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e geological history of the surficial units of the Millsboro Quadrangle and
Man-made and natural materials (sand, gravel) placed in stream valleys or marshes to Delaware portion O,f the Whaleysville andrangle was the result of deppsitign of the
bring the topography above grade, usually in road beds, dams, or construction near a Banerdam Forma'tl'on during the late Pliocene and_ 1ts subgequent moFllﬁcatlon by
shoreline. Fill deposits include sediment dredged from the marshes and offshore in erosion and deposition related to sea—level' ﬂuctua‘uons during the Pleistocene and late
Indian River and placed on the uplands. Pleistocene upland swamp and bog deposition. The geology at the land surface was then
further modified by periglacial activity that produced dune deposits and Carolina Bays in
the map area. Surficial geologic mapping was conducted using field maps at a scale of
1:12,000 with 2 foot contours. Stratigraphic boundaries drawn at topographic breaks
LAGOON DEPOSITS Indian River 3 reflect detailed mapping using contours not shown on this map.
Medium-gray to dark-gray clayey silt that grades westward to clayey silt with fine to The Beaverdam Formation is exposed in the north-central and western portion of
coarse sand and organic laminae. Sedimentary structures consist of relict burrows and the Millsboro Quadrangle and on the northwest corner of the Whaleysville Quadrangle
thin laminae of marsh grass, sand, or organic fragments (twigs and leaves). Lagoon and underlies all the younger deposits in the map area. The Beaverdam Formation
deposits grade laterally into marsh deposits. Lagoon deposits are up to 15 ft thick near consists of stacked, 1- to 5-ft thick beds of very coarse sand and gravel that commonly
the center of Indian River and thin to less than 5 ft thick to the west (Chrzastowski, fine upward to fine to medium sand and rarely to very fine silty sand to silty clay. These
1986). Holocene. 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Delaware that indicate at least a marginal estuarine setting (DGS unpublished data;
SWAMP DEPOSITS Owens and Denny, 1979). The age of the Beaverdam Formation is uncertain due to the
lack of age-definitive fossils within the unit. Stratigraphic relationships in Delaware
Gray to brown, silty and clayey gravelly sand overlain by organic-rich fine to coarse indicate that it is no older than late Miocene and no younger than early Pleistocene, and is
sand. Swamp deposits are found in the upper reaches of the modern stream valleys and most likely late Pliocene (Ramsey, 2010a, b).
also are associated with the modern Cypress Swamp. In the stream valleys, deposits
consist of 1 to 3 ft of gray to brown, silty and clayey gravelly sand at the base overlain by The Lynch Heights Formation is found in the northern portion of the Millsboro
. 36 organic-rich, fine to coarse sand. In some of the larger stream valleys, deposits (up to 15 Quadrangle in areas adjacent to the Indian River and its tributaries. It is a composite unit
ft thick) are capped by several feet of organic silt. Swamp deposits associated with consisting of deposits from two sea-level highstands that occurred approximately 400,000
Cypress Swamp consist primarily of clean, pale-yellow, fine to coarse sand with scattered yrs B.P. and 320,000 yrs B.P. (Groot et al., 1990; Ramsey, 2010a; Ramsey and Tomlin-
laminae of light-brown to brown, organic-rich silt and fine to very fine sand with abun- son, 2011), which cannot be differentiated in this map area. In the majority of its
dant plant fragments. The deposit is overlain in places by an organic muck consisting exposure area, the Lynch Heights Formation (Qlh)) is a thin unit (<5 ft thick) consisting
primarily of silt-size organic fragments with varying amounts of silt to very fine sand. of fine to medium sand that coarsens downward to a coarse sand. In places, a pebbly
Holocene. sand to pebble gravel containing abundant opaque heavy minerals is found at the base of
the overlying the Beaverdam Formation. This portion of the Lynch Heights Formation is
interpreted to be a shallow water deposit consisting of sand eroded from the Beaverdam
Formation as the shoreline transgressed during one or both of the sea-level highstands. In
MARSH DEPOSITS the northern portion of the Millsboro Quadrangle, fluvial deposits flank the modern
Light-gray to brown, organic-rich, clayey silt. Peat beds consisting of finely comminuted dra¥nage and are related to the 1'n1t1a1 stages of dralnage. formation dgrlng the mld.dle
organic fragments (primarily of marsh grass) are common near the base of the unit and Pleistocene (Ramsey and Tomllnson, ,2012)' Lygch Heights Formation (QIh) sediments
scattered throughout. Marsh deposits are generally less than 10 ft thick. Holocene. nearest o the modern drainage are thicker 'depos1ts (6 to>15 ft) of cle'an, loose, w'ell-
sorted sand with few to abundant heavy minerals. Away from the drainage, deposits
become less well-sorted and siltier.
CAROLINA BAY DEPOSITS The Omar Formation is exposed at the surface southeast of Millsboro. It is
A found in the subsurface beneath the Cypress Swamp Formation in the central portion of
Well-sorted, medium to fine sand in raised rims (dunes) with silty sand in the interior of the map area, where it occupies a northeast-southwest oriented paleovalley carved into
the circular features. These deposits are found in the northern portion of the Whaleysville the Beaverdam Formation (cross sections A-A', B-B'). The Omar Formation is a compos-
Quadrangle and the southern portion of the Millsboro Quadrangle. A few of the features ite unit consisting of deposits related to one or possibly two sea-level highstands
contain seasonal standing water where the water table is high and commonly contain (Ramsey, 2010a). It is comprised of a lower, brown to gray, coarse sand to gravel
swamp deposits. The deposits are less than 5 ft thick in their interiors. Latest Pleistocene overlain by an organic-rich, sandy clay, clayey silt or silty sand with woody organic
to Holocene. fragments and thin peat beds. The lower Omar is overlain by greenish-gray clayey silt to
silty, very fine sand. Within the clayey silts and sands, rare to common laminae to thin
beds of shell dominated by Crassostrea virginica (oyster) are found. The sands
CYPRESS SWAMP FORMATION Os commonly contain horizontal and vertical burrows up to 0.5 inches in diameter. Amino-
acid racemization of shells from the Pepper Creek ditch just east of the map area indicates
Dark grayish-brown, organic-rich, very fine silty sand to sandy silt with organic silt and that the unit was deposited during aminozone Ilc (approximate age of 320,000 yrs B.P.).
peat beds overlain by a pale-yellow, fine to very fine, clean to slightly silty sand with These results suggest that deposition of the Omar Formation was contemporaneous with a
scattered light-gray silt and grayish-brown organic silt laminae. The basal organic sand depositional phase of the Lynch Heights Formation that is younger than that found to the
ranges from 5 to 15 ft thick, with scattered 1- to 5-ft thick beds of peat (with plant east at Dirickson Creek (Ramsey and Tomlinson, 2012; Ramsey, 2010a; Groot et al.,
fragments) to organic silt. In places, the lower sand overlies a 1- to 3-ft thick bed of 1990). The Omar Formation ranges from 2 ft thick along the margins of the paleovalley
light-gray to grayish-brown sand that ranges from very fine slightly silty sand to clean to approximately 35 ft underneath the central portion of Cypress Swamp. Where the
coarse sand with granules and pebbles. The fine to very fine clean sand that overlies the Omar Formation is the surficial unit, it is differentiated from the Lynch Heights in that it
unit is 5 to 10 ft thick. In the map area, the Cypress Swamp Formation is up to 30 ft is composed of relatively clean fine sand overlying estuarine mud, while the Lynch
38°34 38° 34 thick. Late Pleistocene to early Holocene. Heights Formation consists of poorly sorted sand with pebbles. The surficial Omar
Formation is differentiated from the adjacent Cypress Swamp Formation in that it does
not contain organic-rich silt beds that are common in the clean sands of the Cypress
DUNE DEPOSITS Swamp Formation.
White to pale-yellow, well-sorted, medium to fine sand. Laminae of coarse sand are : Eollowmg dep os1tc10.n of the Lynch Helghts and Omar quma‘uons, the Indian
common. Thin, brown soil lamellae are commonly found at depths of 1 to 3 ft. Dune River .dralnag.e developed in its current location. Subsequent erosion carved into 'these
deposits are up to 7 ft thick. Dunes that have well-developed and deep (>3 ft) soil deposﬂg and inset terraces of stream, nearshore, and beach deposits were fqrmed in the
profiles may be older than latest Pleistocene and are middle to late Pleistocene in age. la'te Pleistocene (120’000_ yrs B.P. E,md 80,000 yrs B.P.; Ramsey, ;OIOa) during sea-level
Middle Pleistocene to Holocene. highstands. These deposits comprise the Scotts Corners Formation mapped along the
north and south shores of Indian River Bay (cross section C-C'). Two phases of deposi-
tion and erosion (120,000 yrs B.P. (older) and 80,000 yrs B.P. (younger)) are represented
in the Scotts Corners Formation. The units are very similar lithologically and are
SCOTTS CORNERS FORMATION (YOUNGER) therefore mapped based on their geomorphology (land surface elevations).
Pale-yellow to light-gray gravell.y sand grading up to fine sand, commqnly cappeq by 1 to The Cypress Swamp Formation (Andres and Howard, 2000) is interpreted to
3 ftof very fine, sandy, clayey silt. Scattered beds of 1 to 3 ft of gray silty clay with have originated as fluvial and swamp deposits in a stream valley and as sphagnum bo
organic-rich laminae are also common. The deposits are found beneath low terrace flats d it & lv drained upland 5 P the last interelacial K/HS 3 IE d.g b &
less than 10 ft in elevation along the margins of Indian River and are up to 15 ft thick. dep O8I Ot POOTY craiied up7ands Curtig te ast iergiacta ( . )- Radiocarbon
. ates (Table 1) indicate two periods of deposition of the organic-rich sands, one from
Late Pleistocene. 42,000 to 33,000 yrs B.P. and another, the main phase of deposition, from 25,000 to
17,000 yrs B.P. After a hiatus in deposition during the transition between the interglacial
and the last glacial period, deposition of the lower organic silts resumed in sphagnum
SCOTTS CORNERS FORMATION (OLDER) bogs, which filled the stream valley with sediment. After the organic silts were depos-
Vi ited, sand dunes migrated across the area leaving behind the sheets of sand in the upper
White to pale-yellow, well-sorted, coarse to fine sand with scattered thin clay laminae and portion of the Cypress Swamp Formation. Organic laminae in the upper sandy portion
rare beds of gray silty clay. Beds of pebbly, coarse to granule sand are common at the were deposited in ephemeral bogs between the dunes. Radiocarbon dates from organic
base of the unit. These deposits, which are up to 23 ft thick, are found beneath terrace deposits of the Cypress Swamp Formation generally increase in age with increasing
flats between 10 and 24 ft in elevation along the margins of Indian River, Swan Creek, depth; however, organic deposits in incised streams that drained the map area during
Millsboro Pond, and Cow Bridge Branch. Late Pleistocene. deposition of the Cypress Swamp Formation yield dates that are younger than deposits on
the uplands that flank the streams (e.g., Rg31-03, cross section A-A"). Older upland
deposits were buried by the rapidly migrating dunes before erosion of these upland
LYNCH HEIGHTS FORMATION deposits could occur. During and after burial of the upland deposits, incision and
2 T A deposition of organic material continued in the stream valleys. As a result, older aged
Loose, clean to slightly silty, white to pale-yellow, well-sorted, fine to coarse sand with sediments can be found higher elevations. Upland swamp deposition in Cypress Swamp
scattered very coarse sand to pebble laminae. These deposits are found along the margins appears to have begun around 5,000 yrs B.P. in topographically low areas and where
of the Indian River, Swan Creek, Cow Bridge Branch, Millsboro Pond, and Betts Pond in fine-grained organic deposits in the Cypress Swamp Formation created local perched
308 32 the Millsboro Quadrangle. The sands are over 15 ft thick in Millsboro adjacent to the ground water at or near the land surface.
% Indian River. Middle Pleistocene.
Dune deposits consist of fine to medium, well-sorted sands that have a
Where mapped as Qlh, in the northern third of the Millsboro Quadrangle, the Lynch pronounced surficial expression as curvilinear features that rise above the surrounding
Heights Formation consists of a thin (<5 ft thick) layer of heterogeneous sediments landscape. The majority of these features in the map area are found in the southern
ranging from reddish-brown, pale-yellow, and light-gray silty, clayey, very coarse to fine portion of the Millsboro Quadrangle. Most of these dunes are latest Pleistocene to early
sand, to pale-yellow to light-gray gravelly sand to sandy gravel. These deposits are Holocene in age (Andres and Howard, 2000). A few of the dunes have well-developed
interpreted to be the result of local reworking of the underlying Beaverdam Formation and deep (>3 ft) soil profiles and could possibly be as old as late Pleistocene. Dune
sediments in shallow nearshore tidal environments. The Lynch Heights Formation is features are also associated with the rims of Carolina Bays. The exact process by which
differentiated from the Beaverdam Formation by the lack of the characteristic white silt the distinctive circular shape of the Carolina Bays was formed is unknown. Both the
matrix. A layer of coarse sand to gravel is commonly found at the base of the unit dunes and the Carolina Bays are cold-climate related features located where winds moved
overlying the typical Beaverdam sands. Middle Pleistocene. sand across a landscape barren of forests (Denny and Owens, 1979; Ramsey, 1997) and
are, in part, contemporaneous with deposition of the sands within the Cypress Swamp
Formation.
OMAR FORMATION
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