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processes and on the east side, deposition was influenced by tidal chan-
nels.  The scattered clay laminae adjacent to the modern drainages 
become more common proximal to the modern Nanticoke River and are 
interpreted to be tidal flat deposits and shoreline deposits.  Some of the 
clean sand deposits mapped as the Turtle Branch Formation on the 
uplands are likely the result of late Pleistocene dune migration across the 
area which left scattered sand sheets in low-lying areas.  These late 
Pleistocene sands are texturally similar to the Turtle Branch Formation 
sands and cannot be differentiated in the field.  The Turtle Branch 
Formation is interpreted to represent middle Pleistocene (425,000 yrs 
B.P. and/or 325,000 yrs B.P.; MIS 11 and 9) sea-level highstand deposits 
(Ramsey, 2010a).  

 The Kent Island Formation occupies a low terrace adjacent to the 
Nanticoke River (cross section A-A').  It is comprised of white to pale-
yellow, medium to very coarse sand.  Greenish-gray silt to clayey silt 
with wood fragments underlies the sand on the eastern side of the 
Nanticoke River (Ramsey and Tomlinson, 2014b).  Several radiocarbon 
dates from wood from the Kent Island Formation in adjacent quadrangles 
indicate that the age of the unit is >43,500 yrs B.P. (Ramsey and Baxter, 
1996; Ramsey and Tomlinson, 2014b).  The Kent Island is interpreted to 
be fluvial, estuarine, and beach deposits associated with a sea-level 
highstand at approximately 80,000 yrs B.P. (Ramsey, 2010a). 

 Dune deposits on the uplands are medium to fine, well-sorted 
sands found scattered throughout the map area but found in abundance 
on the east side of the Nanticoke River.  The more frequent occurrence of 
these dune fields on the east side of the Nanticoke is attributed to winds 
from the northwest (Markewich et al., 2009) that deposited sand on the 
lee side of the river valley during glacial periods.  The dunes have a 
pronounced surficial expression as curvilinear features that rise above the 
surrounding landscape.  Some of these dunes are probably latest Pleisto-
cene to early Holocene in age (Andres and Howard, 2000; Ramsey and 
Tomlinson, 2014a, b), but some could be as old as late Pleistocene.  
Dune features are also associated with the rims of Carolina Bays that are 
found throughout the map area.  Both the dunes and the Carolina Bays 
are cold-climate features located where winds moved sand across a 
landscape barren of forests (Ramsey, 1997; Markewich et al., 2009).  The 
exact process by which the distinctive circular shape of the Carolina 
Bays was formed is unknown.  LiDAR data suggest the presence of 
additional landforms that could potentially be mapped as Carolina Bay 
(closed depressions) or dune (linear or sinuous positive topographic 
features) deposits.  Field observations indicate that sedimentary deposits 
associated with some of these features seen with LiDAR are thin (<3 ft) 
or, in some cases, absent.  Given the scale of the map, these landforms 
are not identified.
 

 

 

Discussion

 Mapping was conducted using field maps at a scale of 
1:12,000 with 2-ft contours.  Stratigraphic boundaries drawn at 
topographic breaks reflect detailed mapping using contours not shown 
on this map.  This map is an update of the surficial geology of DGS 
Geologic Map No. 9: Geology of the Seaford Area, Delaware (Andres 
and Ramsey, 1995), and is based on new field data in the map area 
and the mapping of adjacent quadrangles.  The purpose of the update 
is to provide continuity of surficial stratigraphic units in adjacent 
quadrangles in light of additional data, such as LiDAR data not 
available in 1995 and revisions to the Quaternary stratigraphy of 
Sussex County (Ramsey, 2010a).  Geologic interpretations of subsur-
face stratigraphy in Andres and Ramsey (1995), Andres, Ramsey, and 
Groot (1996), and Andres, Ramsey, and Schenck (1995) have not 
been revised.  Surficial stratigraphic units depicted on this map 
supersede those of Andres and Ramsey (1995).

 The geological history of the surficial units of the Seaford 
East Quadrangle and the Delaware portion of the Seaford West 
Quadrangle was the result of deposition of the Beaverdam Formation 
and its subsequent modification by erosion and deposition related to 
sea-level fluctuations during the Pleistocene.  The geology reflects 
this complex history by the cut and fill geometry of the middle and 
late Pleistocene deposits incised into the Beaverdam Formation.  The 
geology is further complicated by periglacial activity that produced 
dune deposits and the Carolina Bays in the map area, which modified 
the land surface.  

 

 

 

 The major changes to the map units are the subdividing of the 
Nanticoke deposits (Andres and Ramsey, 1995) into the following  
units: the Kent Island Formation (Quaternary), the Turtle Branch 
Formation (Quaternary), and the dunes (late Pleistocene) that overlie 
the Kent Island and Turtle Branch Formations.  Interpretations regard-
ing geomorphology and geologic history of the Quaternary units can 
be found in Ramsey (2010a), and for explanation of the dunes, see 
Markewich and others (2009).  Additional revisions to 1995 map 
include the remapping of Quaternary upland bogs as Carolina Bays.  
Not all previously mapped upland bog deposits are included on this 
map because they either lacked characteristics of Carolina Bays, such 
as a raised rim or circular morphology, or they were deemed too small 
to be mapped at this scale.  Finally, some areas of marsh, swamp, and 
alluvium have been modified from the 1995 map based on recent 
aerial photography and land-use classification.

 The Beaverdam Formation consists of stacked, 1- to 5-ft thick 
beds of very coarse sand and pebbles that commonly fine upwards to 
fine to medium sand (rarely to very fine silty sand to silty clay).  
These types of deposits are typical of either fluvial or estuarine 
environments (Ramsey, 2010a, b).  Rare burrows have been observed 
in the Beaverdam Formation elsewhere in Delaware, which indicate a 
marginal estuarine setting (DGS unpublished data; Owens and Denny, 
1979).  The Beaverdam Formation is exposed at the surface through-
out the map area and underlies all the younger deposits.  The age of 
the Beaverdam Formation is uncertain due to the lack of age-
definitive fossils within the unit.  Stratigraphic relationships in 
Delaware indicate that it is no older than late Miocene and no younger 
than early Pleistocene, and is most likely late Pliocene (Groot et al., 
1990; Ramsey, 2010a, b).

 The Turtle Branch Formation (Ramsey, 2010a) consists of 
clean, well-sorted sands with scattered, clayey silt laminae grading 
down to interlaminated fine to coarse sand with opaque heavy 
mineral laminae, granules, and pebbles at its base on the east side of 
the Nanticoke River.  On the west side of the Nanticoke River, the 
Turtle Branch Formation is up to 40 ft thick and consists of clean, 
well-sorted sand underlain by estuarine silts and clays with rare 
oyster shells and sand with wood at the base (cross section A-A') 
(Ramsey, 2010a).  Woody material from two locations, Pc25-04 and 
Pc24-b, were dead with respect to carbon-14.  On the east side of the 
Nanticoke River, it is typically less than 10 ft thick and consists 
primarily of clean, fine sand grading down to coarse sand with 
pebbles.  Turtle Branch sediments along the Nanticoke River are the 
result of fluvial and beach deposition during a highstand.  On the 
west side of the river, deposition was influenced by estuarine 

 

 

TURTLE BRANCH FORMATION

On the west side of the Nanticoke River: Clean, well-sorted, white to 
pale-yellow to yellow-brown fine sand grading down into fine to 
coarse sand overlying a greenish-gray clayey silt to silty clay with 
rare oyster shells.  At the base of the deposit is a fine to coarse, gray, 
pebbly sand with layers of organic silt and woody material (twigs and 
roots).  

On the east side of the Nanticoke River: Clean, well-sorted, pale-
yellow to yellow-brown fine sand grading down to interlaminated 
fine to coarse sand with opaque heavy mineral laminae, granules, and 
pebbles at its base.  Rare to common, light-gray to light-grayish-
brown, clayey silt laminae to beds occur in the sand beds.  In the map 
area, the unit is commonly less than 10 ft thick.  The Turtle Branch 
Formation is distinguished from the adjacent Beaverdam Formation 
by better sorting and the absence of the white silty matrix, which is 
characteristic of the Beaverdam (Ramsey and Tomlinson, 2011).  It is 
distinguished from adjacent and overlying dune deposits by having a 
better developed soil profile and by the presence of opaque heavy 
mineral laminae, which are rare in the dune deposits.  Middle Pleisto-
cene.

BEAVERDAM FORMATION

Heterogeneous unit ranging from very coarse sand with pebbles to 
silty clay.  The predominant lithologies at the land surface are white 
to mottled light-gray and reddish-brown, silty to clayey, fine to coarse 
sand.  Laminae and beds of very coarse sand with gravel are 
common.  Laminae and beds of bluish-gray to light-gray silty clay are 
also common.  In a few places near the land surface, but more 
commonly in the subsurface, beds from 2 to 20 ft thick of finely 
laminated, very fine sand and silty clay are present.  The sands of the 
Beaverdam Formation have a white silt matrix that gives samples a 
milky appearance when wet.  This white silt matrix is the most 
distinguishing characteristic of the unit (Ramsey and Tomlinson, 
2011) and readily differentiates the Beaverdam Formation from the 
adjacent cleaner sands of the Turtle Branch Formation, where in 
lateral contact.  The Beaverdam Formation ranges from 50 to 100 ft 
thick in the map area.  Late Pliocene.

FILL

Man-made and natural materials (sand, gravel) placed in stream 
valleys or marshes to bring the topography above grade, usually in 
road beds, dams, or construction near a river.  Fill deposits include 
sediment dredged from the marshes and the Nanticoke River and 
placed on the uplands.  Recent.  

MODIFIED LAND

Areas of land where the surficial deposits have been modified by 
human activity to the point that surficial deposits can no longer be 
reliably determined.  The unit is mapped in areas large enough to 
be shown on the map but does not include local disturbances on 
the scale of an individual housing lot or shallow disturbances such 
as large parking lots or retail areas.  An example of modified land 
is the Heritage Shores Golf Course in the north-central portion of 
the map where numerous ponds and embankments have been 
constructed.  Recent.

SWAMP DEPOSITS

Gray to brown, silty, clayey, gravelly sand overlain by organic-
rich, fine to coarse sand and silt.  Swamp deposits are found in the 
upper reaches of the modern stream valleys, along the margins of 
the Nanticoke River, and in poorly-drained areas on the uplands.  
In the stream valleys, swamp deposits consist of 1 to 3 ft of gray to 
brown, silty and clayey gravelly sand at the base overlain by 
organic-rich, fine to coarse sand.  Along the margins of the Nanti-
coke River, swamp deposits are up to 15 ft thick and have several 
feet of organic silt near the land surface.  On the uplands, the 
swamp deposits are less than 3 ft thick and consist of organic sand 
and silt with a woody material component (twigs and leaves).  
Holocene.

MARSH DEPOSITS

Light-gray to brown, organic-rich, clayey silt.  Peat beds consisting 
of finely comminuted organic fragments (primarily marsh grass) 
are common near the base of the unit and scattered throughout.  
Marsh deposits are generally less than 10 ft thick.  Holocene.

CAROLINA BAY DEPOSITS

White to pale-yellow, well-sorted, medium to fine-grained sand in 
raised rims (dunes) with silty fine to medium sand in the interior of 
the circular morphologic features.  The deposits are less than 5 ft 
thick in their interiors and up to 10 ft thick where the sand rims are 
best developed.  Latest Pleistocene to Holocene.

DUNE DEPOSITS 

White to pale-yellow, well-sorted, medium to fine sand.  Laminae 
of coarse sand are common.  Thin, brown, silty soil lamellae are 
commonly found at depths of 1 to 3 ft within the dunes.  Dune 
deposits, which are up to 10 ft thick, are very abundant on the 
eastern side of the Nanticoke River.  Dunes that have well-
developed and deep (>3 ft) soil profiles may be older than latest 
Pleistocene and are middle to late Pleistocene in age.  Middle 
Pleistocene to Holocene.

KENT ISLAND FORMATION

White to pale-yellow, medium to very coarse sand.  On the east 
side of the Nanticoke River, the sand overlies greenish-gray silt to 
clayey silt with scattered pieces of wood.  The silt layer grades 
downward into gray, coarse to very coarse clean sand with pebbles 
and thin beds of organic, woody sand.  The formation is typically 
5-20 ft thick.  The Kent Island Formation is found adjacent to the 
Nanticoke River beneath terrace flats at elevations of 4 to 12 ft.  
Late Pleistocene.

EXPLANATION

State Forest and Wildlife Areas

Municipal Boundary

Ob53-07  Well or borehole*

SYMBOLS (on map)

Contact

State Boundary

Sandpit

Power Transmission Line

Pc11-b  Soil auger boring**

SYMBOLS (on cross section)

Colors for geologic formations on the cross
sections appear lighter than shown on the
map explanation and stratigraphic chart
because they do not include the shading
effect of the DEM used on the map.

silt

pebble

clay

gamma log

wood fragment

shell

clean sand

fine to coarse, silty to 
clayey sand with 
scattered clay laminae

clayey silt to silty clay

slightly silty compact clay

fine to coarse sand with
granules and scattered
clayey silt laminae
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* Numbers after dash denotes well or borehole
** One letter after dash denotes soil auger boring


