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PALEOCENE-EOCENE OUTCROP

Figure 7. Paleocene and Eocene rocks of the southeast.

southward to reach Mexico in the Mio-
cene. The work of Dilcher (1973) on less
readily transportable plant megafossils
from the middle Eocene of Kentucky and
Tennessee indicates that some of the tem-
perate elements were part of the coastal
plain flora. Foliar physiognomy of floras
from clay pits dug in Eocene abandoned
channel deposits, including leaf margin
and leaf size analysis, indicates a tempera-
ture regime of equable warm-temperate to
cool-subtropical, and a moisture regime of
seasonably dry to slightly moist (Dilcher,
1973). Dilcher (1973) also reported wood
with growth rings indicating seasonal fluct-
uations. Wolfe (1978), also working on foli-
ar physiognomy, postulated a cooling trend
from early Paleocene Tropical Rain Forest
conditions in north Louisiana to late Paleo-
cene Paratropical Rain Forest conditions,
followed by an early Eocene warming
trend in the Mississippi Embayment. The
middle Eocene floras studied by Dilcher
(1973) are considered to be dry subtropical
by Wolfe (1978). These floras indicate a
pronounced drying trend from Paleocene
to middle Eocene in the Mississippi Em-
bayment (Wolfe, 1978). This Eocene drying

trend seen on the southern coastal plain
supports the idea that the warmth and at
least seasonal dryness reflected in soil-
forming processes in the Eocene of north-
ern intermontane basins, such as those in
Wyoming, was due in part to mid-conti-
nent-wide climatic changes.

Less is known of early Tertiary paleo-
pedology for the southeast than is known
for the southwest. In a discussion of the
origin of bauxite, Harder (1949) described
scattered bauxite deposits of Paleocene
and Eocene age, which occur in a belt
along the east side of the Mississippi Em-
bayment from southwestern Georgia to
central Arkansas, and concluded that a
warm, humid climate with alternating wet
and dry seasons favored the formation of
such bauxites.

Hope for future finds of southeastern
mammals is greatly increased by the pros-
pect of lignite mining in the Paleocene and
Eocene rocks exposed along the west side
of the Mississippi Embayment. Strip mining
will produce extensive outcrops where soil
cover had previously prevented paleonto-
logical work. Tens of thousands of acres
are already leased preparatory to mining
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Figure 8. Late Cretaceous distribution of land and sea for the northern hemisphere.

in east Texas, Louisiana and Arkansas.
The pace and scale of this mining is likely
to surpass anything seen up to the present
time in east Texas. A test mine started in
the spring of 1978 excavated Eocene lignite
in Red River Parish, Louisiana. There is a
possibility of recovering Paleocene as well
as Eocene mammals from Louisiana. Mur-
ray (1948) named three Paleocene forma-
tions cropping out in northwest Louisiana
the Naborton, Logansport and Hall Sum-

mit formations. Each contains fluvial,
deltaic and lignite deposits (Murray, 1948,
p. 88-134).

DISCUSSION

Recognition of early Tertiary geographic
features (Fig. 8) and faunal and floral mi-
gration patterns make possible some pre-
dictions regarding the future paleontologic

and paleoecologic role of the terrestrial
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early Tertiary deposits of the Gulf Coast.
Increased exposure of Gulf Coast early
Tertiary sediments by strip mining may
provide opportunity to test these predic-
tions in the near future.

Clues to the affinities of southeast faunas
can be provided by paleoclimatic data.
The Tiffanian faunas of the Big Bend
region of Texas show far less similarity to
French Paleocene assemblages than the
high degree of similarity of the Wasatchian
faunas of the northern intermontane basins
to the Wasatchian of Europe would lead
one to expect. If continental drift is con-
sidered to have disrupted the North Amer-
ican-Europe migration route in the middle
Eocene (Dawson et al., 1976), this route
should be expected to have been useable
in the Paleocene and early Eocene. Evi-
dence exists, however, for climate and
vegetational shifts, particularly a north-
ward shift of the subtropics in the earliest
Eocene, which would make high latitude
intercontinental routes particularly attrac-
tice in the early Eocene (Sloan, 1969;
Hickey, 1977; Wolfe, 1978). The early Eo-
cene similarities suggest that mere dis-
tance, for example, between Wyoming
and Europe, was not a major barrier. An
interior seaway linked with the Gulf of
Mexico in roughly the same position as the
Cretaceous interior seaway existed in the
early Tiffanian (McGrew, 1963; Sloan, 1969;
Fox and Olsson, 1969, Van Valen and
Sloan, 1977). Lilligraven (1969) considered
the Cretaceous seaway an important factor
affecting marsupial and eutherian distribu-
tion. Krause and Baird (1979) discussed
very fragmentary mammal specimens
from east Texas and New Jersey, which
establish the presence of therian and non-
therian mammals in North America, east
of the seaway in the Late Cretaceous. The
Paleocene seaway would have had major
effects on climate and base level as well as
geographic effects as a barrier. These
effects may have lingered after its with-
drawal.

The isolating effects of highlands are
pr_obably partially responsible for ende-
mism in California in the Paleocene (Mc
_Kenna, 1960) and Eocene (Golz, 1976), and
In west Texas (Schiebout, 1974), which
may have been affected by a Tiffanian
shift of the continental divide (Sloan, 1977,
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pers. comm.). Eventually the effect of
highlands versus the effect of a seaway
may be analysed when mammal faunas of
the southeast are recovered. The lack of
local highlands along the Gulf Coast should
allow a much freer interchange of animals
more like the situation noted by Wilson
(1956) for the Miocene of the Gulf Coast
than that seen in the intermontane basins.

It is likely that the southeast of North
America belonged to a faunal province
distinet from the better-known deposits of
western North America in the Paleocene.
It can be anticipated that Paleocene faunas
east of central Texas would have strong
European affinities and that the faunas
from the late Eocene east of central Texas
would show stronger affinities to those of
the classic western North American faunas
of the intermontane basins than to Euro-
pean assemblages. A long route across
northern areas with distinctly different cli-
mate, or a long passage including a sea-
way barrier, separated the southwestern
Paleocene faunas such as those from Big
Bend National Park, Texas, from those of
Europe. Influxes of animals into northern
intermontane basins such as those in Wy-
oming have been interpreted as north-
ward shifts of populations originating in
subtropical or tropical environments
(Sloan, 1969). The North American south-
east is often ignored as a possible source
of immigrants and a region in which new
forms may have been developing, although
Wood (1977) considered it the most likely
area of origin for the Rodentia. The south-
east, as well as Mexico or even Central
America, must be considered as a source
region for immigrants.

Other generalizations about the signifi-
cance of southern faunas yet to be found
can be made. Southern regions can be ex-
pected to have had overall more stable en-
vironmental conditions and, therefore, a
greater faunal diversity and a higher num-
ber of animal specialists then northern
regions. Both marine and terrestrial faunas
show this trend (Bretsky and Lorenz, 1970;
J. W. Wilson, 1974). Some biostratigraphic
zones, useful in the north, will not be recog-
nizable in the south. Differing characteriza
tions for northern and southern areas will
be required for some Paleocene zones. For
example, a zonation defined on pantodonts.
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the most common large herbivore in the
west Texas Paleocene (Schiebout, 1974),
or periptychids would prove more useful
in Texas and probably also in areas further
south, than one based on primates, such
as the elegant zonations produced by Gin-
gerich (1976) and Rose (1977) from work in
Wyoming.

Soil forming processes produce diagenic
alterations that are useful to the terrestrial
early Tertiary paleoecologist in under-
standing the conditions under which de-
posits formed. Calcareous nodules form
today in the B horizon of pedocal soils in
regions where rainfall is sufficient to re-
move calcium from the A horizon by leach-
ing, but not enough to wash carbonates
out of the soil zones. Temperature deter-
mines the effectiveness of rainfall, because
it controls evaporation (Pierce and Peter-
son, 1975). Nodular layers appear to form
in the part of the soil where the water
table fluctuates because of seasonal aridity.
Red layers found in banded overbank de-
posits require an environment in which in-
herited iron oxide or iron oxide-bearing
minerals are altered further by oxidation
(Van Houten, 1973). Nodules may occur in
gray sediments, as in the California coastal
Eocene, or in both red and gray beds,
which are in intimate association as seen
in the west Texas Paleocene. In the west
Texas Paleocene beds the nodules and
nodular layers are best developed in the
reddest beds, suggesting that intensifica-
tion of one or several of the nodule-pro-
ducing factors triggers the production of
red coloration. The Eocene Sespe Forma-
tion of inland California contains variegated
beds in contrast to the slightly younger
coastal formations, so the controlling factor
may be the lower temperature and/or the
higher rainfall near the coast. Small cli-
matic changes through time may be re-
sponsible. Peterson and Abbott (1975)
postulated a cooler depositional tempera-
ture for coastal Eocene beds of California
than for the underlying red sediments.

Changes in the level and stability of the
water table, which appear responsible for
the color banding, indicate considerable
variability with time in the floodplain en-
vironment. Identical overbank deposits
assume a very different appearance if the
post-depositional water tables lie at or

Terrestrial Early Tertiary 89

aboye the floodplain surface than if inter-
fluvial areas are well-drained. Height of
the water table would also have consider-
able affect on flora and fauna. The time
necessary to form pedological features
such as nodule layers also provides a clue
to details of rates of deposition.

Paleopedological data in the early Terti-
ary of North America does reflect large
scale climatic shifts such as the northward
shift of subtropical climate at the beginning
of the Eocene. Changes in the water table,
which produce the striking color banding
of red, gray and black in many fluvial de-
posits, may indicate widespread climatic
changes or smaller shifts of greater than
seasonal duration. Soil-formed features
such as thick color bands are often more
widespread than any fluvial facies and
usually, being water-table-controlled, they
represent synchronous surfaces that had
little original relief. Color bands have long
been used informally as stratigraphic
markers. For example, prominent black
beds were useful in tying together locali-
ties in the west Texas Paleocene (Schie-
bout, 1970). If local effects, caused by
changes in the positioning of major chan-
nels and accompanying changes in sedi-
ment supply, can be separated from the
effects of climatic patterns, a powerful
stratigraphic tool would result, allowing
correlation beyond single outcrop areas.
Soils have begun to be used as strati-
graphic markers as well as climate indica-
tors. For example, Ortlam (1971), working
in the Triassic and Permian of Germany,
traced red-violet layers to produce corre-
lations useful over all of southern Ger-
many. Buurman (1975) has collected data
on a variety of uses being made of paleo-
pedology.

Accurate notation of mudstone color and
the presence and type of nodules by work-
ers in the early Tertiary continental depos-
its can produce a great deal of information
valuable to the paleoecologist, phylogenet-
icist, and stratigrapher. Vertebrate pale-
ontologists should be sure to record such
data for their localities and stratigraphic
sections. Workers in the terrestrial Paleo-
cene and Eocene should become as alert
to paleopedological features as workers in
the terrestrial Pleistocene are
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