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EXPLANATION

FILL
Human-made (crushed rock) and natural materials (mud, sand, gravel) placed

in stream valleys or marshes to bring the topography above grade, usually in
roadbeds or construction through a marsh. Recent.

MODIFIED LAND

Areas of land where the surficial deposits have been modified due to human
activity to the point that they can no longer be reliably determined. The unit is
shown in areas large enough to be identified at the map scale 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. Examples of modified
land are the abandoned sandpits near Tidbury Creek. Recent.

SWAMP DEPOSITS

Gray to brown, silty and clayey, gravelly sand overlain by organic-rich, fine to
coarse sand and silt. Swamp deposits occur in the upper reaches of the modern
stream valleys, on flat or slightly depressed upland areas, and in the interiors
of some Carolina Bays. In the stream valleys, swamp deposits consist of 1 to 5
ft of gray to brown, silty and clayey, gravelly sand with organic fragments at
the base overlain by up to 9 ft of medium to coarse sand with laminae of peat
and thin beds of brown to black, organic-rich silt. The organic-rich material
consists of sand- to silt-size organic fragments as well as grass blades,
deciduous leaves, and twigs. Where mapped on the uplands and in Carolina
Bays, swamp deposits consist of 1 to 3 ft of light-gray to gray, silty, gravelly
sand at the base overlain by up to 3 ft of light yellowish-brown to light-gray
clayey silt with organics and wood fragments. Holocene.

MARSH DEPOSITS

Gray to brown clayey silt to silty clay with beds of peat and muddy fine to
coarse sand with pebbles at its base. Scattered fragments of wood, Spartina
blades, and Spartina rootlets are common. The unit is less than 20 ft thick.
Holocene.

CAROLINA BAY DEPOSITS

White to pale-yellow, well-sorted, medium to fine 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. Some Carolina Bays contain 1 to
3 ft of light-gray to brown gravelly sand overlain by grayish-brown organic
sediment consisting of silt to fine sand-size organic fragments in their

interiors. Some of the features also contain seasonal standing water and
modern swamp deposits (Tomlinson et al., 2013). Latest Pleistocene to
Holocene.

SCOTTS CORNERS FORMATION (OLDER)

Pale-yellow to light-gray fine to coarse sand with scattered laminae to beds of
coarse sand to granules with pebbles. Opaque heavy mineral laminae are
common. The sand beds are overlain by up to 10 ft of light-gray, pale-yellow,
and reddish-brown clayey silt to silty clay. Gravel is common at the base of the
unit. The older Scotts Corners Formation occupies a terrace at elevations
between 10 and 25 ft and is bounded by a subtle scarp separating the unit from
older units at higher elevations. Over much of its extent, the unit is less than 10
ft thick. Late Pleistocene.

LYNCH HEIGHTS FORMATION (YOUNGER)

Light-gray fine to coarse sand with pebbles to gravel overlain by light
reddish-brown to light-gray clayey silt to silty clay. The silts and clays at the

top of the unit are compacted. The younger Lynch Heights Formation occurs at
elevations between 28 and 38 ft. Deposits are typically less than 10 ft thick.
Middle Pleistocene.

COLUMBIA FORMATION

Yellowish- to reddish-brown, fine to coarse, slightly silty, feldspathic quartz
sand with gravel and some to abundant mica. The Columbia Formation is
typically crossbedded with up to 3-ft thick cross-sets (Ramsey, 2005). Beds of
gravel (pebbles to cobbles) ranging from a few inches to several ft thick occur
throughout the unit and are common at the base of the unit. Dark-brown
spot-like concentrations of manganese are common and help to distinguish the
Columbia Formation from the sands of other formations. Where the Columbia
Formation forms channels in the eastern portion of the map area, it is up to 50
ft thick. Outside the channel fills, it is typically less than 20 ft thick. Early
Pleistocene.

BEAVERDAM FORMATION

Heterogeneous unit with predominant lithology at the land surface of white to
mottled light-gray and reddish-brown, silty to clayey, fine to coarse sand with
rare mica. Laminae and beds of very coarse sand with pebbles are common.
Laminae to thin beds of bluish-gray to light-gray to pale-yellow silty clay are
also common. The sands of the Beaverdam Formation have a white to
yellowish silt matrix that gives samples a distinct milky appearance when wet
(Ramsey and Tomlinson, 2011). It is less than 50 ft thick. Early Pleistocene
(Formerly Late Pliocene to early Pleistocene on previous maps).

CHOPTANK FORMATION

Fining-upward sequence of gray to brown, clean, coarse to granule sand that
grades to a medium to fine silty sand overlain by a compact, grayish-brown to
bluish-gray clayey silt to silty clay. The uppermost section of the Choptank is
also a fining upward sequence that consists of thinly-laminated gray and
reddish-brown fine sands to silty clays (Ramsey, 2007). The Choptank
Formation ranges in thickness from less than 15 ft in the vicinity of Willow
Grove Road to greater than 80 ft to the southeast. Middle to upper Miocene.

Gray to olive-gray to grayish-brown, micaceous silty clay to clayey silt with
beds of gray to light-gray to brownish-yellow, silty fine to coarse quartz sand
with clayey silt laminations. Sand beds, which are up to 30 ft thick, consist of
light olive-gray to greenish-gray to light reddish-brown fine to very coarse
sand with rare to common laminae of granules and small pebbles (Ramsey,
1997). Shells and shell hash are common in the sandy intervals but also are
present in the clay. The Calvert Formation is typically 280-350 ft thick in the
map area. Early Miocene.

CALVERT FORMATION subsurface only
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Discussion

Geologic mapping was conducted at 1:12,000 with a 1-ft topographic
contour basemap. Some stratigraphic boundaries drawn at topographic breaks
and highs reflect detailed mapping using LiDAR data. Elevations of
stratigraphic contacts along stream valleys are projected from subsurface data.
Except for a few erosional bluffs, these contacts are covered by colluvium.
Carolina Bay features were visually identified using a hillshade digital
elevation model (DEM) generated from 2014 LiDAR data and were mapped by
digitizing their outline, including their rim. In areas where Carolina Bays
occurred in clusters and individual bays could not be differentiated, the outline
of the entire cluster was mapped. This map supersedes Geology of the
South-Central Kent County Area, Delaware: Delaware Geological Survey
Geologic Map Series No. 7 (Pickett and Benson, 1986) and Geologic Map of
Kent County, Delaware: Delaware Geological Survey Geologic Map Series
No. 14 (Ramsey, 2007).

The geological history of the surficial units of the Wyoming
Quadrangle is the result of erosion of the Calvert, Choptank, and Beaverdam
Formations by glacial dam burst events during the early Pleistocene. These
periods of erosion were followed by fluvial and estuarine deposition associated
with multiple sea-level fluctuations during the middle to late Pleistocene.
Periglacial activity that followed produced Carolina Bay deposits and
freeze-thaw features on the land surface.

The Calvert Formation occurs in the subsurface throughout the map
area and consists of muddy marine deposits interbedded with marine sands
(McLaughlin and Velez, 2006). The Calvert Formation is in direct contact with
the Beaverdam Formation in the northwestern corner of the map area where the
Choptank Formation was eroded during deposition of the Beaverdam in the
early Pleistocene (Ramsey, 2010). Elsewhere in the quadrangle, the Calvert
Formation directly underlies the Choptank Formation.

The Choptank Formation is a Miocene marine unit that occurs in the
subsurface in the southern two-thirds of the map area south of Willow Grove
Road. The unit crops out at the land surface along the banks of Hudson Branch
and Pratt Branch and in a small area along Route 13 northeast of Felton where
the Beaverdam Formation is absent. The contact between the basal sands of the
lower Choptank and the compact brown clay of the underlying Calvert
Formation is distinct in core and on geophysical logs (Ramsey, 1997). The
lower Choptank Formation consists of coarse gray to brown quartz sand that
fines upward to fine to medium sand. The sands grade to gray silty clays and
clayey silt that are thin or absent in the western portion of the quadrangle.
Sands of the Columbia or Beaverdam Formations commonly directly overlie
the sands of the Choptank Formation in places with a texture change and a
zone of oxidation at the contact. There are places, however, where the textures
of the Choptank Formation are similar to those of the Beaverdam Formation
and the contact is difficult to discern. Typically, the sands of the Choptank have
less silt matrix and are better sorted than those of the Beaverdam which is
reflected in the gamma log response in geophysical logs.

The Beaverdam Formation occurs in the western portion of the map
area (cross section A-A'") and can be distinguished from the adjacent sands of
the Choptank and Columbia Formations by its characteristic white silt matrix.
To the east, the Beaverdam has been completely removed by erosion and
deposition associated with the Columbia Formation. The Beaverdam Forma-
tion consists of stacked beds of very coarse sand and gravel that commonly
fine upwards to fine to medium sand (rarely to silty very fine silty sand to silty
clay). These types of deposits are typical of either fluvial or estuarine environ-
ments (Ramsey, 2010). Rare burrows have been observed in the Beaverdam
Formation elsewhere in Delaware that indicate at least a marginal estuarine
setting (DGS unpublished data; Owens and Denny, 1979). Stratigraphic
relationships in Delaware indicate that it is no older than late Miocene and no
younger than early Pleistocene (Groot et al., 1990; Ramsey, 2010). Near
Berlin, Maryland, the Beaverdam overlies the late Pliocene Yorktown
Formation which indicates that at its oldest it is early Pleistocene (DGS
unpublished data).

The Columbia Formation occurs as northeast-southwest trending
channels that are likely the result of glacial dam burst flooding during the early
Pleistocene (Spoljaric, 1967; Jengo et al., 2013). The Columbia Formation
occurs in the northeastern portion of the map area east of Route 15 to Wood-
side where it extends a mile to the west along Red House Branch and the
western reach of Tidbury Creek. The Columbia Formation directly overlies the
Calvert and Choptank Formations throughout most of the map area and
overlies the Beaverdam near the contact with that formation. The Columbia
Formation is a sandy unit that is easily distinguishable from the gray clays of
the underlying Calvert Formation in the northwestern quadrant of the map area.
The Columbia can be differentiated from the underlying sands of the Choptank
Formation and the overlying sands of younger units in that it is siltier, contains
coarser clasts (large pebbles), and typically contains spot-like concentrations of
manganese. The Columbia Formation can be differentiated from the Beaver-
dam Formation by the absence of the white silt matrix that occurs in the
Beaverdam and the presence of the unique manganese concentrations in the
Columbia.

The Lynch Heights Formation is composed of sediments that have
been reworked and redeposited from the Choptank and Columbia Formations.
Any older Lynch Heights Formation that may have occurred in the area was
removed by shoreline erosion during deposition of the subsequent sea-level
highstand. Thus, only the younger Lynch Heights Formation is present; it lies
unconformably over the Columbia Formation in the northeastern portion of the
map area. The heterogeneous deposits of the Lynch Heights Formation are the
result of estuarine and near-shore deposition along the margins of an ancestral
Delaware Bay during the middle Pleistocene (approx. 330,000 yrs B.P.)
(Ramsey, 1997; 2010). It occurs at elevations between 28 and 38 ft and is
associated with Marine Isotope Stage 9 (MIS 9).

Similar to the Lynch Heights Formation, the Scotts Corners Forma-
tion is also a unit of reworked older and younger sediments (Ramsey, 2010).
Geomorphic correlation with dated deposits from along the Atlantic Coast
indicates the Scotts Corners Formation is late Pleistocene. The older Scotts
Corners occupies land surface elevations between 10 and 25 ft. The MIS 5e
sea-level highstand that deposited the older Scotts Corners Formation
reoccupied the middle Pleistocene-aged shoreline and eroded the majority of
the younger Lynch Heights Formation. Only the older Scotts Corners Forma-
tion occurs in the map area along Tidbury Creek and Cypress Branch. The
relatively thin (<10 ft) younger Lynch Heights Formation and older Scotts
Corners Formations represent deposits along the margins of tidal systems.
Sediments are a mix of sand and pebbles reworked from the Columbia
Formation along with silts and clays from tidal deposits (marsh and tidal flat).
In some locations, the upper portion of these deposits may consist of a few ft
of light-gray to pale-yellow sandy, clayey silt that are estuarine or marsh
deposit remnants. Mapping these units is difficult due to their thin, patchy
extents and their lithologic similarities to the underlying deposits from which
much of the sediment was derived.

The Carolina Bays are thought to be cold climate-related features
located where winds moved sand across a landscape barren of forests (Ramsey,
1997; Markewich et al., 2009). The features are commonly closed depressions
and occur as a periglacial overprint on the surficial deposits. They are typically
less than 10 ft in height from base to rim top and less than 1,000 ft in diameter.
Where the water table is high, Carolina Bays commonly contain up to 5 ft of
modern swamp deposits. The exact process by which the distinctive circular
shape of the Carolina Bays was formed is unknown. It is possible that the
features began as interdunal lows or dune blowouts (Stolt and Rabenhorst,
1987) or as periglacial patterned ground later modified by wind into circular
features aided by ponding in the lows. We hypothesize that when the Carolina
Bays were forming during the latest Pleistocene, the presence of the muddy
beds beneath the surficial deposits caused perched groundwater during a time
of regionally low sea level. Periglacial bogs contributed organic sediments
during this time of cold climate. After a possible hiatus in deposition (Webb,
1990; Ramsey et al., 2022), the climate warmed and a high water table was
re-established, forming modern swamp deposits in some of the Carolina Bay
depressions. Organic deposition continued into the present (Ramsey and
Tomlinson, 2018).
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Discussion (cont.)

In addition to Holocene swamp deposits that occur in some Carolina
Bays, Holocene swamp and marsh deposits related to sea-level rise are present
along the upper reaches of Tidbury Creek, Double Run, Hudson Branch, and
Pratt Branch. Large areas of swamp also occur in the southwestern portion of
the map. These swamps occupy flat to slightly depressed, undrained tracts on
the uplands. Radiocarbon dates from marsh deposits in the St. Jones River to
the east of the map area indicate that tidal deposition began around 6,500 yrs
B.P. and has continued until the present (Ramsey and Tomlinson, 2018;
Ramsey et al., 2022).
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SYMBOLS (on cross section

% gamma log

; resistivity log

Colors for geologic formations on the cross
section 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.
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