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within aminozone Ila (Groot et al., 1990). Aminozone Ila
has been correlated with oxygen isotope stage S5, indicating
75,000 to 130,000 years BP (Groot et al., 1990; 1995).
Palynomorphs from this sample indicate a warm temperate
environment (Table 3).

Palynomorphs of Chenopodiacea and Crassostrea
shells, indicating estuarine deposition, have been recovered
from the Nanticoke deposits to the south of Seaford at ele-
vations near sea level to 10 ft below sea level. These estuar-
ine deposits may represent the limit of headward erosion.
Alternatively, they may represent two or more periods of
incision and deposition. If so then the estuarine deposits
occurring at and below sea level may be the time-equivalent
of the Kent Island Formation of Owens et al. (1979).

Palynomorphs indicating cold and cool temperate cli-
mates occur in samples collected from the Nanticoke deposits
at depths less than 10 ft near Brights Branch (blocks Ob22,
Ob23), near the Nanticoke River just east of Bridgeville
(Oc15), and from areas just south of the map area. The floral
assemblages indicate a range of freshwater environments
including bogs, taiga, and boreal forest (Table 3).

The areas underlain by marsh, swamp, and alluvial
deposits represent active depositional settings. The locations
and boundaries of these environments have shifted over
time in response to the rise and fall of sea level, salinity of
the Nanticoke River as related to long-term climatic condi-
tions, human influences, and the supply of clastic sediment
from up valley and the valley margins.

Swamp deposits rich in organic material (peat and dis-
seminated organics) from 7 to 10 ft beneath the floodplain
of the Nanticoke River (Qd52-g2, -i, -18) give dates of 9100
to 9680 C14 age years BP (before present). Ramsey and
Baxter (1996) report dates of 10,070 to 10,770 calibrated
Cl4 years for these samples. The location of the sample
yielding the 10,770+ 90 years BP calibrated date (Od52-18)
indicates that the river channel has migrated laterally about
800 ft. Palynological data from these samples show the
paleoenvironment was a temperate-climate fresh-water
body (Table 3). Swamp and alluvial deposits occurring 15 ft
or more below current base level were penetrated by hand-
augered boreholes, but samples adequate for carbon dating
could not be obtained. The presence of marsh, swamp, and
alluvial deposits below current base level demonstrates
infilling of the Naticoke River valley. This valley was likely
cut in response to low sea level stands during the
Wisconsinan and possibly during earlier glacial periods.
During the Holocene, the valley has been filling with sedi-
ment as sea level has risen.

It is likely that upland bog and swamp environments
once covered much larger areas than at present. Climatic
changes, land clearing, agricultural practices, and drainage
modifications have created oxidizing conditions and
exposed the deposits to erosion. These processes would tend
to destroy organic matter, concentrate sand, and modify the
geomorphology making recognition and mapping of the
deposits nearly impossible.

Quaternary Depositional Model

The interpretation of the depositional history of the
Nanticoke deposits within the framework of the Quaternary
history of the central Delmarva Peninsula depends largely
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on the stratigraphic position of the unit and its relationship
to the landforms that are a surficial expression of the unit.
Jordan (1974) and Jordan and Talley (1976) concluded that
the eolian portion of the Nanticoke deposits represented the
landward portion of a shoreline complex that they named
the Nanticoke Ridge. This complex represented the land-
ward extent of a high stand of sea level during the
Pleistocene, younger than the Columbia Formation. It was
marked by beach and dune deposits that roughly parallel the
Nanticoke River, the dune deposits being positive topo-
graphic features (ridges) traceable from Mardella Springs,
Maryland, to Concord, Delaware. The northeastward exten-
sion of the shoreline across the state was postulated from
reconnaissance observations of dune-like features.
Landward (northwest) of the shoreline complex, lagoons
were interpreted to have formed and upon subsequent low-
ering of sea level were the sites in which the present streams
and tidal rivers such as the Nanticoke were formed.
Southward stepwise progradation of these shorelines with
subsequent rises and falls of sea level were suggested by the
asymmetrical drainage and shape of the Delmarva
Peninsula.

Geologic mapping in Sussex County (Andres and
Ramsey, 1995; Andres, 1994b; Andres and Howard, 1995),
along Delaware Bay (Ramsey, 1993), within the area occu-
pied by the Chesapeake Bay (Colman and Mixon, 1988),
and of lagoonal deposits along Delaware’s Atlantic Coast
(Chrzastowski, 1986) provide evidence for a different depo-
sitional history for the Nanticoke deposits than that
described by Jordan (1974) and Jordan and Talley (1976).
The Beaverdam Formation, of Pliocene age, forms the pri-
mary surficial deposit within the region (Ramsey and
Schenck, 1990; Andres and Ramsey, 1995). The deeply
weathered surface of the Beaverdam indicates that it has
been at land surface since deposition ceased. Streams such as
the Nanticoke River and its tributaries occupy valleys
incised into the Beaverdam. The Quaternary record of depo-
sition along tributaries of the Chesapeake Bay (Susquehanna
River drainage) has been the filling, erosion, and reoccupa-
tion of these valleys (Colman and Mixon, 1988). Along
Delaware Bay, shoreline deposits are found along erosional
shoreline features that are roughly parallel to the present
configuration of the Bay, not in a perpendicular configura-
tion as suggested by the shoreline complex position indicat-
ed by Jordan (1974) and Jordan and Talley (1976).

Deposition of sediment in estuarine bodies of water
such as lagoons and estuarine streams is the process by
which the valleys are filled. In this model, the sedimentary
deposits post-date erosion of the valley (Chrzastowski,
1986). Estuarine deposits within the map area are restricted
to the valley of the Nanticoke. They are not found on or
beneath upland surfaces to the west of the Nanticoke valley
which would be expected if there were lagoonal deposits
behind the Nanticoke Ridge. The dune deposits interfinger
with and/or sharply overlie the stream deposits (fresh water
and tidal) indicating that they post-date the formation of the
stream valley and the depositional fill. We have observed
that the position of the dune deposits is common to the
region in central and southern Delaware. Dune deposits are
common on the south side of many streams; they are not
restricted to linear trends as shown by Jordan (1974). These



dunes are attributed to an available source of sand and con-
ditions supporting eolian transport of sand (Markewich and
Markewich, 1994), a lack of vegetation during cool to cold
climate periglacial conditions (Groot et al., 1995), and a
prevailing wind from the northwest (Carver and Brook,
1989). The Nanticoke deposits, then, fit into a regional con-
text of modification of the Beaverdam Formation by valley
incision and filling and further modification of the
Nanticoke deposits by processes associated with sea level
changes and climatic changes during the Quaternary.
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