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GEOLOGIC MAP OF THE LEWES AND CAPE HENLOPEN QUADRANGLES, DELAWARE

EXPLANATION

FILL

Fill consists of man-made deposits of natural earth material used to
extend shore land and/or to fill a low-lying area such as where a road
crosses a valley or marsh.  Most of the fill in the map area is dredged
marsh deposits from channel construction and deepening through the
marshes.  Some construction debris (concrete, bricks, etc.) may be incor-
porated in the unit.  Holocene.

SHORELINE DEPOSITS

Shoreline deposits consist of beach and dune deposits found along the
shorelines of Delaware Bay and the Atlantic Ocean.  Beach deposits
consist of medium to coarse quartz sand with pebbles and cobbles.
Laminae of opaque heavy minerals and very coarse sand to pebbles are
common.  Pebble and cobble lithologies are dominated by quartz and
chert (commonly containing Paleozoic fossils) with lesser amounts of
quartzite, sandstone, and siltstone. Along the margin of Delaware Bay,
the unit includes small dunes consisting of fine to medium, well-sorted
sand with discontinuous opaque heavy mineral laminae.  Shoreline
deposits interfinger with, or unconformably overlie, organic-rich mud of
the marsh and swamp deposits, dune deposits, or sands of the Scotts
Corners Formation.  Thickness of the unit is generally less than 20 feet.
Holocene.

DUNE DEPOSITS

Dune deposits consist of fine to coarse, cross-bedded quartz sand.
Laminae of opaque heavy minerals are common, and laminae of pebbles
are rare to common.  The unit forms a large dune field that is parallel to
the Atlantic Coast and joins with another dune field perpendicular to the
coast (the Great Dune).  The unit lies conformably to unconformably on
the spit deposits of Cape Henlopen.  Thickness ranges from 3 to 75 feet.
Holocene.

SPIT DEPOSITS 

Spit deposits consist of interbedded fine to coarse sand, gravelly sand,
silty sand, and sandy silt.  Scattered shelly beds are also present.  The
unit represents the spit complex of Cape Henlopen that has prograded
into the mouth of Delaware Bay and overlies marine deposits.
Thickness of the unit ranges from 3 to 80 feet. Holocene.

MARSH AND SWAMP DEPOSITS

Marsh deposits consist of structureless to finely laminated, black to dark
gray, organic-rich silty clay to clayey silt with discontinuous beds of
peat and with rare shells.  In-place or transported fragments of marsh
grasses such as Spartina are common.  Includes some clayey silts of
estuarine channel origin.  It interfingers with swamp deposits and spit
deposits and unconformably overlies sands of the Scotts Corners, Lynch
Heights, and Beaverdam Formations. Map area delineated on the basis
of distribution of salt-tolerant marsh grasses.  The unit can be up to 40
feet thick.  Holocene.

Swamp deposits consist of structureless, black to brown, organic-rich,
silty and clayey, fine to coarse quartz sand with thin interbeds of medi-
um to coarse quartz sand. Organic particles consist of leaves, twigs, and
larger fragments of deciduous plants. The swamp deposits fine upwards
and grade laterally with marsh deposits. Overlies the Scotts Comers and
Lynch Heights Formations. Swamp deposits are defined primarily on the
presence of deciduous vegetation in stream valleys.  In the upper reaches
of streams, they contain alluvial deposits consisting of fine to coarse
quartz sand with pebbles. These alluvial deposits are too geographically
restricted to show as individual map units. The unit can be up to 20 feet
thick.  Holocene.

MARINE DEPOSITS (Subsurface only)

Marine deposits consist of fine to very fine sand to sandy silt with lami-
nae to thin beds of clayey silt to silty clay.  Scattered shells are common.
These deposits represent marine to estuarine sediments deposited at the
mouth of Delaware Bay upon which the spit of Cape Henlopen accreted.
This unit can be up to 60 feet thick.  Holocene.

SCOTTS CORNERS FORMATION

The Scotts Corners Formation is a heterogeneous unit of light gray to
brown to light yellowish brown coarse to fine sand, gravelly sand, and
pebble gravel with rare discontinuous beds of organic-rich clayey silt
and clayey silt.  Sands are quartzose with some feldspar and muscovite.
It is commonly capped by one to two feet of silt to fine sandy silt.
Laminae of opaque heavy minerals are common.  The unit uncon-
formably overlies the Lynch Heights Formation.  The basal contact is
marked by a coarse sand to gravelly sand bed overlying an oxidized,
compact horizon (paleosol) at the top of the Lynch Heights.  Overall
thickness of the unit rarely exceeds 15 feet.  The Scotts Corners is inter-
preted to be a transgressive unit consisting of swamp, marsh, estuarine
channel, beach, and bay deposits.  Climate during the time of deposition
was temperate to warm temperate as interpreted from fossil pollen
assemblages.  Late Pleistocene.

LYNCH HEIGHTS FORMATION

The Lynch Heights Formation is a heterogeneous unit of light gray to
brown to light yellowish brown medium to fine sand with discontinuous
beds of coarse sand, gravel, silt, fine to very fine sand, and organic-rich
clayey silt to silty sand.  The upper part of the unit commonly consists
of fine well-sorted sand.  Small-scale cross-bedding within the sands is
common.  Some of the interbedded clayey silts and silty sands are bur-
rowed.  Beds of shell are rarely encountered.  Sands are quartzose and
slightly feldspathic, and typically micaceous where very fine to fine
grained. The Lynch Heights is distinguished from the Scotts Corners by
its greater thickness, characteristic interbedded sands and silts (primarily
in areas where it is the surficial unit), its unique pollen assemblage, and
a general lack of a well-defined silt cap that characterizes the Scotts
Corners.

The Lynch Heights is interpreted to be a fluvial to estuarine unit of flu-
vial channel, tidal flat, tidal channel, beach, and bay deposits. In the
Lewes and Cape Henlopen quadrangles it is interpreted to represent spit
and dune deposits much like those found on the adjacent modern coun-
terpart, Cape Henlopen.  It unconformably overlies the Beaverdam
Formation.  Climate during deposition was cool-temperate, slightly cool-
er than that indicated for the Scotts Comers.  The unit is up to 50 feet
thick to the east and thins to the west.  Late Pleistocene.

BEAVERDAM FORMATION (subsurface only)

The Beaverdam Formation consists of yellow-orange, light brown, and
light gray, silty, fine to medium quartzose to moderately feldspathic
sand, sandy silt, clayey sandy silt, and clayey silt with a white to light
yellow silt or clay matrix, with beds of dark gray to brown organic-rich
clayey silt.  Also common within the Beaverdam are light yellow-
orange, medium to coarse sand, gravelly sand, and sandy gravel with
rare beds of dark gray or blue- to green-gray, silty clay to clayey silt.
The basal beds of the unit are commonly gravelly.  Rare cobbles and
boulders are also found.  Pebbles and cobbles are dominantly quartz and
quartzite, with lesser amounts of sandstone, chert, and a variety of lithic
clasts.  The base of the Beaverdam is a highly irregular surface with as
much as 40 feet of relief.  The weathered Beaverdam is brightly colored
white, red, and orange and contains highly weathered grains of feldspar
and degraded kaolinitic clays.  The unit unconformably overlies the
Manokin or St. Marys Formations.  The Beaverdam is interpreted to be a
fluvial to estuarine deposit.  The unit ranges up to 100 feet thick in the
map area.  Pliocene.

BETHANY FORMATION (subsurface only)

Informal unit.  The Bethany formation consists of gray, olive gray, and
bluish-gray clay to clayey silt interbedded with fine to very coarse sand.
Lignitic and gravelly beds are common.  The unit is distinguished from
the adjacent Beaverdam and Manokin Formations by its overall fine-
grained nature.  The unit possibly is a more marine facies of the
Beaverdam Formation and interfingers with that unit updip.  It uncon-
formably overlies the Manokin formation and is 50 to 75 feet thick in
the map area.  Late Miocene to Pliocene.

MANOKIN FORMATION (subsurface only)

Informal unit.  The Manokin formation is subdivided into two units, an
upper unit (Manokin B) and a lower unit (Manokin A).  The upper unit
consists of well-sorted, clean, white to reddish brown, fine to medium
sand.  Some beds of medium to coarse sand and gray to white clayey silt
are also present.  The lower unit consists of gray, very fine silty sand to
silty clay with rare to common pieces of lignite.  The upper and lower
units have conformable to unconformable relationships.  The lower
Manokin rests conformably to unconformably on the St. Marys
Formation.  The Manokin is interpreted to be an estuarine to marine
deposit within a deltaic setting.  It ranges from 50 to 100 feet thick in
the map area. Late Miocene.

ST. MARYS FORMATION (subsurface only)

The St. Marys Formation consists of light gray to gray to brown clayey
silt and fine to medium quartz sand and clayey silt. Discontinuous beds
of fine to medium quartz sand and shelly quartz sand are common.  It
unconformably overlies the Choptank Formation.  The St. Marys is
interpreted to be a marginal marine deposit.  The thickness of the unit
ranges from 90 to 160 feet in the map area.  Late Miocene.

CHOPTANK FORMATION (subsurface only)

The Choptank Formation is composed of light gray to blue gray, fine to
medium, silty quartz sand and clayey silt.  Discontinuous beds of fine
sand and medium to coarse sand with shell beds are common. It uncon-
formably overlies the Calvert Formation.  Its basal contact is marked by
a granular to very coarse sand overlying distinctive brown silty clays of
the Calvert.  The Choptank is interpreted to be a marine deposit.  It is
approximately 300 feet thick in the map area. Late Miocene.

CALVERT FORMATION (subsurface only)

The Calvert Formation consists of light gray to brown clayey silt and
fine to medium silty quartz sand. Discontinuous beds of shelly sand and
shelly clayey silt are common. It is rarely penetrated by water wells in
the map area and is over 300 feet thick. The Calvert is interpreted to be
a marine deposit. Middle to late Miocene.

Discussion

The surficial geology of the Lewes and Cape Henlopen quadrangles
reflects the geologic history of the Delaware Bay estuary and successive
high and low stands of sea levels during the Quaternary. The subsurface
Beaverdam Formation was deposited as part of a fluvial-estuarine sys-
tem during the Pliocene, the sediments of which now form the core of
the Delmarva Peninsula.  Following a period of glacial outwash during
the early Pleistocene represented by the Columbia Formation found to
the northwest of the map area (Ramsey, 1997), the Delaware River and
Estuary developed their current positions. The Lynch Heights and Scotts
Corners Formations (Ramsey, 1993, 1997, 2001) represent shoreline and
estuarine deposits associated with high stands of sea level during the
middle to late Pleistocene on the margins of the Delaware Estuary.  In
the map area, the Lynch Heights Formation includes relict spit and dune
deposits at the ancestral intersection of the Atlantic Coast and Delaware
Bay systems, similar in geomorphic position to the modern Cape
Henlopen.

The relationship between the Lynch Heights and Scotts Corners is
shown in cross-section A-A'.  The Lynch Heights is composed of a fine,
well-sorted sand.   The break in topography (scarp) between the surface
of the Lynch Heights (at approx. 25 ft and higher) and that of the Scotts
Corners (at approx. 6 to 15 feet) represents ancestral shorelines of
Delaware Bay during a high sea level contemporaneous with the deposi-
tion of the Scotts Corners.  The cross section also shows two deposi-
tional units within the Scotts Corners.  A younger shoreline sequence
with sand at the land surface has cut into an older unit (marked by silt at
the land surface).  Gravel beds within both units represent shoreline
deposits like those found along the modern Delaware Bay in the area.
Two depositional units within the Scotts Corners is consistent with
observations of the Scotts Corners by Ramsey (1997) just to the north
of the map area.  Both of these units were deposited during the last
interglacial period.  The older unit may be attributed to the high sea
stand at 120,000 years B.P. and the younger unit to one at 80,000 years
B.P. (Ramsey, 1997).

Quaternary deposits were transgressed by Holocene swamp, marsh,
shoreline, estuarine and spit deposits. The spit deposits form the modern
Cape Henlopen (Ramsey, et al., 2000, Ramsey, 1999). Cross section   
B-B' depicts sediment distribution within the Cape Henlopen complex
and stratigraphic relationships with units underlying the Holocene spit
deposits.

Offshore surficial sediment distribution is a compilation of historical
offshore core and grab sample textural descriptions and data (Hoyt,
1982; Maley, 1981; Marx, 1981; Oostdam, 1971; Sheridan et al., 1974;
Strom, 1972, 1976; Terchunian, 1985; Weil, 1976; Wethe et al., 1982,
1982a, 1983 and unpublished data in DGS files).  From core descrip-
tions, the top six inches was used as the surficial sediment type.
Sediment textures shown on the map show a general distribution of sed-
iment size over a large area.  Site-specific information about bottom
sediment textures may require additional sampling.  Refer to the adja-
cent triangular diagram for sediment texture abbreviations.  Historical
shoreline positions are from historical U.S. Coast & Geodetic Survey
T-sheets (1884) and topographic maps (1944, 1977).

Stratigraphic units found at depth within the map area are shown with
the geophysical log of Ni31-07, a 1,035-foot deep geothermal test hole
drilled in 1978 for the U.S. Department of Energy.  Major aquifer units
are also shown (Andres, 1986).
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