





GEOLOGIC FRAMEWORK AND PETROLEUM POTENTIAL OF
THE ATLANTIC COASTAL PLAIN AND CONTINENTAL SHELF

By Jou~ C. Maner

ABSTRACT

The Atlantic Coastal Plain and Continental Shelf of North
America is represented by a belt of Mesozoic and Cenozoic
rocks, 150 to 285 miles wide and 2,400 miles long, extending
from southern Florida to the Grand Banks of Newfoundland.
This belt of Mesozoic and Cenozoic rocks encompasses an area
of about 400,000 to 450,000 square miles, more than three-
fourths of which is covered by the Atlantic Ocean. The volume
of Mesozoic and Cenozoic rocks beneath the Atlantic Coastal
Plain and Continental Shelf exceeds 450,000 cubjc miles, per-
haps by a considerable amount. More ‘than one-half of this is
far enough seaward to contain marine source rocks in sufficient
proportion to attract exploration for oil. A larger fraction,
perhaps three-quarters of the volume, may be of interest in
exploration for gas.

The Coastal Plain consists of land between the crystalline
rocks of the Piedmont province of the Appalachian Mountain
System and mean low tide from southern Florida to the tip of
Long Island plus a few small offshore islands and Cape Cod.
This is an area of more than 100,000 square miles.

The continental shelf extends from mean low tide to the
break marking the beginning of the continental rise, which is
somewhat less than 600 feet in depth at most places. It is
a gently sloping platform, about 350,000 square miles in area,
that widens from less than 3 miles off southern Florida to
about 285 miles off Newfoundland.

The Blake Plateau occupies an area of about 70,000 square
miles between the 500- and 5,000-foot bottom contours from
the vicinity of Cape Hatteras to the northernmost bank of
the Bahamas. It has a gentle slope with only minor irregulari-
ties and scattered patches of Holocene sediments.

Gravity and magnetic anomalies along the Atlantic coast
primarily reflect compositional differences in the earth’s crust
at great depths, but they are also related to some extent to
the structure and composition of the Coastal Plain sedimentary
rocks and shallow basement. Four alternating belts of predom-
inantly positive and predominantly negative Bouguer gravity
anomalies extend diagonally across the region from southwest
to northeast. These correspond roughly with the continental
rise and slope, the continental shelf and Coastal Plain, the
Appalachian Mountain System front, and the Piedmont
Plateau-Blue Ridge-Appalachian Basin region.

Long, linear, northeastward-trending magnetic anomalies
roughly parallel the Appalachian Mountain System and the
edge of the continental shelf. These trends are interrupted
along the 40th parallel, about 50 miles south of New York, by
a linear anomaly, suggesting a transcurrent fault, more or

less alined with a string of seamounts extending down the
continental rise to the abyssal plain. The trends parallel to
the Appalachians terminate in Florida against a scntheasterly
magnetic trend thought by some to represent an extension of
the Ouachita Mountain System. One large anomaly, known as
the slope anomaly, parallels the edge of the .continental shelf
north of Cape Fear and seemingly represents th~ basement
ridge located previously by seismic methods.

Structural contours on the basement rocks, as drawn from
outcrops, wells, and seismic data, parallel the Appalachian
Mountains except in North and South Carolina, where they
bulge seaward around the Cape Fear arch, and in Florida,
where the deeper contours follow the peninsula. Tl > basement
surface is relatively smooth and dips seaward at retes ranging
from 10 feet per mile inland to as much as 120 feot per mile
near the ocean. A decided steepening of the slope is apparent
below a depth of 5,000 feet in most of the area. T e principal
structural features are the Southwest Georgia embayment,
South Florida embayment, Peninsular arch, Bablama uplift,
Southeast Georgia embayment, Cape Fear arch, Salisbury
embayment, Blake Plateau trough, Baltimore Canyon trough,
Georges Bank trough, and Emerald Bank trough.

Triassic, Cretaceous, and Tertiary rocks crop out roughly
parallel to the present Atlantic coastline. Triassic outcrops are
confined to scattered down-faulted basins within tl » piedmont.
Lower Cretaceous outcrops are recognized in the Salisbury
embayment of New Jersey, Delaware, Maryland, a~d Virginia,
and may be represented farther south as thin clastic beds
mapped with the basal Upper Cretaceous. Upper Cretaceous
rocks crop out almost continuously along the Fal' Line from
eastern Alabama to the north flank of the Cape Fear arch in
North Carolina and from Virginia to New York. Tertiary
rocks crop out in broad patterns throughout the Coastal Plain
except on the Cape Fear arch and where masked by a veneer
of alluvial deposits.

The Cretaceous and Tertiary rocks exposed from southern
Georgia northward to Long Island are mainly continental
clastics interspersed with some thin lignitic layers and marl
beds. Seaward, these rocks become marine in character and
thicken to more than 10,000 feet at the coastline. Cretaceous
rocks do not crop out in southern Georgia and Florida, and
Tertiary rocks are only partially exposed. Both are predom-
inantly marine carbonates in the subsurface and exceed
15,000 feet in thickness in the Florida Keys and Bahama

Islands.
The subsurface correlations of the Mesozoic and Cenozoic
rocks beneath the Coastal Plain are traced along eight cross

1



2 PETROLEUM POTENTIAL, ATLANTIC COASTAL PLAIN AND CONTINENTAL SHELF

gections. One section extends subsurface correlations from the
marine carbonate facies beneath the Florida Keys northward
into the mixed marine and continental clastic facies beneath
Long Island. The other sections trace units of the predom-
inantly clastic outcrops downdip into marine facies along the
coast.

The pre-Mesozoic basement rocks beneath the Coastal Plain
are primarily igneous and metamorphic rocks of Precambrian
and Paleozoic age. Some Paleozoic sedimentary rocks ranging
from Early Ordovician to Middle Devonian in age are in the
basement in northern Florida. The oldest rock recovered from
the sea bottom along the Atlantic coast has come from the
Paleozoic granite pinnacles at a depth of about 30 feet on
Cashes Ledge near the middle of the Gulf of Maine.

Triassic(?) rocks, which consist of red arkose, sandstone,
shale, tuff, and basalt flows, in places intruded by diabase,
are present in downfaulted basins in the basement. Rocks of
Late Jurassic or Early Cretaceous (Neocomian) age are pres-
ent beneath southern Florida. There the sequence, as much
as 1,100 feet thick, consists principally of limestone, dolomite,
and anhydrite with a marginal clastic facies at the base
where it rests on igneous basement. Equivalent rocks about
900 feet thick are present at Cape Hatteras, N.C.,, and
extend northward along the coast into New Jersey.

In Florida, the Lower Cretaceous rocks, subdivided into rocks
of Trinity, Fredericksburg, and Washita age, are predom-
inantly carbonates and exceed 6,700 feet in thickness beneath
the Florida Keys. Northward along the coast, the rocks wedge
out on the Peninsular arch and then reappear as a thin clastic
unit across Georgia and South Carolina. They are missing
from the higher parts of the Cape Fear arch in North Carolina
but are present on the east flank as a thickening wedge of
mixed clastic and carbonate rocks more than 2,800 feet thick
at Cape Hatteras and 2,600 feet thick in Maryland. Lower
Cretaceous rocks probably extend into northern New Jersey
but do not reach Long Island. Lower Cretaceous submarine
outcrops are present in the Blake Escarpment.

Upper Cretaceous rocks, which can be subdivided into rocks
of Woodbine, Eagle Ford, Austin, Taylor, and Navarro age,
are about 1,200 to 3,000 feet thick in wells along the coast. In
Florida, they are almost totally marine carbonates. These
grade northward along the coast into mixed marine carbonates
and clastics in North Carolina and then into marine and
continental clasties beneath Long Island. Rocks of Taylor
aud Navarro age have been dredged from Oceanographer and
Gilbert Canyons off Georges Bank and rocks of probable
‘Woodbine age from the Blake Escarpment. In addition, cobbles
of chalk containing Cretaceous Foraminifera have been found
in a core from the floor of Northeast Providence Channel,
11,096 feet beneath the sea between the Bahama Islands, and
reworked Cretaceous Foraminifera have been identified in a
core of coarse glauconitic sand on the continental rise, 155
miles southwest of Cape Hatteras.

Tertiary rocks and thin Quaternary deposits are present
along the Atlantic coast. The thickness of Tertiary rocks along
the coast ranges from 4,300 feet in southern Florida to 130
feet on Long Island. In general, the Tertiary rocks are pre-
dominantly earbonates along the southern half of the Atlantie
coastline and are mostly sandstone and limy shale along the
northern half. Marl of early Miocene age crops out on the
fishing banks known as Black Rocks off the coast of North
and South Carolina. The Ocala Limestone of late Eocene age

is not far beneath the sea bottom wh"ere artesian submarine
springs issue along the east coast of Florida. Short cores
and dredgings of Tertiary rocks, mostly Late Eocere (Jackson)
and younger in age, have been recovered at nore than 3
dozen localities concentrated for the most part between
Georges Bank and the Hudson Canyon and ir the Blake
Plateau-Bahama Banks region. Pleistocéne silts an clays have
been found in many cores, and gravel ahd bouldes of glacial
origin have been dredged north of New York City.

Tertiary strata beneath the continental shelf have been
penetrated by two test holes about 10 miles off Srvannab, Ga.
The test holes, which stopped in the Ocala Limestone, revealed
that rather uniform thicknesses of Oligocene, lowrer Miocene,
and middle Miocene strata extend from the shore seaward for
at least 10 miles; that the upper Miocene rocks and the Pleis-
tocene and Holocene deposits decrease in thickness seaward;
and that only the Oligocene rocks exhibit a pronctnced facies
change, from carbonates to clastics in a seaward direction.

Tertiary rocks beneath the continental shelf have also been
penetrated by six test holes 27 to 221 miles off Jacksonville,
Fla. Stratigraphic data from these test holes indicate that
Paleocene beds probably continue from the Coastal Plain to
the edge of the Blake Plateau and are exposed av sea bottom
along the lower part of the slope. The Eocene, Oligocene,
and Miocene beds appear to be prograded seaward beneath
the outer shelf and slope and are greatly thinned on the pla-
teau. They appear to be especially thin or even absent along
the lower slope, which corresponds approximately with the
axis of maximum velocity of the Gulf Stream. Conclusions
drawn from the test-holes data and some sparker profiles are
that the shelf was built seaward rather continu~usly during
Tertiary time and that the edge of the continental shelf has
been prograded about 9.3 miles by a mass of sediment 300 to
600 feet thick.

Upper Jurassic and Lower Cretaceous rocks offer the most
promising prospects for oil and gas production in the Atlantic
coastal region. Offshore, their combined thickn-<ss probably
exceeds 7,500 feet in the South Florida embayment and Blake
Plateau trough, 5,000 feet in the Southeast Georgit embayment
and Baltimore Canyon trough, and 3,000 feet in the Georges
Bank trough. Marine beds generally regarded as potential
sources of petroleum are predominant, and the environment of
their deposition, at least in the southern areas, probably
favored reef growth. Thick, very porous salt-water-bearing
reservoirs, both sandstone and carbonate, ar® numerous.
Important unconformities are present not only at the top but
within the sequence. Three small accumulations of oil have
been found in Lower Cretaceous rocks of southwestern
Florida.

In rocks of Late Cretaceous age good possibilities for oil
and gas production exist beneath the continental s*elf, but only
fair possibilities, chiefiy for gas, exist in the Coastal Plain.
Although the thickness of these rocks does not exceed 3,500
feet onshore and may be only a few thousand feet more beneath
the shelf, the beds are buried sufficiently beneath the Tertiary
rocks to provide ample opportunity for the accmulation of
petroleum. Reservoirs are thick and numerous in the Upper
Cretaceous rocks of the. Coastal Plain and theve reservoirs
seem to extend beneath the shelf, where marine source rocks
may be expected. Rocks of Woodbine and Bagle Ford age
appear to be a favorable reservoir-source rock combination
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whose thickness probably exceeds 2,000 feet offshore. The basal
unconformity is important from the standpoint of petroleum
accumulation, as in places it permits the basal Upper Creta-
ceous sandstones of Woodbine age to overlap the underlying,
more marine Lower Cretaceous rocks.

Tertiary rocks along the Atlantic coast exhibit very good
reservoir and fair source-rock characteristics; however, they
are less promising for large accumulations of petroleum than
the Jurassic and Cretaceous rocks. Tertiary rocks are prob-
ably less than 4,000 feet thick in most of the area north of
southern Florida and the Bahama Islands; they contain fresh-
to-brackish artesian water in much of that area; and they
crop out in part along the continental shelf and in other places
give rise to submarine springs in sink holes. In addition,
structural features are reflected less distinctly in the Tertiary
rocks than in the older rocks, and unconformities and overlaps
within the Tertiary rocks are less significant regionally than
those in older rocks.

The continental shelf offers more promise as a potential
petroleum province than the Coastal Plain because it has a
thicker sedimentary column with better source beds and
trapping possibilities. The probabilities for discovery of large
accumulations of petroleum in the Atlantie coastal region on a
well-for-well basis seem to favor the Upper Jurassic and
Lower Cretaceous rocks beneath the continental shelf.

INTRODUCTION

AREA AND PURPOSE OF REPORT

The Atlantic Coastal Plain and Continental Shelf of
North America is represented by a belt of Mesozoic
and Cenozoic rocks, 150 to 300 miles wide and 2,400
miles long, extending from southern Florida to the
Grand Banks of Newfoundland (fig. 1). This belt
encompasses an area of about 450,000 square miles,
more than three-fourths of which is covered by the
Atlantic Ocean. The submerged part forms the Atlan-
tic Continental Shelf, which widens northward from
3 miles off Florida to about 285 miles at the Grand
Banks off Newfoundland. The area of the continental
shelf, including the Gulf of Maine, approximates
350,000 square miles. The emergent part, the Coastal
Plain, narrows northward from a 200-mile width in
Georgia to the terminal point of Long Island. Beyond
this point, remnants of the Coastal Plain are present
in the form of the New England Islands of Wood-
worth and Wigglesworth (1934) and Cape Cod. The
area of the Coastal Plain, including the eastern half
of the Florida Peninsula, approximates 100,000 square
miles.

The volume of Mesozoic and Cenozoic rocks beneath
the Atlantic Coastal Plain and Continental Shelf of
North America exceeds 450,000 cubic miles, perhaps by
a considerable amount. (See Gilluly (1964, p. 484) for
estimates of volume between Nova Scotia and Virgin-

ia.) More than one-half of this is far enough seaward
to contain marine source rocks in sufficient proportion
to attract exploration for oil. A larger fraction, per-
haps three-quarters of the volume, may be of interest
in exploration for gas.

This report outlines the structure along th~ Atlantic
coast from southern Florida to northern Nova Scotia
(fig. 1) and discusses the stratigraphy of the area be-
tween southern Florida and Cape Cod, Mass. The con-
tinental shelf off Newfoundland is omitted because of
lack of geological and geophysical information. Par-
ticular emphasis has been placed on the regicmal strati-
graphic aspects of the subsurface rocks.

The purpose of this report is to establish a strati-
graphic framework within this large sedimen tary mass,
to outline the structure of the continental m=vrgin, and
to evaluate the petroleum possibilities of this relatively
unexplored province to the extent that is possible at
this time. It is not intended to be a summation of all
geology and oceanography along the Atlantic coast but
rather a selective review and synthesis of the regional
aspects of the possible petroleum-produciné; rocks be-
neath the Coastal Plain and continental shelf, based on
data available October 1, 1966. A preliminary version
of this report (Maher, 1967a) was releasel to open
file on October 30, 1967.

Earlier reports and maps prepared by the U.S. Geo-
logical Survey have provided a broad review of the
general characteristics, problems, and potential mineral
resources of the continental shelves of the Western
Hemisphere (Trumbull and others, 1958) ; an estimate
of the potential petroleum reserves of the Atlantic
Coastal Plain and Continental Shelf based primarily
on thickness of sediments (Johnston and others, 1959) ;
a representation of the basement structure along the
Atlantic coast from Florida to the Gulf of Maine
(Cohee, 1962; Bayley and Muehlberger, 1538) based
on both geological and geophysical data published up
to 1959; a report on correlations of subsurface Meso-
zoic and Cenozoic rocks along the Atlantic coast
(Maher, 1965) ; and summary discussions of petroleum
possibilities in relation to the stratigraphy (Maher,
1966a, b; 1967b). In addition, numerous publications
have resulted from cooperative investigations with the
Woods Hole Oceanographic Institution. These include
a map showing the relation of land and submarine
topography, Nova Scotia to Florida (Uchupi, 1965a),
a summary of the geology of the continental margin
off Eastern United States (Emery, 1965a), and many
reports of lesser scope, most of which are mentioned
herein where appropriate.
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FreURE 1.—Physiographic province map of eastern North America, showing area discussed in this report.

SOURCES AND RELIABILITY OF DATA

Many organizations provided well records and geo-
logical information: The Pure Oil Co. permitted use
of nonconfidential data from a reconnaissance report
prepared by J. C. Maher and Irvin Bass in 1959; the
Gulf Oil Corp. and Anchor Gas Co. loaned samples and
cores of their wells; State agencies and U.S. Geological
Survey field offices engaged in ground-water investi-
gations supplied a wealth of shallow subsurface data.
The State agencies involved were the Florida Geolog-
ical Survey; Georgia Department of Mines, Mining,
and Geology; South Carolina Development Board;

North Carolina Department of Conservation and De-
velopment; Virginia Division of Mineral Resources;
Maryland Department of Geology, Mines, and Water
Resources; and New Jersey Department of Conserva-
tion and Economic Development. The U.S. Geological
Survey field offices include those at Tallabassee, Fla.,
Atlanta Ga., Columbia, S.C., Raleigh, N.C., Baltimore,
Md., Trenton, N.J., Mineola, N.Y., and Bo-ton, Mass.

The amount and reliability of subsurface well data
on which this report is based differs greatly from one
part of the region to another. For example, the records
of 422 oil and deep water wells in 12 states #nd the Ba-
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hama Islands have been used (pl. 1 and table 1), but
213 records are for wells in only two states—Florida
and Georgia. Also, the geological records for the wells
in Florida and Georgia are more complete and accurate
than those for wells in the northern part of the Coastal
Plain. No deep tests have been drilled in offshore
waters on the continental shelf, except in the Florida
Keys area. In general, the geological data is much more
reliable south of the Cape Fear arch than north of it.

Especially useful publications on regional stratig-
raphy-and structure of the Coastal Plain are those of
Cooke and Munyan (1938), Applin and Applin (1944,
1947, 1965), Richards (1945, 1948, 1950), Southeastern
Geological Society (1949), Spangler (1950), Spangler
and Peterson (1950), Skeels (1950), Bonini (1957),
Meyer (1957), Pooley (1960), Bonini and Woollard
(1960), LeGrand (1961),and Murray (1961). Local re-
ports that present important basic data in detail in-
clude those of Cederstrom (1943, 1945), Siple (1946),
Swain (1947, 1951, and 1952), Anderson (1948), Ap-
plin (1951), Brown (1958), Puri and Vernon (1959),
Herrick (1961), Herrick and Vorhis (1963), and Sea-
ber and Vecchioli (1963); most of these are publica-
tions of State geological surveys. Other reports on the
Coastal Plain geology are included in the list of
references.

Geophysical data on the continental shelf have been
taken from reports prepared by the Woods Hole
Oceanographic Institution and the Lamont Geological
Observatory. These include articles by Miller (1936),
Ewing, Crary, and Rutherford (1937), Ewing, Wool-
lard, and Vine (1939, 1940), Ewing, Worzel, Steen-
land, and Press (1950), Oliver and Drake (1951),
Officer and Ewing (1954), Drake, Worzel, and Beck-
mann (1954), Press and Beckmann (1954), Katz and
Ewing (1956), Hersey, Bunce, Wyrick, and Dietz
(1959), Drake, Ewing, and Sutton (1959), Heezen,
Tharp, and Ewing (1959), Ewing, Ewing, and Leyden
(1966), and Sheridan, Drake, Nafe, and Hennion
(1966). Bathymetry of the shelf has been taken from
the tectonic map of the United States (Cohee, 1962)
and charts of the U.S. Navy Hydrographic Office
(1951, 1952b, 1955, 1962a, b), the U.S. Coast and
Geodetic Survey (1945, 1957, 1959, 1961, 1962), and
the International Hydrographic Bureau (1958).

Numerous seismic refraction profiles of the conti-
nental shelf have been published. The locations of
most of these are shown on plate 2, but space does
not permit plotting of some short ones such as those
off Sable Island (Berger, Blanchard, Keen, McAllister,
and Tsong, 1965), Rhode Island (Birch and Dietz,

1962), Georgia (Antoine and Henry, 1965, fig. 1), and
Florida (Rona and Clay, 1966). The profiles are well
distributed from northern Florida to Nova S-otia but
little agreement exists on their stratigraphic interpre-
tation, partly because of the pronounced effect of
lateral facies changes on seismic velocity measurements.
Some seismic profiles off southern Newfoundland
(Press and Beckmann, 1954; Bentley and Worzel,
1956) have been published, but little or no information
is available on the Grand Banks. The available geo-
physical information outlines the regional stricture of
the shelf, but provides only speculative results for the
stratigraphy.

Systematic investigations of subbottom sediments
and strata along the Atlantic coast by means of dredg-
ing, coring, and undersea photography were begun
about 1930 by several oceanographic institutions. Large
quantities of data have been accumulated in these con-
tinuing programs. Data on the composition and age
of samples and cores have been reported by many
workers including Burbank (1929), Alexander (1934),
Shepard, Trefethen, and Cohee (1934), Shepard and
Cohee (1936), Bassler (1936), Cushman (19¢¢. 1939),
Stephenson (1936), Stetson (1936, 1938, 1949), North-
rop and Heezen (1951), Ericson, Ewing, and Heezen
(1952), and Heezen, Tharp, and Ewing (1959). The
regional aspects of bottom sediment and sibmarine
outcrop distribution in the Atlantic Ocean are dis-
cussed at length by Ericson, Ewing, Wollin, and Hee-
zen (1961), and Uchupi (1963). Detailed s‘udies of
samples and photographs of the bottom of th= Tongue
of the Ocean in the Bahama Islands have been reported.
by the Miami University Marine Laboratory, (1958),
Busby (1962a, b, and c¢), and Athearn (1962a, b). The
location and age of samples and cores listed in these
publications are shown on plate 2.
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pollen in the same well.

N. M. Perlmutter and Ruth Todd, of the U.S.
Geological Survey, allowed the writer to read the
manuseript of their report on the Monmouth group
in the well at the Bellport Coast Guard Station, Long
Island (well 6, pl. 1).

Cores, samples, and data for key wells were pro-
vided by the following: R. S. Stewart, of Anchor Gas
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PHYSIOGRAPHIC FEATURES

PROVINCES OF WESTERN NORTH
ATLANTIC REGION

The physiographic provinces of the western North
Atlantic region, as defined by Heezen, Tharp, and
Ewing (1959) and as outlined in figure 1, are the
abyssal plain, the continental rise, the continental slope,
the Continental Shelf, the Coastal Plain, and the
Appalachian Mountains. The abyssal plain is a part
of the ocean-basin floor; the continental rise, continen-
tal slope, and continental shelf make up the continental
margin.

The abyssal plain is the nearly flat ocean bottom
that has slopes generally less than 5 feet per mile.
Except in a small, isolated area near the Blake Plateau

and Bahama Banks where calcareous sediments pre-
dominate, the surface is covered with quartz silt that
Heezen, Tharp, and Ewing (1959, p. 58) suggest may
come from the Cape Hatteras region or the Hudson
Canyon. (See fig. 2.) Numerous seamounts are present
on the northern part of the abyssal plain.

The continental rise extends westward and upward
from the edge of the abyssal plain to the continental
slope. It is relatively wide, reaching sever~l hundred
miles in places, and has gentle slopes, generally between
5 and 50 feet per mile. The depth of water ranges
from 4,200 to 16,800 feet. The relief is low for the most
part but is represented by an outer ridge adjacent to
the eastern side of the Blake Plateau. Soveral sub-
marine canyons extend across the continental rise
(Ericson and others, 1951, p. 964), and saveral sea-
mounts rise above it off the New England coast.

The relatively steep and narrow contin~untal slope
parallels the continental rise and continental shelf at
depths ranging from 600 to 10,500 feet. The base is
marked by a gradient in excess of 132 feet per mile
(Heezen and others, 1959, p. 19) and the top by the
sharp break at the edge of the shelf. Numerous sub-
marine canyons traverse the continental slope.

The continental shelf extends from mean low tide
to the shelf break, or beginning of the continental
rise, which is somewhat less than 600 feet in depth at
most places. It is a gently sloping surface with a
gradient generally less than 5 feet per mile, and it
ranges in width from a few miles off Florida to more
than 285 miles off Newfoundland. The relief is rela-
tively low, although the surface is cut by numerous
submarine canyons.

The Coastal Plain is the belt of nearly flat land
that lies between the Piedmont province of the Appa-
lachian Mountains and the shoreline; iso'ated parts
include Cape Cod and a few small offshore islands.
The width narrows northeastward from a maximum
of about 200 miles in Georgia. The altitude decreases
gently seaward from about 800 feet at the edge of the
Piedmont province.

The Appalachian Mountains form a highland of
Precambrian, Paleozoic, and Triassic rocks stretching
from the Canadian Maritime Provinces southwestward
into Alabama. In the central and souther~ part, the
Appalachian Mountains comprise, from esst to west,
four distinct, subparallel physiographic svhdivisions:
(1) the Piedmont province, of moderate re'ief, carved
in deformed crystalline rocks with maximum altitudes
of about 2,000 feet, (2) the rugged Blue Pidge prov-
ince, composed of igneous and metamormhic rocks
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that rise to a maximum altitude of 6,711 feet at Mount
Mitchell, N.C., (3) the Valley and Ridge province of
considerable relief carved in deformed sedimentary
rocks with maximum altitudes of 5,000 feet, and (4)
the Appalachian Plateaus province of highly dis-
sected, flat-lying sedimentary rocks, mostly 1,000 to
4,000 feet above sea level. These belts are less readily
recognized in New England and Newfoundland.

The physiographic setting of the Coastal Plain and
continental margin is represented graphically on plate
3. The gradient of the continental slope in this diagram
is exaggerated considerably to emphasize the steeper
slope of the shelf break along the Blake Plateau in
contrast to the gentler slope to the north.

ATLANTIC COASTAL PLAIN

AREA AND CONFIGURATION

The Atlantic Coastal Plain, shown in figure 2, has
an area in excess of 100,000 square miles. It is a rela-
tively low area when compared with the Appalachian
Mountains that border it on the west, but it is not a
featureless plain. Terrace remnants with 200 feet of
relief are present in much of the inland area. Marine
and fluvial terraces are well developed on its surface
as a result of ancient changes in sea level. These ter-
races are traceable for long distances and are character-
ized by features of ancient shorelines, such as wave-cut
cliffs, beaches, spits, bars, and emerged deltas. The
altitudes of the terraces range from about 25 to 270
feet above sea level—the higher terraces are older and
are less well preserved.

The poorly indurated sedimentary rocks beneath the
Coastal Plain wedge out against the crystalline rocks
of the Piedmont province. Along this boundary the
more resistant rocks form a topographic demarcation,
known as the Fall Line, where falls and rapids are
found in most of the seaward-flowing rivers. This line
marks the upper limit of river navigation and many
important cities, including Trenton, Philadelphia,
Wilmington, Baltimore, Washington, Fredericksburg,
Richmond, Columbia, and Augusta, are located along
it.

The Coastal Plain is deeply indented by branching
bays or drowned river valleys, and the highly irregular
shoreline at its eastern edge exhibits numerous large
spits and bars from Cape Lookout, off North Caro-
lina, northward to New York (pl. 3). South of Cape
Lookout, drowned river valleys and barrier beaches are
not as common. Numerous small islands fringe the
coast of the Carolinas and Georgia. '

PROMINENT COASTAL FEATURES
GULF OF MAINE

The Gulf of Maine, about 25,000 square miles in
area, is the largest reentrant in the Atlantic coast
south of Cabot Strait. (See fig. 2.) It is almost enclosed
by banks and shoals that are submerged ben~ath 18 to
300 feet of water and that swing southward in an arc
linking Cape Cod and Nova Scotia. (Se> Murray
(1947) for topography of the gulf.) One deep channel,
600 to 900 feet deep, cuts through the enclosing banks
and shoals near Nova Scotia to connect with the deeper
floor of the ocean (Torphy and Zeigler, 1957). Lhe
waters behind the banks are 300 to 1,140 feet deep;
the somewhat irregular floor relief is sugrvestive of
a former glacial lake-and-river drainage system behind
a cuesta of Cretaceous and Tertiary rocks (Johnson,
1925, p. 267; Chadwick, 1949, p. 1967; Uchupi, 1965b;
1966, p. 166-167). A long arm of the gulf, the Bay of
Fundy, extends northeastward between New Bruns-
wick and Nova Scotia.

CAPE COD

Cape Cod, a seaward projection of Massachusetts, is
the most prominent emergent feature of the Atlantic
shoreline. (See fig. 2.) Its geography and geology have
been described by Davis (1896), Shaler (1898), and
Woodworth (1934a, p. 237-249). The great size and
bold projection of this peninsula into the Atlantic
Ocean are remarkable. In the shape of a man’s arm
bent at the elbow, the peninsula projects abott 40 miles
eastward into the ocean and then an equal distance
northward into the Gulf of Maine. A long spur of
sand trails southward from the elbow as Monomoy
Island, a continuation of the long, straight, sandy
shoreline along the entrance to the Gulf of Maine.
The interior shore around Cape Cod Bay i~ low and
swampy, whereas that facing the ocean is more abrupt
and indented farther by inlets. The topography of the
peninsula is dominated by morainal ridges and glacial
hills with altitudes of 200 to 300 feet. Glecial drift
masks the underlying geology, but Cretaceous and
Tertiary rocks have been reported in wells near
Provincetown at the tip of the peninsula (Zeigler and
others, 1960; 1964, p. 708). Hoskins and Knott (1961)
have interpreted continuous seismic profiles in the
adjacent bay as showing marine Tertiary strata and
erosional remnants of Cretaceous rocks. The age and
development of the hook have been discussed by Zeig-
ler, Tuttle, Tasha, and Giese (1965).
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DELAWARE BAY

Delaware Bay is the drowned lower valley of the
Delaware River, which separates New Jersey from
Delaware and Pennsylvania. (See fig. 2.) It is about
52 miles long and, at its broadest point, about 28 miles
wide. Although most of the bay is less than 120 feet
deep, the main channel ranges in depth from 210 feet
in the upper reaches to 900 feet near the mouth. The
lower end is partially closed by Cape May of New Jer-
sey and Cape Henlopen of Delaware. Shoals ring the
point of Cape May and parallel the channels upstream.
The shoreline of the bay is predominantly marshland.

CHESAPEAKE BAY

Chesapeake Bay, which splits Maryland and Vir-
ginia (see fig. 2), represents a drowned drainage
system that includes the lower valleys of the Susque-
hanna, Potomac, Rappahannock, York, and James
Rivers. It is over 160 miles long, more than 25 miles
wide in its central part, and about 13 miles wide at
its mouth between Cape Charles and Cape Henry. The
main channel ranges in depth from 20 to 82 feet and
leaves the bay close to Cape Henry on the south shore.
A crescent-shaped series of shoals parallels the north
shore around Cape Charles.

CAPE HATTERAS

Cape Hatteras, about 32 miles eastward from the
mainland of North Carolina, marks the meeting point
of two series of offshore bars. These offshore bars
extend almost without interruption from a few miles
south of Cape Henry at the mouth of Chesapeake Bay
to Cape Lookout (see fig. 2), a distance of about 120
miles. The bars are as much as 2 or 3 miles wide and
25 feet high, but generally they are less than 1 mile
wide and 10 feet high. They enclose two sizeable shal-
low bodies of water—Albemarle Sound at the north
and Pamlico Sound at the south. These sounds include
not only the lagoonal area behind the bars but also
parts of the drowned valleys of the Chowan and
Pamlico Rivers. The waters of the sounds are 24 feet
deep in some places, particularly near the rivers, but
they are mostly less than 15 feet deep in the lagoonal
areas. A part of the large tract of marshland that
separates the two drainage systems is known as East
Dismal Swamp. The formation of the offshore bars at
Cape Hatteras has been attributed by Davis (1849, p.
148) to reverse flow of great eddies along the shore-
ward margin of the northward-flowing Gulf Stream.

CAPE FEAR

Cape Fear protrudes about 20 miles berond the
general coastline midway between Cape Lookout, N.C.,
and Cape Romain, S.C. (See fig. 2.) Shoals associated
with the cape jut out another 34 miles into the Atlantic
Ocean. Two cuspate bays that are about 95 wriles long
and indent the coastline 20 to 25 miles flank the point
in concave symmetry. Cape Fear is related nc* only to
marginal eddies in the Gulf Stream but slso to a
structural arch prominent in the ancient roc's.

CAPE KENNEDY

Cape Kennedy, about midway along the eastern
coast of Florida (see fig. 2), projects about 14 miles
eastward as a low, triangular mass of islands, bars,
and coastal lagoons whose highest land surface is about
12 feet above sea level. Shoals extend onlr a few
miles seaward from Cape Kennedy ; another sl oal area,
known as False Cape, lies about 8 miles to the north.
The suggestion has been made by White (19:8, p. 47)
that Cape Kennedy is the result of deformation, and
perhaps faulting, of the ancient rocks along a line
from Indian Rocks on the west coast to Cape Kennedy.

ISLANDS

At times during the Pleistocene, the Coastal Plain
has included a considerable part of the present conti-
nental shelf. The numerous islands along the Atlantic
coast were then the higher parts of the emerged
Coastal Plain. The larger of these include Long Island,
Block Island, Martha’s Vineyard, the Elizcbeth Is-
lands, Nantucket Island, Sable Island, and the Florida
Keys, most of which are shown in figure 2.

Long Island, Block Island, Martha’s Vineyard, the
Elizabeth Islands, and Nantucket Island, which make
up most of the New England Islands of Woodworth
and Wigglesworth (1934, p. 3), represent a former
cuesta of Cretaceous and Tertiary rocks continuing
mostly submerged from the New Jersey coast to the
Cape Cod Peninsula (Johnson, 1925, p. 10¢). Thick
Pleistocene glacial deposits that mantle these islands
suggest that the scarps of older rocks interfered with
the southward advance of the ice masses and caused
the local accumulation of glacial debris in moraines
and outwash plains. A comprehensive report on these
islands written by Woodworth and Wigglesworth
(1934), articles by Kaye (1964a, b, c¢), and summaries
by Shafer and Hartshorn (1965, p. 115-116) ave been
drawn upon for the brief descriptions that follow.
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LONG ISLAND

Long Island, 1,411 square miles in area, projects
eastward from the East River of New York City to the
longitude of Rhode Island. The island is about 120
miles long, less than 25 miles wide, and less than 200
feet in altitude except for a few ridges and hills
reaching a maximum of 340 feet. The topography is
essentially that of a glacial outwash plain sloping to
the south, interrupted by two ridges of terminal
moraines joined at the western end but extending
separately eastward along the remainder of the island’s
length. One ridge runs along the north shore and the
other through the middle to the eastern end, where
they diverge as peninsulas about 14 miles apart. The
southern shore of the island is flat and protected by
long barrier beaches most of its length. The eastern
part of the northern shore is relatively straight and
smooth due to active wave erosion, but the western
part of the northern shore is deeply embayed. The
steep-sided bays and inlets there are related to pre-
existing valleys eroded into southward-dipping Cre-
taceous beds. Long Island Sound, a shallow arm of
the sea less than 20 miles wide and 160 feet deep,
intervenes between the northern shore and the New
England coast. The geological formations underlying
Long Island are late Cretaceous and Pleistocene in
age. The geology is discussed in Veatch (1906), Fuller
(1914), Suter, deLaguna, and Perlmutter (1949),
deLaguna (1963), and Perlmutter and Geraghty
(1963).

BLOCK ISLAND

Block Island, approximately 6 miles long and 4
miles wide, lies about 15 miles northeast of Long
Island and about 10 miles south of the Rhode Island
coast. A small inlet separates the island into north
and south parts connected only by a strip of marsh-
land and beach. Steep cliffs, 100 to 150 feet high, mark
the southern coast. The island is formed of thick
glacial deposits thought to rest on and against a higher
part of the former Cretaceous cuesta between New
Jersey and Cape Cod (Fenneman, 1938, p. 14, 15).
Tuttle, Allen, and Hahn (1961) have correlated a
seismic velocity zone beneath the glacial deposits with
the Magothy clay outcrops identified by Woodworth
(1934b, p. 212).

MARTHA'’S VINEYARD

Martha’s Vineyard is a triangular-shaped island
approximately 4 miles off the southwestern part of
Cape Cod. It is about 20 miles long and 10 miles wide
and rises to 308 feet above sea level near the south-
western corner. The northwestern side of the island

PETROLEUM POTENTIAL, ATLANTIC COASTAl PLAIN AND CONTINENTAL SHELF

is lined with glacial hills and ridges, 100 to 200 feet
higher than the central and southeastern lovlands. The
lowlands slope gently southeastward ; numerous embay-
ments closed by sand bars indent the south shore. The
hills and ridges are composed of coarse gl~cial debris
and the lowlands are composed of glacial outwash in
which Kaye (1964a, b) recognizes six glacial drifts and
one interglacial deposit. Cretaceous and Tertiary rocks
are at or near the surface in several places (Shaler,
1885, p. 325-328, pl. 20; Wiggleswortl. 1934, p.
140-160; Kaye, 1964c) and form' the westernmost
promontory of the island known as Gay Head.

ELIZABETH ISLANDS

The Elizabeth Islands compose a short chain of a
half-dozen islands, too small to show in figure 2,
extending 16 miles southwest from Cape Ccd. They are
alined subparallel to and 4 to 5 miles nortl west of the
ridges on Martha’s Vineyard. These islands are
covered with glacial materials for the mo-t part, but
one island, Nonamesset, next to the mainland, is
reported to have exposures of Cretaceous lignite and
Tertiary (Miocene) greensand on its south shore
(Woodworth and Wigglesworth, 1934, p. 309-310).

NANTUCKET ISLAND

Nantucket Island, 51 square miles in area, is the
southeasternmost island off New England. It is about
15 miles east of Martha's Vineyard and 10 to 20 miles
south of Cape Cod. The land surface is covered with
glacial drift and is relatively low and flat. The few
isolated hills range from 50 to 108 feet above sea level.
The harbor on the north side of the isl~ud is pro-
tected by a long barrier beach. Cretaceous and Tertiary
rocks may underlie the several hundred feet of glacial
deposits penetrated by watér wells on the island.
Reworked Eocene pollen has been reportec in Pleisto-
cene deposits penetrated by a boring on nearby
Nantucket Shoals (Groot and Groot, 1964, p. 488;
Livingstone, 1964). The geology of Nantucket Island
has been described by Shaler (1889) and Woodworth
(1934c).

SABLE ISLAND

Sable Island, about 1 mile wide and 30 miles long,
is a thin arc of sand bowed seaward about 100 miles
east of Nova Scotia. It is the emergent part of a large
shoal area called Sable Island Bank. The surface con-
sists of stabilized sand dunes at thé east end and along
the north side. Sand flats surface the remainder of the
island. A narrow lake, a few miles long, splits the
island down the middle near its widest part. According
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to Willmore and Tolmie (1956, p. 13), the island may
be composed entirely of glacial deposits reworked in
part by waves, or it may have a glacially mantled scarp
of Cretaceous or Tertiary rocks as a shallow substruc-
ture. Recent deep seismic observations by Berger,
Blanchard, Keen, McAllister, and Tsong (1965, p. 959)
suggest that the ridge in the basement which has been
proposed to underlie the shelf edge off Halifax (Officer
and Ewing, 1954, fig. 2) continues northeastward
beneath Sable Island and that the thickness of sedi-
mentary rocks under the island approximates 14,750
feet.
FLORIDA KEYS

The Florida Keys, well described by Cooke (1939,
p- 68-70; 1945, p. 11, 256-265), constitute a low island
arc curving along the Straits of Florida from Biscayne
Bay near Miami 200 miles southwestward to the Dry
Tortugas. (See fig. 3.) Between Biscayne Bay and Big
Pine Key, the arc of islands consists of an ancient coral
reef that is interrupted by tidal channels, and the
islands are elongate parallel to the Straits of Florida.
Between Big Pine Key and Key West, the islands are
composed of Miami oolite, such as crops out on the
mainland, and the islands tend to be elongate to the
northwest at right angles to the chain. The Marquesas,
about 20 miles west of Key West, and the Dry Tor-
tugas, about 45 miles beyond the Marquesas, are coral
sand banks in the form of atolls (Cooke, 1939, p.
70-72). About 5 miles seaward from the Florida Keys
is a submerged living coral reef that parallels the
island arc throughout the entire length. The largest
island of the Florida Keys is Key Largo south of
Biscayne Bay. It is 27 miles long and up to 314 miles
wide; most of the islands are less than 6 miles long,
a mile wide, and 10 feet in altitude. The Florida Keys
are separated from southern Florida by the Florida
Bay, a shallow embayment mostly less than 12 feet
deep containing many mud banks and shoals. Man-
grove swamps occupy much of the shallow water at
the head of the Florida Bay and behind the Florida
Keys.

ATLANTIC CONTINENTAL SHELF

DEFINITION

Continental shelves, which exist along the margins
of oceans throughout the world, extend from the mean
low-water line to the abrupt change in slope known as
the continental slope. The depth at which this change
occurs differs considerably around the world but the
average depth is about 432 feet, or 72 fathoms. Com-
monly, the 100-fathom (600-foot) bathymetric contour
shown on the hydrographic charts of the U.S. Navy

Hydrographic Office (1948, 1949, and 1952a) and the
U.S. Coast and Geodetic Survey (1961, cherts 1000
and 1003 ; 1962, charts 1001 and 1002) is used to repre-
sent the seaward limit of the shelves around tl'e United
States. In this report, the 500-foot bathymetric con-
tour from the tectonic map of the United States
(Cohee, 1962) is used. Because of the abrupt declivity
at the edge of the Continental Shelf, no appreciable
difference in position or area of the shelf is apparent
on the small-scale maps of this report.

AREA AND CONFIGURATION

The Atlantic Continental Shelf is a 2,400-mile-long
submerged platform, about 350,000 square miles in
area, which widens from less than 3 miles off southern
Florida to about 285 miles off Newfoundland (fig. 1).
It extends subparallel to the shoreline and without
interruption from the Straits of Florida to Cape Cod
(fig. 2). At Cape Cod, the continental she'f swings
eastward about 200 miles to include Georges Bank;
there it is interrupted by the deep outlet of the Gulf
of Maine. It continues off Nova Scotia and parallels
the open coast around Emerald Bank, Sak'e Island
Bank, and Banquereau to Cabot Strait. Cabot Strait,
the deep entrance to the Gulf of St. Lawren-e, breaks
the continuity of the continéntal shelf, but the shelf
resumes around Newfoundland and eastward as the
Grand Banks. This report discusses the part of the
Atlantic Continental Shelf south of Cabot Strait,
including the Gulf of Maine.

Along the entire Atlantic coast, the 50-fatl om (300-
foot) bathymetric contour, as shown on U.S. Coast
and Geodetric Survey charts 1000, 1001, and 1002,
closely parallels the edge of the Continental Shelf at
a distance of only a few miles. Farther inshore adjacent
to nonglaciated regions, the bottom contours are more
widely spaced and show more parallelism to coastal
shapes than to the edge of the continental s-elf. This
50-fathom (300-foot) contour may approx‘mate the
limit of subaerial erosion near the close of F eistocene
(Wisconsin) time. Earlier Pleistocene shore'ines may
have ranged from this level to greater depths on the
continental shelf.

The 5,000-foot bathymetric contour, as shown on
the tectonic map of the United States (Coh-e, 1962),
parallels the edge of the Continental Shelf at a sea-
ward distance of 10 to 20 miles from Nova Scotia to
as far south as Cape Lookout (pl. 1), wher=~, instead
of following the coastline and shelf, it continnes almost
due south along a steep slope east of the Bahama
Banks. The 150-to-200 mile wide flat area between this
steep slope, the shelf edge, and the Bahama Banks
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is termed the Blake Plateau. The gentle slope at the
shelf edge is referred to as the Florida-Hatteras slope
to distinguish it from the true continental slope out-
side the Blake Plateau.

BLAKE PLATEAU

The Blake Plateau is a deep-water plateau at depths
from 650 to 3,600 feet (Uchupi, 1965a) between Cape
Lookout, N.C., and the northernmost bank of the
Bahama Islands (fig. 2). It has a very gentle slope of
less than 0.5° with only minor irregularities and little,
if any, cover of Holocene sediments. Small hills and
small elongate depressions are present on the surface
at places. The relatively steep eastern edge, known as
the Blake Escarpment, has only two large irregulari-
ties—a reentrant at lat 27° N., and a seaward projec-
tion, the Blake Spur, at lat 30° N. Rocks of Late
Cretaceous to Holocene age have been recovered from
the Blake Escarpment (Ericson and others, 1952, p.
504-506). Early oceanographic studies of the region
were reported by Bartlett (1883) and Agassiz (1888).
Details of some recent investigations are available in
reports by Stetson, Squires, and Pratt (1962), Pratt
(1963, 1966), Pratt and Heezen (1964), Uchupi and
Tagg (1966), Ewing, Ewing, and Leyden (1966), and
Sheridan, Drake, Nafe, and Hennion (1966).

The development of the Blake Plateau has been
described by Ewing, Ewing, and Leyden (1966). They
(1966, p. 1970) regard the Blake Plateau as a gradu-
ally subsiding segment of an ancient continental shelf
whose eastern margin was supported by a basement
arch (see pl. 4) and which subsided more slowly
than the interior and western parts. A barrier reef
flourished along the southern part of the eastern mar-
gin until the end of Cretaceous time, whereas the main
area of the plateau received nearly horizontal carbon-
ate deposits. The barrier reef appears to have died
at the end of Cretaceous time, and detrital sediments
were deposited on the plateau. Rate of deposition and
subsidence was more rapid on the western part. By
the end of Eocene time, the plateau had sunk to
considerable depth, and deposition of sediments on it
was restricted mostly to the western edge because of
the sweeping effect of the Gulf Stream. The Gulf
Stream continued to modify the plateau surface both
by preventing deposition and by erosion until the
present time.

BAHAMA BANKS

The Bahama Banks constitute a shallow carbonate
elongate platform parallel to the Florida coast and
situated between the Straits of Florida, Bahama

Channel, and the much deeper part of the continental
rise (fig. 4). This platform, which begins abont 50 miles
offshore, extends with some interruptions as far south-
east as Haiti and includes about 50,000 sqare miles
of banks, shoals, rocks, cays, and islands. The north-
ernmost banks, about 200 miles wide, are the most
extensive. They are outlined in figure 2 by lines that
coincide with the 500-foot bottom contours. The edges
of the banks, particularly the oceanward edges, have
steep slopes averaging 10° to 20°; soine are nearly
vertical. Most of the platform is covered by less than
60 feet of water, and parts of it, such as th> Bahama
Islands, are emergent. Comprehensive reports on the
stratigraphy and structure of the Bahama Banks
include those by Field and others (1931), Lee (1951),
Sheridan, Drake, Nafe, and Hennion (1966), and
Ewing, Ewing, and Leyden (1966). Detailed studies
of present-day sedimentation around the i~lands are
discussed by Cloud (1962).

Great submarine valleys, such as the Tongue of the
Ocean (fig. 2), separate some of the banks. These
valleys are as much as 5,000 to 6,000 feet deep and
have steep sides and flat bottoms that slope gently
oceanward. The floors are covered with bioclastic
turbidites interbedded with pelagic deposit~ (Rusnak
and Nesteroff, 1964). Two limestone outc~ops have
been photographed on the walls of the Tonwue of the
Ocean (Busby, 1962b, c). Busby (1962b, p. 5-12)
believes that one of these (lat 24°41’49’’ N., long
77°35°01”” W.) at a depth of 6,000 feet is in place,
that the surface features shown on the photograph
have resulted from solution in a subaerial or littoral
environment, and that the outcrop has been lowered
about 6,000 feet either by gradual subsidence or block
faulting. The origin of these valleys has bren attrib-
uted to coral reef growth on submarine volcanoes
(Schuchert, 1935, p. 26, 27, 531) or on drcwned pre-
Cretaceous topography (Hess, 1933, 1960; Newell,
1955, p. 314), to turbidity currents (Ericson and
others, 1952, p. 506), and to grabenlike downfaulting
(Talwani and others, 1960, p. 156-160). Recoutly pub-
lished interpretations of seismic records indicate that
reef growth was a dominant factor in the m~intenance
of carbonate banks of the Bahamas (Ewing and
others, 1966, p. 1970) throughout Late Cretaceous and
Tertiary time. This tends to support the conclusions
of Hess (1933, 1960) and Newell (1955, p. £14).

CAY SAL BANK

Cay Sal is a relatively small, somewhat rectilinear
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