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OFFSHORE NORTH CAROLINA
by
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ABSTRACT

More than 11,000 km of high-resolution seismic-reflection data,
325 km of mid-range sidescan—sonar data, and 500 km of long-range
sidescan—sonar data were examined and used to construct an environmental
geology map of the Continental Shelf, Slope, and Rise for the area of the
U.S. Atlantic margin between lats. 32°N. and 37°N. Hardgrounds and
two faults described in previous literature also are shown on the map.

On the Continental Shelf, at least two faults, the Helena Banks
fault and the White Oak lineament, appear to be tectonic in origin.
However, a lack of historical seismicity associated with these faults
indicates that they are probably not active at the present time.
Hardgrounds are widely scattered but are most abundant in Onslow Bay.
Although paleostream channels are common nearshore, they do not appear to
be common on the central and outer shelf except off Albemarle Sound where
extensive Pleistocene, Pliocene, and late Miocene channels extend across
the shelf. Mobile bottom sediments are confined mainly to the shoals off
Cape Romain, Cape Fear, Cape Lookout, and Cape Hatteras. Elsewhere the
sand cover is thin, and older more 1indurated rocks are present 1in
subcrop.

No slope—-instability features were noted on the Florida-Hatteras
slope off North Carolina. The lack of features indicates that this slope
is relatively stable.

Evidence for scour by strong currents is ubiquitous on the northern
Blake Plateau although deep—water reefs are sparse. The outer edge of
the plateau is dominated by a major growth fault and numerous splay and
antithetic faults. These faults are the product of salt tectonism in the
Carolina trough and thus are munot associated with seismicity.
Displacements observed near the sea floor and breached diapirs offshore
indicate that the main fault is still moving. Associated with the faults
are collapse features that are interpreted to be caused by karst solution
and cavernous porosity in Eocene and Oligocene limestones at depth.

Major slumps have taken place 1in two large areas of the Continental
Slope. Seismic-reflection profiles of the southern area, centered on the
lower slope at lat. 33°N., long. 76°W., show a 80-m—~high scarp in which
bedding has been truncated. Rotational slump faults are present in this
area on the middle and upper slope. Sidescan 1images show that 1large
blocks have slid downslope from the scarp face, furrowing the bottom.
High-resolution (3.5~kHz) records show that the rotational slump faults
upslope are active. The associlation of these slumps and the scarps with
salt diapirs suggests subsidence accompanying salt tectonism as the
cause. Selsmic-reflection records over the northern area, at about lat.
36°20°N., long. 74°40°W., show two steep scarps, each about 225 m high on



the upper and middle-slope. These slump scars and an absence of
Pleistocene sediments indicate that large blocks of the slope have been
removed by slumping.

The slope north of 1lat. 35°N. is highly dissected by canyons.
Mid-range sidescan-sonar records suggest that the canyons are the product
of mass wasting and have probably formed largely by slumping.

Sediments in a wide zone on the upper rise are highly disturbed and
faulted owing to salt tectonism. Twenty—-six salt diapirs are mapped, as
is a zone of disturbed bottom related to salt tectonism.

An area of frozen bottom (clathrate) under which shallow free gas is
trapped underlies the outer Blake Plateau, the slope, and the upper rise.
Although the hazards of drilling into or through clathrates have not been
tested, the release of gas from beneath this frozen layer may prove to be
a primary hazard to exploration.

INTRODUCTION

An environmental geologic map depicting features that may be
potential geologic hazards and limitations to petroleum development of
the Continental Shelf, Slope, and Rise off North Carolina (pl. 1) was
constructed from regional high-resolution seismic-reflection profiles and
from long-range and medium—-range sidescan—sonar images gathered during
FY (fiscal year) 1976 to 1980 by the U.S. Geological Survey (USGS) as
part of the USGS-U.S. Bureau of Land Management (BLM) Environmental
Assessment Program. Figure 1 shows the distribution and spacing of track
lines along which data used in the construction of the map were
collected. Hardgrounds and two faults, the Helena Banks fault (Behrendt
and others, 1981) and the White Oak lineament (Snyder and others, 1981),
described in previous 1literature have been added to the map. Although
the average spacing of track lines used in the construction of the
environmental map is approximately 10 km, we have mapped 1large 1linear
features such as the shelf-edge reef and the growth fault at the edge of
the Blake Plateau between lines on the basis of bathymetry from 1:250,000
scale NOS (U.S. National Ocean Survey) topographic—bathymetric sheets
(Currituck Sound, NJ 18-11; Manteo, NI 18-2; Russell, NI 18-5; Beaufort,
NI 18-4; Cape Fear, NI 18-7; Georgetown, NI 17-9; and James Island,
NI 17-12 quadrangles) and of projection. Mapped features are discussed
by area of occurrence, such as shelf, slope, and rise (fig. 2), and
topic, such as faults, slope instability, etc. Because general drilling
difficulties or environmental limitations on exploration or production
likely to be associated with many of these features have been reviewed
thoroughly by Ball and others (1980), McCarthy and others (1980),
Carpenter (198l1), and Popenoe and others (1981b), they will not be
discussed here. Field methods and instruments and processing of
high-resolution seismic-reflection data do not differ from those reported
by Ball and others (1980) or Pinet and others (1981lb). Field methods for
the sidescan—-sonar surveys were discussed by Somers and others (1978),
Popenoe and others (198l1b), and Teleki and others (1981).



Figure

1.

Location map of track lines along which seismic (narrow
solid 1line) and sidescan—sonar (heavy striped line) data
used in the construction of the environmental geology map
(pl. 1) were collected. Also shown as heavy track lines are
the locations of figures discussed in the text. Track lines
are labeled by cruise and 1line number. Dotted lines show
bathymetry.

F = R.V. FAY, legs 17 and 18, 1976
F = R.V. FAY, leg 19, 1976

; = R.V. FAY, leg 25, 1976

I = R.V. ISELIN, leg 3, 1978

G = R.V. GILLISS, leg 6, 1979

GY = R.V. GYRE, leg 9, 1980.
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Figure 2. Physiographic features of the southeastern U.S. margin.
FZ, major oceanic fracture zone.
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CONTINENTAL SHELF

The Continental Shelf south of Cape Hatteras consists of both the
Florida-Hatteras shelf and the northern part of the Blake Plateau. North
of Cape Hatteras, the Continental Shelf is a flat, essentially uniform
surface. The boundary between the Florida-Hatteras shelf and Blake
Plateau is physiographic, not structural. The Florida-Hatteras shelf off
North Carolina consists of a thickened depositional wedge of sediments,
chiefly of Neogene and Pleistocene age, that have prograded out to the
Gulf Stream, which has prevented further advance.

FLORIDA-HATTERAS SHELF

Sediment Cover

The surficial cover of the Florida-Hatteras shelf off North Carolina
is composed dominantly of sand that forms a thin veneer (generally 2 m or
less) over older sedimentary rocks. Small patches of mud occur south of
Cape Lookout and Cape Hatteras (Pilkey and others, 1980). The sand cover
is well sorted and reworked by both currents and benthic infauna. It
does not appear to move significantly during storms except mnear Cape
Hatteras, Cape Romain, Cape Fear, and Cape Lookout, where large sand-wave
fields are present (pl. 1). The sand-wave fields offshore of the capes
shown on plate 1 are based on published shelf bathymetry and are
diagramatic by intent, as we were mnot able to survey in the nearshore
shoal areas with the large research ships that were required for the
outer shelf. 1In Onslow and Long Bays, the thickness of the sand cover
from the shore to 26 km offshore has been studied by Meisburger (1977),
who recorded as much as 13 m of coarse quartzose sand in Frying Pan
shoal. Otherwise, little is known of the thickness of the sand sheet in
the shoal areas.

Lagoonal mud and peat, stream—channel fillings, and some
cut-and—-f1ill structures occur on the shelf, but they are patchy and
scattered (Meisburger, 1979; McCarthy and others, 1980; Henry and others,
1981; Pilkey and others, 1981). In the nearshore zone, many large
channels having as much as 33 m of relief extend offshore between Cape
Lookout and the South Carolina border (Meisburger, 1977, 1979); however,
our regional data further offshore showed that large stream channels
appear to be widely scattered. This apparent sparseness may be due, in
part, to the width of the bubble pulse in our airgun data, which obscures
the upper 10 m of the record, so that small channels are difficult to
detect, and also to the orientation and spacing of our track lines which
were oriented chiefly in a cross shelf direction. Only scattered
channels were noted in our 3.5-kHz records, and only a few large channels
are shown on plate 1 south of Cape Hatteras. These channels are depicted
as clircular, as our data spacing did not allow us to trace them along
strike. An example of a large channel is shown in figure 3. North of
Cape Hatteras, a very large fluvial channel (>10 km) filled by lenticular
bedded sediment crosses the shelf off Albemarle Sound. Nearshore this
channel is filled by Pleistocene sediments (Shideler and Swift, 1972).
It overlies a series of larger and deeper channels of Pliocene and late
Miocene age. Because of the widespread and repeated channeling in the
area off Albemarle Sound, the load-bearing properties of near-—surface
sediments could vary widely within short distances.



Figure 3.

Seismic-reflection record showing a large buried channel of
probable fluvial origin on the inner Florida-Hatteras shelf
at lat. 34°20°N., 1long. 76°53°W. in Onslow Bay. The
channel has a width of several kilometers and a depth of
about 50 m. The channel 18 cut into a hard Miocene
substrate, and reverberations from the substrate make the
channel appear deeper than it is. The identification of
near-surface material as Pleistocene to Holocene is
speculative.




















































































































































































