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This map shows the distribution of geologic units found at or near land sur-
face. These units support agriculture and development, are mined for sand and
gravel resources, and are the surface-to-subsurface pathway for water. Previous
maps and reports covering the same or adjacent areas have focused on hydro-
geology (Andres, 1994), surficial geology on a regional scale (Jordan, 1964,
1974; Owens and Denny, 1979, 1986; Denny et al., 1979; Ramsey and Schenck,
1990), or subsurface geology (Hansen, 1981; Andres, 1986).

Earlier work in the area of Seaford assigned surficial deposits to the
Pleistocene without formational designation (Marine and Rasmussen, 1955).
Rasmussen et al. (1960) recognized near-surface units as the Parsonsburg Sand,
the Pamlico Formation, the Beaverdam Sand, and the Brandywine Formation.
Of these units, only the Beaverdam has been retained for usage in Delaware
(Jordan, 1974). Jordan (1974) assigned geologic units in the map area to the
Columbia Group, which in southern Delaware consisted of the Beaverdam and
Omar formations. Jordan (1964, 1974) also recognized a sand deposit with
some silts in the Nanticoke River valley that was associated with a topographic
feature called the Nanticoke Ridge and a subsurface deposit that was not

& = assigned to a particular stratigr«tiphic unit but cons?dercd.to be .Of PieisFocer}c MARSH DEPOSITS
ol 2 age. Owens and Denny (1979, Fig. 5) extended stratigraphic units recognized in
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Maryland and New Jersey into Delaware; these include the Beaverdam Sand
and the Pensauken Formation, the latter in a small band southeast of
Bridgeville. Denny et al. (1979, Fig. 1) mapped the Parsonsburg Sand in the
southern area of the Seaford East Quadrangle, and the Kent Island Formation in
the area of the floodplain of the Nanticoke River. Ramsey and Schenck (1990)
mapped the Columbia Formation in the northwestern portion of the map area,
the Beaverdam Formation over most of the map area, and an informal unit, the
Nanticoke deposits, along the Nanticoke River valley. Andres (1994) used the
nomenclature of Ramsey and Schenck (1990), but modified some of the litho-
logic descriptions.

The stratigraphic units on this map were recognized by their lithologic char-
acteristics and internal stratigraphy from examination of more than 620 litho-
logic logs from water wells, test-hole borings, outcrops in pits and ditches, and
shallow hand-auger borings. The map units were compared with previously
named units to determine the stratigraphic nomenclature,

A consensus of those who have worked in the area is that the Beaverdam
Formation is present (Rasmussen et al., 1960; Jordan, 1974; Owens and Denny,
1979; Ramsey and Schenck, 1990; Andres, 1994). Other than by Ramsey and
Schenck (1990), the Columbia Formation had not been mapped this far south.
Our detailed work did not recognize the Columbia in the map area.

Largely on the basis of lithologic criteria, Jordan (1974) hypothesized that
the Beaverdam and Omar formations were downdip facies of the Columbia
Formation and included the Beaverdam and Omar in the Columbia Group. He
acknowledged that a definite Pleistocene age, except for the Omar Formation in
southeastern Delaware, could not be proven. From lithologic evidence Jordan
(1974) interpreted that the Columbia Formation was of Pleistocene age and, by
correlation, the Beaverdam also was of Pleistocene age. No surficial exposures
of the Beaverdam were recognized in Delaware at that time.

Recent investigations (Ramsey and Schenck, 1990; Groot and others, 1995;
DGS unpublished palynologic data) and field work for this map indicate: (1) the
Omar Formation is not present in the map area; (2) the Nanticoke deposits, pos-
sibly the same age as the Omar, are restricted to the valley and valley margins
of the Nanticoke River and do not blanket the entire area; (3) the Beaverdam
Formation is found to be a surficial deposit in the map area; (4) the Beaverdam
Formation, where palynologic data have been analyzed, within the map area and
elsewhere, is of Pliocene age with a flora characteristic of a temperate climate;
and (5) the Columbia Formation, where palynologic data have been analyzed,
is of middle to early Pleistocene age with a flora indicating a cool climate.
Given the differences in age, lithic character, and fossil content, the Beaverdam
is no longer considered to be a downdip facies of the Columbia Formation. The
contact between the two formations is inferred to be unconformable and lies to
the north of the map area.

The Nanticoke deposits are retained in the sense of Ramsey and Schenck
(1990) and Andres (1994) and, in part, include the deposits Jordan (1974) asso-
ciated with the Nanticoke Ridge and unassigned deposits of Pleistocene age in
the Nanticoke River valley. Other names previously used for Pleistocene units
were rejected because lithologic descriptions differ from those of units found in
the map area or the named units had been considered and dismissed from being
present in Delaware (Jordan 1962, 1964, 1974),

Descriptions of Holocene units (marsh and swamp deposits) follow those of
Ramsey (1993) with a few slight modifications. Two additional Quaternary
units within the map area are introduced: alluvial and upland bog deposits.
These units are recognized on the bases of observations in hand-auger bore-
holes, exposures in drainage ditches, and distinctive appearance on aerial pho-
tographs. Because swamp, marsh, bog, and alluvial deposits occur in active
depositional settings, their distributions were mapped on the basis of vegetation
observed on aerial photographs and were spot-checked in the field for accura-
cy. The map distributions of these deposits are not to be used for wetlands des-
ignations or delineations. Published (Groot et al., 1990) and unpublished (J. J.
Groot, written communication) palynological data were useful in assisting inter-
pretations of stratigraphy and paleoenvironments of the deposits.

Recognition of subsurface units (Choptank, St. Marys, and Manokin for-
mations) is an extension of the work of Talley (1974), Hansen (1981), Andres
(1986), Groot et al. (1990), Benson (1990), and Ramsey and Schenck ( 1990).

Geomorphology

The topography and morphology of the map area reflect the combined his-
tory of geologic processes that operated during deposition of the surficial
deposits as well as cvents that occunred after their deposition. Recugnition of
specific morphologic features in the field and on aerial photographs proved to
be useful in mapping the distribution of surficial geologic units and in under-
standing the geologic history of the area. These features were used in conjunc-
tion with sedimentary structures, lithology, internal stratigraphy, mineralogy,
and fossil content to define and map the three major surficial lithologic units.
The Beaverdam Formation, the Nanticoke deposits, and swamp and alluvial
deposits along the Nanticoke River and its tributaries as well as units of lesser
extent such as the upland bog deposits have some characteristic surficial mor-
phologic expressions that have been identified and are described in the follow-
ing paragraphs,

Upland bog deposits occur in small, irregular, undrained depressions. They
are recognized by topographic expression and by seasonally ponded water and
dark colored soils observed in the field and on aerial photographs. Wet soils
commonly interfere with agricultural practices. The edges of these features are
not raised above the surrounding landscape.

Swamp deposits generally occur within the floodplain of the Nanticoke
River and its larger tributaries. The floodplain surface is flat with low ridges
associated with small sand bodies and hummocks around uprooted trees. The

and alluvial deposits grade into marsh deposits. The change is marked by a
change in vegetation from that dominated by trees to that dominated by grasses
tolerant to brackish water. In most places, the change in vegetation between the
two is abrupt. The surface of the marsh is flat to gently sloping, broken only by
scattered tidal streams tributary to the Nanticoke. Swamp deposits also occur on
wooded, poorly drained, upland surfaces.

The Nanticoke deposits are interpreted as fluvial to estuarine units that have
been subsequently modified at the land surface by aeolian processes. Areas
underlain by the Nanticoke deposits are associated with rolling to hummocky
topography. The aeolian deposits form distinctive dune features concentrated on
the east side of the Nanticoke River valley. Aerial photographs show a distinc-
tive grain of light and dark colored soils oriented sub-parallel to present
drainage in areas underlain by the Nanticoke deposits.

The surface of the Beaverdam Formation has been subjected to weathering
and erosion since the Beaverdam was deposited during the Pliocene. Where
exposed, it has a distinctively flat to gently rolling surface with scattered closed
depressions. Aerial photographs commonly show a distinctive mottled surface
of light and dark patches. Some deposits that are younger than the Beaverdam
may be included within the map area of the unit because of their limited distri-
bution and lithic similarity to the Beaverdam. Some upland bogs and swamps
covered larger areas than they do at present and may have had small streams
associated with them. However, all of the associated organic material has oxi-
dized, and the non-organic material deposited in them was derived from the sur-
rounding Beaverdam Formation. Agricultural activity has further mixed the sed-
iments. As a result, there is no consistently recognizable lithologic difference
between the Beaverdam Formation and these younger deposits.

SWAMP DEPOSITS

Swamp deposits consist of gray, brown, and black, organic-rich, silty clay to
medium quartz sand with discontinuous beds of brown organic silt and peat.
These deposits are extensive within the floodplain of the Nanticoke River and
the downstream portions of its tributaries. They interfinger with alluvial
deposits upstream and along the stream channel margins and marsh deposits
downstream on a scale of tens of feet. Some areas are mapped as swamp in
poorly drained uplands. Swamp deposits unconformably overlie the Nanticoke
deposits and the Beaverdam Formation. The base of the swamp and alluvial
floodplain deposits is found as much as 10 to 20 ft below local base level. The
basal surface is irregular with as much as 15 ft of relief within a distance of 100
ft. Detailed subsurface data collected in a small area upstream from Seaford
indicate that the course of the Nanticoke River has moved laterally as much as

800 ft during the Holocene. Holocene.
’ Qm

Marsh deposits consist of structureless to finely laminated gray, black, and
brown, organic-rich, silty clay to medium quartz sand with discontinuous beds
of peat. In place or transported fragments of marsh grasses such as Spartina are
common. These deposits are found along the Nanticoke River and Deep Creek
in the southern portion of the map area. Marsh deposits unconformably overlie
the Nanticoke deposits and the Beaverdam Formation and interfinger with
swamp deposits. Holocene.

ALLUVIAL DEPOSITS

Alluvial deposits consist of brown, light yellow-orange, and gray fine to coarse
quartz sand, silt, clay, and fine to medium gravel. The deposits are primarily
restricted to stream channels and adjacent flood plains. Alluvial deposits uncon-
formably overlie the Nanticoke deposits and the Beaverdam Formation and
interfinger with swamp deposits. Holocene.

UPLAND BOG

Upland bog deposits consist of gray to black, organic-rich, sandy silt; light
brown fine to medium quartz sand and silty sand. These deposits are found in
small, undrained depressions on upland surfaces. They are generally less than 5
ft thick and unconformably overlie the Beaverdam Formation. Pleistocene (?) -
Holocene.

NANTICOKE DEPOSITS Qn

Nanticoke deposits (Ramsey and Schenck, 1990) consist of brown to light gray,
fine to medium quartz sand, finely laminated to structureless gray to brown,
clayey sandy silt and silty clayey sand, and rare beds of gravelly coarse to medi-
um sand, shelly sandy silt, and sandy clayey silt with woody fragments. The unit
is commonly capped by well-sorted, fine to medium sand within dunes found
primarily on the southeast side of the Nanticoke River. The unit is up to 25 ft
thick. The Nanticoke deposits unconformably overlie the Beaverdam
Formation. In most locations, the base of the Nanticoke deposits is an irregular
surface that gently slopes toward the floodplain of the Nanticoke River. In
stream valleys it usually occurs above current local base level. In the vicinity of
Seaford and to the south along the Nanticoke River, however, Quaternary-age
estuarine deposits are found below local base level. These deposits likely rep-
resent an older Quaternary phase of erosion and deposition. They are not litho-
logically distinct from the Nanticoke deposits and are mapped as part of the
unit. Pleistocene.

BEAVERDAM FORMATION Tbd

The Beaverdam in the map area consists of two lithofacies. The upper lithofa-
cies is yellow-orange, light brown, and light gray, silty, fine to medium quart-
zose to moderately feldspathic sand, sandy silt, clayey sandy silt, and clayey silt
with a white to light yellow silt or clay matrix, with rare beds of dark gray to
brown organic-rich clayey silt. The upper lithofacies is up to 35 ft thick. The
lower lithofacies consists of light gray to 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 found in the lower lithofacies. Pebbles
and cobbles are dominately quartz and quartzite, with lesser amounts of sand-
stone, chert, and a variety of lithic clasts. The lower lithofacies is up to 70 ft
thick. The base of the Beaverdam Formation is a highly irregular surface with
as much as 40 ft 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 for-

mations. Pliocene.
MANOKIN FORMATION -

The Manokin formation (Andres, 1986) consists of a coarsening-upward
sequence informally subdivided into subunits A and B (Ramsey and Schenck,
1990). The upper subunit (B) consists of light to medium gray, or yellow-orange
to red-orange (where weathered), medium to fine and coarse quartz sand with
common beds of gravelly sand, and less common beds of clayey to silty sand.
The lower subunit (A) consists of gray, blue-gray, and brown-gray silty clayey
sand and silty sand, with scattered lignite. The entire thickness of the Manokin
has been penetrated in only a few drill holes. Where observed it ranges in thick-
ness from a feather-edge to as much as 50 ft. The Manokin A is conformable
with the underlying St. Marys and is gradational into the overlying subunit B.
In some locations, the gradation of lithologies between the Manokin and St.
Marys makes the contact difficult to recognize (i.e., southern portion of cross
section A - A’). In updip areas subunit A is cut out by the overlying subunit B,
and subunit B unconformably overlies the St. Marys. Miocene.

ST. MARYS FORMATION Tsm

The St. Marys consists of blue-gray, green-gray, or gray, silty sandy (fine) clay,
clayey sandy silt, and silty clay, with beds of fine to medium quartz sand, and
fine to medium gravel in a mud matrix. It is up to 110 ft thick and uncon-
formably overlies the Choptank Formation. Miocene.

CHOPTANK FORMATION Tch

\ : o e Tower (0 VR FORRE WS = lateral boundaries of the floodplain are commonly marked by a distinctive break TT}c Choptank Formation consists of multiple fining-upward sequences of
= 02&’ e : Park. ¢ TPptadc X B ey . S S in slope and change in vegetation. Small inliers of Nanticoke deposits protrude olive-gray, gray, and brown-gray, fine to coarse quartz sand and shelly and grav-
o . B =Y 4] i B J i) above the floodplain in many locations. Down the Nanticoke Valley, the swamp elly sand, that grade into green-gray, brown-gray, and blue-gray sandy clayey

shelly silt. The unit is penetrated by only a few drill holes in the map area. The
Choptank unconformably overlies the Calvert Formation. Miocene. (Not shown
on cross-section.)
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