Scheihing &
Pfefferkorn,  1984;  Spicer  &  Greer,  1986;  Fer-
guson, 1985; Gastaldo, 1986; Burnham & Spicer,
1986; Spicer & Wolfe, 1987), there are as yet no
general recommendations for how leaf assem-
blages can be sampled to reflect best given char-
acteristics of the former vegetation. This kind of
work will have to be done in order to make the
best use of the paleoecological information pre-
served in fossil plant assemblages.
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APPENDIX II.
Additional references on Eocene—Oligocene floras of

h America.western Nort
Ammons, R. B., S. AM S, G. AMMONS & R. AM

MONS 1980. Cross- arr ni ree of ring signa-
Eocene trees

of Yellowstone, preliminary methodology and evi-
dence. Proc. Montana Acad. Sci. 40: 47.ANDERSON, R. Y. 1960. Cretaceous-Tertiary paly-
nology, eastern side of the San Juan Basin, New
Mexico. Mem. New Mexico Bur. Mines Min. Re-

ANDREWS, H. N. 1936. A new Sequoioxylon from
Florissant, Colorado. Ann. Missouri Bot. Gard.
23: 439-446.

Notes on the fossil flora of Yellowstone
National Park with particular — to the Gal-

elc  latin  region.  Amer.  Midl.  Naturalist  21:  454—460.
-E-E-R-  E  E  .LENz.  1946.  The  Gallatin:  nh  arent
Hy  Hee  Hy  by  8  (Yellowstone  National  Park,  ng).
99979022  Missouri  Bot.  Gard.  33:  309-31
PEPPEDS
OUUU

Stratigraphic Unit

ARNOLD, C. A. 1936. Some fossil species of Mahon
from the Tertiary of eastern and southeastern Or-
egon. Contr. Mus. Paleontol. Univ. Michigan 5:
57-66.

White River Fm., below ash D

Huelster Fm.

. 1937. Observations on the fossil sb, e Pali
=  >  =  >  3  s  ern  and  southeastern  Oregon,  Part  I.

Paleontol. Univ. Michigan 5: 79-102.
95]. Fossil capsule valves of Kolreuteria

from the John Day series of Oregon. Palaeobot-
anist 1: 74-78.

Tertiary conifers from the [nicumCoal Field of British Columbia. Contr. M
leontol. Univ. Michigan 12: 245-258.

&  .  DAUGHERTY.  1963.  The  fern  genus
Acrostichum i in the Eocene Clarno of Oregon. Contr.
Mus. Paleontol. Univ. Michigan 18: 205-227

&  19  A  fossil  dennstaetioid  fern
from the Eocene Clarno of Oregon. Contr. Mus.
Paleontol. ws Michigan 19: 66-68.

AXELROD, D. I. 75. Tertiary floras from the RioGrande Rift. E 85-88 in New Mexico Geol. Soc.
Guidebook, 26th Field Conf., Los Cruces County,
New Mexico.

& H. P. BAILEY. 1969. Paleotemperature anal-
a  ysis  of  Tertiary  floras.  Palaeogeogr.  Palaeoclima-

Oa  Ç  tol.  Palaeoecol.  6:  163-195.
edi  BALL,  O.  M.  1931.  Acontribution  to  the  paleobotany

of the Eocene of Texas. Bull. Agric. Mech. Coll
Texas 2: 1-173.

1939. A contribution to the paleobotany of
the Eocene of Texas. Bull. Agric. Mech. Coll. Tex-
s 10: 9-54.

he  H.  P.,  A.  Onriz-SoTOMAYOR  &  C.  s  HART-
MAN. 1981. Pinus escalantensis S nov., a per-mineralized cone from the Oligoc ° of British
Columbia. Bot. Gaz. (Crawfordsville) 142: 286-
293.

NALMA9

Source
pers. comm pers. comm.

°
, 1987 1987198719871920

odod,od,od,ingsJennings, 1920, ,
ilsonilson

Wilson, pers. comm.

Leopold & MacGinitie, 1972

Berry, 1919

Wilson, pers. comm.

Wilw
AxelrAxelrAxelrAxelrJenni

Locality

Continued.

BARNETT, J. 1984. Palynology of Tertiary floras of
western North America. Palynology 8: 252-253.

C.H 41. The Eocene flora of the Mid-
dle Park Formation. Univ. Colorado Stud. 26: 52.
[Abstract

BARRINGTON, D. S. 1983. Cibotium oregonense: an

Creede, 5-Mile Bridge; 571A, B, C
Creede, Birdsey Gulch; 574A, Creede, Dry Gulch; 572A, B, Creede, Wason Cliffs; 573A, BPoison Springs palynoflora

Missoula (loc. 165) Missoula (loc. 196)

LaPorte
Alvord Creek Cow Creek

APPENDIX I.
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Eocene tree-fern stem and petioles with internal
structure. Amer. J. Bot. 70: 1118-1124.

BASINGER, J. F. 1976. Paleorosa similkameenensis,
gen. et sp. nov, permineralized flowers (Rosaceae)
from the Eocene of British Columbia. Canad. J
Bot. 54: 2293-2305.

1977. Fossil plants from the Middle 0095of southern British Columbia. Canad. Bot. Assoc.,
Abstracts of Papers, Winnipeg, p. 59. baad

The  Hohe  did  Rad  of  dmilleri  from  the  Middle  ish
Columbia. Canad. J. jen 59: 2379-2410.

G. W. ROTHWELL. 1977. Anatomically pre-
served plants from the Middle Eocene rete!
ies,  of  British  Columbia.  Canad.  J.55:  990.

BEBOUT, Ü Fanon of the Paleocene-Eocene Gold-
y Formation of Western North Dakota.

Ph.  D.  Oats  eene  une  Univer-
sity, University Park, Pennsylva& A. TRAvERsE. 1978. Pesci ante recon-
struction for the Golden Valley Formation (Pa-
leocene-Eocene of North Dakota, based o
lapping odia ranges of overlapping “relict
genera." viue: ogy 2: 213-214Tertiary coniferous woods of west-

North  i  Northw.  Sci.  19:  89-102.
Hx H. F. 1959. A new species of Mahonia from

the Oligocene Ruby flora of southwestern Mon-
tana. Contr. Mus. Paleontol. Univ. Michigan 15:
33-38.

. 1960. Additions to the Ruby paper shale flora
of southwestern Montana. Bull. Torrey Bot. Club
87: 386-396.

1962a. Two new species of Mahonia from
the Grant-Horse Prairie Basin in southwestern

l

actes Bull. Torrey Bot. Club 89: 319-330.
. The fossil peepee Hs the genus Rosa.Bull.  ie  Bot.  Club  90:

96  EE  n  to  the  Oli-
gocene flora of southwestern Montana. Bull. Tor
rey Bot. Club 91: 206-213.

966. Additions to and revision of the Oli-
gocene Ruby paper shale flora of southwesternMontana. Contr. Mus. Paleontol Univ. Michigan
20: 89-119.

1968. A hexasepalous calyx of the fossil As-
tronium truncatum (Lesquereux) MacGinitie. Bull.
Torrey Bot. Club 95: 262-263.

1973. A new Tertiary gramineous fossil. Bull.
Torrey B Bot. Club 100: 318-319BERRY,  E.  924a.  An  early  Eocene  florule  from
nd Texas. U.S. Geol. Surv. Prof. Paper 132-E:

7-92
1924b. A Sparganium from the middle

Eocene of Wyoming. Bot. Gaz. (Crawfordsville)
78: 342- “ë 8.19 A new Salvinia from the Eocene (Wy-oming a Tennessee). Torreya 25: 116-118.

1926. Tertiary floras from British Columbia.
Canad. Dept. Mines, Geol. Surv. Branch Publ. 42:
91-116.
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. 1930. A flora jae aiie River age in the WindRiver Basin of Wyoming. U.S. Geol. Surv. Prof.
ap  165-B:  55-81.

—  1932a.  poi  plants  from  Wyoming.  Amer.Bo Novit. 527: 1-13.
32b.  A  etc  NN  fruit  from  the  lower

Eocene (?) of Colorado. J. Wash. Acad. Sci. 22:
119-121.

BEYER, A. F. 1954. Petrified wood from Yellowstone
Park. Amer. Midl. Naturalist 51: 553-567.

BowN, T. M. 1982. Geology, paleontology, and cor-
relation of Eocene volcaniclastic rocks, southeast
Absaroka Range, Hot Springs County, Wyoming.

01-A: 1-75.
. 1962. Chloroplast in Spirogyra from

the Green River Formation of Wyoming. Amer
J. Sci. 260: 455-459.

967. Two aquatic fungi (Chytridiales) ofEocene age from the Green River Formation of
Wyoming. Amer. J. Bot. 54: 577-582.

. Eocene algae and plant hairs from the
Green oid Formation of Wyoming. Amer. J
Bot.  FUR -78.  1  a  ur  tufa  from  the  Eocene  Green
River  uni  of  Wyoming.  J.  Paleontol.  48:
1289-12

BRITTON,  E.  G.  &  A.  HOLLICK.  ids  Riiie  fossilmosses with description of a new species from
bp  Colorado.  Bull.  Torney  Bot.  Club  34:

—142.
A new American fossil moss.

Bull. Torrey Ei Club 42: 9-10.
BRowN, J. T. 1975. Equisetum clarnoi, a new species

based on petrifactions from the Eocene of Oregon.
mer. J. Bot. 62: 410-415.

BRowN, R. W. 1929, Additions to the flora of the
Green River Formation. U.S. Geol. Surv. Prof.
Paper 154: 279-299,

934. The recognizable species of the Green
River flora. U.S. Geol. Surv. Prof. Paper 185-C:

-7
193 6. The genus G/yptostrobus in North

America. J. Wash. Acad. Sci. 26: 353-357.

1937a.  Fossil  legumes  de  e  Creek,
Oregon.  J.  pis  Acad.  Sci.  27:  418.rther additions be some Pu floras
of the vestem “United States. J. Wash. Acad. Sci.
27: as "E—F  Fossil  leaves,  fruits,  and  seeds  of  Cer-
siti  4  Paleontol.  13:  485—499,

w species and changes of name in
some American fossil floras. J. Wash. Acad. Sci.
30: 344-—_— rs Temperate species in the Eocene flora
of the southwestern United States. J. Wash. Acad.
Sci. 34: 349-351.

1946. Alterations in some fossil and living
floras. J. Wash. Acad. Sci. 36: 344-355.

.  1950.  An  Oligocene  Weg  cherry  fromOregon. J. Wash. Acad. Sci. 40: 321-324.
1954. Oligocene plants ue correlation. Sci-

ence 119: 350.
1956. New items in Cretaceous and Tertiary
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floras of the western United States. J. Wash. Acad.
Sci. i ET 4—108.;  .  Some paleobotanical  problematica.  J.E  A  33:  122-124.

1959b. A bat and some plants from the upper
Oligocene of Oregon. J. Paleontol. 33: 125-129.

1973.  p  of  O  yptostrabus.
a  Taxodiaceous  Conifer.  Ph.D.  Thesis.  IUton  State  University,  E  Washing

.  W.  .  Quantitative  eae  y^  the
Bridge Creek flora. Amer. J. Sci. 8: 127-144.

1925a. A comparative study of the Bridge
Creek flora and the modern redwood forest. Publ.
Carnegie Inst. Wash. 346: 1-22.

1925b. A record of the presence of Umbel-
lulariai in the Tertiary ofthe western United States.
Carnegie Inst. Wash. Contr. Palaeontol. 59: 62.

l  .  Geology  and  paleontology  of  the
C rooked River Basin, with special reference to the
Bridge Creek flora. Publ. Carnegie Inst. Wash. 346:

8
1933. Notes on occurrence n nd of fossilplants found in the auriferous gra of Sierra

Nevada. Report 28 of = State deve Sedi Cal-
ifornia Division of Min

1936. The succession n and distribution of Ce-

Setchell. Univ. California Press, Berkeley, Cali-
fornia.

. 1938. Paleoecological interpretations of Ce-
nozoic plants in western North America. Bot. Rev.
(Lancaster) 9: 371—396.

Tertiary  forests  and  eiu  his-tory. Bull. Geol. Soc. Amer. 51: —488.
1944.  A  fossil  vv  dus  ur  Eocene  of

Utah. Amer. J. Bot. 31:
1947. Tertiary centers ese migration routes.

Ecol. Monogr. 17: 139-148.
. Early Tertiary ecotones in western

North America. Proc. Natl. Acad. Sci. U.S.A. 35:
356-359.

1951. A revision of Sequoia and Taxodium
in western North America based on the recent
discovery : Metasequoia. Trans. Amer. Philos.Soc. 40: 171-263.. 1952. "aid dominants in the middle Ter-
tiary of the John Day Basin, Oregon. Palaeobot-
is  105-113.

E. I. SANBORN. 1933. The Goshen flora of
west central Oregon. Publ. Carnegie Inst. Wash.
439:  3.P eieinE  ̂D. A. 1906a. The fossil flora and fauna
of the Florissant shales. Univ. Colorado Stud. 4
157-175.

. 1906b. rap Lari from the Florissant, Col-orado.  Bull.  Torr  .  Club  33:  307-331.
1906c. Rhus and its allies. Torreya 6: 11-12.

——. 1907a. A Paes described as a moss. Tor-reya 7: 203-2
1907b.  Te  genus  oe  in  Colorado.

Univ.  ear  Stud.  5:  42-43.
enumeration of the localities inthe  E  basin  from  which  fossils  were  ob-
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tained in 1906. Bull. Amer. Mus. Nat. Hist. 23:
127-132.

1907d. Description of a new Tertiary fossil
flower from Florissant, Colorado. Torreya 7: 182-
183

1908a. Descriptions of Tertiary plants. I.
Amer. J. Sci. 26: 65-68.

1908b. Descriptions of Tertiary plants. II.
Amer. J. Sci. 26: 537-544.

908c. Some results of the Florissant expe-
dition of 1908. Amer. Naturalist 42: 569—681.

1908d.  The fossil  flora of  Florissant,  Trado. Bull. Amer. Mus. Nat. Hist. 24: 71-110.
1909a. Eocene fossils pir Green River, Wy-oming.  Amer.  J.  Sci.  29:  4  8.
1909b. A new genus of fossil Fagaceae from

Colorado. Torreya 9: 1—3.
1909c. Fossil Euphorbiaceae, with a note on

Saururaceae. Torreya 9: 117-119.
1909d. Two new fossil plants from Floris-

sant, Colorado. Torreya 9: 184-185.
1910a. Magnolia at Florissant. Torreya 10:

191 Ob. Notes on the genus Sambucus. Tor-
reya 10: 125-128.

—— ———. 1910c. A fossil fig. Torreya 10: 222-223.
1910d.  pw  ing  of  Tertiary  plants.  III.

Amer. J. Sci. 29: 76-78.910e.  m Miocene trees  of  the  Rocky
ME  Amer.  Naturalist  44:  31-47.

. 191la. Fossil flowers and fruits. Torreya 11:
234—236.

1911b. New names in //ex. Torreya 11: 264.
. 1912. Fossil flowers and fruits. II. Torreya

12: 32-33.
. 1913. Fossil flowers and fruits. III. Torreya

13: 75-7
914. Two new plants from the Tertiary rocks

of the West. Torreya 14: 135-137.
1915. Equisetum in the Florrisant Miocene.

Torreya 15: 265-267.
922a. A fossil buttercup. Nature 109: 42-

22b. A new genus e fossil Liliaceae. Bull.Ta  Bot.  Club.  49:  211-213.
24. A genuine fossil Ophioglossum. Tor-

reya 24: 10-1
. 1925. Plant and insect fossils from the Green

tl. Mus.River Eocene of Colorado. Proc. U.S. Na
:  3.

1926a. The supposed fossil Ophioglossum.
Torreya 26: 10-11.

—.  1926b.  A  Miocene  Orontium.  Torreya  26:

19  A  new  oak  from  the  Green  River
Eocene. Torreya 27: 94-95.

l A supposed fossil catmint (from Flor-issant,  TEMER  Torreya  4.
1935b. A fossil Berberis. Torreya 35: 127.

CONARD, H.S. 1930. A Pityoxylon from Yellowstone
National Park. Amer. J. Bot. 17: 547-553.

CRANE,  P.  R.  & R.  A.  SrockEv.  1985.  An extinct
species of Betula from the Middle Eocene of Brit-
ish Columbia. Amer. J. Bot. 72: 891
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CRIDLAND, A. A. & J. R. BUTALA. 1975. Reconsid-
eration of Taxodium olriki (Heer) Brown. Argu-
menta Palaeobot. 4: 79-82.

Cross, A. T. & E. MARTÍNEZ-HERNÁNDEZ. 1974. Pa-
leobotanical studies of Baja, California, Mexico.
Amer.  J.  Bot.  61:  5.

&  1980.  aula  ys  pollen  in  earlyTertiary rocks, Baja California, Mexico. Abstracts

De  Boro,  P  llatin  Mountain  "Petrifie
Forests": a palynological investigation of the in
situ model. Ph.D. Thesis. Loma Linda University,
California.

. 1974. Petrified cryptogamic nr fromthe Clarno cherts of Oregon. Amer. J. Bot. 61: 169. Podocarpus from n Eocene
of North America. Science 164: 299-301

1939. Middle Eocene flora from the vol-
canic rocks of the Absaroka Range, Park County,
Wyoming. Bull. Geol. Soc. Amer. 50: 1906-1907.
[Abstract.]

. 1953. Succession of Eocene floras in north-
western Wyoming. Bull. Geol. Soc. Amer. 64: 1413.
[Abstract.]

——. 1974. Early Tertiary fossil forests of Yellow-
stone Park. Pp. 108-110 in V. Barry et al. (editors),
Rock Mechanics, the American Northwest. Third
Intl. Congr. on Rock Mechanics, Expedition Guide.
Pennsylvania State Univ., University Park, Penn-

1983. Cenozoic History of Alaskan
xford Chamaecyparis Cedars. Ph.D.

Thesis. University of California, Berkeley, Cali-
rni

ErsiK, W. C. & J. E. BovER. 1977. Palynomorphs
from the Middle Eocene Delmar Formation and
Torrey Sandstone, costal southern California. Pal-
ynology 1: 173.

EVERNDEN, J. F. & G. T. JAMES. 1964. Potassium-
argon dates and the Tertiary floras of North Amer-
ica. “saq J. Sci. 262: 945-974FARLEY, M. B. & A. TRAVERSE. 1986. Palynology of

, lower Eocene,Bighorn Basin, (Wyoming). Abstr. pea Meet-
ing Amer. Assoc. Stratigraphic Palynologists. [Ab-
stract.

Fisk, L. H. 1976. The Gallatin “Petrified Forest.”
Montana Bur. Mines Geol. Special Publ. 73: 53-

&  M.  R.  AGUIRRE.  1981.  li  ort
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