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Discussion (cont.)

 The Choptank Formation is a middle to upper Miocene 
marine unit that also occurs in the subsurface throughout the 
map area (cross section A-A'). 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 geophys-
ical logs (Ramsey, 1997). The Choptank Formation outcrops 
where streams in the western portion of the map area have 
eroded into it including the St. Jones River, Cypress Branch, 
Beaver Gut Ditch, a small western tributary of Trunk Ditch, 
Double Run, and Spring Creek. The lower Choptank Formation 
consists of coarser gray to brown sand that fines upward to fine 
to medium quartz sand. The sands grade to gray silty clays and 
clayey silts. The upper Choptank is also a fining upward 
sequence but the sands are thin and less developed.
 The Beaverdam Formation occurs in the subsurface in 
the eastern portion of the map area where it is overlain by the 
Scotts Corners Formation (cross section A-A'). To the west, the 
Beaverdam has been completely removed by erosion and 
deposition associated with the Columbia Formation. The 
Beaverdam Formation consists of stacked beds of very coarse 
sand and gravel 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, 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least a marginal estuarine setting (DGS unpublished data; 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 latest Pliocene and more likely is earliest 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unpublished data).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). Throughout its extent, the Columbia Formation 
directly overlies the Choptank Formation. It is ubiquitous west 
of Route 1 except for an area just west of the town of Frederica. 
The Columbia Formation is not present north of the St. Jones 
River. South of the St. Jones River, it is absent beginning 
approximately one mile east of Route 1. The Columbia Forma-
tion is a sandy unit that can be differentiated from the underly-
ing sands of the Choptank Formation and the overlying sands of 
younger units in that it is siltier, contains coarser clasts (large 
pebbles), and it typically contains spot-like concentrations of 
manganese. 
 The Lynch Heights Formation consists of sediment 
locally reworked from older formations (Choptank, Beaverdam, 
and Columbia Formation sands) by transgressive events during 
the middle Pleistocene. 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 throughout the 
majority of the map area and over the Beaverdam Formation in a 
small area near the intersection of Johnnycake Landing Road 
and Carpenter Bridge Road. 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 MIS 9. 
 Similar to the Lynch Heights Formation, the Scotts 
Corners Formation is also a composite unit deposited during two 
transgressive events in the late Pleistocene (Ramsey, 2010). The 
older Scotts Corners occupies land surface elevations between 
12 and 28 ft. The MIS 5e sea-level highstand that deposited the 
older Scotts Corners Formation reoccupied the middle Pleisto-
cene-aged shoreline and eroded the majority of the younger 
Lynch Heights Formation. The younger Scotts Corners Forma-
tion (MIS 5a?) occupies small terraces on the landward side of 
the marshes and a few islands within the marshes at land surface 
elevations between 4 and 10 ft. In the eastern portion of map 
area, the younger Scotts Corners Formation is actively being 
overtopped by marsh due to Holocene sea-level rise. 
 The Carolina Bays are thought to be cold climate-relat-
ed features located where winds moved sand across a landscape 
barren of forests (Ramsey, 1997; Markewich et al., 2009). The 
features 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. Carolina Bay features were visually identified using a 
hillshade DEM generated from 2014 LiDAR 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. 
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 higher groundwater levels 
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).
 Shoreline deposits along the Delaware Bay consist of 
thin bodies of sand reworked from the Scotts Corners Forma-
tion. The majority of the map area lacks a sand source, and the 
shorelines are comprised of Holocene marsh deposits and 
swamp related to sea-level rise. These shorelines may be 
overlain by very thin, sandy washover deposits but they are not 
mappable at 1:24,000 scale. The shoreline in the map area was 
digitized using 2022 aerial photography. Twenty radiocarbon 
dates from marsh deposits were funded by the Statemap 
component of the National Cooperative Geologic Mapping 
Program to better understand the late Pleistocene depositional 
history of the area (Table 1). Estuarine deposition began in the 
map area around 10,700 years ago and has continued until the 
present. The distribution of dates relative to sample elevation is 
consistent with those of Ramsey and others (2022) with rates of 
sea-level rise around 0.2-0.25 m/100 years. 
 Modern-day tidal river and stream deepening or 
straightening has resulted in the placement of dredge disposal 
deposits on the land surface. These deposits occur as linear 
topographic highs in the marshes adjacent to tidal streams. 
Some dredge deposits have been present long enough that they 
are covered by trees or shrubs.

Discussion

 Geologic mapping was conducted at 1:12,000 with a 
1-ft contour basemap. In some instances, stratigraphic boundar-
ies 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 colluvi-
um. Carolina Bay deposits were visually identified using a 
hillshade digital elevation model (DEM). 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 
Frederica and Bennetts Pier Quadrangles is the result of erosion 
of the 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. Marsh sediments deposited during the Holocene further 
modified the geology.
 The Calvert Formation is a lower to middle Miocene 
marine unit that occurs only in the subsurface throughout the 
entire map area (cross section A-A'). The lowermost Calvert 
consists of muddy marine deposits overlain by sandy shallow 
marine to estuarine deposits that comprise the Cheswold, 
Federalsburg, and Frederica aquifers (McLaughlin et al., 2023). 
The Calvert Formation is unconformably overlain by the 
Choptank Formation. 
 

FILL

Human-made (crushed rock) and natural materials (mud, sand, 
gravel) placed in stream valleys or marshes to bring the topog-
raphy above grade, usually in roadbeds or construction through 
a marsh or near a shoreline. Recent.

DREDGE DISPOSAL DEPOSITS

Material dredged from the St. Jones and Murderkill Rivers and 
placed on adjacent riverbanks and uplands. 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 distur-
bances 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 Dover Air Force Base where 
large tracts of land were graded for runways. Recent.

SHORELINE DEPOSITS

White to light-gray, well-sorted, medium to very coarse sand 
with scattered pebbles. The deposits include beaches along 
Delaware Bay that are up to 16 feet thick as well as thinner, 
ephemeral sand bodies overlying marsh deposits. In some 
locations, shoreline deposits grade laterally into barrier wash-
over deposits interbedded with marsh deposits and are not 
mapped as a separate unit. Holocene.

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 and in the 
interiors of some Carolina Bays. In the stream valleys, swamp 
deposits consist of 1 to 3 ft of gray to brown, silty and clayey, 
gravelly sand with organic fragments at the base overlain by up 
to 9 ft of brown to black, organic-rich, silt and peat with laminae 
of medium to coarse sand. The organic-rich material consists of 
sand- to silt-size organic fragments as well as grass blades, 
deciduous leaves, and twigs. Where mapped 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 5 ft of light yellow-
ish-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. Along the margins of Delaware Bay, marsh deposits 
are interbedded with shoreline deposits. The unit ranges in 
thickness from less than 5 ft thick to greater than 50 ft along the 
St. Jones River. 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. 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 contain seasonal standing 
water and modern swamp deposits (Tomlinson et al., 2013). 
Latest Pleistocene to Holocene.

SCOTTS CORNERS FORMATION
(YOUNGER)

Pale-yellow to light-gray to dark-brown, slightly to moderately 
silty, medium to very coarse sand fining upward to fine to coarse 
silty sand overlain by very fine sandy silt to silty clay. The silts 
at the top of the unit contain variable amounts of organic 
material. Pebbles occur throughout the sands and often comprise 
a gravel at the base. The unit ranges in thickness from 1 to 20 ft. 
The younger Scotts Corners Formation occurs where the land 
surface elevation is less than 10 ft. Late Pleistocene.

SCOTTS CORNERS FORMATION
(OLDER)

Pale-yellow to light-gray medium to very coarse sand fining 
upward to fine to medium sand. Pebbles to cobbles are common 
at the base of the unit. A 3- to 10 ft-thick bed of light-gray to 
reddish-brown silty clay to sandy silt with fine to medium sand 
laminae is common at the surface. The unit is typically 3 to 10 ft 
thick but may be as thick as 25 ft. The older Scotts Corners 
Formation occurs where land surface elevation is between 12 
and 28 ft. Late Pleistocene.

LYNCH HEIGHTS FORMATION
(YOUNGER)

Light-gray fine to coarse sand with pebbles to gravel overlain by 
light reddish-brown to light-gray compact clayey silt to silty 
clay. The younger Lynch Heights Formation occurs at elevations 
between 28 to 38 ft. Deposits are typically less than 10 ft thick 
but may be up to 20 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. 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 western 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 subsurface only

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 with rare mica. Laminae and beds of very 
coarse sand with pebbles are common. Laminae and beds of 
bluish-gray to light-gray 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 40 ft thick. Late 
Pliocene.

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 upper 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 northern portion of the map 
area to greater than 80 ft thick to the south. Middle to upper 
Miocene.

CALVERT FORMATION subsurface only

Gray to olive-gray to grayish-brown, 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 are up to 30 
ft thick. They consist of light olive-gray to greenish-gray to light 
reddish-brown fine to very coarse sand with rare to common 
laminae of granules small pebbles (Ramsey, 1997). Shells and 
shell hash are common in the sandy intervals but also do occur in 
the clay. The Calvert Formation is typically 300-350 ft thick in 
the map area. Early Miocene.
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Radiocarbon 
Lab ID DGSID

Land 
Surface 

Eleva�Ÿon 
(�L)

Sample 
Eleva�Ÿon 

(�L)

Conven�Ÿonal 
Radiocarbon 

date (yrs B.P.)

Conven�Ÿonal 
Radiocarbon 
Error Range 

(yrs)

Calibrated Date 
(2 Sigma Median) 

(yrs B.P.)
Stra�Ÿ�P�Œ���‰�Z�]����

Unit
Beta-640569 Jf52-02 -4.8 -12.3 2870 30 2977 Qm
Beta-640570 Jf52-03 -3 -9.7 3070 30 3287 Qm
Beta-640571 Kf11-13 -12.1 -19.2 910 30 823 Qm
Beta-640572 Kf21-105 -3.6 -8.3 350 30 363 Qm
Beta-640573 Kf22-147 -4.3 -11.4 2180 30 2206 Qm
Beta-640574 Kf22-149 -7.1 -18 3040 30 3258 Qm
Beta-640575 Kf22-150 -7.2 -13.9 modern Qm
Beta-640576 Kf22-152 -3.9 -12.1 2620 30 2749 Qm
Beta-652457 Jf52-07 -2 -19.4 2740 30 2822 Qm
Beta-652458 Jf42-03 0 -4 2630 30 2752 Qm
Beta-652459 Jf52-01 -2.3 -12.81 1280 30 1232 Qm
Beta-652460 Ke14-05 2 -7.7 2440 30 2449 Qm
Beta-652461 Kf11-03 -1 -9.6 2540 30 2547 Qm
Beta-652462 Kf12-02 -5 -6.8 1840 30 1763 Qm
Beta-652463 Kf21-32 4 -8.2 2450 30 2453 Qm
Beta-652464 Kf22-07 3 -6.1 1420 30 1325 Qm
Beta-652465 Kf22-11 -5.91 -5.92 1920 30 1832 Qm
Beta-652466 Kf22-13 -3.61 -18.71 3780 30 4164 Qm
Beta-652467 Kf22-15 -4.92 -21.01 2540 30 2547 Qm
Beta-652468 Kf22-16 2 -7.4 1790 30 1639 Qm

Table 1. STATEMAP-funded radiocarbon dates (locations shown on map).
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