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based and offshore core data, surficial sediment data, and information from previous
seismic surveys within the bay (Tucholke and others, 1972; Schlee and others, 1973;
Oldale, 1988; Oldale and O’'Hara, 1975, 1990; U.S. Geological Survey, unpub. data,
1995; Uchupi and others, 1996). Figure 3 is a map of the modern surficial sedimen-
tary environments within Cape Cod Bay, interpreted from sidescan sonar records and
supplemental data by Knebel and others (1996), and it is intended to provide a basis
for this investigation.

PREVIOUS INVESTIGATIONS

Hoskins and Knott (1961) conducted one of the first studies using a continuous seis-
mic-reflection profile to determine the stratigraphy within Cape Cod Bay. Additional
offshore stratigraphic data from Massachusetts Bay and the Gulf of Maine were
obtained from cores and deep seismic profiles and were used to correlate seismic hori-
zons within Cape Cod Bay (Tucholke and Hollister, 1973; Oldale and O’Hara, 1975;
Oldale and Bick, 1987; Oldale, 1988).

The glacial history of Cape Cod Bay and Cape Cod has been reported by Oldale and
Tuttle (1964), Oldale and O’Hara (1975, 1990), Oldale (1982, 1986, 1988, 1992),
and Larson (1982). Sea-level changes during the late Wisconsinan and Holocene were
investigated by Redfield and Rubin (1962), Kaye and Barghoorn (1964), Oldale and
O’Hara (1980), and Oldale (1988). Uchupi and others (1996) described a regional syn-
thesis of the late Quaternary history of Cape Cod.

A map showing the texture of the surface sediments in the bay was constructed by
Schlee and others (1973). A 3.5-kHz echo-sounding survey outlining sediment thick-
ness in the same area was produced by Tucholke and others.(1972). Maps displaying
modern sedimentary environments of erosion, reworking, and deposition on the sea
floor in Cape Cod Bay and Massachusetts Bay as interpretated from sidescan-sonar
records have been presented by Knebel (1993), Knebel and Circé (1995), and Knebel
and others (1991, 1996).

GEOLOGIC HISTORY

The morphology of Cape Cod Bay and Cape Cod is the result of glaciation and post-
glacial sea-level fluctuations during Pleistocene and Holocene time. The bedrock
beneath Cape Cod Bay is thought to include crystalline rocks of Precambrian and
Paleozoic age as well as sedimentary rocks of Pennsylvanian age. Seismic studies also
indicate that Triassic-age sedimentary rocks may underlie part of the bay (Ballard and
Uchupi, 1975). The surface of the bedrock is an unconformity capped by isolated ero-
sional remnants thought to represent coastal plain sediments of Late Cretaceous and
Tertiary age, similar to those described by Kaye (1983) along the southeastern
Massachusetts coast. These deposits may have been submerged and later exposed to
subaerial erosion during Early Tertiary time into Oligocene time (Oldale, 1992).

During the Pleistocene, at least two episodes of glaciation scoured the bedrock and
overlying deposits in southeastern Massachusetts, in¢luding the Cape Cod area. An
Illinoian(?)-age drift locally known as the lower New England Till has been described
from drumlin exposures in Boston Harbor (Kaye, 1982), and it is interpreted to under-
lie marine deposits at Sankaty Head, Nantucket (Oldale and Eskenasy, 1983).

the bay. The sediments are also relatively thin near the topographic high in the center
of the bay (Fishing Ledge) and along the bay’s margins. The thickest areas of sediment
accumulation generally are found within the boundaries of modern depositional envi-
ronments as mapped by Knebel and others (1996).

Variations in the thickness of Holocene sediments are a result of infilling of topo-
graphic lows in the underlying Pleistocene surface in conjunction with a modern cur-
rent regime that allows for long-term deposition of fine-grained sediments in deeper
parts of the bay (Knebel and others, 1996). Along the margins, the Holocene sedi-
ments are generally thinner and coarser because the silt and clay are winnowed away
by the nearshore currents and deposited in the deeper parts of the bay (Knebel and oth-
ers, 1996). ;

The rate of Holocene sediment accumulation in the deeper areas of Cape Cod Bay
is estimated to be 0.1 cm/year, similar to the rate within nearby Stellwagen Basin
(Tucholke and Hollister, 1973; Hunt and others, 1992; Knebel and others, 1996).
Based on this rate, the thickest accumulations of sediment in the deeper parts of Cape
Cod Bay correlate with an age of 10 to 15 ka, similar to the approximate age of the
late Wisconsinan/Holocene boundary.

Surficial Geology

The nature and distribution of surficial sediments located within the modern deposi-
tional area of Cape Cod Bay, as determined from sidescan sonar data and supplemen-
tal information, are presented in figure 5. The contact between very coarse to very fine
sand and sandy to clayey silt was constructed using grain size analyses of grab samples
and core data (Schlee and others, 1973; Oldale and Bick, 1987; U.S. Geological
Survey, unpub. data, 1995). Coarser grain sizes and higher concentrations of sand and
gravel generally are located shoreward of this contact and in shallower waters in the
bay.

The finer grained sediments are sandy to clayey silts in the central part of the bay,
where the water is deeper and resuspension caused by storms and tidally induced cur-
rents is minimal (Knebel and others, 1996). The sediments become finer as the water
deepens, with the finest clayey sediments concentrated north-northeast of Fishing
Ledge. Modern fine-grained sediments possibly are derived from both local and region-
al sources, which include (1) wave erosion of nearshore areas; (2) input from local
streams, groundwater discharge, and runoff; (3) Boston Harbor; (4) Massachusetts Bay
(see location map); and (5) rivers that discharge into the Gulf of Maine (Knebel and oth-
ers, 1996).

Along the eastern and western margins of the depositional area, around local topo-
graphic highs (such as Fishing Ledge), and in areas identified as being environments of
erosion, nondeposition, or sediment reworking (compare figs. 3 and 5), the sediments
are gravel and coarse sand, and may be covered by a thin layer of medium to very fine
sand. Southward from the depositional area the sediments also tend to coarsen, grad-
ing from silty sand to fine and very fine sand toward the nearshore area, similar to
trends observed by Schlee and others (1973). An enclosed area mapped in the south-
ern part of the bay contains more than 70 percent fine to very fine sand within the sur-
ficial sediments (fig. 5).
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Figure 3.—Distribution of modern sedimentary environments in Cape Cod Bay, interpreted from
sidescan sonar records and supplemental marine geologic data (Knebel and others, 1996).
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Figure 5.—Surficial sediment map of the sea floor within the modern depositional area of Cape

Cod Bay, as interpreted from sidescan sonar data and correlated with textural analyses of cores
and grab samples from supplemental data. Because the sonar pulses penetrated only the top few
centimeters of the sea floor, this map gives a textural interpretation of the sediments only at their
surface. It does not necessarily correlate with the underlying subbottom stratigraphy as interpret-
ed on profiles 1-4.
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